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ABSTRACT 
 

Stretchable conductive ink provides an alternative for embedding electronics in garments, 
accessories, and medical devices. The ink can be utilized to develop a thin stretchable form-
fitting circuit in wearable devices that allows for both comfort and freedom. Using maximum 
principal elastic strain and Von Mises stress analysis, this study determines the best materials 
for conductive ink performance. It was carried out with the use of finite element analysis (FEA) 
modelling approaches. For FEA analysis, five different materials of conductive ink straight-line 
pattern were developed: copper (baseline), silver, graphene, carbon black, and carbon 
nanotubes (CNT). The previous study's mechanical properties were applied. By evaluating the 
maximum principal elastic strain and equivalent stress (Von Mises stress), FEA modelling was 
utilized to identify which conductive ink materials had more elasticity. For the varying 
materials effect of the 20% elongation stress, a modelling approach of conductive inks pattern 
related to elasticity theories was proposed to be used. The strain and stress difference during 
stretching was optimized by using fatigue in the pattern line's cross-section area. Because the 
strain and stress values of all materials were not considerably different, there was no obvious 
difference in the cross-section between all conductive inks, especially in the red-coloured area. 
The carbon-based conductive ink of CNT and graphene achieved the best results in terms of 
maximum principal elastic strain with the values of 0.5320 and 0.5451, respectively with the 
percentage difference from copper (baseline) of 0.77% and 3.21%. Carbon black and graphene 
had the highest percentage difference when compared to copper (baseline), which had over 7 
times less stress, with Von Mises stress values of 7,373 MPa and 8,060 MPa, respectively. This 
research also demonstrates that the FEA method can be used to investigate the stretchability 
of conductive ink. 
 
Keywords: Stretchable conductive ink, conductive ink materials, finite element analysis, 
maximum principal elastic strain, Von Mises stress 

 

 
1.  INTRODUCTION  
 
The present printed circuit boards (PCBs) are physically fragile and easily broken when subjected 
to high pressure. To overcome these problems, various conductive fillers such as gold, platinum, 
carbon nanotube, silver nanoparticles, organic conductive polymers and graphene have been 
used in printed electronics technology as a substitute to PCB technology and increase the 
flexibility of the circuit. PCB manufacturing infrastructure is complicated for both additive and 
subtractive conductor processes [1]. Other equipment such as wire connection boards are 
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required to produce a sensor system that employs a wire connection. Low manufacturing costs, 
long-term durability, environmentally friendly production processes, recyclability, lower energy 
usage, and improved efficiency, as well as electronic integration as part of other structures, are 
all essential new electronic properties [2]. The use of conductive inks has accelerated the 
transition from rigid, inconvenient electrodes to today's more comfortable, affordable, and 
disposable sensor pads. According to [3], the conductive ink was utilized as a transducer to 
transform pressure into an electric signal. 
 
According to [4], stretchable substrates or electronics that can be stretched allow them to be 
employed in wider application space and also increase longevity. Stretchable substrates have 
become an important component in the circuit connection of many stretchable devices' working 
circuits. A high-quality stretchable printed circuit must be able to sustain electrical conductivity 
performance despite being exposed to high temperatures together with the substrate [5]. 
Connecting hard components using stretchable interconnects is a common approach in 
stretchable electronic design and fabrication [6]. Various stretchable electronic devices, including 
stretchable heaters, stretchable energy conversion and storage devices, stretchable transistors 
and artificial skin are manufactured with the help of a variety of manufacturing processes [7]. 
 
Stretchable electronics is a device that can be compressed, twisted, and adhered to a very 
complicated shape. The mechanical and electrical compliances of stretchable electronics can pave 
the way for health care, entertainment, and energy applications [8]. The most challenging aspect 
of developing materials for stretchable printed electronics is developing a printable conductor or 
electrode [9]. Stretchable conductive ink has been widely used in a variety of industries, including 
fabric, health, automotive, communications, and others. A circuit's flexibility allows it to be placed 
on an uneven surface or to change over time. Because the stretchy platform is always exposed to 
cyclic motion and deformation, it provides an advantage for widespread and unobtrusive sensor 
and display applications [10]. In the context of printed conductors, stretchability is defined as the 
percentage change in resistance of a printed conductor when exposed to induced uni-axial stress. 
A lesser decrease in resistance benefits stretchability [11]. 
 
