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Abstract 
With the rapid development of artificial intelligence technology and Internet of Things 
technology, people's demand for smart wearable devices is increasing. At present, 
flexible strain sensors have been widely used in fields such as human health monitoring, 
biomedicine, electronic skin, and robotics. Although many microstructure sensing 
functions have been studied, it is still a challenge to manufacture strain sensors with high 
sensitivity and wide detection range. Here, a corrugated microstructure is designed by a 
simple method of dripping a conductive solution of carbon nanotubes (CNTs) onto the 
surface of the pre-stretched Dragon skin.This corrugated micro-crack can effectively 
improve the sensitivity of the strain sensor. Strain sensors based on CNTs/Dragon skin 
have been successfully assembled on the human body to monitor the movement of joints, 
proving that it is a promising candidate in wearable electronic devices. 
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1. Introduction 

Due to the potential of stretchable or wearable electronic devices in human body. condition 
monitoring[1] medical care[2], soft robots[3], artificial skin[4], etc. the demand for them has greatly 
increased. In the selection of conductive materials, carbon-based materials such as carbon nanotubes 
[5], graphene [6], reduced graphene oxide[7], graphene oxide [8] and carbon black[9], etc., metal 
nanowire materials such as gold nanowires, silver nanowires [10] And two-dimensional transition 
metal materials such as MXene[11], TMDs, etc. have the greatest attraction due to their excellent 
mechanical properties and high electrical conductivity. Flexible polymers used as substrates such as 
Ecoflex, TPU[12], PDMS[13], PVA[14], PVDF[15], etc. are also attracting attention. 

At present, the research of flexible wearable electronic equipment has entered a white-hot stage. The 
latest high-precision technology has been applied to the production of flexible strain sensors, which 
has brought a new turning point to the development of flexible deformation sensors. Ren et al. used 
electrospinning The process has prepared a thermoplastic polyurethane (TPU) matrix, which makes 
the fabricated CNTs/TPU fiber strain sensor possess extremely high stretchability (900%) and 
excellent durability (10,000 cycles at 200% strain). Similarly, the emergence of novel research ideas 
has led to an endless number of high-performance sensing devices with outstanding performance. For 
example, Lai et al. used a patterned polydimethylsiloxane (PDMS) film copied from a duck net as a 
substrate. The flexible strain sensor made of Ir/CNTs as the sensing material can quickly and 
accurately detect the bending stress[16]. Similarly, Zhang et al. used a low-cost leaf template to make 
a polydimethylsiloxane (PDMS) matrix and pleated CNTs. As a conductive material, it also has good 
sensing ability to make flexible film. There are also many researchers who have worked hard to 
improve the structural design of the sensor[17]to make the sensor with ordinary performance look 
new. Cai et al. combined the sensitive two-dimensional MXene nanosheet stack with the one-
dimensional CNT to obtain a woven structure with excellent electrical properties. The final 
MXene/CNT sensor has high sensitivity (a specification factor of 772.6), high stretchability (130%), 
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excellent reliability and stability (>5000 cycles), and a very good overall performance[18]. Zhang et 
al. used a convenient swelling/infiltration method to diffuse the CNT material into the PDMS matrix, 
and further modified the CNT by using a silane coupling agent (SCA), and finally formed a sandwich 
structure CNT/PDMS sensor, making the device with excellent composite Flexibility, working strain 
exceeds 350%[19] Each sensor has its own role, and the same new challenges are constantly emerging, 
and we urgently need to study and solve them. 

