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Проблеми на информационното осигуряване управлението на агроекологичната
устойчивост
Problems of information provision management of agro-environmental sustainability
доц. д-р Анкова Илияна
Софийски университет „Св. Кл. Охридски“, София, България
iliana_ankova@feb.uni-sofia.bg
Abstract: The aim of this paper is to examine some of the pivotal problems of the information provision management of agro-environmental
sustainability in Bulgaria. Taking into account the complex nature of agricultural activity, as well as the complexity of the relations between
environment and agricultural practices, challenges in assessing agro-environmental sustainability are emphasized. Many of the indicators,
which are described in literature, consider the problems from different perspectives. The majority of those indicators are defined only at
national or regional level and are not adequate for farmers. Managing the sustainability of single agricultural holdings requires indicators,
which are easily measurable and the information regarding their identification is accessible and not difficult to give.
Keywords: AGRICULTURE, PROBLEMS, SUSTAINABILITY INDICATORS
се поставя в зависимост от производството на достатъчно
селскостопанска продукция, като най-вероятно те биха
вложили всички средства и усилия за това. За
природозащитниците, устойчивостта на селското стопанство се
свързва с осигуряване на достатъчно храна по начин, който
позволява съхраняване, възстановяване и подобряване на
състоянието на природната среда. За икономистите –
устойчивото селско стопанство е насочено към ефективното
използване на ограничените ресурси по начин позволяващ да се
облагодетелстват както днешното, така и бъдещите поколения.
Социолозите определят устойчивото селско стопанство като
път на развитие, който съответства на традиционните култури
и институции. [3]
Според Зам, аграрната устойчивост е форма на земеделие,
която е икономически жизнеспособна, екологична, хуманна и
социално справедлива. Тя допринася както за цялостната
устойчивост на регионалната зона, в която се практикува, така
и за постигането на глобалните цели за устойчиво развитие. [4]
Българските изследователи също подлагат на дискусия
аграрната устойчивост. Обобщавайки различни виждания В.
Хаджиева, дава определение, според което, устойчивото селско
стопанство от икономическа гледна точка трябва да е
конкурентноспособно; от екологична – да прилага такива
методи за производство, които запазват или подобряват
качеството на околната среда и гарантират ресурсоспестяващо
природоползване; и от социална – да подобрява качеството на
живот на стопаните и потребителите на техните продукти. [5]
Изследване върху проблемите, свързани с дефинирането на
аграрната устойчивост прави и Хр. Башев. В резултат на
проучванията си, авторът достига до необходимостта от
въвеждане на четвърти управленски стълб в концепцията за
аграрна устойчивост и отбелязва, че тази идея тепърва
предстои да се развие. [6]
Още много дефиниции на аграрната устойчивост са дадени
в литературата. Поддържаме становището, че поради сложния
характер на понятието и адаптацията му към контекста,
неговата точна и абсолютна дефиниция е невъзможна. [7]
Агро-екологичната устойчивост не може да се разглежда
изолирано от останалите стълбове на устойчивостта.
Концентриране само върху едно от измеренията обаче (напр.
околната среда) има своята ценност, тъй като улеснява
идентифицирането на определени проблеми, решаването на
които
трябва
да
отчита
взаимодействието
и
взаимозависимостите между компонентите на устойчивостта.

1. Увод
През последните години все по-голямо значение
придобиват проблемите, свързани със загубата на природни
ресурси и замърсяването в глобален мащаб. Това принуди
правителствата и обществеността да насърчават устойчиви
практики в икономиката, позволявайки запазването или
предотвратяването на влошаването на околната среда, като
същевременно
поддържат
конкурентоспособността.
Селскостопанската дейност използва в най-голяма степен
природните ресурси и има огромно влияние върху околната
среда, но същевременно и голям потенциал да допринесе за
нейното възстановяване. Наличието на подходящи индикатори
за измерване на потреблението на природните ресурси и на
ефекта от дейността върху околната среда е основна
предпоставка за доброто управление и постигането на агроекологична ефективност. В литературата са описани много
индикатори, разглеждащи проблемите от различни гледни
точки. Голяма част от показателите се определят само на
регионално или национално ниво, но не са подходящи за
управлението на еко-устойчивостта на ниво стопанство.
Целта на настоящия доклад е да се изследват някои основни
проблеми на информационното осигуряване управлението на
агро-екологичната устойчивост на стопанствата в България.
Предвид комплексната на селскостопанската дейност, както и
сложността на взаимовръзките между земеделската практика и
околната среда се поставя акцент върху предизвикателствата
пред оценяването на агро-екологичната устойчивост.
Установяването на информационните потребности на
управлението се пречупва през призмата на спецификите на
земеделските стопанства в България.

2. Предпоставки и начини за разрешаване на
проблема
1.1. Върху концепцията за аграрната устойчивост
Съгласно
доклада
„Нашето
общо
бъдеще“
на
Международната комисия по околна среда и развитие (известна
като Brundtland Commission), устойчивото развитие отговаря на
потребностите на настоящето, без да лишава бъдещите
поколения от възможността да посрещнат собствените си
потребности. [1] Постепенно концепцията се развива и се
достига до съвременното широко разбиране за устойчиво
развитие, базирано на три стълба – икономически, социален и
екологичен. Концепцията за устойчиво развитие е добре приета
от широката общественост, тъй като определя глобални цели,
но има трудности относно практическите начини за
достигането им. [2]
Устойчивостта в селското стопанство е също не по-малко
сложна и динамична концепция, която е отворена за
интерпретации. За земеделци и животновъди, устойчивостта се

1.2. Предизвикателства на оценяването на агроекологичната устойчивост
Агро-екологичната устойчивостта е не само трудна за
дефиниране, но е и трудна за прилагане и измерване.
Основните проблеми от една страна са свързани с
комплексността на селското стопанство, което предполага, че
оценката на устойчивостта изисква мултидисциплинарен
5
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подход, който е труден за прилагане. От друга страна липсват
методи за точна оценка на размера на екологичните загуби и за
взаимодействията в околната среда. Последните са сложни и
ефектите от тях все още не са напълно определени.
Усилията за постигане на агро-екологична устойчивост са
насочени към ограничаване използването на вложенията в
земеделието (торове, пестициди, невъзобновяема енергия,
гъстота на животните); поддържане на плодородието на
почвата, борба с ерозията и уплътняването, запазване на
почвеното биоразнообразие; намаляване замърсяването на
въздуха с вредни емисии и понижаване въздействието на
земеделието върху промяната на климата; умерено и разумно
използване на водата, намаляване на замърсяването на водите с
нитрати
и
фосфор; опазване
и
насърчаване
на
биоразнообразието чрез защита на свързаните със земеделието
местообитания; поддържане на пейзажа. [8]
В литературата измерването на устойчивостта, вкл. и агроекологичната устойчивост, се прави на национално и
регионално ниво, както и на ниво стопанство, като се прилагат
различни подходи, които продължават да бъдат много
дискусионни. Кънева прави обобщение на най-често
прилаганите индикаторни подходи, които включват набор от
индикатори1, съответстващи на трите основни компоненти на
устойчивостта. Видно от цитираното изследване основната
част от индикаторите са разработени за оценяване на аграрната
устойчивост на национално и регионално ниво. [8]
Разработването и изборът на показатели за оценка на ниво
стопанство е огромно предизвикателство. От една страна, целта
на тези индикатори е да отговорят на въпроса дали
стопанството се придвижва или не към устойчивостта във
всичките три измерения - екологично, социално и
икономическо. От друга страна, определянето на подходящите
показатели не е лесно и изисква прилагане на
интердисциплинарен подход. Известно е, че индикаторите за
устойчиво развитие трябва да осигурят информация за вземане
на решения. Мениджърите се нуждаят от показатели, които да
разкриват връзките между социалните, екологичните и
икономическите цели, за да разберат по-добре как да постигнат
икономически растеж, който е в хармония с естествените
системи, в които живеем и работим. Показателите, също така,
трябва да способстват за идентифициране, дефиниране и
комуникация по въпросите на устойчивостта и да могат да се
използват за прогнозиране и оценяване на резултатите от
избора на определени цели. [9]
Прегледът на литературата показа, че се прилагат различни
инструменти за оценяване на трите компонента на аграрната
устойчивост, включващи разнообразни индикатори. Поизвестните са IDEA (Indicateurs de Durabilitй des Exploitations
Agricoles or Farm Sustainability Indicators), разработен и
апробиран за първи път във Франция, RISE (Response-Inducing
Sustainability Evaluation), разработен и апробиран в Швейцария,
MOTIFS (MOnitoring Tool for Integrated Farm Sustainability),
разработен за Фламандските ферми за млечни продукти, SAFE
(Sustainability Assessment of Farming and the Environment) и др.
Показателите за оценка на аграрната еко-устойчивост са
значителен брой, поради множеството обхванати теми (напр.
биологично разнообразие, качество на водата, опазване на
почвата, качество на земеделската практика, технологии за
отглеждане, тенденции в климатичните промени и т.н.), както и
поради вниманието, което обществото отделя на това
измерение. [10]
Проведено от Башев проучване по въпросите на аграрната
устойчивост в нашата страна обосновава 22 показатели за агроекологична устойчивост на ниво ферма, свързани със
запазване, възстановяване и подобряване на всички съставни
елементи на естествената среда - въздух, вода, земя,
биологично разнообразие, поддържане благосъстоянието на
животните, опазване на услугите на екосистемите. [11] За

определяне на равнището на устойчивост на индивидуалните
стопанства се ползва първична информация, предоставена от
мениджърите на стопанствата (набрана чрез анкети), налична
отчетна информация, както и статистическа, получена от
различни официални източници, експертни оценки от
специалисти в дадената област и т.н. Резултатите от
проведеното проучване по отделните показатели предоставя
възможност за изследване на факторите, които влияят върху
еко-устойчивостта на стопанствата. В друго изследване Ванев
и Тодорова разширяват списъка с критерии, принципи и
включват 29 показатели за оценка на еко-устойчивостта. [12].
Както се вижда, рамките за оценяване се променят и
развиват. Те имат редица недостатъци, добре описани в
литературата. [13] Основните отрицателни страни на тези
методи се свързват с не напълно изяснените дефиниции за
аграрна устойчивост и приложими оценки на ниво стопанство
(напр. проблемите с оценяването на устойчивостта на селското
стопанство намалява полезността на оценяването в рамките за
фермата);
не
отчитане
на
селскостопанска
многофункционалност; недостатъчната обвързаност на трите
стълба на устойчивото развитие, както и непълна
балансираност между тях; неадекватно участие на
заинтересованите страни; прилагането на тези инструменти
изисква притежаването на определени знания и умения;
повечето от стойностите на показателите се изчисляват трудно
[14], [15]; преценките и предположенията, правени в хода на
разработването на рамките могат да доведат до несъответствие
с информационните потребности на заинтересованите страни
[16] и т.н.
Основен въпрос, който поставяме, е до каква степен
показателите в разработените рамки могат да се ползват от
земеделските стопани за вземане на решения, свързани с
подобряване на еко-устойчивостта на стопанството. И в тази
връзка какви данни стопаните могат сами са създават, така че
да могат да задоволят информационните си потребности за
управление на еко-устойчивостта.

2. Дискусия
2.1. Информационни
потребности
на
управлението
на
агро-екологичната
устойчивост на стопанствата
Устойчивостта е глобална концепция, а стопанството е
само малка подсистема, която взаимодейства по различни
начини с околните системи. Независимо от това, то е участник
в социално-икономическия живот и допринася
за
реализирането на устойчиво развитие. Фермерите поемат
голяма отговорност за управлението на природните ресурси и
имат ключова роля за постигането на аграрната устойчивост.
Направено изследване относно организационно-стопанска
структура на стопанствата в България показва, че тя е силно
дуалистична. [17] От една страна са дребните и малки
стопанства до 2 ха, които през 2016 г. представляват близо 73%
от всички стопанства и в тях е съсредоточен над половината от
вложения труд в отрасъла, но стопанисват едва 1,8% от
използваемата земеделска площ (ИЗП) в страната. Част от тях
не отговарят на условията за получаване на плащания по
Схемата за единно плащане на площ. От другата страна са найедрите стопанства, които през 2016 г. представляват по-малко
от 5% от стопанствата, с дял на вложения труд – 20%, но
стопанисват над 85% от общата ИЗП в страната. [18]
В малките ферми, предимно на физически лица, работят
членове на семейството и в по-малко случаи се използва и
наемен труд. [17] Това определя спецификите на управление на
такава ферма. Обичайно собственика-стопанин осъществява
едновременно
управлението
и
участва
пряко
в
производствения процес. От първостепенно значение за токова
стопанство е количеството произвеждана продукция и доходът,
който се получава от нея. Това обаче в никакъв случай, не
означава, че малкият земеделски производител не е
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съпричастен към аграрната еко-устойчивост. Както отбелязва,
Д. Цвяткова, тясната зависимост между природните ресурси и
постиганите производствено-икономически резултати в
стопанствата е основна причина земеделските производители
да съхраняват природните ресурси. От една страна, те
поддържат природните ресурси в оптимално състояние, тъй
като трудно могат да компенсират с допълнителни разходи
влошаване на тяхното качество. От друга страна, слабата
степен на механизация и използването на ръчен труд не са
предпоставка за изхабяването им. [19] Дребните стопанства се
характеризират с разнообразие от натурално земеделие и
използват знанията на местната общност за предприемането на
устойчиви стратегии предимно в отговор на климатичните
промени.
На другия полюс са големите земеделски стопанства. Те
притежават обширни площи и/или са развили големи
производствени единици за отглеждане на животни и повечето
от тях получават значителни средства по линията на различни
мерки на ОСП. Тяхното влияние върху околната среда, както и
възможностите им за предприемане на действия в посока
аграрна еко-устойчивост са много по-големи. Управлението на
такива ферми е много по-комплексно и сложно, като най-често
се състои от екип от няколко специалисти.
Независимо от размера на стопанствата, тяхната практика е
обекта на действителното управление, където процесите могат
да бъдат адаптирани и решенията могат да се променят, за да се
даде възможност за устойчиво развитие.
Агро-екологичната устойчивост на стопанството зависи от
избора, направен от земеделските производители във връзка с
въздействието на техните производствени методи върху
качеството на живот на живеещите в района, както и от техния
принос за реализиране на глобални цели, като борба с
изменението на климата, качеството на въздуха, безопасността
на храните и др. [4].В този смисъл за фермерите е важно
методите за оценка на устойчивостта да са специфични за
техните конкретни обстоятелства и тяхната практика.
Обстоятелствата включват, освен общи критерии като размер и
структура на фермата, условия на полето, добиви или
продукция, също и различните цели на земеделския
производител, които влияят върху вземането на управленски
решения. Земеделските практики и процесите, които
фермерите могат да управляват са специфични при
конкретните обстоятелства. Това поставя необходимостта от
адаптиране на методите за оценка и избора на показатели към
локалните особености и специфики на земеделските практики,
като същевременно се съобразяват ключовите принципи на
устойчивото развитие. Адаптивността означава, че фермата,
нейните характеристики, активи, практики и процедури за
управление се вземат под внимание в детайли.
Информационното осигуряване на управлението на
земеделската практика изисква информация, която да позволи
на фермера да подобри производителността; да управлява
ресурсите на входа и продукцията; да разбира дългосрочните
ефекти на земеделските практики върху операциите,
включително интензивността на използване на ресурсите,
качеството на почвата и водата и достъпа до пазара, и да
адаптира практиките въз основа на това разбиране; да
преценява как производствените операции оказват влияние
върху общите природни ресурси като например споделен
водоизточник и т.н. Основен проблем възниква когато има
конфликт между различните цели на стопанството (напр.
повишаване на доходите и продукцията на земеделските
стопанства срещу разходите, необходими за намаляване на
неблагоприятните екологични ефекти). Постигането на
необходимия баланс, по наше мнение, е най-голямото
предизвикателство пред прилагането на концепцията за аграрна
еко-устойчивост от отделните фермери.

2.2. Проблеми на информационното осигуравяне на
управлението
на
агро-екологичната
устойчивост на земеделските стопанства
Както беше отбелязано по-горе, устойчивото земеделие е
динамична, а не статична концепция. Това, което може да
допринесе за устойчивостта днес, може да не е подходящо в
утрешния ден, което изисква непрекъснато наблюдение и
умения за адаптиране към промените. Следователно,
устойчивостта е по-скоро посока и не води сама по себе си до
окончателно състояние, което прави още по-трудно
наблюдението и измерването. Затова и информационното
осигуряване на управлението на фермата с подходящи
индикатори е огромно предизвикателство.
Според нас, първият проблем е свързан с определянето на
целите на информационното осигуряване, които да бъдат
облечени в съответни показатели. Изхождайки първо от
характеристиката на селското стопанство, а именно –
представено предимно от малки
ферми, второ – от
недостатъците на рамките за оценяване на устойчивостта и
трето – от необходимостта стопанството да може да продължи
да съществува, за което то трябва да е доходно, считаме, че
индикаторите нямат за цел да определят еко-устойчивостта на
индивидуалната ферма. Те са по-скоро инструмент показващ на
стопанина дали прилаганите от него земеделски практики
придвижват стопанството в посока еко-устойчивост.
Вторият много важен проблем на информационното
осигуряване е свързан с прилаганата терминологията.
Непознатата терминология, използвана в рамките за оценка е
предпоставка за неразбиране от страна на земеделските
стопани на информационното съдържание на показателите. Тук
според нас, определяща е ролята на държавата, както и на
земеделските сдружения, които да предложат адекватни форми
за обучение и пропагандиране на устойчивото развитие.
Друго предизвикателство е измеряемостта на индикаторите.
Много от показателите, включени в рамките са трудно
приложими или изцяло неприложими от стопаните. Например
индикаторите за химически състав на почвата изискват
лабораторни изследвания. Показателите за почвена ерозия са
непреки и неизмерими от страна на земеделците. Такива са и
показателите за опазване на чистотата на въздуха. Затова важна
характеристика на индикаторите, които стопаните да ползват за
оценка и вземане на решения, е тяхната непосредствена
измеримост по леснодостъпен начин.
В тази връзка е и проблемът за създаването на
информацията, която е необходима, за да се определят
показателите. От една страна въпросите на аграрната екоустойчивост у нас все още са малко изследвани и не е приета
рамка и съответни показатели за оценка. От друга страна, няма
изисквания към земеделските стопани да създават информация,
която да е полезна за определяне на такива индикатори. Затова
и информационните системи за управление, ползвани от
земеделските производители, трябва специално да бъдат
пригодени към потребности за създаване на информация,
позволяваща определянето на показатели за оценка на
аграрната еко-устойчивост на стопанството. Проблем на
информационното осигуряване възниква и от липсата на
подходящи системи за управление на земеделските стопанства.
За съжаление в нашата страна използването на програмни
приложения в управлението на земеделското стопанство е
много ограничено. Фирмите, предлагащи такива приложения
ги разработват според задания от клиентите. Дейностите
включват най-вече качването им на клиентски сървър, като
изпълняват основно действия, свързани с администрирането и
организацията на базите данни на самите клиенти [20]. Както
беше посочено по-горе, няма никакви законови регламенти
земеделските стопани да създават подходяща информация,
която да позволява оценка на напредъка към устойчивостта.
Фермерите разработват по-устойчиви земеделски практики,
когато настоящите вече не са икономически жизнеспособни
или когато получават финансови стимули. Новата ОСП
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предвижда редица инструменти, които допринасят за околната
среда и климата: еко-схеми по директни плащания в първи
стълб, ангажименти по управление на дейности, насочени към
околната среда и климат в рамките на втори стълб. Стопаните,
заинтересовани от тези механизми и желаещи да кандидатстват
за получаване на финансиране по тях трябва създават
подходяща информация за установяване спазват ли се
изискуемите стандарти и други приложими условия.
Проблем на информационното осигуряване на аграрната
еко-устойчивост е сложността на индикаторите. Покомплексните индикатори изискват повече знания и умения,
които може земеделският производител да не притежава. Освен
това за тяхното определяне може да е необходимо повече
време, което демотивира фермерите, тъй като ги затруднява в
тяхната ежедневна практика. Използването на по-малко
комплексни показатели е предпоставка за по-лесната
разбираемост на информационното им съдържание и съответно
по-лесно интерпретиране.
Широката приложимост на показателите е основно тяхно
предимство. Това отваря възможностите за сравняване на
отделните земеделски стопанства, особено в регионален
мащаб. На база на широко приложими индикатори могат да
бъдат изведени трендове на регионално и на национално ниво,
което от своя страна е полезно при формиране на политики.
С изложеното не се изчерпват проблемите на
информационното осигуряване управлението на агроекологичната устойчивост на земеделските стопанства. Според
нас, е важно да се търсят начини за измерване на напредъка по
траекторията на устойчивостта на земеделските стопанства,
което е предпоставка все повече от тях да могат да ги прилагат.
Тук виждаме ролята на българските учени, които могат да
подпомогнат земеделците при разработването на индикатори за
оценка и тяхното интегриране в съвременни системи за
информационно осигуряване на аграрната еко-устойчивост.
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https://www.mzh.government.bg/bg/politiki-i-programi/politikii-strategii/strategiya-za-cifrovizaciya-na-zemedelieto-i-selskiterajoni-na-/ Посещение към 01.02.2021 г.

3. Заключение
Аграрната устойчивост е сложна и динамична концепция.
Фермата е малка подсистема, която взаимодейства по различни
начини със заобикалящите я системи. За управлението на екоустойчивостта на фермерите са необходими индикатори, които
да им позволят да оценят дали тяхното стопанство се движи в
правилната посока. Разработването на подходящи индикатори
обаче е огромно предизвикателство. Причините се крият от
една страна в комплексността на селскостопанската дейност и
от друга, в трудността за измерване на ефектите от нея върху
околната среда. Необходими са допълнителни усилия и
изследвания за подпомагане на земеделските стопани в
стремежа им да управляват своите практики в посока на
устойчивостта.
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common misconception that standards limit creativity. The recent trends in management system standards prove that they can be used as
best practices in order to improve organizational performance in various domains. The seven parts of CEN/TS 16555 are the precursor of
the ISO 56000 series of standards for innovation management systems. The article provides a chronological review of these sta ndards, their
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1. Introduction
The spikes on the graph actually represent a reaction of the
innovation community to the new edition of ISO 9001 in that
specific time period.

‗Eureka!‘ is the popular exclamation used to express the joy
from making a discovery or an innovation. Scientists and
researchers do not rely on chance and use their knowledge and
experience to explore unique phenomena. Furthermore, the
scientists of today have to consider global challenges, technological
developments and ethical issues in their research. In fact, innovation
is not just a buzzword. It should be characterized by the value it
brings to society.

2013 is the year when the European Committee for
Standardization (CEN), and more specifically- its Technical
Committee CEN/TC 389 has published its technical specifications
in the domain of innovation management. By 2015, the CEN/TS
16555 series included 7 standards ranging from requirements for an
innovation management system, through creativity management and
innovation thinking, to more specific standards for innovation
management assessment and intellectual property management [8].

By the definition given in ISO 9000, innovation is ‗new or
changed object realizing or redistributing value‘ [1]. This definition
already makes a clear distinction between innovation and
improvement, the latter one being an ‗activity to enhance
performance‘. In other words, improvements enhance the
effectiveness of processes, whereas innovations also enhance their
efficiency. Generally, innovations are expected to bring significant
effect, to have high return on investment (ROI) and add value.

This context has set the stage for the International Organization
for Standardization (ISO) to develop a standard, or rather, a series
of standards dealing with innovation management.

2. Discussion

In order to achieve this, the activities resulting in innovation
need to be managed. As is the case with the vast majority of ISO
management system standards, this is done by implementing the
Plan – Do – Check – Act (PDCA) cycle [2].

2.1 Relationship between innovation management and
quality management system standards
When the ISO 9000 series are discussed, usually this set of
standards includes:

The popularity of the PDCA cycle to a large extent is as a result
from its penetration in all ISO 9001 quality management systems
[3]. According to the latest ISO Survey [4] conducted in September
2020 more than 1,2 million organizations have successfully
developed, implemented and maintain quality management systems
conforming to ISO 9001:2015. This undisputed leader is followed
by ISO 14001 with 312580 valid certificates for 487950 sites [5].
Third in this ranking is ISO/IEC 27001 for information
management systems [6], followed closely by ISO 45001 for
occupational health and safety management systems [7]. This fourth
place is partly due to the fact that this standard is published only
recently and practically is the ISO answer to the need to adopt BS
OHSAS 18001 as an internationally recognized best practice.

-

ISO 9000:2015,

-

ISO 9001:2015,

-

ISO 9002:2016, and

-

ISO 9004:2018.

Below is a list which is customized for the topic of this paper.
ISO 9000:2015 provides the definition for the term
‗innovation‘. In its clause presenting the quality management
principles, ‗innovation‘ is specifically addressed in the key benefits
from implementing improvements.
As a consequence, Clause 10 ‗Improvement‘, more precisely
the note to Clause 10.1, and potentially Clause 10.3 ‗Continual
improvement‘ suggest that innovations are one of the possibilities to
implement improvements in organizations.

The quality professionals from around the world have made
numerous efforts to introduce ‗innovation management‘ as a core
discipline in quality management. Fig. 1 presents a graph showing
the results of a query, performed on the website of the ‗Quality
Progress‘ Magazine of the American Society for Quality. It can be
said that innovation management was a significant topic right from
the first version of ISO 9001, published back in 1987.

ISO 9002:2016 [9] has identical structure to ISO 9001 and
provides more detailed guidelines on how to apply the requirements
of ISO 9001. Here also, Clauses 10.1 and 10.3 deal with
innovations.
ISO 9004:2018 [10] stands out from the abovementioned
standards. With its guidance for achieving sustained success by
organizations ISO 9004 goes beyond the concept of conformity to
requirements. It can serve as a roadmap and a basis for defining action
plans which will improve not only the effectiveness, but also the
efficiency of the quality management system. The structure of this
standard differs from the clauses of ISO 9001 and ISO 9002.
Innovation has a specially devoted clause (11.4) covering general
guidelines, application, timing and risk. Clause 11.4.1 points the

Fig. 1 Innovation management articles published in the ASQ Quality
Progress Magazine (1986 – 2021).
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attention to the fact that changes in the context of the organization, be requirements for an innovation management system- ISO 56001 is still
it internal or external, as well as changes in the needs, expectations and at a very early stage of its development by the end of 2020 [14].
requirements of interested parties may be causes provoking innovation
In 2020, two more standards have been published:
initiatives. In addition to promoting innovative thinking and providing
the resources for supporting innovation initiatives, the organization is
The fundamentals, principles and vocabulary in ISO 56000
advised to establish and maintain processes for innovation
[15], and
management. Thus, ISO 9004 can be seen as the precursor of the ISO
A key standard with guidance for the tools and methods for
56000 series of standards.
managing intellectual property- ISO 56005 [16].
Clause 11.4.2 deals with the implementation of innovations at all
This document can serve as a best practice for all organizations
levels of the organization. This would require changes in processes,
products and services, in the technologies applied by the organization, dealing with intellectual property (IP)- patent offices, research centres,
in the organization‘s structure, business model and its management technology transfer offices, and other interested parties. The ISO
system. The latter can be integrated with the ISO 56000 series as well. 56000 series considers intellectual property and an integral part of
innovation management. The strategy, policy, objectives and processes
The timing of implementing innovations by following specific for intellectual property management are integrated with the strategic
action plans is presented in Clause 11.4.3. The implementation of innovation efforts and with the overall management system of the
innovations should take into consideration relevant opportunities and organization.
risks, time horizons, and the way in which innovations support its
The University of Ruse ‗Angel Kanchev‘ has developed its
strategic direction.
strategy, policy, objectives and processes for innovation management
In addition to the widely used evaluation methods such as reviews, and IP management. The Technology Transfer and Intellectual
audits and monitoring of Key Performance Indicators (KPIs), ISO Property Centre (TTIPC) is in the process of implementing its internal
9004 devotes more than half of its page volume to a self-assessment innovation management system and be prepared for certifying this
tool. For each of the clauses, this tool specifies maturity criteria system when the requirements standard (ISO 56001) is published. In
divided into 5 levels. The lowest level- Level 1, signifies chaotic and 2020, the TTIPC has published its first innovation portfolio which
ad hoc reactions, Level 2- some management of the process but lack of contains the valid IP products and focusses on the new applications
a system, Level 3- evidence of a well-maintained quality management and registrations of patents, utility models, designs and trademarks.
system. The more advanced levels- Level 4 and Level 5, can serve as The innovation portfolio is being used as a tool to raise awareness
opportunities for improvement of ‗ordinary‘ organizations. At maturity amongst all relevant interested parties, both internally and externally.
level 4 the organizations can be considered as industry leaders in the This portfolio is based on a database of intellectual products which is
specified criteria. Maturity level 5 denotes world class performance. maintained and updated regularly by the TTIPC. The information is
These criteria can be modified to better suit the specific context of the cloud-based and can be accessed anytime, anywhere by authorized
organization. One should be mindful that the maturity levels defined in staff.
ISO 9004 also evolve. For example, the high levels in the previous
Innovation management is intrinsically involved with change
edition of the standard- ISO 9004:2009, are now considered as
‗basic/musts‘ or ‗performance/wants‘ if we make an analogy with management. The dynamic world we live in is characterized by
Noriaki Kano‘s model for product development and customer volatility, uncertainty, complexity and ambiguity (VUCA). The
satisfaction. The ‗attractive/exciters‘ characteristics are where an abbreviation VUCA stands for the rapid change of the organization‘s
innovative organization should aim at. For example, Maturity Level 5 context, the many unknowns it needs to consider in its operations, the
complicated interplay of various influencing factors and the many
for innovations can be described by the following:
possible interpretations of facts. ISO 56006 is meant to help
Innovations take into consideration possible changes in the organizations achieve their business objectives by navigating the
organization‘s context;
VUCA environment [17]. This guidance for tools and methods for
Preventive action plans are in place in order to mitigate the strategic intelligence management can help decision-makers with
meticulously collected, summarized and presented information,
risks that generally accompany innovation initiatives;
converted into specific knowledge about the innovation trends. ISO
Innovations are applied at all levels of the organization.
56003 is in the last step before becoming a Final Draft International
Standard (FDIS) and the innovation professionals are really looking
2.2 Innovation management system and supporting forward to its official publication.

standards

The international community eagerly expects in 2021 the
The foundations for innovation management, laid out in the ISO development and/or publication of the following innovation
9000 series and in the CEN/TS 16555 series of standards have management standards:
produced a sequence of initiatives undertaken by Technical Committee
ISO 56007- tools and methods for idea management [18],
ISO/TC 279 ‗Innovation management‘. In 2019, three innovation
management standards have been published:
ISO 56008- guidance for tools and methods for innovation
operation measurements [19], and
The guidance standard for innovation management systemsISO 56002 [11];
ISO 56010 with illustrative examples of ISO 56000 [20].
-

The standard with tools and methods for innovation
As can be seen from this exhaustive list of standards, innovation
partnership- ISO 56003 [12];
management systems are multi-faceted. In order to reap the full
And the standard with guidance on how to assess innovation benefits of the ISO 56000 series all the documents and best practices
listed above should be implemented as a coherent system.
management- ISO 56004 [13].

The approach of ISO/TC 279 is notably different from the
established practice in most management system standards. For
example, in the case of quality management systems, the requirements
standard- ISO 9001 is published, and then it is followed by ISO 9002
with the guidance on how to apply the requirements. The position of
ISO/TC 279 on this issue can be summarized by an analogy with a best
practice in our daily lives: ‗monitor the route people take, and then
pave the path‘. The proof of this fact is that the standard with

The advanced level of these standards is confirmed by the
European Committee for Standardization (CEN) which has already
adopted ISO 56000, ISO 56002, ISO 56003, ISO/TR 56004 as
European Norms (EN) replacing and/or adding to its CEN/TS 16555
series.
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Sustainable Development Goals. ISO supports this effort with aligning
its standards to the UN SDGs [21]. ISO contributes to all of the SDGs.
Fig. 2 shows the number of ISO standards that are directly applicable
to each Goal.
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Abstract: The budget of the European Union is a cornerstone factor in the financial existence of the continent, and a highly important factor
in the global economy. Due to both the global Coronavirus pandemic, and the new formations of global trade in the Asia region, the entire
world is focusing even more on the way the European Union will finalise its directives for investment for the next programme period between
2021 and 2027. Any impact on the budget will reflect upon programmes supporting Member State innovation.
With the aid of five experts on the field of the European Union, economics, financial culture of Europe, and other relevant topics, a roundtable focus group was formed online to obtain a qualitative insight into the changes in the perspective of the Union towards 2021. The main
idea of the authors is to wrap a larger research around parametrising the measurement of innovation in the Union, and making a simplified
system for Hungarian SMEs for ease of understanding, and more accessible tender application process. Changes in the finer directives of the
Union are necessary, to serve as a basis for selection among the several dozens of criteria the EU employs.
Keywords: INNOVATION, INNOVATIVENESS MEASUREMENT, HUNGARY, SME SECTOR, EUROPEAN UNION, BUDGET, SUBSIDY,
paper‟s contents are a part of authors‟ data, which has to do with the
European Union‟s budget, and the analysis for the future, ravaged
by the Coronavirus pandemic.

1. Introduction
One of the most significant problems of the current European
Union is the allocation of the budget, and the interests by which
said allocation needs to happen. The European Union is a
community strongly committed to advanced policies, such as
sustainability, circular economy, innovation, responsible research,
digitisation, and other such modern perspectives aimed towards
improving quality of life through awareness and technological
advancement. This perspective mainly comes to life throughout a
low-carbon economy, and the rationalisation of both the inner
workings of the EU itself, and its systems, by which it happens. [1]
Such an example is the digitisation affecting another cornerstone of
the EU – the small- and medium enterprise (SME) sector, which is
in the focus of the European Union‟s current budget, inherited from
the previous programme “Horizon2020”. [2] Said SME sector is an
important cornerstone of the European Union, because it has a
significant majority in the employment of the European Union in
terms of EU citizens employed, all while having a less pronounced
role in generating the total enterprise sector‟s revenue within the
European Union, according to the European Union‟s statistical
authority EUROSTAT. [3] The importance of the sector is not only
pronounced in the shares among statistical data, but the fact that the
sector is responsible for the local-level value chains in the European
Union, by which it became a strong focus in budget planning in the
European Union to begin with.

2. Discussion
The goal of authors is to understand how the European Union
will change its perspective due to the enormous restoration fund
after the Coronavirus global pandemic dealt a serious blow to the
Member States, and if a greater shift could have happened due to it
in European Union policy towards the future cooperation of
Member States. For this goal, it‟s important to understand the
European Union‟s budget considerations, and how they seem from
Hungary.
2.1. State of the budget, future concerns
The European Union‟s budget is a shared budget managed by
the committee of Member States, focusing heavily on financial and
organisational directives. As part of the cooperation of Member
States, they all invest 1% of their Gross Domestic Product into the
operation of the European Union. However, there are several issues,
most notably that the European Union‟s costs planning
methodology is not modern enough. This causes several issues in
not only planning, but execution. Furthermore, due to a notable
event in the European Union, the United Kingdom‟s discontinuation
of participation, popularly dubbed BREXIT, the budget suffered a
94 billion Euro cut as well. [5] In order to accept a new financial
programme, which is to sustain the European Union‟s operations for
several years in advance, a consensus among all Member States is
mandatory – this leads to the issues with the pre-BREXIT and
Coronavirus budget enlarge even more, which necessitates the
radical restructuring of the budget. It is questionable, however, if
the policies of the European Union for the next programme period
of 2021-2027 have to be significantly altered due to this issue as
well. Yet, there are anomalies compared to earlier expectations, for
example, the expenditures for border security increasing compared
to before. [6]

Member State governments are required to organize the subsidy
system of their own countries along the guidelines of the European
Union‟s policy. These local subsidy systems are very important for
the small- and medium enterprises in not only underdeveloped
regions, but literally everywhere. The most notable reason for this is
that small- and medium enterprises find it harder to obtain capital
for growth and sustaining operations, unlike large enterprises,
which have much less trouble with it, making it imperative for the
European Union to offer opportunities for financing. [4] This is
another important factor in the way the SME sector works within
the European Union. In order to facilitate smoother operations of
the subsidy system, the European Union has strict guidelines for
tenders, and how they are to be conducted in the Member States, to
increase efficiency of the European Union funds as much as
possible.

As the European Union is not a homogeneous structure,
concluding these questions is impossible, unless the inner workings
of the community are understood properly, as facilitating change
without the proper knowledge on the structure may cause internal
errors that make external issues more severe as well.

This, however, often gives trouble to the actors of the local
sector, since the high-level policies and factor groups make it an
issue to conform to requirements, not to mention, the European
Union‟s policies also have significant impact on the budget, and
vice-versa. Therefore, authors decided that they will create a
system, which simplifies the expectations the European Union holds
towards the small- and medium enterprise sector in Hungary, with
clear focus on innovative SMEs, most notably dealing in
sustainability, responsible research and innovation. The current

One thing of note is that the developed economies within the
European Union have a large government sector, which means that
the role of their sector is even more pronounced. [5] This constitutes
a strong focus on specific sectors in Member States (examples are
healthcare, social insurance, security and such other sectors) within
the bounds of national economy, and its influence. This system is
fundamentally different to that of the United States of America for
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effect having more or less discomfort, depending on who the
Member State in question is. Naturally, this results in the obvious
conclusion of translating the Member States‟ unique conditions into
different perspectives, and in the meantime, said perspectives
developing into local differences between them, further spiralling
into inequalities, serving as the basis for further conflict. [13]

example, where the strong influence towards important sectors
comes from the federal level. [7]
Similarly, a concern about the European Union‟s budget comes
from the vastly different economic conditions of the Member States.
While there are several Member States that have very different
economic maturity, constructing a budget for an average is not an
option, especially as side by side with post-Socialist countries that
have less mature economic systems, three Member States of the
European Union are individually on the list of the World‟s ten most
advanced countries (Germany, France and Italy). [8] There‟s an
increasingly looming necessity to improve the state of the current
European Union policy, because in the event of them continuing as
is, no European Union Member State will remain in the
aforementioned “ten most developed countries of the World” group
by 2050. [9] The most pressing issues in the development problems
of the European Union are as follows:


the reduction in active civilian population. As Europe has a
high number of developed societies, the age tree is getting
increasingly narrow on the base, while aging society
syndrome is more of an issue each year.



the changes in the structure of production chains. These are
specific to each Member State, and are affected by a
multitude of external effects, such as VAT and customs,
and trade between larger economic bodies, like the United
States.

Yet another source of differences is that the European Union‟s
Member States have different affiliations regarding foreign trade
and politics as well. An Euler diagram of the European Union‟s
Member States can be seen below [14]:

Due to such issues, however, it is important to note that
opportunities also arise. The European Union has the chance to take
its first steps towards a federal economic union state, which could
not only conserve its advantage in global competition and market
position, but even propel it forwards in the race against the
technological development level of the United States of America, or
the mass production capabilities of China. These are important
factors which have to be noted and integrated into the European
Union‟s policies. [10]

1. Figure: Euler diagram of European Union Member States’ foreign
relations. [14]

In the event the Member States have goals dependent on common
values, these need to serve as the basis for a joint budget. These
common values have been under scrutiny for a while now, as the
European Union struggles to find common ground among its
Member States in contested questions, which further intensified
with the advent of the Coronavirus pandemic. Regardless, the
European Union‟s first and foremost goal is to harmonise its
Member States, which necessitates the presence and integral
importance of joint initiative and common goals.

2.2. EU priorities for 2021-2027
The main source of the European Union‟s budget comes from two
different sources:


The Gross Domestic Product of Member States. This is an
important factor in a different meaning as well, as it
determines not only the performance of the European
Union itself, but the performances of individual Member
States in many of the European Union‟s calculations.
However, note that the criteria towards the Member States
are not simplified to GDP for Member States, as the
European Union goals necessitate a more complex
calculation and responsibility methodology.



The taxation the European Union employs. This taxation
has various effects towards the market actors, partners and
business stakeholders the European Union has connections
to, but not all facets of taxation are relevant to the current
topic. [11]

The most notable point of the European Union‟s stability is the
economic aspect – the European Union therefore has a strong grip
on its monetary policy. Deciding the European Union‟s budget is an
integral step in developing the Member States‟ future prospects, and
is handled with great care, debated by the entirety of the economic
area. However, further aspects of the economic and financial
stability are within the bounds of Member State privilege. The most
simple and obvious reason to this is that the European Union‟s
overall size is far too great to allow it to serve as a macro-economic
stabiliser, as such, supportive tasks and functions have to be
delegated to the specific Member States in order to achieve an
overall stability of the system. [15]
There are several requirements to achieving a stable operational
environment for the European Union, as an organisation housing
several Member States with different details to them:

European Union Member States have been holding increasingly
fiery debate on the joint budget recently. [12] There are a multitude
of reasons, and even more effects of separate arguments down to the
smallest detail, but the main takeaway of the debate is that Member
States have specific issues in their own sectors. It‟s important to
note that while Member States see an issue differently, depending
on what facet of said issue is the most taxing for said Member State,
and how that facet interacts with the joint goals, the most important
requirement for gaining subsidy for the processes relevant to the
European Union‟s integration effort is to have a joint incentive
regarding Member State professional policy. This „harmonisation‟
is grounds for many a debate, because while the European Union
has, as mentioned before, vastly differing Member States in terms
of financial strength and development level, the joint policy will
have an effect on each of them nonetheless – with regards to said
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Strengthening the European Union‟s economic influence
within the Member States. In order to better enhance the
consistency of the common economic area, the European
Union, as a higher management organisation has to have a
detailed coverage of Member State economic information
and a means to affect policies and operations – with
consideration to national sovereignty – within the
individual Member States.



Strengthening the European Union‟s political influence
within the Member States. There are a multitude of reasons
and explanations as to why this is important, which we will
not detail in this study. However, as political strife took
hold in the European Parliament, we could see in recent
years, how there are several issues, rooted deeply in the
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European Union‟s political operations, that necessitate a
stronger cooperation between the various Member States.


key players of national economies, and the successful operation,
performance and development of these enterprises play an
important role in developed and underdeveloped regions of the
world.” [18] Due to the integration policy gaining more ground,
those better equipped for the requirements of the European Union‟s
system of subsidizing innovative SME activity, and supporting
various fields of research will prove more valuable due to the
abovementioned reasons.

Strengthening the European Union‟s operational effect
influencing the inner workings of the Member States. This
basically refers to the European Union‟s policies having a
harmonising effect on the various national policies not
covered by the previous two points.

All are necessary to reaching the point where the lability caused by
the different attributes of the Member States are brought into
equilibrium, and stabilised. [16] Currently, the method for
determining the investment of Member States into the European
Union‟s budget is by employing the GNI (Gross National Income)
indicator. Gross National Income is calculated as follows: the
Member State‟s entire population‟s output (for both within and
across country borders) are summarized, which includes the income
produced by the people of the country living and working in foreign
countries (as a type of factor income), are summarized, then
reduced by the amount of total income produced within the borders
of the country by the residents of other countries. [17] With this
system, the incomes also include about 80% of tolls and sugar
levies. A further twenty percent coming from these can be held by
the Member States, to cover tax collection costs. [5] The European
Union has some further income, mostly from sanctions and other
fines, and has several smaller incomes. Altogether, the complete
budget of the European Union is roughly 1% of the total GNI of
Member States, whereas the Member States redistribute about 3565 percent of their national budgets. [15] However, this system, in
its currently introduced form and range is no longer perfectly in
effect: apart from the issues with the conditionality and the cohesion
policy of the European Union causing strife across the various
political topics between Member States, a much larger conclusion
came from Euroscepticism and differences in opinion: as of 31.
January, 2020, the United Kingdom is the first Member State to
officially leave the bonds of the European Union, and as of 31.
December, 2020, also left the European Customs Union, and the
European Single Market as a member and participant. [17]
Although the Brexit process made a dent on the European Union‟s
financial strength, and brought with it a significant change in the
fundamental ideas of the European Union itself, it is also an
exceptional opportunity. Looking at the issues touched upon earlier,
the European Union has a large amount of issues, many of which
come from its internal management, which have to be corrected, or
otherwise negated. Such is the system principle of individual
allowances – the European Union makes exceptions for a multitude
of Member States, for a variety of reasons, some of which are more
detrimental for the common goals of the Member States than
advantageous. It is not a priority to do away with such a system, or
at least, there are no suggestions that it would be, however, several
key points in the 2021-2027 financial budget, and its additional
interventions suggest that at least some individual agreements need
to be revised in order to maintain the budget allocation.

In the following chapter, the round table conference between
authors and five recruited experts will describe the reasons for such
opportunities in detail.
2.3. Research sample
The financial framework of the European Union is exceedingly
important for the various small- and medium enterprises exactly
because a lot of funding comes from the European Union.
Whenever the European Union has a shift in policy that affects
either the budget, or the small- and medium enterprise sector, the
enterprises in question should aim to follow up on the shift in
policy, and aim to satisfy new or changed requirements to secure
more funding from the European Union‟s budget. [19] The authors
therefore contacted five experts of various fields related to smalland medium enterprises, the European Union, and the Hungarian
SME sector, to obtain their opinions and insight as to what changes
should be expected due to the ongoing shift in policy, and what the
small- and medium enterprises in question should prepare for, how
to consider their opportunities for the future, and where to focus
their development in order to gain access to better funding.
The five experts who cooperated with authors came from various
backgrounds across the enterprise sector and the public sector, with
the following expertise:

During the 2013-2020 Horizon2020 Programme Period, the
European Union‟s incomes that notably come from the payments of
the Member States based on the GNI data suffered a violent lapse in
ratios. As this is an issue that affects not only the European Union,
but its individual Member States, and has a huge impact on the joint
goals of the European Union itself, this event caused the financial
subsidy autonomy of the Member States to drastically reduce. A
consequence is that we simply can‟t mention individual, selfpropelled economising because of this phenomenon. This is the
result of the added value-based, and GNI-based payments of the
Member States cover more than 85% of the European Union‟s
income side. [15] This further constricts the options of the European
Union in allocating its own budget more efficiently.
The European Union‟s minor shift in policy, however, will likely
offer a chance at more subsidy and better opportunities for the
SMEs of innovative nature. The SME sector being a highlight in
national economy makes it just as important as a factor in Member
States‟ priorities. “Micro-, small and medium-sized enterprises are
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The first expert came from a financial background – has
worked as a finance auditor, and a financial consultant for
13 years with various small- and medium enterprises in the
service sector. Has experience in financial project
management, and has had a diverse relationship with
small- and medium enterprises from across the European
Union. Trained and competent in the details of the
Horizon2020 programme period‟s requirements towards
the small- and medium enterprises of the European Union,
and has both experience and qualification certificate in
tender writing. Currently employed as a consultant by a
medium enterprise that consistently advertises itself as a
partner for the European Union‟s 2021-2027 framework
programme on the construction sector.



The second expert is a political scientist and economist
with over 30 years of background in financial policy. One
of the earliest experts in Hungary to have been admitted
into the European Union‟s expert programme,
knowledgeable in financial and SME policy management
according to European standards. Had several medium-,
and some large enterprises that she completed analyses for
as an outside expert, but never worked for a large
enterprise as anything but a contractual business partner.
Has a wide berth of knowledge about European Union
financial goals, and an in-depth knowledge of both the
budget and the political mechanisms of the European
Commission, the European Parliament and the related
institutions concerning finance and policy.



The third expert is a consultant for the Hungarian financial
authorities, as an expert of the European Union. Also
taught at university-level, courses include European Union
sciences, European Union policy and European Union
framework studies. Published several articles about the
European Union‟s Horizon2020 programme period, and as
the chief executive officer of a micro-enterprise, also has
experience in tenders funded by the European Union.
Spent several months in Brussels, conducting analyses on
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the financial and political climate of the European Union‟s
main institutions.


The fourth expert is a professional tender writer, skilled in
mainly the agricultural enterprise sector‟s tenders. As a
professional, he has written more than fifty tender
applications during the Horizon2020 programme period,
and has a deep understanding about the European Union‟s
requirements towards the small- and medium enterprise
sector‟s agricultural line. Has not only good connections
regarding the scene of professional tender writing in
Hungary, but also in Europe.



The fifth expert is a finance expert mainly dealing with
financial culture and financial awareness in the European
Union. Had several instances of researching the effects of
European Union policy affecting financial awareness and
financial culture trends in the European Union. Also an
expert of various topics related to small- and medium
enterprises, like financial culture within an organization,
enterprise finance awareness and leadership and
management financial awareness.

recent steps taken by the United States of America have
been a detrimental impact on the European Union‟s future
vision, however, these are expected to change with the
advent of the Biden-administration. The climate goals of
the United States‟ newest financial construct designed to
enrich the economy will most likely have an
advantageous effect on the European Union‟s related aims
as well. Small- and medium enterprises should expect to
be in the focus with cleantech and low-carbon innovation
especially, where the European Union can be expected to
gradually increase the intensity of climate goals, attested
to the current international political climate, and the
importance of climate defence.

With the aid of the five experts, a round table conference was set up
online during early 2021 that constructed a possible scenario in light
of COVID-19 and the general outline of the shifts in the EU budget.
The main focus was on the budget itself, however, detailed
discussion was made into the changes relevant for the small- and
medium enterprise sector, and especially the micro-enterprises that
were the most impacted by COVID-19 across Europe.



Due to the consistency of the European Union‟s policy
regarding the small- and medium enterprise sector, there
will most likely be no significant changes in the
fundamental policies related to funding. Small- and
medium enterprises will be required to follow the earlier
tender requirements, and there might be some minor
simplifications in terms of application and reporting – at
the same time, expected to bring a more strict supervision,
mainly due to the current aims of the European
Committee – but the most basic parts of the system should
not change much, if at all. With this, the only shifts which
may affect the small- and medium enterprises of Member
States regarding funding will be the previously introduced
scenarios concerning the European Union‟s future.



The White Book‟s proposed solutions, brought to a wide
social cooperative, namely: keeping the status quo
(scenario 1); gradual shrinking of integration to the
internal market (scenario 2); multi-velocity Europe
concept (scenario 3); area-specific cooperation between
Member States (scenario 4); and federal Europe, with
deepening integration and unified internal market
(scenario 5); will be realised through a fusion of all, or
most concepts, to a greater or lesser degree. All the
scenarios are expected to be too unrealistic at this point in
time, especially because of the COVID-19 pandemic and
its specific conclusions for the European Union. Experts
highlighted that due to said pandemic and its conclusions,
the European Union combined loans and grants of about
5.5% of EU27 2019 GDP to support member states‟
recovery policies, further distancing from the scenarios.
[21] The experts had a heated debate on the final
conclusion, however, in the end, four of them supported
the claim of the fusion of all scenarios to a certain extent
(likely to which the other scenarios aren‟t unrealistically
set aside), and only one expert assumed that scenario 5
may be left out of the fusion, due to the excessive
narrative on national sovereignty. The other four experts
didn‟t fully refuse the claim, but consider the issue to be
manageable in a diplomatic fashion, thereby creating an
advantage/disadvantage solution with countries more
rooted in nationalism.

3. Results
The conclusions drawn by the round table conference served as the
basis for the future scenario. These conclusions were based on the
experts‟ own ideas, experiences, and the end results of debate on
recent trends and events within the European Union, Europe, and
the World. As the online round table conference took more than
three hours, only parts of the conclusions that have the most
significant relation to the current topic will be listed out.
The main questions of the round table were:
Will the European Union‟s future hold a significant shift in
cohesion
policy?
Will the European Union redesign its budget due to recent events
affecting the European Economic Zone?
Will the European Union implement one of the White Book‟s
solution scenarios in its entirety?
Have recent events changed anything for the small- and medium
enterprises within the European Union?
Should there be any expectations towards the European Union‟s
budget significantly shifting priorities in funding goals?




The European Union will keep a strong focus on the
small- and medium enterprise sector even in the future.
There is no specific concept which supports the trending
towards large- and multi-national enterprises as far as the
European Union‟s subsidiary focus goes. This is a very
important facet of information for the innovative
enterprises, and especially the small- and medium
enterprises, as they‟re the main beneficiary of the
European Union‟s responsible research and innovation,
and sustainability policies. [20] The European Union has
a cooperative relationship with the larger and multinational enterprises, however, the European directive of
subsidiarity, local governance and de-centralised
economy fit better with the sector of smaller enterprises.

Based on the round table‟s scenario, they further added details
regarding the facets of the budget that are of interest to the smalland medium enterprises across Europe, with extra focus on the
sector within Hungary:

The innovation policy of the European Union, and the
requirement towards innovation, sustainability and
responsibility will not shift. Climate goals will not be
removed, reduced, or counted differently. As an integral
focus of the European Union, these core concepts will
strongly adhere to earlier cooperative agreements. The
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Small- and medium enterprises should expect to improve
their innovativeness in the future, as the shift in
importance will cover innovative solutions and
digitisation more and more during the 2021-2027
programme period.



The measurement of innovation and sustainability will
become an important area to develop for the European
Union after the effects of COVID-19 will disappear, and a
stricter policy regarding the decisions related to tenders
are to be expected. Authors‟ work regarding the
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stated that as the data of specific changes isn‟t available, they can‟t
make a judgement as of yet.

measurement of innovation in the European Union was
validated by the experts in theory, and a practical model
creation for simplifying innovation and sustainability
measurement that adheres to the criteria system of the
European Union was suggested as soon as possible.


Enterprises providing a positive answer were also asked to estimate
the excess costs relative to normal spending on management costs
due to shifts in the European Union‟s budget. Answers can be seen
on Figure 3 below.

Authors‟ earlier work related to the budget [22] was
supported as well, and experts noted that the budget
analysis and the innovation and sustainability policy
measurement and parametrisation should be researched
together after the COVID-19 impacts lessened enough to
get a general outline of major changes in the European
Union.

17

Based on the results of the round table conference held with the
participation of the experts, the authors also conducted a short and
simple questionnaire, to gauge the relative limitations of small- and
medium enterprises in their upcoming financial and management
policy changes. The importance of the European Union‟s budget for
small- and medium enterprises, as previously stated, comes from
the subsidy system, where tenders are designed for the sector to
improve innovation and business capacity based on requirements
given by the European Union, as the organisation subsidizing. This
results in the necessity of small- and medium enterprises
conforming to said requirements, in order to obtain funding.

6
HIGH
Significant changes

The enterprises came from varied sectors, and numbered
61 in total.



The smallest was a SOHO (self-office or home office)
enterprise made up of one person‟s self-employment.



The average number of employees of the questionnaire‟s
enterprises was 13,9.



The largest enterprise in the sample employed 86 people.



No unusable results came back from the sample.

