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Abstract: In this study, a novel electromagnetic microrobot system with locomotion and drilling functions in three-
dimensional space was developed. Because of size limitations, the microrobot does not have actuator, battery, and
controller. Therefore, an electromagnetic actuation (EMA) system was used to drive the robot. The proposed EMA
system consists of three rectangular Helmholtz coil pairs in x-, y- and z-axes and a Maxwell coil pair in the z-axis. The
magnetic field generated in the EMA coil system could be controlled by the input current of the EMA coil. Finally,
through various experiments, the locomotion and drilling performances of the proposed EMA microrobot system were
verified.
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Fig. 3 Drilling motion of microrobot
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Table 1 Specification of proposed EMA coil system

Coils Width | Distance | Radius Coil
(mm) (mm) (mm) Turns

Hi(oﬁ)}lﬁlx) 250 272.25 N/A 577
H_zi;;x(iﬂy) 180 | 19602 | NA | 415
Hfo?lx(lilz) 130 | 14157 N/A 300
Ve vz | VA | 147 85 | 2%

Fig. 4 Fabrication of proposed EMA system

ol
S

i)

S g},
3. A ¢

3.1 AP 75 A" HMzE

19S5 9lalo] Fig. 19 =Y wjX = Fig. 49
71 5 Alwls AA 2 AlFs T
A AEEE g AFEX Ade] 7
Mz A wiAEe QAL zF
@ Wad sido] wjA Hof it

A}oFL Table 19 e ST

>

o A 2 mi
o ot 2 o
de (o o= i N

Huo?‘,.‘, =
H(J) o HI
i/ ]
ey

>
=

32 352 O|SAES S8t MEER 7A

A9 9% AN THE Fig
sith. AR 7
CELERUS
gl FHu WYL B
DR ELER TR
% 59

AAAZ .

oo
fu >,
My
I}
o L
oy
o2
4z
é aQ
ash
>
o2
18
o,

r
o
o

i

ol

= o, ¥
(2
=2
2
i
i
m {
4>
%9,

off tlo dlo

il
o2
o,
N
)



A7) 5 A2 E 0§

Hy Hy

Microrobot

Hx He' | _--~7] (Neodymium Magnet)

Power
Y Supplier

Y

LabVIEW &
NI PXI Controller

E Y

| Position
Camera system =—|&

Fig. 5 Experimental setup

i i \ Hy!

el AFE <71 fs %
=5 A9 T

AFEE Ao 7}
7% 4t(Agilent 6652A, California
Instruments MX15, 3001iX)E AF&-3F3ith. A7 3k
< Aofstr] sl LabVIEWEE:l%?Jr PXI Ao

=] (National Instruments)S AF83} a1, e oA
ntolAmm e olF S 98l 4\‘59} HO]—_%}:%
ZA8E F JEE 2o g Fo]AES ALLF
Aot

33 374 ol 7= A™

AA AP A 2'E o] &aA FAIF S el
A wpol AR ZE(AE2mm, ¥°2mm, A &
B vlets A, dH045g)0] Ut AR

e o) F sk Ao e A¥E AAESIT
HA B9 Wil 350cPe] A QAR x
AR FEQ20mmX10mmX20mm) 7} FolA L
Uil mlela 22 e 9% AT 712 °l
SAFL a=90" 2 A, yz BHAA who]A
Al geet 425 e “ﬁ‘;—qO]
3 AdS AA &t 671 30, 40, 50,
Ao diste] Z47hE sHA wk
gate] A9

BAYe SRS on) 4] BAL
Fasree,
AvA 49AnE Fig 6o Uebd AAY 7
Zg-ol vl rolmmzite] o BAEE ZA44,
1 A3E Table20] AelaHgich

AGAAA vho|mZZRE] o FHge] Ush
oo of 2~ 379 eAhelA 4Y a7
o]%ﬁuﬁ. ol /\ ohj.

34 H18 B oIS 2 SYY v

@ mpolameite] 3749 o] F % =AY

Table 2 Experimental results of basic locomotion test

Deg. 1 2 3 4 5 Avr.
30 | 31.13 | 30.55 | 31.36 | 31.82 | 31.05 | 31.17
40 | 41.35 | 42.04 | 41.83 | 41.87 | 39.36 | 41.29
50 | 52.29 | 52.63 | 51.15 | 50.87 | 53.54 | 52.09
60 | 63.31 | 63.45 | 62.27 | 62.28 | 61.87 | 62.63

Fig. 6 Basic locomotion test ((a)8=30",
(¢)@=50"and (d) 8 =60")
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Fig. 7 Locomotion in brain phantom
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