Measuring mechanical strain of relative displacement or deformation is crucial for understanding 
the functional changes in conductive ink and clarifying basic relationships between mechanical 
loading and conductive ink response. When a film on a substrate is bent into a cylinder of radius 
R, the outside surface encounters tensile strain while the inner surface encounters compressive 
strain [12, 13]. The strain distribution and failure mechanisms in the entire architecture should 
be completely investigated during mechanical deformation and atomistic calculations can be 
employed to provide a guideline for device construction design [14]. It is important to understand 
the conductive ink content which can be determined using the cross-section measurement [15]. 
More conductive ink will cause more distortion, which can have a substantial impact on the 
results. The influence of the conductive ink materials on the strain and stress in a circuit is 
commonly investigated in an experimental setup. According to Hooke's law theory of elasticity, 
mechanical stress is directly proportional to the strain, and the biggest Von Mises stress usually 
occurs in the most stretchable and flexible film. The "proportionality factor" is no longer becomes 
a single real value due to the fact that general stresses and strains can have multiple independent 
components [14]. 
 
However, there is a lack of data on the induced stress by attachments, as well as the effect of 
different conductive ink materials and robustness on stress dissipation. Experimental results can 
be used as an input parameter for material properties in FEA modelling to determine the 
maximum principal elastic strain and equivalent stress (Von Mises stress). The strain and stress 
difference during stretching might be optimized by using the fatigue in the pattern line's cross-
section area. This study aimed to demonstrate how stretching a screen-printed straight-line 
design with various conductive ink materials causes significant strain and stress variance. It can 
be estimated using the maximum principal elastic strain and Von Mises stress generated by FEA 
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modelling. Von Mises stresses were used to evaluate the stress distribution in the conductive ink 
patterns, as a higher Von Mises stress indicated a higher risk of failure [16]. Following the 
completion of the above objective, an attempt was made to determine the best-printed conductor 
thickness with the best stretchability using maximum principal elastic strain and Von Mises stress 
obtained from FEA modelling. 
 
1.1 Previous FEA of Conductive Inks 
 
[17] developed a graphene conductive ink formulation with several filler loading percentages to 
identify and select the most functional conductive ink. Graphene was used as a filler, Araldite® 
as an epoxy resin, and Huntsman polytheramine as a hardener in the conductive ink, all of which 
were used without modification. The sheet resistance values were collected using the In-Line 
Four-Point Probe during the electrical characterization analysis. The sheet resistance data was 
then analyzed to determine the volume of resistivity for FEA analysis. A sample from the electrical 
characterization was used for mechanical characterization analysis. Mechanical characterization 
studies were performed to determine the material's strength, which then can be utilized to 
calculate FEA mechanical properties. 
 
Table 1 lists the properties of conductive ink derived from previous experiments, as well as the 
ink source. The numerical findings were compared to the experimental results. Numerical 
workbench tools were used to accomplish the FEA of the conductive ink pattern. The conductive 
ink was constructed using CATIA modelling software, then exported as an IGES file and imported 
into the workbench. The model was then fine-meshed, and the computing process was expected 
to take a decent length of time. FEA of ink stresses on a straight-line screen-printed pattern was 
performed with ANSYS software to simulate the strain and stress behaviour of the circuit under 
mechanical loads. Table 1 lists the material parameters that were used in earlier FEA studies. 
 