21%

LOW

Somewhat significant changes

Based on the round table, the authors concluded that the financial
stability of the European Union is expected to increase, however,
there needs to be a larger breathing room, currently unavailable due
to the COVID-19 pandemic. The European Union‟s policies are
expected to gradually shift towards a different route of
development, but according to the consensus of the experts, the shift
will happen slowly enough that it could be followed, and
adaptability should be high for the innovative small- and medium
enterprise sector.
The increasing stress on the Member States to cooperate with each
other, especially due to the COVID outbreak, and the issues
concerning rule of law and national sovereignty are a prelude to a
chaotic issue regarding the Member States‟ financing via various
subsidy programmes. Most Member States are of the opinion that a
strong European Union must stand up to the challenges together,
but there are some Member States that don‟t share this opinion as
far as making gestures towards fellow Member States, in the form
of relenting some authority over key issues. This leads to heated
debates especially about the European Union‟s budget, however,
similar issues are also appearing more and more on the national
level within Member States. The experts highlighted this as the
cause of a possible future fallout in regards to the subsidy
programme, and foreseeing a weakening of joint goals. However,
the critical points of the European Union‟s goals will likely not
change.

Yes, somewhat
No

25%

3

4. Conclusions, suggestions

Yes, significantly

46%

MEDIUM

5

As seen above, those that expected significant changes also tended
to expect generally high investment changes as well.

Enterprises were first asked to provide feedback on the European
Union‟s shift in policy, and if they believe there will be a necessary
shift in management policy as well. Results can be seen on Figure 2.

8%

6

3. Figure: The estimated levels of excess management investment costs,
n=56. Source: self-made.

Authors contacted several micro-, small- and medium enterprises to
obtain data relevant to their findings. A short summary of the results
from the experts‟ dialogue was given to the enterprises, and several
key points were introduced to them. A short questionnaire then
asked them about their expected investment changes and costs
based on their evaluation of the information given.


6

Authors will continue the research into simplifying the criteria
system of the European Union, and advise the relevant research to
branch into the fundamentals of the European Union‟s theoretic
policy about grading of innovativeness and sustainability potential.

Don't know

Furthermore, authors recommend deep analysis into the European
Union‟s key factors which determine the issues having significant
effects on the budget discussion: issues such as sovereignty,
national identity, European identity, differences of tolerance,
acceptance, and refusal of foreigners by nation, and other topics.
It‟s important to note that there are several nations in the European
Union with vastly differing histories, and these differences need to
be analysed, and bridged in order to facilitate a strong joint stance
in most of the European Union‟s current issues. A good starting
point would be to cross-reference the European Union‟s
frameworks with available nationality data, for example, Hofstede‟s
analysis into national specificities, and try to find a common ground

2. Figure: The expected changes in management investment costs of
sample enterprises, relative to changes in EU budget directive, n=61.
Source: self-made.

There was a significant number of enterprises believing that they
will have to give some form of change in order to become available
as an entrant for European Union tenders. There was no significant
relation between the sector of the enterprise and the belief, which is
an interesting result, as Hungary will soon be one of the receiving
Member States profiting from an enormous European Union
subsidy program aimed at the agricultural sector. Five enterprises

16
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which makes it possible to factor in key differences between nations
when designing the policy system of the European Union in the
future, or when tailoring subsidy systems for Member States.

17.
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Study of the psychophysiological state of adolescents using the method of gas-discharge
visualization
Olga Basarab, Anna Toptun, Yuliia Bondarenko
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Abstract: The article presents the results of development and research of methods and adjustment of modes of operation of the device for
gas-discharge visualization for the most accurate and prompt determination of the psychophysiological state of human health in th e field of
his professional activity. Determining the ability of a teenager to cope with certain intellectual tasks, both at the beginning of the educational
task and at the end of the working day, is necessary for the rational use of human labor and to ensure the quality and efficiency of the
educational institution as a whole. Factors influencing the quality of the process of obtaining and accuracy of processing in formation about
the psychophysiological state of man with a device for gas-discharge visualization,among which the greatest influence are external factors
such as human (correct preparation and conduct of the experiment), climatic (humidity, ambient temperature) , guidance of ele ctromagnetic
fields from power-operated devices nearby), elimination, or at least minimization of which allows to increase accuracy (by 8-12%),
reliability (by 3-5%) and reproducibility (more than 1.8 times) of results diagnosing a device for gas discharge visualization. The daily
dependences of the psychophysiological state of the adolescent on mental load were obtained, which showed the following: the best
indicators of the psychophysiological state observed in the morning (period from 10-00 to 12-00) in the absence of other physical and
intellectual morning load. At the same time it is established that active rest for 40-60 minutes or change of mental exercises by physical
(within 60-90 minutes) after mental loading, restores the previous psychophysiological condition of the teenager by 85 -90% whereas passive
rest within 120-150 minutes, allows you to restore the previous psychophysiological state of the adolescent by only 35 -45%.
Keywords: GAS-DISCHARGE VISUALIZATION, PSYCHOPHYSIOLOGICAL STATE OF A PERSON, ADOLESCENT AGE GROUP,
DIAGNOSIS, EFFICIENCY
2. Geopathogenic impact. The source of this type of influence
are the so-called "destructive" places that are not suitable for human
life and activity. According to the hypothesis of the German
scientist Hartmann, the earth's surface can be divided into "healthy"
and "sick" zones. It is established that the lines of force of the
geomagnetic field "stick together in the walls" with a thickness of
20-30 and more centimeters, which is at a distance of 2.5 m from
each other in Central Europe in planes perpendicular to the meridian
passing from the North to the South. The walls, which are formed
by lines of force in the direction of the magnetic meridians, are
separated from each other by 2 m. Thus, the "walls" of the magnetic
lines of force form regular rectangular cells. "Sick" areas - the
intersection of walls - are dangerous to human health. If a person is
in such areas for a long time (sleeps, works), he begins to worry
about headaches, irritability. In the future, diseases develop quite
rapidly (hypertension, coronary heart disease, diabetes, oncology
and others). Moreover, these diseases are very difficult to treat and
often lead to disability and even death of the patient.
3. Ecopathogenic impact. This type of impact is created by
unfavorable environmental conditions in which we live - polluted
air, water, food, radioactive radiation of artificial origin and so on.
Experiments were also conducted with cell phones. The
results showed [5] that in those who use mobile phones, the area of
the glow decreases or disappears completely in the throat and head.
And this is not surprising. Now there are many scientific papers that
examine the negative impact on humans, especially on the
cardiovascular system, electromagnetic fields, especially from
household appliances. It should be noted that the stronger the aura
(voltage and area), the less affected by any negative impact,
including from cell phones. Music has a positive effect, especially
classical [6], and the GDV method was one of those that confirmed
that music has healing properties. Experiments have shown [7] that
listening to your favorite music for one minute not only restores the
aura, but also makes it more powerful. Essential oils also have a
positive effect. It is enough to inhale the smell of oil several times,
as certain energy centers are activated.
The parameters of the gas-discharge image depend on the
properties of the object under study and thus, analyzing the nature
of the glow induced by the objects, it is possible to judge the energy
state of the object at a particular time.
The GDV method has been successfully tested by many years
of practice of using the software and hardware complex "GDV
Camera" in various institutions. To date, the GDV method has
gained worldwide recognition [8].
The GDV method is used to solve the following solutions [9]:

1. Introduction
Human health is one of the problems of the world's
population, which are vital both for the individual and for humanity
as a whole. An important problem that negatively affects the health
of the population, especially young people, is stress caused by
significant physical and mental overload. The best mechanism for
reducing the incidence is disease prevention, which is the most
relevant tool today.
Prevention and prevention of morbidity of the population of
any country, and especially the stressful state of people, should be
carried out using reliable diagnostic methods and high-precision
specialized devices. This research work is aimed at finding out the
possibility of studying the psychophysiological state of man (on the
example of high school students during the study period) using the
method of gas-discharge visualization. The results of analytical and
experimental studies presented in this paper can be used to identify
the causes and consequences of abnormalities in the
psychophysiological state of adolescents and to develop
recommendations for eliminating and minimizing these
abnormalities.
The aim of the work: improving the methodology of research
of psychophysiological condition of adolescents by the method of
gas-discharge visualization to increase the accuracy, reliability and
reproducibility of diagnostic results
Currently, the method of gas-discharge visualization – GDV
(Kirlian effect) is one of the few methods that allows you to
quickly, accurately and safely investigate the physical, psychoemotional and energy state of a person, detect disease and find its
root cause, and quickly monitor the dynamics of selected individual
treatment methods and recovery [1, 2].
In general, today scientists identify several groups of factors
that adversely affect human health [3]:
1. Technopathogenic influence. The source of such influence,
scientists identify all technical devices and devices that run on
electricity: computers, microwave ovens, refrigerators, televisions,
cell and radiotelephones, radios and more.
According to numerous studies conducted in Russia, the
United States, France, the negative impact of weak electromagnetic
fields of ultra-low and low frequencies on human health [4]. The
nervous, immune and reproductive systems especially suffer from
their influence. These studies have shown that the main reason for
the negative impact of these technical means on their users are the
information components of electromagnetic radiation, which are
very harmful to human health because they destroy the biofield.
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- Mass screening-diagnosis of diseases (preventive rapid
diagnostics). Such a diagnosis can be made as part of professional
examinations. This method will identify the most affected organs
and systems at the time of examination, as well as potentially
dangerous areas of the body.
- Express method of syndromic assessment of patients in hospitals,
clinics, dispensaries, sanatoriums, which allows you to sharply limit
the scope of diagnostic search.
- Selection of individual treatments based on GDV-gram analysis
data. Studies before and after exposure of the human body to
allopathic, homeopathic remedies, psychotherapy, physiotherapy
and others are envisaged.
- Monitoring the patient's condition during treatment (monitoring
the condition of patients) and assessing the effectiveness of
treatment involves a dynamic assessment of BEO-grams during
treatment.
- Primary disease prevention. Assessing the degree of functional
stress of the organs, using the GDV method, you can detect
disorders at the stage of "pre-disease" and choosing individual
methods of correction (change of work, housing, lifestyle, diet, etc.)
to prevent disease.
The method of human research allows to obtain images of
gas-discharge images from ten fingers (BEO-grams), as well as to
conduct automated computer analysis of BEO-grams.
Automated computer analysis of BEO-grams includes sector
diagnostics and parametric analysis of BEO-grams [10].
Sector diagnostics is based on a diagnostic table that links the
characteristics of the glow of individual areas of the fingers with the
functional state of organs and systems of the body [1]. The
diagnostic table is based on the ideas of traditional Chinese
medicine, the system of meridians and acupuncture points, as well
as empirical experience.
Parametric analysis is based on the assessment of BEO-gram
parameters (today GDV-Software calculates more than 30
parameters), factor and correlation analysis. The following groups
of parameters are considered [10]: geometric, brightness, structural,
fractal, probabilistic.
Assessment of the state of the organism by the GDV method
is based on the analysis of the obtained images of GDV-grams,
processed by a standard software package.
A promising area is the use of the GDV method in spa
practice. Currently, doctors of many leading sanatoriums
successfully use in their practice the software and hardware
complex "GDV Camera". The successful experience of using the
GDV method is due to the possibility of objective analysis of the
patient's condition, selection of an individual course of treatment,
monitoring of the patient's condition throughout the course of
sanatorium treatment. A significant advantage is the low cost of the
survey itself.
Advantages of the GDV method [4]:
- objectivity of information: independence from the desire and
experience of a particular user;
- safety and complete sterility, removal of information only from
the extremities of the patient;
- the ability to monitor the development of processes over time,
comparing structural, functional and temporal processes in the
body;
- methodological simplicity and convenience: the absence of any
special requirements for the premises, environmental conditions,
qualifications of the performer;
- the use of modern methods of nonlinear mathematics for
processing fractal images and obtaining information about the
patient's condition;
- clarity and interpretability of the obtained results, convenience of
their storage and processing.
- low cost of the survey.

Fig.1. GDV-gram (BEO-gram)

The geometric parameters of GDV are: image area, which is
defined as the sum of pixels above a given brightness threshold;
width of streamers.
The geometric parameters of GDV-grams carry information
about the characteristics of the object. For example, as the
concentration of ions in the liquid increases, the illumination area
increases and the width of the streamers decreases. To include such
data in the structure of a complex biophysical experiment requires
quantitative processing of the obtained images.
The principle of image formation is as follows. Between the
object under study and the transparent electrode (plate) on which
the object is placed, voltage pulses are supplied from the
electromagnetic field generator (EMF), for which a transparent
conductive coating is applied to the reverse side of the electrode. At
high field strength in the gaseous medium of the contact space of
the object and the plate develops an avalanche and/or sliding gas
discharge, the characteristics of which are determined by the
properties of the object.
At the same time, the quality of the GDV-gram spectrum,
which, in turn, determines the accuracy of the diagnostic process, is
influenced by a number of factors and external factors. The greatest
influence is exerted by such external factors as human (correct
preparation and conduct of the experiment), climatic (humidity,
ambient temperature, guidance of EMF from power devices
operating nearby), methodological (incorrectly chosen methods and
modes of their conduct) factors.
It is established if the methodological factors can be
completely leveled by choosing the correct methodology and modes
of its implementation, while external and human factors can only be
minimized (complete elimination is impossible by the difficulty of
maintaining highly stable climatic conditions in the working area
without special measures). Limiting such factors allows to increase
the accuracy (by 8-12%), reliability (by 3-5%) and reproducibility
(more than 1.8 times) of the results of diagnosis by a device for gasdischarge imaging.
A wide range of devices allows the application of GDVgraphy in various fields of human activity - medicine, professional
sports and fitness, spa services, beauty industry, various areas of
psychology and psychophysiology, as well as basic and applied
research.
Thus, as a result of a systematic analysis of the problem of the
use of GDV in human life, the following conclusions are made.
One of the most important directions in the development of
the GDV method is the development of methods and adjustment of
GDV modes of operation for the most accurate and prompt
determination of the psychophysiological state of human health in
the field of his professional activity. This is one of the most
pressing problems faced by all organizations and educational
institutions without exception. Determining a person's ability to
cope with certain intellectual tasks, both at the beginning of
working hours and at the end of the working day, is necessary for
the rational use of human labor and to ensure the quality and
efficiency of such an institution. Remembering that the GDV
method will never replace the methods of traditional comprehensive
diagnosis of the human condition, it should be noted that this
method allows to obtain additional objective information about the
psychophysiological state of a person under stress.

2. Equipment and methods of research
GDV-gram (BEO-gram) is a complex two-dimensional figure,
Fig.1, each pixel of which is characterized by its brightness,
encoded with an integer ranging from 0 ("black") to 255 ("white").
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- electrical pulses are applied to the transparent electrode of the
electron-optical unit (BEO) from the frequency generator (RF),
which is controlled by a personal computer (PC);
- at high electromagnetic field strength in the gaseous medium of
the contact space of the object and the transparent electrode
develops a corona gas discharge, the parameters of which are
determined by the properties of the object;
- primary information is obtained in the form of recorded digital
images (photographs) of the glow of the fingers, while the emission
of photons, electrons and other particles of a biological object
stimulated by an electromagnetic field and gas discharge is studied;
- as a result of computer data processing, sector diagnostics is
performed, based on a diagnostic table, which connects the glow
characteristics of individual areas of the fingers with the functional
state of organs and systems of the body and is based on traditional
Chinese medicine, meridian system and acupuncture points;
- the brightness of the gas discharge gives an idea of the state of
human health in general, and diagnostic information for individual
organs and systems are the perimeter (P) and the area of the glow
(S).
Since the object of study is a living person, it is very
necessary to create an electromagnetic field of a certain intensity, so
that its intensity at the same time allows to obtain a clear GDVgram and does not harm the health of the subjects. Thus, (Fig. 3)
shows the GDV-grams of the same finger, obtained at different
voltages.

3. Conducting experimental research
The study was conducted using the television system GDV
"Stimer" [10] which allows to obtain consecutive GDV-grams of
ten fingers with their subsequent mathematical processing in the
software package "GDV Explorer", which includes programs for
capturing, processing and analyzing images.
The programs allow you to divide the GDV-gram of each
finger into sectors corresponding to a specific organ or system of a
person, where the parameters of the glow of the gas discharge are
analyzed. Here you can quantify the intensity, perimeter and area of
the glow in each sector.
The algorithm for implementing the GDV method (Fig. 2) is
as follows:

Fig. 2. The scheme of obtaining GDV-grams

- the object under study (finger) is placed on the glass electrode of
the device;

Fig. 3. GDV-gram of the finger at different values of the voltage applied to the electrode (left - right): 107 V; 149 V; 197 V; 219 V

Analysis of GDV-grams of the finger at different values of the
voltage applied to the electrode (Fig. 2) showed that at minimum
voltage (107 V) the obtained image of GDV-gram has minimal
quality, which is due to poor overlap of low-power electromagnetic
field (order B = 9 mT) on the electromagnetic biofield of man. With
increasing voltage, the picture of GDV-gram becomes clearer and
more saturated, which is confirmed by the exponential increase in
the total induction of the magnetic field (up to B = 146 mT).
At the same time, at the highest voltage, a person feels
discomfort (tingling in the fingers) at the time of excitation of the
gas discharge, which led to the choice of rational operating voltage
of the generator, equal to 197 V (Fig. 2, third left image).

Thus, the most rational mode of operation of the GDV device
is the following: operating voltage at the electrode: U = 197 V;
magnetic field in the working area: B = 21 mT (direct polarization);
time of action of the magnetic field on the biological object:
t = 1.25 s.
Analysis of the problems that arise when collecting and
interpreting research data with specific recommendations for
improving the methodology of research by GDV for adolescents are
given in the following table:

Type and brief description of the problem

Recommendation for troubleshooting

Improper orientation of the fingers when receiving the
initial information (GDV-images) leads to distortion of
diagnostic information

1. Strict observance of the requirement to place your finger in the center of the screen so
that the image does not go beyond the window (tilt angle 10-30°), the direction of
installation of the finger should be perpendicular to the front wall of the device.
2. Refixing incorrect images
3. Additional correction at the stage of preparation of images for analysis by their forced
centering
The parameters of the optimal range vary from person to person, but for a particular subject
should be a constant value to ensure the reliability of the study, and therefore should be
recorded in the personal files of the subject.
To resolve this issue, it is recommended to increase the display range of the images to the
level that will provide the necessary contrast to complete the centering, perform analysis,
and to compare the results of earlier studies return the display range to a constant level for
this study level. or excitation of body systems.
1. Keeping the patient's palms clean and dry throughout the study.
2. Degrease the hands and surface of the measuring electrode with a solution of medical
alcohol for all patients before each measurement.
3. For psychologically unbalanced subjects with wet hands use special filters.

The use of variable range parameters in the processing and
analysis of data of an individual subject at different times
leads to distortion of diagnostic information
Changing the brightness of the glow GDV-grams of the
subject under the influence of external factors that
influenced it, complicates the interpretation of diagnostic
information
The dependence of the received information on the
physiological state of the patient on his psycho-emotional
state leads to distortion of the picture and complicates the
interpretation of diagnostic information (especially
adolescents in transition, who are often in a state of
psychological disharmony and emotional arousal, which, in
turn, leads to excessive sweating palms and image
distortion)

A series of studies have shown that excessive sweating cannot be avoided by using medical
gloves or plastic wrap.
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Study of the impact of mental work in the third week of study.
As can be seen from Fig. 4, all subjects from the first group did not
show changes in the emotional sphere, and almost no serious
physiological changes were recorded. The problem areas in both
subjects were the detection of the endocrine system, coronary
vessels, and kidneys. By the end of the lesson, there are changes in
the spine, and a slight increase in stress in problem areas, although
the overall characteristics of the energy sector is quite positive and
has only slight deviations from the spectrum. Therefore, for all
subjects during the first month of training no significant changes are
observed.
Regarding the research of a group of girls, according to Fig. 5,
it is possible to diagnose emotional instability and greater
sensitivity to mental load and intellectual work. The problem areas
in the heart, coronary vessels, liver and intestines recorded at the
beginning of the day were exacerbated, and problems with the
genitourinary system were added to them.

4. Discussion of research results
The object of the study was a group of teenagers consisting of
ten boys and ten girls aged 15-18.
Measurements were taken at the end of the school week, twice
a day: at the beginning and end of classes. During the day,
adolescents were engaged mainly in mental work, namely, to listen
to or analyze theoretical material and perform calculated practical
tasks. The research aimed to record the accumulation of short-term
fatigue during the school day and to accumulate information about
the formation of long-term overexertion over several months.
According to the results of the research, both individual health
problems and common symptoms were identified, which, in the
researcher's opinion, may be directly related to the type of activity.
It should be noted that due to different temperaments, the subjects'
response to mental stress was different.
Before the start of training

After classes at the end of the day

Fig. 4. The results of studies of young men in the third week of training
Before the start of training

After classes at the end of the day

Fig. 5. The results of a study of a group of girls in the third week of training

Studies conducted during the first month of training showed
that after a long vacation, mental work and emotional load during
classes during the first weeks of training had little effect on the
psychophysiological state, both at the beginning and end of the
working day for most subjects.
In the energy field, all subjects recorded insignificant loss of
spectra, which indicated a certain accumulation of fatigue and the
first signs of further depletion of the body.

Study of the impact of mental work in the seventh week of
study. According to Fig. 6, it can be stated that the experimental
boys were recorded tense states in the liver, respiratory and
genitourinary systems, as well as in the circulatory system, which
intensified after exercise. The energy field is relatively flat, but at
the end of classes there are gaps in the spine, which indicates an
increase in stress and fatigue.
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Before the start of training

After classes at the end of the day

Fig. 6. The results of the boys' research in the seventh week of training

The results of the diagnosis of the condition of the girls are
shown in Fig. 7. From these results it follows that all experimental
girls at the first measurement already have signs of accumulated
fatigue, which are manifested by tension of the coronary vessels,
genitourinary system and cardiovascular system. Under the
influence of mental loads, the problem indicators identified at the
beginning of the day at the end of the day increased to critical
values, and in some cases exceeded the critical values. All the girls

had separate breaks in the energy field and aggressive glow
streamers.
The results showed the accumulation of fatigue caused by
mental stress. Data obtained at the beginning of the school day - the
tension of the coronary vessels, cardiovascular system, at the end of
the day increased to critical values, and for the intestine, kidneys
and genitourinary system even exceeded them.

Before the start of training

After classes at the end of the day

Fig. 7. The results of studies of girls in the seventh week of training

Study of the impact of mental work in the ninth week of
study. The results show that the effect of the load associated with
mental work, at this stage, leads to greater changes in the psychoemotional state of the subjects (recorded an increase in aggressive
bursts on the brightness chart, and its contour is distorted). The
physiological and energetic state of organs and systems, on the
other hand, is depressed compared to previous research periods and
data obtained at the beginning of this week's classes.
Thus, according to Fig. 8, the experimental boys were
recorded significant suppression of the whole organism with
increased load on the heart and coronary vessels, as well as an

increase in the level of psychological arousal. The energy field at
the end of the school month is partially absent.
The results of research obtained for the female part of the
group illustrates Fig. 9. The data obtained during this period
indicate an even greater increase in emotional and physical stress.
Some indicators of the system voltage are outside the permissible
norms, and significant gaps are recorded in the energy field, which
confirms the initial assumptions. At the end of the school month,
the energy field is almost absent, which confirms the increase in
fatigue and exhaustion of the body.
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Before the start of training

After classes at the end of the day

Fig. 8. The results of the boys' research in the ninth week of training
Before the start of training

After classes at the end of the day

Fig. 9. The results of studies of girls in the ninth week of training

Summarizing the general results of this study, it can be stated
that mental work for a long time leads to a certain psychological
imbalance of objects (all subjects were diagnosed with stress) and
causes problems not only at the psychosomatic level, but also
affects the overall physical condition of objects , because the
common problems of all subjects were problems with the
cardiovascular system, as well as with various parts of the spine and
organs of the gastrointestinal tract.
The last two problems, according to the researcher, may also
be related to the fact that people who are engaged in mental work,
most of the time are in a sitting position in the workplace, which, in
combination with not always a comfortable place to sit and work
posture , leads to deformation of the spine and additional pressure
on the internal organs located in the lower torso.
For all subjects, a certain pattern of fatigue accumulation was
recorded, which consisted of minor psycho-emotional shifts at the
beginning of the study, exacerbation of psycho-emotional state and
gradual deterioration of physiological state in the middle of the
study and sharp suppression of both psycho-emotional and
physiological state in the last third semester.
The energy field of all subjects gradually and steadily
deteriorated. There were first single, and then systematic loss of
luminescence spectra from the whole energy picture. Moreover, for
male subjects, this dependence was more significant over time, ie
the loss of energy protection in boys is more rapid, and its recovery
is longer than in girls.

At the same time, additional daily dependences of the
adolescent's psychophysiological state on mental load were
obtained, which showed the following: the best indicators of the
psychophysiological state are observed in the morning (period from
10-00 to 12-00) in the absence of other physical and intellectual
morning load. At the same time, it was found that active rest for 4060 minutes or change of mental exercise (for 60-90 minutes) after
mental load, restores the previous psychophysiological state of the
adolescent by 85-90%, while passive rest for 120-150 minutes,
allows you to restore the previous psychophysiological state of the
adolescent by only 35-45%.

5. Conclusion
In the process of scientific work the method of conducting
research of psychophysiological condition of adolescents with the
help of a device for gas-discharge visualization by taking into
account the psychological characteristics of adolescents with
simultaneous adjustment of the device, which allowed to increase
accuracy, reliability and reproducibility of diagnostic results by gasdischarge imaging:
1. The features of the study of physiological and
psychological state of man, including the characteristics of
adolescents, as well as ways to implement such research by gasdischarge imaging, which allowed to establish a number of factors
that affect the accuracy of diagnosis by this method.
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mental load, restores the previous psychophysiological state of the
adolescent by 85-90%, while passive rest for 120-150 minutes,
allows you to restore the previous psychophysiological state of the
adolescent by only 35-45%
10. The expediency of using the method of gas-discharge
imaging for the purpose of preliminary diagnosis of adolescents is
confirmed, which will allow timely preventive measures aimed at
preventing and preventing the disease, to adjust their physical and
intellectual load in the educational process.
11. Specific guidelines are provided to eliminate problems
that may arise during the collection and interpretation of
experimental data, which in combination with the simultaneous
adjustment of the operating modes of the device formed the basis
for improving research methods by GDV and increased accuracy,
reliability and reproducibility of gas discharge diagnostics.
visualization.
12. Research has also shown that certain subjects (topics) had
a positive effect on subjects and did not depend on the time and
types of mental stress associated with these subjects (topics).
According to the author, such influence is subjective, associated
with a special commitment of the subject to the subject (topic) or
teacher (teacher). This issue is highlighted as promising and needs
further study.

2. It is established that the most rational mode of operation of
the device for gas-discharge visualization is the following:
operating voltage at the electrode U = 197 V; magnetic field in the
working zone B = 21 mT (direct polarization); the time of action of
the magnetic field on the biological object t = 1.25 s, which
increased the efficiency of the results of diagnosis by such a device.
3. The ability of a person to perform certain intellectual tasks,
both at the beginning of working hours and at the end of the
working day, which is necessary for the rational use of mental work
and to ensure the quality and efficiency of this work.
4. The factors influencing quality of process of reception and
accuracy of processing of the information on a psychophysiological
condition of the person by the device for gas-discharge visualization
among which the greatest influence are such external factors, as
human (correctness of preparation and carrying out experiment),
climatic (humidity, temperature) are established and investigated.
environment, guidance of electromagnetic fields from power
devices operating nearby), elimination, or at least minimization of
which allows to increase accuracy (by 8-12%), reliability (by 3-5%)
and reproducibility (more than 1.8 times) the results of diagnosing
the device for gas-discharge imaging.
5. It has been experimentally established that mental work for
a long time leads to a certain psychological imbalance of objects
(stress was diagnosed in all subjects) and causes problems not only
at the psychosomatic level, but also affects the general physical
condition of objects, because common problems of all subjects were
problems with the cardiovascular system, as well as with various
parts of the spine and organs of the gastrointestinal tract.
6. Problems with various parts of the spine and organs of the
gastrointestinal tract, in the opinion of the researcher, may also be
due to the fact that people who are engaged in mental work, most of
the time are in a sitting position in the workplace, which, in the
complex with not always a comfortable place to sit and working
posture, leads to deformation of the spine and additional pressure on
the internal organs located in the lower torso.
7. For all subjects a certain pattern of accumulation of fatigue
was recorded, which consisted of minor psycho-emotional changes
at the beginning of the study, exacerbation of psycho-emotional
state and gradual deterioration of physiological state in the middle
of the study and sharp suppression of both psycho-emotional and
physiological state in the last third semester.
8. The energy field of all subjects gradually and steadily
deteriorated. There were first single, and then systematic loss of
luminescence spectra from the whole energy picture. Moreover, for
male subjects, this dependence was more significant over time, ie
the loss of energy protection in boys is more rapid, and its recovery
is longer than in girls.
9. At the same time, there were additional daily dependences
of the psychophysiological state of the adolescent on mental load,
which showed the following: the best indicators of
psychophysiological state are observed in the morning (period from
10-00 to 12-00) in the absence of other physical and intellectual
morning load. At the same time, it was found that active rest for 4060 minutes or change of mental exercise (for 60-90 minutes) after
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Abstract: The importance of innovation is increasingly emphasized and understood these days to ensure the future growth of enterprise and
its survival. Innovations allow companies to coordinate their operations with changes that occur in their environment, changes in the market
and with the ever-changing needs of customers. Innovation is understood as a very important factor of organizational performance and its
survival and prosperity in a competitive environment. The company's innovative potential represents the company's ability to implement all
innovation processes and defines how effectively the company can not only create but also use its innovations. The company's innovation and
innovative potential are the most important and complex issues that companies currently face and is the key to the success of all
organizations. The competition that companies have to compete with is strong and over time the customer requirements themselves are
becoming more and more demanding, so it is increasingly important for the company to be aware of its innovative potential, which it can
develop by introducing and using new innovations. It is important for companies to be able to anticipate and address the challenges that
come their way and transform them into creative and innovative solutions and to respond effectively to unforeseen events. The main aim of
the paper is, based on the analysis of theoretical knowledge, to identify innovation and innovative potential in business management
reflecting current changes and challenges in the environment, and to assess their importance by Slovak companies.
Keywords: INNOVATION, INNOVATIVE POTENTIAL, BUSINESS MANAGEMENT TRENDS
cyclicality of innovation process and the innovation lifecycle, as
innovation activity result [8].

1. Introduction
All societies and the economy in general are thriving on
innovation. Whether it is because of new products, new processes,
or new materials. The reason and the main motive are associated
with increasing profits, either by reducing costs or increasing
revenue. In a rapidly changing world with ever-evolving
technologies and increasing competition, a company needs to come
up with new innovations that not only meet customer needs but also
increase the company's overall efficiency.

2. Results and Discussion
We consider the work of the consulting company Bain &
Company, which since 1993 has been conducting a worldwide
survey called "Management Tools & Trends", which focuses on
monitoring the behaviour and attitudes of managers, the use of
individual management methods and tools and assessment their
effectiveness. The survey focuses on selected management tools
and trends, which are specified in terms of their timeliness,
measurability, and relevance to senior management. The aim of
managers worldwide is to maintain and develop companies in an
environment of constant change and a rapidly changing
environment. Managers thus use more targeted approaches with
respect to management tools, which is the application of a smaller
number of individual tools to maintain their income and increase
profits. The current economic environment brings new challenges
for business managers, but at the same time they must also consider
possible risks. Factors such as the demographics of emerging
economies, the aging of the population and the scarcity of resources
are accelerating structural changes in market equilibrium, which, in
addition to business opportunities for growth, also entails associated
risks. Examples include the introduction of digital technologies,
which allow businesses to expand into new markets but also bring
instability, macroeconomic disruptions in the form of cyber-attacks,
which are gradually becoming a risk for all businesses using digital
technologies. The international survey (N= 1067) shows the results
concerning the opinions of managers in the field of managerial
trends. The surveyed managers believe that their company will
grow in the next period, as evidenced by the fact that up to 75% of
them declare that the ability to adapt to change is their main
competitive advantage. Inquired managers (74%) consider the
introduction of innovation to be more important than reducing costs
in the long run, and 59% believe that there are significant
opportunities to improve sustainability and profitability [9].

Organizations are including the term innovation in their vision,
mission, and objective statements. Innovation should be thought of
as both an outcome and process. Organizations defining innovation
as only one of these will fall short in its pursuit. The output
typically associated with innovation is the introduction of new
products and new services, which exemplifies what is termed
product innovation. Innovation as a process represents the way in
which innovation is and should be organized so that these outcomes
can come to fruition [1]. Innovation is often happened using open
technologies and high-quality open resource and relies on a
different kind of knowledge and information system. Knowledge
management is the most important part of the innovation [2]. The
increasing complexity of products and services, shorter life cycles,
and rapidly changing market demands require new or different
capabilities and management practices to successfully develop
innovations and sustain a company's competitive advantage [3]. In
innovation evaluation in practice, the importance of measuring
innovations is increasingly gaining the attention of managers and
consultancies [4]. Narrowly connected with the double challenge
represented by the global environmental crisis and the new wave of
technological advancements commensurate with the fourth
industrial revolution is the management of risks and generation of a
new incumbent, that is responsible innovation [5].
Keeping active innovative activity ensures the overall
development of entrepreneurship, as well as improving or
maintaining its competitiveness [6]. In the modern economy, the
definition of innovation potential is not entirely precise, and
precisely because of this, there is no adequate approach to how to
quantify it. The category innovation potential can be treated as a
capability of system to transformation of the actual order of things
in a new condition for the purpose of satisfaction of the existing or
again arising requirements. Therefore, innovative potential is
characteristic of a capability of system to change, improvement,
progress [7]. Innovative potential interpretation variants were
deduced as an innovation activity result in confirming the

According to the most recent survey (N= 1268) 66% of
managers think that digital disruptions and software solutions are
rapidly changing the rules of competition. More than half of
managers (59%) think that they could dramatically boost innovation
by collaborating with outsiders, even competitors [10].
The object of our research was formed by a sufficiently large
and representative sample of companies operating in the territory of
the Slovak Republic. The respondents, due to the focus of the
research, were mainly company executives, directors, and managers
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Table 2: Management trends applied by different sized enterprises.

at least middle management. To examine how companies, perceive
the current market situation, as well as their company and their
position in the market, we found out the following statements
representing managerial trends. In evaluating the individual
statements, the statements with which the managers most often
agreed were as follows. Most companies, up to 68%, agreed that
“the ability to adapt to change is their significant competitive
advantage”. Half of the respondents also agree with the statement
and “believe that there are significant opportunities to improve
sustainability and profitability”. The third statement, with which
companies most often agreed, concerned “innovations that are more
important for companies in the long run than reducing costs” (40%).
Extremely few businesses (only 4%) are concerned about a cyberattack on their business. The next section compares the rate of
application of the selected three management trends considering the
identification data on companies, namely: business sector, size, and
capital structure.

Source: own processing

We have classified companies according to the focus of their
business activities on manufacturing companies, trading companies
and service companies. The ability to adapt to change, that is
company´s significant competitive advantage, was agreed the most
by trading companies (73%). The statement about the innovations
was agreed by 62% trade companies, 58% manufacturing
companies, and 55% service companies.

Table 3: Management trends applied by different capital structured
enterprises.

Table 1: Management trends applied by different business sector enterprises.

Source: own processing

Across all industries and regions, digital technology is a
dominant factor. Two-thirds of executives report that digital
disruption and software solutions are rapidly changing the rules of
competition in their industries. And they are making good use of
tools aimed at helping them address these shifts. Use of digital
transformation is increasing, and respondents report high levels of
satisfaction with it. Managers are upbeat about their ability to
capture data and analyse it successfully. Despite other evidence that
many companies struggle to get the most out of analytics, more than
half of respondents to this survey claim they are able to capture and
exploit the full value of data from all corners of their companies.
This is a time of rapid change in business and markets, with new
competitors emerging every day and customers untethered from
traditional loyalties. Respondents feel both challenged by this
environment and less capable of handling change. In 2014, 75% of
respondents felt that their ability to adapt to change was a
significant competitive advantage. Today, only 56% feel that their
companies adapt to change faster and better than competitors do
[9,10]. Based on these results, we have researched three
management tools, such as manifestations of innovation and
innovative potential, namely: digital transformation, big data
analytics, change management.

Source: own processing

Most often, the size of the company is measured based on the
number of employees, annual turnover, and annual balance sheet.
These criteria are based on the classification recommended by the
European Commission (European Commission Recommendation
No. 2003/361 / EC, valid from 1 January 2005). Similarly, we
researched the size category of companies based on the three
criteria, but since several answers were controversial, we proceeded
to the size categorization of companies based on the number of
employees. The management trend, that innovations are more
important for companies in the long run success than reducing
costs, agreed 66% of the large companies (above 250 employees),
68% of medium-sized companies (above 50, up to 250 employees),
48% of small companies (above 10, up to 50 employees), and 53%
micro companies (up to 10 employees). Ability to adapt to change
as significant competitive advantage was comparable in all size
categories, mostly agreed by small enterprises.

Digitalization and, later, digital transformation are drivers for
changes in the corporate world, because they establish new
technologies based on the internet with implications for society as
a whole [11]. Digital technologies contribute to the transformation
of large parts of our economy and society. Also, the nature of
innovation itself has undergone a digital transformation [12]. Big
data analytics is increasingly becoming a trending practice that
generates an enormous amount of data and provides a new
opportunity that is helpful in relevant decision making [13].
Through focused deployment of big data analytics, firms can sense
emerging opportunities and threats, generate critical insight, and
adapt their operations based on trends observed in the competitive
environment [14]. Managing change is not just important but crucial

In the following criteria, we examined the identification with
selected management trends according to the presence of foreign
capital in the ownership structure of companies. Here a significant
difference in the perception of innovation can be observed between
100% Slovak (51%) and mostly Slovak (54%) versus mostly
foreign and 100% foreign companies (identically 70%). 77% mostly
Slovak companies believe that there are significant opportunities to
improve sustainability and profitability and 85% mostly foreign
companies think that the ability to adapt to change is their
significant competitive advantage compared to just 31% mostly
Slovak companies that think the same.
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for the success of the final product of companies [15]. Change
management is the area of study that aims to facilitate the transition
of individuals, teams, or the whole organization by managing them.
The key issue in successfully implementing change is a matter of
successfully changing the organizational culture, so that on-going
change becomes the accepted norm [16].

researched are most widely used by large companies, with more
than 250 employees.

3. Conclusion
Despite the ever-increasing popularity of the field of innovation,
which companies cannot avoid, innovation is often perceived by
companies as something risky and unpredictable. However, if a
company wants to succeed and keep up with rapid times and
technological change, then innovation is something it must learn to
work with. Today, new and improved products and services are
constantly coming to the market thanks to certain trends that have
accelerated this process. Therefore, companies' products and
services are becoming obsolete much faster than in the past. It is
essential for companies to innovate and create something new for
society in order to gain a foothold in a tough competitive market.

When applying selected three innovative tools, we determined
the satisfaction of respondents with individual tools. Only
respondents who used the tool answered the question about the
satisfaction assessment. Satisfaction was rated on a scale of 1 to 5,
with a value of 5 meaning that they were very satisfied with the tool
and a value of 1 indicating that they were very dissatisfied. Fig. no.
1 shows the examined 3 innovative tools in management, while the
vertical axis shows the total use of this tool in % and the horizontal
axis represents the average satisfaction of respondents evaluated on
a point scale. In general, it can be stated that the respondents were
satisfied with the tools used, as the average satisfaction rates were
above the level of 3 points (when the respondent was neither
satisfied nor dissatisfied) upwards. Respondents were the most
satisfied with digital transformation tool, which rated an average of
3.62 points. The change management tool was evaluated with an
average of 3.60 points and was the most widely used (47%). The
big data analysis tool was evaluated with an average of 3.50 points
and usage rate was 30%.

The ever-changing environment in the economy calls into
question traditional economic and business concepts. There were
times when innovative trends in the management of organizations
were applied only by the largest companies and those that led to
change. Gradually, however, their knowledge and use becomes one
of the requirements for the survival of the company in the market.
Managers and entrepreneurs need to look ahead, anticipate change
and follow a strategy to proactively and successfully overcome the
turbulence caused by change. Innovative trends in management
represent effective management tools that serve to identify new
opportunities, bring changes to the business to achieve continuous
improvement in the way an existing activity, function or process is
performed. In general, it is necessary to prioritize in the
management so that the company avoids being swallowed with
information and does not lose contact with the vision and goals.
This also applies to the selection of control methods. This means
that they are not bad methods, just appropriate and less suitable for
company´s goals. At the same time, the dynamics of time determine
that information and outputs are old even during data acquisition,
analysis and conclusion. Another aspect of decision-making and
management is risk estimation and risk acceptance.

In the case of the digital transformation tool, respondents often
considered it costly without a positive result, especially in the
impact of global solutions on the local market or organization. The
big data analytics tool was also assessed as time-consuming
compared to the added value it brings to the company,
complications are also caused by the diversity of business models
and the limited ways and possibilities of using this data.
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Figure 1: Innovative management tools- usage and satisfaction.
Source: own processing
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In the following graph (Fig. no. 2) we can see the rate of usage
selected innovative management tools related to the size category of
the company, which we consider as an important aspect.
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Figure 2: The rate of usage selected innovative management tools.
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With a larger size category, a higher rate of usage of individual
innovative management tools can also be seen. All three tools
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Abstract: This article presents analysis of the current situation of the gold mining industry of Azerbaijan. The analysis is performed a review
of the main individual problems of the country's gold mining industry. It is found that the gold for Azerbaijan is a priority and highly liquid
type of strategic minerals along with fuel and energy raw materials and some other important minerals.Also, it is noted that the gold mining
industry of Azerbaijan, as a young branch of the economy, has a promising future. And the study of innovation ways of development in this
industry is of particular importance for the republic.
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1. Introduction
Deposits
18%

Development of the gold mining industry in Azerbaijan
contributes to the emergence of one of the most strategically
important sectors of the republic's economy. Azerbaijan has a large
developed and prepared reserve base of gold, significant forecast
resources for expanded reproduction of reserves. According to the
indicators of the Ministry of Ecology and Natural Resources of
Azerbaijan, gold reserves in the country, taking into account all
discovered deposits, amount to 1,500-2,000 tons.
Today, when Azerbaijan is faced with the task of modernizing and
diversifying the national economy through the advanced
development of the non-oil sector, the revival of the gold mining
industry entails the need for its development in market conditions.
Azerbaijani gold mining industry is improving every year, the
standards of work are changing, new deposits are being developed,
the latest equipment and technologies are being introduced, and a
modern system of industrial, financial and trade relations is applied.
At the same time to maintain the gold mining in the region with
the development of new industries and fields of activity requires a
set of technical, technological, institutional and organizational
innovation measures. Unsatisfactory level of scientific, innovative
solutions developed for the needs of the gold mining industry
significantly complicate the increase in the competitiveness of this
industry.

not taken
into account
2%
Jewelry
52%

İnvestments
16%

Industry
12%

Fig. 1. Structure of world gold consumption, in % [4]
Having a sufficient mineral resource base of gold means being the
owner of gold reserves, which are on the balance of the central bank
or finance ministry and serve to stabilize the money supply,
settlements with foreign countries and payments of public debt. As
part of the country's gold and foreign exchange reserve, gold is a
testament to the economic power of the state [5].
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2. Importance of the mineral resource base of gold in
the modern economy of the republic has been
determined.
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It is indicated that for Azerbaijan the presence of mineral resource
base of gold is extremely important in strengthening economic and
defense security, as well as ensuring the balanced development of
economic sectors.
Azerbaijan is one of the few countries in the world with sufficient
reserves of gold, therefore, the efficient exploitation of its deposits
and the rational use of the mined metal determine the functioning
and development of the republic's economy. Although the Republic
of Azerbaijan cannot be attributed to the world leaders in gold
reserves, there are a number of deposits that are unique in terms of
volume on its territory [1].
Azerbaijan needs to strengthen its economic and defense security.
The defense and space industry, industrial and civil construction,
mechanical engineering and shipbuilding traditionally consume
gold for the production of products of extremely high reliability.
Gold as a metal has found wide application in such industries as
instrumentation, nuclear industry, medicine, electronics [2].
Its role is also exceptional in the jewelry business. Thus, a
significant amount of gold is used to make dentures, coins and
medals, jewelry, gilding, and more [3].
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2436 2271,2
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1040765,2625,6 612,5
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Fig. 2. Ten countries with the largest gold reserves in 2020, tons
Azerbaijan is also no exception - it is gradually replenishing its
gold reserves and intends to continue increasing. Share of pure gold
in Azerbaijan's strategic international reserves amounted to more
than 10% at the end of 2019

3. Econometric assessment of the gold mining
industry of the republic showed that there is a high
correlation between gold production and GDP in
Azerbaijan.
Since gold production in the mining industry as an economic
activity affects GDP growth, it is especially important to assess the
relationship between these indicators and determine the
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development prospects. Here the model of correlation-regression to
assess the relationship between GDP, which is a key indicator of
economic well-being of society, and income from gold production
[6].
Table 1.Main indicators of the mining industry in
Azerbaijan in 2009-2019 and GDP, in mln AZN [7]
Years

Investment in
fixed assets

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

Volume of gold
production

2088
2952
3244
3857
5095,2
5947,9
7145,1
8576,7
8428,9
5702,3
5288,2

8,82
65,89
70,85
66,22
57,3
59,48
85,63
121,94
254,92
240,98
282,51

4. SWOT analysis of the gold mining industry of the
country revealed and indicated a set of necessary
strategic alternatives for the economic activities.
SWOT analysis characterizing the strengths and weaknesses of
the gold mining industry in Azerbaijan allowed formulate proposals
for overcoming threats and using the opportunities of the
environment, in particular, the transition to innovative technological
development, expanding the resource base, increasing investment
attractiveness.

GDP
35601,5
42465
52082
54743,7
58182
59014,1
54380
60425,2
70135,1
79797,3
81681,0

Table 2. SWOT analysis of the gold mining industry in Azerbaijan
Strengths (S)
Rich mineral resource base of
gold
Great potential for growth in
the mineral resource base
Availability of a huge
systematized database from the
Soviet times
Relatively low production cost

To conduct a regression analysis of the relationship between the
impact of total gold production on GDP in Azerbaijan in 20092019, according to Table 1, a ready-made mathematical software
package EViews was used. To this end, gold production in the
mining industry as a causal factor is denoted as X, and GDP as an
effective factor is denoted as Y, and using the EViews-10 software
package, we obtained the following result based on the data in
Table 1.

Weaknesses (W)
The location of deposits in
remote and hard-to-reach
places, therefore, companies
need to purchase fuel, food,
overalls, spare parts and
components, equipment and
everything necessary for
production in advance.
Seasonality of work associated
with the location of enterprises
in regions with unfavorable
weather conditions
Deficit of qualified personnel
Infrastructure restrictions
High capital intensity

Fig. 3. Relationship between GDP and total gold production in the
mining industry in Azerbaijan [7]

𝛂×𝐱
𝐘

=

𝟏𝟑𝟓,𝟏𝟗𝟑× 𝟕𝟒,𝟑𝟕
𝟓𝟖𝟗𝟓𝟓,𝟏𝟕

Increase in production due to the
use of new extraction
technologies
Increase in the share of ore gold

Improvement of the investment
climate in the industry
Threats (T)
Late delivery of materials, fuel,
spare parts and components,
equipment and other resources.
And, accordingly, the increase in
prices for the resources
provided.

The need for preliminary
preparation for the production
season.
Introduction of legal restrictions
Failure by the miners to fulfill
their ambitious investment plans
Facing environmental challenges

Specificity of the gold mining industry has another important
feature related to the environment. Development of gold deposits
and their processing can be accompanied by significant
environmental degradation [9]. Gold mining, if the operating rules
are not followed, leads to water pollution, soil erosion and the
emission of greenhouse gases. The latest technologies that
contribute to the safe conduct of gold mining will play a huge role
in protecting the environment.

As can be seen from the above, there is a high direct correlation
(R yx = 0,82) between the Y and X variables on the Chadok scale
(0.7-0.9) [8]. Also, using the F-Fisher and Durbin-Watson (DW)
tests, it was proved that the regression equation as a whole is
statistically significant and the constructed model (1) is adequate.
If we calculate the coefficient of elasticity in accordance with the
coefficient of free variables in the relationship equation and
calculate the average values of the volume of GDP with a causal
factor for the periods under study, we get the following result. If we
calculate the coefficient of elasticity in accordance with the
coefficient of free variables in the relationship equation and
calculate the average values of the volume of GDP with a causal
factor for the periods under study, we get the following result.
𝐄ВВП =

Opportunities (O)
Discovery of new objects

5. Conclusions
Gold plays a huge role in ensuring economic and defense security,
which Azerbaijan is in dire need of today. All products of such
strategic industries as defense, space, engineering, shipbuilding are
traditional consumers of gold, which requires the intensification of
the work of gold mining. Gold mining also creates demand for the
products of dozens of related industries, for example, mining
engineering, production of drilling and power equipment, etc. In
particular, gold for Azerbaijan is a priority and highly liquid type of
strategic minerals along with fuel and energy raw materials and
some other important minerals.
Interest of foreign investors in the gold deposits of the Republic of
Azerbaijan and their arrival in such a closed industry in 90s became
significant in the process of integrating the domestic gold mining
business into world economic processes.
Consequently, the development and pilot testing of various
options for innovative technologies for gold production is currently
an urgent topic for maintaining the gold mining industry in
Azerbaijan.

=0,170541 (1), where

α − coefficient of the dependent variable in the regression equation,
x − average free variable value
Y- average value of the dependent variable
According to the calculation, an increase in total gold production
by 1% in the mining industry of Azerbaijan leads to an increase in
GDP by 0.171%.
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Abstract: The paper deals with innovations in vehicle suspension technology developed in the Josef Bozek´s Research Center of Combustion
Engines and Automobiles at CTU in Prague, Czech Republic. A unique innovative suspension system that uses a linear electric motor as a
controlled actuator has been designed. Many experiments on the energy management in the system have been accomplished. In order to
verify various control strategies and to test different ways of energy consumption optimization we designed and constructed a unique onequarter-car test stand. To realize simulation and practical experiments at the test stand it is necessary to find a proper experimental road
disturbance signal to excite the active suspension system. The disturbance signal is applied on one more linear motor that is placed under a
wheel of the one-quarter-car test stand to excite the active suspension system. The paper deals with the way and results of experimental
verification of vehicle active suspension behavior when robust control is applied and also with energy management strategy that is used in
the system. A modified H-infinity controller that enables to set energy management strategy is mentioned in the paper. At the close of the
paper, some experiments taken on the one quarter-car model and their evaluation are discussed.
Keywords: ACTIVE SUSPENSION, VEHICLE, ONE-QUARTER-CAR MODEL, ROBUST CONTROL, EXPERIMENTS
motors and a lead screw or toothed belt, the direct drive linear
motor enables contactless transfer of electrical power according to
the laws of magnetic induction. The gained electromagnetic force is
applied directly without the intervention of mechanical
transmission. Linear electric motors are easily controllable and for
features like low friction, high accuracy, high acceleration and
velocity, high values of generated forces, high reliability and long
lifetime, their usage as shock absorbers seems to be ideal.

1. Introduction
The suspension system is an important aspect of car design
because it influences both the comfort and safety of passengers.
Two major performance requirements of any automotive suspension
system are to provide a comfortable ride and good handling when
random disturbances from road unevenness and variable cargo act
upon the running vehicle. Passenger comfort can be understood as
an attenuation of sprung mass acceleration or as sprung mass
vertical displacement minimization, while good handling can be
characterized as attenuation of unsprung mass acceleration.

2. Problem Solution
2.1. One-Quarter-Car Model

The effort devoted to passive suspension design is ineffective
because improvements to ride comfort are achieved at the expense
of handling and vice versa. Instead, the best result can be achieved
by active suspension [1], [2], ie. by an additional active force Fa
(Fig.1) that can act on the system and simultaneously improve both
of these conflicting requirements. Another important goal of the
control design is to maintain stability and robustness of the closed
loop system [2].

The traditional one-quarter-car model (Fig.1 ) is used to design
a suspension controller and to simulate the system behavior.

In most active suspension systems, the biggest disadvantage
consists of energy demands. Regarding linear electric motors, this
drawback can be minimized or even eliminated because under
certain circumstances there is a possibility to recuperate energy,
accumulate it and use it later for the active suspension when
necessary. This way, it is possible to reduce the posted claims on an
external power source as much as possible. In next paragraphs, the
proposed strategy how to control the energy distribution in the
suspension system is described. In order to regenerate electric
power from the vibrations excited by road unevenness a new
energy-regenerated active suspension system has been designed.
The research team modelled and simulated the active system to
show the performance improvement and performed many
experiments with the actuator prototype on a new test stand the
team designed.

Fig. 1 One-quarter-car model.

In Fig.1:
Fa ….. active suspension force [N]
mw .…. unsprung (wheel) mass [kg]
mb …. sprung mass supported by each wheel and taken as
equal to the one quarter of the total body mass [kg]
k2 ….. stiffness of the tire [N/m]
zr(t)…. road displacement ( road disturbance) [m]
zb(t)… displacement of the sprung mass [m]
zw(t)… displacement of the unsprung mass [m]]
k1 ….. stiffness of the passive suspension [N/m]
b1 ….. damping quotient of the passive suspension [Ns/m]

All suspension systems are designed to meet various specific
requirements. In suspension systems, mainly two most important
points are supposed to be improved – vibrations absorbing
(videlicet to reach maximal passenger comfort) and attenuation of
the disturbance transfer to the road (videlicet car handling). The
first requirement could be understood as an attenuation of the
sprung mass acceleration or as a peak minimization of the sprung
mass vertical displacement. The second one is characterized as an
attenuation of the force acting on the road or – in simple car models
– as an attenuation of the unsprung mass acceleration. The goal is to
satisfy both these contradictory requirements. Satisfactory results
can be achieved when an active suspension system generating
variable mechanical force acting between the sprung and unsprung
masses is used. Such an actuator can be a linear electric motor [1].
In comparison with traditional actuators that use revolving electro-

The model involves unsprung (wheel mass) and sprung (taken
as one ideal quarter of the car body mass) masses, a conventional
passive suspension (a spring and a damper), stiffness of the tire, and
linear electric motor as an actuator placed in parallel to the
traditional passive suspension (Fig.1).

2.2.Test Stand
The same configuration is used for real experiments as well as
verification. Mechanical construction of the test stand is obvious
from Fig. 2. Under the wheel there is placed another linear electric
motor that uses an experimental input signal described in next
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a)

paragraphs to generate road displacement (road deviations) under
the running wheel. The modified H-infinity controller mentioned
bellow has been developed in Matlab, implemented into dSpace,
and connected to the test stand system. For more details see [4].

b)

Fig.2 Test stand

Fig.4 a)Simulated response, b) Real time response

.

Figs. 4a) and 4b) represent simulated and real time responses,
respectively (rightangular force signal : 0→200 [N], power supply
of 150 [V], velocity: 0 [m/s]).

The basic principle and structure of the linear motor used as an
actuator in the designed active suspension system is described in
[ 3]. The appreciable feature of linear motors is that they directly
translate electrical energy into usable mechanical force and motion
and back. They are linear shaped. Linear motor translator
movements reach high velocities (up to approximately 4 m/s),
accelerations ( up to g [m/s2] multiples) and forces (up to 8 kN).
The electromagnetic force can be applied directly to the payload
without an intervention of mechanical transmission.

