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Abstract 

Accuracy of designing and producing a micro-force measuring device is 0.1μN, through 

the device, the maximum supporting force of 5 living water spiders sample were measured, 

the maximum supporting force of living water striders is 24.8 times its weight. Water spider 

has large supporting force on water surface, super-hydrophobic structures of water spider 

legs play important role. designing and producing 5 water strider models, whose legs were 

made of aluminum wire with 0.45mm diameter, super-hydrophobic processing to surfaces of 

aluminum wire, its contact angle is 154.5°, experimentally measured that the maximum 

supporting force of 5 water spider models. Through mechanical analysis, established 

supporting force mathematical model of the water spider model on water surface, according 

to the model calculated the maximum supporting force of water spider model. Compare 

errors between measured values and calculated values of supporting forces, the ratio of the 

error value is less than 8.39%, verified the correctness the mathematical model of supporting 

force . 
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1. Introduction   

Water spider is a kind of insect living in ponds, lakes and other water areas, which has 8 

legs. In recent years, water strider’s superior supporting force have drawn the attention of 

scientists and engineering technicians and become one of the hot topics researched [1-3]. 

Jiang, et al., [4] deemed that superior supporting force of water strider’s legs on water surface 

is due to its super hydrophobic structure, through experiment they found that the contact 

angle of water strider’s legs is 167° and the maximum supporting force of water strider’s 

single hind leg is about 15 times of its body weight. Zhang, et al., [5] conducted chemical 

modification for gold thread surface, and found that the gold thread with diameter of 1mm 

could float on water surface when its contact angle was 150º. Feng, et al., [6] conducted 

theoretical research on the supporting force of super hydrophobic thin rod floating on water 

surface, and thought that the supporting force of super hydrophobic surface were related to 

such factors as its contact angle and contact length. 

This paper designed and produced the measurement device of micro-force, measuring 

supporting force of living water spider and its experimental model. Through mechanical 

analysis, established the supporting force mathematical model of water spider on water 
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surface, calculated the maximum supporting force of water spider on water surface according 

to the model, compared with the experimental measurements, verified the correctness the 

mathematical model. 

 

2. Supporting Force Experimental of Living Water Spider 

2.1 Design of the Measuring Device  

The structure of self-made measuring device is shown in Figure 1, which was mainly used 

to measure the maximum supporting force of water strider’s legs and maximum dimple depth. 

In this device, analytical balance (GH-252, accuracy of 0.01mg) was made by A&D Co., Ltd; 

the graduated scale was made of steel, with an accuracy of 0.1mm; the guide rail was used to 

ensure the stability in the process of water strider’s leg moving downward to water surface; 

the feed unit was ball screw nut pair, which was driven by AC servo motor controlled by 

microcomputer, with an accuracy of 0.001mm. The entire experiment process was recorded 

by CCD. Each group of experimental data was measured for 5 times, with mean value taken.  

Analytical balance

Cup 

Water strider’s leg

Graduated scale

Left-view camera

Front-view camera

Feed unit

Guide rail

 

Figure 1. Structural Diagram of Measuring Device  

2.2 Supporting Force Measuring Experiment 

Dozens of water spider had been captured in South Lake Park in Changchun City, 5 water 

spider samples were Pick out among them. Water spider samples were fixed on the graduated 

scale of measuring device with double-sided tape, control spider living water strider uniform 

downward movement, until water strider legs touching the water, pressed the water dimple on 

water surface, measured the maximum value of supporting force, measurement experimental 

were shown in Figure 2. The maximum supporting force of 5 water spider sample are shown 

in Table 1, the maximum supporting force of 5 water spider sample is 24.8 times its own 

weight. 

Table 1. Supporting Force of Living Water Spider 

Items S1 S 2 S 3 S 4 S 5 

Body weight（μN） 207.8 259.7 339.1 404.7 497.8 

The maximum supporting force（μN） 4421.8 6432.7 7825.3 8149.7 8361.2 

Coefficient of supporting force 21.3 24.8 23.1 20.1 16.8 
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Figure 2. Supporting Force Experimental of Living Water Spider 

2.3 Microstructure of Water Spider Legs 

Water spider has a large supporting force on water surface, Super-hydrophobicity of water 

spider legs play an important role, the contact angle of water spider legs was 159.6 ° through 

the contact angle measuring instrument. Microstructure of water spider legs plays a major 

role, grease play a supporting role for super-hydrophobicity. The legs of water spider sample 

were cut, fixed on the stage, spraying treatment, observed under the scanning electron 

microscope (S-300N, HITACHI Company). Water spider legs covered with micron scale 

setae, like a feather duster, each setae distributed nanoscale fluff, which formed micro-nano 

composite structure, which can absorb a lot of air, forming a layer of air film, Prevent water 

droplets wet, Situation shown in Figure 3. 