Table 1 Graphene Properties Used for Simulation Analysis [17] 
 

 
Due to its exceptional electrical, mechanical, and thermal properties, graphene as a filler has the 
potential to increase the efficiency, reliability, and durability of various applications for the future 
generation of electronic devices, composite materials, and energy storage devices [18]. Graphene 
has the most potential as a high-performance absorption material due to its numerous appealing 
qualities such as distinctive structural effects, high specific surface area, and high conductivity 
[19]. Graphene has been a major source of research due to its numerous appealing qualities, 
including excellent electrical conductivity, mechanical efficiency, and elasticity [20]. According to 
[17] FEA results, the straight-line pattern's stretchability after 20% elongation is 0.5451 and 
8,060 MPa for maximum principal elastic strain and Von Mises stress, respectively.  
 
Due to the high cost of materials, copper, iron, and nickel are less expensive options, but they have 
the problem of easily oxidizing in the air, which generates an insulating barrier on their surface 
[21]. Using numerical and experimental investigations, [22] studied the deformation behaviour 
and failure mechanisms of parallel-aligned, horseshoe-patterned, stretchy conductors 
encapsulated in a polymer substrate. The researchers showed that the copper stretchable 
conductors may elongate up to 123% and 135% without metal rupture for fine and coarse pitches, 
respectively, based on the experimental results. According to the researchers, the strain was 35.00 
x 10-3 by using a mechanical model with a line to line pitch of 3.0 mm and a 20% elongation. 

Materials 

Properties 

Young’s 
Modulus  

(Pa) 

Poisson’s 
Ratio 

Density 
(kg/m3) 

Thermal 
Conductivity 

(W/m °K) 

Resistivity 
(Ω.m) 

Graphene 15.49 x 109 0.149 2200 5300 0.249 



Ameeruz Kamal Ab Wahid, et al. / Finite Element Analysis on Stretchable Conductive Ink…  

 

444 
 

Silver is expensive and requires high sintering temperatures to achieve good conductivity, which 
limits its use on flexible substrates [23]. [24] studied the electrical and mechanical characteristics 
of a silver inkjet-printed patch antenna under uniaxial and biaxial bending. A 30 mm × 40 mm 
patch antenna with a truncated copper ground plane was designed and manufactured using inkjet 
printing on a polyethylene terephthalate (PET) substrate. FEA was used to determine the strain 
distribution during uniaxial and biaxial bending. Based on the outcomes of the FEA studies, the 
researchers discovered a maximum strain of 0.0169 under uniaxial bending and 0.0029 under 
biaxial bending. 
 
Another conductive substance is carbon, which comes in the forms of graphite, carbon black, and 
carbon nanotubes (CNT) [25]. Carbon black possesses good mechanical qualities, a low specific 
weight, and is easy to prepare among other conductive materials. [26] explored how the 
mechanical performance of carbon fiber-reinforced epoxy composites was affected by different 
amounts of carbon black particles. In the early stages of their research, researchers were putting 
the composite materials they had created through tensile, flexural, and impact tests. The 
experimental result was validated using the numerical method. In terms of mechanical 
performance, the researchers discovered that carbon black/epoxy composites reinforced with 
carbon fibre outperformed typical carbon fiber-reinforced epoxy matrix composites. When 
compared to the tensile strength of conventional carbon fabric-reinforced epoxy composites, the 
FEA findings from the analytical tensile test were 110.43 MPa, equivalent to 65.78% 
improvement. 
 
CNT has the advantage of being able to function as a metal or a semiconductor depending on its 
chirality, and it can withstand high temperatures [27]. [28] offer a computational technique for 
estimating effective orthotropic elastic properties of carbon nanotube (CNT) nanocomposites 
under various component conditions. The Mori-Tanaka (MT) homogenization methodology was 
integrated with a finite element method (FEM) approach to forecasting the effective material 
properties of nanocomposites. The FEA employing the hollow cylinder model yielded strain and 
stress values of 13.5 and 1,000 MPa, respectively. The researchers also revealed that the interface 
between the matrix and the filler had a significant impact on polymer composites' effective elastic 
strength. Previous researchers used numerous different sorts of patterns to conduct FEA studies 
on various conductive ink materials in order to acquire adequate strain and stress values for 
flexibility. Table 2 shows the strain and stress findings obtained by previous studies utilizing 
various conductive ink materials and designs. 
 

