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Abstract. The cables used for electric vehicle charging are subjected to 

various stresses and interventions during operation or storage. It is taken into 

account that these cables are stored in a certain form, usually coiled, after which 

they are unwound, stretched and, while being subjected to an electromagnetic 

field, are in the open air. This can mean high or low temperatures and various 

other environmental actions. During handling and actual electrical charging, 

various situations arise in which shock loads may occur. One reason would be 

the stress caused by shock traction by the user. Another cause can be the fall of 

foreign bodies during the electric charging operation. There can also be an 

accidental passage over the cable with the car wheel. If all these shock stresses 

are superimposed and with high temperatures, these cables can be taken out of 

use. In this paper, the results of shock tests of two types of cables, at high 

temperatures, are presented.  
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1. Study context 

 

 Electric cables used in charging electric vehicles must operate reliably 

in diverse and often demanding environments. One key aspect of ensuring their 

performance lies in their ability to resist various forms of mechanical and 

thermal stress (Bernstein, 1994). The polymeric materials used in cable 

insulation, particularly those based on PVC, are engineered to absorb shocks 

and withstand mechanical impacts without suffering visible damage or internal 

failure. These materials provide adequate structural rigidity, reducing the 

likelihood of unwanted deformation or displacement during use. PVC, a 

commonly used polymer in cable sheathing, is chemically stable and maintains 

its physical characteristics over extended periods. As a viscoelastic material, it 

can slowly deform when subjected to continuous loading ‒ a process referred to 

as time-dependent strain or creep (Yiyan, 2017). Compared to other 

thermoplastics such as polyethylene or polypropylene, PVC demonstrates a 

significantly lower tendency toward this type of deformation, due to its 

molecular structure, which limits the mobility of its chains in non-crystalline 

regions. This property enhances its suitability for components that must retain 

dimensional accuracy under long-term loading conditions. When exposed to 

constant mechanical pressure at ambient temperature, this behaviour becomes 

evident as a slow, irreversible shape change known as cold flow ‒ a factor that 

must be considered during product design in construction and industrial 

contexts. 

 EV charging cables typically consist of multiple layers: conductive 

copper strands, internal and external sheaths made from polymeric compounds, 

and reinforcement elements like textile fibres. These components may be 

subjected to damage from repeated bending, stretching, twisting, or impacts, 

particularly during day-to-day handling. While standard power cables installed 

in stationary settings experience limited mechanical fluctuation, those used in 

mobile charging systems are exposed to more dynamic forces. Outdoor cables, 

for instance, endure environmental challenges such as temperature variation, 

wind, and ice accumulation. In contrast, EV cables encounter stress primarily 

due to repeated user interaction - including bending, pulling, and torsion during 

plug-in and unplugging operations. Because the mechanical performance of 

these cables directly influences the efficiency and safety of the charging 

process, the materials and construction must meet higher durability 

requirements than traditional cables. The growing demand for electric vehicles 

also places increased emphasis on developing robust, long-lasting charging 

infrastructure. As such, systematic mechanical testing plays an essential role in 

validating the physical resilience of these cables under real-world conditions 

(Linshu et al., 2019). The aim of mechanical testing procedures is to evaluate 

how these cables respond to repeated stress factors - such as twisting, 

compression, abrasion, and external impact - all of which can contribute to 
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gradual material degradation. Standards have been established to guide these 

evaluations (Chahoe and Chengyu, 2013), including: 

• IEC 60811-202, 2012, which refers to measuring the thickness of the 

PVC protection of cables; 

• IEC 60502-1, 2021, in which various specifications are given for power 

cables with extruded insulation; 

• IEC 60332-1-2, 2025 in which the fire resistance is evaluated for both 

electrical cables and optical fibres; 

• IEC 62893-1, 2020 which provides certain requirements for cables used 

in testing electric vehicles with voltages up to 0.6/1kV; 

• EN 50520:2020/A1:2021, 2021 is a standard that establishes the 

performance of cables used for charging electric vehicles; 

• EN 60811-100, 2012, is a European standard that describes the general 

testing conditions for polymeric materials. 

 Despite the presence of standardized testing protocols, there remains a 

lack of detailed experimental studies focused specifically on EV cable 

durability. Previous research has explored charging infrastructure and cable 

technologies in general terms. For example, Singh et al., 2024 addressed 

various aspects of charging systems and international compatibility, yet did not 

delve into the relationship between material choices and failure modes. Other 

studies, such as those by Lin et al., 2021, have utilized computational 

simulations to evaluate cable response under load but often overlook the cable’s 
true geometry, such as spiral layouts. Later, Lin et al., 2025, examined practical 

test setups and observed recurring issues related to clamping efficiency, 

slippage, and localized failure. In response to these limitations, Xiao et al., 

2020, introduced a redesigned fixture system with improved stability, validated 

through simulation, although mechanical constraints remained due to the spring 

configuration. Complementary efforts include fatigue assessments performed on 

reinforced elastomeric composites by Stevens et al., 2018, where thermal 

imaging was used to monitor damage progression. Meanwhile, Jingle Jabha et 

al., 2016, proposed an acoustic sensing method to detect early-stage defects in 

conductive materials, demonstrating that significant elongation can occur prior 

to failure.  

