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4.2 Determination of destruction conditions for substrates of flexible printed 

structures 

 

The number of flexible printed structures (FPS) used in electronic products is 

constantly growing, based on the many advantages of such products compared to 

traditional printed circuit boards on rigid substrates and bulky cable products [235-

236]. In light of the rapid development of flexible electronics around the world, the 

study of such structures is extremely relevant [237-238]. Flexible printed structures are 

used in mobile devices, in particular, for military, medical or space applications, etc.  

Thus, it is advisable to use FPS in robotic mobile platforms, for which the size 

of structural elements, their weight and reliability are critical [239-240]. FPS can 

significantly reduce the overall dimensions of the hardware component of mobile 

platforms, while providing the possibility of three-dimensional installation, as well as 

their use in a dynamic mode under various external influences.  

To conduct experimental researches, a test sample of FPS with dimensions of 

100 mm × 30 mm, shown in Fig. 1, was used. The FPS under test is made of polyimide 

foiled with aluminum of material type FDI-A-50 (with a thickness of polyimide layer 

of 20 μm and aluminum foil of 30 μm) by subtractive technology. 

The objectives of experimental research are: 

– determination of the base material electrical strength under normal operating 

conditions and under conditions of use in environments with high humidity, as well as 

the impact of sea water on the insulating base; 

– assessment of the tensile strength level of the polyimide substrate; 

– analysis of the nature of FPS deformations under dynamic mechanical 

influences. 

User
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Figure 1. General view of the test sample. 

 

The electric breakdown of solid dielectrics is based on electronic processes of 

impact ionization. Breakdown occurs instantly, does not depend on the time of stress 

and is associated with the destruction of the molecular and crystalline material 

structure. The determining factor for it is the electric field strength.  

To study the electrical breakdown mechanism for the dielectric substrate of 

polyimide FPS the universal breakdown system UPU-1M is used. The stand is 

designed for testing insulation materials with alternating sinusoidal voltage with a 

frequency of 50 Hz and rectified voltage of negative polarity, adjustable from 0 kV to 

250 kV with an output current of up to 100 mA. This stand is used in electrical 

engineering and power engineering. It is designed for operation indoors or under a 

canopy at operating values of air temperature from 5 °C to 40 °C, relative humidity up 

to 80% (at a temperature of 20 °C) and atmospheric pressure from 84.0 kPa to 

106.7 kPa. Power supply is single-phase network of sinusoidal alternating current with 

voltage of (220 ± 20) V and frequency of (50 ± 1) Hz.  

The physical configuration of UPU-1M, as well as the design of the electrodes 

are presented in Fig. 2, a and Fig. 2, b, respectively. 

To conduct the experiment, the FPS test sample was fixed between the contacts 

of the UPU-1M unit, after which there was a gradual increase of the electric field 

strength in the area of the test sample. 

As a result of the experiment, the value of the breakdown voltage of the FPS 

substrate, which is operated under normal conditions, was fixed at the level about 

25 kV. 
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а)                                                        b) 

Figure 2. UPU-1M stand configuration (a) and design of electrodes (b). 

 

The view of FPS test sample after the electric breakdown is presented in Fig. 3. 

 

 

Figure 3. View of the test sample after electrical breakdown. 

 

As can be seen from Fig. 3, the dielectric base of the FPS has undergone 

mechanical damage in the region of maximum concentration of the electric field 

strength. 

To conduct an experiment for determining the ultimate electric field strength that 
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causes the breakdown of the FPS substrate during its operation in conditions of high 

humidity the test sample was placed in water for several days. After extraction and 

drying, the FPS was placed between the contacts of the UPU-1M unit and examined 

for electric breakdown. 

During the experiment it was found that the breakdown of the dielectric base 

occurs at a voltage of about 35-40 kV. The test sample has the form shown in Fig. 4. 

 

 

Figure 4. View of the FPS test sample, operating in conditions with high 

humidity, after an electrical breakdown. 