For the automotive suspension system, the application of the
synchronous three-phase linear motor TBX 3810 produced by
Copley Controls Cooperation (technical parameters: peak force
2027N, peak current 21.8A, continuous stall force 293.2N,
electrical time constant 1.26ms, continuous working voltage
320Vac) has been designed by the research team. Comparing the
time responses in Fig.4a) and Fig.4b), it can be seen a very good
matching level of the model and real motor behavior.

2.3. Linear Motor Model
In order to verify control algorithms a linear motor model
including a power amplifier in Matlab Simulink has been created.
The model enables to demonstrate the conversion of electrical
energy to mechanical energy. In the model, it is assumed that the
magnetic field of the secondary part with permanent magnets is
sinusoidal, the phases of the primary part coils are star-connected,
and a vector control method is used to control the phase current.
Here, PWM voltage signal is substituted by its mean value to
shorten (about 10 times) the simulation period (inaccuracies caused
by such a substitution can be neglected).

It results from many experiments we made in [4] with TBX3810
linear motor that the designed model describes the real linear motor
equipped with necessary auxiliary circuits very authentically and
enables to verify control algorithms developed to control the linear
motor as an actuator in the active suspension system, credibly.

2.4. Energy Balance
In fact, there is some non-linearity in the recuperation
process and that is why the energy management control is fairly
difficult. The 3D plot in Fig. 6 represents a force-velocity profile of
the recuperated energy. It shows how much recuperated (and only
recuperated) energy can be obtained under the given forces and
velocities. In the plot, when the recuperated energy is equal to zero
or bigger it is necessary to supply energy into the system.

The linear motor model is shown in [1]. In the model, an input
vector is given (see Fig. 3) by the instantaneous position [m]
(necessary to compute the commutation current of the motor coils),
instantaneous velocity [m/s] (the voltage induced in the coils
depends on the position [m] and velocity [m/s]) and desired force
[N] .

Fig.3 Linear motor input-output model
Fig.5 Force-velocity profile of the recuperated energy in the used
linear motor

The designed model function, we verified comparing
dynamics on the simulation model and the real linear electric
motor, respectively. The simulation parameters correspond to
catalogue parameters of TBX3810 linear motor fy Thrust-tube.

Regarding to this characteristic surface this gives important
information of the requirements on the control system.
Optimization objectives are equal to maximization of the
recuperated energy (with necessary trade-offs).

For example, responses caused by changes of the desired
force in the form of a right-angular signal and corresponding real
time responses are compared in Fig.4. and b, respectively. The
upper signals in both figures represent desired force and the lower
ones real output forces.
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reason the H-infinity theory has been chosen for robust controller
design [4], [6] via Matlab toolbox procedures.

2.5. Road Displacement Simulation
In order to realize simulation and practical experiments at the
test stand it is necessary to find a proper experimental signal to
excite the active suspension system by generated road displacement.
Although the simplified suspension model seems to be linear there
are many nonlinear parts in the system. Now the question is what
signal to generate for experimental testing in order to reach a true
model of the uneven road under the wheel. We can define two types
of input signals regarding objectives:



to prove results of simulations and pre-calculations
to test real behavior on the road

Fig.7 Modified controller structure

Let us start with the first objective ie. to verify simulation
results. White noise signal is supposed to be the best disturbance
signal mainly for of its full frequency spectrum. But it should be
noted that the whole system is nonlinear and that is why white noise
cannot be used for testing. Moreover, it is not possible to generate
easily white noise on the test stand.

Nevertheless, the standard H-infinity controller cannot handle
energy consumption. Some significant modifications of the
controller on the base of the realized experiments were designed.
An additional input to control energy demands is supposed to be
connected to the controller. Then master controller can use this
input to keep energy balance. The general modified controller
structure is shown in Fig. 7. Energy management is controlled by an
external signal depending on car and road parameters, ie. on the
energy accumulator (super-capacitors) current capacity and the road
surface, respectively [2].

Unfortunately, neither step input signal simulating road
bump up or bump down is not realizable by the test stand for the
right-angular slopes of the signal.
To simulate road the profile a random signal approximation
(see Fig.6) has been used. Such a signal is described by the
following equation:
n

zr  
i1

 Im(

First way to control energy consumption in the suspension
system is analysis of the driving conditions and cyclic re-computing
of the control signal in real time. For necessary high sampling
frequency (over 1 kHz) and controller performance, this approach
has been rejected.
The second possibility of energy consumption control is control
via controller deterioration. Then the designed controller is reliably
robust and the active suspension system relatively stable.

i
ω
 Re( 2 bo
)  cos(ωi t  α) 
π  vx
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)  sin( ωi t  α)
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i



where:

(1)

bo  0.121 v x

(2)

Two types of driving conditions are assumed:
 the terrain (surface) the car is going on is very rough and
uneven and there is enough energy stored in the accumulator
(supercapacitors). Then the controller works in “comfort
setting” mode, the linear electric motor consumes energy from
the accumulator and the suspension performance is preserved.

a o  2.249  v x
and vx represents the car velocity.

. ● the terrain (surface) under the car wheels is relatively smooth
and there is not enough energy stored in the accumulator
systems (super-capacitors) because of the situation described
above. The external signal provides this information to the
controller in order to deteriorate its performance and to reduce
the linear motor energy consumption. The deterioration is
stated by the desired force attenuation. In this case the
controller works in “energy setting” mode.
If the force is attenuated too much the active suspension system
works only as the passive suspension (connected in parallel to the
active suspension) while the linear electric motor works as a
generator generating electrical energy to be stored in
supercapacitors. Of course, in such a situation the suspension
performance is deteriorated (down to the passive suspension level in
the worst case).

Fig.6 Random signal approximation used to simulate road displacement

2.7. Quantification
2.6. Controller

2.7.1. Car Stability

Design of an appropriate controller is a complex problem.
The research team tested commonly used high authority control
concepts, such as Linear Quadratic Gaussian control, feedforward
control concept, fuzzy control as well as H-infinity robust control.
Most of the proposed concepts do not consider robustness of the
designed controller, although this aspect is fairly important and
well-founded. For example, changes in ambient conditions can lead
to changes in the dynamics of the system which can result in
substantial deterioration of the feedback controller performance.

The first requirement in the active suspension system is to
improve car stability and reach “road friendliness” that can be
characterized as the attenuation of the tire pressure, or more
precisely, the attenuation of the unsprung mass force acting on the
road. To gain a measurable parameter, the following RMS function
has been introduced.

A robust controller is necessary for the suspension system
because many system parameters often vary in a wide range.
Especially cargo mass changes occur for every single drive. For this

(3)
where zw represents wheel displacement and zr road displacement.
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body displacement indicator and also as a percentage of its
improvement.In Table I, the first table row shows that for “comfort”
controller setting the comfort indicator, i.e. body displacement
mean value (0,0386m) is taken as 100 %. In the second row, when
the controller was deteriorated, the comfort was devaluated up to
0,0474 m, i.e. to 123 %.Table II contains mean values of power
indicator i.e. electric current mean values. Lower value corresponds
to lower energy demands. It is sufficient to express power values by
values of electric current because the voltage supply of the motor
remains constant. Similarly, the first line shows that for standard
controller setting the “comfort” indicator (2,698 A ) is taken as 100
%. In the second line, when the controller was deteriorated the
energy indicator is devaluated down to 1,598 A, i.e. to 59 %.
Briefly, controller deterioration causes comfort devaluation to 123
% while energy consumption decreases to 59 %.

2.7.1. Passenger comfort
Another important requirement in the active suspension system
is to improve passenger comfort. This requirement can be
formulated as the sprung mass acceleration attenuation when the
RMS function is defined as:

(4)
Where zb represents the body displacement, Gw is a
weighting function for human sensitivity to vibrations and * denotes
convolution.

3. Results

Table 1: Body displacement mean values
Body
displacement
mean value [m]
For “comfort”
0,0386
setting
For “energy”
0,4|74
setting

The random signal approximation stated in and plotted in Fig. 6
has been taken as an input signal (road profile) for experiments
taken on the active suspension test stand. Two main objectives must
be taken into account - passenger comfort improvement and energy
consumption (see Fig. 8). In Fig.8, the corresponding body
displacement for“energy” and “comfort” controller settings to the
road profile input are displayed. Body (sprung mass) displacement
can be taken as an indicator of the passenger comfort.

Percentage
100%
123 %

Table 2: Power mean values
El. Current [A]

Percentage

2,689

100%

1,598

59 %

For “comfort”
setting
For “energy”
setting

3. Conclusion
A new method for direct real-time energy control in the car
suspension system has been developed with respect to the reduction
of energy consumption. Experiments that we took on the designed
test stand verified validity of simulations and showed that it is
possible to change energy demands according to the road surface
mode of the energy storage in the car supercapacitors. The method
can be extended to general plants with considerable energy
demands in which the decreasing actuator signal in a given range
can preserve system stability.

Fig.8 Body displacement for !energy” and “comfort” settings

Fig. 9 shows two curves – energy demand for standard energy
consumption (called “ comfort setting”) and energy demand for
lower consumption ( called “energy setting”). Actually, negative
values of energy represent the recuperated energy.

Various active suspension controllers were developed via
Matlab implemented into dSpace and connected to the test stand
system. As discussed in [3] and [4], the most satisfactory responses
of the suspension system have been reached using H-infinity robust
control.
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Abstract: The paper presents research on the physical processing properties and morphology of recycled plastics. The scope of work
includes conducting the processing of primary PVC and recycled PVC and testing Melt Flow Index and structural investigation of the
morphology of materials. In the studies polyvinyl chloride (PVC) Alfavinyl GFM/4-31, was used in the study. This plastic has density of 1230
kg/m3 and hardness of 80 Sh° A. In the experiments, various types of chemical blowing agents were used: Expancel 950 MB80 manufactured
by Akzo Nobel. Expancel is a mixture that contains 65 % microspheres in the copolymer of ethylene and vinyl acetate (EVA). The
decomposition products of the applied blowing agents mainly include carbon dioxide CO 2, a small amount of water H2O and nitrogen N2.
The technology for producing the recycled composition is based on the extrusion and compression technology of the compositions obtained.
The study of selected physical properties was produced. The research on the structure of manufactured materials, melt flow index MFI, and
macroscopic structure are presented.
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modifiers that generate gases through chemical reactions at elevated
temperatures and the decomposition of organic or non-organic
bonds, in effect producing a cellular structure due to affinity for
polymer. In the experiments, various types of chemical blowing
agents were used: Expancel 950 MB80 manufactured by Akzo
Nobel. Expancel 950 MB80 is a blowing agent that has the form of
spherical thermoplastic polymer capsules (microspheres) that
contain a hydrocarbon gas. This is an endothermic blowing agent.
Expancel microspheres do not bond because the capsules retain
their blocking properties, which prevents release of the constrained
gas. Expancel 950 MB 80 is a mixture that contains 65 %
microspheres in the copolymer of ethylene and vinyl acetate
(EVA). The decomposition products of the applied blowing agents
mainly include carbon dioxide CO2, a small amount of water H2O
and nitrogen N2.
The polymer processing was carried out with the use of a
single-screw extruder, type W-25 with the screw diameter of D=25
mm. The plasticizing unit was equipped with four heating zones.
The process line was composed of the extrusion coating head,
vacuum calibrator, the cooling bath and the remaining process line
components.

1. Introduction
A growing interest in cellular plastics and the methods of their
manufacture has led to the development of a new processing
method of cellular extrusion and injection molding [1-5]. Cellular
extrusion consists in introducing into a polymer plastic a blowing
agent, which, under appropriate pressure and temperature
conditions, decomposes, emitting gas [1, 3, 4, 6-8]. This gas
dissolves in the polymer. Next, after the pressure drops, the gas
begins to evolve from the polymer producing cellular structure,
which has to be solidified by cooling the cellular product [8 -12]. A
blowing agent (porophor) can be gaseous, solid or liquid. Gases
and liquids are introduced into the input polymer under appropriate
conditions – under pressure, using special devices which deliver
them to the feed section of the plasticating system. Blowing agents
used in the extrusion process can be divided into physical and
chemical, however this classification is traditional and not exactly
accurate [1, 3, 11-18]. Physical blowing agents (physical porophors)
comprise substances which do not change their chemical structure
during the extrusion process; they only change their state of
aggregation [4, 5, 6, 12, 17-23]. Chemical blowing agents (chemical
porophors) act similarly as physical porophors, yet gaseous
products generated as a result of their decomposition and causing
the cellular extrusion effect, remain inside the plastic material. Inert
gases and low-boiling liquids are introduced under pressure by
means of special dispensing devices directly into the feeding zone
of the plasticizing unit of the extrusion machines during the
extrusion process. The emerging cells may be filled with air or with
any other gases, for instance CO2 and N2, yet later they are replaced
by air as a result of diffusion [1, 3, 5, 7, 8, 24-29]. Research on the
cellular extrusion of thermoplastics focuses on the process where
product properties are modified by changing the conditions of
extrusion and the properties of the processing line structural
elements. The extrusion of products with the use of blowing agents
results in new, modified physical and technological properties of
cellular products.
The aim of the study is to analyze the physical processing
properties and morphology of recycled plastics. The scope of work
includes conducting the processing of primary PVC and recycled
PVC. The scope of work also includes shrinkage testing of primary
compacts and structural investigation of the morphology of
materials.

Fig. 1 View of the extruded rod and fragments of the produced samples.

The process of grinding previously extruded samples was
carried out on the Xiecheng XC-GP230 mill. It is a mill specially
designed for grinding plastics materials with a capacity of 4 kW.

2. Materials and methods
In the studies polyvinyl chloride (PVC) manufactured by Alfa
sp.z.o.o. (Poland), Alfavinyl GFM/4-31, was used in the study on
cellular extrusion process. This plastic has density of 1230 kg/m3
and hardness of 80 Sh° A. PVC foams are distingnished from most
other types of plastic foams by a broad range of unique
characteristics. In the experiments described in the present paper,
one type of blowing agents were used. Chemical blowing agents are

Fig. 2 Appearance of the shredder knives and PVC recyclate.

The process of secondary extrusion of shredded PVC was
carried out on the EHP 2x20 Sline twin screw extruder, the
manufacturer of which is Zamak Mercator.
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The extrusion line consists of the following elements: corotating extruder EHP 2x20 Sline, single-screw volumetric feeder,
twin-screw volumetric feeder, extruder head, cooling bath, digital
line control system.
Based on the adopted research program, the polymeric material
for polymer processing molding modifed in such a way that the
blowing agents were fed into it during the mechanical mixing
process.. The blowing agents used in the polymer processing were
fed into the polymers being processed in the following quantities:
0.5%, 1.0% and 2.0% by mass (w/w). In order to obtain high
process efficiency for the above blowing agents, the processing
temperature range was 170-210°C.

Fig. 5 Block diagrams illustrating the dependence of MFI on the blowing
agent type and its content in primary and recycled PVC.

The Melt Flow Index (MFI) is a measure of the ease of flow of the
melt of a thermoplastic polymer. It is defined as the mass of
polymer, in grams, flowing in ten minutes through a capillary of a
specific diameter and length by a pressure applied via prescribed
alternative gravimetric weights for alternative prescribed
temperatures. The method is described in the similar standards
ASTM D1238 and ISO 1133. MFI tests were carried out on the test
stand equipped with a Ceast weight plastometer type 6542.00 with
additional equipment and a laboratory balance.

The investigation and analysis of the porous structure of the
produced parts were conducted using an confocal microscope, type
Nikon Eclipse LV100ND and copyright position of image analysis
of porous structure and the author’s stand for porous structure
image analysis. The morphology shows are porous in whole cross
section area. There is no solid outer layer visible, as in the case of
injection molded samples. Obtained pores have different size and
shape.
Microscopic studies show the effect of secondary extrusion on
the structure of porous poly (vinyl chloride) depending on the
amount of blowing agent added, which was added in primary
extrusion in the amounts: 0%, 0.5%, 1.0% and 2.0% by mass in
relation to the weight of the processed material.
Based on the obtained microscopic images, we can observe that
after re-extrusion of porous PVC, pores still occur in the structure of
the material, but their size has decreased and the quantity has
decreased to such an extent that the extrudate no longer has a
porous structure. The change in the number of pores and their
surface quantity in the cross section of the molded parts can also
depend on cooling intensity. Fast cooling hampers the occurrence
and growth of the pores, especially of those located closer to the
surface layer (Figs. 6-9).

Fig. 4 View of
samples

Fig. 6 Fragment of the cross section of the PVC and recycled PVC without
microspheres.

Fig. 3 View of technological line section for recycled plastics.

They are usually fed into the plasticizing unit using gravimetric or
volumetric feeders. The polymer and blowing agent mixture then
undergoes processing in the plasticizing unit and forming. In order
to produce a favourable structure with small cells, the product
should be cooled and solidified as quickly as possible.

3. Results and Discussion

MFI instrument, Ceast 6542.0 and selected measurement

The result of the measurements carried out was the receipt of
the MFI mass flow rate value for a PVC extrudate modified with a
blowing agent. The range of obtained readings is from 2.27 g/10
min at 0% mass content of the blowing agent to 4.55 g / 10 min at
1.5% mass content of the blowing agent. For the MFI secondary
tape test, results were found in the range of 0.64 g / 10 min at 0%
mass content of the blowing agent to 1.70 g/10min at 1.0% mass
content of the blowing agent in recycled material. The value of
average values for individual materials with an indication of the
content of the blowing agent was: 0.68; 1.28; 1.67; 1.37. The
relationship of these values is presented in the chart below.

Fig. 7 Fragment of the cross section of the PVC and recycled PVC with
0.5% microspheres.

In the case of the porous parts produced using the blowing agent
with the endothermic decomposition characteristics, the gas release
in the course of processing comes to an end once the energy supply
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is stopped. The obtained porous structure is uniform; the pores have
a spherical or quasi spherical shape. The pores have similar sizes,
irrespective of their location in the product.
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Abstract: The main goal of my work was to design a dry well wastewater pumping station. The products of the pumping station market, the
related literature, and the standards were analysed. The collected information was summarized in the catalogue of the requirements. I
created the parametric 3D model of the total pumping station. Some of the dimensions are linked from an MS Excel file, and others change
like a function. Thus, we can get the pumping station model with the required parameters without changing the model directly. The system's
pressure loss was calculated, which is necessary to know the working point of the pumping station. The mass of the concrete we need against
the uplift was specified. The dry well makes the sewage system more stable; it has a lower environmental effect and makes the maintenance
safer.
Keywords: DRY WELL, WASTEWATER, PUMPING STATION, PARAMETRIC MODEL
of the solids separator tapering tube sheet at the other end is where
the filter is obliquely disposed on the larger diameter end has a
perforated plate. Although the device contains a solid separator
system, but the large solids can cause clogging. A solution could be
to design a pre-separator that filters wastewater from these larger
solid contaminants.

1. Introduction
Wastewater is transported in a sewer network from the producer
to the receiving and treatment sites. In the case of gravity
wastewater transport, the driving force is provided by the level
difference between the two points of the channel. The slope of the
channel must ensure a minimum average flow velocity of 0.4 m/s at
an average water flow, as this is necessary for the self-cleaning of
the channel [1]. The value of the maximum permitted velocity is
determined by the material of the channel. 3 m/s for on-site concrete
sections channel, 5 m/s for prefabricated reinforced concrete, paved
concrete, or stoneware pipe elements are allowed. In the case of a
polymer channel, higher speeds are permissible. The water level
must reach 30 mm, even at the lowest volume flow rate to avoid
sedimentation. If the slope is not large enough, solids in the
wastewater can sediment and cause clogging. If the topography
does not allow the gravity transport of wastewater, a pressed
channel must be installed. Part of this system is the sewage
pumping station.

Depending on the shape of the collection tank of the HydroVacuum TS sewage pumping station [5], the internal vessel can be
rectangular, semi-cylindrical, or curved on both sides. In the case of
semi-cylindrical design of valves and piping beyond the buffering
vessel area, thus increase the overall size of the well. In terms of
space-saving, it is advantageous for the solids separation system to
be located in the vessel. Still, this solution is unfavorable from the
point of view of maintenance.
STRATE AWALIFT sewage pumping station [6] is installed in
a well of circular cross-section made of glass-fiber-reinforced
polymer. The shape of the buffering vessel can be a pentagon,
cylindrical or semi-cylindrical, which is ready-alloy structural steel
sitting and an epoxy-based corrosion-resistant protective film is
coated. The wastewater flows through two non-return valves with
filter plates to the buffering vessel from the solids separation tank.
The disadvantage of the device is that the solids separators and the
non-return valves are located in the vessel, which is not favorable
for maintenance.

In conventional wet well sewage pumping station, the pumps
are submerged in the sewage. In this case, the inlet liquid does not
filtred, so the solids content (a tree branch, dead animal, PET bottle,
pieces of clothing, etc.) is high. They are getting into the pump
damage the impeller and its housing. Specially detrimental to the
wet wipes, which form a scoop-like plug into the channel network
and roll up to the pump impeller. Its maintenance is a difficult and
dangerous operation [2].

In the Ecol-Unicon sewage pumping station [7], the shape of the
buffering vessel is circular. ETS and ESS types are designed from
stainless steel, and the ESS-PE is designed from HDPE. Larger
solid contaminants are trapped on flexible filter flaps in the
separators. The common advantage of the pumping station is that
the knife-gate valves can be used to disconnect the components, so
it is not necessary to stop the equipment completely during
maintenance. The disadvantage of the ESS and ESS-PE stations is
that the solids separators are placed in the vessel, so their
maintenance is complicated.

In most cases, it is impossible to empty the well, so the
mechanics are in constant contact with the sewage. Gas formation is
strong, which can cause high methane concentrations even with
good ventilation too, and the well is open to the atmosphere even
during normal operation, so it is a strong source of the odor. Dry
well wastewater lifters differ from the conventional wet well in that
the wastewater is temporarily buffered inside the well in a separate
steel or polymer vessel. Disadvantages of sewage pumping station
include operating and maintenance costs higher than those of
gravity sewage systems. In addition, training is required to handle
any failures and maintenance problems that may occur properly. In
the event of an electricity failure, standby generators must be
provided to prevent malfunctions, and the service life of pressed
sewer lines is shorter than that of those used in the gravity network.
The flow channels, generally infectious waste, and odor have the
effect, so to be assured in the design of gas in a sufficient supply of
air in the well and the components of control [3].

In the SSS Strong sewage pumping station [8], the vessel solid
separators and tubes are polyethylene. In separators, plastic combs
placed obliquely upstream of the flow direction of the charging
phase will catch larger solids. The advantage of the station is that
the buffering vessel is separated from the well. The disadvantage is
that the components almost fill the available space, so the
workspace required for maintenance is not provided.
The Wilo - EMUport CORE sewage pumping station [9] is
designed to be installed in a 1500 mm well. Filter sticks in the
separators catch larger dirt. The rod ends are connected to a sloping
flap circular plate. The disadvantage of the pumping station is that it
does not have a pre-separator on it, which separates the larger
contaminants. In the event of a well flooding, the gate valve that
disconnects the station from the sewer system cannot be easily
accessed.

2. Dry well sewage pumping stations on the market
A sewage pumping station must be installed to design the
appropriate pressure at the sewage lifting device or eliminate the
height difference in the gravity network. In this chapter, the
wastewater pumping station with a dry well and solids separator is
described.

The Instal Compact sewage pumping station’s [10] buffering
vessel has a square shape where the interior has lighting and glass
overlooking. The separators are located next to the buffering vessel,

Sewage pumping stations manufactured by the KSB [4] in terms
of design can be compact, cylindrical, or semi-cylindrical. One end
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equipped with a sight glass. Two comb-like filters perform the
separation. The device is advantageous in terms of space-saving
because the distribution chamber, separators, pipes, and fittings are
located above and next to the buffering vessel. In the event of a
flood, the gate valve that disconnects the unit from the sewer system
cannot be accessed. Access to the pumps is also hampered by a
metal tray mounted under the sight glass, and a stand placed next to
it.

a two-pump lift is that the operating pump can deliver the maximum
amount of wastewater entering the well. The installation of shut-off
valves in the connecting sewage line is necessary to stop sewage
flow during the cleaning, inspection, and repair of the equipment
[13].
The process flow
Figure 1 shows the process flow diagram of the designed
sewage pumping station. It is the major part of the process of the S101 pre-separator and the two solids separator S-102 and S-103.
Sewage is transported by the P-101 and P-102 pumps. Sewage is
temporarily stored in the V-101 vessel. The inlet wastewater enters
the well in the line 1. In the pre-separator S-101, larger
contaminants (~ 60 mm <) are suspended on a stainless steel metal
grid. During periodic maintenance, the detached materials can be
removed manually via the openable lid on the top of the preseparator. If critically high volume wastewater enters and therefore
both pumps are running, or something clogs the separator, the
wastewater flows directly into the buffering vessel through two
overflows through a grid filter. If the water level in the preseparator rises due to a fault, an ultrasonic level transmitter sends an
alarm to the control panel. The function of the HV-101 and HV-102
knife-gate valves is to ensure that one line can be disconnected
during service while the other can still operate the lift. In this case,
if the pump is running on the operating line, sewage can also enter
the vessel via the overflows. The P-102 pump is running in the
figure, which is why the non-return valve CV-102 is closed. The
wastewater thus enters the solids separator S-102 through the open
CV-101 valve.

The Kordes sewage pumping station [11] is installed in a
double-walled polyethylene well. Separation of solids is performed
by metal rods placed in front of the suction port of the pump. The
disadvantage of the sewage pump is that the solids separator does
not have a tank that can be separated from the other components.
When maintaining or replacing metal rods, the equipment must be
disassembled. Instead of closed gate valves during the emptying
phase, it would be preferable to install non-return valves in the
system.
In my work, I made a parametric, 3D model of the selfdeveloped dry well sewage pumping station equipment with solids
separators. An important aspect of the design was that the
dimensions could be varied as desired, making it easier to adapt to
individual needs or create a family of machines. I created a
Multibody-based, parametric 3D model, which includes a
parametric calculation support that allows the determination of
pump characteristics and vessel size. As a result of my work, I have
created a design that meets both market needs and literature
considerations and is ready for production.

3. The planned equipment

Contaminants (~ 10 mm <) get stuck on a perforated plate in the
solids separator shown in Fig. 2. Water and smaller contaminants
flow through the fixed impeller of the P-101 pump. The knife-gate
valves HV-103 and HV-104 function to close the buffering vessel
during maintenance of the pump. Sewage collects in the V-101
vessel until one of the pumps runs at the signal of the level sensor,
in this case, P-102, which is shown in Figure 1.

Various aspects must be taken into account when designing a
sewage pumping station. The pumps to be installed in the system
must be planned for minimum water consumption of ~110
l/person/day. In the mechanical units, the assembly and the
disassembly furthermore to lift the pumps, a lifting sleeve or base
must be installed, for which a lifting stand with manual or electric
lifting must be provided. At least two pumps must be designed for
the station, one of which is operational and the other is in
alternating operation [12]. An important consideration when sizing

Line 5 exits the wastewater from the buffering vessel and enters
the S-102 solids separator through the pump. The CV-102 nonreturn valve is closed, so the sewage can only continue on line 6.

Fig. 1. Process flow diagram of the planned dry well sewage pumping station with solids separator
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solutions used could be changed flexibly. The number of certain
parts (e.g., the number of steps of the ladder) suits the specific
needs. In the created model, certain units can also be replaced
according to your needs: pumps, gate valves, valves, and flanges,
among others. Based on some input data (incoming wastewater
volume flow, level of outlet and inlet lines, etc.), the program
automatically generates a pumping station of the appropriate size.
Almost all of the dimensions in the model are parametric. The
given size can be imported from an Excel spreadsheet or determined
from another part’s size. To eliminate component constraint, the
larger station components were made as a Multibody model. This
means that the parts of an assembly were created in a file, the shape
features were modeled as an independent body (Solid), creating
them one after the other. The assembly model can be generated
from the resulting Multibody Part file. When drawing, I used the
iLogic function, which allowed me to determine the individual
dimensions of the model automatically. The program fills in each
field of the iProperties window containing the model information
based on the entered code. The parametric 3D model of the
prepared equipment is shown in Fig. 3.
Fig. 2. Solids separator
a) solids separator housing b) Separation unit with non-return valve

For the station shown in Fig. 3 the wastewater enters the well
via a DN250 knife-gate valve and then leaves the DN80 discharge
line above it after buffering and pumping. A bracket supports the
large and consequently heavy gate valve at the feed welded to the
wall. On the outside of the well is a stiffening ring that increases the
resistance of the wall to external pressure. All pipes passing through
the wall are polymer, thus allowing plastic welding and good waterresistant. A standard cast iron manhole cover with a diameter of 600
mm was fitted to the well. A guide rail is screwed onto the steps of
the well ladder into which the fall arrester slider can be inserted,
which is connected to the maintenance strap with a carabiner. The
lighting is provided by two luminaires insulated against splashing
water fixed opposite each other on the wall of the well. A fan
extracts exhaust gas to the left of the ladder. Fresh air flows in
through a pipe to the right of the ladder.

The solids take away the contaminants trapped in the previous
charging cycle from the separator. The function of the non-return
valves CV-103 and CV-104 are twofold: on the one hand, if the
pump is running on one line, the valve is closed on the other line,
sewage cannot flow back into the system; on the other hand, if none
of the pumps is running, the valves retain the wastewater left in the
discharge line. In the operational process shown in Figure 1, the
CV-103 is open, and the CV-104 is closed. When both pumps are
stopped, both non-return valves are closed, thus preventing the
backflow of sewage left in the discharge pipe. The HV-105 and
HV-106 knife-gate valves are used to break the well. The two lines
merge into a “trouser” profile tube, and the medium exits the well
via the current line 8.

A submersible pump is placed in the sump at the bottom of the
well to remove the leachate generated in the well. Under cover of
the well was placed a steel support structure, the role of which is

3D parametric model
The parametric model was created with Autodesk Inventor
2021. The goal was to create a model in which the dimensions and

Fig. 3. The planned dry well sewage pumping station with solids separator with specific dimensions
a) well + pumping station; b) pumping station machinery
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twofold: on the one hand, it strengthens the cover against loads
coming from the surface; on the other hand, it serves as a fixing
point for lifting work to be carried out in the well. A 200 mm thick
layer of reinforced concrete has been placed at the bottom of the
well, into which the pumps and the vessel can be fixed, and the
weight of the concrete also has a positive effect against the well
floating.
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4. Conclusion
I examined the most important parts and properties of pumping
stations through examples of market equipment. Considering the
literature sources, the needs of the market, and the requirements of
the relevant standards, I designed a dry well sewage pumping
station with solids separator.
For the designed station shown in Fig. 3 has an outer diameter
of 2200 mm and an inner diameter of 2000 mm, and a height of
5000 mm. The machinery in the well can transport incoming
wastewater with a volume flow of 18 m3/h at the height of 13.7 m.
With the help of the parametric model and the available mechanical
elements, the machine family consisting of the current construction
is suitable to meet the following needs: HDPE well external
diameters 2.2–3.6 m; transport height 8–30 m; incoming wastewater
volume flow 10–300 m3/h.
During the technical calculations, I also performed the
mechanical sizing and hydraulic testing of the well. The hydraulic
resistance of the sewage pump on the discharge side and the
inspection of the wall under the effect of ground pressure were also
determined. I determined the minimum weight needed to keep the
well underground, thus eliminating the risk of floating.
Dry well sewage pumping technology is not widespread in
Europe at all. Because of this, not only is the research potential
great but entering a well-prepared market can be very lucrative.
Replacing wet well pumping stations improves the operational
safety of wastewater transport, reduces the burden on the
environment, and makes operation and maintenance safer.
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Abstract: Numerous publications in the literature deal with the investigation of evaporation under forced convection; however, no
correlation between the available equations would describe the process and the evaporation rate with high reliability and in a wide range of
interpretation. The main parameters influencing the evaporation rate are air temperature, relative humidity and velocity of air, liquid
temperature, and the surface area of the evaporating liquid. The cases of evaporation were categorized as a function of the indicated
parameters under forced convection. For the case with constant gas and liquid parameters, a general Sherwood equation was created using
the literature results which can be used to estimate the rate of evaporation, the rate of mass transfer. For this, an equivalent characteristic
length and the ratio of gas and liquid temperature were determined.
Keywords: SHERWOOD EQUATION, EVAPORATION CATEGORIZATION, EQUIVALENT CHARACTERISTIC LENGTH
Researchers studying the phenomenon of evaporation are
divided on the question of whether the rate of evaporation is
affected by the size of the evaporating surface. If the parameters of
the gas flowing above the liquid surface can be considered nearly
constant along the flow direction, the evaporation rate is not
affected by the size of the liquid surface. However, if the gas
parameters change significantly along the flow direction, the size of
the liquid surface also affects the intensity of evaporation. Thus,
three cases can be distinguished for forced convection according to
the gas parameters: steady-state, time-varying and along the flow
direction varying gas conditions. Cases with steady-state gas
conditions mainly involve laboratory measurements where the
temperature, humidity and velocity of the flowing gas were kept
constant [7–14]. Time-varying gas conditions can occur when the
parameters are not controlled, for example, air velocity, humidity or
temperature change as a function of time [15–19]. When a larger
liquid surface evaporates, such as a reservoir or a lake that can
reach hundreds of square kilometers of evaporating surface [20–24],
we are already talking about spatially changing gas conditions.
Among the liquid parameters, the determinant is the liquid
temperature, so that we can speak about steady-state or timevarying liquid temperature. The change in liquid temperature can be
modified by heat removal or heat input during evaporation, where a
distinction can be made between cases with and without a heat
source according to the mode of heat transfer.
After reviewing the literature, it can be said that researchers
have studied liquid evaporation since the 1800s, and there is still no
exact correlation that could be used to determine the rate of
evaporation with high accuracy in a wide range of interpretations.
The aim of our research is to create a dimensionless 𝑆 − 𝑅𝑒
equation for the evaporation category with a steady-state gas and
conditions and a steady-state liquid temperature that gives the value
of evaporation rate on a broader validity range than before.

1. Introduction
The phenomenon of evaporation also plays a relevant role in
meteorology and technical applications. Evaporation of liquids
cannot be neglected, for example, in the cases of cooling towers,
reservoirs, swimming pools and spent fuel pools where it is
essential to know how much liquid needs to be replaced or released
into the atmosphere as a hazardous substance. During simultaneous
heat and mass transfer, the evaporation rate is affected by gas and
liquid parameters. Gas parameters include gas temperature, gas
velocity, humidity and atmospheric pressure. Parameters that
characterize the liquid include its type, surface area and
temperature.
During evaporation, the gas layer directly above the liquid
surface is saturated with liquid-vapor by molecular diffusion, which
diffuses into the bulk gas in the absence of gas movement, creating
the process of evaporation in natural convection by the buoyancy
force from the resulting density difference. If gas movement is also
present, the saturated gas layer is entrained by the gas stream,
transporting drier gas in place, thus accelerating the rate of
evaporation which is called evaporation in forced convection. In
mixed convection, the magnitude of the effects resulting from the
buoyancy force due to the density difference and the gas velocity is
comparable, so both must be considered. The publications on the
phenomenon of evaporation in the literature can be grouped
according to different aspects: the types of equation giving the
evaporation rate [1–3], the measurement procedures [4,5] and the
type and direction of the driving forces [6]. However, it is also
possible to group evaporation according to physical parameters. By
processing the publications in the literature, different evaporation
cases can be distinguished with the knowledge of gas and liquid
parameters. Figure 1 shows the categories of evaporation at
atmospheric pressure in forced convection.

Steady-state gas
conditions

Evaporation
in forced
convection

Without heat source

1.

Heat source

2.

Without heat source

3.

Heat source

4.

Without heat source

5.
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Time-varying liquid
temperature
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7.
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Steady-state liquid
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Fig. 1 The categorization of evaporation as a function of gas and liquid parameters under forced convection
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Thus, the relationship describing the phenomenon of evaporation is
as follows:
𝐷
𝑇𝐺
𝑆 = 𝐴𝑅𝑒𝐵 𝑆𝑐 𝐶
.# 1
𝑇𝑓
In order to determine this correlation for the two categories
examined, the literature publications listed in Table 1 were used as a
basis. Most of the dimensionless numbers in Eq. (1) include the size
of the characteristic length for the process, which in the case of
evaporation is the characteristic length of the evaporating surface.
For the evaporation research in each publication, the dimensions
and geometries of the vessel that containing the evaporating liquid
were different, so the question arises as to whether their comparison
is possible on the 𝑆 − 𝑅𝑒 diagram. Namely, among the literature
results that have been processed, the evaporation of vessels filled
with liquids of different sizes and shapes has been studied, so
interpreting the characteristic size in the created Sherwood equation
would become questionable. To avoid this problem and to make the
results comparable, it is necessary to introduce an equivalent
characteristic length 𝐿 𝑒 . In fluid mechanics [27], the concept of
hydraulic, or equivalent diameter, has been introduced to determine
the friction loss of non-circular pipes. In determining the equivalent
diameter, the average wall shear stress and the friction loss are the
same. In the case of the evaporation phenomenon, the evaporating
surfaces were taken as the same. In the case of a square evaporating
surface, the flowing gas must have the same path length everywhere
above the liquid surface regardless of the gas flow direction.
Namely, the evaporation rate is independent of the plane of the
evaporating surface in which the test takes place. Therefore, in the
Sherwood equation for evaporation, the characteristic size was
taken as an equivalent characteristic length for a non-square liquid
surface. Thus, the equivalent characteristic length gives the side
length of a square whose evaporating liquid surface is equal to the
non-square surface of the same size.
However, after determining the characteristic length, only data
series with forced convection were used. Many publications did not
distinguish between mixed and forced convection ranges, so data
series had to be separated according to the nature of the convection.
For this, the Richardson number can be used, which expresses the
ratio of the buoyancy term to the flow shear term, i.e., the quotient
of the Grashof number for the mass transfer and the squared of the
Reynolds number:
𝐺𝑟
𝑅𝑖 = 2 , # 2
𝑅𝑒
where dimensionless quantities can be interpreted as follows:
𝜌𝐺 𝐿3𝑒 𝑔
𝐺𝑟 = 𝜌𝐺,𝐺 −𝜌𝐺,𝑓
,# 3
𝜇 2𝐺
𝑣𝐺 𝐿𝑒
𝑅𝑒 =
.# 4
𝜈𝐺
If the 𝑹𝒊 < 0.1 it can be called forced convection, if the
𝟎. 𝟏 ≤ 𝑹𝒊 ≤ 𝟏𝟎, it can be named mixed convection and if 𝟏𝟎 < 𝑅𝑖
then it can be talked about natural convection. These limits are used
to differentiate the effects of heat transfer, so this was also applied
to the case of mass transfer. Data that fell into the mixed convection
category were not used in the subsequent steps.
For data sets that fell into the category of forced convection, the
𝑅𝑒 number can be determined using Eq. (4). The 𝑆𝑐 number defined
as the ratio of momentum diffusivity and mass diffusivity, and is
used to characterize fluid flows in which there are simultaneous
momentum and mass diffusion convection processes:

2. Literature results
In the category of evaporation at steady-state gas conditions and
steady-state liquid temperature, the stationary state is assumed.
Because in the case without a heat source, the surface temperature
of the liquid cools down to the temperature of the wet-bulb
temperature at steady-state gas conditions, if the gas velocity
reaches a sufficiently high value [25]. If the vessel containing liquid
is supplied with a heat source, a constant heat flow provides a
constant liquid temperature which leads to a higher temperature
than the wet-bulb temperature. In this work, we dealt with these
categories of evaporation and the processing of publications that fall
into these groups.
The 𝑆 − 𝑅𝑒 relationship describing the phenomenon was
established based on the measurement results found in the literature.
Among the publications dealing with evaporation, only those were
categorized in which evaporation from a liquid container with an
open liquid surface into the gaseous medium took place, and only
measurement results determined during actual experiments were
reported; no simulation results were used. In these publications, the
correlations describing evaporation were mainly established
empirically by researchers using regression analysis. These
equations depend primarily on the measuring equipment and the
measurement technic that were available during the measurement.
This is one of the reasons for the many correlations that can be
found in the literature. In addition, correlations can only be applied
in the circumstances and conditions in which they were established.
In many cases, the publications do not describe the validity
ranges of the equations or the data on the measuring device at all or
with little information. One of the main shortcomings in
publications is the inadequate communication of the measured
values or the validity range, or the complete absence of such
reporting. This causes the results published in papers to be
questioned and/or makes reproducibility impossible.
Thus, during the processing of publications, we used only the
measurement results of the articles that reported them in sufficient
detail. This means that the article had to include data on gas
temperature 𝑡𝐺 , gas velocity 𝑣𝐺 , gas humidity 𝜑𝐺 , liquid
temperature 𝑡𝑓 , evaporating surface size 𝐴 and evaporations
rate 𝑁 or the values of other parameters from which they can be
determined, such as the partial vapor pressure. Table 1 lists the
publications for the first two categories that include sufficient
ranges and values for the measurement conditions to the
applications. The first category applies to the case of forced
convection, steady-state gas conditions, steady-state liquid
temperature and without a heat source; the second category is the
same as the first, but only for the case with a heat source.
Table 1. Publications for the first and second evaporation categories with
appropriate data for application
[7]
[9]
[10]
[11]
[26]
[12]
[14]

Authors

Year

Lurie and Michailoff
Braun and Caplan
İnan and Atayilmaz
Yen and Landvatter
Sartori
Pauken
Raimundo et al

1936
1992
2017
1970
1988
1998
2014

Evap.
Categ.
1.

2.

3. Evaluation method

𝜈𝐺
.# 5
𝐷𝐺
After determining the 𝑆𝑐 number, the calculation of the
temperature correction term follows, and finally the 𝑆 number
which expresses the ratio of the transfer and conduction component
currents:

The 𝑆 − 𝑅𝑒 equations commonly found in the literature
include mainly gas properties with only a tiny amount of liquid
properties. Therefore, it is necessary to introduce dimensionless
members that also consider the temperature driving force, thus
displaying the liquid's surface temperature.
When performing dimensional analysis, in addition to the 𝑅𝑒
and 𝑆𝑐 numbers, the Sherwood equation includes a correction term
𝑇𝐺
𝑇𝑓

𝑆𝑐 =

𝑆 =

. That is taking into account the value of the gas and liquid

temperatures, which is already an accepted term for heat transfer.
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Table 2. Literature data for evaporation measurements at steady-state gas conditions, steady-state liquid temperature in forced convection
Authors
Lurie and
Michailoff
Braun and
[9]
Caplan
Yen and
[11]
Landvatter
[26]
Sartori
*N.D. means ’No data’.
[7]

Year

tf
[°C]

vG
[m/s]

tG
[°C]

φG
[1]

pv,f
[kPa]

pv,G
[kPa]

∆pv
[kPa]

A
[m2 ]

Shape

1936

25–70

3.5–8.5

40–200

0.002–0.29

N.D.

N.D.

N.D.

0.0314

circle

1992

7–23

2.5; 5.1

7–38

N.D.

1–2.9

0.6–1.2

N.D.

0.02

square

1970

1–30

0.2–1.65

-14–41

N.D.

0.63–4.3

0.08–2.8

N.D.

0.015

rectangle

1988

10–35

2.5–5

6–33

0.45; 0.85

N.D.

N.D.

N.D.

1

N.D.

Data
[1]

Evap.
Categ.

28
6

1.

36
2.
48

parameter. Figure 2/a shows the case without a heat source where a
curve is fitted to the measurement data of the two mentioned
publications. The absolute value of the largest relative error
between the measured and the calculated 𝑆 number from the
established correlation was 54%, the average value for the
measurement results was 16.3%. Figure 2/b shows the results of the
calculation performed for the case of evaporation with a heat
source, for which two publications, a total of 84 measurement data
sets, were used. The absolute value of the largest relative error was
52% between the measured and calculated 𝑆 number, while the
average value was 7.3%. In this case, the measurement points cover
an extensive 𝑅𝑒 number range, up to 1,300 to 351,500. However,
there is a larger section in the range where there are no
measurement results, between 20,000 and 200,000. Thus, at this
stage, the results obtained using the established correlation are
uncertain in this range; more measurement results would be needed
to confirm the correctness of the correlation. Table 3 lists the
validity ranges for each parameter, including 𝑅𝑒 number,
temperature, humidity and velocity of air, water vapor partial
pressure in air, liquid temperature and evaporating surface area.

where the mass transfer coefficient is equal to the mass transfer
coefficient as interpreted by the molar concentrations. In the case of
evaporation, unimolar diffusion occurs in a two-component system
where only one component diffuses through the other, nondiffusible inert component. The role of the diffusing component is
liquid-vapor while the inert component is gas, mostly air. At
unimolar diffusion, if the concentration is given by molar
concentration, the molar current density is as follows:
𝑁𝑐 = 𝑘𝑐 𝑐𝑣,𝑓 − 𝑐𝑣,𝐺 . # 7
Molar concentrations can be given using the ideal gas law, i.e.,
the partial pressure of liquid vapor, the universal gas constant and
the gas temperature at a given point. Since Eq. (7) has a molar
current density while most publications have a mass current density,
the molar mass creates a relationship between the two. Thus, the
mass transfer coefficient can be determined by the following
equation:
𝑝𝑣,𝑓 𝑝𝑣,𝐺
𝑁 = 1000𝑘𝐶 𝑀𝐿
−
.# 8
𝑅𝑇𝑓 𝑅𝑇𝐺
For the material properties used in the calculation, the second
character of the subscript, if any, indicates the temperature at which
the parameter should be calculated. In contrast, the average values
of material properties indicate the average values calculated for the
liquid surface and bulk gas temperature.

5. Conclusion
The phenomenon of evaporation has occupied researchers since
the 1800s, and numerous publications and research have appeared
on the subject. Publications on the evaporation of open-surface
liquids have been collected from the literature. It was found that the
evaporation process is influenced by gas and liquid parameters: gas
temperature, humidity and velocity of gas, temperature and type of
liquid and the size of the liquid surface. According to these
parameters, the evaporation process was categorized, so it can be
distinguished evaporation under natural, mixed and forced
convection according to the nature of the gas flow. In the course of
our work, we dealt with the latter category, where within the
category of evaporation in forced convection, it can be spoken the
case of steady-state, time-varying or along flow direction varying
gas condition. According to the liquid parameters, it can be
distinguished steady-state and time-varying liquid temperature,
including liquid without or with a heat source.
For the first two categories of forced convection, publications
dealt with evaporation were collected and then the articles that
published the measurement results with adequate data were
selected.

4. Discussion and results
Literature data were used to establish the 𝑆 − 𝑅𝑒 relationship
for evaporation of liquids, from which the 𝑅𝑖 number was used to
determine the data series that fell into categories 1 and 2 of forced
convection during evaporation. Table 2 shows the final range of the
data series for the publications from Table 1 for evaporation in
forced convection. In addition, it also indicates how many data sets
from a given publication can be used for evaluation. The data series
describes the evaporation of water into the air, so the evaporation of
other volatile liquids was not the research subject.
After calculating the required dimensionless numbers, the builtin Solver program of Microsoft Excel was used to determine the
coefficients and exponents in the Sherwood equation. The aim of
the solution was to minimize the sum of the squared deviation
between the calculated 𝑆 number from the existing data and the
determined 𝑆 − 𝑅𝑒 equation. An evolutionary calculation method
was used for this solution which using a genetic algorithm.
Figure 2 shows the Sherwood equation generated by the
software for the two evaporation categories, and in Table 3 can be
seen the correlations themselves and the validity ranges for each

a)

b)

Fig. 2 The Sh number in the function of Re number a) for the first category b) for the second category
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Table 3. Equations for evaporation rate at steady-state gas conditions, steady-state liquid temperature in forced convection
Evap.
Categ.

Equation

𝑆 = 0.68𝑅𝑒 0.55 𝑆𝑐 0.33

𝑇𝐺
𝑇𝑓

−0.25

1.

𝑆 = 0.87𝑅𝑒 0.49 𝑆𝑐 0.33

𝑇𝐺
𝑇𝑓

−0.99

2.

Re
[1]

tf
[°C]

vG
[m/s]

tG
[°C]

φG
[1]

pv,f
[kPa]

pv,G
[kPa]

∆pv
[kPa]

A
[m2 ]

20 200–76 000

7–70

2.5–8.5

7–200

0.002–0.78

1–30.5

0.6–22.3

0.3–10.4

0.02–0.03

1 300–351 500

1–35

0.2–5

-14–41

0.12-1

0.6–5.6

0.07–4.2

0.3–3.6

0.015–1

From the measurement results, evaporation measurements in forced
convection were grouped based on the 𝑅𝑖 number. Then a 𝑆 − 𝑅𝑒
equation was created for the first two categories based on the data
series. In the equation of dimensionless quantities, the equivalent
characteristic length is introduced, which is the side length of the
square evaporating liquid surface that equal to the size of the nonsquare liquid surface. In addition, a temperature correction term has
been added to take into account the driving force resulting from the
temperature difference. The equation created for the first category is
valid in the range of 20 200 ≤ 𝑅𝑒 ≤ 76 000, and the absolute
value of the average relative error is 16.3% for the measured and
calculated results. The equation created for the second category is
valid in the range of 1 300 ≤ 𝑅𝑒 ≤ 351 500, and the absolute
value of the average relative error is 7.3% for the measured and
calculated results.
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Nomenclature
A
c
D
g
Gr
kc
Le
ML
N
Nc
p
R
Re
Ri
Sh
Sc
t
T
v

evaporating surface [m2]
molar concentration [mol/m3]
diffusion coefficient [m/s]
gravitational acceleration [m/s 2]
Grashof number [1]
mass transfer coefficient with molar concentration [m/s]
equivalent characteristic length [m]
molar mass of liquid [g/mol]
evaporation rate [kg/m2/s]
evaporation rate [mol/m2/s]
partial pressure [Pa]
ideal gas constant [J/mol/K)]
Reynolds number [1]
Richardson number [1]
Sherwood number [1]
Schmidt number [1]
temperature [°C]
temperature [K]
velocity [m/s]

Greek Letters
ρ
density [kg/m3]
μ
dynamic viscosity [Pas]
ν
kinematic viscosity [m2/s]
φ
relative humidity [1]
Subscripts and Superscripts
f
water surface or water surface temperature
G
bulk air or bulk air temperature
v
water vapor
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Technological regulation for creating a ceramic target from BaTiO3 gel powders
doped with Sn. Temperature dependence of the dielectric permittivity.
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Summary: The research is aimed at creating a target from Sn doped barium-titanate ceramics. A technological regulation for the
preparation of test bodies from a material synthesized by a low-temperature sol-gel method has been developed. The physicochemical
parameters of the samples were determined and the temperature dependence of the dielectric permittivity was monitored. Physicochemical
characterization of the samples was performed by X-Ray diffraction (XRD). and scanning electron microscopy (SEM). The preparation of
pure BaTiO3 cubic phase was established. The dielectric permittivity of Sn doped barium-titanate possesses a maximum value of 45000 at a
Curie temperature- Tc 40oC.
Keywords: BaTiO3, SOL-GEL, CERAMIC TARGET, DOPED, DIELECTRIC PERMITTIVITY
All materials are able to store electricity as a result of the effects of
the electric field. Storage capacity varies from one material to
another. The dielectric permittivity of materials is usually given
with respect assigned to the dielectric constant in vacuum, denoted
by ϵo.
ϵr = ϵϵ0
Vacuum dielectric constant is known as absolute dielectric
constant and refers to the amount of resistance required to generate
an electric field in a vacuum. The absolute dielectric constant in
vacuum is approximately 8.85418782 × 10 -12 m-3 kg-1 s4 A2.
The dielectric constant of a dielectric material relative to that of a
vacuum is called the relative dielectric constant or dielectric
constant and is usually denoted by ϵr. The following equation
connects the absolute dielectric constant (ϵo), the relative dielectric
constant (ϵr) and the dielectric constant of a material (ϵ).
ϵr = ϵϵo
The table below shows the dielectric relative permittivity of
commonly used dielectric materials.[7-9]
It can be seen that relative dielectric permittivity of Sr doped
barium titanate ceramics is significantly higher than the other
materials.
Changes in temperature influence significantly on the dielectric
permittivity of a given material. For example, an increase in
temperature induces sharply decrease in dielectric permittivity at a
freezing temperature.

1. Introduction
Modern consumer electronics are being miniaturized quickly. In
recent decades, the progress of microelectronics has been
remarkable, as a result - all components of the electronic device are
miniaturized. For the most of them this creates a problem, but for
capacitors whose capacity value depends directly on the size, it is a
major problem. [1-3]
In order to overcome this problem, manufacturers have realized two
approaches: 1) introduction of dielectric materials with high relative
dielectric permittivity to increase the capacity, 2) creation of a new
capacitor architecture, which will not only reduce the technological
parameters, but will also increase the overall capacity of the
device.[2-4]
The typical capacitor consists of two conductive plates and a nonconductive dielectric material. The dielectric material separates the
two conductive metal electrode plates. The application of voltage to
the electrode plates of the capacitor generates an electric field in the
non-conductive dielectric material that which stores energy. The
dielectric permittivity, also known as relative dielectric permittivity,
is a measure of a material's ability to store electricity and is one of
the main properties of dielectric material.[5,6]
1.1 Effects of the dielectric permittivity on the characteristics of a
capacitor
The capacitor stores energy when an electrical voltage is applied.
The amount of electrical energy stored by the capacitor depends on
the dielectric material and is influenced by the polarization
generated with applied voltage. Materials with high dielectric
permittivity can store more energy than those with low dielectric
permittivity. The electrical susceptibility of a material is a measure
of the polarizability origin from as a result of applied electric field.
Good dielectric materials have a high electrical susceptibility. [710]
The dielectric permittivity is one of the main parameters that must
be taken into account in the case of choosing a dielectric material
for a capacitor. This permittivity is measured in farads per meter
and determines the magnitude of the capacitance that the capacitor
can achieve. Dielectric materials with high dielectric permittivity
are applied when high capacitance values are required, although, as
mentioned above, other parameters that determine the capacitance

Table 1 The dielectric relative permittivity of commonly used
dielectric materials
Material
Dielectric relative permittivity

of the capacitor include the distance between the electrodes and the
effective area of the plate.[1-6]
The dielectric permittivity of a dielectric material in relation to
relative that of a vacuum is noted the relative dielectric permittivity
and is usually denoted by ϵr. The following equation connects the
absolute dielectric permittivity (ϵ0), the relative dielectric
permittivity (ϵr) and the dielectric permittivity of a material (ϵ).
ϵr = ϵϵ0
1.2 Dielectric constants of ordinary dielectric materials

Air

1.0006

Aluminum Oxide

8.5

Barium Strontium Titanate

500

Ceramic porcelain

4.5 - 6.7

Glass

3.7 - 10

Mica

5.6 - 8

Paper
Polyester PET
Polypropylene
Tantalum oxide

3.85
3.3
2.25
27.7

Nowadays, the miniaturization of the electrical circuit is a subject of
intensive studies. Smaller components are required for the
production of miniature circuits. Materials with high dielectric
permittivity are used in case of smaller capacitors.