Table 2 Strain and Stress Results Carried by Researchers Using Various Conductive Ink Materials and 
Patterns 

 

 
1.2 Mechanical Properties  
 
Mechanical characteristics analysis main objective was to find the strength of a material. Nano-
indentation equipment is used to assess the samples' hardness. Nanoindenter testing is based on 
using a high-resolution actuator to force an indenter into the test surface and a high-resolution 
to continually quantify the penetration that happens [29]. Because Young's modulus and the 

Materials 
Simulation 

Pattern 
Maximum Principal 

Elastic Strain 
Von Misses Stress 

(MPa) 
Reference 

Copper Horseshoe 35.00  x 10-3 N/A [22] 

Silver Straight line  16.90 x 10-3 N/A [24] 

Graphene Straight line 545.10 x 10-3 8060 [17] 

Carbon Black Straight line N/A 110.43 [26] 

CNT Hollow cylinder  13.50 x 10-3 1000 [28] 
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maximum depth were feasible for this experiment, a maximum load of 150 mN was utilized based 
on previous experiments [17]. Since graphene can be generated cost-effectively on an industrial 
scale, and the graphene functional groups allow their hydrophilicity and processability of 
formulations, the majority of graphene and its application studies have concentrated on the 
reduction of graphene materials [30]. 
 
The maximum load is determined by the depth of penetration of the indenter into the surface 
[31]. To avoid the formulation from breaking and rupturing, and therefore losing its protective 
effect, the depth of the nano-indentation is carefully regulated. When measuring thin films, the 
indenter may penetrate too deeply if the load is too high, which the results can be influenced by 
the substrate's properties. The roughness of the specimen surface will influence the results if the 
load is too low. The elastic behaviour of printed ink is determined using the nanoindenter test. By 
permitting the bending or stretching of conductive ink circuits, the Young's Modulus can identify 
the physical parameters of the formulation. The results of this experiment were subsequently 
employed as an input parameter in the FEA of graphene formulation. 
 
 
2. METHODOLOGY 
 
This study aimed to determine which material would have the least amount of stress based on its 
percentage value. The numerical results were then compared to the experimental outcomes. The 
FEA of the patterns was performed using numerical workbench tools. Patterns were designed in 
CATIA modelling software, then converted as an IGES file and imported into the workbench. After 
that, the model was fine-meshed, and the computation process was expected to take some time. 
ANSYS software was used to simulate strain and stress behaviour of the circuit under mechanical 
loads utilizing FEA of ink stresses on a straight-line screen-printed pattern. 
 
2.1   Model Configuration 
 
Data from previous studies and FEA models were used in the research. Previous graphene 
material properties were used, as well as simulated maximum principal elastic strain and Von 
Mises stress values. The stress analysis simulations were carried out using the finite element 
programme ANSYS Workbench. Ink patterns with a thickness of 0.1 mm were used to generate 
the FEA model. Because of the symmetrical geometry in the X direction, a half model was utilized. 
[32] measured the lifetime of stretchable conductors under a certain strain using a 20% stretch. 
For this work, 20 percent elongation stress was applied uni-axially along the X-axis, as shown in 
Figure 1. 
 
 
 
 
 
 
 
 

 
Figure 1. FEA straight-line model. 

 
2.2   FEA 
 
The results are determined by numerically solving the governing equations at each node using a 
mesh-generated finite element approach. As shown in Figure 2, the fine mesh option was used 
with the straight-line model preference with a longer duration of the computation process. The 
finite element was produced with an element size of 1.9 x 10-4 mm, resulting in 6,915 elements. 

3 mm  

Pull Area 

Hold Area 

Y 

X 
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Figure 2. Mesh model of the straight-line sample. 
 