 

As can be seen from Fig. 4, the area of mechanical failure is more localized than 

the area of destruction of the sample, which is operated under normal conditions. This 

result is due to the fact that the second sample was more degreased and purified. 

To conduct an experiment to determine the maximum voltage required to break 

the base of the FPS by simulating its operation in the marine environment, the test 

sample was in salt water for several days. After drying, FPS were also subjected to an 

electric breakdown test. 

As a result of the experiment, it was recorded that the breakdown of the dielectric 

base occurs at a voltage of about 35 kV. The test sample has the form shown in Fig. 5. 
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Figure 5. View of the FPS test sample, operating in conditions with high 

humidity and salt concentration, after an electrical breakdown. 

 

To study the conditions of FPS mechanical breaking, the tensile testing machine 

IR 5047-50 was used, which is designed to test polymer products for rupture and 

deformation with a maximum ultimate load of 5000 kgf at normal temperature. The 

machine is designed to work in laboratory-type rooms.  

For experimental research, the test samples were fixed in the tensile testing 

machine IR 5047-50, after which they were subjected to stretching. As a result, it was 

found that the rupture of a single-layer FPS based on polyimide FDI-A-50, shown in 

Fig. 1, occurs at a load of 10-12 N. 

As a result, the test samples have the form shown in Fig. 6. 

 

   

Figure 6. The test samples of FPS after rupture test. 
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To study the results of the influence of alternating loads, as well as the magnitude 

of the pressure that can lead to the destruction of the detachable contact joint (for 

example, FPS connection with ZIF-connector), a stand for dynamic research was 

developed [241]. It allows to create pressure on any area of  FPS with a force from 0 

N to 70 N, as well as alternately affect different sides of the FPS in the transverse plane 

with a frequency from 0 Hz to 100 Hz. The schematic design of the experimental stand 

is presented in Fig. 7. 

 

 

Figure 7. Experimental stand for dynamic FPS tests. 

 

There are such position in Fig. 7: 1 is pusher made on the basis of the solenoid, 

with the possibility of operation in both directions depending on the polarity of the 

applied voltage; 2 is vertically movable parts of the frame for FPS mounting, which 

are made on the basis of printed circuit boards and allow to set different tension and 

position of the FPS; 3 is 40-pin ZIF-connectors for electrical and mechanical 

connection of the flexible loop with the rigid part of the electronic module; 4 is part 

with a slot in which a flexible loop is placed for further impact of the translational 

movement of the pusher; 5 is PCB for pusher operating mode control. 

The working field of this stand has the sizes of 150 mm × 70 mm that allows to 

fix test samples of FPS of the corresponding sizes having a different configuration of 

printed conductors and a wide range of thickness of a dielectric substrate. 
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For the experiment, a test sample (Fig. 1) with a group of contact pads (Fig. 8) 

was fixed with a ZIF FPC-connector so that the maximum impact of the pusher took 

place in the area of the connector.  

The pusher exert influence on the FPS test sample with increasing force (from 

0 N to 5 N) until the latter was pulled out of the connector. 

 

 

Figure 8. Terminal printed contacts of the FPS test sample. 

 

As a result of the experiment, it was determined that with force N the 

investigated FPS are pulled out of the connector, the samples then have the form shown 

in Fig. 9. 

As can be seen from Fig. 10, in these areas on the sample there are significant 

deformations of the conductors, namely: their exfoliation (1); curvature of the edges 

(2); open circuits (3); formation of cracks on the surface of conductors (4). 

Based on the results of the experiment, it can be concluded that with increasing 

force, which is aimed at the destruction of the detachable contact joint made on the basis 

of ZIF FPC-connector, there is a deformation of the conductive tracks of the FPS. 

These changes can cause breaks or short circuits in the electrical circuits of the 

FPS, which in turn will increase the probability of failure of the entire product in which 

the FPS is used [242]. 