(1)
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2. Experimental part and discussion
The main developments in the present work include the synthesis of
barium titanate phases and the preparation of test specimens in
order to determine the dielectric permittivity of the material.
The Sn doped BaTiO3 phase was synthesized by low-temperature
sol-gel method. The modes of monophases preparation were
presented in previous publications. The test samples were obtained
according to a certain technological regulation in the following
sequence:
Stabilized sols and gels with desired properties are obtained by solgel technology. The mixtures for pressing of the necessary samples
are prepared using 10% polyvinyl alcohol. The pressing is carried
out in metal molding equipment. The samples are placed in a
ceramic vessel with α-Al2O3 backfill and thermally treated to
1000°C for 3 hours in order to burn the plasticizer and biscuit the
product.
The final sintering is realized at 1250oС in order to achieve the
necessary strength. After cooling, additional machining follows
until the test samples are obtained. (Fig. 1)

Fig.2 Determination of the relative dielectric permittivity of Sn
doped BaTiO3.
In Fig. 2 shows the dependence of the relative dielectric
permittivity of Sn doped BaTiO3 on the temperature at which the
measurement is performed. The resulting curve is typical of
ferromagnetic material. The high value of relative permittivity
45000 is impressive. The Curie temperature (Kc) at which the
transition from para electric to ferroelectric (40°C) takes place is
significantly lower than in comparison to the untreated BaTiO3
(120°C).

Fig.1. The sample of a ceramic target from doped with Sn
BaTiO3 gel powders.
Some physicochemical parameters of the test samples are
presented in the following tables. Table 2 presents data concerning
test specimens of Sn doped BaTiO3 before sintering at 1250°C.
Table 2. Presents data concerning test specimens of Sn doped
BaTiO3 before sintering at 1250°C.
Diameter [mm]
Thickness [mm]
Mass [mg]
17,91
2,38
2856
17,63
2,35
2856
17,65
2,28
2856
17,71
2,36
2856
Average 17,725
Average 2,3425

Fig.3 SEM of Sn doped BaTiO3 phases of ceramic target

1

One of the samples shows the best results after annealing and its
physical parameters are measured - Table 3.
Table 3. The best results after annealing and its physical
parameters
Diameter [mm]
Thickness [mm]
Mass [mg]
18,81
2,21
3183
18,98
2,25
3183
18,92
2,27
3183
18,90
2,30
3183
Average 18,91
Average 2,26

4

3
The very good coincidence of the weight (mass percentages of
Sn) determined by EDS (5.41) and the calculated ones (5.419) is
impressive.

3

The density of the test specimens (ρ = 5.02 mg / mm ) is
characteristic for the cubic and tetragonal phase of pure BaTiO 3,
obtained by solid phase synthesis. [9-10]

3. Conclusion
Sn doped barium titanate ceramics, with a very high value of
dielectric constant and Curie temperature (Kc) close to room
temperature was synthesized by sol-gel method. The ceramics thus
obtained is promising for use as a supercapacitor in miniature
electronic devices, and could also be used in electric vehicles. Sn

Table 4. Thermal treatment of the test samples of Sn doped BaTiO3
ceramics test samples

The next step in the study is to determine the dielectric
permittivity of the sample
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temperature

temperatue
value

soaking

temperature
value

time for
reaching

temperatur
e value

C1
C2
C3
C4

120
700
1000
50

t1
t2
t3
t4

60
120
120
30

u1
u2
u3
u4

120
300
120
420
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doped titanium ceramics possesses many times higher dielectric
constant than non-doped BaTiO3 at a significantly lower Curie
temperature.
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Preparation of Ba0.95 Sm0.05 TiO3 Ceramics by Low Temperature Sol-Gel Method. Change in
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1

Abstract: Barium titanate ceramics doped with samarium were synthesized by low temperature sol-gel method. The physicochemical
characterization of the samples was carried out by X-ray diffraction (XRD) analysis and scanning electron microscopy (SEM). A pure
BaTiO3 cubic phase was obtained. A technological regulation has been developed for the preparation of test samples .Monitoring ofthe
relative dielectric permittivity of Sm-doped BaTiO3 ceramics with temperature changes (at frequency of 10 kHz) was realized.The resulting
curve is typical of ferromagnetic material. The synthesized barium titanate ceramics possesses a high dielectric constant - 17500 at a Curie
temperature Tc (65oC). The obtained values for the relative dielectric permittivity and Curie temperature of Sm-doped barium titanate
ceramics are much better in comparison to conventionally non-doped BaTiO3-εr = 2000 and Tc = 120°C.
Key words: BaTiO3, CERAMIC, PIEZOMATERIALS, CAPACITORS, PERMITTIVITY
capacitors and other articles, barium titanate is applicable as a
single phase product or in combination with other phases in
systems:BaTiO3-CaTiO3,
BaTiO3-BaSnO3,
BaTiO3-CaSnO3,
BaTiO3-BaZrO3, BaTiO3-CaZrO3 and others[11]. Most of the
technical materials are obtained on the basis of binary or more
complex solid solutions or mechanical mixtures of compounds with
various values of electrophysical parameters. Another important
direction for the application of BaTiO3production is:piezoceramic
emitters, piezoelectric sensors, microphones, transducers,
thermistors, actuators, resonators, posistors, sonar devices, sensors
and others[1,8,12-16]. Products based on barium titanium retain
their essential importance for modern instrumentation, both due to
the presence of appropriate electrophysical and physicochemical
properties, as well as the existing tendency to avoid the use
ofelectronic components containing lead [8].
Basic technological approaches for variation the characteristics of
standard ceramic materials are the change of the technological
mode of preparation of the materials and/or introductionappropriate
modifiers in the compositions [1]. A number of authors analyze the
relationship between the characteristics of modifiers introduced in
the compositions, their quantities and the registered changes in the
structure and properties of the synthesized phases [.1, 12,14,15].The
changes of the electrophysical parameters of ceramic materials
during the introduction of different donor ions were studied: Ag+,
Ba2+, Bi3+, Ca2+, Cd2+, Li+, K+, La3+, Mg2+, Mn4+, Ge4+, Nb5+, Sb3+,
Sb5+, Sr2+, Ti2+, Ta5+, V5+ and others[15]. Theapplication of this
approach allows through insignificant changes of the initial
compositions to preserve the specific properties of the materials and
at the same time the implementation of target changes of certain
indicators.Therefore, as an effective and promising approach to
achieve a favorable change in the electrophysical properties of
barium titanium phases and other materials by introducing into the
structure of ions with appropriate characteristics (ionic radius, ionic
charge and othersAnnex [17-31].
When introducing rare earth ions with a radius in the interval
between Ba2+ (1, 35 Å) and Ti4+ (0, 68 Å), the ions with higher
values of the ionic radius (for example La3+ - 1, 15 Å or Nd3+ - 1, 08
Å) tend to occupy the structural positions of Ba2+ (A-site), while the
incorporated ions with smaller values of the ionic radius (eg Yb3+ 0.87 Å) are selectively replace Ti4+ (B-site). At the same time, the
ions with intermediate values of the ionic radius between Ba2 + and
Ti4 + (for example Y3+ - 0.93 Å, Er3+ - 0.96 Å and others) are able
to occupy both structural positions of Ba2+ or Ti4+ (A- and B-sites)
in the crystal lattice. [21,25,27]. The value of the Ba/ Ti ratio is an
important criterion determining the possible positions of the
introduced rare earth ions in the structure. In the presence of Ba /
Ti<1, it is assumed that the rare earth ions are localized at the
positions of Ba2 +, while in the excessof Ba they occupy structural
positions characteristic of Ti4+.
It is of significant interest to develope innovative materials based on
barium titanate and other phases with optimized complex indicators,
applicable in various fields of practice.At the same time, the
development and application of ecological and cost-effective

1. Introduction
The main directions in the development of modern materials
science are the development of new products and the optimization
of the properties of classical and standard materials with wide
application in various technical fields. As a typical example in this
aspect can be considered barium titanate, which is characterized by
perovskite type crystal structure and the presence of ferroelectric
properties [1-3].When the temperature conditions change,
successive phase transitions of the first kind take place and
formation of different phase structures: cubic (above 120°С),
tetragonal (5–120°С), orthorhombic (90–5°С) and rhombohedral
(below - 90°C). The structure of the individual modifications can be
determinedby application the system of space groups: Pm3m (cubic
phase), P4mm (tetragonal phase), Amm2 (orthorhombic phase) and
R3m (rhombohedral phase). With a change in temperature values,
the dielectric permittivity changes abruptly, and above Tc = 120oC
it follows the Curie-Weiss law.The cubic phase is composed of
TiO6 structural polyhedra forming a cube with separate O vertices
of and Ti-O-Ti, edges where Ba2+ is located in the center of the
cube lattice and is characterized by a coordination number 12.
Above 1430°C the existence of stable hexagonal modificationof
bariumtitanatebelonging to the P63/mmc space group is established.
Different technological methods (conventional hightemperature synthesis, hydrothermal method, peroxide method, etc.)
have been developed for the synthesis of BaTiO3 [1,4], which
application has a different effect on the structure, micromorphology
and properties of the final products. According to the applied
technology and the specific reaction conditions (mode of thermal
treatment and other factors) it is possible to obtain fine microheterograined microstructure, the formation of spherical particles
and aggregates with sizes ranging from a few to hundreds
nanometers or the formation of a specific dendritic structure,
etc.[1,5-7].
The use of high-temperature sintering [1,4] of barium carbonate and
titanium dioxide with a thermal treatment in the range 1100oC 1500oC) is considered as a classical method for the production of
barium titanate. The properties of sintered ceramic materials are
influenced by a number of factors:type and ratio of raw materials,
rate of increase and decrease of temperature, maximum reaction
temperature, isothermal retention, gaseous medium in the reaction
system, formation of solid solutions, abnormal grain
growth,formation of inhomogeneous microstructure, formation of
secondary phases in a certain temperature range and others[1].
As a dielectric, barium titanate finds considerable application in the
production of single-layer flat-capacitors (plates or disks) or a
variety of multilayer ceramic capacitors (MLCCs) [1,8-11]. The
dielectric permittivity values up to 7000 have been registered
concerning various barium titanate [10], and in a narrow
temperature the dielectric permittivity reach to 15,000. The various
capacitors with ceramic dielectric possess good temperature
resistance, chemical stability, mechanical resistance, ensuring the
integrity and durability of the product and are characterized by a
wide range of capacitance values. In the production of ceramic
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technologies for the production of competitive and durable products
at a lower energy consumption compared to conventional hightemperature technologies is of major importance. In this aspect, the
sol-gel method offers some significant advantages [32,33] available
precursors, application of basic laboratory equipment, work in a
standard environment, effective ability to control the reaction
conditions of synthesis, obtaining a variety of products with
specified properties, application of heat treatment at relatively low
temperatures and others.
The aim of the present work is to obtain samarium-doped barium
titanate ceramics distinguish by high dielectric pemittivity. The
synthesis of the material is realized by low temperature sol-gel
method. The change of the relative dielectric permittivity of the
obtained barium titanate ceramics with the temperature is
monitored and a comparison with data for undoped BaTiO3 is
carried out. Based on the analyzed experimental results and the
developed laboratory methodologya technological regulation for the
preparation of test specimens has been worked out.[34, 35]

Fig. 2 SEM analysis of the sample of BaTiO3 + Sm in Low
magnification image (100 x)

2. Results and Discussion
Samarium doped ceramics Ba0.95Sm0.05 TiO3 was characterized
by X-ray phase analysis (XRD). Bruker D8 advance automatic Xray diffractometer with Cu Kα radiation (Ni filter) Lynx Eye solid
detector was used. The X-ray spectrum is recorded in the range 1080 2θ.
The scaning electron microscopy (SEM) was implemented by
Scanning electron microscope (SEM) “HIROX SH-5500P” with an
integrated Energy-Dispersive X-Ray Spectroscopy (EDS) system
“QUANTAX 100 Advanced” –Bruker

Second low magnification image (100 x) in SE mode
(secondary electrons) showing a general view of the sample. An
EDS analysis of the entire area is realized and can be seen in the
photo. The result is presented below the fig. 3.

The pellets for measuring of relative dielectric permittivity are
prepared according the next technology: Mixing with 10 percent
polyvinyl alcohol and pressing in metal molding equipment. Such
obtained samples are placed in ceramic matrix containing α-Al2O3
backfill. Thermal treatment of the prepared samples at 1000oC is
realized in order to burn the organic compounds and biscuit the
material. The final sintering is carried out at 1270oC in order to
obtain better strength of the tablet as well as to enhance its density.
After cooling suitable treatment is fulfilled. The aim of this
processing is to prepare the tablet in suitable shape for monitoring
the changes of relative dielectric permittivity with temperature.
Figure 1 presents a X-ray rentgenogram (XRD) of the
synthesized Sm doped barium titanium ceramics.

Fig. 3 SEM analysis of the sample of BaTiO3 + Sm in Low
magnification image (100 x).

Barium Titanium Oxide

10000

9000

8000

Lin (Counts)

7000

The data from the EDS analysis indicate the presence of 3.08
mass norm percent for Sm and are in good agreement with the
calculated and realized in synthesis of the barium titanate ceramics
3.215 mass percentage.
A higher magnification image (300 x) shows in detail the
microstructure of the sample.
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Fig.1 XRD of cubic Sm doped BaTiO3 phase prepared at 1000oC
thermal treatment
Ba0.95Sm0.05 TiO3 According to the data from the analysis,
mainly a cubic phase of BaTiO3 with a small amount of BaTi2O5
and Ba2TiO4 was obtained. The synthesized ceramics is
characterized by 2θ peaks at 22.3o; 31.6o; 39o; 45.2o; 51o; 56.1o; 66o;
70.5o; 75o.
Results of SEM-EDS investigation of a sample of BaTiO3 + Sm
Low magnification image (100 x) in SE mode (secondary
electrons) showing a general view of the sample. An EDS analysis
of the entire area is implemented. The result is presented below the
photo of fig. 2.

Fig. 4 SEM analysis of the sample of BaTiO3 + Sm in Low
magnification image (300 x).
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Higher magnification image (800 x) showing the microstructure
of the sample in more detail.

4. Conclusion
The synthesized Sm doped Ba0.95 Sm0.05TiO3 ceramics possesses
high relative permittivity. The change in εr with temperature is
typical for ferroelectric material. The registered maximum of the
curve at 17.50259 is significantly higher than that of the untreated
BaTiO3- (approximately 2000 according to the most of literature
data) and the Curie temperature - Tc, referring to the phase
transition ferroelectric paraelectric (65oC) is definitely lower than
the typical for barium titanate (120oC). The high relative dielectric
permittivity as well as the curve εr = f (ToC) indicate that
Ba0.95Sm0.05 TiO3 ceramics is interesting as a supercapacitor for
potential application in electronic devices requiring relatively high
power and low energy as well as fast and frequent charge/ discharge
cycles.
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Innovative hybrid fiber-reinforced shotcrete for thin repairing overlays - long term
mechanical and structural characteristics
Valeriy Naidenov, Mirona Mironova
Institute of Mechanics, Bulgarian Academy of Science, Sofia, Bulgaria
valna53@mail.bg
Abstract: Solvay Sodi JSC, Devnya, Bulgaria, is the biggest calcinated soda production plant in Europe. It is built in 1974 and it works in
three-shift production regime up to present days. The exploitation environment is highly influenced by numerous factors, acting corrosively
on main reinforced concrete structures – active atmospheric processes (in continental type moderate climate), sea water born chlorideaerosols, as well chemical attack caused by carbon dioxide and nitric acid, presented in the air in form of evaporation. The most reinforced
concrete structures need urgent remedial measures to restore the load-bearing capacity of its components.
The “light soda” silos are reinforced concrete facilities (cylindrical shells) which repair has to be executed during continuous production
process. The options for repair of these structures and restoration of their load bearing ability by specially designed innovative high-tech
hybrid reinforced sprayed concrete, containing capillary crystalline admixture, are discussed in the report.
It is well known that two basic methods of shotcrete exist - “dry” and “wet” ones.
The report discusses the main advantages of the specially designed innovative hybrid fiber-reinforced “wet” shotcrete for thin repairing
overlays, compared to industrially made “dry” one. By purposeful using of standard and direct physical test methods the basic long -term
mechanical and structural characteristics of two composites are presented and discussed. The effectiveness of the proposed "wet" method is
based to real possibilities to involve in concrete mix design different chemical innovative admixtures - ultra high range water reducing
(HRWRA), shrinkage compensating (ShCA), internal crystallization one, etc. The mechanical properties of “wet” one dramatically exceeded
respective ones of the “dry” one. The mechanical test results fully correspond to the respective long -term structural characteristics, obtained
by using of X-Ray, DTA, SEM and BET-methods.
It could be concluded that the innovative hybrid fiber-reinforced “wet” shotcrete is preferable for high-performance thin repairing overlays
for structural strengthening of damaged concrete structures.
Keywords: SHOTCRETE, "DRY" AND "WET" SHOTCRETE TECHNOLOGIES, SPECIALIZED CONSTRUCTION REPAIRING WORKS,
THIN CONCRETE STRENGTHENING OVERLAYS, INNOVATIVE CONCRETE MIX DESIGN, CONCRETE STRENGTH-DEFORMATION
CHARACTERISTICS, X-RAY, DTA, SEM AND BET-METHODS, SPECIALIZED CONSTRUCTION REPAIRING WORKS, THIN
CONCRETE STRENGTHENING OVERLAYS
rebound reduced (up to 15%), possible to used special designed
high-performance fiber-reinforced fine-grained sulfate-resistant
sprayed concrete, strict control of concrete mix design (fresh
concrete mixed at batching plant under control), possibilities to
incorporate in concrete mix different type of fibers (control the
shrinkage processes in different hydration stages and dramatically
increases resistance to brittle fracture, increase the residual strength
after the first crack strength of fatigue in long-term load and impact
strength, which ensures the integrity of the concrete even in partial
depletion of bearing capacity) and incorporated in concrete mix
special deep crystallization admixtures (self-healing, water-proof
concrete, 4G - impermeable concrete).

1. Introduction
Currently, the SOLVAY SODI JSC light-weight soda silos "4"
and "5" are used for temporary storage and subsequent production
distribution. Serious corrosion damages are observed on the
concrete surfaces, visible corroded areas of the steel-reinforcement,
too. (Photo 1and 2).

Table 1: Wet-shotcreting mix design, type WS
Ingredients

Photo 1 LIGHT SODA SILOS
''4'' & ''5'' general view

Sulfate resistant Portland cement CEM I 42,5 SR5
River sand, SILISTRA, "Polaris - 8", 0-4 mm
Crashed washed sand, ESKANA, "Sini vir ", 0-4
mm
Crashed stone, PATSTROY, Karnobat, 4-8 mm
High water reducing admixture
DYNAMON SX, MAPEI, Italy –
0,6% of cement weight
PP fibersFM150, Propex Concrete Systems, USA
PP fibers FM300, Propex Concrete Systems, USA
КМС – thixotropic polymer modifier increasing
mix compactness (water solution of 10% dry
compound -conforming to a prescription)
Internal-crystallization chemical admixture
KRYSTALINE Add +, Spain
Mixing water for dry aggregates
Consistency (regarding to slump test), cm

Photo 2 LIGHT SODA
SILOS ''4'' & ''5'' typical concrete
damages

According SOLVAY SODI JSC preliminary experience such
type of steel-reinforced concrete structures was repaired by dry
ready mix, type "Torkret W81", MC Bauchemie, Germany (MC).
The new method proposed was optimized to avoid some
disadvantages of the MC - very expensive dry mixture, technical
requirements for very thin shotcrete single layer (up to 2 cm), need
for at least three layers to reach the design repairing thickness of
about 6-7 cm, possible dusting during work, relatively large rate of
rebound, etc.
All mentioned above gave me enough reason to propose
different type of repairing approach based on wet technology
technical and technological basic advantages - high performance
productivity (3-5 m3/h), single layer thickness – up to 20 cm (all
repairing concrete section deep will be executed in single stage!!!),

Quantity,
kg/m3
550
745
300
505
3,30
0,900
0,900
10,00
6,0
~190
S1

The design for repair of steel-reinforced concrete structures was
based on the principle of reasonable sufficiency, without providing
for a change in the geometry of the existing sections of the building
structure and partial or complete closure of the technological
openings in the structure [1].
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A special repair wet-shotcreting mix WS was designed for this
purpose. The mix consists of polymer-modified hybrid fiberreinforced concrete (maximal size of large aggregate D max= 8 mm),
thixotropic polymer modifier and internal-crystallizing chemical
admixture (Table 1).

Comparing the test result it is easy to state that, at 28-days and 2
years, the WS-compressive strength increased with (7,8%), while
that of MS increases by about (3,4%). It could be concluded that
respective comparison between nominal values shows that, at 2
years of age, WS concrete surpass MC one with around 42%. A
similar pattern is observed in the comparisons of the tensile strength
by splitting and the modulus of elastic deformations.

2. Test procedures and analysis of results
Following the SOLVAY SODI JSC requirements before
designing and site construction procedure starting, an approved test
program was performed. The main purpose of the tests was to
compare in parallel the basic technical characteristics of MC and
WS shotcretes, established in real production conditions at different
ages.

The above applies with increasing importance with regard to
water penetration depth and frost resistance - at 2 years of age WS
water penetration depth is 7 mm, compared to 33 mm for MC
concrete. All this explains the dramatically difference between two
type of concrete concerning their frost resistance – 150 cycles for
MC, and 250 cycles for WS.

The basic mechanical and structural results at 7- and 28 days of
age, based on respective BDS EN standards, were already published
[2].

Trying to emphasizes the differences between MC and WS
mixes a set of additional high-tech structural tests were performed
by using direct physical methods:
- X-ray diffraction (XRD);
- Differential thermal analysis (DTA);
- Low temperature gas adsorption (BET-method);
- Scanning electronic microscopy (SEM).
The structural tests visualization is given on Fig. 1-18 and
Photos 3-6.

Trying to confirm the WS shotcretes advantages the prolonged
tests are additionally performed at 2 years of age. All specimens
tested were alternatively seasoned under water and in lab-dry air
conditions following the periodic of 1 month for both of them. This
type of specimen’s aging is very reasonable trying to obtain
sufficient differences between two types of concrete – MC (based
on ordinary concrete based on some water reducing admixtures in
dry form) and WS (based of special concrete with crystalline
technology).
Composition
Index tested
Volume density (kg/m3), at:
7 days
28 days
2 years
Compressive strength (МРа), at:
7 days
28 days
2 years
Ultrasonic speed velocity (km/s), at:
7 days
28 days
2 years
Static modulus of elastic deformation
(МРа), at:
7 days
28 days
2 years
Water penetration depth (mm), at:
7 days
28 days
2 years
Splitting tensile strength (МРа), at:
7 days
28 days
2 years
Frost resistance class
(cycles passed), Сfr, at:
28 days
2 years

МС

WS

2230
2230
2226

2320
2300
2250

34,00
44,20
45,70

51,90
60,10
64,80

4,202
4,333
4,356

4,450
4,509
4,680

24,00
28,80
29,00

35,80
37,20
39.40

44
35
33

35
20
7

2,02
3,18
3,20

2,39
3,39
3,56

(4)Сfr150
(4) Сfr150

(5) Сfr 200
(6) Сfr 250

Fig. 1 X-ray МС – 7 days

Fig. 3 X-ray МС – 28 days

Crystalline technology products function within the concrete to
increase calcium silicate hydrate (C-S-H) in the concrete pores and
capillary voids allowing for a better concrete hydration to the point
of waterproofing the concrete through internal C-S-H growth.
While a true crystalline technology does lower the w/c ratio,
increase the strength, and lower the depth of water penetration as a
natural part of the technology, it also goes a step further and offsets
the problems that a simple HRWR/SP cannot resolve. Crystalline
technology unique abilities not only include reducing shrinkage
cracking, but also enhance the concrete’s natural hydration process
giving it the unique ability to enhance the concrete’s natural ability
to autogenously heal concrete cracks even years in the future.
The summarized test results are presented in Table 2.
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Fig. 2 X-ray WS – 7 days

Fig. 4 X-ray WS – 28 days

Fig. 5 X-ray МС – 2 years

Fig. 6 X-ray WS – 2 years

Fig. 7 DTA MC - 7 days

Fig. 8 DTA WS - 7 days
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Fig. 9 DTA MC - 28 days

Fig. 10 DTA WS - 28 days

Fig. 11 DTA MC – 2 years
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4. General conclusion
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Taking into account 2 years of aging the analysis of the
experimentally found physical-mechanical and structural
characteristics of the analyzed mixes for shotcreting yields the
following CONCLUSION:
The physical-mechanical and structural characteristics of the
proposed of the repair mix WS for "wet" shotcreteing significantly
surpass those of mixes used for the repair of silos for heavy soda
MC.
Something more, the prolong time of ageing additionally
emphasizes this well-grounded advantage.
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The respective structural characteristics obtained by using
professional complex analysis are given in Table 3. It is clear visible
that basic WS hydrate products (C-S-H), leading to concrete
strength-deformation characteristics increasing, dominated in
comparison with MC ones. Concerning the pore structure
parameters there are a lot of WS advantages – minor total porosity,
minimal specific pore surface and mean pore diameter. All this
explains the dominate mechanical characteristics (reported in Table
2.) of proposed WS shotcrete. Something more, the SEM photos
additionally prove, that the WS total structural density is clearly
observed.
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Technologies for joining dissimilar materials in the automotive industry
Janette Brezinova1,*, Henrich Sailer1
Technical University of Kosice, Slovakia1
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Abstract: The paper presents the results of research aimed at determining the quality of welds in steel and aluminum alloys. Laser welding
technology, fusion-pressure welding in combination with adhesive bonding were used for joining. The present research describes a new
bonding technology based on the resistance welding process with a combination of adhesive bonding. Its implementation allows the joining
of aluminum and steel sheets at extremely short welding times with a high concentration of energy in combination with adhesive bonding.
The quality of the joints was determined on the basis of the tensile shear test according to ISO 12996.
Keywords: ALUMINIUM ALLOY, SPOT WELDING, BONDING TECHNOLOGY, SHEET METAL
reasons for the problems arising when joining different metals are
different thermal, adhesive and mechanical properties [7].
Mechanical methods physically hold two or more layers of different
pieces of material together by flow drilling screws, self-loading
riveting, nailing, riveting, or winding of threaded fasteners.
Adhesive bonding is a process in which several components are
bonded together using a chemical adhesive. Thermal joints use heat
to melt the workpiece or interlayer to create a metallurgical bond
between the parts. Common methods of heat sealing parts include
resistance and friction welding, brazing, plasma sintering, high
energy beam welding, electric arc welding. Appropriate
technological selection of joining different metals improves work
efficiency, reduces material deformation, minimizes differences in
thermal expansion and reduces production costs [8,11].

1. Introduction
Resistance spot welding is considered to be one of the most
important joining methods in the construction of car bodies with a
high proportion of steel in the automotive industry. This process is
characterized by a high degree of automation [1]. To meet very
strict requirements for greenhouse gas emissions, car manufacturers
are working to reduce the weight of vehicles [2]. One of the many
ways to achieve weight reduction is to create bodies that will be
characterized by different types of materials. This combination
guarantees the strength and cost savings of steel with lightweight
materials such as aluminum alloys. By using the right combination
of materials, engineers can optimize the weight and cost of the body
structure [3,5].
Bonding different types of metals is difficult due to significant
differences in their thermal and mechanical properties [6]. The main

Fig. 1 Example of resistance spot welding of aluminium sheet

Resistance spot welding stands out among the various joining
methods due to its high efficiency, low cost, robustness, flexibility
and widespread use in similar joining of metals in automated
production. Creating a high-quality resistance spot weld from Alsteel requires overcoming various obstacles. Oxides formed on the
surface of the aluminum alloy can increase the contact resistance
between the aluminum sheet and the welding electrode and thus
limit the efficient heating of the faying interface [12,14]. If it is
possible to overcome the effect of oxides on the Al-electrode
interface, the melting points of aluminum alloy and steel are so
different that only aluminum alloy melts during welding, while steel
remains solid (melting point of pure aluminum is 660 ° C, while
pure iron is 1535 ° C. Liquid aluminum wets the solid surface of the
steel and forms a layer of intermetallic mixture at the interface,
while the two materials bond together.IMC at the interface
deteriorates the strength of the joints because IMC is hard and
brittle. have a thin intermetallic composite layer, limited shrinkage

and a parallel grain size of less than 500 nm [15] Another problem
with Al spot resistance welding on steel is electrode wear.During Al
spot resistance welding, the heat generated by the current flow can
cause a reaction between the Al sheet and This reaction causes Al to
adhere to the copper electrode, reducing the life of the electrode
[16].
Arghavani et al. joined aluminum alloy 5054 with galvanized
steel by resistance spot welding [17]. The thickness of the
aluminum alloy was 2 mm and the steel sheet 1 mm. Welds were
made with an IMC thickness of less than 5.5 μm. This paper
focused more on the morphology and type of IMC layer than on the
mechanical properties. Needle-shaped FeAl3 was observed in the
vicinity of the Al sheet and tooth-shaped Fe2Al5 was observed in
the vicinity of the steel sheet.
Wan et al. they also evaluated the morphology of the IMC layer
at the interface of resistance spot welds of Al-steel [18]. Two types
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of intermetallic compound structures were observed, dental Fe2Al5
adjacent to the steel sheet and needle FeAl3 adjacent to the
aluminum sheet. Dental Fe2Al5 was a perfect channel for crack
propagation, therefore the growth of Fe2Al5 was considered
detrimental to the mechanical properties of the joint [19,20]. During
welding, which takes a long time, the researchers observed a
bimodal distribution of IMC thickness, in which the IMC was
thinner in the middle of the interface and slightly thicker at the
edge. However, no such phenomenon was observed when the
welding time was short. It is believed that the strong cooling effect
in the center of the welding electrodes limited the growth of the
IMC in the middle of the interface and caused a bimodal
distribution of the IMC thickness.

improve the adhesion of the adhesives. It is a clear aqueous solution
whose silica particles condense on the surface of metals or
conversion layers to form a gel, colorless, transparent layer on the
surface. The composition of the layer consists of epoxy functional
groups, which are involved in the organic binder of the paint and
thus play a significant role in increasing the adhesion of paints as
well as the corrosion resistance of the paint system. Increases
adhesion on degreased metal surfaces. A solution of 100 ml / l in
distilled water at ambient temperature was used, immersion for 10
min, then the samples were dried. The thickness of the protective
layer was 20 nm. After the surface treatment of the samples, the
joints were made using spot resistance welding in combination with
gluing.

Although there is a literature related to resistance spot welding
of Al-steel, few provide a thorough assessment of the Al-steel spot
welding process against factors common in automotive
manufacturing. Factors that affect this welding process are poor fit
between the sheets, bad angles between the workpieces and the
welding electrodes, the length of the welding electrode and small
changes in current. When creating a weld, a misalignment between
the two components can occur due to problems that occur during
the forming, bending or pre-joining process. Improper alignment
may occur between the bonded material and the electrodes,
sometimes due to insufficient access or welding of the gun shanks
used in the robot cell. Although each weld controller is programmed
for welding currents, there may be minor differences between the
welding guns, which may affect the current output to the workpiece.
Because the worn electrodes are shaped by tip dressing tools,
material is removed from the electrode, shortening the electrode
length and increasing cooling efficiency. It is necessary to
understand the influence of production variables on the process of
resistance spot welding of Al-steel and the resulting properties of
these joints, so that we can develop more efficient and stable
welding technologies for automotive production.

A hybrid adhesive and non-adhesive welding process was used
for gluing. The hybrid process is based on a two-stage projection of
spot resistance welding using a connecting element and the
application of glue (Fig. 1).

Fig. 2 Hybrid projection welding process with an insert element without (1.)
and with adhesive bonding (2.) with two main stages I- securing of element
on aluminium sheet; stage II- manufacturing of final joint.

2. Materials and methods
Materials were used for the formation of joints - tensile steel
DC04 (EN 10130/06) without surface treatment and aluminum alloy
EN AW -6082 T6 (AlMgSi0.5 F22). The chemical composition and
mechanical properties of the materials are given in Table 1. The
thickness of the steel sheets was 0.8 mm and of the aluminum alloy
sheet 1 mm. The dimensions of the test specimens were 40x110
mm, overlap 30 mm.

The connecting element was made of stainless steel welding
wire MIG 308 L Si / TIG 308 L Si with a diameter of 1.60 mm and
a length of 10 mm, which enabled their cost-effective production
and modification of the geometry. The advantage of using a
connecting element is that an element with a relatively small contact
area is created. The small contact area allows welding with short
welding times and, as a result, very little total heat input. This is
beneficial in the case of a hybrid bonding process in which the
adhesive is not thermally damaged as in conventional resistance
welding. The welding electrodes were selected on the basis of the
standard ON 42 3039.71 from a Cu-Cr alloy with a diameter of Ø =
5 mm. A BPK 20 pneumatic spot welder was used [21].

Table 1. Chemical and mechanical properties of evaluated materials

Chemical composition % of steel DC 04 (1.0338): EN
10130-2006
C

MN

P

S

Max 0.08

Max 0.4

Max 0.03

Max 0.03

The following technologies were used to create the connections:
1. Spot resistance welding with connecting element

Mechanical properties of steel DC 04 (1.0338)
Tensile
strength
(MPa)

Minimum yeld
strength (MPa)

270-350

210-220

Min. elongation
L0=80 mm (%)
37-38

2. Spot resistance welding with fastener and adhesive
TEROSON RB 5197 (based on rubbers)

Vickers
hardness (HV)

3. Spot resistance welding with fastener and adhesive
TEROSON EP 5090 (based on toughened Epoxy resins)

95

Table 2. Welding parameters for stage I and II.

Stage I.

The steel samples were degreased with strongly alkaline,
medium emulsifying degreasing agent, used for degreasing steels
and cast irons by immersion and spraying. Its use consists mainly in
the removal of heavy deposits of preservatives and grease from the
surface of steel objects. It is unsuitable for degreasing non-ferrous
metals or objects made of light metal alloys, due to their uniform
etching of the surface. For this reason, it was only used for
degreasing steel samples. Acetone was used to degrease the
aluminum alloy. After improving the degreasing of all contact
surfaces, adhesion promoter based on organosilanes was used to

Stage II.

Electrode force, F [kN]

2

4

Welding time, t [ms]

10

16

Welding current, I [kA]

8

12

The Tensile shear test (TST) was used to determine the loadbearing capacity of the formed joints. The test was carried out
according to the standard ISO 14329 - Tensile test of spot and
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welded weld surfaces. There were 5 connections for each
combination.

3. Results
The implemented experimental work pointed out the great
importance of the creation of hybrid connections. In the case of
joints made without glue, the connecting element was melted after
the tensile test. After the destruction of the joint, more of its volume
always remained on the Al substrate, only in one case it remained
on the DC substrate. Around the spot weld on the Al substrate, the
extrusion of Al from the weld spot is evident, Fig.4. The maximum
achieved load capacity of the joint was 1.8 kN Fig.3. No plastic
deformation of the substrates was observed.

Fig. 6 Appearance of contact surfaces with connecting element and with
additional adhesive layer TEROSON RB 5197

No plastic deformation of the substrates is macroscopically
visible on the test specimens after the tensile test. The connecting
element always remained on the DC substrate after the connection
was destroyed. Glue failure was 100% cohesive in all samples, in
several samples the glue was not applied in sufficient thickness, so
there are smaller unconnected parts of the surface. Each Al
substrate is perforated after the destruction of the joint - the
connecting element and a part of the Al material were torn from the
Al substrate and remained welded on the DC substrate. The
maximum achieved load capacity of the joint was 7.6 kN Fig.5.

Fig. 3 Tensile shear load of joints with insert element without additional
adhesive layer

Fig. 7 Tensile shear load of joints with insert element with additional
adhesive layer TEROSON EP 5090
Fig. 4 Appearance of the contact surfaces with the connecting element after
the tensile test

Fig. 5 Tensile shear load of joints with insert element with additional
adhesive layer TEROSON RB 5197
Fig. 8 Appearance of contact surfaces with connecting element and with
additional adhesive layer TEROSON EP 5090

After the test for monitoring the contact surfaces, the
connecting element was always on the DC substrate after the
connection was destroyed. Macroscopically visible plastic
deformation of the DC substrate occurred at all joints. Adhesive
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failure was mixed in all samples by adhesive-cohesive, with an
adhesive fracture predominating on 80% of the joint area. The glue
separated from the DC substrate, the glue remained on the Al
substrate, Fig.8. For some joints, there are smaller unconnected
parts of the surface. Each Al substrate was perforated after the joint
was destroyed - the connecting element and a part of the Al material
were torn from the Al substrate and remained welded on the DC
substrate. The maximum achieved load capacity of the joint was
10.6 kN Fig.7. By using this type of adhesive, the load-bearing
capacity of the joints has increased almost 6 times compared to
joints formed using only the connecting element.

9.

10.

11.
12.

4. Conclusion
13.
The article presents a new procedure of joining unequal
materials. The procedure of creating hybrid joints using a
connecting element and two types of adhesives was verified. A twostage splicing process was carried out - in the first step, the splicing
element was welded using spot resistance splicing technology, and
in the second step, the weld itself was implemented in combination
with the adhesive. Experimentally obtained results have shown that
the use of this technology provides a precondition for the creation
of high-quality hybrid connections. Higher load-bearing capacity of
joints was achieved when using adhesives. Of the two adhesives
evaluated, the forest had strength properties and provided higher
bond strength to TEROSON EP 5090 (based on toughened Epoxy
resins). High process stability, low thermal impact of the material
and good industrial applicability provide a precondition for
commercial use of this new technology. The investigated joining
process and the possibility of producing simple elements with
commercially available welding wires represent the potential for
joining a wide variety of materials.
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Application of progressive technologies in the restoration of functional areas of products
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Abstract: The paper presents the results of research focused on the restoration of functional areas of products by the application of P TA
technology. Hardfacing layers intended for the renovation of the surfaces of aluminum alloy injection molds were evaluated. The base
material was medium alloy steel X38CrMoV5-1 (H11). Three types of powder additives were applied to form the functional layers: two types
based on iron, designated HSS 23 and HSS 30, and one type based on nickel, designated DEW Nibasit 625 -P. The quality of the layers was
evaluated using non-destructive and destructive tests. The surface integrity of the layers was assessed by visual and capillary tests. The
microstructure of the materials and its hardness were evaluated. The tribological properties of the welds were determined by the pin-on-disc
method.
Keywords: PLASMA WELDING, PTA TECHNOLOGY, MOLDS REPAIR, WEAR PROPERTIES
carbides that precipitate at tempering [16,18]. These microstructural
properties offer several ways to improve the high temperature
mechanical properties by adjusting the heat treatment conditions.
However, the dislocation density is fixed by hardening conditions.
They strongly depend on the tool geometry, and a slight
modification of the hardening conditions can lead to a catastrophic
result. In addition, the mechanical properties show that the volume
fraction of small precipitates (VC, Fe3Mo3C) directly affects the
mechanical resistance at high temperatures, but has an adverse
effect on the impact energy [19].

1. Introduction
To reduce CO2 emissions and to implement electric mobility, it
is necessary to use low weight technology on the effective weights
of the vehicle and its components [1]. Injection molding and die
casting are very high economic key technologies for the production
of a complex of thin-walled components from plastics or light
metals in large quantities [2]. Molds for tools have a significant
impact on the economic efficiency of process production. About 5 15% of production costs can be allocated to the production of
components.

However, repairing molds with vanadium carbide metallurgical
steel powders can potentially solve the existing problems of
excessive damage / wear after repair. This is because vanadium
carbide steels have an excellent combination of toughness, hardness
and wear resistance [20].

Injection molds used in the automotive industry are often
subjected to cyclic thermomechanical loading and are therefore
subject to local damage and wear [3,5]. Mold repair is an
economical alternative to the production of a new mold, especially
for large and complex molds [6,8]. The repair process is usually a
very demanding process performed manually by a qualified worker.
Traditional repair methods such as tungsten inert gas (TIG), thermal
spraying, high speed oxygen fuel (HVOF) or gas arc welding
(GMAW) have inherent problems that can lead to thermal damage
and deformation of the finished component [5]. Matrices and molds
often have complex 3-D shapes and require very precise shaped
deposition that must not generate any harmful residual stresses.
Highly accurate and focused heat transfer is required during the
mold repair process. Therefore, in order to maintain the properties
of the base material, it is necessary to minimize contamination of
the cladding with the base material and vice versa [9]. In this
respect, a promising technique is laser deposition technology, such
as laser cladding, characterized by local heating and rapid synthesis
of materials. This is because the laser beam creates a relatively
narrow zone of dilution and heat (HAZ). The quality and integrity
of the resulting repaired component with the new layer is affected
by a number of physical phenomena, such as melt morphology,
microstructure development and residual stress formation [10,13].

2. Materials and Methods
Medium alloy tool steel marked X38CrMoV5-1 (W. Nr. 1.2343;
HRC 50) was used as the base material to produce test hardfacing
layers. It is characterized by high heat strength and resistance to
tempering, as well as very good toughness and plastic properties at
both normal and elevated temperatures. Furthermore, the steel
shows very good resistance to thermal fatigue cracking and low
sensitivity to sudden thermal shocks. It is well malleable when hot
and well machinable in the soft annealed condition. The chemical
composition of the base tool steel and its mechanical properties are
presented in Table 1.
Table 1: Chemical composition of the base material X38CrMoV5-1 (wt. %).
C

Mn

Si

Cr

Mo

V

P

S

Fe

0.37

0.45

1.0

5.3

1.3

0.4

0.017

0.011

Bal.

As additive, the powder made of HSS 23 and HSS 30 was used,
which are high-alloy high-speed steels produced using progressive
methods of powder metallurgy. Both materials have high purity,
low content of nonmetallic inclusions, high hardness, high
compressive strength, toughness, machinability, and high resistance
to abrasive wear. Both materials are used to make cold working
materials, such as cutting tools for cutting harder materials. In
addition, HSS 30 is also used in the production of cutting tools. The
DEW Nibasit 625-P additive in powder form is used for highquality hardfaces and hardfacing joints of materials with a high
content of Mo, Ni, and Cr. Refractory and heat-resistant steels used
for hardfacing are steels resistant to scale, operating at low
temperatures, with heterogeneous joints, with low alloy content, and
made of difficult-to-weld materials. The chemical composition of
the powder filler materials used is presented in Table 2.

X38CrMoV5 (H11) is a martensitic steel with a hardness in the
range of 40–56 HRC depending on the heat treatment parameters.
Satisfactory hardness is usually maintained up to a temperature of
600 °C. High mechanical strength and good resistance to thermal
shocks are provided by the presence of vanadium, molybdenum and
chromium [14]. The excellent properties of martensitic steels for
high-temperature applications results from their complex
microstructure obtained by special heat treatment. Carefully
controlled austenitization, hardening and tempering. The
mechanical properties of these martensitic steels are firmly linked to
the complex microstructure. After heat treatment, which is usually
performed in order to achieve very good hardness and tensile
strength with sufficient ductility (> 12 J). Decreased dislocation
density and coalescence of secondary carbides help to reduce the
ultimate stress during tempering and fatigue [15].
The high-temperature flow stress of martensitic steels is related
both to the extremely high dislocation density. These two factors
are introduced during the martensitic transformation and to the alloy

61

INNOVATIONS 2021

Table 2: Chemical composition of the powder filler materials HSS 23, HSS
30, and DEW Nibasit 625-P (in wt %), Fe Ball.

Weld-on layers were evaluated under dry friction adhesive wear
conditions. (Adhesive wear according to EN 1071-13:
Determination of wear by ball-on-disc method ISO 20808). High
temperature tribometer by. CSM Instruments, model 4.4.V, the
friction coefficients of the evaluated weldments were determined by
the ball-on-disc method.

HSS 23
C
1.28

Cr
4.2

Mo
5.0

W
6.4

V
3.1

Co
-

Si
-

Mn
-

Fe
Bal.

Ni

Cr
4.2

Mo
5.0

W
6.4

V
3.1

Co
8.5

Si
-

Mn
-

Fe
Bal.

Ni
-

-

HSS 30
C
1.28

Test conditions: temperature 23 °C, ball - counterpart Si3N4
with a diameter of 3 mm, radius of the circle 2.5 m, linear velocity
of the ball 0.1 m.s-1 on the track 500 m; normal load 20 N.

DEW Nibasit 625-P
C

Cr

Mo

W

V

Co

Si

Mn

Fe

Ni

0.02
5

22

9

-

-

0.01

0.4

0.7

0.5

Bal.

3. Results
The results of the hardface metallographic analysis are
presented in Fig. 2, Fig. 3, Fig. 4. For the hardfacing layers HSS 23
and HSS 30, cracks are visible in the hardface, separating the
hardface from the base material. The DEW Nibasit 625-P
hardfacing layer is free of microscopically visible defects.

For hardfacing, Vanadis HSS 23, Vanadis HSS 30, and DEW
Nibasit 625-P powders were used on the base material
X38CrMoV5-1, and a plasma hardfacing machine (Fig. 2 and Fig.
3) PPC 250 R6 (KSK s.r.o., Česká Třebová, Czech Republic). This
automatic hardfacing machine is designed for the hardfacing of
rotating and nonrotating parts using the PTA method. Components
can be hardfaced on the forehead or around their perimeter. The
machine enables pulse hardfac ing with a current of 50–250 A and a
frequency of 0–200 Hz.

Fig. 2 Energy-dispersive X-ray spectroscopy (EDX) line analysis of the
transition region between hardface HSS 23 and base material.

Fig. 1 The plasma hardfacing machine PPC 250 R6 with plasma transferred
arc (PTA) technology.

We applied additional material to the base material in two
hardfacing layers using the hardfacing machine. Before proceeding
with the hardfacing process itself, the surface of the base material
was prepared properly. Then we preheated the base material to
250 °C and started the hardfacing process with the hardfacing
parameters for individual layers shown in Table 4. Heat treatment
was performed as follows: quenching from 1230 °C/2 min, followed
by triple tempering at 550 °C/1 h.

Fig. 3 EDX line analysis of the transition region between hardface HSS 30
and base material.

Table 3: Hardfacing parameters for the first and the second layer.
First Layer
Pulsating direct current:

110/45 A, with a frequency of 44.4 Hz

Trajectory:

swing step 3.9 mm (step speed 2.1 mm·s −1)
swing length 80 mm (speed 3.1 mm·s −1)

Serving:

26.4 g·min−1

Second Layer
Pulsating direct current:

140/45 A, with a frequency of 44.4 Hz

Trajectory:

swing step 5 mm (step speed 4.5 mm·s −1)
swing length 80 mm (speed 3.3 mm·s −1)

Serving:

27.8 g·min−1

Fig. 4 EDX line analysis of the transition region between hardface DEW
Nibasit 625-P and base material.
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was achieved by DEW Nibasit 625-P. The cover hardfacing layers
made using the additive HSS 23 showed the highest average friction
coefficient. The measured values for respective test samples
correspond to the chemical composition of the evaluated covering
layer surfaces of the assessed samples and to the base material of
the casting die. Carbon content and content of the carbide-forming
additives Cr, Mo, W, and V have a primary impact on friction
coefficients.

Fig. 5 HSS 30 welding layer on the base material, visible martensitic
structure with missing eutectic phase in the mixing zone.

Fig. 8 Hardness comparison of individual hardfaces.

Table 4: Tribological and wear properties of the investigated materials.
Sliding
Speed
(mm.s -1 )

Normal
Load
(N)

Base
material

50

20

HSS 30

50

HSS 23
DEW
Nibasit
625-P

Experiment
al Materials

Fig. 6 Weld-on layer HSS 23 with base material.

Distance
(m)

Coefficient
of Friction

Wear Rate
×10−6 (mm3/m·N)

50

0.55 ± 0.09

33.96 ± 1.2

20

50

0.53 ± 0.04

7.6 ± 0.4

50

20

50

0.56 ± 0.12

14.49 ± 0.6

50

20

50

0.35 ± 0.09

21.39 ± 0.8

4. Conclusions
The paper presents the results of research on the quality of
functional layers made from the powder filler materials HSS 23,
HSS 30, and DEW Nibasit 625-P by plasma transferred arc (PTA)
hardfacing technology. Layers were made using the plasma
hardfacing machine PPC 250 R6 on X38CrMoV5-1 base material.
This type of medium alloy steel is used in the production of diecasting molds for aluminum parts for automotive production. The
hardfacing was made in two layers. The quality of the hardfacing
layers was evaluated using nondestructive and destructive tests.
Surface integrity as well as the occurrence of surface defects were
evaluated using visual testing (VT) according to the standard EN
ISO 17637 and penetration testing (PT) according to the standard
EN ISO 23277. Surface defects were not detected on the hardfacing
layers. As part of the destructive testing, metallographic sections
were made for observation by light microscopy and electron
microscopy, as well as for the evaluation of the chemical
composition of the surface spectra of selected parts of the samples.
The occurrence of inner defects in the hardfacing layers was
recorded on the cross sections. The defects were classified as rare
pores. EN 12517-1 classifies this type of defect as permissible in
this quantity. After metallographic analysis, the hardness in the
lines passing through the hardface metal into the base material was
evaluated on the sections. The maximum values of the hardness in
the interval 720 HV 0.5–850 HV 0.5 were measured in the covering
layers of the HSS 23 hardface metal, which is in accordance with
their chemical composition and the observed martensitic structure.

Fig. 7 Mixing zone - DEW Nibasit 625-P weld metal and base material.

The hardness of HSS 23 and HSS 30 hardfacing layers ranged
from 650 to 850 HV 0.5. The materially different hardfacing layer
DEW Nibasit 625-P reached the base material hardness level, i.e.,
210–250 HV 0.5, Fig. 8.
The tribological and wear properties of the investigated
materials are given in Table 4. The lowest value of the coefficient
of friction at an ambient temperature of 20 ± 2 °C
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pp. 850-856
17. C. Nouveau, B. Tlili, H. Aknouche, Y. Benlatreche, B. Patel
Thin Solid Films, 520 (2012), pp. 2932-2937
18. A. Yazdani, M. Soltanieh, H. Aghajani, S. Rastegari A new
method for deposition of nano sized titanium nitride on steels J.
Vac., 86 (2011), pp. 131-139
19. B. Denkena, J. Köhler, B. Breidenstein, A.M. Abrão, C.E.H.
Ventura Influence of the cutting edge preparation method on
characteristics and performance of PVD coated carbide inserts in
hard turning J. Surf. Coat. Technol., 254 (2014), pp. 447-454,
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The lowest hardness values were measured for DEW Nibasit 625-P
samples (210 HV 0.5–250 HV 0.5). As part of the experiments, the
tribological properties of the newly formed hardfacing layers were
analyzed. The lowest friction coefficient was shown by surfaces
with the DEW Nibasit 625-P layer and the highest values of the
friction coefficient were measured on surfaces with the HSS 23
hardfacing layer. Based on the experiments performed, it can be
stated that the selected energy beam (PTA) technology for the
renovation of the functional surfaces of casting molds is suitable.
As an additional material for the restoration of exposed mold areas,
all investigated additional materials can be used, but due to its low
friction coefficient, it is possible to recommend the nickel-based
additive DEW Nibasit 625-P.
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agency of the Ministry of Education of the Slovak Republic VEGA
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Change of load-bearing capacity of adhesive joints of unequal materials after climatic test
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Abstract: The paper provides an overview of the load-bearing capacity of joints of the same and unequal thin steel sheets formed on different
pretreated surfaces by adhesive bonding. Four types of surface preparation and rubber-based adhesive were tested. The joints were
subjected to a climatic test according to VW: PV1200. The change in the load-bearing capacity of the joints was evaluated on the basis of the
force at the joint failure, the type of failure and on the basis of the load to displacement ratio.
Keywords: DISSIMILAR MATERIALS, SURFACE PREPARATION, ADHESIVE JOINING, CLIMATIC TEST

1. Introduction

Surface roughness

Bonding of materials provides the automotive industry with the
possibility of flexible bonding of materials, which contributes to
higher rigidity, strength and safety of the car body. It is mainly antiflutter bonding to reduce vibration of the outer and inner panels to
each other mainly on horizontal closure panels and less on vertical
panels, hem flange bonding for joining the inside sheets in the hem
flange areas of doors, hoods and tail gates and, finally, sealants to
seal joints and crevices before painting in order to prevent crevice
corrosion attack. Adhesive joints extend the life of the final product
because they are sealed, which has a significant effect on the
corrosion resistance of the body and electrical insulation, which
prevents electrolytic corrosion from the conductive contact of
various metals. Bonding with hot-melt adhesives, self-adhesive
tapes, bonding with solvent and solvent-free adhesives is used. The
main advantage of joining materials by adhesive bonding is the
possibility of joining unequal materials, various metallic materials,
or even metals with glass, composites, ceramics, etc. [1-5]

To assess the effect of surface microgeometry on the strength of
adhesive joints, the surface roughness of base materials was
measured before surface preparation as well as prepared by
mentioned ways a contact profilometer Surftest SJ-201, Mitutoyo,
Japan. The roughness of the materials was assessed according to
ISO 4287 using the parameters Ra (arithmetical mean deviation of
the measured profile), Rz (maximum height of profile at the basic
length), RSm (mean width of the profile elements), non-normalized
value RPc (the mean number of peaks per centimeter).
Adhesive
Structural rubber one component adhesive, heat curing, solvent
free. It demonstrates high oil absorbtion, excellent adhesion on
many substrates and good corrosion protection. Special viscosity of
the product leads to an excellent sag resistance and makes it washoff resistant against aqueous cleaning and pretreatment agents. The
cured material exhibits high strength and is little dependent on
changes in temperature. The curing of the adhesive takes place at a
temperature of 175°C, 25 min. Tensile strength of adhesive is
12 MPa, shear strength according to DIN EN 1465 at 23°C exceeds
15 MPa, service temperature range varies from -40° to 90°C.

The challenge in joining unequal materials by adhesive bonding
is the unequal surface properties of the joined materials - surface
tension, polarity, microgeometry, chemical composition of the
surface layers due to different production history, etc. These
differences can be compensated by different types of surface
preparation, application of suitable primers and the like. [6-14]

Making and testing of joint assemblies
Single lap joints were formed from the mentioned materials, fig.
1 with bond line 12.5 mm and overlap area 12.5x25 mm, according
to DIN EN 1465. The joints were made of the same and different
materials in the following combinations: DC-DC, ZN-ZN and ZNDC. Five joint assemblies were created for each material
combination.

The aim of the experimental work was therefore to determine
the change in the adhesion of the joints of the same and unequal
materials with different surface preparation joined by a rubberbased adhesive after the climatic test VW: PV1200.

2. Materials and Methods
Substrate
Two types of steels were used to form the joints: nongalvanized deep-drawn steel DC04 (hereinafter referred to as DC)
and hot-dip galvanized dual-phase steel HCT600X + Z (hereinafter
referred to as ZN). The mechanical properties of DC04 steel
materials are as follows: YS = 197 MPa, UTS = 327 MPa,
elongation 39%, matt surface finish, Ra = 0.6-1.9 µm,
electrostatically oiled 0.5-2.5 g·m-2. Properties of steel HCT600X +
Z: YS = 346 MPa, UTS = 654 MPa, elongation 23.5%, zinc layer
105 g·m-2, minimized spangle, improved surface, electrostatically
oiled 0.6-2.5 g·m-2. The thickness of the materials was 0.8 mm. Test
panels with dimensions of 25x100 mm were made from sheets.