 Other researchers have concentrated on the behaviour of conductive 

elements and polymers at elevated temperatures. For instance, tensile tests 

conducted on metal wires at high thermal loads have provided insight into how 

mechanical properties degrade with temperature (Kuzmanov et al., 2020; 

Anderson et al., 2025; Du et al., 2018; Zhang et al., 2024). Some models, such 

as those proposed by Anderson et al., 2025, have enabled more accurate 

predictions of thermal effects on material performance. Investigations into 

cyclic thermal stress, like those reported by Rickman et al., 2021, highlight the 

long-term impact of repeated heating and cooling on structural integrity. 

Zichuan et al., 2020 focused on performance degradation in high-risk 
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environments, such as nuclear facilities, where thermal shock plays a major 

role.  

 In the present work, mechanical impact testing was performed on two 

types of EV charging cables to assess the response of the complete system ‒ 

including conductor, polymeric insulation, and textile reinforcements ‒ under 

dynamic loading. While isolated mechanical or thermal stresses can 

compromise cable performance, their combined action poses a more significant 

risk of failure. As previously noted, more extensive studies are needed to 

understand how electric vehicle charging cables behave under different loads, 

environmental actions, combined effects, etc. When designing such cables, in 

addition to the economic aspect, one must take into account both the electrical 

and mechanical characteristics as well as the properties that these cables must 

satisfy in order to ensure use with a certain frequency (Guo et al., 2020; Zhao et 

al., 2024; Li et al., 2022). 

 

2. Materials and equipment 

 

In the shock tests that will be presented below, cables taken from the 

final charging system (including the charging plugs) were used. Cables from the 

same company were used but were to be supplied for two different types of 

vehicles. Under these conditions, we had cables with an outer diameter of 16 

mm and 12 mm. These cables were classified as having class 6 flexibility in 

relation to the provisions of the IEC 60228, 2023 standard. The cable with an 

outer diameter of 16 mm (blue), in addition to the outer sheath, contains six 

inner cables (each consisting of a sheath and copper conductors) and a textile 

wire placed in a central position (Fig. 1a). The cable with an outer diameter of 

12 mm (yellow) also had six inner cables, their diameter being smaller than the 

previous cable, and the corresponding textile wire (Fig. 1b). The PVC part 

representing the outer insulation is made of PVC type TM2 while the sheath of 

the inner conductors is made of PVC type TI2, according to the provisions of 

the DIN VDE 0281 Part 1 + HD 21.1 standard. The copper wires, which 

constitute the electrically conductive part, have a specific mass of 72kg/m. 

 

 
(a) Sample with cu Ø = 16 mm (b) Sample with cu Ø = 12 mm 

Fig. 1 − Samples used in shock testing. Ø is the diameter of the cable. 
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 The properties of the materials that make up the cable assembly 

described above are presented in Table 1. Four types of materials are present 

here, namely, the outer sheath of the assembly, the inner conductor sheath, 

copper and textile thread. We mention that both types of cables (with outer 

diameters of 16 mm and 12 mm) had the same types of materials. The following 

characteristics are presented in Table 1: the longitudinal modulus of elasticity 

(Young's modulus), Poisson's ratio, the yield strength and the tangent modulus, 

taken from the straight line that simulates the characteristic stress-strain curve, 

after the yield zone. 
 

Table 1  

Material characteristics used for components 

Material 

Poisson 

ratio 

Young 

modulus 

[MPa] 

Yield 

limit 

[MPa] 

Tangent 

modulus 

[MPa] 

Copper 0.34 110000 150 1150 

PVC outer 0.42 1100 4 0 

PVC inner 0.42 1100 2.5 0 

Textile 

thread 

0.39 3500 50 0 

 

 From Fig. 2 it can be seen that the cables inside are arranged in a strand 

around the textile thread. Cosău et al., 2025, showed, through finite element 

analysis, that part of the energy received from the outside through the tensile 

test is dissipated through internal friction between the cables, and between them 

and the outer sheath. We expect that such energy dissipation will also occur 

during shock testing, proportional to the friction area between the surfaces in 

contact. 

 

  
Fig. 2 − Twisting the cables 

inside the outer sheath. 