 

5F
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Figure 9. The FPS samples after the experiment. 

 

Thus, the results of the destruction conditions determination for polyimide 

substrates for electronic products are presented. The breakdown voltage for different 

operating conditions of the FPS has been determined, it varies in the range from 25 kV 

to 40 kV. Using a tensile testing machine, critical levels of mechanical impact on FPS 

during their operation, which can lead to the destruction of polymer substrates, as well 

as of printed conductors on them, have been determined, it was in the range from  

10 to 12 N. Studies performed using a stand for dynamic FPS testing allowed to 

determine the pressure value required to break the detachable contact joint of FPS and 

ZIF-connector, it was about 5 N. 

 

  



THEORETICAL AND SCIENTIFIC FOUNDATIONS IN RESEARCH IN ENGINEERING 

 523 

228. Koman B.P., Yuzevych V.M. Regularities of macroplastic deformation of narrow-

band single crystals of CdxHg 1-xTe solid solutions – in monograph: “State, trends and 

prospects of land sciences, environment, physics, mathematics and statistics 

development ”Primedia eLaunch LLC Dallas, 2021, p.117– 130. ISBN978-1-63625-

217-9. DOI: https//doi.org/10.36074/stplsepmad.ed-1 

229. Коман Б.П. Влияние структурных дефектов на температурную зависимость 

микротвердости кристаллов CdхHg1–хTe / Коман Б.П., Пашковский М.В. // УФЖ. 

–1980. – Т. 25, №4. – С. 649–656. 

230. Кузнецов Р.И. Пластическая релаксация напряжений в алюминии и меди / 

Р.И. Кузнецов, В.А. Павлов, В.Т. В.Т. Шматов // ФММ, 1966, T. 21, 2. – C. 265–

271. 

231. Волощук А.И. Термическая активированная деформация урана / Волощук 

А.И., Конотоп Ю.Ф. // Физика металлов и металловедение – 1975.–Т.39, №5.– С. 

347–353. 

232. 9. Коман Б.П. Взаємозв’ язок механічних та електрофізичних властивостей 

власнодефектних  кристалів Cd Hg Te / Б.П.Коман  // Фізика і хімія твердого тіла 

– 2011, т.12, с.1018– 1025. 

233. Haazen P. Kinkelbildung in geladenen Versetzungen / Р. Haazen // Phys. Status 

solidi A. –1975. –V. 28. –№1. – р. 145–155. 

234. Никитенко В.И. Влияние точечных дефектов на профиль пайерлсовского 

рельефа / В.И.Никитенко // Сб.: Динамика дислокаций.– 1972–с.134–146. 

235. Palagin V., Razumov-Fryziuk I., Botsman I., & Nevliudova, V. Development of 

multi-probe connecting deviceson flexible polyimide base for MEMS components 

testing // 2018 XIV-th International Conference on Perspective Technologies and 

Methods in MEMS Design (MEMSTECH). – IEEE, 2018. – PP. 232-235. 

236. Технологічне забезпечення якості гнучких комутаційних структур: 

Монографія / І. Ш. Невлюдов, І. В. Боцман, В. В. Невлюдова, Є. А. Разумов-

Фризюк. – Кривий ріг: КК НАУ, 2018. – 256 с. 

237. Zharikova Irina. Electromagnetic Compatibility Analysis of the 

Infocommunication Systems Components on the Flexible Structures Basis / Irina 

Zharikova, Sergey Novoselov, Viktoriya Nevlyudova, Oleksandr Botsman // Second 

International Scientific-Practical Conference Problems of Infocommunications 

Science and Technology. – October 13–15, 2015. – Kharkiv, Ukraine. – РР. 101-103. 

238. Невлюдов І. Ш. Розробка параметричної моделі гнучких комутаційних 

структур для дослідження механічних впливів на них / І. Ш. Невлюдов, С. П. 

