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Table 1 Design parameter

itmes A

massm 1 g 5
massm 2 g 19.5
turnsof coil N 2700

ring constant  k 0. 94kgf /an
goplied voltage V 14
dimensionD x L mm 15% 30

w eight q 25
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1). w f
w f
w= Klnit mz) _ 434. 7rad/s
mi1X m:
_ Wi 0.005 .2
ma g - 980 (kg S/Gn)
_Wz_ 00195, ., .
- g - 980 (kg S/(m)
k= Fs/A= 0.94 kgf/an
f = w/2m= 69Hz
, K, w f
2) Fa
, Faq (1)
Fo= Fat Fao=- 2[030%- (W)%g([)7] (1)
] 6 % ’
Fas Faor Fa (2)
Fo= Fus= - JUSSN) )
. _ S _ uumw?
. Gé— = Ho 6— 45 (H)
dGs _  m?
dé =~ Hous
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Mo ,1.25% 10 °(H/m); w| |EF=—=—==T T
- r... o ———em ) 3
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@s= Wy K, (3) Fig 2 Scheme diagran
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(w )= = x = 0.06x 2700= 162(A)
> R=
R= 1/Gs
Ks= = 0.9
(2
& 0.05,0.1,0.2,0.3,0.5,0. 8mm, (3),

dGs/d 6, ®s 2

Go— | H) 16 o
Hi— ] (A /m) = »
L— (m) "

Sj By = L0
®5/5;(T) 0.8
F1 0.6
H i, j 0.4
, 0.2
(w) , Dy, 0.0
(2) Fa( 2)
, Fa
, 3 , Fs
A Fig 3 Faand pring forceFsvs A &
, 1) 0.3nm
4
1,

Table 2 Calculation of attraction force Fq

1) (mm) 0.05 0.1 0.2 0.3 0.5 0.8
Gsx 10 ® H) 31.2 15.6 7.8 5.2 3.12 1.9
dfgx 104 (H/m) - 62.4 - 156 - 3.9 - 1.73 - 0.62 - 0.25
& x 10 ® Wb) 4550 2274 1173 758 454 283
dsx 10 ° Wb) 2100 1950 1200 765 485 310
Fa (of) 1428 1224 470 190 76 32

W = ZU: ZCI:R: sza/G5+ ZHi-Lj

®20. 5mm D22A 800 ,

(4)
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Fao, 3
Table 3 M agnetic attraction force
voltageV dac 4 8 12 16 20
Fdo gf 830 1060 1330 1590 1780
current mA 34 68 103 135 171
6= 0.19mm, Fa> Fs
, XD7 14 20/ ,
, 4 4
Table 4 M oving speed of prototype
horizontal movement vertical movement
frequency Hz 30 40 50 60 70 30 40 50 60 70
voltageV 14 16 16.5 17.5 20 12.5 13.5 17 18.5 21
current mA 63 58 50 50 55 48 50 50 5.5 60
power VA 0.88 0.93 0.83 0.8 1.1 0.6 0.68 0.8 1.02 1.26
peedmm /s 53 6.3 7.1 7.4 84 41 48 55 6.2 6.6
10 r in horizontal
@
~
E 8Ff
>
6 -
4
2
0 A A . . 2

20 30 40 50 60 70 Hz

Fig 4 Moving eed in relation to frequency Fig 5 Prototype in snall pipe
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Vv ( )=k( )xo( H)yxft( )
30Hz T0Hz 5.3nm /s 8.4mm/
4. Imm /s 6.6mm/s( 5) 1. 2V
0 , ,
(1) , , ,
(2
(3) d15% 30mm , @d20mm 14 20V
, (W)= 160 , 5.3
.4mm /s, 4.1 6.6mm/s ,
1.2V
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M obileM icro-Robot in Snall Pipe

WUN L in-zhi, 3UN Ping,Q N Xin-JieeWAN G CunM in
(D et o PrecisionM echanical Engineering, Shanghai U niversity Jiading, Shanghai 201800)

Abstract

M illmeter sizemachines based on modern precision machining have potential application
in industry. Specially in case of gnall pipew ith dianeter samller than 1 inch, it is required to
develop new typemicro robot for maintenance or ingection of inside defects Considering of
the advantage of electro-magnet type actuatorsw ith simple structure, long stroke, high re-
gonse and easy control,we do try to develop of a nev mobilemicro robot in pipe based on
interaction of magnetic attraction and gring force Thispaper describes the structure and de-
sign The dimension of prototype is #15x 30mm, weight is 25g It can clinb in pipe of
@20mm diameter w ith peed about 6 8nm /s in horizontal and in vertical under applied volt-
age 14 20v,30 70Hz

Key wordsM icro machine, Robot, Pipe
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