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Effect of Leg Stiffness on the Running Performance of
Milli-Scale Six-lLeg Crawling Robot with Payload
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Abstract: Inspired by small insects, which perform rapid and stable locomotion based on body
softness and tripod gait, various milli-scale six-legged crawling robots were developed to move rapidly
in harsh environment. In particular, cockroach’s leg compliance was resembled to enhance the locomotion
performance of the crawling robots. In this paper, we investigated the effects of changing leg
compliance for the locomotion performance of the small light weight legged crawling robot under
various payload condition. First, we developed robust milli-scale six-leg crawling robot which actuated
by one motor and fabricated in SCM method with light and soft material. Using this robot platform, we
measured the running velocity of the robot depending on the leg stiffness and payload. In result, there
was optimal range of the leg stiffness enhancing the locomotion ability at each payload condition in the
experiment. It suggests that the performance of the crawling robot can be improved by adjusting

stiffness of the legs in given payload condition.
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[Fig. 1] Milli-scale six-leg crawling robot prototype including
batteries and electronics
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[Fig. 2] Schematic of the motor power transmission. The bevel
gear shifts the motor’s direction of rotation by 90 degrees. Two
cranks are connected to the same rod, so they can rotate in the
same direction with a phase difference of 180 degrees
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[Fig. 3] Schematic of the triangle shape connecting rod design. Each
connecting rod links the three legs which make the tripod gait locomotion
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[Fig. 4] Schematic of the two parallelogram 4-bar linkage
transmission in the robot. Two 4-bar linkage helps to prevent
connecting rod from twisting
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[Fig. 5] 2D plane leg design. The leg can easily attach and
detach with the robot
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[Fig. 6] Process of the Smart Composite Microstructure (SCM)
Method (A) 2D CAD design of the whole robot structure (B)
fabrication method of the SCM (a) 1* laser machining to cut the
flexure joints (b) put the fabric between two sheets with
adhesive, press and heat the composite (c) 2™ laser machining
to cut outline of the robot (d) get the whole robot structure



[Fig. 7] Milli-scale six-leg crawling robot prototype including
battery and electronics. Total transmission gear ratio is 15:1
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[Fig. 8] Experimental setup of the leg stiffness measurement

[Table 1] Leg thickness variation in experiment

Leg thickness (a layer of the PET film)
100 um

125 um

150 um

200 um

250 um

300 um (250 + 50 um)

350 um (250 + 100 um)

Acceleration
section (20 cm)

Constant speed
section (100 cm)

Measurement
distance (100 cm)

[Fig. 9] Experimental setup of the driving speed measurement.
Robot is accelerated during driving in 20 cm, and takes constant
speed in 100 cm
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[Fig. 10] Reaction force and displacement for each thickness
of the leg
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[Fig. 11] Relationship between leg stiffness and leg thickness
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[Fig. 12] Running of the six-leg crawling robot. Captured in the
measurement video
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