Fig. 1 Geometry of single lap joint assembly

The determination of the shear strength of the prepared
assemblies by tension loading was performed according to STN EN
1465 on the TiraTest 2300 test device at a test speed of 10 mm.min 1
. The device allows continuous recording of load and crosshead
displacement and records the maximum force when breaking the
joint. After the destruction of the joint, the type of joint failure was
evaluated: adhesive, cohesive, mixed.

Surface preparation
The surface of the substrates was prepared for adhesive bonding by
the following procedures:
- no preparation - joining of oiled substrates
- chromate-free zirconate passivation
- iron phosphating
- zinc phosphating
- application of an alternative organosilane-based adhesion
promoter

Environmental cycle test PV1200
Half of the joints underwent the environment cycle test for
vehicle parts (PV1200). One test cycle is shown in Fig. 2. In total,
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the joints were subjected to 10 test cycles. PV1200 is an
environmental cyclical climate
change
test
(elevated
temperature/low temperature cycle) for testing units, e.g. vehicle
parts in the engine compartment.

of insoluble phosphate crystals grown on the original surface and
the number of peaks has thus more than doubled.
Tab. 1 Roughness of substrates with different preparation

Material – preparation
DC – initial surface
DC – passivation
DC – Fe phosphate
DC – Zn phosphate
DC – organosilane
ZN – initial surface
ZN – passivation
ZN – Fe phosphate
ZN – Zn phosphate
ZN – organosilane

Ra
[µm]
0.87
0.98
0.96
0.96
0.94
1.00
0.75
0.96
0.90
0.62

Rz
[µm]
5.12
5.82
5.86
5.11
4.66
5.11
4.82
5.29
4.87
4.03

RSm
[µm]
300.3
246.8
280.0
137.8
256.8
137.8
89.0
99.6
107.4
83.0

RPc
[-/cm]
34.2
41.46
35.83
72.96
39.86
73.76
112.38
101.42
94.32
120.94

The surfaces of the DC material treated with passivation, iron
phosphate and organosilane are not accompanied by the formation
of new artifacts on the surface, rather they only copy the original
surface, so the number of peaks did not change significantly. In the
case of the ZN material, there was also observed increase in the
number of peaks after the surface treatments compared to the
untreated condition, after all chemical treatments. But, the number
of peaks of ZN material was already double in the original state
compared to DC material. After individual ZN surface preparations
the number of peaks significantly increased compared to DC
material with the same modifications. An increased number of
peaks per centimeter of length indicates an increase in the surface
area of the treated surfaces and thus an increase in the contact area
between the adhesive and the surface-treated material can be
expected. An increase in the contact area could be manifested by an
increase in the strength of the joint, but only if the adhesion of the
passivation, phosphate or organosilane layer to the substrate
exceeds the adhesion of the adhesive to these layers.

Fig. 2 Typical test cycle (PV1200)

3. Results
The initial surfaces of the DC and ZN materials (as supplied)
are shown in Fig. 3.

Strength of assemblies
Fig. 4 shows load-displacement curves for individual joints with
different surface preparation, joints made of the same and unequal
materials and in the as-bonded state as well as after the PV1200
climate test.

DC

no preparation

ZN
Fig. 3 Appearance of material surfaces (as supplied), SEM
Fig. 3 shows that the microgeometry of the two original
surfaces is different. While the surface of the DC material is
characterized by peaks protruding from the surface, the ZN material
is characterized by valleys cut into the surface. Specific values of
individual surface parameters in the initial state, as well as after
surface treatments are given in Tab. 1.

passivation

Tab. 1 shows that the value of the parameters Ra and Rz do not
change significantly for individual materials and surface treatments.
However, the differences between the individual surface treatments
were more clearly reflected in parameters RSm and RPc. The
number of peaks per centimeter of surface length increased in the
DC material compared to the original surface, most clearly in the
zinc phosphate surface, since zinc phosphate consists of a number

iron phosphate
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zinc phosphate

b) as-bonded

organosilane
as bonded

after PV1200 test

Fig. 4 Load – displacement curves of assemblies

The load capacity of DC-DC joints without surface preparation
is very low, around 1 kN. However, ZN-ZN joints without surface
preparation showed significantly higher strength - more than 6 kN.
Mixed joints without surface preparation had a strength between the
strength of DC-DC and ZN-ZN joints, about 5 kN. The higher value
of displacement and the shape of the load curve for mixed joints
indicate that there was a plastic deformation of the substrate with a
lower yield strength - DC. After the climatic test, the bearing
capacity of DC-DC joints increased to 2.5 kN, the bearing capacity
of ZN-ZN joints decreased slightly to 5 kN, and the bearing
capacity of mixed joints did not change. In the case of surface
preparation by chromate-free zirconate passivation and iron
phosphating, the strength of joints made of the same and unequal
materials was kept at the level of 4 kN, both in the as-bonded state
and after the climatic test. However, low values of displacement
joints with chromium-free passivation indicate weaker adhesion of
the adhesive to the substrates, the joints failed without plastic
deformation of the substrates. The adhesion of the adhesive to the
iron phosphate substrates was better compared to chromium-free
passivation, the failure of DC-DC and mixed joints occurred only
after some plastic deformation of the DC material, although the
breaking force was at the same level as in passivated joints.
Preparation by zinc phosphating did not improve the load-bearing
capacity of ZN-ZN joints, their strength decreased to 3 kN, mixed
and DC-DC joints reached a strength of about 4 kN, even after the
climatic test. The surface preparation with the help of organosilicate
was manifested by the bearing capacity of all types of joints slightly
below the value of 4 kN and this did not change after the exposure
in the climatic chamber.

c) after PV1200

d) after PV1200
Fig. 5 Load at failure of tested joint assemblies

Mixed joints, as they are composed of both mentioned materials,
reach a load-bearing capacity somewhere between the load-bearing
values of ZN-ZN and DC-DC joints. It is therefore important to
improve the adhesion to the DC substrate. All tested surface
preparation methods fulfilled this task for mixed joints.
The change in the load-bearing capacity of the joints of unequal
substrates after the climatic test, expressed as a percentage, is
shown in Fig. 6.

Fig. 5 shows the force at failure of joints with different surface
preparation in the as-bonded state and after the PV1200 climate test.
The DC material with no surface preparation had low adhesion
to the adhesive, all types of surface preparation significantly
improved the bonding of the adhesive to the substrate. The ZN
material itself has a suitable microgeometry for anchoring the
adhesive even without surface preparation, ZN-ZN joints achieve
the highest strength values.

Fig. 6 Change in load-bearing capacity of mixed joints after climatic
test

After the climatic test, the load-bearing capacity of mixed joints
with different surface preparation slightly deteriorated from 2.8 to
8.5%, only after the application of organosilane, force at failure, on
the contrary, improved by 4% after the climatic test.
The appearance of failure surfaces in the as-bonded state, as
well as after the PV1200 climate test, is shown in Tab. 2 and 3.

a) as bonded
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Tab. 2 shows the poor adhesion of the adhesive to the DC
substrate (adhesion failure of the joints between the adhesive and
the DC substrate), in particular for joints without surface
preparation, for joints with chromate-free zirconate passivation and
iron phosphate. Cohesive failure occurred in the joints with zinc
phosphate and organosilane, indicating good bonding of the
adhesive to both substrates, which did not deteriorate even after the
climatic test.

Adhesive joints without surface preparation as well as with four
types of chemical surface preparation were tested. A critical factor
appears to be the provision of sufficient adhesion to the nongalvanized DC04 substrate, which does not have a microgeometry
suitable for ensuring good adhesion of adhesive compared to
HCT600X + Z galvanized steel. All tested methods of surface
preparation of DC04 material improved the adhesion of the
adhesive and ensured the bearing capacity of the mixed joints at the
level of the yield strength of the lower strength substrate (DC04),
which is sufficient. A promising surface preparation is the
application of organosilanes, which improved the adhesion to both
substrates, led to a purely cohesive joint failure, and the joint
strength did not deteriorate after the climatic test.

Conclusion
The article brought the results of research focused on the
adhesive bonding of identical and unequal steel-based materials.
Tab. 2 Appearance of joints failure, as-bonded

passivation

iron phosphate

zinc phosphate

organosilane

iron phosphate

zinc phosphate

organosilane

ZN-DC

ZN-ZN

DC-DC

no preparation – oiled

Tab. 3 Appearance of joints failure, after PV1200 test

passivation

ZN-DC

ZN-ZN

DC-DC

no preparation – oiled
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Application of flow-drill technology for joining thin metal materials
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Abstract: The paper presents the results of testing the joints of unequal materials using flow-drill technology and a combination of flow-drill
technology and adhesive bonding. The formed joints were tested by tensile and shear test accordin g to ISO 12996. The positive effect of
adhesive bonding on the load-bearing capacity of the joints and on the stress distribution in the tested materials was observed.
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1. Introduction

According to the diameter of the tool (Flowdrill Long  5.3 mm),
the dimensions of the test specimens for the formation of joints
were determined on the basis of the ISO 12996 standard and set to
40×110 mm. Joints with a 30 mm bonding line were made from the
prepared test specimens and the hole was placed in the middle of
the bonding area, Fig. 1.

The need for a variety of mechanical joining techniques is
increasing in the design of lightweight multi-material vehicle
structures. The created joints should meet the requirements for safe
and rigid joints, but at the same time with sufficient load absorption
before failure. Available techniques for mechanical joining,
especially of thin-walled profiles, are flow drill screwing, selfpiercing riveting and tack setting. The problem with joining thinwalled materials by means of joining elements, in particular screws,
is the small number of turns in thin materials, which break
immediately under load [1-6]. A suitable solution in this case is the
production of holes by flow-drill technology, where heat is
generated by friction of the tool, the material softens and instead of
conventional drilling by chip removal, a bush with a length three
times the material thickness is formed from excess material [7].
This bush is sufficient support for the screw, it can be used to form
a thread.

Fig. 1 Single lap test specimen for combined tensile and shear test

In the case of joints formed by a combination of adhesive bonding
and thermal drilling, a layer of one component, heat curing, solvent
free structural rubber adhesive was applied to one of the joined
surfaces (Fig. 2), the materials were joined, then a hole was made
by thermal drilling and finally the adhesive was cured in an electric
oven at 180 °C / 25 min.

Although this technology is not primarily used to join materials,
but only to locally strengthen the cross-section of one material, if
we stack two materials on top of each other and let the tool
penetrate both materials, under optimal conditions they will be
joined by created bushes. The thickness and continuity of the
formed bushes, together with the material properties, will determine
the resulting mechanical characteristics of the joint [8-15]. If we
combine this technology with adhesive bonding, we can eliminate
the concentration of stresses around the joint.
The aim of the experimental work was to create and test the
load-bearing capacity of joints of thin sheets based on galvanized
and non-galvanized steel and aluminum age-hardened alloy, created
by flow drill technology in combination with adhesive bonding.

2. Materials and Methods
Three types of materials were used for joints creation:
uncoated cold rolled extra deep-drawn steel DC04 (hereinafter
DC) with thickness of 0.8 mm
 hot-dip galvanized high-strength low alloyed steel TL 1550-220
+ Z (hereinafter TL) with thickness of 0.8 mm
 age-hardened aluminum alloy EN AW-6082 T6 (hereinafter Al)
with thickness of 1.0 mm
Chemical composition, mechanical properties of materials used
are given in Tab. 1.


Tab. 1 Mechanical properties and chemical composition of materials

mat.

YS
[MPa]

UTS
[MPa]

Elong.
[%]

DC

197

327

39

TL

292

373

34

Al

290

340

15

Chemical composition
[wt.%]
0.04%C, 0.25%Mn,
0.009%P, 0.008%S, Fe-bal.
0.1%C, 1%Mn, 0.5%Si,
0.08%P, 0.03%S,
0.015%Al, 0.1%Nb,
0.15%Ti, 0.2%Cu, Fe-bal.
1%Si, 0.4%Fe, 0.06%Cu,
0.44%Mn, 0.7%Mg,
0.02%Cr, 0.08%Zn,
0.03%Ti, Al-bal.

Fig. 2 Application of adhesive to a defined area

Joints were made with the following combinations of
upper/lower materials: DC/DC, DC/TL, DC/Al, TL/TL, TL/DC,
TL/Al, Al/Al, Al/DC, Al/TL. For all joints made of unequal
materials, both options (M1/M2 and also M2/M1) have always been
tested, as the materials differ in mechanical properties and
formability, which can affect bush formation.
The parameters for creating holes by thermal drilling are given
in tab. 2.
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Tab. 2 Cutting parameters for holes production

TL/TL
NOK

Peripheral speed

113 m·min-1

Spindle speed

7200 rpm

Feed rate

200 mm·min-1 (the movement of the tool ends
0.2 mm below the surface of the top material)

dwell of tool

0.8 sec in the lower position

lubrication

application paste FDKS 100

TL/DC
NOK
TL/Al
OK

Joints with a hole, without a thread and without a screw (Fig. 3)
were subjected to a tensile shear test on universal testing machine
TiraTest 2300. During the test, the maximum force at the joint
failure and the load-displacement curve were recorded. The joint
loading speed was 10 mm·min-1. After the failure of joints
combined with adhesive bonding, the type of joint failure was
determined - adhesive, cohesive, mixed.

Al/Al
OK

Al/DC
OK
Al/TL
OK

Fig. 3 Joint cross-section

Tab. 4 shows that unjoined pairs showed low or almost no bush
of upper material. In one case (DC / Al), both bushes were formed,
but the outer bush formed from the bottom material was broken.
According to [12], the quality of the bush formed is affected by the
spindle speed and the t / d ratio (material thickness / tool diameter).
Too high a spindle speed can lead to damage to the integrity of the
bush (see DC / Al, TL / Al joints), especially if the bottom material
is an aluminum alloy. The lower the t / d ratio, the less material is
available to form a bush with a relatively large circumference
(relative to the thickness of the material), as a result of which it is
more likely to observe cracking and petal formation.

3. Results and discussion
In the production of joints by thermal drilling (without adhesive
bonding), it has been shown that some material combinations
cannot be joined using the given process parameters. An overview
of successfully (OK) / unsuccessfully (NOK) created connections is
given in tab. 3. Material combinations where materials have not
been successfully joined by thermal drilling have not been further
investigated in combination with adhesive bonding, as uncreated or
insufficiently formed bushes would not contribute to the strength of
the joint combined with adhesive bonding.

Tab. 5 shows bushes of joints formed by thermal drilling and
adhesive bonding.

Tab. 3 Overview of successfully/unsuccessfully created joints

joint
DC/DC
DC/TL
DC/Al

NOK
NOK
NOK

joint
TL/TL
TL/DC
TL/Al

NOK
NOK
OK

joint
Al/Al
Al/DC
Al/TL

Tab. 5 Appearance of bushes created by thermal drilling and adhesive
bonding

OK
OK
OK

joint

The prerequisite for successfully joining two materials by flow drill
technology is that both the top and bottom material will form a
continuous bush of sufficient length and both will form a common
double bush, with the top material forming the inner layer of the
bush, the bottom material the outer layer of the bush. The two
bushes together will then contribute to the shear strength of the
joint. The reason for the failure of joining some material
combinations can be explained by the fact that the top material does
not form a sufficiently long bush, or the bush of the bottom material
does not have continuous edges but divided by cracks into several
segments (petals). The appearance of bushes of joined and unjoined
materials is given in Tab. 4.

appearance of bushes

Al/Al

Al/DC

DC/Al

Al/TL

Tab. 4 Appearance of bushes created by thermal drilling

joint

appearance of bushes
TL/Al

DC/DC
NOK
DC/TL
NOK

Tab. 5 shows that in joints combined with adhesive bonding,
bushes are more integral compared to joints formed without
adhesive joining.

DC/Al
NOK

Fig. 4 shows the load-displacement curves of the individual
material combinations created by the flow-drill and flow-drill
technology in combination with the adhesive bonding.

70

INNOVATIONS 2021

Fig. 4 Load – displacement curves (FD-flow drill, AB-adhesive bonding)

The load-displacement curves of the joints formed by the
combination of thermal drilling and adhesive bonding reach a
maximum after the initial growth, followed by a sharp decrease in
the load, which corresponds to a cohesive failure of the adhesive
joint. The curve on the descending part generally shows a smaller
change in shape at a force which corresponds to the maximum load
of the joint created only by thermal drilling, i.e. corresponds to the
failure of the bush of the mechanical joint by shearing, Fig. 5. Thus,
on load-displacement curves, it is usually possible to distinguish
which part of the load-bearing capacity of the jo int is provided by
the adhesive joint and which part is ensured by the mechanical form
fit joint (see Fig. 4 Al/TL load-displacement curve).

Fig. 5 Scheme of bush shear failure

Fig. 6 shows the maximum load at failure of the tested joints.

Fig. 6 Comparison of load-bearing capacity of tested joints

Fig. 4 shows that adhesive bonding significantly contributes to
the strength of the joints in that, in the initial phase of loading, the
bonded areas are primarily carrying the load. Only after the
adhesive or cohesive failure of the adhesive joint, the bush of the
upper material will slow down the final phase of the joint failure
process. Tab. 6 shows failure of adhesive-mechanical joints.
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Tab. 6 Appearance of the joint’s failure



Al/Al

Reducing the diameter of the drilling tool would also mean a
reduction in the dimensions of the specimens, thus also a
reduction in the adhesive-bonded area, which could help to
highlight the contribution of the bush cross-section to the
bearing capacity of the joint.

Acknowledgement: Authors are grateful for the support of
experimental works by projects VEGA No. 1/0154/19 “Research of
the combined technologies of joining dissimilar materials for
automotive industry”.
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Al/DC

DC/Al

Al/TL

TL/Al

During the hole formation by thermal drilling, the samples were
pressed together, whereby the adhesive applied to the defined
surface spread over the circular surface. All joints failed cohesively.
There is a narrow intermediate ring around the hole, where the
adhesive was adhesively separated from the Al substrate at all
joints.

4. Conclusions
The paper presents the results of research into the possibility of
joining thin materials by thermal drilling without and with the use
of adhesive. Research has shown that all material combinations,
where one of the materials is aluminum, either in the upper or lower
position in the joint, at given parameters, are suitable for joining. It
is also necessary to optimize the thermal drilling parameters
because the given parameters led to the formation of a continuous
bush in steel materials, while in aluminum cracking and petal
formation were observed in the bush. Adhesive bonding has
significantly increased the load-bearing capacity of the joints; after
the adhesive fails, the final failure of the joint is inhibited by the
bush formed from the upper material of the joined material pair.


Recommendations for further research:
for joining thin sheets, it is possible to recommend increasing
the current t/d ratio, which would mean using a smaller drill
diameter for the given material thicknesses in order to have a
larger supply of material to create a continuous bush.
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Abstract: Surface quality and its evaluation is currently a very important part of surface preparation for all types of technologies involved in
surface formation. Knowledge of the new surface formation mechanism is of great importance from the point of view of producti on, because
it allows to understand the nature and properties of the newly created surface and thus gives the opportunity to both improve the processes
used and create a smooth process. surfaces. Therefore, any changes that occur in the surface layer of the component can be considered as
changes in the surface quality. The paper deals with the expansion of current knowledge in the evaluation of metal surfaces microgeometry
in terms of current trends.
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1. Introduction
The knowledge of the new surface creating mechanism has a
great importance from the point of view of production, as it allows
understanding the nature and properties of the newly created surface
and thus gives the possibility both to improve the processes used
and to create trouble-free surfaces. All changes that occur in the
surface layer of component can therefore be considered as changes
in the surface quality. [1-2]

Rz – the maximum height of profile,

-

Rt – the total height of profile,

-

RSm – the mean width of the profile elements.

SS 0.9

Ra[m]

10.91

11.43

10.59

11.22

Rz [m]

68.71

70.29

64.31

60.79

Rt [m]

84.41

86.13

76.09

71.26

RSm [m]

355.05

339.45

401.40

642.70

Parameter Ra is basic and the most commonly used for the
surface evaluation. Therefore Ra was used also in this experimental
program as the basis for comparison different surfaces. After
blasting, a comparable values of Ra parameter were achieved for all
evaluated surfaces. It can be stated, the selected types of blasted
surfaces were suitably chosen and it is possible to compare each
other.

2. Methods of surface evaluation
Planar surface characteristics – the evaluation in 2D

For 2D evaluation of the surface structure, the parameters
normalized in ISO 4287 are typically used. In this standard
computational system for evaluation of the surface profile
parameters is based on the mean line for the roughness profile,
mean line for the waviness profile and the mean line for the primary
profile.

Realized measurements and results point on the difference in
their rugosity due to different shapes (angular or round) of abrasives
used. The most rugged surface was obtained by blasting with
angular BA – corundum, where the parameter RSm reached the
lowest (and parameter RPc the highest) value among all the
evaluated surfaces. On the contrary, the smallest surface rugosity
was recorded for surface blasted with BA – SS2.

1a. Contact method of 2D measurement of surfaces
microgeometry
One of the frequently used methodologies in practice for 2D
microgeometry evaluation is the determination of parameters by the
contact – a profile method by stylus profilometer.

1b Non-contact method of 2D measurement of surface
microgeometry
In the 2D evaluation of surface microgeometry, there is also
used a contactless evaluation method. This method also enables to
measure the microgeometry at locations where the measuring tip is
unable to measure in the contact method, either because of a
limitation due to the stylus tip radius or of the surface
unavailability.

For example, on the steel sheet S355 was blasted with blasting
abrasives (BA):
angular blasting abrasives:
- steel grit (SG) with grain size of 0.71 mm,
- brown corundum (BC) with grain size of 0.9 mm,

The individual surfaces blasted with different types of blasting
abrasives were evaluated by the non-contact method using the
Olympus LEXT OLS 3000 confocal laser microscope.

- demetalised steel slag (DSS) with grain size of 0.9 mm,


-

Table 1: Average values of the parameters
Blasting abrasive
Parameters
SG 0.71
BC 0.9
DSS 0.9

When machining surfaces of materials, a new surface is formed
characterized with a new microgeometry, different from the original
surface. One of the possibilities for a surface preparation is also
abrasive blast cleaning that belongs to mechanical methods of
surface pre-treatment. The aim of abrasive blast cleaning is to clean
the surface from various impurities while at the same time
achieving a suitable microgeometry of the surface for subsequent
coating application. [3-4]



Ra – an arithmetical mean deviation of the assessed
profile,

The surface microgeometry of the samples was evaluated by
profilometer Surftest SJ-201, Mitutoyo, Japan.

In terms of component function, the geometric properties of the
surface are in many cases decisive. Therefore, it is in practice
necessary to measure a surface geometry and to determine
deviations from a mean or otherwise defined plane.

1.

-

round blasting abrasives:

The results shown in Fig. 1 - 4 confirmed the different surface
character achieved by the effects of various types of BA.

- steel shot (SS) with grain size of 0,9mm.

It is the most accurate non-contacting method for measurement
of surface roughness. It can detect all types of roughness, with the
exception of undercuttings.

In the experimental work, the surfaces, blasted with different
types of BA, were evaluated in ISO 4287 system using a set of
parameters (Tab.1), with an effort to observe the specifics of the
evaluated surfaces:
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2. Spatial Surface Characteristics – evaluation in 3D
Spatial surface characteristics enable evaluating the interaction
of parameters - surface properties with a functional environment.
Thus, it is possible to prepare the surface with desired optical,
tribological and other properties. This will greatly enhance the
importance of surface texture control in a wide range of
applications.
The spatial measurement of the surface structure and the
detailed specifications are defined by international standard ISO
25178. This standard defines spatial parameters for the quantitative
assessment of the surface in all technically important directions and
not only in the chosen direction of the imaginary cut.
Letter S denote the height, spatial, and hybrid parameters that
are defined for surface area, not only for one profile. The
designation of functional parameters by the letter V results from
their focus on the volume of the material (Fig. 5).

Fig. 1 Non-contact measurement of surface blasted by SS

Fig. 5 Functional (volume) parameters
Vmp – peak material volume, Vvc – core void volume,
Vmc – core material volume, Vvv - valley void volume

2a Determination of 3D parameters and surface appearance
reached by contact method
3D surfaces were prepared by the contact method using the
stylus profilometer Surftest SJ-201, Mitutoyo, Japan. The resulting
spatial image of the surface is created by folding the parallel
profiles obtained by the contact stylus profilometer reached with a
defined scanning distance.

Fig. 2 Non-contact measurement of surface blasted by SG

Individual representations of the analysed surfaces made by
blasting with different types of blasting abrasives are shown in Fig.
6. The measured 3D parameters are listed in Tab. 2.

Fig. 3 Non-contact measurement of surface blasted by BC

a)

SS

c) BC

b) SG

d) DSS

Fig. 6 3D surface texture after blasting with different types of BA
Fig. 4 Non-contact measurement of surface blasted by DSS
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Tab. 2 Evaluated 3D parameters of blasted surfaces
Blasting abrasive
Parameter
SS 0.9

SG 0,71

BC 0,9

DSS 0,9

Sa [m]

13,5

15,2

9,21

7,41

Sz [m]

95,6

121

84,2

65,9

Smr [%]

0,00631

0,0119

0,00889

0,0185

6.51

7,09

7,93

6,78

Vvc[mm3cm-2]

Sa – arithmetic mean height, Sz – maximum height,
Smr – areal material ratio, Vvc – core void volume

c) DSS
2b Surface appearance reached by non-contact method

Fig. 7 3D appearance of blasted surfaces, confocal microscope

3D images of blasted surfaces by the non-contact method were
performed with a confocal laser microscope Olympus LEXT OLS
3000, Fig. 7.

Both measuring systems – contact and non-contact, are
comparable only when measuring surfaces with a simple profile
geometry such as flat optical surfaces or elevations. The differences
in measured values are due to the different principles of surface
sensing, different measurement accuracy, and interaction between
measuring device and investigated surface.
The realised measurements show that this method is sensitive
enough to display blasted surfaces. Compared to the contact
method, non-contact method is less time-consuming, however
measuring device is more expensive than the conventional stylus
profilometer.

3. Conclusion
Surface roughness is a geometric property of the surface.
Various characteristics and parameters are evaluated on the surfaces
of the components, which are considered to be surface roughness
criteria in terms of applicable standards. Measuring surface
microgeometry is essential to determine the suitability of a surface
for a particular application. It is therefore necessary to choose the
correct procedure for determining the microgeometric parameters in
order to make a detailed description of the surface.

a) SS

In addition to 2D parameters, it is necessary to evaluate the
interaction of the surface with the functional environment with 3D
parameters, which allows to ensure the most suitable surface quality
with the required optical, tribological and other properties. This will
significantly increase the level and quality of surface texture
management in a wide range of technological applications.
Acknowledgement: Authors are grateful for the support of
experimental works by projects VEGA No. 1/0154/19 “Research of
the combined technologies of joining dissimilar materials for
automotive industry”.

b) SG
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Abstract: The paper deals with the problem of joints of car parts of the car construction. The construction of the car must meet the emission
standards, in order to meet them it is necessary to reduce the weight of the car while maintaining strength and durability. Therefore,
different materials are used in the design of car construction, such as different types of steels, aluminum alloys, composites and plastics. This
increases the demands on the car construction and on the type of sheet metal joining technology used. The paper deals mainly with glued
and welded joints in the design of car construction. The suitability of individual types of joints is solved using the finite element method.
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1. Introduction

2. Joining materials in the automotive industry

Reducing car body weight is one of the main goals in car body
design. Demands for CO2 emissions are constantly increasing, and
more expensive fossil fuels require a reduction in fuel consumption.
The effort of designers in the automotive industry is to use a
material that would meet the lowest possible weight without
compromising the safety of the crew, ideally with the lowest
possible production costs [1]. We do not encounter such a variety of
materials used for car body construction anywhere else in any massproduced engineering product.

In the automotive industry, it is necessary to combine materials
of various qualities and thicknesses, whether plated or unplated, but
also ferrous and non-ferrous metals. Thus, in addition to traditional
steel, wider use is given to aluminum, carbon, magnesium, highstrength steel and also plastics. With conventional methods of
connecting materials, such as spot resistance welding or laser
welding, it is not always possible to ensure the required quality of
joints. That is why companies are exploring alternative methods of
joining materials.

The construction of a car is made up mostly by steel of various
qualities and properties. Steel makes up more than 80% of a car's
construction. Thanks to its properties, steel is a suitable material for
car bodies construction, and thanks to its low price (compared to
other suitable materials), it is also the most used material. Recently,
extremely strong steel is also used - this type of steel differs from
the others in that it is not made to achieve a specific chemical
composition, but to achieve certain properties [2].

Conventional methods of joining materials in the automotive
industry include welding, laser welding, soldering, and gluing.
Welding technology is mainly associated with metallic
materials. However, there are also polymeric composite materials
(thermoplastic matrix composites) that can be connected by this
technology. The advantages of welding are good mechanical
properties and resistance of joints, short processing time and
minimal need to prepare connected surfaces. The main
disadvantages of this type of connection for composite materials are
the restriction exclusively to thermoplastic materials, problems with
the disassembly of connected parts and the presence of foreign
substances in the structures of materials needed for individual types
of welding (induction, resistance, ultrasonic). Laser welding is also
increasingly used in the automotive industry (Fig. 1).

The average weight of road motor vehicles has been declining
since the 1970s. The average European vehicle weighs almost 1,100
kg, with ferrous metals (60%), non-ferrous metals in particular
aluminum (7%), plastics (10%), rubber (4.5%), glass (3%), textiles
and anti-noise mass (4%), paint and putty (1.5%), liquids and other
materials (7%). The material currently represents 30% of the
production cost, so there is a great effort by manufacturers to reduce
its consumption. A favorable argument for the use of plastics in car
production is the recyclability of all thermoplastics.
The use of plastics is also associated with innovations that are
intended to increase safety, comfort and increase environmental
friendliness. At present and also in the near future, the use of special
composite reinforcement materials in car bumpers is expected,
which show three times higher rigidity and energy absorption than
ordinary plastic. Plastic headrests contribute to greater passenger
safety. In the event of a kickback, the front half of the headrest
moves forward as a result of activation, reducing the risk of
personal injury in the car. The main use of new materials or existing
materials by replacing e.g., metals require a number of tests and
experiments of their effective and efficient use. New trends in car
development are focused on the use of new, lightweight or
composite materials, for special surface treatments of car bodies,
the use of light metal structures as well as for increasing the share
of plastics for the assembly of modern types of cars. From the
production-technical point of view, plastic composites filled with
natural fibers of flax, cotton or sisal proved to be the best. By using
these composites, great profile stability of the manufactured parts,
their good impact safety, minimal emissions in the interior and high
dimensional freedom are achieved.

Fig. 1 Laser connection on the roof of the car.

At present, car body plates are most often joined by resistance
(spot, seam and projection) welding technology. This technology
has several disadvantages. These disadvantages include, for
example, problematic joining of sheets of different thicknesses and
qualities, or thermal influencing of the welded area. Other specific
problems are caused by the zinc coating, which serves as a
corrosion protection in cars [4]. Zinc adheres to the electrodes and
there is a problem at the weld seams to maintain the protective
function of the coating.
Mechanical connecting is the most widely used method of
connecting materials. However, it has many disadvantages. These
disadvantages are, for example, the increase in the weight of the
structures due to the need to enlarge the joints, the stress
concentration at the joints, the risk of galvanic corrosion (especially
in the case of CFRP), the possibility of delamination in the
production of holes, differences in thermal expansion of different

Time plays an important role in car construction. Therefore, the
aim is to use the most effective - the fastest ways of joining
materials in the production of automotive parts, or in the
construction of the entire car body [3]. However, the speed of
joining materials and welding must not increase at the expense of
the quality of joints and welds.
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types of joined materials. The main advantages of this type of
material connections include the possibility of disassembly of the
connected parts.

from the beginning of loading to the initiation of the crack, followed
by the area of development of the failure.
The possibility of numerical simulation of the glued joint is the
main requirement for its successful design. If a suitable numerical
method was found, it would be possible to replace a large part of the
glued joint experiments with this simulation. This would lead to a
reduction in the times involved in the development, production and
production cost of the product. The simpler tools offered by FEM
analysis allow you to model only the area from the beginning of the
load to the initiation of damage. The principles of linear elastic
fracture mechanics apply in this area. The behavior in this area is
described by the cohesive stiffness of the adhesive layer. The failure
initiation state occurs at a critical value of the stress at the crack
front. In the FEM model, this state describes the tension between
the nodes of an idealized adhesive layer caused by their critical
displacement and critical load.

Glued joints appear in the automotive industry in many types,
both in terms of functional stress and in terms of design. It can be
said that the bonding either acts as a complementary and sealing
function (bonding and cementing of bodies for sealing, vibration
damping, corrosion protection, application of reinforcements) or, in
specific cases, can generally represent welding technology in
structural strength joints [5]. Some applications of glued joints can
be seen in Figure 2.

In addition to the strength approach, advanced analyzes can also
be based on the elasto-plastic fracture mechanics approach to
describe the area of failure development. These principles apply
especially in a situation where the adhesive layer is very thin
between two parts to be glued and its behavior cannot be described
by macroscopic properties, such as tensile modulus or Poisson's
constant (E, ν) [5]. In these cases, the behavior of the bonded joint
by the energy required for crack propagation, or the rate of release
of the strain energy G, is described. These approaches make it
possible to predict the onset and spread of failure without prior
knowledge of the location of the crack and the direction of crack
propagation in the structure. The quality of the calculation and the
accuracy of the results are directly dependent on how ideally the
adhesive layer can be idealized using conventional and advanced
tools offered by FEM analysis [7]. In addition to the accuracy of the
results, the duration of the calculation, these can also differ in the
user-friendliness of the results.

Fig. 2 Glued joints of the car body [6].

By using the bonding technology we avoid these problems and
we can take advantage of the many advantages it offers in the
automotive industry. Such as the possibility of new assembly
procedures, reduction of the resulting weight of the car,
preservation of the protective layer of zinc, higher strength and
rigidity of the body, high quality of appearance of the parts to be
joined and substantial reduction of noise in the car body.

Elements commonly available in FEM analyzes can be used to
idealize the adhesive layer. Their behavior is described in terms of
material parameters, which in some cases can be obtained from glue
producers, but more often it is necessary to find out more difficult
by means of experiments. Specifically, the adhesive layer can be
replaced by contact, 3D elements, 2D elements, a linear spring
system, or simply replacing the adhesive, such as the SSG element
in Siemens NX or the TIE element in Abaqus.

It also has number of complications with the use of bonding
technology in car body construction. For example, the adhesive
must be overpainted, due to production, short time intervals to cure
the joint, the adhesive life must be longer than that of a car, the
adhesive must have sufficient strength, the shrinkage of the
adhesive during curing on the car body surface.

The first step is to create a CAD model. This model is then
converted into a preprocessor, which converts the geometric model
into the form necessary for the calculation itself. In this phase, the
main task is to create an adequate computer network and to define
the initial conditions correctly. The preparation of the whole
calculation model follows the rules that each company creates itself
and must be strictly observed. The rules are set to achieve a
compromise between computational complexity and result
accuracy.

The nature and composition of the adhesives used to build the
car body is always firmly linked to the desired function of the joint.
In this way, the adhesives can be divided into strength,
reinforcement and sealing. Strength adhesives cure together with
body paint. The edge adhesives are partially cured by induction
heating during assembly, but full hardness is achieved only during
the curing of the varnish by high temperatures in the furnace. The
designer currently has a choice of many types of adhesives with
different mechanical properties, ranging from tensile to brittle
behavior. In the automotive industry, we are particularly interested
in strength adhesives.

The next step is to load the file into the solver and start the
calculation itself. The calculation is started using the command line
and follows the mathematical operations described above. The
results are written to files during the calculation.

3. Use of FEM in the calculation of glued joints

The last step is to load and process the results in the
postprocessor. The postprocessor allows viewing the simulated
process, plotting acceleration, stress, strain and many other
variables depending on the selected variable.

Recently, at ever faster evolving computer technology and
available literature, we can encounter modern numerical methods,
such as finite element method (FEM). It is one of the most
widespread numerical mathematical methods used to solve the
problems of elasticity and strength, the dynamics of pliable bodies,
heat transfer, fluid flow, electromagnetism, and many other
problems in engineering.
Knowledge of the behavior of glued joints is essential for their
subsequent application in practice. For effective prediction of the
properties of glued joints it is necessary to use suitable tools
allowing to accurately model various modes of failure that may
occur in the structure. The failure of glued joints includes the area

Fig. 3 2D plain strain finite element model of bonded joint.
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In recent years, models using the so-called cohesive joint model
have been used in the research of glued joints. The cohesive Model
can be used to model adhesives, bonded surfaces, seal models,
patches, or delamination processes (Fig. 3). The cohesive model
exploits some of the advantages of common FEM elements and is
based on Griffith's refraction theory. The aforementioned common
elements included in the FEM creation tools are characterized by
the absence of a criterion for predicting the evolution of violations
for any violation mode. The cohesive model is innovative and used
approach for the calculation and prediction of the evolution of
bonding failure, specifically this model includes, compared to the
previously mentioned models, the area of crack initiation in the
structure.

material, depending on the anticipated change in stress levels of a
particular area. Regions that experience high changes in stress
usually require a higher mesh density than those that experience
little or no stress variation.
Next step was to perform the tests for the yield strength. Each
assembly had its sheet metal plates materials chosen accordingly to
the test. Then the weld method was chosen as edge weld,
specifically one side groove weld. Reason for this weld is that Solid
Works did not offer laser weld function. But principle of welding
method is that it melts the materials in weld spot, which makes
them unite after cooling. In this manner the groove weld was the
only one which can be put on a weld line, making connection
between welded metals, and is easy to work with i.e., changing
properties. For simulating tearing process, one side of the assembly
(one sheet metal plate) has to be fixed, by fixing any linear
movement or rotational, while the other side (second sheet metal
plate) have defined linear force. The linear force changes between
computed force for weld for first and second sheet metal plate
material. One of the last things before results is to define
appropriate size of the mesh, so that no local maximum appears in
the results.

The cohesive model must be implemented in the numerical
model of FEM analysis. All elements making it possible to apply
the principles of the cohesive model are generally referred to in the
literature as decohesive elements. These elements can be onedimensional, two-dimensional, and three-dimensional elements and
include commonly available solver for FEM analysis. Cohesive
elements are used for modeling an adhesive layer with a certain
final thickness compared to a cohesive surface contact. The
adhesive behavior of these elements is defined by the material
properties. Cohesive elements are defined by the thickness, stiffness
and strength of the adhesive. It is advisable to apply cohesive
elements especially in places where crack development can be
expected. It is assumed that at the beginning of loading there are no
cracks in the adhesive layer, otherwise this phenomenon can be
modeled by the absence of elements at the crack site. The relative
displacements between the upper and lower surfaces, which are
measured in the thickness direction and in the directions
perpendicular, represent the opening of the crack face between the
glued surfaces.

4. Use of FEM in the calculation of welding joints
Welding analysis is an important topic in engineering research
and it is widely employed in the fabrication due to their advantage
of improved structures performance, cost savings and easy
implementation. However, welding application cause undesirable
permanent distortion and residual stress in the material. Welding
has about 26 imperfections e.g. cracks, porosity, worm hole,
inclusions, lack of penetration, lack of fusion, lack of fit, undercut,
excessive weld overfill, insufficient weld throat, root overfill,
misalignment, weld sag, incomplete root, cold lap, arc strike, sputter
etc. [8]. With all this imperfection simulation parameter will be in
challenge. Material modelling is, together with the uncertain net
heat input, one of the major problems in welding simulation.

Fig. 5 Example of FEM analysis for a pair of TI -TL materials.

FEM analysis was carried out in Solid Works software. The first
step contained of modeling solid bodies of sheet metal plates. The
dimensions of the metal plates are 25 mm width, 100 mm length
and 0.8 mm thick. Despite the spatial volume, the modeled metal
plate is defined in Solid Works as a sheet metal, which will make it
in FEM evaluation a 2D object. Modeling of assembly (Fig. 4) was
carried out, in a manner that two metal sheet bodies share the line of
weld. Materials for the examined were set in FEM environment, but
first they had to be defined in a library using properties specified by
manufacturer.

The ultimate stress is gained in a same manner as for the yield
strength, but with the different changing forces. Biggest challenge is
to determine force value for which, examined weld will break. The
Solid Works does not dispose a function where the FEM will
determine how much force breaks examined weld. Therefore some
calculation through coefficients were adopted. First step is to run
study with any force value. The bigger the better. This gives first
coefficient, which is factory of safety coefficient. If this coefficient
has determined value of safety to 1, then it will make a range of
coefficients smaller than 1. Multiplicating of the force and the
lowest coefficient gives a value of the force for the yield strength
for the weakest material. Further multiplication of this force with
coefficient for the weakest material of the ultimate strength to yield
strength, rises this force to the values, when weld breaks.
Welds were examined for the following materials:
• HX340LAD+Z (Re=414MPa, Rm=473MPa,
Zn layer 111 g.m-2,
• TL1550-220+Z (Re=292MPa, Rm=373MPa),
Zn layer 104 g.m-2,
• HCT600X+Z (Re=346MPa, Rm=654MPa),
Zn layer 105 g.m-2,
• DC04 (Re=197MPa, Rm=327MPa), without Zn layer.

Fig. 4 Computer model of weld.

A finite element model comprises a system of points, called
“nodes”, which form the shape of the design. Connected to these
nodes are the finite elements themselves which form the finite
element mesh and contain the material and structural properties of
the model, defining how it will react to certain conditions. The
density of the finite element mesh may vary throughout the
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Rm is ultimate strength (stress) for material and Re is Yield
strength. Table 1 shows some results of the FEM analysis. There are
FEM weld analysis results for different material combinations in
this table.
Table 1: Results of the FEM weld analysis.
Combination of
Loaded by Fm
Loaded by Fm for
materials (fixed for pulled sheet
fixed sheet [MPa]
– pulled sheet)
[MPa]
DC-DC
331.443
331.443
TL-TL
378.068
378.068
TL-DC
331.443
378.068
TL-HX
479.427
378.068
HX-DC
331.443
479.427
HX-HCT
662.886
479.427
HCT-DC
331.443
662.886
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Force when
weld breaks
max F [N]
6452.6495
7359.5429
6492.8157
7360.4713
6492.8157
9332.8498
6492.8157

5. Conclusions
The production of cars with lower weight and thus with lower
fuel consumption, follows the ecological requirements of reducing
materials of various thicknesses and qualities, whether plated or
unplated, but also the connecting of ferrous and non-ferrous metals.
Their application in the automotive industry opens new
opportunities for designers. These consist in the optimal use of the
properties of different types of sheets, which can be combined into
one unit and thus affect the strength, stiffness or resistance to
corrosion and resistance to chemical aging in different parts of the
mold.
Glued joints appear in the automotive industry in many types,
both in terms of functional stress and in terms of design. It can be
said that the bonding is either complementary and sealing (bonding
and cementing of bodies for sealing, vibration damping, corrosion
protection, application of reinforcements) or can, in specific cases,
represent welding technology in structural strength joints.
Welding is the most commonly used process for permanent
joining of machine parts and structures. Welding is an expedient by
which metals may be joined by increasing the temperature of the
work pieces to their fusion point and allowing the molten metal
formed to flow together and solidify.
Due to the influence of the welding residual stress, residual
plastic deformation, heat affected zone and stress concentration
effect the fatigue life of welded components is far lower than the
parent metal.
To calculate strength of welded structure and to find behaviour
under cyclic load, it is very important to do analysis according to
real life problems, so that analysis results can be used to predict the
life of structures. After welding of structures there are many factor
involve defining parameter in the finite element analysis.
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Quality evaluation of welded joints of various steel welded by GMAW technology
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Abstract: The paper presents the results of quality evaluation of weldments produced by a mutual combination of different steel grades. Weld
joints were made using GMAW technology (method -135 ISO 4063). The type of welding parameters used for the quality of welded joints was
monitored. The quality of welded joints was assessed using non-destructive tests. In non-destructive tests, the Visual test according to EN
ISO 17637, the Penetration test with colour indication according to EN ISO 22476-12 was used to identify surface defects. The presence of
internal errors was assessed by a radiation test according to EN ISO 17636-1. Within the destructive tests, the quality of the welds was
assessed by a tensile test according to EN ISO 6892-1, by the test of brittleness of welds according to EN ISO 5173, the course of hardness
according to EN ISO 6507-1 was determined on transverse cuts. The bending impact test according to EN ISO 9016 will determine the
toughness of the weld metal and heat-affected areas. Metallographic analysis of welds according to EN ISO 17639 was performed on
transverse metallographic sections using light microscopy. Based on the performed experiments, recommendations were set, or proposed
changes in the welding procedures of the given steel grades.
Keywords: WELDED JOINTS, GMAW, FILLER MATERIAL, QUALITY, MICROSTRUCTURE

1. Introduction

This is what needs to be avoided. The paper presents a selection of
results from a broader research of quality assessment of welded
joints made on different combinations of steels and nickel alloys
carried out on the basis of practical requirements.

Requirements for the possibility to combine different types of
ferrous as well as non-ferrous metals in practice are not new.
However, nowadays the current level is still increasing due to the
development of new types of steel, new types of non-ferrous metal
alloys in a large extend and also due to the development or
modifications of welding methods [1-3]. The possibilities of
combining individual qualities of metallic materials are the source
of many research [4-8]. To create high-quality welded joints of
these combined materials, knowledge of metallurgy and
solidification of mutually welded materials, theoretical knowledge
about the possibilities and limits of application of individual
welding methods as well as the influence of their parameters on the
welded joint are required. Knowledge of the rules for the selection
of welding consumables is also important. Conventional principles
for the selection of filler materials with the same chemical
composition and strength properties as the base material being
welded no longer apply here. Mutual combinations of individual
types of welded materials require knowledge and also experience
with the influence of the welding process on both joined materials
[9-11]. All these presented characteristics and principles place high
demands on welding technologists. When joining such different
qualities of types of metal materials, even a small deviation from
the required welding parameters as well as an incorrectly selected
additive material will result in errors in the welded joints (this will
cause the weld to become the weakest point of the structure) [1215].

2. Used materials end experimental methods
Based on the requirements of practice, the possibilities of arc
welding of a combination of different grades of steel and also nickel
alloy were verified. For the purposes of the experiments, 3
combinations of materials were chosen. The experiments were
performed in a combination of structural steel, austenitic stainless
steel and nickel alloy. Mutual combinations of basic materials
welded by GMAW method are documented in Table 1. Chemical
composition and mechanical properties of the used basic materials
are in Tab. 2 to Tab. 7.
Table 1: Combination of base (welded) materials.
Samples
Combination of welded
materials
S.1.
X2CrNiMo17-12-2 –
S355J2W
1.4404 – 1.8965
S.2.
NiMo16Cr15W – S235JR+N
2.4819 – 1.0038
S.3.
S355J2+N – S690QL1
1.0577 – 1.8988

Table 2: Chemical composition and mechanical properties of steel
X2CrNiMo17-12-2
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
N
Al
0.024
1.28
0.45
16.63
10.04
2.02
0.032
0.003
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KVmin
[MPa]
[MPa]
[%]
[J]
582
357
45
100
Table 3: Chemical composition and mechanical properties of steel S355J2W
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Al
V
0.073
1.00
0.40
0.53
0.17
0.031
0.034
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
[MPa]
[MPa]
[%]
508
415
29

80

Cu
0.293
KV
[J]
46

S
0.004

P
0.036

Hardness
[HV]
180

S
0.009
Hardness
[HV]
180

P
0.009
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Table 4: Chemical composition and mechanical properties of nickel alloy
NiMo16Cr15W
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Nb
0.002
0.40
0.03
16.18
58.44
15.44
0.01
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
[MPa]
[MPa]
[%]
741
360
68
Table 5: Chemical composition and mechanical properties of steel
S235JR+N
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Nb
0.14
0.64
0.19
0.03
0.01
0.005
0.05
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
[MPa]
[MPa]
[%]
500
235
25

Cu
0.05

S
0.002

KV
[J]
115

P
0.04
Hardness
[HV]
240

Cu
0.02

S
0.004

KV
[J]
27

Table 6: Chemical composition and mechanical properties of steel
S355J2+N
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Nb
N
0.17
1.53
0.20
0.02
0.01
0.001
0.003
0.007
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (-20°C)
[MPa]
[MPa]
[%]
[J]
518
382
28
27
Table 7: Chemical composition and mechanical properties of steel S690QL1
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Nb
B
0.159
0.99
0.30
0.60
0.19
0.192
0.003
0.0015
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (-20°C)
[MPa]
[MPa]
[%]
[J]
900
720
14
35

P
0.020
Hardness
[HV]
140

S
0.008

P
0.009
Hardness
[HV]
158

S
0.004

P
0.004
Hardness
[HV]
245

The chemical composition of the additive material and the
mechanical properties of the additive material are in Table 8. A gas
mixture of 18% CO2 + 82% Ar was chosen as the protective
atmosphere. THERMANIT NiMo C24 was chosen as an additive
material on the basis of the standard EN ISO 18274 with a diameter
of ø 1.2 mm for the production of a welded joint of the sample 2. nickel alloy 2.4819 and structural steel S235JR + N and it is a solid
wire. This filler material is suitable due to the high nickel content
for welding nickel-based alloys but also its combinations with
structural steel. It has excellent resistance to corrosion and oxidizing
environments. The chemical composition and the mechanical
properties of the additive material are in Tab 9.

Used welding filer material and welding parameters
For the production of the welded joint of the sample 1. - austenitic
stainless steel X2CrNiMo17-12-2 and structural steel S355J2W, an
additive material with the designation E309LT0 - 1 (C1) was
chosen on the basis of the standard EN13479 with the trade name
Shield - Bright 309L X - tra with a diameter of ø 1.2 mm from
ESAB. It is an additive material with a rutile filling intended
primarily for welding steels with a content of 22 - 25% chromium,
or 10 - 14% nickel. It is also suitable for welding difficult-to-weld
ferritic-martensitic stainless steels and for forming undercoat layers
during welding of clad steels.

Table 8: Chemical composition and mechanical properties of filler material
E309LT0 – 1 (C1)
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
S
P
0.032
1.46
0.66
24.50
12.8
0.004
0.021
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (-20°C)
[MPa]
[MPa]
[%]
[J]
546
410
38
42
Table 9: Chemical composition and mechanical properties of filler material
THERMANIT NiMo C24
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Al
Fe
0.01
0.2
0.1
23
59.6
16.1
0.3
0.3
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (20°C)
[MPa]
[MPa]
[%]
[J]
700
420
40
40

81

Hardness
[HV]
210

S
0.004

P
0.021
Hardness
[HV]
-
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Inoxline HE30H2C was chosen as the shielding gas based on the
EN ISO 14175 standard. Shielding gas is composed of 68.8%
argon, 30% helium, 2% hydrogen and 0.12% carbon dioxide.
To make a welded joint of sample 3. - combination S355J2 + N
and S690QL1, an additive material with the designation OK
ARISTOROD 55 with a diameter of ø 1.2 mm was used on the
basis of the standard EN ISO 16834 - A. It is a solid non-copper
alloy wire. Used for welding high-strength steels. It is alloyed with
elements namely: 0.5% chromium, 0.5% nickel and 0.2%
molybdenum. The chemical composition of the additive material
and the mechanical properties of the additive material are in Table
10. The chosen shielding gas was M21 Arc 18 with an argon
content of 82% and a carbon dioxide content of 18% on the basis of
EN ISO 14175.

Welded joints were made in accordance with EN ISO 9692-1.
Schemes of edges preparation and fillings are shown in Fig. 1 to
Fig. 3. Welding parameters used for test specimens are in Table 11.

Fig. 1 Sample S.1 -- butt weld (BW) a) joint preparation, b) weld
realization (t = 12 mm; α = 50-70°, b = 0-6 mm, c = 0-4 mm)
Table 10: Chemical composition and mechanical properties of filler
material OK ARISTOROD 55
Chemical composition in (% wt.) / Fe balance/
C
Mn
Si
Cr
Ni
Mo
Al
Cu
S
P
0.12
1.38
0.71
0.58
0.53
0.20
0.008
0.09
0.005
0.013
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (20°C)
Hardness
[MPa]
[MPa]
[%]
[J]
[HV]
770
690
20
40
-

Fig. 2 Sample S.2 – fillet weld (FW), a) joint preparation, b) weld
realisation (t1 = 30 mm; t2 = 6 mm; α = 90°, b = 0-1 mm)

Fig. 3 Sample S.3 – fillet weld (FW), a) joint preparation, b) weld
realisation (t1 = 30 mm; t2 = 20 mm; α = 90°, b = 0-1 mm)

Table 11: Used welding parameters
Sample S. 1. - Visual inspection according to the standard EN ISO 17637, article 6 and EN ISO 5817 level „C“.
Temperature course of welding
Heat treatment
Preheat temp.
Interpass temp.
Postheat temp.
Heating
Stay
Cooling
Layer
Pass No.
Process
Filler metal
Current (A)
Voltage
Current/Pol
Shift
Feeding of
Q*
Ø (mm)
(V)
arity
(mm/s)
wire (m/min)*
(kJ/mm)
1
1
136
Ø 1.2
260-290
23
=/+
8.9
0.57-0.72
1+n
1
136
Ø 1.2
290-310
28
=/+
9.4
0.95-1.11
Nozzle
Filler metal FM1:
Shielding gas:
Welding
Base
Base
Wire extension
(l/min)
EN ISO 14175
position:
material 1.
material 2.
(mm)
(EN ISO 6947)
18
E309LT0 – 1 (C1)
M21
Flat (1G)
X2CrNiMo17-12-2
S355J2W
20
Sample S. 2. - Visual inspection according to the standard EN ISO 17637, article 6 and EN ISO 5817 level „C“.
Temperature course of welding
Heat treatment
Preheat temp.
Interpass temp.
Postheat temp.
Heating
Stay
Cooling
Layer
Pass No.
Process
Filler metal
Current (A)
Voltage
Current/Pol
Shift
Feeding of
Q*
Ø (mm)
(V)
arity
(mm/s)
wire (m/min)*
(kJ/mm)
1
1
135
Ø 1.2
250
32.5
=/+
8.9
0.72
Nozzle
Filler metal FM1:
Shielding gas:
Welding
Base
Base
Wire extension
(l/min)
EN ISO 14175
position:
material 1.
material 2.
(mm)
(EN ISO 6947)
18
THERMANIT NiMo C24
He30H2C
Horizontal (2F)
NiMo16Cr15W
S235JR+N
12
Sample S. 3. - Visual inspection according to the standard EN ISO 17637, article 6 and EN ISO 5817 level „C“.
Temperature course of welding
Heat treatment
Preheat temp.
Interpass temp.
Postheat temp.
Heating
Stay
Cooling
max. 250°C
Layer
Pass No.
Process
Filler metal
Current (A)
Voltage
Current/Pol
Shift
Feeding of
Q*
Ø (mm)
(V)
arity
(mm/s)
wire (m/min)*
(kJ/mm)
1-3
1
135
Ø 1.2
290-300
27-28
=/+
8.9
0.72
Nozzle
Filler metal FM1:
Shielding gas:
Welding
Base
Base
Wire extension
(l/min)
EN ISO 14175
position:
material 1.
material 2.
(mm)
(EN ISO 6947)
18
OK ARISTOROD 55
M21
Horizontal (2F)
S355J2+N
690QL1
12
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The dimensions of all test plates were 300 mm x 150 mm. Welding
was performed by Kemmpi FastMig M 420.