Here, we have prepared CNTs/Dragon skin strain sensors for high-performance strain sensors. A 
corrugated micro-crack structure generated by the pre-stretching method is designed to achieve high 
sensitivity and wide strain sensing range. This kind of crack with corrugated structure is the key to 
improve the sensitivity of strain sensor. The specific method is to deposit the conductive material of 
CNTs on the surface of the pre-stretched Dragon skin through a simple drip coating technique. The 
prepared CNTs/Dragon skin-based strain sensor with micro-crack structure has an ultra-high 
elongation at break of 350% and a high working range (up to 100%). The results show that the 
corrugated cracks generated by pre-tensioning can effectively Improve the sensitivity of the strain 
sensor. In addition, the sensor has good response repeatability and durability (5000 cycles), and can 
return to its original resistance after multiple stretch release cycles. The prepared strain sensor is 
assembled at human joints to detect movement, demonstrating its potential application in wearable 
medical testing. 

2. Experimental Section 

2.1 Materials 

Dragon skin 10 Slow platinum curing silicone was purchased from Beijing Tiantong a Huayi 
Landscape Technology Development Co., Ltd. The PTFE mold (4cmx1cmx0.25mm) was purchased 
from Shenzhen Huangrun Hardware Plastic Products Co., Ltd. Pioneer Nano Material Technology 
Co., Ltd. provides multi-walled carbon nanotubes (purity 95%, length 10-30 microns), (solvent: 
ethanol ). 

2.2 Preparation of the CNTs/Dragon Skin Stration Sensor 

After mixing the silicone Dragon Skin 10 Slow platinum-cured silica gel uniformly, it is dripped onto 
a PTFE mold with a size of 4cm*1cm*0.25mm, and then placed in a blast drying oven at 60°C for 20 
minutes and then taken out. The cured silica gel is peeled off the mold to obtain the base of the flexible 
strain sensor. Weigh 50 mg of CNTs and dissolve them in 20 ml of ethanol solution; after the solution 
is ultrasonically dispersed, magnetically stirred for more than 1 hour to make it uniformly mixed, and 
a uniformly dispersed carbon nanotube conductive solution is obtained. The carbon nanotube 
conductive solution is dripped onto the pre-stretched substrate, and after the carbon nanotubes are 
deposited on the substrate of the strain sensor, the electrodes are fixed on both ends of the substrate 
with silver paste. The semi-finished product of the low-temperature flexible strain sensor is obtained. 
The CNTs/Dragon skin strain sensor is obtained after packaging. 

2.3 Characterization 

The Zeiss Merlin Compact scanning electron microscope (SEM) was used to characterize the multi-
walled carbon nanotubes. The room temperature static tensile and cyclic tensile tests were carried out 
on the WDW-0.1 electronic universal testing machine, and the CNTs/Dragon skin strain sensor was 
fixed on the testing machine. On the fixture, a tensile force was applied at a constant strain rate of 
120mm/min. In order to study the mechanical stability and fatigue durability of the CNTs/Dragon 
skin strain sensor, a cyclic stretch-release test was performed on it, and the step increase in stress and 
strain was recorded. Continuous curve and 100 cycles of stress-strain curve under different strains. 
The electrical signal of the strain sensor was recorded on the Keysight B2901A multimeter and the 
Dutch Ivium VERTEX.C.EIS four-channel electrochemical workstation. 
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3. Results and Discussion 

Figure 1 is the SEM of carbon nanotubes of different multiples. From the figure, it can be seen that 
pure carbon nanotubes are linear one-dimensional nanomaterials, intertwined in disorder 

 

 
Figure 1. the SEM of carbon nanotubes of different magnifications 

 

 
Figure 2. a control experiment of pre-stretching different substrates 
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Figure 2(a) shows the resistance change rate of a sensor prepared by drip coating carbon nanotubes 
on a CNTs/Dragon skin strain sensor substrate without pre-stretching under 20%-80% strain and 5 
times per strain cycle. Although the stability is good, the resistance change rate of the CNTs/Dragon 
skin strain sensor is not high, so the sensitivity is not high. Figure 2 (b)-Figure 2 (d) as the substrate 
increases from pre-stretched 30% to 120%, the resistance change rate also increases. However, when 
pre-stretched by 120%, as shown in Figure (e), the resistance change rate is not as high as that of the 
sensor prepared by 90% pre-stretching. Therefore, in this experiment, the conductive solution of 
carbon nanotubes was dripped at 90% pre-stretching. 

