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Figure 8. Profiles of input currents applied to the solenoid pair of the segmented robot  

(a) for the linear motion; (b) for the right-turning motion; (c) the captured images of the 

linear and right/left-turning motions of the two segments at 0.2 s. 

Table 2. Linear and angular displacements of the two-segmented robot for various friction 

conditions: the comparison of theoretical values with experimental results. 

 
Theory 

Experiment 
��k = 0.2 ��k = 0.35 ��k = 0.5 fixed 

Linear displacement (mm) 15 4.9 8.1 8.6 14.3 
Angular displacement (deg) 8.82 1.84 2.66 2.81 7.97 

5. Conclusions 

We develop a solenoid with a ferromagnetic plunger to generate both rectilinear and turning 

motions of multi-segmented robots. The linear and turning motions of the segmented body are easily 

generated by the in-phase and out-of-phase actuation of the solenoid pair. The theoretical analysis on 

the actuation force imposed by the solenoid with the magnetic plunger is implemented using the  

Biot-Savart law, and then the optimal design parameters of the solenoid are determined to actuate the 
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segmented robot. We manufacture prototypes of the miniaturized robot consisting of two segments and 

a pair of solenoids. Experiments show that slip or backward motion occurs between two segments.  

The linear and angular displacements increase when the segmented body moves on the surfaces with 

higher frictional coefficients. The novel mechanism to generate both linear and turning motions by the 

simple and low-cost solenoid pair could be applied to mimic the peristaltic and serpentine motions of 

various flexible or segmented insects by adding segment bodies. 
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