The quality of welded joints on transverse metallographic sections
was documented by light microscopy. Upon identification, the
sections were etched with a 3% solution of HNO3 (Nital) in sample
S.3. resp. etchant V2A from Metalco Testing in samples S.1 and
S.2, due to their chemical composition with a high Cr content.
Etching with V2A was performed at 60°C.
Based on the performed experiments in terms of set standards, it is
possible to present the following results.
The results of the visual inspection did not show the presence of
surface defects on the welds. The evaluation results are summarized
in Tab. 12. Range of testing: 100% weld surface and 15 mm
surroundings. The presence of surface defects in the welded joints
was not recorded, therefore all evaluated test specimens were
classified as satisfactory. The results of the penetration tests are
recorded in the Tab. 13.
As with the visual inspection, the presence of surface defects in the
welds was not detected by the penetration test. The test specimens
were classified as compliant. The results of the radiation tests are
recorded in Tab. 14. The results of the static tensile test of sample S.
1. are presented in Tab. 15. Based on the results of the static tensile
test of welded joints with a transverse welded joint, it can be stated
that the average value of the agreed yield strength Rp0.2 is 364 MPa
and the average value of the tensile strength Rm is 560 MPa.
Tearing of all five test specimens occurred in the base material.
Results of destructive test on welds in metallic materials, bend test
EN ISO 5173 are presented in Tab. 16. The test was performed on 3
test specimens made of welded joint S.1.Test condition: - thickness
of sample: a = 12 mm; former – ø: 4.0 x a = 48.00 mm; roller – ø:
50 mm; roller distance: 84.00 mm.
The test specimens passed the bending test, as none of them
initiated a crack during bending and the required angle of 180 ° was
achieved in all specimens.

Weld quality evaluation methods
As part of the evaluation of the quality of welded joints, the quality
of welded joints was assessed using non-destructive and destructive
tests. In non-destructive tests, the presence of surface defects on
welded joints was assessed using a visual test performed according
to EN ISO 17 637. At 520 lux illumination, the aim of the test was
to identify defects on the welded joints such as: pores, cracks,
dimensional errors, overflow root, burn , cold joints, etc. The
second non-destructive test designed to identify surface defects was
performed Penetration Test according to EN ISO 22476 - 12. The
method of colour indication by penetration system II Cd suspension
from Helling and DiffuTherm was used. Checking for the presence
of internal defects in the welds was performed using a radiant test
according to EN ISO 17636-1. The aim was to identify internal
pores, cracks, inclusions, cold joints, etc. As part of the
implementation of destructive tests, the quality of welded joints was
evaluated using a tensile test according to EN ISO 6892-1 on an
INSTRON 5582 shredding machine. The test was performed on five
samples S.1. with transversely positioned welded joint. The butt
weld quality of sample S. 1. was evaluated by means of a test of
brittleness of welds of metallic materials according to EN ISO 5173
on an INSTRON 5582 tearing machine and jigs for three-point
bending. The influence of arc welding processes on base materials
as well as on changes in weld metal metallurgy was monitored on
transverse metallographic sections using Vickers hardness
evaluation in individual weld areas in accordance with EN ISO
6507-1.
The toughness of welded joints was determined by means of an
impact bending test according to EN ISO 9016 on test specimens
measuring 10x10x55 mm.

Table 12: Visual testing result (Done by: EN ISO 17637:2011; EN ISO
6520-1; EN ISO 5817)
Samples
Object
Type of
Surface quality
Welding/Position
S.1.
BW
136/1G
Mechanical
S.2
FW
135/2F
Mechanical
S.3
FW
135/2F
Mechanical
Table 13: Penetration tests (Done by: EN ISO 22476-12; Test specifications
EN ISO 3452-1; EN 23277 level 1 – used inspection temperature 25°C )
Samples
Extend of
Penetrant
Manufacturer
testing
system
S.1.
100%
II Cd.
Helling
S.2
100%
II Cd.
DiffuTherm
S.3
100%
II Cd.
Helling

Evaluated by
EN ISO 5817
Class B
Class B
Class B

Table 15: Average values of the static tensile test of sample S.1.
Sample
Thickness
Width
Test
a
b
Temperature
[mm]
[mm]
[°C]
S.1.
11.38
25.34
20

TFBB
TFBB
TFBB

S.1/1
S.1/2
S.1/3

180
180
180
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Developing
time
15 min.
15 min.
15 min.

Test result
Admissible
Admissible
Admissible

Film sensitivity

Densitometry

Test result

AGFA Geavert D5
AGFA Geavert D5
AGFA Geavert D5

MD12
MD12
MD12

Admissible
Admissible
Admissible

Kontrastrot 88.
BDR
Kontrastrot 88.

15 min.
15 min.
15 min.

Table 16: Measured values of the bending test butt weld samples S.1.
Sample
Fibre in tension
Identification
Angle of bend
[°]

S.1.

Admissible
Admissible
Admissible

Penetration time

Proof stress
Rp0.2
[MPa]
364

Test result

520 lx.
550 lx.
520 lx.

Penetrant

Table 14: Radiography testing (Done be: EN ISO 17636-1; Exposition
placement – perimetric, Negatoscop – Seifert; Scale – ISO 62 W10)
Samples
Source of
Focus
SFD
Settings
radiation
S.1.
Ir192
3 mm
400 mm
100Ci-3.7TBq
S.2
Ir192
3 mm
400 mm
100Ci-3.7TBq
S.3
Ir192
3 mm
400 mm
100Ci-3.7TBq

Lighting

Tensile strenght
Rm
[MPa]
560

Elongation
A
[%]
-

Elongation
A
[%]
-

Failure

Base material

Remarks

Test result

no cracks
no cracks
no cracks

Admissible
Admissible
Admissible
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The results of hardness measurements on transverse sections of
welded joints are recorded in Tab. 17. The test procedure was in
accordance with the rewritten standard for the evaluation of
hardness of welded joints according to Vickers EN ISO 6507-1. In
butt welds as well as in fillet welds, indentor punctures were made
in two lines. The tests were performed under HV10 loading. The
exposure time was 15 s. Based on the results of the hardness
evaluation presented in Tab. 17, it follows that the highest hardness
values were measured in HAZ of the steel S690QL1, namely
404HV10 and the lowest values in the basic material of steel
S355J2 + N, namely 160 HV10.
Fig. 5 Macrostructure of the welded joint of sample S2
Table 17: Measured hardness values on transverse cuts of welded joints
Sample
Weld
Line
X2CrNiMo17-12-2
BM1
HAZ1
S.1.1
BW
Line 1
186, 188, 187
215, 211, 213
Line 2
188, 186, 187
202, 200, 198
NiMo16Cr15W
BM1
HAZ1
S.2.1
FW
Line 1
218, 209, 211
213, 220, 204
Line 2
205, 208, 206
224, 218, 209
S355J2+N
BM1
HAZ1
S.3.1
FW
Line 1
161, 163, 162
296, 279, 280
Line 2
160, 169, 165
282, 216, 220

Vickers HV10
S355J2W

10
10
10

WM
234, 241, 232
222, 222, 224

HAZ2
300, 287, 276
267, 211, 214

WM
305, 311, 308
278, 283, 283

HAZ2
404, 318, 320
373, 319, 280

BM2
188, 187, 188
184, 183, 183
BM2
167, 163, 164
166, 167, 165
S690QL1
BM2
285, 284, 280
257, 272, 262

Fig. 6 Macrostructure of the welded joint of sample S3

Table 18: Measured Values of toughness of the butt weld of the samples S.1.
Samples
Width
Thickness
Location of
h
B
Notch
[mm]
[mm]
8
8
8

HAZ2
183, 186, 181
192, 188, 186
S235JR+N

The measured values are in accordance with the chemical
composition of the evaluated materials, their structures as well as
the used additive materials. The lowest average values of weld
metal hardness were measured in sample S.1.1, namely 183HV10.
The maximum average values of the weld metal were recorded in
test sample S.3.1, namely 294HV10.
Results of the evaluation of the toughness of the butt weld of the
sample S.1. based on the impact bending test according to EN ISO
9016 are in Tab. 18.
The presented results shows that the average value of the impact
work for piercing the welded joint was 72 J and the average impact
strength was 90 J.cm2. The stated values meet the requirements for
the impact strength values of the given welded joint.

S.1/1
S.1/2
S.1/3

WM
188, 162, 188
184, 192, 184

Test
temperature
t
[°]
-20
-20
-20

VWT
VWT
VWT

Impact energy
KV2
[J]

Notch Ductility
MV3
[J/cm2]

Type of
Fracture

73
73
69

91
91
86

M
M
M

MV3: Measured value; M- Mixed-mode fracture; B: Brittle fracture; N: Not broken

When observing the macrostructures, the presence of internal errors
was not observed in the test specimens, which is in line with the
results of the NDT radiation tests. Excess convexity (503) in the
allowable value a = 4.4 mm was recorded for sample S.2. For
sample S.3. the presence of internal errors was noted. A weld
penetration of 1.72 mm was measured.

Destructive tests of evaluated welded joints conclude the results of
metallographic analysis performed by the Olympus light
microscope. BXFM The macrostructures of welded joints after
etching were documented in the analysis. The recorded
macrostructures are documented in Fig. 4 to 6.

3. Conclusion
Based on the tests of welded joints made by combinations of
different grades of steel and Ni alloy, it can be said that the selected
additive materials and welding parameters used allow the creation
of quality welds. The welds met the strictest degree of construction
EN ISO 5817 level "B". The paper presents an overview of tests of
welded joints necessary for the approval procedure of WPQR
welding procedures. In practice, we often encounter errors in the
production of combined welded joints, where it is necessary to take
into account the specifics of all joined materials when choosing the
technology of welding and joining and also the choice of suitable
additive material.

Fig. 4 Macrostructure of the welded joint of sample S1
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Modern copper electrolyte holes for multi-layer printed curcuit boards
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Abstract: This work is devoted to the study of the stage of galvanic copper plating of through-holes in multilayer printed circuit boards. Hole
plating is one of the most difficult stages and requires high-tech electrolytes and equipment. The present study was carried out within the
framework of the development of a domestic electrolyte for copper plating of PCB holes and is devoted to the study of the effect of the nature
and concentration of brightening additives on the gloss of a copper coating.
KEYWORDS: MULTILAYER PRINTED CIRCUIT BOARDS, GALVANIC COPPER PLATING, COPPER ELECTRODEPOSITION,
METALLIZATION OF THROUGH HOLES, CONDUCTIVE LAYER, THROWING POWER, BRIGHTENING ADDITIVES.

One of the main requirements for the quality of the coating is
gloss. Therefore, in this work, this characteristic was chosen as a
criterion for assessing the quality of the developed electrolyte.
The gloss of the copper plating was measured with a gloss
meter «Elcometer 480».
To numerically estimate the gloss value, the GU (Gloss Unit)
scale was used. The current standards define the 0 GU and 1000 GU
breakpoints (gloss angle 60°). With this value 0 GU corresponds to
a matte surface with zero reflection, and the maximum value of GU
corresponds to a black glossy surface. The 60° angle is the most
universal, therefore, in this work, the gloss was measured at this
angle [3]. The gloss measurements of each sample were carried out
at least 5 times.
The gloss value of the initial copper foil on the dielectric was
82 GU.

1. Introduction
With the development of technologies, the relevance of
creating high-precision printed circuit boards (PCB), which are the
main component of electronic devices, increases. The printed circuit
board is a dielectric plate (fiberglass, getinax, etc.), on the surface
and in the volume of which electrically conductive elements of the
electronic circuit are formed, which are intended for the electrical
and mechanical connection of electronic components.
Taking into account modern requirements for the dimensions
and compactness of products, the most demanded in industry and
constituting the bulk of the volume of printed circuit boards
produced are multilayer printed circuit boards (MPCB), which are
pressed-in alternating layers of dielectric with a conductive pattern
(TP) applied. TP are located on the outer sides and inner layers of
the dielectric, the electrical connection between which is carried out
by metallization of the through holes of the PCB [1].
The main requirements for electroplated copper coating inside
the holes and on the surface of the PCB are: continuity and
uniformity of the coating, incl. no «dog bone» effect – excessive
metal build-up at the inlet of the hole [2]. In addition, the copper
plating should be glossy.

3. Results and discussion
Sulfuric acid electrolytes containing Cu2+ and H2SO4 in a ratio
of 1:10, as well as Cl– ions, are promising electrolytes for copper
plating of PCB holes [4].
Based on the literature data [5-8] and preliminary tests, an
electrolyte containing (g/l) was selected as the base one:
CuSO4·5H2O 100, H2SO4 (96 %) 200, NaCl 0,11.
The introduction into this electrolyte simultaneously of three
types of additives (inhibiting, leveling, brightening) allows to
ensure the uniformity and gloss of the coating on the surface of the
PCB [4].
The aim of this work was to study the effect of the nature and
concentration of brightening additives introduced into the base
electrolyte on the gloss of the resulting copper coating.
But before the effect of brightening additives on the gloss of
the coating was studied, the gloss of coatings obtained from a base
electrolyte (2.3 GU), an electrolyte of the base composition
containing imported inhibiting and leveling additives (7.1 GU), as
well as an electrolyte from a foreign analogue (636 GU).
The following compounds were considered as brighteners in
the concentration range from 0.001 to 0.3 g/l: MPS (sodium salt of
3-mercaptopropane-1-sulfonic acid); UPS (3-(amidinothio)-1propanesulfonic acid); MSA (methylsulfonic acid); p-TSA (paratoluenesulfonic
acid);
m-NBS
(sodium
salt
of
methanitrobenzenesulfonic acid) (table 1) [9-11].

2. Preconditions and means for resolving the problem
To prepare solutions of galvanic copper plating, reagents of
«pure», «chemically pure» qualifications and distilled water were
used. As samples for the deposition of copper coatings, we used
plates of foil-clad dielectric (fiberglass) FR-4 with a thickness of
1.5 mm, which is widely used in the production of multilayer
printed circuit boards (fig. 1).

Fig. 1. Foil-clad dielectric FR-4
Freshly prepared copper plating electrolyte was worked
through to remove impurities for 2 A·h/l (cathode current density is
2 A/dm2, t = 25оС, mechanical stirring on a magnetic stirrer – 750
rpm).
Before applying a copper coating from the electrolyte under
study, FR-4 plates were degreased with Viennese lime and activated
in 10-% H2SO4. The process of galvanic copper plating of the
prepared foil-clad dielectric was carried out under the following
conditions: i = 2 A/dm2, 𝜏 = 57 min, t = 25оС, mechanical stirring
on a magnetic stirrer – 750 rpm.

Table 1: Dependence of the gloss value of coatings (GU) on the
nature and concentration (g/l) of the brightening additive
[g/l]
Additive
MPS
UPS
MSA
p-TSA
m-NBS

86

0,001

0,005

0,01

0,05

0,1

0,15

0,3

4
4
8
9
5

590
4
4
10
5

644
4
4
14
4

5
5
4
49
4

4
222
4
133
3

4
160
3
151
3

4
121
3
140
3
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Thus, glossy coatings make it possible to obtain an electrolyte
containing a brightening MPS additive at a concentration of 0.0050.01 g/l. The gloss value of the copper coating obtained from the
electrolyte of this composition was 590-643 GU, which is
comparable to the gloss value of the coating obtained from the
electrolyte of a foreign analogue (636 GU).
In the case of UPS and p-TSA additives, a further increase in
their concentration in the electrolyte does not lead to an increase in
the gloss value of the copper coating. The additions of MSA and mNBS do not at all contribute to the production of glossy coatings.

4. Conclusion
It has been established that the use of the MPS additive, which
is a substance from the class of sulfonic acids, as a brightening
additive at its concentration in the electrolyte of 0.005-0.01 g/l,
makes it possible to obtain coatings that meet customer-specified
gloss requirements.
«The work was carried out with the financial support of the
Mendeleev University of Chemical Technology. Project number X2020-027».
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Abstract: This work is devoted to the study of solutions for the stages of cleaning-conditioning and micro-etching before chemical copper
plating of printed circuit board (PCB) holes. It has been shown that in the presence of a quaternary amine in the conditionin g solution, the
negatively charged initial surface of the PCB holes is recharged. This, apparently, promotes the subsequent electrostatic adsorption of
negatively charged colloidal particles of palladium activator in the holes of the PCB. It was revealed that the presence of copper ions in the
micro-etching solution leads to an increase in the surface roughness, which contributes to an increase in the adhesion strength of the
resulting metal layer to the dielectric.
KEYWORDS: PRINTED CIRCUIT BOARDS, THROUGH HOLES OF PRINTED CIRCUIT BOARDS, ELECTROLESS COPPER
PLATING, METALLIZATION OF THROUGH HOLES, DIELECTRIC SURFACE PREPARATION, SURFACE RECHARGE, MICROETCHING, CLEANING-CONDITIONING.

1. Introduction
The creation of a strong electrical connection between the
layers of printed circuit boards and a conductive pattern on the
surface of the dielectric is one of the most critical stages of the PCB
manufacturing process, which includes the stage of chemical
metallization [1]. The quality of the chemical copper layer in the
holes of the PCB largely depends on the technology of preparing
the dielectric surface for metallization, which includes the stages of
cleaning, conditioning, micro-etching, and palladium activation of
the surface.
Russian standard solutions [2] for preparing the surface of PCB
holes for the process of chemical copper plating do not meet
modern requirements for technological characteristics (resource,
stability, deposition rate, etc.) and properties of coatings, such as
compactness of coatings and adhesion to the base. They have not
found practical application, since they are inferior to imported
counterparts in the listed parameters and manufacturability. Russian
PCB manufacturers use foreign technologies.
The disadvantages of using imported compositions are their
high cost, the need for a warehouse reserve due to possible
interruptions in supplies, as well as the risks of termination of
supplies in the context of the imposition of sanctions.

Fig.1. Test coupons of foil-clad (1) and non-foil (2) FR-4 dielectric
The etching rate was determined by the gravimetric method.
Samples of rolled sheet copper 2 × 2.5 cm in size, pretreated in a
cleaning-conditioning solution, were dried and weighed on an
analytical balance. Then, the surface was etched in the solutions
under study, the samples were again dried and weighed. The etching
rate (μm / min) was calculated using the formula (1):

ν=

2. Preconditions and means for resolving the problem

𝛥𝑚 ∙104
𝜌 ∙𝑆∙𝜏

(1),

where ∆m - the difference in masses before and after etching the
surface of the samples, g;
ρ - the density of copper, g / cm3;
S - the surface of the part to be vented, cm2;
τ - processing time, min.
The study of the surface relief of the samples before and after
the micro-etching stage was carried out on a LEXT-OSL 4100
confocal laser microscope using an MPLAPONLEXT 100 objective
at a magnification of 50 times. Specialized software made it
possible to obtain images of structures [4].

The test coupons of foil-clad and non-foil dielectric FR-4 (Fig.
1) 2.5 cm × 4 cm in size and 2 mm thick with holes 0.2, 0.4, 0.6,
and 0.8 mm in diameter were used as samples.
Working solutions were prepared from reagents of at least
“pure” grade and distilled water.
To study the effect of conditioning, the ζ-potential was
measured, which was determined on a ZetasizerNano device. The
measurement is based on the electrophoretic mobility of the
particles according to the Doppler effect. The FR-4 dielectric was
crushed to a finely dispersed state, after which it was treated with
the test solution of a cleaner-conditioner in compliance with the
operating parameters of the process. To measure the ζ-potential, the
cell was filled with a liquid with crushed dielectric particles and
placed in a device in which an electric field with a certain strength
was created. The particle velocity was measured using the patented
M3-PALS technology [3] (light scattering with phase analysis),
which made it possible to calculate the electrophoretic mobility,
and from it the ζ- potential.
To measure the surface roughness, a contact scanning method
was used using a Mitutoyo MT178-601 profilograph.

3. Results and discussion
Considering the literature data [2, 5-8], a solution containing (g / l):
monoethanolamine 40, PEG (8000) 20, a mixture of oxyethylated
synthetic higher fatty alcohols of fractions C12-C14 (synthanol ALM-10)
5, amino-tris (methylene phosphonic acid) 7. Treatment in solution
was carried out for 5-10 minutes at a temperature of 50-55°C.
It is known that the recharge of the glass fiber surface at the
conditioning stage occurs due to the presence of cationic surfactants
in the solution, in particular, quaternary ammonium salts, however,
there is no experimental confirmation of this fact in the literature.
The effect of some substances was investigated, which,
presumably, due to their structure, being adsorbed on the surface of
88
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a dielectric, change its charge. Cationic surfactants of various
natures and water-soluble polymers were studied as conditioning
additives.
The conditioning ability of the selected compounds was
investigated by determining the ζ-potential of the dielectric before
and after the purification-conditioning step.
The results of the study showed that the recharge of the
dielectric surface from a negative value to a positive value after the
cleaning -conditioning stage occurs only in the presence of 0.6 ̶ 1.2 g
/ l of the Cationic surfactant K1. In this case, the ζ-potential changes
from
-57.7 mV to +12.6 mV, which is comparable to the effect
of a foreign analogue (+8.12 mV), which was chosen as a cleaningconditioning solution of a Swedish company [5].
It is known that the presence of copper ions in a micro-etching
solution promotes uniform etching of the copper surface [9, 10].
A composition containing (g / l) was chosen as the base
solution for micro-etching: S2O82- (in the form of K2S2O8 or
Na2S2O8) 38-39, H2SO4 (94-98%) 35-37, Cu2+ (in the form of
CuSO4*5H2O) 0,5. The micro-etching process mode coincided with
the mode of the foreign analogue [11] used by Russian manufacturers: t
= 20-35 ° C, τ = 1-3 min, mechanical stirring.
To assess the quality of the etching of a copper surface, the
following were selected: Ra - the arithmetic mean of the absolute
values of the deviations of the surface profile - the surface
roughness index; etching rate of the copper substrate.
Fig. 2 shows the dependence of the roughness index of the
copper surface Ra after treatment of the foil-clad dielectric in a
micro-etching solution on the concentration of the oxidizing agent
is potassium or sodium persulfate in the presence and without
copper ions in the solution. The green dashed lines indicate the area
of roughness values for a foreign analogue (Ra = 0.38-0.40), red
dashed lines indicate the area of roughness values for the original
untreated sample (Ra = 0.34-0.36).
It was found that the introduction of copper ions into the
micro-etching solution, regardless of the nature of the cation in the
oxidizing agent, leads to an increase in the surface roughness index
in the concentration range of S2O82- 0.1-0.2 mol/l. The optimal
concentration of S2O82- corresponds to the interval 0.15 ̶0 .20 mol / l,
in which the roughness index of the copper surface is in the required
range of values.

Fig. 3. Dependence of the etching rate on the concentration of
the oxidant in the base micro-etching solution
The obtained dependence shows that with an increase in the
concentration of the oxidant in the solution, the etching rate
increases. Considering the permissible etching rate (0.8-1.2 μm /
min, which corresponds to the etching rate in a solution of a foreign
analogue), the range of S2O82- working concentrations is0.15 ̶ 0.25 mol
/ l.

4. Conclusion
Thus, it was found that the presence of a cationic surfactant K1
in the cleaning-conditioning solution at a concentration of 0.6-1.2 g / l
promotes the recharge of the dielectric surface from -57.7 mV to
+12.6 mV.
It was shown that the presence of copper ions in the microetching solution leads to an increase in the surface roughness and
also contributes to a more uniform etching of the copper surface.
All the obtained characteristics of the developed solutions are
comparable with the characteristics of foreign analogues.
«The work was carried out with the financial support of the
Mendeleev University of Chemical Technology. Project number X2020-028».
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Fig. 2. Dependence of the roughness index on the concentration of
S2O82- in the base micro-etching solution
The values of the surface roughness index after etching with
sodium or potassium persulfate are comparable, however,
considering the economic factor, it is preferable to use sodium
persulfate.
The rate of etching of a copper foil on the surface of a
dielectric in a micro-etching solution was investigated as a function
of the concentration of S2O82- ions. The results are shown in Fig. 3.
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Abstract: The object of the research was a low-temperature phosphating solution, in which the nitrate accelerator was replaced with a more
environmentally friendly hydroxylamine. Research on the process of the low-temperature crystalline phosphating has been carried out,
which allows to obtain fine-crystalline phosphate layers weighing 5.0-7.5 g/m2 with an increased protective ability up to 200 seconds,
measured by the drop method using Akimov's reagent. At different temperatures, phosphate coatings of various thicknesses are formed,
which can be used to form anti-corrosive layers for oiling with a specific gravity of 7.5 g/m2 and adhesion layers for painting with a specific
gravity of up to 5.0 g/m2, which corresponds to the recommendations for phosphating for ensuring good physical and mechanical properties
and increasing the corrosion resistance of paint and varnish coatings.
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1. Introduction

3. Results and discussion

Such valuable properties as high adhesive power to a metal
base, adsorptive capacity, corrosion resistance, protective ability,
low electrical conductivity, ease of production and relatively low
cost allow wide application of phosphate coatings for corrosion
protection of various metal surfaces [1]. Phosphate coatings due to
significant harshness and porosity firmly adhere to the surface of
the product and provide good adhesion of the organic coating to the
surface of the product. Anti-corrosive phosphate coatings with a
mass of at least 5.0 g/m2 are treated with oils, while coatings with a
mass of not more than 5.0 g/m2 are allowed for coloring (for
electrophoretic painting less than 3.5 g/m2). The protective ability
increases when the mass increases, however the relatively fragile
phosphate film is destroyed under strong deformation, and the paint
on top cracks and then peels off. A well-known disadvantage of
solutions of anticorrosive crystalline phosphating is the high
operating temperature of the processes, which causes high energy
consumption [2]. Analysis of the relevant publications reveals that
all known phosphating compositions contain derivatives of nitric or
nitrous acids, which complicate cleaning of the wastewater [1-3].
At present, the requirements for the quality of phosphate
coatings and technologies for their application have increased
significantly. Meanwhile, such improvements as lowering the
process temperature, reduction of the toxicity of solutions, and
improving the quality of the resulting coatings are required [4].

The choice of the main components of the low-temperature
solution for the formation of crystalline phosphate coatings is a
result of the analysis of numerous scientific developments [7-13].
The object of the research was a phosphating solution, in which
the nitrate accelerator is replaced by a more environmentally
friendly hydroxylamine, and the composition contains few
components - layer-forming zinc ions and phosphoric acid anions. It
was found that the phosphating process can be carried out at
temperatures close to room temperature without deteriorating the
characteristics of the coatings.
The main objectives of this work are: 1) to study the influence
of the parameters of the phosphating process on the coatings
characteristics, 2) to determine the optimal process conditions for
obtaining anticorrosive crystalline coatings for subsequent oiling
and coloring, 3) to develop a low-toxic low-temperature deposition
process for phosphate coatings with improved protective
characteristics.
It was found that at room temperature the maximum specific
gravity of the phosphate film is formed in 15 minutes and is about
7.5 g/m2. The mass of metal etched away during phosphating
changes insignificantly after 5 minutes of the process. A further
increase in the duration of the process leads to a slight decrease in
the thickness of the phosphate layer, but at the same time,
apparently, the pores of the coating are filled with precipitated
phosphates. The maximum value of the protective ability, measured
by the drop method using Akimov's reagent (PA), is 160 seconds
with a process duration of 25 minutes, which is the optimal
phosphating time at a given temperature.
It was found that at a phosphating solution temperature of
50 °C, phosphate layers are formed in a shorter time. In this
solution, a layer with a specific gravity of 5 g/m2 with the highest
protective ability of 180 seconds is formed in 5 minutes.
Figure 1 shows the characteristics of coatings formed at the
optimum process duration for each temperature in the solution
temperature range from 22 to 50 °C. It can be seen from the figure
that at different temperatures phosphate films of various thicknesses
are formed, which can be used to form anticorrosive layers for
oiling with a specific gravity of 7.5 g/m2 and adhesion layers for
painting with a specific gravity of up to 5.0 g/m2. Such masses
comply with the recommendations for phosphating, including
ensuring good physical and mechanical properties and increasing
the corrosion resistance of paint and varnish coatings [14].

2. Preconditions and means for resolving the problem
For the preparation of phosphating solutions, reagents of "pure",
"chemically pure" qualifications and distilled water were used. The
acidity of the solutions was controlled by the addition of a NaOH
solution. As samples for the deposition of phosphate coatings,
plates of cold-rolled low-carbon steel 08 were used.
The samples were degreased and activated before coating.
Surface morphology was studied using a LEXT-OSL 4100 Olimpus
confocal microscope. The protective ability (РА) of phosphate
coatings was determined by the drop method using a solution of the
composition CuSO4 · 5H2O 82 g/l; NaCl 33 g/l; 0.1N HCl 13 ml/l
(Akimov's reagent). The criterion for assessing the quality of the
coating was the time of the color change of the control area under
the drop from blue to red-brown. The corrosion resistance of the
surface of phosphated and painted with polyester powder paint
Ecocolor PE RAL 9016 / P steel after treatment in the Ascott
S120iP salt spray chamber was evaluated in accordance with [5]
and the international standard ASTM B117 (SCAB test). The width
of propagation of underfilm corrosion from the notch h (mm) was
measured. The adhesion of polyester powder paint Ecocolor PE
RAL 9016 / P was determined in accordance with the international
standard ASTM D 3359 and [6] with a help of an Elcometer 107
adhesion tester using the lattice notch method.
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Fig. 1. Dependence of mph, mМе and РA on the temperature of
the phosphating solution at the optimal duration of the process
Thus, a phosphate film suitable for oiling is formed on the steel
in the test solution at room temperature. The anticorrosive
phosphate layers formed in the optimal mode were treated with I20A straw oil. It was found that the РA of oil-treated samples
increased up to 200 seconds, oil absorption is about 4 g/m2.
Examination of the surface of the samples using a microscope
have revealed an obvious difference between the coatings formed in
solutions of different operating temperatures. It is confirmed that
the film on a sample formed in a low-temperature solution is more
coarse-crystalline and harsher, while the film on the sample formed
at 50 °C has smaller crystals and is less harsh.
Corrosion tests carried out according to [15] showed that the
investigated phosphate coatings do not corrode for 15 minutes in a
sodium chloride solution, and oiled phosphate coatings formed in a
low-temperature solution do not corrode for 2 hours. Thus, the
layers formed in the test solution at room temperature can be used
as independent anticorrosive coatings.
Corrosion tests of painted adhesive phosphate coated steel
samples in a salt spray chamber for 240 hours showed that the
phosphate layers deposited at 50 °C met the requirements of ASTM
B117. It was found that painted phosphate coatings have
exceptionally good adhesion (according to ASTM D3359) - class 0,
which have not deteriorated even after corrosion tests.

4. Conclusion
As a result of the conducted studies of the process of lowtemperature crystalline phosphating, we have obtained phosphate
layers weighing 5.0-7.5 g/m2 with an increased protective ability.
The optimal conditions for the process of obtaining crystalline
coatings for subsequent oiling and coloring have been determined.
The use of the developed process of low-temperature
phosphating will reduce the energy costs of production, increase the
protective properties of phosphate coatings, and reduce the toxicity
of phosphating solutions.
«The work was carried out with the financial support of the
Mendeleev University of Chemical Technology. Project number X2020-028».
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Abstract: The article presents the results of modeling quasi-stationary ultralow power electric fields (the order of tens of nanowatts) and
establishes ranges of rational values of parameters (average density of electric voltage, specific potential) of these fields. As a result of
mathematical modeling (based on a system of Gaussian equations) and subsequent numerical experiment, it is shown that an instantaneous
increase in the average electric density of a quasi-static electric field in 2 times in one part of the field leads to an increase in charge
redistribution time from 34 ns (at an initial density of electric tension of 17 nN/Ku.μm 3) to 189 ns (at a density of electric tension of
145 nN/Ku.μm3). This redistribution allows us to determine the range of rational values of the specific potential, which is 1.1… 9 nV/μm 2. In
this case, the maximum specific power that can occur in such a field is 0.5… 0.77 nW/μm 2.
Keywords: ULTRALOW POWER ELECTRIC FIELD, MATHEMATICAL MODEL, GAUSSIAN EQUATION, ELECTRIC VOLTAGE
DENSITY, SPECIFIC POTENTIAL
temporal visualization of power and energy characteristics of these
fields.

1. Introduction
The active growth of the number of products based on
microelectronic devices and systems based on them is due to the
significant technical and economic advantages of such devices, as
well as technological advantages in the process of their manufacture
[1]. However, further increase in the range and production of
microelectronic devices and systems requires, in addition to
expanding their functionality and operational capabilities,
improving the technical and material base for their production,
which primarily consists in the use of new composite materials and
technologies of miniaturization and hybridization in manufacturing
these devices. However, the miniaturization of electronic circuits,
which is to reduce the size and distance between their components,
along with the use of various mechanisms of electrical conductivity
(conductors, semiconductors, dielectrics) and structural features
(quantum dots, linear conductors, thin films, nanostructures, etc.)
materials, as well as the operating parameters of these electronic
circuits (voltage, frequency, etc.) leads to the emergence and
accumulation in the materials of the components of these circuits as
individual electric charges and electric fields created by them.
In this case, such electric fields, which is a necessary physical
phenomenon that occurs for any electrical devices, in addition to
providing the basic functions of electrical circuits, such as:
electrical capacity, memory elements, etc., can cause adverse
effects. on these schemes: the effect of electrostatic "sticking" of
moving microelements of mechanisms, attraction of microparticles
of atmospheric moisture and dust, which significantly reduces the
cooling and conductivity of circuit components and the most
dangerous
–
electrostatic
breakdown,
which
causes
electromechanical destruction of electrical devices and, as a
consequence out of order.
A number of leading domestic and foreign scientists deal with
the issues of measurement and research of electric fields in
electronic devices, such as: S.V.Biryukov, V.V.Dovgusha,
E.P.Dyakov, O.V.Masleeva, N.A.Shavrina, J.P.Booth, L.Cengel,
F.Ollendorf, T.Vinh and others [2-4]. However, despite the
scientific achievements of these scientists, the important issue of
modeling electric fields of ultra-low power arising in
microelectronic devices in order to establish limit values of the
characteristics of these fields, exceeding which leads to electric
breakdown.
Therefore, modeling of dynamic and quasi-stationary electric
fields of ultralow power to determine the power and energy
characteristics of such electric fields that occur in microelectronic
devices, with the possibility of obtaining and visualizing the spatiotemporal distribution of these characteristics is an urgent task.
The purpose of the study: to increase the efficiency of
determining the characteristics of dynamic and quasi-stationary
electric fields of ultra-low power, which take place in
microelectronic devices, by their mathematical modeling, which
allows high-precision and adequate determinations and spatial-

2. Characteristics, causes and propagation of
ultra-low power electric fields
As is known [5], the electric field is one of the components of
the electromagnetic field that exists around bodies or particles that
have an electric charge, as well as in free form when the magnetic
field changes (for example, in electromagnetic waves). In the case
where the electric field does not change over time, it is called an
electrostatic field. Accordingly, the electric field, the distribution of
charge (and, accordingly, energy) in which it is variable in space
over time - is called a dynamic electric field.
The electric field can be observed due to force and / or energy
impact on charged bodies. The main quantitative characteristic of an
electric field is its characteristic, such as intensity. At the same time,
the energy characteristics are the voltage and potential of the
electric field.
It should be noted that the relationship between the main
characteristics of the electric field can be expressed by certain laws:
[6], which proves the existence of a correlated relationship between
these characteristics. This relationship greatly simplifies the
calculation and modeling of electric fields and their characteristics,
both in space and time.
The main sources of electric fields and electromagnetic
radiation in a wide range are [7]: a variety of electronic devices and
video display terminals (especially those running on cathode ray
tubes) that accumulate static electricity on the surface of the
monitor screen.
Mechanisms of electric fields. The electric field is a special
state of matter, different from "classical" matter, consisting of
material particles. Like other fields, the electric field is continuous,
that is, it exists at every point in space and changes smoothly. If the
source of the electric field moves, it generates changes in the field
that propagate in it at the speed of light.
The electric field is a vector, that is, at each point in space it
can be matched with a vector called the field strength (E), the length
of which is proportional to the force with which the field acts on
charged bodies, and the direction coincides with the direction of a
single test charge.
If the electric field is static, or changes over time very slowly,
it can be given through one scalar function - the potential U. In this
case, the voltage and potential are related by the equation: 𝐸 =
−∇𝜑.
In a homogeneous electric field (ie, one where the voltage is
constant, for example, in the field between the capacitor wrappers)
the voltage between two points is equal to: 𝑈 = −𝐸 ∙ 𝑅 , where R is
the vector connecting the field points.
The electric field is created by charged bodies, in particular
charged elementary particles. Such a field is potential. Its intensity
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is determined by Coulomb's law. The lines of force of a potential
electric field begin and end on charges or go to infinity.
According to the law of electromagnetic induction, the
electric field is also created by an alternating magnetic field. Such
an electric field is a vortex. The power lines of the vortex electric
field are closed. In particular, the vortex electric field is a
component of the electromagnetic wave. When the charge is moved
along a closed curve in such a field, the work performed is not equal
to zero
Thus, as a result of the analysis of the relevant information
sources, it is established that the main characteristics of electric
fields are as follows: voltage E, voltage U and potential φ. In this
case, the established causes of these fields are: natural (eg, electric
discharges, friction of dielectrics), artificial (mutual location in the
space of conductors with electric current, sources of
electromagnetic radiation) and others [8].

of porcelain Ebr practically does not change (region A). A further
increase in temperature leads to a sharp decrease in Ebr (region B).
Under the influence of an electric field dielectric, the intensity
of which is greater than some critical value Ecr, new physical
phenomena occur in the dielectric, which are not peculiar to it, in
particular [9]: partial discharges, accumulation of bulk charge,
electroluminescence.

3. The mechanism of influence of electric fields
of ultralow power on surface of materials and
elements of electronic devices

At the same time, the phenomenon of partial discharges has
the greatest influence [13]. Partial discharges are breakdowns of
defects in the material, ie air infiltrations, layers of oil, the electrical
strength of which is below the solid phase. Partial discharge leads to
the breakdown of only the weakened part, not the entire dielectric
gap.
The occurrence of partial discharges always indicates the
local inhomogeneity of the dielectric. In this regard, the registration
of the characteristics of partial discharges allows you to assess the
quality of the material and detect local defects. The characteristics
of partial discharges correlate quite well with the size and number
of defects, ie allow to judge the degree of defect of the structure
itself.
Partial discharge occurs when the electric field strength (the
so-called intensity of the beginning of the partial discharge), which
is much less than the breakdown voltage of the entire interval.
Single partial discharges are practically not harmful for isolation,
they arise at constant voltage. But at alternating voltage (for
example, already at a frequency of 50 Hz), even one partial
discharge for half a period leads to 100 discharges per second.
Thus, it is established that the main mechanisms of influence
of electric fields of ultra-low power on the surface of materials of
different electrical conductivity are accumulative and discharge
[14]. At the same time, the combined nature of the electrical
conductivity of most elements of electronic devices does not allow
to determine a specific mechanism of action of the electric field on
these elements. Therefore, the study of the effect of combined
conductivity mechanisms on electricity is insufficient today.
Therefore, conducting mathematical modeling of these mechanisms
(especially the edge effects that occur in these elements) [15].

Fig.2. Dependence of breakdown voltage on temperature for porcelain

Electrical stability of the material and electrostatic
breakdown. The electrical stability of the material (we mean
dielectric materials, usually insulators) depends on [9]: the shape of
the electric field; type of voltage and polarity; voltage action time;
dielectric
homogeneity;
electrophysical
characteristics;
temperatures, etc.
There are three types of breakdown of a solid dielectric [10]:
1) electric - at a voltage of 102-103 kV/mm;
2) thermal - at a voltage of 10-102 kV/mm;
3) aging - at a voltage of 10 kV/mm and less.
The strongest influence on the electrical strength of the
material is carried out: the time of application of voltage,
temperature, thickness. In general, the dependence of the
breakdown voltage on the time of its application is called the volt-time
characteristic (Fig. 1).

Fig. 1. Volt-time characteristics of the material (for example, porcelain):
I - electrical breakdown, delay in the development of the discharge channel;
II - electrical breakdown, t <0.1 s, independent of temperature; III - thermal
breakdown, t > 0.1 s, a sharp decrease in breakdown voltage over time;
IV - aging, breakdown voltage Ubr changes little, the time to breakdown
increases significantly

4. Modeling of ultralow power electric fields
distributed on the dielectric surface and in space
To determine the spatial distribution of point electric charges,
as well as complex electric fields with several sources, three main
methods are used [16]: electrodynamic, energy, probabilistic.
Electrodynamic method. The electrodynamic approach to the
description of electric fields (EF) is based on the solution of
Maxwell's equations for known sources of the electric field. In this
case, the medium in which these fields propagate is considered
homogeneous and isotropic. The group signal that determines the
EF at the observation point P(x0, y0, z0) can be found as their
superposition from m separate mutually independent sources. The
basic model of the EF source is an elementary electric emitter
(Hertz dipole) [17], Fig.3.
General expressions for EF (Hertz dipole) in a spherical
coordinate system have the form:

On the curve (Fig. 1) can be divided into four areas. Areas I
and II correspond to the electrical breakdown (voltage application
time t < 0.1 s). The sharp increase in the breakdown voltage in
region I is due to the delay in the development of the discharge
relative to the time of application of the voltage. Region III is
characterized by a sharp drop in breakdown voltage, which
indicates the predominant role of thermal processes. Area IV - slow
decrease in breakdown voltage with increasing time of action,
which is associated with slow aging and degradation of the material.
At the same time, the electrical strength of the dielectric Ebr
increases with decreasing thickness (especially rapidly in the region
of micron thicknesses). This effect is used in the insulation of
capacitors, conductors, inputs and other elements.
It is known [11] that the temperature also significantly affects
the penetration stress of the material. Thus, from the dependence of
the electrical strength of porcelain on temperature, Fig. 2, it can be
seen [12] that up to a temperature of +75 °С the breakdown voltage
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Fig. 3. Components of the electric field (Hertz dipole)
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addition, the use of an electrodynamic approach to the description
of EF is complicated by the fact that the distribution of currents by
the volume occupied by the radiating system is not always known
[19].
Energy method. To implement the energy method, it is
advisable to separately identify the noise-focused interference and
time-focused interference.
We define such interferences as an ensemble of n narrowband
signals. Let's write the i-th narrowband signal as follows:
𝑒 𝑡 = 𝐸𝑖 𝑡 cos 𝜔0𝑖 𝑡 + 𝜑0𝑖 𝑡 ,
where Ei(t), 0i(t) is the bypass phase and the phase of the radio
wave field strength from the i-th source;  0і - circular frequency of
the carrier.
In this case, the noise, concentrated in the spectrum, is
represented by the formula:

cos 𝜃 =

cos 𝜃,

where I is the current in the emitter, l is the length of the emitter, r
is the distance (dipole arm),  = 2/ is the phase coefficient.
The presented formulas are written in such a way that the
terms (/2r)n, where n = 1, 2, 3, characterize the components and
depend on the ratio of wavelength and distance to the observation
point r.
From these formulas it follows that under the condition:
r<</2 the component of lower degrees can be ignored and vice
versa.
The distance rcr = /2 is called critical or limiting. If the
observation point is located at a distance much less than rcr, then the
field is characterized by the near zone (induction zone), if r>>rcr,
the far zone (radiation zone). The zone around rcr is called the
intermediate zone. Table 1 shows the formulas for the near and far
zones of the electric emitter [18].

𝑛

𝑒 𝑡 =

If the number of components of the group signal is large, the
definition of EF is quite complex. It is advisable to divide the
components of the spectrum-concentrated interference into discrete
energy levels, then the narrowband signal will look like:
𝑒 𝑡 = 𝐸𝑚𝑖 𝐾𝑡 𝑡 cos 𝜔0𝑖 𝑡 + 𝜑0𝑖 𝑡 ,
where Еmi is the amplitude value of the field strength of the i-th
signal at the point of reception, Ki(t) is a dimensionless factor that
characterizes the law of change of the envelope.
According to Parseval's equation, the specific energy of the
process:
𝜔
1 𝜔
60 𝑃𝑖 𝐷𝑖
𝑊𝑖 = 𝜔 2𝑖 𝐴2𝑖 𝜔 𝑑𝜔 =
𝑉𝑖2 𝜔 2𝑖 𝑎2𝑖 𝜔 𝑑𝜔.
2

Table 1. Components of EF in the near and far zones for the electric emitter

Near zone
𝐻𝜑 =
𝐸𝜃 = −𝑗
𝐸𝑟 = −𝑗

𝐼𝑚 ∙ 𝑙
sin 𝜃
4𝜋 𝑟 2
𝐼𝑚 ∙ 𝑙
sin 𝜃
4𝜋𝜔𝜀𝑟 3
𝐼𝑚 ∙ 𝑙
cos 𝜃
2𝜋𝜔𝜀𝑟 3

Far zone
𝐻𝜑 =

𝐼𝑚 ∙ 𝑙 ∙ 𝛽 −𝑗𝛽𝑟
𝑒
sin 𝜃
4𝜋 𝑟

𝐸𝜃 = 𝑗

𝐼𝑚 ∙ 𝑙 ∙ 𝛽 2 −𝑗𝛽𝑟
𝑒
sin 𝜃
4𝜋𝜔𝜀𝑟

𝐸𝑟 =

𝐸𝑖 𝑡 cos 𝜔0𝑖 𝑡 + 𝜑0𝑖 𝑡 .
𝑖=1

𝜋

1𝑖

𝜋 𝑟𝑖

1𝑖

Assuming that the i-th signal is concentrated in the band
∆𝜔𝑖 = 𝜔2𝑖 − 𝜔1𝑖, within which the modulus of the normalized
spectral function а( ) is constant. Let's simplify the previous
formula:
60 𝑃𝑖𝐷𝑖 2 2
1
𝑊𝑖 =
𝑉𝑖 𝑎𝑖 ∆𝜔𝑖 = 𝐴2𝑖 ∆𝜔𝑖.
𝜋𝑟𝑖2
𝜋
Thus, the specific interference energy concentrated in the
spectrum can be determined as follows:
𝑛
𝑛
𝑃𝑖 𝐺𝑖 2 2
60
1
𝑊𝑖 =
𝐴2𝑖 ∆𝜔𝑖 .
𝑉
𝑎
∆𝜔
=
𝑖
𝑟𝑖2 𝑖 𝑖
𝜋
𝜋
𝑖 =1
𝑖=1
Interferences are divided into impulse and fluctuation [20].
The difference between them is in determining the duration of the
installation of transients.
If the transients from the previous pulse do not overlap in time
the transients from the next pulse, such interference is considered

𝐼𝑚 ∙ 𝑙 ∙ 𝛽 −𝑗𝛽𝑟
𝑒
cos 𝜃
2𝜋𝜔𝜀𝑟 2

Based on the formulas given in table 1, we can conclude that
in the near zone the electromagnetic wave is not formed, which is
why the near zone is called the induction zone or the guidance zone.
Another feature of the near zone is that the impedance depends not
only on the parameters of the medium, but also on the type of
𝑒𝑙 = 1 , ie the field is high impedance.
emitter: 𝑍𝑊
𝑗𝜔𝜀𝑟

In order to obtain a complete group signal at the point Р(x0,
y0, z0), which is created by a set of radiations from m independent
sources, it is necessary to vector sum the EF voltages: 𝐸Σ = 𝑚
𝑖=1 𝐸i .
For preliminary estimation of EF it is possible to use a
technique of formal ordering of components of the concentrated
noise, having arranged them in the form of hierarchical degrees. In
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pulsed. If the imposition of these transients creates a continuous
random process, such interference is considered fluctuational.
The probability of exceeding the amplitude noise, which is
time-concentrated and which contains the fluctuation and impulse
components of some level x0, is determined by its integral
distribution function. It looks like:
−𝑥 2𝑓

𝛼𝑓
2𝑎 2
𝑓

−𝑥 2𝑝

𝛼𝑝
2

𝑝 𝑢 = 1 − 𝜈𝜏 ∙ 𝑒
+ 𝜈𝜏 ∙ 𝑒 2𝑎 𝑝 .
fluctuation
pulse
component
component
where A is the instantaneous value of the amplitude of the
interference; Aef - effective value of the amplitude of the
interference, determined and averaged by the narrowband receiver;
A and a are Weibull distribution parameters; v - average pulse rate,
c -1;
r - average pulse duration, s.
The RMS value of the power of the noise, concentrated in
time, allocated to the unit resistance:
𝑝2 = 1 − 𝜈𝜏 𝑎𝑓2 𝐴𝑓 Γ

2
𝛼𝑓

+ 1 + 𝜈𝜏 2 𝑎2𝑝 𝐴𝑝 Γ

2
𝛼𝑝

Fig. 4. The dependence of the distribution of electric charge Δq in the
surface layer of a plate with a thickness of silicon DSP/Ssp <100> <111>
at different values of the initial density of the electric field strength j E: 1 - 17
nN/Ku.μm3; 2 - 81 nN/Ku.μm3; 3 - 145 nN/Ku.μm3

As can be seen from Fig. 4, the charge accumulated on the
surface of the dielectric with increasing depth of the surface layer
decreases significantly exponentially.
In fig. In Fig. 5 shows the dependences of the accumulated
electric charge on the dielectric surface from the time of its
redistribution.

+1 ,

where Г(а) is a gamma function.
The values of р(u) and p2 depend on the specific conditions at
a particular point in the definition.
Probabilistic method. The probabilistic method is also used to
estimate the EF. Information about the real EF can be subjected to
statistical processing.
The statistical characteristics of the EF depend on whether the
EF is only under the influence of the field source or it is affected by
a set of charges and interference. The idealized EF, which
corresponds to the first case, can be taken as a reference, with which
the real is compared. Thus, the real EF can be judged by comparing
the statistical characteristics of the two sources. Thus it is possible
to receive also a quantitative estimation of EF if to compare among
themselves probabilities of excess of the set level by sources on an
interval of supervision T.
The advantage of this method is that the evaluation of the EF
is carried out on the response of a particular source to a change in
charge, which indirectly takes into account all measures of both
technical and organizational nature, aimed at providing a stationary
EF.
In addition to the above, there are other methods and
approaches to determining the EF. For example, the geometric
representation of EF, and the approach based on elements of set
theory, and so on.
Thus, the main methods and means of determining the
characteristics of point electric charges and electric fields
distributed over the dielectric surface and in space are analyzed. As
the most promising method, which is chosen as the basic in the
research, the energy method is chosen, as one that allows with
higher accuracy and relative simplicity of software implementation
to model electric fields in a wide range of values of their
characteristics.

Fig. 5. Estimated dependences of the accumulated electric charge on the
surface of silicon DSP/Ssp<100> <111> from the time of its redistribution
at different values of the initial density of the electric field strength j E:
1 - 17 nN/Ku.μm3; 2 - 81 nN/Ku.μm3; 3 - 145 nN/Ku.μm3

As a result of the calculations and the obtained dependences
in the mathematical package Matlab determined that the maximum
redistribution time of the electric charge on the surface of the
silicon wafer DSP/Ssp <100> <111> is 189 ns (at a voltage density
of 145 nN/Ku.μm3), then, as the minimum time is 34 ns (at an initial
density of electric voltage of 17 nN/Ku.μm3).

6. Conclusion
Features of modeling of electric fields of ultralow power
which is based on the decision of system of the analytical equations
which are based on differential Laplace equations considering
dynamics of change of EF and their sizes, and also influence of
external factors (temperature, relative humidity, UV and gamma)
are considered. radiation, mechanical deformation, surface friction,
etc.).
Involvement of a modern mathematical processor MatLab
allowed to develop a dynamic computer model of formation and
redistribution of ultra-low power electric fields under the influence
of external factors in space and time, which allows high accuracy
(discrepancy between mathematical modeling data and
experimentally obtained data does not exceed 5,6%) and in real
time to visualize the distribution of EF, as well as to determine the
ranges of power and energy parameters of EF, compliance with
which does not lead to electrical breakdown.
It is established that the instantaneous increase of the average
density of the electric voltage of a quasi-static electric field in one
part of the field leads to an increase in the time of charge
redistribution in the electric field from 34 ns (at the initial density of
17 nN/Ku.μm3) to 189 ns electrical voltage 145 nN/Ku.μm3). This

5. Discussion of simulation results
As a result of the numerical simulation performed by Matlab,
the results of modeling of quasi-stationary electric fields of ultralow
power (of the order of tens of nanowatts) are obtained and ranges of
rational values of parameters (average electric density, specific
potential) of these fields are established. Thus, Fig. 4 shows the
calculated dependences of the change in the distribution of electric
charge in the surface layer of the dielectric plate (silicon
DSP/Ssp<100><111>).
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allows us to determine the range of rational values of the specific
potential (1.1… 9 nV/μm 2) and the maximum specific power (0.5…
0.77 nW/μm2) in such a field.

