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Miniature Jumping Robot
Using SMA Coil Actuators and Composite Materials
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Abstract In nature, many small insects are using jumping as a survival strategy. Among them, fleas
jump in a unique method. They use an elastomer, 'Resilin’, an extensor muscle and a trigger muscle. By
contracting the extensor muscle, the elastic energy, that makes a flea to jump, is stored in the resilin. After
storing energy, the trigger muscle begins contracting and pulling the extensor muscle. When the extensor
muscle crosses the rotational joint, direction of torque generated from the extensor muscle reverses,
‘torque reversal mechanism’. Simultaneously, the elastic energy stored in the resilin releases rapidly and
is converted into the kinetic energy. It makes a flea to jump 150 times its body length. In this paper,
miniaturized jumping robot using flea-inspired catapult mechanism is presented. This mechanism is
based on the 4-bar linkage and the reversal joint and is actuated by Shape Memory Alloy (SMA) coiled
springs describing the flea’s muscle. The robot prototype is fabricated by SCM process using glass fiber
prepregs and a sheet of polyimide film. The prototype is 20mm link length, 34mm width and 2.0g weight

and can jump 103cm.

Keywords: bio-inspired, biomimetic, catapult mechanism, torque reversal, flea, jumping robot, micro
robot, smart composite microstructures (SCM), shape memory alloy (SMA) coiled spring
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Fig. 1. Anatomical structure of flea’s leg
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Fig. 2. Schematic of flea’s catapult procedure
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Fig. 3. Schematic of flea’s catapult mechanism procedure, expressed
in mechanical elements. (@) storing elastic energy, (b)
triggering and releasing elastic energy by torque reversal
mechanism.
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Fig. 4. Comparison of elements of flea’s catapult mechanism
and elements of flea-inspired jumping robot’s catapult
mechanism

27} ehds) 4a 4

Fig. 5. The position of trigger springs. (Body)-(Trigger spring)-(Round
structure)-(Trigger sping)-Body)

Rl xS Aokt Wokd] Axgo] 4%
o wel B FRES ol A Hu|, o] FRE
A o

lLl

A 2ZFE oflE Higle 2otk Ea7 JAiE
B3] mofg AR FAlo 7 ARo] felEo] A

2 FFe 7IAA g AEHEE vAUSS Ak,
59| HEUE wAUZ TRoA T Z8o] AZEo
o] A7 e Hesleh

230 AEE WAUZL chewt o] 2gait
(Fig. 6). A1, S E9] 4-bar FF7} A3 H3 H=2
0] M ol Foldls Aol Al Aol 5%
ato] Bolu RS AR ofn, W xo] o8] =
5o 2= 2014 =tiFig. 6 (2)). Oljn HoRa| Az
Fol eFsaA T FERES oFR FEA HA 5

FRBE AT AXYS of2 r2A ©rk o] B
A mmdi o a7} WA AAEE HA7] A2
aickFig 6 (). % | 24 Pl oas) WA, 2

9 %ﬁoﬂ Sl 5 o] Bt oHEwA Ee )
S gz s, An ol SaHEA Bk

woksly] Al&stchFig. 6 (c).

(a) (b) (c)
Fig. 6. Schematic of flea-inspired jumping robot’s catapult mechanism

222 A= 7 wWAUS AA
2Ho| ThA] =R 317 $ISiAE vhEEES] 4-bar T
JE 7} Eojof etdouR|E AAsH=



P71 1Y TE/1% BEAE o) §

[Flexor] @
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Fig. 8. (@ Planar body design of the prototype (b) 3D structure of
prototype, made by folding the planar body design
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Fig. 9 Prototype of flea-inspired catapult mechanism

Table 1. Jumping Mechanism Specification

A link of 4-bar
. 20 mm
Properties of linkage length
Body Components Maximum width 34 mm
Weight 20g
Wire dia. (d) 0.3 mm
SMA Coil Spring Coil dia. (D) 1.5 mm
Used at Tensile Test Coil number (n) 24
Stiffness (k) at actuation 100 N/m
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Table 2. Experimental Results

Experimental Take off Velocity (Vt) 5.83 /s
Results Jumping Height 103.19cm
Stored Elastic Energy (Ee) 54.83 mJ
Kinetic Energy at take off (Ek)| ~ 33.99 mJ
Potential E at M
_ otential BENCTEy aLMaX 1 o 25 my
Energy Efficiency height (Ep)
Mechanism Mechanical
ecl @sm echanical 2%
Efficiency (Ek/Ee)
Drag Efficiency (Ep/Ek) 59.6%
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