 
(a) Water spider legs covered with setae 

 
(b) Microstructure of single setae 

Figure 3.  SEM of  Water Spider legs 

3. Supporting Force Measuring and Manufacturing of Water Spider Model 

3.1 Manufacturing of Water Spider Model 

5 water spider models were fabricated. Their body is made of the steel sheet. The water 

spider model has 8 legs, which are made of aluminum wire diameter of 0.45mm which was 

super-hydrophobic treatment. Leg length and body weight of water spider model are shown in 

Table 2, the water spider model is shown in Figure 4. 

Table 2. Parameters of Water Spider Model  
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Model M1 M2 M3 M4 M5 

Leg length（mm） 30 35 40 45 50 

Body weight（mN） 5.95 6.90 7.83 8.41 9.17 

Supporting force（mN） 36.28 42.75 49.36 53.84 59.58 

Coefficient of supporting force 6.1 6.2 6.3 6.4 6.5 

 

 

Figure 4. Water Spider Model 

The aluminum wire used in this experiment was purchased from Shanghai Chemical 

Reagent Co., Ltd, the test steps are as follows. 

(1) Aluminum wire was immersed in acetone solution for 2min, removing the impurities of 

the copper surface, washed with pure water and dried. 

(2) Aluminum wire was immersed into 20mM silver nitrate solution for 20 seconds, first 

washed with pure water, then dried with the blast oven (JC101, made by Shanghai Instrument 

Co., Ltd). 

(3) Aluminum wire was observed under SEM (S-300N, made by HITACHI Co., Ltd), a 

layer of silver bullion was deposited on the copper surface, the shape of silver bullion were 

similar to the feathers, its length is about 7µm, width is about 2µm. 

(4) Aluminum wire was immersed into the pre-hydrolysis C8F13H4Si (OCH2CH3) 

methanol solution whose concentration is 1.0wt%, soaked for about 1 hour in room 

temperature, placed in the oven (202-3AB, made by Tianjin Instrument Co., Ltd) and heated 

for 1 hour at 130 ° C. Electron microscopy  images after processed super-hydrophobic is 

shown in Figure 5. 

After the above treatment, contact angle of aluminum surface is 154.5 °, which was 

measured by contact angle measurement instrument (DSA100，KRUSS Co., Ltd). 
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Figure 5. SEM of Super-hydrophobic Aluminum 

3.2 Measuring Supporting Force of Water Spider Model 

The water spider model was placed in a beaker filled with water, which can float on water 

surface as shown in Figure 4. The sand was added to the water spider model with tweezers 

until its legs Pierce the water surface. The sand Immersed in water was taken out and dried, 

the sand quality and water spider model quality is the maximum supporting force of the water 

spider model, as shown in Table 2. 

 

3.3 Mechanical Analysis of Water Spider Model 

When water strider stays on water surface calmly, each leg will cause the dimple. 

Assuming that water strider’s leg is cylindrical, the forces on its cross-section are as shown in 

Figure 6. 

 

Cross-section of

Water strider’s leg

γ

αh

F

Fb

A B

CE NM

 

Figure 6. Supporting Force Model of Water Strider’s Leg 

In Figure 6, the dashed line MN represents the horizontal plane; A and B are the contact 

points between water strider’s leg and water surface. Water strider’s legs were subject to three 

forces on water surface, namely pressure F (including body weight supported by leg and force 

of gravity of leg), surface tension γ and buoyancy force Fb. The buoyancy force is vertically 

upward, which can be obtained by integrating the hydrostatic pressure over the water strider’s 

legs in contact with water [7-8], and is equal to water displacement of rectangle ABCE drawn 
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by dashed lines in Figure 6. Since the diameter of water strider’s leg is very small and 

approximately equal to the length of line segment AB, the expression of buoyancy force Fb is 

DhLgFb 
                                                                                     （1） 

In Eq.1, ρ represents water density, g represents gravitational acceleration, h represents 

dimple depth, D represents the diameter of water strider’s leg, L represents the length of 

water strider’s leg. The surface tension is in the tangential direction of Point B on liquid-gas 

interface, and the expression of its vertical component is  

 sin2LFs                                                                                      （2） 
In Eq.2, γ represents surface tension constant, α represents horizontal angle of tangent of 

Point B on liquid-gas interface. The vertical component of surface tension was obtained by 

integrating the curvature pressure over the water strider’s legs in contact with water [7-8], 

which is equal to the sum of water displacement of AME area and water displacement of 

BCN area in Figure 6. 