Modelling and Fault Analysis (Academic Press, 2019), pp. 1-39.
DOI: 10.1016/B978-0-12-815117-4.00001-1
9. J.O.Kang, H.Lee, H.Kang, J. Supercond. Nov. Magn., 28, 1167
(2015).
10. W.X.Sima, H.Song, Q.Yang, et al., AIP Adv., 5, 127136 (2015).
11. E.Sili, J.-P.Cambronne, F.Koliatene, Temperature Dependence
of Electrical Breakdown Mechanism on the Left of the Paschen
Minimum, IEEE Trans. Plasma Sci., 39. 3173-3179 (2011). DOI:
10.1109/TPS.2011.2165969.
12. E.Kuffel, W.S.Zeangle, J.Kuffel, High Voltage Engineering
Fundamentals, (Butterworth-Heinemann 2-nd edition, 2000).
13. C.L.Wadhwa, High Voltage Engineering, (New Age
International (P) Limited,2-nd edition, 2007).
14. J.B.Nahkang, Y.D.Chung, M.C.Ahn, et al., IEEE Transactions
on Applied Superconductivity, 3(20), June 2010.
15. L.Sukumaran, Control Engineering Practice, 92, 0967-0661
(2019). DOI: 10.1016/j.conengprac.2019.104138.
16. H.Pacejka, Igo.Besselink, Vehicle System Dynamics, 27, 234249 (1996). DOI: 10.1080/00423119608969658.
17. A.Waser, Force of a Hertz-Dipole on a Stationary Charge,
(2000).
18. T.K.Sarkar, S.Burintramart, N.Yilmazer, et al., IEEE Antennas
and Propagation Magazine, 3(50), pp. 21-50 (June 2008).
19. N.Hadziefendic, J.Trifunovic, N.Kostic, et. al., Innovations,
1(8), pp. 41-45 (2020).
20. S.Todorova, M.Proykov, Industry 4.0, 1(6), pp. 25-26 (2021)

7. Literature
1. W.Liqiu, D.Yongjie, Yu.Daren, Application of an Electric Field
to Low-Frequency Oscillation Control in Hall Thrusters, Electric
Field, (Mohsen Sheikholeslami Kandelousi, IntechOpen, 2017).
DOI: 10.5772/intechopen.71009.
2. X.H.Francis, R.J.Palisano, The Application of Electric Fields in
Biology and Medicine, Electric Field, (Mohsen Sheikholeslami
Kandelousi, IntechOpen, 2017). DOI: 10.5772/intechopen.71683.
3. P.E.Secker, J.N.Chubb, J. Electrostatics, 16, 1-19 (1984).
4. Britannica, The Editors of Encyclopaedia. "Electric field".
Encyclopedia Britannica [Online]. Available: https://www.
britannica.com/science/electric-field. Accessed on April 27, 2021.
5. S.Shaik, T.A1-Stuyver, Effects of Electric Fields on Structure
and Reactivity: Theoretical and Computational Chemistry Series,
(The
Royal
Society
of
Chemistry,
2021),
DOI:
10.1039/9781839163043.
6. J.Roche, Physics Education, 51(5), 055005 (2016). DOI:10.1088/
0031-9120/51/5/055005
7. R.A.Serway, Chr.Vuille, College Physics, (10th Ed. Cengage
Learning, 2014), pp. 532-533.
8. T.Nasser, Introduction to power system faults, Power Systems

96

INNOVATIONS 2021

Influence of external mechanical loads on change of electrophysical characteristics of film
sensor elements
Vladyslav Titarenko, PhD Yuliia Bondarenko
Cherkasy State Technological University, Cherkasy, Ukraine
julybo110976@gmail.com
Abstract: The materials of the article consider the influence of external mechanical loads of static and dynamic action (pressure force,
mechanical impulse, vibration) on the change of electrophysical characteristics (electrical conductivity, specific capacitance) of film sensor
elements. It is shown that an increase in the mechanical load on such an element with a simultaneous decrease in the interact ion time with a
constant contact area leads to an exponential increase in the power and sensitivity of the reaction p ulse, provided that such mechanical load
does not exceed the mechanical strength of the sensor element. At the same time, the increase in the mechanical load on the sensor element
at constant time and contact area, almost does not change the sensitivity of the reaction pulse (the maximum increase in sensitivity does not
exceed 1.8%). In this case, vibrational oscillations in the frequency range 30… 85 Hz at mechanical forces of the order of 20 … 150 mN
create response pulses of the order of 12… 45 mV/μs, which are perceived as "false positives" of the sensor elements. A further increase in
frequency and mechanical effort leads to the destruction of the base of the sensor element and the detachment of the sensor f ilm from the
base. Reducing the frequency and mechanical forces create reaction pulses up to 12 mV/μs, which does not exceed the allowable values of
"white noise" (about 25… 35% of the minimum value of the reaction pulse).
Keywords: FILM SENSOR ELEMENT, ELECTROPHYSICAL CHARACTERISTICS, MECHANICAL LOADS, VIBRATION, ELECTRICAL
CONDUCTIVITY, SPECIFIC CAPACITANCE
conductivity (1016-1017 Ohm. m). The most commonly used material
in the application of functional sensor coatings is indium and tin
oxide (ITO), the advantages of which are its transparency to the
visible range of optical electromagnetic radiation and high electrical
conductivity [8].
As a result of the analysis of literature sources [9, 10] for the
rational mode of operation of sensor coatings of electronic devices
there are certain requirements, which are the need to ensure
guaranteed surface cleanliness prepared for the application of these
coatings, as well as the proper choice of application.
The main problem in entering data from the projectioncapacitive matrix is the strong dependence of the output signal on
the type and design of the matrix, the high level of mechanical loads
caused by external dynamic influences and the difficulty of
adequate recognition and distinction of control signal from noise. In
this case, the problem of data input from the projection-capacitive
sensor matrix is the difficulty of recognizing the signal and
converting it into coordinates, because the dependence of the
amplitude and other characteristics of the output signal of a single
segment of the matrix from distance to place is nonlinear. In
addition, there are many side factors that complicate accurate
coordinate recognition, such as high noise amplitude, mutual
influence of matrix segments and the like. The solution to this
problem is to establish the dependence of the output signals of the
projection-capacitive sensor matrix on the position of the object of
influence on the matrix in different methods of signal formation and
measurement, as well as the development of an adequate
mathematical model of analog signal conversion from the sensor
matrix [11].
Therefore, the main factors that are necessary in compliance
with the requirements for the quality of functional coatings are its
reliable adhesion to the substrate (high adhesive and cohesive
strengths that can be achieved by selecting technological modes of
application of these coatings), as well as mechanical resistance and
strength to external, both static and dynamic loads [9].

1. Introduction
Today in the electronics market there is a sharp increase in the
number of products and their components containing sensory
contact elements. This growth is primarily due to the continuous
growth of products in the field of communications and
entertainment, such as: mobile phones, tablets (and more recently
stationary) PCs, game consoles, controls and settings for appliances,
cars, multimedia devices and others [1]. This popularity and
proliferation of devices with sensor elements leads to a gradual
expansion of their areas of application, both in normal conditions
(domestic use) and in extreme and/or emergency conditions of
extreme pressures, temperatures, and especially power dynamic
loads.
Thus, a number of leading domestic and foreign scientists
deal with the development and research of sensory elements of
electronic devices (E.Johnson, S.Hearst, B.Boy, W.Westerman,
J.Elias, E.Wilson, J.Hahn, M.Krueger, T.Kuchmenko, A.Yurin,
A.Dmitriev, V.Bochenkov, V.Zagorsky) [2-4] and large firms and
research and production associations (HP, Bell Labs, IBM,
BellSouth, Apple, Palm Inc., DSI Datotech, Samsung, Microsoft,
ARIES, CitySensors) [5, 6].
However, the important issue of studying the electrophysical
characteristics of film sensor elements of electronic devices in order
to determine the impact of negative negative mechanical loads on
them remains unresolved.
The aim of the work: to study the effect of external
mechanical loads on the change of electrophysical characteristics of
film sensor elements, which increases the accuracy, reliability and
sensitivity of electronic devices, as well as to expand the range of
performance of these devices in normal and extreme environmental
conditions.

2. Basic requirements for sensor elements of
electronic devices

3. Features of determining the
characteristics of thin sensor coatings

The main type of materials used in the manufacture of
capacitive layers are thin-film semiconductor materials [7]. Such
film-forming semiconductors include systems of compounds
connected by double
or
triple
bonds
(polyimides,
polybenzimidazoles, polybenzoxazoles and others), as well as
polymer complexes with charge transfer (halogenated polystyrene,
poly-α-methylstyrene, etc.). The elements obtained from these
materials have increased values of electrical and photoconductivity:
103-109 cm/m. In this case, the best coatings have high adhesion to
the substrate and low values of water absorption and electrical

electrical

Among the electrical characteristics of the ITO coating for
film sensor elements should be noted the following [12-14]:
electrical conductivity, resistivity, electrical capacity.
To maintain a high durability of maintaining the proper level
of electrical characteristics of sensor coatings during their operation
is to take into account their strength properties, which are known
[15], depend on the coating material and its geometric
characteristics.

97

INNOVATIONS 2021

Among the main geometric characteristics of functional
coatings should be noted the following [16].
The geometric thickness of the coating is the shape of the
controlled surface, which is characterized by a radius of curvature:
dr = 1 / S0 ∫∫ (Z2 – Z1) dS, where S0 – surface area of the substrate;
dS is the differential element of this surface; Z2 – surface of the
substrate material; Z1 – surface of the thin coating.
Effective coating thickness – the thickness of the coating that
provides high conductivity of the surface material. Effective
thickness is often associated with the measurement method.
Effective in relation to this physical characteristic of the thickness is
called the thickness of a homogeneous layer of a substance having
the same properties as the actual coating.
In the general case, the radius of curvature dr, the effective
weight thickness and the optical thickness coincide when the
coating is uniform and homogeneous.
Internal and external forms of a covering. The external form is
defined by the geometrical sizes of separate elements of a covering.
The internal shape describes the crystal structure, type of lattice,
orientation of the crystals, their size, defect, and so on.
Thus, to determine changes in the electrophysical
characteristics of thin sensory coatings should take into account the
following facts: the presence of donor oxygen vacancies, the
presence of tin atoms, the use of colloidal metals, cationic
substances, increased ionic current, increased substrate temperature,
etc. [17, 18] geometric characteristics, such as geometric and
effective coating thickness, internal and external forms of the
coating [19], which have a significant impact on the durability of
maintaining the proper level of electrical characteristics of these
coatings.

The main technical characteristics of the stand are as follows:
operating temperature range: -30…+80 ºС (±0.5-1%); relative
humidity: 0-85% (±2-3%); vibration oscillations: up to 0.45 mm/s
(±3-5%).
Table 1. Measuring characteristics of the information-measuring stand

Measuring
characteristics
Specific electrical
-6
resistance, ×10 , ohm. m
-12

Electric capacity, ×10 ,F
Surface conductivity,
3
×10 , ohm-1

Range of values

Relative measurement error, %

5 – 500

± (1,5 – 2,5)

10 – 1,2.106

± (2 – 3,5)

0,2 – 200

± (3 – 4,5)

The main element of such a stand is the control and
monitoring system developed by the author, which includes two
units that simulate climatic and power conditions and two
measuring circuits - electrical characteristics and mechanical loads.
The principle of IMS is as follows. The object of study, was
installed in special holders (pos.5), and was exposed to
simultaneous thermal, vibration and humidity. The IMS was
connected to a PC (pos.6), and the sensitivity and fault tolerance of
the objects of the study were tested in a wide range of parameters of
the above external factors in real time. According to the results of
the test experiment, the researcher determined the minimum
allowable probability of the operating state of the sensor sample. At
the next stage, the probability of working condition of each sample
was compared with their minimum allowable value. If this
condition is not met, in order to increase the probability of working
condition of the sensors, the researcher is given a recommendation
to replace one of the established samples, the probability of failure
of which has reached a minimum at the moment.
Thus, the developed test equipment (IMS) for studying the
electrophysical characteristics of the film sensor elements of
electronic devices, allows to determine with high accuracy the
characteristics of these coatings, such as: conductivity, resistivity
and capacitance. In this case, the error in determining the electrical
conductivity did not exceed 4.5%, resistivity - 2.5%, capacitance 3.5%. This allows us to draw conclusions about the rapid and
qualitative determination of such electrophysical characteristics of
film sensor elements in a wide range of values of mechanical (force
dynamic) loads, than to adjust the operating range of values of these
factors when using such sensor coatings in normal and extreme
operating conditions.

4. Information and measuring stand for
experimental testing of electrophysical characteristics
of film sensor elements
A special information-measuring stand (IMS) was developed
for experimental testing of electrical characteristics of film sensor
coatings of electronic devices, where the objects of research were
tested in a wide range of temperatures, humidity and dynamic
mechanical loads.
The information-measuring stand (IMS) gives the chance to
carry out research of electric characteristics in a wide range of
values of external climatic (relative humidity and temperature) and
mechanical (dynamic loading) factors. In this case, the measured
values are in the range of values, which completely overlaps the
range of their theoretical (calculated) values.
The general view of IMS is shown in Fig.1, and its measuring
characteristics – in table.1.

5. Algorithm for determining the effect of
mechanical loads on the change of electrophysical
characteristics of film sensor elements
Determination of the electrical characteristics of the film
sensors from the action of external mechanical loads was performed
using the contact mode of interaction of the measuring probe IMS
with the surface of the test sample. The adjustment of the
mechanical dynamic load was performed using an adjustable
electric drive IMS.
The sequence of determining the influence of external
mechanical dynamic loads on the change of electrical
characteristics of thin coatings.
I. Investigation of the influence of friction coefficient and
adhesive strength of coatings.
1. The study of the influence of the coefficient of friction and
the adhesive strength of coatings is carried out by measuring
scratching (sclerometry) with a measuring probe.
1.1 The sample is mounted on a slide, which moves together
with the micrometer platform for positioning or scratching in three
coordinate planes, which occurs under the action of precision
electric motors with built-in micrometer displacement sensors

Fig.1. Appearance of the information and measuring stand: 1 - handles of
adjustment of parameters of factors of influence; 2 - indicators of the stand
operation status; 3 - on-off button; 4 - quartz heaters; 5 - holders for
establishing the object of study; 6 - connectors for connection to a PC and
to the mains; 7 - vibrating motor; 8 - ultrasonic moisture spray;
9 - microwave resonator; 10 - humidity regulator; 11 - subject table;
12 - measuring probe of electrical and mechanical characteristics from the
surface of the touch screen; 13 - piezodrive of the probe (pos.12)
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2. In the "nanoindentation" mode, the dependence of the load
on the depth of penetration of the probe is built.
2.1 There is a penetration of the measuring probe into the
coating. In this case, this depth of penetration should not exceed 1012% of the coating thickness.
2.2 Several superimposed hysteresis curves “load - immersion
depth” are obtained.
2.3 The value of microhardness, modulus of elasticity and
elastic recovery is calculated using specialized software (for
example, "NanoTest 600").
2.4 To calculate the above module, the Oliver-Farr model is
used, according to which a part of the dependence “load - depth of
penetration” during unloading is described. The method consists in
approximating the initial section of the discharge curve of the power
function Pmax = B(h – hf)m, where Pmax is the maximum load, h is the
depth of penetration of the indenter,
2.5 The slope of the initial stage of the unloading curve
determines the stiffness of the material:
𝑆=

𝑑𝑃
𝑑 = 𝑚𝑎𝑥

= 𝑚𝐵 𝑚𝑎𝑥 − 𝑓

𝑚−1

3) Before the start of measurements, the sample table with the
sample is brought into contact with the probe at a safe speed (3.8
μm/s), and then removed to a distance of 25 μm.
4) The measurement process is performed automatically according
to a pre-prepared program (includes 10 cycles "load-unload" with a
maximum value of load 200 mN and a rate of increase and decrease
of load 10 mN/s with an indentation between individual contacts 20
μm along the Z axis).
5) After the measurement is completed, a software analysis of the
obtained curves is performed, which allows to obtain the values of
hardness, elasticity and elastic recovery of the coating.
6) The study of mechanical characteristics in depth is carried out for
a batch of samples before and after each tribological examination.
7) Scratching occurs automatically according to a pre-prepared
program: the load is continuously increasing from 0.5 to 200 mN at
a speed of 5 mN/s; the length of the scratch is 100 μm.
8) Upon completion of scratching, a visual examination of the
sample is performed - using an optical microscope and changing
one of the parameters (acoustic emission, friction force, coefficient
of friction, depth of penetration of the probe or final depth of
scratch), fixes the moment of adhesive or cohesive destruction
(critical) load, which leads to its destruction.
9) In the mode of repeated remote scanning of the surface, get a
map of the distribution of residual electric charge on the surface of
the study area.
10) With the help of specialized software, the values of capacitance,
electrical conductivity and surface resistance are calculated.
Thus, a method for studying the effect of external dynamic
mechanical loads on the electrophysical characteristics of sensor
coatings obtained using the developed IMS, the use of which allows
to establish the effect of dynamic mechanical loads on the
electrophysical characteristics (conductivity, resistivity and
capacitance of the sensory coating) of electronic devices.

(1)

.

2.6 Calculate the penetration depth of the indenter hc:
𝑃
𝑐 = 𝑚𝑎𝑥 − 𝜀 𝑚𝑎𝑥 ,
(2)
𝑆
where hmax is the maximum depth of penetration of the indenter; the
coefficient ε = 0.75:
𝑯=

𝑷 𝒎𝒂𝒙
𝑨

, 𝑬𝒆𝒇𝒇 =

𝟏 𝝅 𝑺
;
𝜷 𝟐 𝑨

𝟏
𝑬𝒆𝒇𝒇

=

𝟏−𝒗𝟐
𝑬

+

𝟏−𝒗𝟐𝒊
,
𝑬𝒊

(3)

where v is the Poisson's ratio of the coating, the coefficient β =
1,034 - for the measuring probe; A - the projection area of the
imprint is determined from the depth of the maximum penetration
of the indenter hmax. For a diamond indenter, the Poisson's ratio vi =
0.07, and the elastic model Ei = 1141 GPa. The amount of elastic
recovery of coatings is determined by the formula:
𝑾𝒆 =

𝒉𝒎𝒂𝒙 −𝒉𝒇
𝒉𝒎𝒂𝒙

.

(4)

2.7 By pressing the indenter in the sample with a constantly
increasing load is measured values: internal stress, acoustic
emission intensity, friction force, friction coefficient and depth of
scratching, Fig.2.

6. Analytical modeling of electrical processes
occurring in the coatings of sensor elements from the
action of mechanical loads
Under conditions of thermodynamic equilibrium, the
calculation of the electrical characteristics of the p-n junction,
namely: the built-in electric field and the distribution of charge
carriers, is based on the Poisson equation:
4𝜋𝑒
𝑑 2 ф(𝑥)
=
𝑘0
𝑑𝑥 2

𝑛 𝑥 − 𝑁𝑑 − 𝑝 𝑥 + 𝑁𝑎 (𝑥) ,

(5)

where, ф(x) is the electrostatic potential, e is the elementary charge,
k0 is the static dielectric constant.
The concentration of donors 𝑁𝑑 =const corresponds to a
homogeneous n-doping of the original sample, and the
concentration of acceptors 𝑁𝑎 𝑥 is determined by the parameters
of ion doping.
It is believed that all donor and acceptor levels are ionized. If
the degeneracy of the charge carriers of the concentration of
electrons n(x) and holes p(x) is arbitrary, then they are selfconsistently associated with the electrostatic potential, according to
the following relations:

a.

𝜀 𝐹 ∙𝑔 𝑎 +𝑒∙ф 𝑥
;
𝑘𝐵 𝑇
−𝜀 𝐹 ∙𝑔 𝑎 −𝜀 𝑔 −𝑒∙ф 𝑥

𝑛 𝑥 = 𝑁𝑐 𝐹1/2
𝑝 𝑥 = 𝑁𝑣 𝐹1/2
2 𝑚 𝐶 ,𝑉 ∙k B T

𝑘𝐵 𝑇

(6)
.

(6„)

3 2

where Nc,v =
is the effective density of states in the
π2 h 3
conduction band (c) and the valence band (v), mc is the effective
mass of the electron, mv is the effective mass of the holes, h is the
Dirac constant and T, ga is the temperature and absolute humidity of
the environment, and the functions F1/2 are Fermi-Dirac integrals.
Equations (6)-(6‟) are obtained under the assumption of the
parabolic law of carrier dispersion, where εg is the band gap.
Equations (5)-(6‟) form a nonlinear differential equation of
the second order, which for an arbitrary thin layer Na(x), is possible
to solve by the finite element method, within the Cauchy problem
with boundary conditions.

b.
Fig. 2. The results of adhesion tests of the “coating-substrate” system:
a – dependences of acoustic emission (AE), coefficients of friction μ, depth
of penetration of indenter h and final depth of scratching h r; b – structure of
the coating in the fracture zone

The procedure for testing in this method is as follows:
1) Before the start of the tests, the system (pendulum, load, etc.) is
calibrated using a calibrated sample of fused quartz.
2) The test specimen is mounted on a platform stage.

99

INNOVATIONS 2021

𝜑 −𝐿′ 𝑛 = 0, 𝜑 −𝐿′ 𝑝 = Ф𝑏 ,
(7)
In the depth of the quasi-neutral n-region, a zero potential
equal to a certain value of Ф𝑏 (height of the built-in electrostatic
potential) is selected. The constants Ф𝑏 and εF are unknown, but
must satisfy the conditions of charge neutrality within the 𝑛(𝑥 =
−𝐿 𝑛 )
and
𝑝(𝑥 = 𝐿 𝑝 ) domains.
It is known [20] that the region of the spatial charge has a size
of about 1.5-2 μm. In this case, the potential distribution shows a
bimodal behavior that is absent for the standard profile of the
sensory n-p junction with sharp doping. The resulting size of the
space charge region is proportional to the characteristic length of
the absorption of infrared radiation, which makes it possible to
detect infrared radiation.
In regions deeper than 3 μm, a quasi-neutral n-region is
realized, where the concentrations of the main carriers (electrons)
are approximately 𝑁𝑑, and the concentration of non-basic carriers
(holes) is orders of magnitude lower than in the p-region. It is
important to note that in the depth of the p-region the electron gas
of the holes remains degenerate (the Fermi level lies in the valence
band).
To describe the transfer of carriers in the electric p-n junction,
a drift diffusion model is used, which characterizes the following
system of equations:
𝑑 2 𝜑 (𝑥)
𝑑𝑥 2

=

4𝜋𝑒
𝑘0

𝑛 𝑥 − 𝑁𝑑 − 𝑝 𝑥 + 𝑁𝑎 (𝑥) ; 𝐸 𝑥 = −

𝑗𝑛 𝑥 = 𝑒𝜇 𝑛 𝑛 𝑥 𝐸 𝑥 + 𝑒𝐷𝑛
𝑗𝑝 𝑥 = 𝑒𝜇 𝑝 𝑝 𝑥 𝐸 𝑥 + 𝑒𝐷𝑝
1 𝑑𝑗 𝑛 (𝑥)
=
𝑒 𝑑𝑥

−

𝐺+

𝑥

1 𝑑𝑗 𝑝 (𝑥)
𝑒 𝑑𝑥

− 𝐺−

𝑑𝑛 (𝑥)

𝑑𝑥
𝑑𝑝 (𝑥)
𝑑𝑥
𝐺+ 𝑥

𝑑𝜑
𝑑𝑥

As a result, 𝛾 𝑥 = 𝛾𝑛 𝑥 for 𝑥 < 𝑥𝑐 and 𝛾(𝑥) < 𝛾𝑝 𝑥 for
𝑥 > 𝑥𝑐 is characterized by a coordinate at which 𝛾𝑝 𝑥𝑐 =
𝛾𝑛 𝑥𝑐 .
It is seen that γ(x) in the n- and p-domains takes the values
γ ≈ 10-9 and γ ≈ 3.10-10 cm3/s, respectively and significantly
increases its values to 10-5 cm3/s in the region of space charge. As
calculations have shown, the quasineutral region can be considered
as part of the contact resistance Rc.
Thus, the analytical dependences of electrical processes
occurring in the functional coatings of the sensor elements of
electronic devices are obtained. However, some differences in
analytical calculations can be explained by several factors that do
not take into account the classical theory. In particular, such film
sensor elements may have additional current transfer mechanisms
that may be associated with barrier tunneling effects, electrical
breakdown effects caused by strong internal fields, and so on.
Classical theory also does not take into account leakage currents
through surface states in the real two-dimensional configuration of
the sensor element.

7. Development of a computer mathematical
model of the electrophysical characteristics of sensory
elements

(8)

To study the electrical properties of electrically conductive
thin ITO film, the finite element method is used. In this case,
numerical simulation of the electrical properties of a 3D model of a
thin touch film is performed using Comsol Multiphysics.
To implement the finite element method, Maxwell's equation
is used in terms of electric potential:

(9)
(10)
− 𝐺−

𝑥 ;
=
𝑥 ; (11)
𝑗 ≡ 𝑗𝑛 𝑥 + 𝑗𝑝 𝑥 = 𝑐𝑜𝑛𝑠𝑡
(12)
where jn and jp are the partial currents of electrons and holes,
respectively (total current through the p-n junction is a constant),
and μn,p and Dn,p are their mobility and diffusion coefficients.
In the case of an nonequilibrium state, the concentrations of
electrons and holes are determined by the local quasi-Fermi levels
εn(x) and εp(x), which are functions of coordinates:
𝜀𝑛 𝑥 ∙ 𝑔𝑎2 3 + 𝑒 ∙ 𝜑 𝑥
𝑛 𝑥 = 𝑁𝑐 𝐹1
;
𝑘𝐵 𝑇
2
𝑝 𝑥 = 𝑁𝑣 𝐹1

2

−𝜀 𝑝 𝑥 ∙𝑔 1𝑎 3 −𝜀 𝑔 −𝑒𝜑(𝑥)
𝑘𝐵 𝑇

−∇ ×

𝜍 + 𝜀𝑟 𝜀0

𝜕
𝜕𝑡

∇V = 0

(15)

where, σ is the electrical conductivity of the material; εr – relative
dielectric constant; ε0 – vacuum dielectric constant (8.854×10-12
F/m);
After that, the problem was reduced to solving the electric
potential in each region of finite elements.
Other electrical characteristics, such as resistivity (Z) and
electrical capacitance (C), can be determined by the following
formulas, respectively:
1
𝑍 = = 𝑍′ + 𝑗𝑍′′
(16)

(13)

𝛾

𝐺 ±(𝑥)

𝛾 ′′

In the equation of continuity 12, the values of
correspond to the generation and recombination of electron-hole
pairs. The model of direct generation and recombination was used,
within which 𝐺 ± 𝑥 − 𝐺 − 𝑥 = −𝛾 𝑛 𝑥 𝑝 𝑥 − 𝑛0 𝑝0 where γ is
the volume recombination coefficient. Equation (13) is
supplemented by boundary conditions that assume a model of
ohmic contacts:
𝑈𝐷
𝜑 −𝐿′ 𝑛 = 0; 𝜑 −𝐿′ 𝑝 = Ф𝑏 +
;
𝑒
𝜀𝑛 −𝐿′𝑛 = 𝜀𝑝 −𝐿′𝑛 = 𝜀𝐹 ; 𝜀𝑛 𝐿′𝑝 = 𝜀𝑝 𝐿′𝑝 = 𝜀𝐹 − 𝑈𝐷 , (14)
where the equilibrium parameters Фb and εF can be obtained from
the previous section, and UD is the applied voltage.
When calculating the volt-ampere characteristics, it is taken
into account that the recombination times of holes in the n-region
and electrons in the p-region depend on the corresponding
concentrations. Therefore, the recombination coefficients in the nand p-domains can be expressed as 𝛾𝑛 𝑥 = 𝜏𝑝 (𝜀𝐹 ∙ 𝑔𝑎 + 𝜀𝑔 + 𝑒 ∙
𝜑(𝑥))𝑛(𝑥)−1
and
𝛾𝑝𝑥=𝜏𝑛(𝜀𝐹∙𝑔𝑎+𝜀𝑔+𝑒∙𝜑(𝑥))𝑝(𝑥)−1,
respectively.

𝛾′

𝐶 = 𝐶 ′ + 𝑗𝐶 ′′ = + 𝑗
(17)
𝜔
𝜔
In this case, the modeling of the ITO film is considered as a
homogeneous layer without defects and porosity.
The procedure for setting up simulation in Comsol
Multiphysics is as follows:
- the 3D model and the interface of electric currents AC/DC are
selected in the Comsol modeling menu;
- geometric modeling of a thin film is carried out;
- an appropriate modeling grid is created;
- the electrical parameters of the test material are determined;
- the model is calculated by the correct expression in the study of
the frequency domain.
There is a final transformation of the calculated data into
other electrical properties.
The results of numerical studies. In the proposed computer
model, the upper plane of the object is the electrode of the sensor
element. ITO film (20 mm × 20 mm × 10 μm) is applied on top of
the substrate (quartz glass: 20 mm × 20 mm × 0.2 mm), which is
surrounded by air (25 mm × 25 mm × 1 mm). This model (Fig. 3)
best mimics the real object of study.
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Geometric parameters of the 3D model for configuring measurements in the plane
Model of the object under study
Fig. 3. Image of the simulated object (film sensor element)

The low electrical potential of the surface of the ITO film is
installed on the conductive substrate, except for the area in the area
of the electrodes. The largest dispersion of the electric potential for
the insulating substrate is demonstrated near the region of the
electrodes. It should also be noted that when measuring the ITO
film on the conductive substrate, only the ITO region and the single
crystal substrate have a significant effect on the current direction.

Simulated impedance and capacitance values from 0.1 Hz to
10 MHz for the same 10 μm ITO film also demonstrated that the
measurement configurations can cause very large differences in the
electrical characteristics of this film, Fig. 4.

Fig. 4. The results of the calculation of the impedance (left) and capacitance (right) for the ITO sensor film in the frequency range 10 -1 – 10 6 Hz

For example, the impedance values of 1 Hz for ITO film
(20 mm × 20 mm × 10 μm) can vary from 5,247.10-5 Ohms for
parallel plate configuration to 100.8 Ohms for in-plane
measurements on insulating material. The actual capacitance at an
operating frequency of 1 Hz can vary from 5.712.10-4 μF (plate
thickness) to about 10-3 pF (along the plane). These values can also
be used to verify the accuracy of the model. According to the
equations of resistance and capacitance for parallel plates 4 and 5
were:
𝜌𝐿
𝑡
10 ∙ 10−6
𝑅=
= 2=
= 2,118× 10−5 ohm
𝐴
𝜍𝑎
1180 ∙ (20 ∙ 10−3 )2
𝜀𝑟 𝜀0𝐴 𝜀𝑟 𝜀0𝑎2 4 ∙ 8.854∙ 10−12 ∙ (20 ∙ 10−3 )2
𝐶=
=
=
10 ∙ 10−6
𝑑
𝑡
= 1,416× 10−10 F
Thus, the simulation results show that the configuration of the
parallel plate and the configuration in the plane with the conductive
substrate show a relatively low value of impedance. Given the
existence of conductor resistance and contact, it is very difficult to
obtain a real electrical reaction of the ITO film from the results of
real experimental measurements. In addition, at very low resistance,
the imaginary impedance of the circuit will be dominated by the
inductance of the circuit, which can not show the correct capacitive
behavior. Thus, the measurement in the plane with the insulating
substrate, which has a relatively large value of impedance minimizes the impact of the environment.
Influence of material and air environment. As insulating
materials, the quartz glass substrate and the air environment have
high impedance values in real conditions. Simplified 3D models
were used to model the impedance and capacitance of a
combination of ITO film with a quartz substrate, a combination of
ITO film with air, a combination of ITO with both a substrate and

air. Thus, it became possible to divide and compare the electrical
characteristics of each material. Thus, the quartz substrate and the
air layer are insulated, and their impedances decrease with
increasing frequency. The ITO film with a thickness of 10 μm and
its three combinations with the surrounding materials had the same
impedance of 104 Ohms. Imaginary impedances have always been
close to zero compared to real impedances. Thus, the value of the
calculated impedance is close to the actual value of the real
impedance. Thus, it was concluded that the material and the air
have little effect on the impedance of the ITO film.
However, the values of the received capacities showed
different tendencies. Thus, clean substrate (3.15.10-14 F) and clean
air (7.51. 10–15 F) have a much larger capacity than pure ITO film
(3.10-18 F, within the estimate of 10-19 F to 10-17 F). As a result, the
capacities of the combined systems are close to the substrate
capacity and the air capacity, more than two orders of magnitude
higher than the capacity of the ITO film, even showing a transition
in the middle frequency range (10 to 104 Hz).

8. Comparison of the results of analytical and
mathematical modeling of the electrophysical
characteristics of sensory elements from the action of
mechanical loads
The comparison of the results of analytical and mathematical
modeling is presented in Fig. 5, shows the difference between
simulation under thermodynamic equilibrium and simulation using
the finite element method.
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Fig. 5. The results of impedance modeling (top) and capacitance (bottom) of sensor elements:
on the left - the results of numerical modeling, on the right - the results of analytical modeling:
Ec - conduction band energy level; Efn - electron quazi-fermi energy level; Efp - hole quazi-fermi energy level; Ev - Valence band energy level

The simulation was performed using COMSOL software. A
two-dimensional semiconductor model was used for analytical
modeling, namely, the energy zones for the semiconductor and the
frequency properties of the p-n junction were studied.
A three-dimensional model of a thin-film semiconductor was
used for numerical simulations, namely: resistivity, electrical
conductivity and electrical capacitance were studied.
The results obtained as a result of modeling the
electrophysical characteristics of the sensor device take into account
the results of stationary and frequency studies.
The main task of the study was to measure the characteristics
to identify the performance of the sensor device in extreme
conditions.
Thus, as a result of mathematical modeling of electrical
processes occurring in the film sensor elements of electronic
devices from the action of mechanical loads, the study of
electrophysical processes occurring under normal and extreme
conditions is performed.
Analytical and numerical modeling of the investigated surface
of the sensor device was performed.
In the case of analytical modeling, the electrical
characteristics of the p-n junction of the investigated semiconductor
were calculated, namely the built-in electric field and charge carrier
distribution from changes in internal voltages and, accordingly, the
carrier concentration in the semiconductor.
In the case of numerical simulation, the COMSOL software
was used, which allows to do research by the finite element method,
which uses the Maxwell equation, in terms of electric potential.
Measurement of electrical conductivity, capacitance and resistivity
was performed in the frequency range 10 -1–107 Hz, in the
conditions of finding the sensor coating on the insulating substrate
in the ambient air.

does not exceed the mechanical strength of the sensor element
material;
- increase in mechanical load on the sensor element for a constant
time and contact area, almost does not change the sensitivity of the
reaction pulse (maximum increase in sensitivity does not exceed
1.8%);
- vibrational oscillations in the frequency range of 30-85 Hz at
mechanical forces of the order of 20-150 mN create response pulses
of the order of 12-45 mV/μs, which are perceived as "false
operation" of sensor elements;
- increasing the frequency and mechanical forces above the
specified range leads to the destruction of the base of the sensor
element and the detachment of the sensor film from the base;
- reduction of frequency and mechanical forces below the specified
range create reaction pulses up to 12 mV/μs, which does not exceed
the permissible values of "white noise" (about 25-35% of the
minimum value of the reaction pulse).
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optimized, and the physicochemical properties were investigated. It is shown that passivation of aluminum alloy 5556 in a
titanium,zirconium-containing solution increases its corrosion resistance to pitting corrosion. These coatings can replace chromate coatings
because of good ability to resist corrosion.
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4.0 SER 800 with a high-speed monochromator. The measurements
were carried out in the spectral range of wavelengths of 240–1000
nm at a goniometer angle of 70° [6].
The composition of the surface layers was studied using Xray photoelectron spectroscopy (Omicron, Taunusstein, Germany)
(XPS). The panoramic spectra were also recorded after argon-ion
etching of the coating in different depths. Thus, the composition of
the coating at different distances from the substrate was
determined. The pressure of the inert gas in the working chamber
was maintained at this level, so that the ion energy and the ion
current rate, and consequently, the etching rate, were constant.
When analyzing the obtained spectra, it was considered that the
analyzing beam penetrates the material to the depth of 5 nm, i.e.,
the resulting spectra correspond to a layer of material 5 nm thick.
The adhesion of the coatings was determined by the normal
detachment meth-od using the PosiTest AT digital adhesion meter.
The method is based on measuring the minimum breaking tension
required to separate or rupture the coating in a direction
perpendicular to the substrate surface [ASTM D4541-17].
Pitting corrosion tests were carried out by simulating the
effects of the maritime climate in constant contact with seawater.
The test samples were immersed in a solution containing 3%
sodium chloride and 0.1% hydrogen peroxide in accordance with
GOST 9.913-90.
The study of the surface morphology of the coated samples
was carried out using an MPLAPONLEXT 100 objective on a
LEXT - OSL 4100 confocal laser microscope. To assess the layer
structure, the degree of surface development, the depth and width
of pitting corrosion spots, the surface images and profilograms of
the samples after the formation of the conversion coating were
investigated. The measurements were carried out in twodimensional and three-dimensional coordinate systems.
Corrosion tests were carried out in a salt spray chamber Ascott
S450iP in accordance with the international standard ASTM B117.

1. Introduction
Aluminum alloys are widely used as a structural material in various
fields of technology, in industrial and civil construction for the
manufacture of building frames, window frames, stairs, in the
automotive industry, in shipbuilding, aviation and space
technology, in electrical engineering, in nuclear reactor
construction, etc. [1]. Due to the presence of a thin natural oxide
film on the surface, aluminum and its alloys are sufficiently
resistant to corrosion, therefore, in some cases, they are used
without special anti-corrosion protection. However, due to its low
thickness, the natural film on the surface of aluminum often does
not provide reliable protection against corrosion, for example, in a
humid industrial atmosphere or in sea water.
Conversion chromate coatings are widely used as thin-layer
adhesive layers under paint coatings before painting aluminum and
its alloys.
Due to the high toxicity of chromating solutions, which
include highly toxic hexavalent chromium compounds, and the
conversion coatings formed in them, which also contain up to 200
mg/m2 of Cr6+, the legislation of many States significantly restricts
or completely prohibits the use of conversion chromate coatings.
In the resent years in the world practice nanoscale particles
obtained from hexafluorozirconic and hexafluorotitanic acids are
more and more often used as an alternative to chromate layers [2-5].
Currently, world leading companies are actively developing the
technologies necessary for production of such surfaces.
The development of protective and adhesive titanium,
zirconium -containing conversion coating application methods on
5556 alloy with the aim replacing toxic chromating processes in
automobile industry is the goal of the current work

2. Prerequisites and means for solving the
problem

3.

For the application of conversion coatings, samples of an
aluminum alloy AA 5556 widely used in the automotive industry
of the size of 3x4 cm were used.
Passivating coatings were formed by immersing aluminum
samples in the test solution for a specified time, after which the
samples were removed and dried by blowing hot air at a
temperature of 80° C for 10 minutes.
For the deposition of chromate coatings, which were selected
as objects of comparison, a solution containing 15 g/l Na 2Cr2O7
and 60 g/l Na2CO3 (T= 95-100 °С; τ=20-30 min) was used.
To accelerate the evaluation of the protective ability of
conversion coatings, a drop-express method was used using an
Akimov solution containing: CuSO 4·5H2O 82 g/l, NaCl 33 g/l, 0.1
N HCl 13 ml/l. The PAA (Akimov's protective ability) of
conversion coatings on aluminum or its alloys is estimated by this
method as time (in seconds) before the color change at the surface
under a drop from gray to black.
The thickness of the coatings was determined by an
ellipsometric method using a spectroscopic ellipsometer by Sentech
SENreseach (SENTECH Instruments GmbH, Krailling, Germany)

Solution of the examined problem

As a result of this work, in order to replace the toxic
chromating process in the automotive and other industries, a
solution for applying protective titanium-, zirconium-containing
coatings on the surface of the 5556 aluminum alloy based on
H2TiF6, H2ZrF6, Ce(NO3)3 was developed.
In the process of research, the main patterns of the formation
of coatings were revealed. Optimization of the composition of the
solution and process parameters was carried out. The
physicochemical properties of the coatings were investigated with
the aim of their application as a substitute for chromate coatings.
Coatings with the best physical and chemical characteristics
are formed in a solution with pH=4.0-5.0 at room temperature in 2
minutes of the process.
The chemical composition of the coatings was investigated
with the help of X-ray photoelectron spectroscopy. The survey
spectra of the coatings indicate the presence of titanium, zirconium,
aluminum, cerium and oxygen in the coating.
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Separate spectra of the elements made it possible to establish
in which compounds the indicated elements are included in the
coating (Fig. 1).

requirements in terms of protective ability, since the width of
corrosion penetration from the notch does not exceed 2.0 mm after
750 hours of testing. It should be noted that in terms of corrosion
properties these coatings are not inferior to chromate ones.
Corrosion tests of separate anticorrosive Ti, Zr-containing
coatings showed that the coatings formed on the 5556 alloy in a Ti,
Zr-containing solution have the highest resistance. The first
corrosion spots appear after 170 hours of testing, while on the 5556
alloy with chromate coating they appear after 160 hours, and on the
5556 alloy after 24 hours of testing.
It was found that the inclusion of cerium-ions improves the
resistance of the coating to pitting corrosion. The thickness of
Ti/Zr/Ce-containing coatings is 120 nm.
With the help of confocal microscope the morphology and
surface profile of the resulting coatings after corrosion tests in a
NaCl+H2O2 solution were studied. It was found that the first pitting
corrosion spots appeared in the unprotected 5556 alloy - 216 hours
from the start of testing. Further pitting appeared on the Ti/Zrcontaining coating - 1830 hours. After 2000 hours of testing
corrosion was not observed on the Ti/Zr/Ce-containing and
chromate coatings. During this time, the average depth of pitting
corrosion spots was 206 µm for the 5556 alloy and 16 µm for the
5556 alloy with a Ti/Zr-containing coating.

4. Conclusion
The developed solution containing in its composition 1.2 g/l
H2TiF6 and 1.2 g/l H2ZrF6 is a good alternative to toxic chromating
solutions for protecting the aluminum surface from atmospheric
corrosion and can also serve as an adhesive coating.
The developed solution containing in its composition 1.2 g/l
H2TiF6, 1.2 g/l H2ZrF6 and1 g/l Ce(NO3)3 is a good alternative to
toxic chromating solutions for protecting aluminum surface from
pitting corrosion.
«The work was supported by the Mendeleev University of
Chemical Technology of Russia. Project NumberХ-2020-028»
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Fig. 1. Individual XPS spectra of aluminum (a), zirconium (b),
titanium (c), cerium (d)
Aluminum is present in the coating in the form of Al2O3 oxide.
Zirconium and titanium are present in the coating in the form of
ZrO2 and TiO2 oxides. The position of the cerium energy peak
corresponds to Ce2O3.

Results and discussion
Corrosion tests (ASTM B117) in a salt spray chamber of
painted samples of 5556 aluminum alloy with an adhesive Ti, Zrcontaining coating were carried out. Tests have shown that Ti, Zrcontaining coatings formed in the developed solution meet the

105

INNOVATIONS 2021

Mathematical modeling of the efficiency of a defibrilling biphase rectangular signal of
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Abstract: According to numerous studies, 76% of sudden cardiac arrest (SCA) are conditionally preventable, because occur due to
ventricular fibrillation (VF) [1-3]. Immediate electrical impulse therapy (EIT) by external defibrillation is the main treatment for this type of
arrhythmia [3-5]. Earlier, a comparative study of modern forms of impulses made it possible to reveal the concept of the development of this
field of science [6]. The analysis of the literature and the results of recent developments made it possible to determine the main parameters
of the pulse for the individual selection of the characteristics of the transthoracic defibrillation signal. Representation of the average current
(I) and charge (Q) in the form of a certain function I (t) is the optimal way to dose the defibrillation pulse [7].
Keywords: TRANSTHORACIC DEFIBRILLATION, BIPHASIC PULSE, CURRENT STABILIZATION, CARDIOMYOCYTES
REPOLARIZATION, VENTRICULAR FIBRILLATION

1.

We have written in the Java programming language and
implemented into the CESE environment a rectangular signal of
sufficient intensity to overcome the excitability threshold of the
cardiomyocyte. Taking into account the analyzed literature and our
own calculations [6, 7], several rectangular signals with a duration
of 3 to 6 ms with a step of 1 ms were selected for analysis to
determine the optimal pulse duration. Experiments have previously
established a difference in the duration of the threshold impulses for
the Luo-Rudy Mammalian Ventricular Model II (dynamic)
cardiomyocyte model and the results on the human cardiomyocyte
model. The 11 ms pulse for the Luo-Rudy model turned out to be
identical in its effects for the 4 ms signal in the human
cardiomyocyte model [26, 27]; the ratio of the pulse duration in the
used model to the human cardiomyocyte model is 1: 2.75. In this
regard, it was decided to introduce a correction factor for the pulse
duration: Kt = 2.75.

Introduction

The calculation of the main parameters was carried out based on
the work of Weiss and Lapicque [8], who proved the existence of
the effect of cardiac tissue stimulation and Blair's calculations, who
described the existence of the rheobase [9,10]. Irnich's studies
describe in detail the effect of the pulse exposure time on
cardiomyocytes as the main parameter of the pulse [11,12]. In the
future, a large number of studies have proved in practice the high
efficiency of a two-phase pulse over a monophasic one. The
theoretical substantiation of this fact has not yet been presented, but
there is a hypothesis that the second phase prevents the appearance
of ectopic foci in the heart tissue, which increases the efficiency of
defibrillation [13-17]. A detailed calculation of the ratio of the
forward and backward signal of the pulse was carried out by Kroll
and showed the possibility of minimizing the energy of the second
phase [18], and a number of authors subsequently confirmed the
large variability of the current amplitude tolerances [14]. The fact
that the phase switching time should not exceed 1 ms and, if
possible, should be minimized, otherwise the biphasic signal turns
into two monophase signals [19]. In 1978, Bourlands in his article
showed the comparative efficiency of pulses with a constant time,
regardless of the impedance of the chest [20]. The not rightly
forgotten publication by Schuder in 1964 confirms the high
efficiency of a rectangular pulse over other pulse variants [13].
Tacker presented a graph from his analysis in 1993 and proved that
there is a fine line between effective defibrillation and damage from
each pulse [21]. Wilson, in a 1988 study, described the effect of
charge storage upon repeated defibrillations [22]. Fishler summed
up all the experiments in 2000 by determining the time interval for a
rectangular pulse in the range from 3 to 6 ms and the ratio of the
amplitude of the current of the first and second phases as 15A to
10A [23].

2.

As the main investigated parameter, we define the voltage on
the membrane surface Membrane voltage (mV). On the surface of
the membrane, the resting membrane potential (RMP) is constantly
present, which is formed mainly due to the diffusion of Na + and K
+ ions. The BMP of the cardiomyocyte is approximately - 86 mV
[28]. When an electrical impulse is applied to the cell membrane,
depolarization occurs and an action potential (AP) is formed on its
surface. PD of the cardiomyocyte occurs at a voltage of 56 mV. In
this case, the protein channels of the cell membrane are activated
and Na + ions rush into the cell. The flow of Na + ions into the cell
occurs according to the ―all or nothing‖ principle; therefore, the
formation of AP can be clearly traced by the change in the rate of
movement of Na + ions through the membrane [29]. The used
mathematical model allows us to plot the Na + ion flow (Total Na
ion flow (mM / ms)) and we use it as a criterion for the efficiency of
the signals under study.

Materials and methods

In the repolarization phase, active cellular channels are actively
involved, the work of which is aimed at restoring the MPP. Calcium
ions play an important role at the stage of repolarization. Their
function is to maintain the MPP at a certain level (86mV) and, with
a decrease in their concentration, the excitability of the cell
decreases. The maintenance of Ca2 + concentration is regulated by
the Na + / Ca2 + pump and, as a rule, its work is aimed at pumping
Ca2 + out of the cell using a Na + / Ca2 + pump [30]. The
peculiarity of the Na + / Ca2 + pump is the exchange of one Ca2 +
ion for three Na +. It follows from this that the overload in the work
of this mechanism, associated with the excessive intake of Na +
ions, can lead to a decrease in the excitability of the cardiomyocyte
[31]. To assess the effectiveness of defibrillation pulses, a graph
showing the activity of the Na + / Ca2 + pump - Na-Ca exchanger
current (uA / uF) was included in the study model. A
comprehensive analysis of the above parameters allows you to
assess the effectiveness of pulses and assess their safety..

Taking into account the permissible range of the time interval,
obtained from the analysis of the literature and our own
calculations, the next stage of optimization of the time interval of
the pulse effect is the experimental part [7,23]. With the aim of a
humane approach to research at the stage of signal modeling and
objectification of the results, the research was carried out by
mathematical modeling in the free Cell Electrophysiology
Simulation Environment (CESE) [24]. The program includes a
mathematical model of biochemical processes occurring on the
surface and inside the cardiomyocyte of a guinea pig Luo-Rudy
Mammalian Ventricular Model II (dynamic) [25]. Using this model,
it is possible to simulate the effect of an electric pulse of a certain
duration, shape and intensity in terms of current strength on the cell
membrane, and to obtain graphs of the operation of ion channels
and changes in the concentration of ions on the surface and inside
the cardiomyocyte.
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3. Discussion Results
Modeling was carried out in the CESE environment on the LuoRudy Mammalian Ventricular Model II (dynamic) model, using its
own rectangular signal of sufficient intensity to form the AP.
Changing the duration of a rectangular pulse in CESE occurs by
manually adjusting the parameter - this function is called clamp, the
parameter is stimulus duration. As described above, from earlier
studies, in order to obtain results applicable to human
cardiomyocytes, it is necessary to introduce a correction factor Kt.
After correction, the pulse duration was 8.25 ms (4 ms), 11 ms (4
ms), 13.75 (5 ms) and 16.5 (6 ms).
In the simulation environment, summary plots were plotted showing
changes in membrane surface voltage (Membrane voltage (mV)),
Na + ion flow (Total Na ion flow (mM / ms)), and Na + / Ca2 +
pump activity (Na-Ca exchanger current (uA / uF)) for each pulse
separately.

Fig. 2 Mathematical modeling of changes in voltage indicators on the
surface of the cardiomyocyte membrane, Na+ transmembrane current and
Na+-Ca2+ pump activity, when exposed to an equivalent pulse of 4 ms
duration

When considering the graph obtained by simulating a signal with a
duration equivalent to a pulse of 3 ms (8.25 ms), shown in Figure 1,
the following data were obtained: the action potential (AP = -56
mV) develops at 0.35 ms, Na + channels open at 0.4 ms ... In this
case, the reverse current of Na + ions begins immediately after
closing and reaches its peak at 4.2 ms, followed by a smooth ramplike decline. The operation of the Na + / Ca2 + pump on the graph
duplicates the dynamics of restoring the Na + balance. In general,
the effect of a rectangular pulse with a duration of 3 ms can be
characterized as sufficient to create a general repolarization. The
impulse creates conditions for a standard contraction in terms of its
duration and activity of ion channels [32].

When examining a 5 ms pulse (13.25 ms for the model under
study), shown in Figure 3, the formation of AP and the opening of
Na + channels are similar to the previous results of 0.35 and 0.4 ms,
respectively. Noteworthy is the absence of a plateau as at a 4 ms
pulse, and the formation of the first peak on the membrane surface
at 3.7 ms with an amplitude of 238 mV. At the same time, the first
peak in the reverse flow rate of Na + ions is also noted. A detailed
examination of the data from the performed modeling revealed a
regularity: the active current of Na + ions from the cell begins at a
voltage on the membrane surface of more than +80 mV. A further
decrease and repeated rise in the membrane voltage is accompanied
by the synchronous activity of the current of Na + ions and the
operation of the Na + / Ca2 + pump. In this case, the total operating
time of the Na + / Ca2 + pump is 19 ms (from 1.35 ms to 30.35 ms).
And if we turn to the fact that the duration of Na + -channel opening
is 0.6 ms at any pulse duration, and the maximum speed does not
differ significantly (395 - 398 mM / ms), we can conclude that there
is excessive Na + transport from the cytoplasm of the
cardiomyocyte. Do not forget that this is the transport of Ca2 + ions
into the cell and, as a consequence, a decrease in the excitability of
the cardiomyocyte [31]. From the results of modeling a rectangular
pulse with an equivalent duration of 5 ms, it can be concluded that
prolonged exposure to a high-density current on the cardiomyocyte
leads to excessive transport of Ca2 + and Na + ions into the cell and
onto its surface, respectively.

Fig. 1 Mathematical modeling of changes in voltage indicators on the
surface of the cardiomyocyte membrane, Na+ transmembrane current and
Na+-Ca2+ pump activity, when exposed to an equivalent pulse of 3 ms
duration

In Figure 2, obtained by simulating a 4 ms pulse (11 ms under the
simulation conditions on the presented model), the AP is also
formed at 0.35 ms, and the Na + channels are opened at 0.4 ms. The
graph shows the key difference between pulses of 3 and 4 ms: a
plateau appears on the cell membrane from 0.9 ms to 10.1 ms with
an average amplitude of 64 mV. Due to this plateau, the reverse
flow of Na + ions and their active transport from the cardiomyocyte
cell are blocked. The operation of the Na + / Ca2 + pump has a
smooth start and decline and is a direct reflection of the dynamics of
the Na + ion current. The formation of a "blocking" plateau on the
surface of the cardiomyocyte membrane reflects the very essence of
defibrillation, which consists in creating a general repolarization for
all heart cells.

Fig. 3 Mathematical modeling of changes in voltage indicators on the
surface of the cardiomyocyte membrane, Na+ transmembrane current and
Na+-Ca2+ pump activity, when exposed to an equivalent pulse of 5 ms
duration
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A further increase in the pulse duration to 6 ms (16.5 ms in the
model under study) confirms the conclusions drawn from the
previous simulation. High voltage on the membrane surface leads to
active substitutional transport of ions, which as a result leads to a
decrease in the concentration of Ca + ions on the surface of the
cardiomyocyte membrane and, as a consequence, to a decrease in
cell excitability, including for subsequent defibrillating impulses.
Figure 4, showing a graph of a pulse with an equivalent duration of
6 ms, characterizes it as excessive in all the parameters under study.
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Fig. 4 Mathematical modeling of changes in voltage indicators on the
surface of the cardiomyocyte membrane, Na+ transmembrane current and
Na+-Ca2+ pump activity, when exposed to an equivalent pulse of 6 ms
duration

As a result of modeling, we obtained graphs characterizing the
reaction of the cardiomyocyte to rectangular pulses of various
duration. With the help of this study, it is possible to assess the
main processes of cell excitability: the formation of AP upon shortterm exposure to a defibrillating pulse, membrane repolarization
and restoration of the MPP..

4. Conclusion
The aim of our study was to study the effectiveness of a biphasic
rectangular signal of various durations using a cardiomyocyte
model in the CESE mathematical modeling environment. By
analyzing the results obtained, we have determined the optimal
defibrillation pulse time from the range obtained by analyzing the
data of previous studies and calculations [7]. The most effective
was a pulse with a duration of 4 ms. Since the study was carried out
directly on the mathematical model of the cardiomyocyte, the errors
that could arise during the experiment on animals were leveled. The
differences in the geometry of the thorax of animals create a
number of difficulties in the application of the results obtained in
humans, and mathematical modeling in order to study the time
interval can be called a preferable option. The next step in biphasic
pulse design is to calculate the optimal current amplitude for the
most effective defibrillation, taking into account the changing chest
impedance of the patient.
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Abstract: In this paper, the problems in redesigning a new track layout of an existing railway station according to the reqirements in the TSI
“Infrastructure” and Ordinance No. 55 are examined and analyzed in the case of maintaining mainline operation during construction. The
paper has been compiled on the basis of experience in designing the track layout of 3 existing railway stations from the Bulgarian network,
as well as experience working with the current regulations and interoperability reqirements of the railway systems in the EU. The necessities
for making changes in vertical and horizontal track alignment and switch layout are considered in opposition to the technolog ical, electrical
and gauge limitations when carrying out construction works without the complete disruption of railway traffic. The conclusions of the report
are formulated as guidelines for good practices when redesigning an existing layout – the practices that fully satisfy the imperative norms
and balances between contradictory requirements.
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station and optimizes to the greatest extent the financial resources
invested in the reconstruction.