Fig. 3 − Charpy pendulum hammer. 
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The equipment used was the Charpy pendulum hammer type device, 

with a maximum load of over 300 daN, Fig. 3. 

It is noted that although the device is designed to deliver a maximum 

energy of 300 daN, by raising the pendulum hammer to a higher height on the 

toothed sector, it can deliver a higher energy. This was also the case for the 16 

mm diameter cable loads as it did not break at a delivered energy of 300 daN. 

 

2. How to perform the tests and clamp them in the jaws 

 

The samples made of cables were clamped in the jaws of the testing 

device, as shown in Fig. 4a. As can be seen from Fig. 4b, the sample broke in 

the area of impact with the pendulum hammer and not in the jaws. Under these 

conditions, we can consider that the tests were valid. 

 

  

(a) Holding the sample in the jaws (b) broken sample 

Fig. 4 − How to hold and break the samples. 

 

The maximum energy of the pendulum specified in the standard for the 

Charpy test is 300 Joules. The energy released by friction (determined by the 

free fall of the hammer) was 45 Joules. The total energy, released to the sample 

and lost by friction, was read on the graduated scale shown in Fig. 5. It should 

be noted that the energy of 300 Joules was not sufficient to break the 16 mm 

diameter cable, Fig. 6. Under these conditions, the pendulum was raised three 

steps higher, Fig. 3, to provide the necessary energy. Under these conditions, 

the maximum energy to which the pendulum was raised was empirically 

calculated to be 364 Joules. Corrective calculations were made for the new 

energy and the measurement scale was adapted so as to correctly measure the 

energy released to the sample by breaking. 
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Fig. 5 − How to read energy on the graduated 
scale. 

Fig. 6 − Unbroken sample with 
maximum energy of 300 J. 

 

Heating was carried out using a blower which allowed the temperature 

to be raised to 110ºC. Instantaneous temperature reading was carried out using a 

digital thermometer, Fig. 7. 

 

 
Fig. 7 − Heating mode and temperature reading. 
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It is mentioned that the heating and the temperature reading were also 

carried out during the test so that the cable temperature taken for drawing the 

graphs below was the real one, from the moment of impact. We also mention 

that the heating with the blower, before the impact, was carried out 2-3 degrees 

more than the one read at the moment of impact. This was done so that at the 

moment of impact the temperature was the desired one. Fig. 8 shows some 

temperature measurements during heating. 

 

   

   
 

Fig. 8 − How to take temperature readings when heating cables. 
 

The failure mode of the specimens with an outer diameter of 12 mm is 

shown in Fig. 9. It is found that the specimens break in the area of impact with 

the pendulum hammer (central area) and not in the clamping area, which makes 

the test performed valid. 
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Fig. 9 − Breaking mode of samples with outer diameter of 12 mm. 

 

The breaking mode of the cables with an outer diameter of 16 mm can 

be seen in Fig. 10. Here too, it can be seen that the breaking occurred in the 

impact zone. We recall that the impact energy required to break the cable with a 

diameter of 16 mm was greater than 300 J and 364 J, respectively, obtained by 

raising the hammer to a height higher than that indicated for obtaining the 

energy of 300 J. 

 

 
Fig. 10 − Breaking mode of samples with outer diameter of 16 mm. 

 

4. Results obtained and discussions 

 

Following the tests, the breaking energies were determined, under the 

conditions in which the cables were heated to certain temperatures, in the 

central part, where the impact zone was. It is mentioned that the temperatures 

were measured in the central area, right at the moment of impact. 

Fig. 11 shows the variation of the energy given to the sample at the 

moment of impact in relation to the cable temperature in the impact zone, for 

the cable with a diameter of 12 mm. It is found that the breaking energy 

decreases with increasing temperature. 
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Fig. 11 − Variation of energy released with temperature; sample Ø12mm. 

 

In the temperature range, 22ºC – 110ºC, it is possible to assign a 

negative exponential law of energy variation with respect to temperature, as 

follows: 

                                  (1) 

where: 

- En is the breaking energy supplied to the sample upon impact; 

- T is the temperature in the central area of the sample which is also the 

impact area. 

For the sample with an outer diameter of 16 mm, the variation of energy 

in relation to the temperature in the impact area is given in Fig. 12. For this 

sample too, the decrease of the impact energy in relation to the increase of the 

temperature in the impact area of the pendulum hammer is observed. 

In the temperature range, 22ºC – 110ºC, the negative exponential law of 

variation of energy in relation to the temperature, which can be assigned for the 

cable with an outer diameter of 16 mm is: 

 

                             (2) 

 

where: 

- En is the fracture energy supplied to the sample upon impact; 

- T is the temperature in the central area of the sample which is also the 

impact area. 
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Fig. 12 − Variation of energy released with temperature; sample Ø16mm. 