FEA of conductive ink strains on a straight-line screen-printed pattern using ANSYS software was 
used to simulate the circuit's strain and stress behaviour under mechanical loads. The ink was 
approximated as a layered structure to imitate the screen-printing method. The study's purpose 
was to see how different conductive ink materials affected the printed pattern's resulting 
stresses. On the same substrate, the patterns were printed using the same printing and curing 
procedures. The focus of this research was to find out which conductive ink materials had the 
least amount of strain and stress based on their maximum values. Cross-sectional observations 
are also discussed at maximum value strain and stress points. 
 
The material properties used for this FEA research are presented in Table 3. The values of 
material properties used in this paper were obtained from previous and other research studies. 
 

 Table 3 Material Properties Used for Simulation Analysis 

 

 
3. RESULTS AND DISCUSSION 
  
3.1  Theoretical and Simulation-Based Results 
 
Table 4 shows the percentage difference between copper (baseline) and other conductive ink on 
the maximum principal elastic strain and Von Mises stress. The strain can be approximately 
computed by ℰ= ΔL/L, where ℰ is the strain, ΔL is the total elongation from the neutral axis of the 
pattern structure and L is the original length of the pattern. The hand calculated strain with 20% 
elongation is 0.2012 for the straight-line pattern. The maximum principal elastic strain contours 
of the conductive ink were derived from numerical simulations, which were compared to the 
hand-calculated values for expedience. These magnitudes from all maximum principal elastic 
strain results as shown in Table 4 were close to the hand calculated value of 0.2012 thus 
validating the FEA results. The following equation was used to solve all percentage changes: 
 

% 𝐶ℎ𝑎𝑛𝑔𝑒 =
(V2−V1)

[V1]
                                                     (1) 

 
where: 
V1 = Theoretical maximum principal elastic strain value  
V2 = Simulation maximum principal elastic strain value  

Materials 

Properties 

References Young’s Modulus  
(MPa) 

Shear Modulus 
(Pa) 

Copper 110 x 103 4.104 x 1010 [24] 

Silver 95.506 x 103 3.486+ x 1010 [33] 

Graphene 15.49 x 103 6.741 x 109 [17] 

Carbon Black 14.11 x 103 7.055 x 109 [26] 

CNT 30.612 x 103 1.177 x 1010 [28] 

73 mm  

13 mm  3 mm  
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Table 4 FEA Results Summary Compared with Hand Calculated Strain 
 

Type Material 

Hand Calculated 
Strain / 

Theoretical 
Strain 

Maximum Principal 
Elastic Strain 

% Change In Strain 

a Copper (Baseline) 

0.2011 

0.5279 Increase 162.51  

b Silver 0.5245 Increase 160.82  

c Graphene 0.5451 Increase 171.06 

d Carbon Black 0.5559 Increase 176.43 

e CNT 0.5320 Increase 164.55 

 
3.2  Comparison between Copper (Baseline) and Other Conductive Inks 
 
Table 5 demonstrates that carbon black has the highest percentage compared to copper 
(baseline), followed by graphene, CNT, and silver. Carbon black has a percentage difference value 
of 5.17% for maximum principal elastic strain and -154.14% for Von Mises stress when compared 
to copper (baseline). It can also be stated that the carbon black percentage value is 5.17% higher 
at maximum principal elastic strain and 154.14% lower at Von Mises stress than a copper 
(baseline). The following equation was used to solve all percentage differences: 
 

% 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
(V1−V2)

[
(V1+V2)

2
]
                                                    (2) 

 
where: 
V1 = Other conductive ink (maximum principal elastic strain or Von Mises stress) value  
V2 = Copper conductive ink (maximum principal elastic strain or Von Mises stress) value  
 
Mechanical stress is directly related to the strain according to Hooke's law theory of elasticity, 
and the highest Von Mises stress results in the most stretchable and flexible conductive ink. Table 
5 shows the results of the maximum principal elastic strain and Von Mises stress from different 
materials of conductive ink which are type (a) copper (baseline), (b) silver, (c) graphene, (d) 
carbon black, and (e) CNT. The numerical simulation shows that silver as a metal-based produces 
a result that is slightly lower than the result of other materials with 0.5245 for maximum principal 
elastic strain or less than 0.65% than the closest result, copper which is also a metal-based 
material. The FEA results also show that carbon-based materials like graphene, carbon black and 
CNT produce maximum principal elastic strain values of 0.5451, 0.5559 and 0.532, respectively. 
These insignificant differences between carbon-based materials also prove that they possess 
better elasticity characteristics than metal-based materials.  
 