Introduction

As the existing track on No IX railway mainline (fig. 1)
/categorized as part of the comprehensive railway network
according to Order No 601/21.03.2018 of the NRIC1/ is reaching a
near-emergency condition and a relatively dense freight traffic on a
national basis is observed, technical designs for the reconstruction
of sections of the line were assigned. Technical design projects
were prepared for the reconstruction of the Razgrad, Hitrino and
Pliska railway stations. The following key factors in designing the
track layouts were took into consideration:
 Preservation / Restoration of the mainline design speed in
the main track through the railway station
 Design track geometry on the rest of the tracks in the station
that satisfies the requirements for at least 40 km/h
 Relocating existing tracks when additional space is
necessary for the construction of platforms considering the
requirements of [1], [2] and [10]
 Supplying all arrival-departure tracks with stub ‘safety’
tracks as prescribed in art. 130 [3]
 Increase, if possible, the useful lengths of tracks for
achieving the parameters prescribed in Order №601

RAZGRAD

PLISKA
HITRINO

Fig. 2 Location of the stations on the railway line

2
2.1

mutual

From the aspect of railway track geometry

Switches are railway superstructure elements with preestablished and standardized geometric construction. This imposes
geometric constraints on the line of the railway track in the
horizontal and vertical plains. It is not possible for the two
diverging tracks, which are parts of a switch, to have a different
slope or a different level in the switch zone, as the two tracks lie on
the same sleepers. Another limiting factor consists of the dynamic
effects observed when a railway vehicle passes through the different
parts of the switch. As a rule, new designs avoid dynamically
dependent elements of the track geometry, which puts railway
switches and their location in a key position in the plan and profile
design of the railway line.
Switches include in their geometry a non-zero curvature
element. I.e. this curve must be appropriately located, considering
surrounding track geometry conditions.
Since the vehicles have a spring suspension, any change in
the dynamic parameters of movement (speed, acceleration, first
derivative of acceleration, jerk) leads to oscillations of the sprung
masses. If the next element of the track changes the dynamic
parameters of motion before the previous oscillations have
subsided, this creates a possibility of resonance. We observe
phenomenon most frequently in closely spaced horizontal curves.
Such curves are dynamically dependent. As a rule, new designs
avoid dynamically dependent curves, as their design is imperatively

No. IX mainline
Ruse - Kaspitchan

Fig. 1 Schematic railway network map of the Republic of Bulgaria,
as of 2021, No IX mainline
This report outlines the problems in designing the track
layouts of these existing stations, which were first built and then
reconstructed in the late 19th and 20th centuries respectively. The
three stations - Razgrad, Hitrino and Pliska, shown in fig. 2 with
their existing track layouts represent a challenge from the point of
view of finding and developing a design solution, which at the same
time satisfies the modern requirements for an interchange railway
1

Theoretical
overview
of
the
arrangement of railway switches

National Company for Railway Infrastructure
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prohibited in [3] by instating the minimum value of the length of a
straight element between two tangency points:
(1) 𝐿 𝑠𝑡𝑟 ≥ 0.70 ∗ 𝑉𝑑 𝑉𝑑 = 160 − 200 𝑘𝑚/ℎ
(2) 𝐿 𝑠𝑡𝑟 ≥ 0.50 ∗ 𝑉𝑑 𝑉𝑑 < 160 𝑘𝑚/ℎ
where 𝐿 𝑠𝑡𝑟 is the length of the required intermediate straight
element, 𝑉𝑑 represents design speed.
In Ordinance №55 the minimum distance between BS
/Begin Switch/ or ES /End of Switch/ and the respective horizontal
alignment tangency points is given as a constant of 25m (can be
reduced to 6m as an exception). For track layouts in railway
stations, only the minimum of 6m between two reverse curves is
given. The ordinance allows for reverse curves with a common
point of tangency in railway stations, but with a design speed
restriction according to the selected radii without prescribing an
analytical expression as a criterion.
In [4] the requirements are developed in more detail, taking
into account the speed of movement. In order to validate a reverse
curve without intermediate straight, both conditions must be met
simultaneously:
(3)
and
(4)

𝑅1 .𝑅2
𝑅1 +𝑅2
𝑅1 .𝑅2
𝑅1 +𝑅2

≥

1

2

3

4

𝑉2
9

≥ 100

where 𝑅1 is the first curve radius, 𝑅2 – the reverse curve
radius, V – design speed
Failing to satisfy the first condition gives :
𝑉
(5) 𝐿 𝑠𝑡𝑟 ≥
10
Failing to satisfy the second condition gives:
(6) 𝐿 𝑠𝑡𝑟 ≥ 10 𝑚 6 𝑚
Expression (3) limits the abrupt change in lateral
acceleration.

2.2

5

6

From the aspect of nearby switches

The railway switch allows for the branching of one track
into two - ie. three directions - one outgoing at the BS point and two
incoming in the ES points. On each of the three directions can be
located an adjacent switch with a variation of its three directions.
An orientation with the BS point has another case – with a left and
right deviation. Three possible directions with four positions for the
next switch gives a total of 12 possible configurations for the
placing of 2 adjacent switches (Fig. 3).
The mutual placement of railway switches is covered by the
norms, providing instructions for 7 out of the aforementioned 12
cases. A rule for placement of long sleepers after the ES point is
indicated. A formula for obtaining the required distance as a
function of the transversal track distance is given. A table is given
with pre-calculated necessary straights to ensure a minimum
distance of 4750mm for two adjacent tracks. As for the other 5
special cases, the designer has to assess the required distances
between adjacent switches thus ensuring their adequate mutual
placement.

7

8

9

10

3
3.1

Existing and proposed track layouts
Razgrad station

The existing Razgrad station (Fig. 4) has 4 arrival-departure
tracks and 3 shunting tracks. One of the arrival-departure tracks has
been dismantled. Since the main track is the second one and arrivaldeparture tracks are located on both sides of the mainline, it was
necessary to implement two safety stub tracks according to Art. 130
[3]. The placement of the stub tracks within the existing property
boundary is constrained by the presence of existing office buildings,
poles of the catenary and masts of the station lighting.

11

12

Fig. 3 Mutual placement of two railway switches – possible cases
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the layout is not appropriate – any change would impose new
curves in the layout, which is not favorable from an operational
point of view.

Fig. 4 Schematic view of Razgrad station – Existing and proposed
layout
Fig. 6 Schematic view of Pliska station – Existing and proposed
A serious limitation at the beginning of the station on the
Ruse side was the fact that on the main track lie switches No. 2 and
4 leading to private sidings (Fig. 5), whose property limit lies on the
automatic derailleurs immediately after the distance signs of the
switches. Immediately after switch No. 4 follow switches No. 6 and
8, which unfold the track layout of the station. In this case, it was
considered appropriate to connect the northern industrial siding
(without construction activities before the derailleurs) directly with
tracks 4 and 5, while providing a new rail connection to the
mainline. In this way, the following improvements in the station
layout are achieved:
 Fewer switches located on the mainline
 The possibility for unauthorized exit of a vehicle on the
mainline from the private siding is excluded

layout
On the other hand, as can be seen in the proposed layout,
two pairs of reverse curves were implemented on the first track - a
decision that was dictated by the need to construct a platform with a
sufficient width to meet the requirements for unobstructed routes
[2] and [10]. Although a platform height of 300mm is explicitly
stated as permissible for the Bulgarian railway network in item
7.7.3.1 [1], the overall dimensions of the same were proposed so
that in future reconstruction of the platform from 300mm to 550mm
in height does not require a change in the geometry of the layout.

3.3

Hitrino station

The existing station (Fig. 7) has 4 arrival-departure tracks,
the mainline being a second track. If the existing layout of the
station is preserved, 4 stub safety tracks will be needed. However,
with a change in the geometry of the mainline, it is possible to
restructure the station so that the mainline passes through track 4 –
thus all other tracks lie on the right side of the mainline and only
one stub track is needed for each end of the station.

At the end of the station (Varna) no changes are required the arrival-departure tracks are guarded by the shunting sidings on
both sides of the mainline. The position of the last switch on the
mainline is limited by the subsequent horizontal curve after the
station.

Fig. 7 Schematic view of Hitrino station – Existing and proposed
layout
Fig. 5 Switches No. 2 and 4, Razgrad station

3.2

The proposed layout is favorable in terms of the following factors:
 Mainline design speed is restored – it rises form 60 km/h to 80
km/h
 Proposed horizontal and vertical geometry of all tracks is fully
compliant with applicable norms
 Supplying all arrival-departure tracks with stub safety tracks
according to the requirements of art. 130 [3] is observed with a

Pliska station

The existing station (Fig. 6) has 3 arrival-departure tracks,
the mainline being a second track. To meet the requirements, a
solution with 4 rail connections and 4 stub safety tracks is required the solution doubles the number of switches in the station. Given
that the horizontal alignment of the station is straight – a change in

111

INNOVATIONS 2021

minimum number of additional switches and railway / in fact - the
proposed layout has 10 switches, as much as the existing one /
 The useful lengths for achieving the parameters prescribed in
Order №601 are increased – track 1 from 503m to 640m, track 2
from 576m to 715m, track 4 from 765m to 840m.
 More optimal use of the station's capacity - the heavier freight
trains pass through the fewest number of switches. Upon
consultation with the 2020 train schedule, it was established that
there are a total of 31 scheduled trains in both directions in the
Samuil-Kaspitchan section. According to the schedule of BDZPP, 8 passenger trains run in the same section. I.e. 26% are
passenger trains. Given that freight trains have a higher axle load,
it is considered rational to specialize mainline and the 3rd track as
arrival-departure tracks since they are accessed through the least
number of switches.

least two arrival-departure tracks at any time during construction
with a working catenary network and with provided construction
and rolling stock gauge.

4.2

Relocation of existing switches

Another key factor is the location of existing switches. In
electrified stations (as considered in this report) above each switch
there is a catenary line crossing (Fig. 9) so that both tracks have
their adjacent traction power supply. Any displacement of a railway
switch imposes a displacement of the catenary line crossing, which
in turn imposes erection of a new pole for tensioning the adjacent
catenary.

In opposition to the above - the proposed layout does not lack
shortcomings:
 Each passenger train scheduled to stop at the station must pass
through all switches (in case of arriving on the first track)
 Changing the mainline alignment to pass through track 4 implies
replacement of the entire subballast and base structure above the
existing datum surface, since the requirements regarding mainline
base soil properties are the strictest. In the course of the site
surveys, a vertical deformation / indication of a weak spot in the
base / was registered, cf. Fig. 8, exactly on existing track 4.
Therefore, the design included additional subbase layers, which
increased construction costs.
Fig. 9 Catenary line crossing

4.3

Fig. 8 – Vertical deformation zone on existing track 4

4

Technical limitations in changing existing
railway station layouts

The most favorable method for the construction of a new
railway station or the complete reconstruction of an existing railway
station is the one in which all railway traffic is redirected – the
catenary is switched off, no rolling stock gauge limitations are
imposed. The construction time, respectively the construction costs
decrease. However, this method is rarely applicable to mainlines
with trains frequently passing. The additional costs of rerouting
freight trains and transboarding passengers to other vehicles exceed
the cost reduction achieved through continuous construction process
that is unrestricted by railway traffic.
As according to current schedule more than 20 freight trains
pass through the mainline in each 24 hours, and most of the trains
being international, it is imperative to limit the need for traffic
interruptions to a minimum by designing the proposed track layout
appropriately.
Any change in the location of switches and tracks in a
station intended for reconstruction is a decision that must be well
justified - and above all technically feasible. This section of the
report contains factors missing in current applicable norms and
regulations that must be taken into account while designing a
proposed layout.

4.1

Proposed track layout in the zone of level crossings

According to Art. 21 [9], the level crossings are brought in
line with the Ordinance when reconstructing the adjacent roads.
However, the reconstruction of tracks through the level crossing
often leads to a change in the level or the position of the rail head in
the area of the level crossing. This means that during the
construction work the level crossing will be completely closed for a
certain time. It is necessary to assess the socio-economic
significance of the level crossing, as well as the availability of
bypass routes, which is especially important for special vehicles
(ambulance, fire brigade, etc.). In the case of Hitrino station,
through the tracks of which passes the main street of the settlement,
the bypass route has a length of over 6 km (Fig. 10). During
construction activities, the contractor will rebuild the crossing
taking into account existing slopes on the adjacent street.

Relocation of existing tracks
Fig. 10 Bypass route around the closed level crossing, Hitrino

Preserving the possibility for a busy interchange station on a
single-track mainline to continue to operate during construction is a
key factor. In the general case, this presupposes the presence of at

station
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5

Conclusion

6

In this report, theoretical and practical formulations in the
design of new track developments at existing intermediate railway
stations were considered. It is obvious that not only the quality of
the geometry and construction of the railway itself, but also the
future functionality of the station with all its’ subsystems depends
on the designer of the "Permanent way" project part. Safety and
sustainability of railway traffic during construction depend on the
design decisions in the "Permanent way" project part.
Conflicting requirements stand out. On one hand there are
the regulatory restrictions on the mutual placement of switches. On
the other hand –at existing stations on the railway network adjacent
switches are frequently laid without intermediate straights.
Redesigning the layout to conform with requirements for placement
of switches imposes a reconstruction of the catenary, which is not
compatible with continuous uninterrupted railway traffic during
construction.
The key parameters that the design must comply with in
order to be feasible are:
 Horizontal, vertical geometry of the railway, placement of
the switches, track distances, distances to existing buildings
and facilities intended for preservation.
 The rigid points for the plan and profile of the railway - the
end switches in the station, entrance and exit signals, level
crossings, retaining walls, bridges, etc.
 The available space within the property boundaries of the
railway infrastructure, as compared to the requirements of
the Contracting Authority regarding the reconstruction of
the station (new tracks, widening platforms, increasing the
length of the station, new stub safety tracks, etc.)
 The interoperability requirements of the subsystem
"Infrastructure" and "Persons with reduced mobility" – line
categorization, design speed, train length, axle load, usable
length of the platforms, gauge and accessible environment
for passenger traffic
 The future safety of the station operation during shunting
activities and train receiving and dispatching activities
(avoidance of hostile routes, minimum number of switches
on the mainline, limiting the access to the mainline from
other sidings or tracks)
 Consideration of the possibilities for constructing the
catenary according to the proposed track layout
 Considering variants for implementation of construction:
possible stages of construction, temporary traffic on
adjacent tracks, temporary platforms and temporary access
of passengers to the station during construction activities
Taking into account the above factors, as well as the
identification of other project-specific features implies improving
the quality, productivity and safety of the railway infrastructure at
the expense of optimal capital investments for its reconstruction.
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Development of innovative smart industrial dishwasher prototype that reduces water and
detergent consumption in the washing process according to variable dishwasher capacity
and types
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Abstract: Industrial dishwashers, which are widely used in the field of an industrial kitchen, are among the indispensable products. It stands
out with its efforts to reduce water and detergent consumption in industrial dishwashers, and the consumers' preference for these products is
increasing. Our company produces industrial dishwashers in various models and capacities. Unlike our existing products and our
competitors’ products, the washing area and the products to be washed are technically detected by the users in R&D studies. An innovative
prototype has been designed and developed that contributes to the reduction of detergent consumption. In the industrial kitchen sector, for
the first time in our country, variable dish capacity (providing washing specific to various filling capacities) with an innovative smart
technology (providing washing only in the filled section with the detection system) that reduces water and detergent consumption in the
washing process according to their types (glass/plate, spoon/fork, etc.) is applied to the industrial dishwashers. It has been ensured that the
industrial dishwasher prototype is obtained with several new and innovative features compared to the original and existing industrial
dishwashers reducing water and detergent consumption. R&D studies have been made by using engineering calculations, simulations, and
experiments in cooperation with industry-universities.
Keywords: INDUSTRIAL DISHWASHERS, WASHING AND CLEANING SYSTEMS, WATER AND DETERGENT CONSUMPTION,
WASHING PERFORMANCE
(washing arm, distribution of dishes, etc.) according to different
dish areas [2].

1. Introduction
Industrial dishwashers, which are widely used in the industrial
kitchen area, are indispensable products. Our company
manufactures industrial dishwashers in various models and
capacities. Different from our existing industrial dishwashers and
imported products, the washing zone and the products to be washed,
which are filled by users for various capacities (eg 1/2, 1/4, and 3/4,
etc.) It is aimed to obtain an innovative prototype that will
contribute to energy saving as well as reducing water and detergent
consumption through technological sensing.

Saker and his team, in household dishwashers and washing
machines, use of hot water in the washing process, detergent
consumption, energy efficiency, etc. have made assessments [3].
Bundgaard and his team made evaluations on energy efficiency
in line with the Ecodesign Directive in 2017. They evaluated the
developments in energy efficiency [4].
Although there are various researches on household products
for energy efficiency, this study will be the first study in the field of
industrial dishwashers with data based on R&D systematics [5-10].

For the first time in the industrial kitchen area, activities were
carried out to develop the washing process, which provides energysaving and variable dish capacity (basket filling capacities specific
to the dishes to be washed) and types (glass/plate, spoon/fork, etc.)
based on R&D systematic studies. In addition, with the original
design and prototype manufacturing of an innovative smart
industrial dishwasher prototype that reduces water and detergent
consumption, a commercialized prototype that has different
technological features from our current product has been developed
with the cooperation of industry-university.

It is not possible to make a selection according to the filling
capacity and types of dishes to be washed. For this reason, the
innovative smart industrial dishwasher prototype, which was
obtained through R&D project studies, stands out with its
contribution to both saving energy and reducing water and detergent
consumption, specific to dish capacity and types.

2. Methodology

The most important innovative aspect is to obtain a uniquely
designed industrial smart dishwasher prototype, which, unlike our
industrial dishwashers, will save energy and reduce water and
detergent consumption in the washing process according to variable
dish capacities and types.

In the innovative smart industrial dishwasher prototype, four
washing and four rinsing arms are placed above and below the
washing basket.
The placement and movement directions of the washing and
rinsing arms of the innovative smart industrial dishwasher prototype
are given in Figure 1.

Mohedano and his team from England investigated the cleaning
process of dishes contaminated with egg yolk by simulation
modeling and experimentally in domestic automatic dishwashers
using a fast camera kit at different washing temperatures (30°C and
55°C). They reported that the modeling created according to
different parameters gave results compatible with the test data [1].
Mohedano and his team analyzed the water movement during
the washing process in household dishwashers with camera data
processing (Positron Emission Particle Tracking - PEPT) and
simulation analysis (Computational Fluid Dynamic - CFD) at the
different pump and wash arm speeds, with/without detergent, empty
state and the full basket. situations etc. analyzed according to the
variables. They emphasized that the detergent effect can be
neglected in the water flow and the importance of design data

Fig. 1 The placement and movement directions of the washing and rinsing
arms of the innovative smart industrial dishwasher prototype (top view).
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The schematic representation of the innovative smart industrial
dishwasher prototype according to the different filling capacities of
the dishes sensor detection system is given in Figure 2.

3. Experimental procedure
Testing and evaluation activities were carried out after the
prototype manufacturing and assembly of innovative smart
industrial dishwashers that save energy and reduce water and
detergent consumption in the washing process according to variable
dish capacities and types.

There is always hot water in the washing chamber under the
innovative smart industrial dishwasher prototype washing basket.
The temperature-sensitive infrared sensor located in the middle of
the upper part of the prototype detects lower temperatures than the
empty dish basket area (red area) due to the shadowing of the
products (plates, forks, spoons, etc.) in the area filled with dishes on
the washing basket. The area filled with the products (plates, forks,
spoons, etc.) to be washed on the washing basket is perceived as
green by the sensor.

Various examples from the evaluations made with the infrared
sensor used in the testing and evaluation phase are given in Figures
5-7. While the green areas on the dish basket show the area filled
with the plates to be washed, the red area shows the empty areas on
the dish basket.

Fig. 5 Evaluations with the infrared sensor on the innovative smart
industrial dishwasher prototype (full capacity).

Fig. 2 Schematic representation of the dish detection system of the
innovative smart industrial dishwasher prototype (top view).

The visual of the original designed innovative smart industrial
dishwasher prototype is given in Figure 3.

Fig. 6 Evaluations with the infrared sensor on the innovative smart
industrial dishwasher prototype (half-full capacity).

Fig. 3 Front view of the innovative smart industrial dishwasher prototype.

The interior view of the innovative smart industrial dishwasher
prototype (washing chamber and wash-rinse arms) is given in
Figure 4.

Fig. 7 Evaluations with the infrared sensor on the innovative smart
industrial dishwasher prototype (1/4 full capacity).

In the innovative smart industrial dishwasher prototype, the
control panel showing the filling ratio (%) according to the basket
filling area is given in Figure 8.

Fig. 4 Appearance of the washing chamber and wash-rinse arms of the
innovative smart industrial dishwasher prototype.
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Fig. 8 The control panel of basket filling capacity (8% full - blue part in
basket area / lower left part) in innovative smart industrial dishwasher
prototype.

At the first stage of the research, our dishwasher spent 1530 g of
detergent when it is washing with full capacity. This is reduced to
580 g/hour and 950 g of detergent remained by using the innovative
smart industrial dishwasher prototype.
By operating the innovative smart industrial dishwasher
prototype at different capacities (1/2, 3/4, 1/4) without reaching full
capacity, we have achieved the same amount of reduction both in
detergent consumption and energy consumption comparing to the
full capacity.

4. Conclusions
The outputs obtained through R&D project studies on the
innovative smart industrial dishwasher prototype are given below;
With research-based on R&D systematics, at least 25% energy
consumption reduction (4,125 kW/h) has been achieved by using
the innovative smart industrial dishwasher prototype compared to
our existing industrial dishwasher (OBY 500 model – 5.5 Kw/h).
At least a 25% reduction in water and detergent consumption
(35 items of washing in 1 hour) compared to our existing industrial
dishwasher (OBY 500 model – water consumption: 98 lt/h and
detergent/rinse aid consumption: 0.5 Lt/h) is obtained by using the
innovative prototype.
The design-specific innovative industrial dishwasher prototype
is provided to wash with variable dish capacity (for example, 1/2,
1/4, and 3/4 at different basket filling rates) and types (glass/plate,
fork/spoon, etc.).
For the first time in the industrial kitchen sector, the innovative
smart industrial dishwasher prototype, which saves energy and
reduces water and detergent consumption in the washing process
according to variable dish capacities and types, has been achieved
through R&D activities carried out in industry-university
cooperation.
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Study on HD cameras with CMOS sensor degradation upon ionizing radiation exposition
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Abstract: In this paper we have exposed 3 HD cameras with CMOS sensor in long time experiment at different doses and exposition time
with γ radiation from 2 sources of ionizing radiation – cobalt 60 (Co60) and cesium 137 (Cs137) at room temperature imitating the working
conditions of “hot cell” premises. All components of the used camera are without radiation reinforcement, excluding the lenses. During the
experiment, we found degradation of the irradiated cameras. As the absorbed dose increases, the image becomes brighter. Furthermore,
experimental results demonstrated decreasing in signal-noise ratio (SNR) with increasing the absorbed dose. We confirmed that the HD
industrial cameras can operate in ionizing radiation environment with moderate decrease of SNR (3,5dB. This experiment is valuable and
can provide information for selection of cameras working in ionizing radiation environment.
Keywords: CMOS IMAGE SENSOR, RADIATION DEGRADATION, DOSE RATE, HD CAMERA
mounted many service circuits of the camera. These are the analogto-digital converter (ADC) and the electronic shutter, the schemes
for white balance and image compression.

1. Introduction
Video cameras are widely used in surveillance and video
inspections in ionizing radiation environment, during interruptions
of nuclear reactors, as well as in space research in satellites.
Radiation gamma radiation upon electronic elements reduces their
operational life depending on their total absorbed dose. This fact
obliges the introduction of radiation control, which contains
monitoring of the dose rate at the points where the cameras are
installed. In the good practices there is no normative requirements
for the indication of threshold for gamma radiation resistance of
industrial electronic devices and elements.

Another positive side of CMOS arrays is their stability and
durability. The reason is again the use of field-effect transistors as
light-sensitive elements, in the larger sizes of each element and in
the high manufacturability of the production. The microscopic
pixels of the light-sensitive arrays react only to the intensity of the
light falling on them. To get an image that is close to the quality of
a movie photo, the digital camera must also distinguish colour
shades. To increase the accuracy of the array operation (improving
the SNR) by increasing the light sensitivity, each pixel has a
converging microlens focusing the light flux. This is especially true
for CMOS arrays, where without such lenses it is difficult to
achieve the required image quality.

The camera is complex opto-mechanical and electronic device
which consists of three main parts:
Optical. With its help, the reflected light rays from the captured
objects are projected on a special surface, which converts them into
electrical signals and then passes to the electronic processing unit.

Disadvantages of CMOS arrays are low pixel fill factor, which
reduces the sensitivity (the effective surface of the pixel is ~ 75%,
the rest is occupied by transistors) and high noise level (due to the
fact that even in the absence of light through the photodiode
significant current), the reduction of which complicates and
increases the cost of technology.

Electronic unit. There are several modules included in the
electronic unit. Some of them control the optical system, others
process the received electrical signals from the optical system in a
suitable form communication or recording. A separate module
controls the camera's recorder.

[1,2,3,4]. CMOS sensors are widely used in video inspections
due to their higher durability compared to conventional CCD
sensors [5,6,7], and their damage is acceptable in environments with
low levels of ionizing radiation [8,9]. The analysis of ordinary
CMOS cameras will provide valuable information in the design and
selection of video systems in an environment with ionizing
radiation. Therefore, it is necessary to study and analyze the
degradation of ordinary CMOS cameras[10,11].

Viewfinder. This is a device that allows the operator to see
where it is aimed and what the camera is currently shooting, and
provides additional information about recording, speed, aperture,
focus, white balance, battery status, volume, etc.
Recording device. Often this is a stand-alone module (even with
some types of cameras it is missing), with which the video signal is
transferred to a durable medium – magnetic tape, digital memory
such as cards, DVD, hard disk, flash memory or cloud.

Radiation damage includes total ionizing dose (TID) when
irradiated with different doses, displacement dose (DD) and singleevent transient (SET) damage. TID degradation causes performance
degradation, including CMOS sensor malfunctions, so the impact of
this type of damage must be most strongly considered when using
CMOS HD cameras. The Goiffon study compares damage to
CMOS sensors, TID versus DD, by photon irradiation [12].
Leonello Servoli's study describes the progressive damage of
CMOS sensors without ionizing radiation protection [13]. Zujun
Wang studies the damage of CMOS (3T) sensors made with 0.35μm technology, subjected to TID irradiation at 7.2 and 1800.0 Gy
(Si) / h [14]. Although there is considerable research on the damage
caused by TID on CMOS sensors, few articles focus on the effect of
the absorbed dose upon the image quality of HD cameras with
CMOS sensors.

Nowadays, two competing technologies are mainly used in the
production of light-sensitive arrays. The first is simpler in a number
of ways and more promising is the CMOS (Complementary MetalOxide-Semiconductor) technology. The leader in the digital photo
market is CCD (Charge-Coupled Device) technology. More laborintensive to manufacture, CCDs are used in the vast majority of
digital cameras. CMOS arrays are most commonly used in cameras.
The basis of the array, made by CMOS technology, are fieldeffect transistors, which change their state during illumination,
which change their state during illumination, preventing the flow of
electric current through the terminals, or vice versa, amplifying the
signal. The electronic circuit of the camera records changes in the
state of Yacheek array and based on this constructed image.

2. Requirements to the system’s elements

CMOS arrays are characterized by reduced power consumption
compared to CCD matrices. On the other hand, the resolution,
dynamic range and noise immunity of CMOS arrays are lower than
that of CCDs. This is explained by the complexity of the device, as
well as the lower light sensitivity of the field-effect transistors of
the elements. Used in low-end cameras in the beginning, CMOS
arrays are designed as a large hybrid chip, on the board of which are

The choice of controllable PTZ cameras for effective video
surveillance is determined by a number of complex factors, but the
main one is their greater flexibility and the ability to monitor at a
wider angle. Known as controllable CCTV cameras, these systems
provide the convenience of being able to focus on the right details
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in the observed object. For example, you will be able to get both a
panoramic picture of the observed object and a detailed one of a
certain segment from it, through which you want to analyze in
detail. Another advantage of controllable cameras is their ability to
easily monitor a shifting or moving object. The biggest benefit of
controllable cameras is providing a more reliable way of monitoring
an object is their dynamics. Thanks to it, they act as several
stationary cameras and offer far more important information than
that which can provide us with a camera from some of the static
models.

is performed. The cameras have serial numbers from A01 to A03,
all CMOS sensors are from one batch. The test of each camera is
performed at the same time. The experimental conditions and serial
numbers of the cameras are presented in Table 1. All cameras are
powered by 12 V DC and transmit a real-time video signal.
There are 21 exposures to ionizing radiation. Parameters of the
expositions are given in table 1.
Table 1: Parameters of the expositions.
№
Type
Activit
Exposit
of the
y of the
ion
source
source,
time, s
Bq
1
Co60
100
600
2
Co60
120
240
3
Co60
800
180
4
Co60
1500
240
5
Cs137
300
210
6
Co60
900
300
7
Cs137
1000
450
8
Cs137
700
300
9
Co60
750
360
10
Co60
500
600
11
Cs137
550
300
12
Cs137
400
180
13
Cs137
600
120
14
Cs137
2000
600
15
Co60
1800
210
16
Co60
1500
630
17
Cs137
350
570
18
Co60
700
330
19
Co60
600
300
20
Cs137
1100
450
21
Cs137
1800
540

Controlled cameras are widely used where it is necessary to
cover large areas and specifically fixed parts of the areas with video
surveillance.
Sources of ionizing radiation are sealed spent radioactive
sources subject to disposal. In the course of the technological
process to be monitored, the main source of ionizing radiation
remains this spent, over which radioactive aerosols are also
released. The components of the video system which may be
contaminated with radioactive substances shall be designed so as to
be easily deactivated by chemical or mechanical means.

3. Requirements to the system’s elements
Cameras: the proposed model captures excellent video with
1080p resolution (1920 x 1080) at 25 frames per second. It is
possible to change the shooting mode from full HD to HD or SD.
The case is reliably and securely built to withstand the extreme
temperature range from -40 to +70 ºC, and also has 6 kV lightning
protection. In addition, the device has the IP 66 standard – it has
been tested for durability in contact with water and dust, which
makes it extremely suitable for installation requirements.
The cameras are equipped with a motorized lens with a range
from 2.7mm to 11mm. with a viewing angle from 112.5° to 39°,
four times the powerful optical zoom and 16 times digital, thanks to
which you can observe various objects from the in the treatment
area. As well as a rotating PTZ mechanism, whose functions
provide a large monitoring range and high detail. PTZ means pantilt-zoom, i.e. rotation (horizontal), tilting (vertical) and zoom. The
rotation can be 355 degrees at an inclination of -0° to + 90°.

Absorb
ed dose
camera
1, Gy
1300
624
3120
7800
1365
5850
9750
4550
5850
6500
3575
1560
1560
26000
8190
20475
4322
5005
3900
10725
21060

Absorb
ed dose
camera
2, Gy
387
186
928
2321
406
1740
2901
1354
1740
1934
1064
464
464
7736
2437
6092
1286
1489
1160
3191
6266

Absorb
ed dose
camera
3, Gy
578
277
1387
3467
607
2600
4333
2022
2600
2889
1589
693
693
11556
3640
9100
1921
2224
1733
4767
9360

Data from the tested cameras are recorded continuously during
irradiation to measure the SNR of the cameras before, during and
after irradiation, the video signal includes images under all three
conditions. At the end the camera degradatin is calculated according
to the European Machine Vision Association (EMVA) 1288
standard[15].

5. Conclusions

The cameras are connected to the DVR (digital video recorder)
via a coaxial cable and can be controlled remotely via a controller
and OSD menu located outside the “hot cell”.

After exposure with ionizing radiation of the three cameras,
degradation is observed to varying degrees in each of the cameras –
burned pixels, increased SNR and the overall fading of the camera
image. This means that the dynamic range of the image decreases
and the dynamic characteristics of the system deteriorate, i.e. the
image quality decreases. The results are presented in Table 2.
Results are measured in batches of 7 expositions.

4. Requirements to the system’s elements
The experiments were performed for a long time at different
doses and exposure times with γ radiation from two types of sources
- cobalt 60 (Co60) and cesium 137 (Cs137) at room temperature,
thus simulating the real working environment of a premise type "hot
camera ”. The dose at the test position was calibrated with a Silver
Dichromate Dosimeter before irradiation.

Table 2: Degradation of tested cameras.
№
Distance
Number of
cam
form the
burnt
era
source, cm
pixels, pcs.

Fig. 1 Location of the three cameras in the testing area.

For the experiment are used three cameras, which are located at
different distances from the sources of ionizing radiation (Figure.
1). The distances are as follows: Source-Camera 1 – 120 cm,
Source-Camera 2 – 220 cm; Source-Camera 1 – 180 cm. The
cameras are attached to the walls of the room where the experiment

1
2
3

120
220
180

1
2
3

120
220
180

1
2
3

120
220
180

Increase
of SNR,
dB

After exposition №7
88
1,7
19
0,51
33
0,76
After exposition №14
112
2,5
35
0,75
51
1,12
After exposition №21
143
3,47
57
2,39
93
1,56

Overall
fading of
the image,
%
1,72
0,53
0,91
2,53
0,75
1,13
3,51
1,17
1,83

6. Conclusions
In this paper we have studied the degradation of an HD camera
with a CMOS sensor after several expositions with ionizing
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radiation from sources of γ radiation from two types of sources –
cobalt 60 (Co60) and cesium 137 (Cs137) at different doses and
exposure times at room temperature. The behaviour of the examined
cameras showed degradation.
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Analysis of downcomers influence on suspension structure of steam boiler
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Abstract: Industrial growth depends significantly on energy supply. Nearly every industry that uses a significant amount of power uses steam
and steam generators. Using boilers fired with pulverized coal and steam turbines operating on the Rankine cycle generates ab out 40% of
the world's power. There are few types of boilers including Fire-Tube, Water-Tube, and Waste-Heat. This paper will analyze the suspension
structure of Water-Tube boilers welds, the critical section on hooks, the stress in tube wall, and equivalent stress distribution on buckstays
under the influence of vacuum and overpressure. For analysis are used two methods, described in this paper. Both methods require
numerical solutions of given geometry and loads. Because of the large number of finite elements, a tube wall is approximated by an
equivalent orthotropic plate with equal elastic properties as a tube wall.
Keywords: FEA/FEM, DOWNCOMERS, BUCKSTAYS, SUSPENSION STRUCTURE, STEAM BOILER, STEAM GENERATOR

1. Introduction
Basic human needs can be met only through industrial growth,
which depends significantly on energy supply. The significant
increase in population during the last few decades has placed a
tremendous burden on the electrical utility industry and process
plants. They produce chemicals, fertilizers, petrochemicals, and
other essential commodities, resulting in additional capacity needed
in power and steam generation throughout the world. Nearly every
industry uses steam. Steam generators, and heat recovery boilers are
vital for plant operation and processing.
Several technologies are available for power generation, such as
gas turbine-based combined cycles, nuclear power, wind energy,
tidal waves, and fuel cells, to mention a few. However, using
boilers fired with pulverized coal and steam turbines operating on
the Rankine cycle generates about 40% of the world's power. [1]
Steam production requires thermal energy. When water is
heated, its temperature rises. At normal atmospheric pressure, if the
water temperature is at 100°C and additionally heated, the water
temperature will not increase but converts some of the water into
the steam. Steam quality relates to moisture present in the steam
where 100 % quality specifies no moisture content, and 0% quality
specifies all liquid. When applying additional heat to steam, it’s
temperature will rise, and it will cause steam to dry, thus the quality
of the steam increases. The transition from liquid to steam is
happening in a steam boiler. There are three types of boilers: FireTube, Water-Tube, and Waste-Heat. [2,3]

Fig. 1 Tube wall cross section and corresponding equivalent
orthotropic plate [4]
To calculate the members of the elasticity matrix of equivalent
plates, it is essential is to know the dimensions of tube wall crosssection, as shown in Figure 1, where D = 57 mm, δ=5,6 mm t = 6
mm, and b = 23 mm.
It is necessary to know material and material properties. The
tube wall material is 16Mo3. Under calculation temperature of
ϑ=356°C, the Young’s modulus of elasticity for this material is E =
178070 MPa, yield strength Rp0,2 = 173,08 MPa and the value of
Poisson's ratio is ν=0,3. [6, 8]

2. Problem description and analysis
This paper aims to verify the existing structure of the WaterTube boiler and determine whether design changes are needed. The
verification will be performed by determining the utilization
percentage of the suspension elements. Utilization results are
obtained by comparing the stresses obtained by FEM analysis and
allowable stress of the material. Welds, hooks, and radiated tube
walls of the Water-Tube boiler will be analyzed.

In order to get needed results necessary for further analysis of
downcomers influence on suspension structure, using software
package Abaqus/CAE, steam boiler model is created from available
documentation.
The finite element model contains one-half of the boiler
geometry due to the single boiler symmetry. Figure 2 shows the
finite element model used for analysis.

Discretization of real geometry of tube wall with classical finite
elements will result in a large number of created finite elements and
nodes, which will cause the long calculation time. In order to reduce
calculation time, the discrete model needs the reduction of finite
elements and nodes.

There are three types of loads on the tube wall, vacuum and
overpressure caused by the flow of combustion gases, the pressure
of the working medium inside the membrane wall pipe, and the load
caused by the self-weight of the structure and the working medium
[3]

An equivalent orthotropic plate approximates the tube wall with
the same elastic properties as the actual tube wall. Applying this
approximation, the number of finite elements and the time required
for computation will reduce significantly. Figure 1 shows crosssections of tube wall geometry and equivalent orthotropic plate
geometry.

Due to the symmetry of the model, it is necessary to set
symmetry boundary conditions. The displacement boundary
condition is applied to the appropriate location on the model.
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calculated for welds on upper and lower hooks and critical sections
of upper hooks.
Further, equivalent stress is calculated individually for each
weld on an upper and lower hook and at a critical section as
follows:

 eq  1,25  b   N   4 2
2

(1)

Where  b represents bending stress, normal stress, and  is
shear stress. Equivalent stress is compared with allowed stress:

 all 

Rp0,2

(2)

S
Where S = 1,35 is the safety factor according to EN 1993-1.

Equivalent and allowed stress ratio give utilization:
U

 eq
 all

(3)

Loads caused by masses of downcomers through backstays and
hooks cause additional stresses on side tube walls. Due to the
mentioned loads, the biggest deformations appear in areas around
level A and level E. So, those tubes are isolated and for each one of
them, internal forces and moments are extracted from cross-sections
equally spaced along the length of the tube.
Fig. 2 Finite element model of steam boiler

3. Results of analysis
This analysis uses two methods. First, numerical-analytical
analysis, to check welds between fins and hooks and also to check
the hook's critical section. The same type of analysis checks stresses
within tubes of tube wall caused by downcomers weight. The
second approach is a visual evaluation of the stress distribution of
supporting profiles and buckstays.
For checking the welds and critical sections of the hooks,
extraction of numerical data is done for observed hooks suspension.
Those numerical data contain normal forces, shear forces, and
bending moment for each hook. Figure 3 shows the hooks geometry
side view with belonging force caused by moment. Bending
moment, caused by the influence of downcomers load, through
buckstays affects hooks as force couple on distance L = 245 mm.

Fig. 4 Buckstays sections naming
Due to corrosion and deviation, it is necessary to reduce the
wall thickness of a tube as follows:
ec  e  c2,out 

c1
e
100

(4)

Where e = 5,6 mm represents wall thickness of a tube, c2,out  1
mm is wearing due to corrosion, and c1  12,5 % is negative
tolerance. Calculation of inner di and outer do diameter is possible
using previously described dimensions.

Fig. 3 Side-view of hook geometry [8]
Based on figure 3, and forces extracted from finite element
analysis, normal stresses, shear stresses, and bending stresses are
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do  D  2c2,out

(5)

where D = 57 mm and it represents nominal tube diameter.

di  dv  2ec

(6)

Based on those diameters, cross-section area, section modulus,
and torsional modulus are calculated. Also, the same parameters
within combination with internal tube pressure due to working fluid
pc  9,2 MPa, are used to determine axial  x and hoop   stress.
Internal forces N, Q1, and Q2, and internal moments Mt, Mb1,
and Mb2 are obtained from Abaqus, where N represents cross-

Fig. 6 Utilization of buckstay at level E vs. height of steam
boiler under influence of vacuum

section normal force, Q  Q12  Q22 transverse section force, Mt
torsional moment, and M b  M b12  M b22 is bending moment.
Internal moments and forces are used to calculate all stresses in
cross-section, including normal stress  N , bending stress  b ,
shear stress  Q , and torsional stress  t . All normal stresses summed
up to obtain total normal stress:

   b   N   x

(7)

Normal stresses can be compared with circumferential stress
under the following conditions:
• if both are positive or both negative, it is considered the
absolute value of bigger one,
• if they have opposite signs, they are summed up as an absolute
value.
Results of the comparison are  n1 and  n2 . Using the
following equations, takes the shear and torsional stresses into
consideration.

 eq1   n12  3  Q   t 

2

 eq2   n2 2  3  Q   t 

2

Fig. 7 Utilization of buckstay at level E vs. height of steam
boiler under influence of overpressure

(8)
(9)

The maximum value of calculated equivalent stress is used to
determine the magnitude of utilization:
U

max  eq1 , eq2 

 all

(10)

Diagrams shown in figures 5-7 presents utilization results.

Fig. 8 Utilization of buckstay at level A vs. height of steam
boiler under influence of overpressure
Checking of equivalent stress distribution in buckstays and
supporting profiles is done by visual inspection. The following two
figures show the most critical level E under the influence of
overpressure.

Fig. 5 Utilization of buckstay at level A vs. height of steam
boiler under influence of vacuum
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Fig. 9 Equivalent von-Mises stress distribution on critical section
(level E) under influence of overpressure
Linear beam section stress at element nodes includes the
torsional modes calculated for the beam elements because the beam
elements have torsional stiffness. So, due to torsion influence in
backstays, total beam stress shows the maximum value of 173 MPa.
For comparison, maximum stress at integration points is 94 MPa.

4. Conclusions
The first part of the analysis includes checking welds between
hooks and tube wall sheet metal as checking the critical sections.
The analytical calculation uses forces and moments obtained from
numerical solution on the location where tube wall and hooks
connect. The ratio between equivalent and allowed stress is
calculated and represents the utilization of the material.
The second part of the analysis contains downcomers and
suspension influence on the tube wall. The results of the analysis
are shown in figures 5-8. It is noticeable that a considerable number
of tubes exceeds a maximum value of utilization, which means that
equivalent stress surpasses the allowed value of stress. Because
utilization surpasses 100%, it is determined that additional changes
in the design of suspension elements are needed, or experimental
procedures should be applied to ensure that those parts will not
break.
The last part of the analysis is checking of equivalent stress
distribution on buckstays. Level E is the critical buckstay. It is
visible in figure 9 that torsional stress causes high equivalent stress.
Buckstay's open profile is the main reason for that, due to much
lower stiffness and strength than the "closed" section. It is
recommended to use "closed" cross-section profiles if possible. This
will be the subject of a different investigation to provide safe
operation of the analyzed Water-Tube boiler.
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Abstract: This article presents a calculation model based on the impact of tourism services and income of hotel enterprises, which have a
special share in this service, on the gross product, GDP, labor resources, capital investment and working capital through econometric
models. It assesses labor resources, GDP, investment in fixed capital and key indicators for the development of the tourism complex of the
Republic of Turkey and provides relevant forecasts. In addition, the statistical significance of the model based on the Eviews software
package was checked and its suitability for forecasting purposes was determined.
KEYWORDS: MACROECONOMIC INDICATOR, SOFTWARE PACKAGE, TOURISM SECTOR, MODEL, ADEQUACY, INCOME,
CORRELATION, RECESSION, CAPITAL.
Cobb-Douglas production function, which is a special case of a
multiplicative production function, is defined by a general formula

1. Introduction
Modeling the country's macroeconomic indicators based on
macroeconomic processes and forecasting for future periods is one
of the effective tools for analyzing the factors affecting the
formation of a country's GDP and determining the ways of its
development. One of the main ways to study the effectiveness of
tourism services in the field of economic activity is an approach
based on the application of econometric models of macroeconomic
indicators. Econometric models create more favorable conditions
for the analysis of cause-and-effect relationships between variables,
mainly for large-scale research, their forecasting, construction of
economic policy scenarios (options) based on simulation
experiments with models and selection of optimal options.
Obviously, accurate forecasting of macroeconomic indicators with
the help of econometric models, taking into account-limited
resources, is an effective tool for analyzing the country's economic
development potential.

or
Here, A is the neutral coefficient of technical progress,
- the coefficient of elasticity of funds (
),
- - the coefficient of elasticity of labor (α2 = 1 − α). [2]
That is, the coefficient
is the elasticity of production in the
economic system for fixed assets, and the coefficient
- for living
labor.
Coefficient
characterizes the percentage increase in
production with 1% increase in fixed assets, and coefficient
characterizes the percentage increase in production volume with
1% increase in live labor costs. [2] Obviously, if 𝛼1 > 𝛼2 , then
intensive development will prevail in the economic system, and vice
versa, extensive development will prevail.

2. Main indicators of the tourism system of the
Republic of Turkey

3. Gross domestic product (GDP) is important of
the macroeconomic indicators.

Need for forecasting at the level of economic systems is these
systems are constantly changing under the influence of the external
environment (natural phenomena, market conditions, economic
crises, inflation, etc.). Introduction of innovation in this sector plays
a large role in the development of the tourism sector in Turkey.
Therefore, when developing management strategies in connection
with the current state of the external environment, it is always
necessary to effectively use a database that is adequate to these
conditions. In essence, forecasting allows to assess the expected
state of environmental factors to which the economic system is
exposed, playing the role of reducing the risks associated with
uncertainty.
In the study, the gross domestic product is determined using the
Cobb-Douglas production function as follows.
GNP (t) = a * Lα (t) * Kβ(t) * Mx(t)

It should be noted that in most developed countries, GDP, which
reflects the total market value of all goods and services produced in
the country, differs from the gross national product (GNP), which
reflects the total market value of all goods and services produced by
the citizens of the country using their own factors of production not
more than 1% [3]. Global gross domestic product is about $75
trillion, of which Turkey's GDP is only 1.13%. In the United States,
the figure is 18%, and in China it is 17.6%. Also, according to
forecasts, China can replace the United States in 2030 with the
highest GDP level.
Although Turkey's trade turnover increased by $37.3 billion in
2017 compared to 2016, GDP decreased by 1.3% or $ 11.73 billion.
The table below shows Turkey's key macroeconomic indicators for
2016-2017.

(1)
Table1. Turkey's main macroeconomic indicators
2016
2017
Main macroeconomic indicators

Here, GNP is an indicator of GDP in t years;
L - labor force indicator;
K - indicator of capital investment in fixed capital or fixed assets;
M - indicator of current assets;
а, α, β, х – are the parameters of production functions evaluated by
the method of least squares.
Functions of production consist mainly of mathematical elements
that reflect the dependence of the results of production on the
consumption of resources, and determine the mechanism of
behavior of the economic system as an argument and a function. [1]
At the micro level, the input elements of the economic system are
K-production funds (capital reserves) and L-labor resources. In this
case, in general, the nonlinear production function 𝑦 = 𝐹 𝐾, 𝐿 can
be considered a model of the economy. This means that production
can be interpreted as a function of consumption of resources.

GDP ($ billion)

862,774

851,046

GDP growth (%)

2,6

7,4

GDP per capita ($)

10 807

10 597

Industrial production index

126,6

130,0

including in the processing industry

127,5

131,4

9,3

9,9

190,260

514,222

Consumer price index (in %)

8,53

11,92

Economic

10,9

10,8

Agricultural production index
Fixed assets investments (million
Turkish lira)
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rate,%
Employment rate (%)
Budget deficit / GDP surplus,%,
International reserves, $ billion
Other reserves, $ billion
Dollar exchange rate of the
national currency
Euro exchange rate of the national
currency
Share of public debt in GDP,%
National Bank discount rate,%
Retail trade turnover, ($ billion)
Retail sales index
Trade turnover, $ billion
Exports of goods, $ billion

0,3
-1,14
106,108
0

0,3
-1,52
107,619
0

3,02

3,77

3,69

3,99

29,1
7,25
72,3
129,5
341,2
142,6

28,2
7,25
73,5
131,1
378,5
156,5

Imports of goods, $ billion

198,6
37 235

222,0
43 925

-1 706

-1 623

12,1

5,0

Total export of services ($ million)
Balance of other trade services ($
million)
Foreign direct investment in
Turkey, $ billion

21 158
22 581 22 266 22 128 23 792
Total service
imports
Transport
9821
10121
8227
8077
9832
Tourism
4817
5072
5368
4783
4823
Construction
0
0
0
0
34
services
Insurance
1718
1651
1566
1676
2014
services
Financial
1334
1903
1779
1610
1192
services
Other trade
2554
2353
1765
2340
2506
services
Public services
1686
2324
1902
1788
1394
Other services
1558
1354
1259
1328
1372
Source. Calculated according to the Central Bank of Turkey
As can be seen from the table of trade services in the Republic of
Turkey for 2013-2017, share of tourism in total service exports in
2014 increased by 5.5% compared to the previous year and
amounted to 58.5%, but decreased in subsequent years. On the
contrary, the share of tourism in total service imports developed
with increasing dynamics in 2013-2017.

4. Impact of income from Turkish tourism services on
GDP in Turkey.

Domestic investment in Turkey, $
6,1
7,4
billion
Credit rating (according to
ВВ+
ВВ+
Standard & Poors) BB + BB +
Source.Compiled by the author according to the Turkish State
Statistics Institute.

Table3. Revenues from tourism and GDP dynamics in the Republic
of Turkey
Revenues from tourism,
Years
GDP, $ bln (Y)
$ bln (X)

As can be seen from the data in the table, due to decrease in GDP,
GDP per capita also decreased by $210. The decline in GDP is due
to the depreciation of the national currency against the dollar and
the euro. Unemployment rate of the economically active population
decreased by 0.1% to 10.8% compared to the previous year.
Turkey's international reserves also increased by $1.511 billion to
$107.619 billion. Despite a decrease of $7.1 billion in foreign direct
investment in Turkey compared to 2016, the volume of domestic
investment increased by 21.3% compared to the previous year. The
low discount rate of the National Bank compared to some
neighboring countries (7.2%) resulted in the country's credit rating
being BB +. Total service exports in 2017 increased by $6690
billion compared to 2016 and amounted to $43925 billion. Share of
tourism in total service exports was 51.2%, and in total service
imports was 20.3%. These indicators are reflected in the table below
for 2013-2017.

2001

13,45

200,31

2002

15,21

238.34

2003

16,3

311,94

2004

20,26

404,85

2005

24,12

501,16

2006

23,15

550,8

2007

27,21

675,01

2008

30,98

764,64

2009

32,01

644,47

2010

33,03

772,29

2011

36,15

832,5

Table2. Trade services in the Republic of Turkey for 2013-2017,
($million)
Years
2013
2014
2015
2016
2017
46 638
50 506 46 225 37 391 43 925
Total service
exports
Transport
13098
14361
14142
13110
15462
Tourism
27997
29552
26616
18743
22478
Construction
675
1084
374
512
474
services
Insurance
1000
1154
1124
1159
1251
services
Financial
779
824
658
676
631
services
Other trade
602
535
250
622
883
services
Public services
798
826
826
616
610
Other services
1689
2170
2083
1746
1768

2012

36,46

873,7

2013

39,23

950,33

2014

41,41

934,08

2015

41,62

859,45

2016

31,36

863,39

2017

38,62

851,52

Source. Compiled by the author according to the Turkish State
Statistics Institute.
To analyze the regression of the relationship between income
from tourism and GDP for 2001-2017, data from table 2 and readymade packages of mathematical programs EViews, MatLab, MS
Excel, MathCad and others are used. For this purpose, using the
software package Eviews, we obtain following result based on data
in Table 2.
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Table4. Results of the regression analysis of the relationship
between tourism income and GDP in the Republic of Turkey
according to the Eviews application software package

According to the graphical Eviews application software package,
which reflects the dynamics of income from tourism services with
GDP in Turkey, will be as follows.

1,000

Dependent Variable: Y
Method: Least Squares
Date: 01/20/19 Time: 18:29
Sample: 2001 2017
Included observations: 17

800

600

Variable

Coefficient

Std. Error t-Statistic

Prob.

X
C

25.83377
-100.0706

1.805334 14.30969
55.58623 -1.800277

0.0000
0.0920

400

200

0

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.931746
0.927196
67.09193
67519.91
-94.56115
204.7672
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

660.5059
248.6519
11.36014
11.45816
11.36988
2.430765

(1)

𝒚

X
0,96527
1

80
40
0
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Thus, based on the econometric assessment of the impact of
tourism revenues on GDP in Turkey, it was determined that 1%
increase in tourism revenues for the period under review resulted in
1.18% increase in GDP in Turkey. According to the results obtained
in the Eviews application software package, there is a very high
correlation between income from tourism services and GDP, which
is close to the functional dependence expressed by the regression
equation. According to the results obtained in the Eviews
application software package, about 96.3% of GDP in Turkey for
2001-2017 is due to changes in revenues from tourism services.
GDP growth was 3.7% under the influence of other factors. The
amount of GDP and standard errors found by the regression
equation obtained according to the Eviews application software
package, as well as the characteristics of the use of the equation for
forecasting purposes are determined by a graph. Based on these
characteristics, income from tourism services in the Republic of
Turkey can be forecasted for any period, depending on GDP.

1,000

2004

2014

5. Conclusions

As can be seen from the table 5, there is a very high direct
relationship between the Y and X variables on the Chedok scale
(0.7-0.9) (𝑅𝑦𝑥 = 0,96527 ).
Determination coefficient obtained based on the Eviews
application software package ( 𝑅2 = 0.96527=0,98248).
Dynamics of the Fitted and Actual values obtained by the
Eviews application software package with the regression equation
of the model (1), as well as the residuals between them, are given in
the graph below.

2002

2012

As a result of the report, it can be concluded that 1% increase in
revenues from tourism services for the period under review resulted
in 1.18% increase in GDP in Turkey.

Source. developed by the author based on the MS Excel application

-120

2010

Based on these indicators, the coefficient of elasticity will be as
follows.
𝜶 𝒙
𝟐𝟓,𝟖𝟑𝟑𝟕𝟕×29,44529
𝑬= 𝟏 =
=1,176624

Table 5.Correlation matrix

1
0,96527

2008

For linear regression obtained by double correlation y = α_0 +
α_1 x = 25.83377 * X -100.0706, we calculate the elasticity
coefficient, which expresses the percentage change in the dependent
variable as a result of a change in 1% of the free variable. This ratio
is calculated according to the following formula.
𝛼1 𝑥
𝐸=
( 𝟐)
𝑦
Here, 𝛼1 is the coefficient of the contact equation shown above.
(𝛼1 = 𝟐𝟓, 𝟖𝟑𝟑𝟕𝟕)
𝑥- calculated average of GDP in Turkey for the studied periods,
∑𝑥
𝑥=
= 29,44529
𝑛
𝑦 is the calculated average of income from tourism services for the
studied periods (𝑦 = 646,4965)

According to the data in Table 2, if we build a correlation matrix
in MS Excel application software package, we get the following
table:

Y

2006

Y

Based on the results obtained in the Eviews application software
package, regression equation will be as follows:

Y
X

2004

Source. developed by the author based on the Eviews application

Source. developed by the author based on the Eviews software
application

Y = 25,83377*X -100.0706

2002

2016

Fitted

Fig1. Dynamics of the Fitted and Actual values
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