Figure 3(a) shows the resistance change rate of the CNTs/Dragon skin strain sensor during the pull-
off process. With the increase of strain, the resistance change rate of the sensor is getting higher and 
higher, and the stress is also increasing. When the strain reaches 350% , The sensor is broken, so the 
device can work under large strain conditions. When the strain reaches more than 100%, the resistance 
change rate of the sensor suddenly increases to a very high value. The effective strain range of the 
CNTs/Dragon skin strain sensor is within 100% . Figure 3(b) shows the relative resistance change of 
the CNTs/Dragon skin strain sensor under cyclic strain in the range of -20%-80%. Under the same 
strain, the curve of relative resistance change with time is repeatable, and the maximum resistance 
remains unchanged during the five loading-unloading process-unloading process, indicating that the 
sensor has good repeatability. Figure 3(c) is a graph of the resistance change rate when the 
CNTs/Dragon skin strain sensor is stretched to 60% at different speeds. As shown in Figure 3(d), the 
sensor response/recovery time is 0.8s, which is enough to monitor rapid body movement and meet 
the requirements of practical applications. We further carried out a long-term cycle test on the 
CNTs/Dragon skin strain sensor. As shown in Figure 3(e), the sensor was applied with 30% strain for 
5000 cycles. It is obvious that the CNTs/Dragon skin strain sensor has ultra-high electrical stability. 

 

 
Figure 3. the electrical performance of the strain sensor 

 

Figure 4a shows that the continuous stress-strain curve increases with the strain step up to 350%. All 
stress-strain curves show the same trend, and the subsequent loading curve covers the previous curve, 
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indicating the memory effect of the CNTs/Dragon skin strain sensor. It is worth noting that 
irreversible deformation rarely occurs under any strain, which verifies the good elasticity of the sensor. 
In addition, the area of all hysteresis loops is very small, although they increase significantly with 
increasing strain. This shows that our CNTs/Dragon skin strain sensor has low hysteresis energy and 
high resilience, which is very necessary to ensure accuracy and sensitivity. Figure 4(b)-4(f) shows 
100 cycles of CNTs/Dragon skin strain sensor under different strains, indicating that the sensor has 
good mechanical properties. 

 

 
Figure 4. the mechanical properties of the strain sensor 

 

 
Figure 5. a strain sensor used for human body condition monitoring 
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CNTs/Dragon skin strain sensor is used to monitor human movement. Figure 5 shows a schematic 
diagram of the human body wearing sensors in different positions (such as fingers, wrists, elbow 
joints, and throat joints). It can be clearly observed that the sensor can specifically and quickly detect 
human movements, such as finger bending, throat vibration, and hand Bend your elbows and wrists. 
For example, the CNTs/Dragon skin strain sensor is installed on the tester's finger to detect the 
bending of the finger. After the finger is straightened, the electrical response returns to the initial 
stage. In addition, when the finger is bent periodically, the output signal of the sensor is highly 
repeatable, confirming its good reproducibility. By installing the sensor on the tester's elbow, wrist, 
and throat, the movement of wrist bending, throat speech vibration, and elbow bending can also be 
accurately reflected by the strong reversible electrical response of the sensor. 

4. Conclusion 

Through simple drip and pre-stretching methods, a flexible strain sensor based on CNTs/Dragon skin 
is designed. This method is an effective strategy to improve the sensitivity of strain sensors. The strain 
sensor has a wide strain range and high sensitivity. In addition, the flexible strain sensor based on 
CNTs/Dragon skin has shown high durability and stability in long-term testing (5000 cycles). The 
strain sensor can monitor human fingers, wrists, elbow bending, and throat vibration. Shows the 
application value of wearable electronic devices. 
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