The Von-Mises stress value shows copper (baseline) has the highest value compared to all the 
materials tested. A value of 56,935 MPa indicates that copper (baseline) has a high level of 
hardness when subjected to pressure and does not possess high stretchability behaviour. The 
value of Von Mises stress for silver is 14.24% lower than copper (baseline) with 49,367 MPa. CNT 
Von Mises stress result of 15,866 MPa is the highest compared to other carbon-based materials 
followed by graphene and carbon black with the values of 8,060 MPa and 7,373 MPa respectively.  
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Table 5 FEA Results Summary with Percentage Differences of Conductive Inks to Copper (Baseline) 
 

Type Material 
Maximum 
Principal 

Elastic Strain 

% Difference to 
Baseline 

Von Misses 
Stress (MPa) 

% Difference to 
Baseline 

a Copper 
(Baseline) 

0.5279 0 56935 0 

b Silver 0.5245 -0.65 49367 -14.24 

c Graphene 0.5451 3.21 8060 -150.4 

d Carbon Black 0.5559 5.17 7373 -154.14 

e CNT 0.5320 0.77 15866 -112.83 

 

Figures 3 and 4 show a cross-section view of the condition for various conductive ink materials. 
When given a 20% elongation, the maximum principal elastic strain in Figure 3 shows that a 
metal-based conductive ink material performs better in strain. As illustrated in Figures 3 and 4, 
the maximum value of maximum primary elastic strain is located at the same corner as the 
maximum value of Von Mises stress.  
 
As seen in Figures 3 and 4, most strain and stress occur at the sharp edge closest to the applied 
force of the pattern. Due to the enormous tension exerted during this hogging condition, the 
pattern may be catastrophically broken at the sharp edge area [34]. The highest value is 
highlighted in red, while the lowest value is highlighted in blue. From a cross-section view, there 
is no discernible difference between all conductive inks, especially in the red coloured area, 
because the strain and stress values of all materials are not significantly different. In Figure 3, 
type (d) indicates the highest strain in the model with the value of 0.5559, which indicates that it 
can withstand more stress than the other samples. 
 
The straight-line pattern's center was fixed to prevent the node from moving along the x-axis. The 
entire pattern bent and deformed in all directions. Because the pull area in the pattern was larger 
than the fixed area, the component deformed or expanded at a different rate and generated 
stresses. A maximum value of strain and stress can be seen in the sharp edge or corner pattern. 
The corresponding red stresses were not visible on almost the entire side of the pattern; instead, 
they were at the pattern's corner. Figures 3 and 4 indicate that when the material's Young's 
modulus increases, the strain and stress increase. This shows that the material's Young's modulus 
influences strain and stress values, which can reduce failure and hence increase material 
flexibility. As the material thickness increases, the equivalent stress value at the corner can be 
reduced [15].  
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Figure 3. Maximum principal elastic strain of conductive ink materials with cross-section view. (a) 

Copper; (b) Silver; (c) Graphene; (d) Carbon Black; (e) CNT. 
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Figure 4. Von-Mises stress of conductive ink materials with cross-section view. (a) Copper; (b) Silver; (c) 
Graphene; (d) Carbon Black; (e) CNT. 

 
The maximum principal elastic strain for each of the samples was determined using the FEA 
results, with the assumption that the samples with the lowest maximum principal elastic strain 
would have the best stretchability value [17]. As we can see in Figure 5, the metal-based (copper 
and silver) conductive inks maximum principal elastic strain are lower than carbon-based 
(graphene, carbon black and CNT). The maximum principal elastic strain value for type (b), silver 
is 0.5245, which is the lowest among the other types. Although type (e) is a carbon-based 
conductive ink, the maximum principal elastic strain value is 0.5320 which is slightly different 
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from type (a) which has a maximum principal elastic strain of 0.5279. This indicates that type (e) 
has a strain characteristic almost similar to metal-based materials.  
 