 

 For comparison, in Fig. 13 the two previous variations, the impact 

energy in relation to the temperature, for the two cables with diameters of 12 

mm and 16 mm, have been plotted. 

It is found that, for a certain temperature, the energy required to break 

the cable with an outer diameter of 16 mm is greater than the energy required to 

break the cable with a diameter of 12 mm. Table 2 presents, for 4 common 

temperatures, the energies provided for breaking as well as the ratio between 

them. 

 

 
Fig. 13 − Variation of energy released with respect to temperature; sample Ø16mm 

versus sample Ø12mm. 



32                                 Elena-Roxana Cosău and Viorel Goanță 
 

 

 

Table 2 

The energies supplied for breaking the two cables 

 Temperature [degrees Celsius] 

Energy 

ratio 

20 70 90 110 

Energy [J] 

Cable with  

Ø=16 mm 

285 189 160 135 

Cable with  

Ø=12 mm 

266 140 110 100 

Energy ratio: 

Ø=16 mm/  
Ø=12 mm 

1,07 1,32 1,45 1,35 1,297 

 

Using the data from Table 2, the variation in Fig. 14 was plotted. 

Beyond the fact that the energies released for breaking the 16 mm diameter 

sample are higher for any temperature, Fig. 14 shows that the ratio between the 

breaking energies: EnØ16mm/ EnØ12mm increases up to a temperature of 90 
degrees Celsius after which a decrease occurs. It is possible that the decrease 

also occurs after a temperature of 11 degrees Celsius. The explanation lies in the 

fact that, by applying excessive heating, PVC-type materials degrade sharply, 

under these conditions no longer providing high resistance even at larger cross-

sectional sizes. 

 

 
Fig. 14 ‒ Variation of energy ratio, EnØ16mm/ EnØ12mm, with temperature. 

 

5. Conclusions 

 

The present paper presents the shock test method for cables with outer 

diameters of 12 mm and 16 mm, at different temperatures. 

The clamping in the jaws of the testing device was carried out based on 

clips and screws. This type of clamping did not affect the breaking mode of the 
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samples. They broke in the central part, in the impact zone with the pendulum 

hammer, which led to the validation of the tests. 

It is noted that for the cable with an outer diameter of 16 mm, the 

energy of 300 J at which the testing machine usually operates was not sufficient 

for the complete breaking of the cross-section. Under these conditions, two 

types of additional calculations were used to determine both the initial energy of 

the hammer and the energy read on the corresponding ruler. All samples broke 

in the impact zone, with significant plastic deformations. As can be seen from 

Fig. 9 and Fig. 10, these deformations are greater the higher the working 

temperature. Note: in Figs. 9 and 10, the samples are placed from higher energy 

(lower temperature) to lower energy (higher temperature). 

It is found that, for both samples, the energy required to break the 

samples decreases as the temperature in the impact zone increases. 

Regarding the ratio between the energies supplied to the two types of samples at 

the same temperature, it varies, increasing from a lower temperature to a higher 

temperature, up to a temperature of 90 degrees Celsius. After this temperature 

value, this ratio begins to decrease. Fig. 13 shows a more pronounced decrease 

in energy with respect to temperature for the 12mm cable. This can be attributed 

to the fact that, in the 16mm cable, the friction between the inner cables and 

between them and the outer sheath is greater, given that the contact surface is 

also larger. 
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STUDIU PRIVIND TESTE DE ȘOC LA TEMPERATURĂ, EFECTUATE PE 

CABLURI DE ÎNCĂRCARE PENTRU VEHICULE ELECTRICE  

 

(Rezumat) 

 

Cablurile utilizate pentru încărcarea vehiculelor electrice sunt supuse la diverse 
solicitări și intervenții în timpul funcționării sau depozitării. Se are în vedere faptul că 
aceste cabluri sunt depozitate într-o anumită formă, de obicei circulară, după care sunt 

derulate, întinse și, supuse fiind unui câmp electromagnetic, se află sub acțiunea 
factorilor de mediu. Aceasta poate însemna temperaturi ridicate sau scăzute și diverse 
alte acțiuni ale mediului. Totodată, pot apărea și solicitări de șoc din diverse motive. Un 
motiv ar fi solicitarea cauzată de tracțiunea bruscă de către utilizator. O altă cauză poate 
fi căderea unor corpuri străine în timpul operațiunii de încărcare electrică. Poate exista 
și o trecere accidentală peste cablu cu roata mașinii. Dacă toate aceste solicitări de șoc 
sunt suprapuse și cu temperaturi ridicate, aceste cabluri pot fi scoase din uz. În această 
lucrare sunt prezentate rezultatele testelor de șoc la două tipuri de cabluri, la temperaturi 
ridicate. 
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