Since the both sides of dimple caused by water strider’s leg are symmetrical, the horizontal 

components of surface tension cancel out each other. In vertical direction, water strider’s leg 

is subject to the pressure, buoyancy force and vertical component of surface tension; the 

upward force and the downward force are a pair of balanced force. The supporting force (F) 

of water strider’s leg on water surface is equal to the sum of buoyancy force and vertical 

component of surface tension, and its expression is  

 
gDhLLFFF bs   sin2

                                                         （3） 
Seen from Eq.3, the supporting force of water strider’s leg is related to such factors as L, h, 

α, D, γ, ρ, g. ρ, g and γ are parameters related to the living environment of the water spider, L 

and D are parameters related to water spider’s leg, h and α is parameters related to dimple. 

The supporting force of water spider on water surface is composed of buoyancy force and 

vertical component of surface tension, because diameter of water spider’s leg is in the grade 

of micron, the buoyancy force is only about 1/40 of surface tension [9]. According to the 

existing research literature [10], the relational expression of α and h is 

 



cos1

2


g
h

                                                                                 （4） 
When α=π/2, supporting force of water strider’s leg would reach the maximum value [9], 

comprehensive analysis expressions (3) and (4) will get expression (5). 

gDLLF  22                                                (5) 

 

3.4 Error Analysis of Supporting Force of Calculated Values and Measured Values  

According to Eq.5, because D=0.45mm, γ=72.8×10
-3

N/m, ρ=10
3
kg/m

3
,g=9.8N/kg, the 

maximum supporting force of 5 water spider models are calculated, as shown in Table 3. By 

the data in Table 3, legs of the water spider model are longer, its supporting force on water 

surface is greater. 

Table 3. The Maximum Supporting Force of 5 Water Spider Models 

Model M1 M2 M3 M4 M5 

Leg length（mm） 30 35 40 45 50 

Supporting force（mN） 39.03 45.53 52.04 58.54 65.04 
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According to Table 2 and Table 3, comparative analysis of errors between measured values 

and calculated values of supporting forces was conducted, as is shown in Figure 7. The error 

value and the ratio of the error value of supporting forces are shown in Table 4. 

Table 4. Error Value and the Ratio of the Error Value of Supporting Forces  

Model M1 M2 M3 M4 M5 

Error value(mN) 2.75 2.78 3.68 4.68 5.46 

Ratio of the error value 2(%) 7.05 6.10 7.07 7.99 8.39 

The measured value is less than the calculated value of supporting forces of the water 

spider model, which has two reasons. 

(1) When supporting forces of the water spider model was measuring, the actual the 

maximum depth of the dimple is possible smaller than the theoretical calculation. 

(2) It is difficult to maintain a state of equilibrium for the water spider model, the process 

of which the sand was add to the model, because transient partial load, The model has not yet 

reached maximum value, water surface was pierced by its legs. 
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Figure 7. Error Analysis Calculated Values and Measured Values 

4. Comparative Analysis of Supporting Force of water spider and its model 

Comparative analysis supporting force coefficient of water spiders and experimental 

model, coefficient of supporting force of water spider is shown in Table 1, coefficient of 

supporting force of water spider model is shown in Table 2. It can be seen that supporting 

force coefficient of water spider is greater than its experimental model. In addition to the 

super hydrophobic factors, there may be other unknown factors, it needs further research. 

 

5. Conclusion  

(1) The self-made measuring device was used in the experiment to measure the maximum 

dimple depth and maximum supporting force of water spider’s leg on water surface. 

(2) The comparative analysis of measured values and calculated values of supporting 

forces of water spider’s legs was conducted, with error rate lower than 8.39%.  

 (3) The research results laid theoretical and experimental foundation for further revealing 

the superior supporting mechanism of water spider and its experimental model on water 

surface.  
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