Figure 6 indicates that metal-based, copper, and silver conductive inks have the highest Von Mises 
values of all the conductive inks. This means that metal-based conductive inks have a much higher 
hardness than carbon-based inks. The influence of metal-based Young's modulus, which is 
disproportionately high in comparison to carbon-based materials, is responsible for the high-
stress value. According to [26], the higher the percentage weight of silver nanoparticles, the 
higher Young's modulus and hardness of the printed silver sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Maximum principal elastic strain of conductive inks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Von Mises stress of conductive inks. 

 
The FEA results demonstrate that the silver has better stretchability followed by CNT as 
compared to copper conductive ink. Due to its low price and high conductivity, copper is a 
commonly used metal-based material for conductive ink applications [35]. However, copper 
usability is limited because copper nanoparticles can oxidize rapidly in the air, compromising 
their electrical properties [36]. As compared to conductive inks, the resistivity of metal foils is 
significantly lower [37]. After 20% strain penetration, the FEA reports that the CNT followed by 
graphene conductive ink is more stretchable than other carbon-based conductive inks due to its 
low strain and stress values. This FEA value is based on an ideal scenario with no ink-to-substrate 
delamination, no tension cycling, and no variations during the manufacturing process. 
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The type (d) in Figures 6 attains the smallest amount of Von Mises stress among all the five types 
of material because according to Hooke’s law, the higher the modulus, the more stress is needed 
to create the same amount of strain. After 20% strain penetration, the FEA shows that a decrease 
in Von Mises stress from metal-based to carbon-based materials corresponds to 56,935 MPa to 
7,373 MPa, respectively. This mechanism clearly explains the theory of elasticity defined by 
Hooke's law. The maximum value of Von Mises stress on the corner decreases with respect to the 
different types of material, as predicted by mathematical models. This FEA value is based on a 
perfect scenario with no ink-to-substrate delamination, no tension cycling, and no manufacturing 
process changes. Figures 5 and 6 show that of all the conductive inks, type (d) has the highest 
maximum principal elastic strain and lowest Von Mises stress values. As compared to other 
conductive inks, this means that it has a very high level of hardness. The high-stress value is due 
to the influence of type (d) modulus.  
 

 
4.  CONCLUSION 
 
Using maximum principal elastic strain and Von Mises stress analysis, the study was effective in 
proving the optimal stretchability performance of various conductive ink materials. A modelling 
approach based on previous research on conductive inks patterns related to elasticity theories 
was developed to be applied for the varying effects of the 20% elongation stress on different 
conductive ink materials. Silver produced a better strain value for conductive ink in terms of 
maximum principal elastic strain and Von Mises stress even though it had a smaller Young's 
modulus than copper (baseline). The FEA indicated that the CNT followed by graphene 
conductive ink was more stretchable than carbon black conductive inks after 20% of strain 
penetration due to its low strain values. In terms of maximum principal elastic strain as a 
percentage difference from copper (baseline), the carbon-based conductive ink CNT and 
graphene, 0.5320 and 0.5451, respectively, achieved the best results, with percentage difference 
values of 0.77% and 3.21%. 
 
With Von Mises stress values of 7373 MPa and 8060 MPa, respectively, carbon black and 
graphene had the highest percentage difference when compared to copper (baseline), which had 
over 7 times less stress. According to the findings, carbon black could be used as an excellent 
conductive ink in mechanical behaviour instead of graphene. This also verified the influence of 
Young's modulus values on the strain and stress behaviour of materials. The findings also 
revealed that FEA modelling could be utilized to produce the best stretchable screen-printed 
conductive ink and that the maximum principal elastic strain could be used to estimate the 
increase in resistance change during stretching. From the cross-section views, there was no 
discernible difference between all conductive inks, especially in the red coloured area, because 
the strain and stress values of all materials were not significantly different.  
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