Новоселов, І. В. Боцман, Н. П. Демська // ХVII Міжнародна науково-технічна 

конференція «Фізичні процеси та поля технічних і біологічних об’єктів»: 

матеріали конференції (Кременчук, 2-4 листопада 2018 р.). – Кременчук: КрНУ, 

2018. – С. 141-143. 



THEORETICAL AND SCIENTIFIC FOUNDATIONS IN RESEARCH IN ENGINEERING 

 524 

239. V. Bortnikova, V. Yevsieiev, V. Beskorovainyi, I. Nevliudov, I. Botsman and S. 

Maksymova. Structural Parameters Influence on a Soft Robotic Manipulator Finger 

Bend Angle Simulation // 2019 IEEE 15th International Conference on the Experience 

of Designing and Application of CAD Systems (CADSM), 2019. – PP. 35-38. 

240. Невлюдов І. Ш., Чала О. О., Невлюдова В. В., Коробський В. В., & 

Власенков Д. П. До питань розробки математичних моделей управління ланками 

змієподібних роботехнічних систем // Міжнародна науково-практична 

конференція «Математичне моделювання процесів в економіці та управлінні 

проектами і програмами» (ММП-2021), Коблево, 13-17 вересня 2021 р. Збірник 

праць. – Харків: ХНУРЕ, 2021. – С. 103. 

241. Стенд для динамічних випробувань гнучких комутаційних шлейфів та 

МЕМС-компонентів: патент № 108066 України на корисну модель: МПК G01M 

7/02 (2006.01) / О. С. Боцман, І. В. Жарікова, В. В. Невлюдова, С. П. Новоселов 

та ін.; заявл. 12.02.2016; опубл. 24.06.2016, Бюл. № 12. – 3 с. 

242. Боцман И. В. Динамические испытания гибких коммутационных структур / 

И. В. Боцман, А. С. Боцман, В. В. Невлюдова // Тези доповідей VIII Міжнародної 

науково-практичної конференції «Сучасні проблеми і досягнення в галузі 

радіотехніки, телекомунікацій та інформаційних технологій», м. Запоріжжя, 21-

23 вересня 2016 р. – Запоріжжя: ЗНТУ. – С. 211-212. 

243. Стрижевский И. В., Зиневич А. М., Никольский К. К. (1981). Защита 

металлических сооружений от подземной коррозии: Справочник. 2-е изд. 

перераб. доп. – М.: Недра. – 293 с. 

244. Бэкман В., Швенк В. (1984) Катодная защита от коррозии / Пер. с нем. Под 

ред. И. В. Стрижевского. – М.: Металлургия. – 495 с. 

245. Джала Р.М. (2009). Основи обстеження і контролю корозійного стану 

підземних трубопроводів // Механіка руйнування і міцність матеріалів: Довідн. 

посібник / Під заг. ред. В.В. Панасюка – Т.11: Міцність і довговічність 

нафтогазових трубопроводів і резервуарів // Г.М. Никифорчин, С.Г. Поляков, 

В.А. Черватюк, І.В. Ориняк, З.В. Слободян, Р.М. Джала. – Львів: СПОЛОМ, Розд. 

6. – С. 143–184. 

246. Назарчук З.Т. Ред. (2018). Технічна діагностика матеріалів і конструкцій: 

Довідн. посіб. Т.4: Електрофізичні методи неруйнівного контролю дефектності 

елементів конструкцій / Р. М. Джала, В.Р. Джала, І.Б. Івасів, В. Г. Рибачук, В. М. 

Учанін. / За ред. Р.М. Джали. – Львів: Простір-М. – 356 с. 

247. Джала Р., Вербенец Б. Бесконтактный метод, приборы и новая технология 

обследований подземных трубопроводов / “Наука, техника и инновационные 

технологии в эпоху могущества и счастья”: Материалы Международной научной 

конференции (11-13 июня 2015 года)- Том I. – Aşgabat: Ylym - 2015. – С. 128-129. 

 


