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Fig.1 The cross-section scheme of the micromotor
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Table 1 Material properties of rotor and

bearing hub2%:21]

Young’s Poisson’s
Materials modulus ratio
E/(x101' N .m™2) u
. isN . .
Ist pair SizsNy 3.85 0.30
SizNyg 3.85 0.30
ond pair SizNyg 3.85 0.30
Polysilicon 1.72 0.25
ili 72 2
3rd pair Polysilicon 1.7 0.25
Polysilicon 1.72 0.25

R (21) , ATSAEA R B B EAE A
T, EHTFREEEEET. 7RSI
T, BT 5 1 Rl AR ) B ) B R T AR AL, St

BV =Y LT A A o A ok 2l [ B ]
B 1 5 A [7] B A A7 DL, BB AR ) e e R P EE R
W 2 Jios.

#x2 FAEBEEATHREEESHES (LN)
Table 2 Electrostatic forces between two poles

for different voltages

Voltage/V ~ Unchanged gap  Maximum gap
100 0.68 0.84
200 2.72 3.36
300 6.12 7.56
400 10.88 13.44

i (14)~(16) 4t T ¥ 1 i H 0 0 3¢ fioh 98
BZIEERFR, ¥ 2 Pt SRR %k #EE R
ANTiREa, AT DUHE i A [ Bk 2 3 i 7 5 e 7 W] IR
BRASALAE OL T #e 75 B e pR BT S o, WE
3 Fras. BEAE SR R3O, B i 9 2 B 2 A 9
T B R Bk A 17 00 B 3 Mk 58 BE & AN AR R, 5
e T W) A7 14 Bt B L T ) BT x4 foh 56 PBE R A — 32
.

#3 FREBEEAT, TRAMBEENETS
(] 7 7% (8] $R A T 38 A o (pm)
Table 3 Contact widths between rotor and bearing hub

for various material pairs at different voltages

Voltage 1st pair 2nd pair 3rd pair
/v Min. Max. Min. Max. Min. Max.

100 0.05 0.0556 0.1139 0.1266 0.1346 0.1496
200 0.1 0.1111 0.2278 0.2532 0.2691 0.2991
300 0.15 0.1667 0.3418 0.3799 0.4037 0.4487
400 0.2 0.2222 0.4556 0.5064 0.5382 0.5982

WG 1, F 2 251513 R R X 2% 5]
L T RIS R AR & 175 DL T 5% 75 1 el 7K 322
T JE RN, B S HARATTRER (19),(20) ,
B 3 s, #RHREDY SisNg 7ETE A B2 A 0L T A
[R5 1) BN 3 A 4 BB T AE A R 4% AR
2L L.

HE 3 ma, EARRMEEEERT, #7145
VE Rl K ) ) il T £ v, 2 T 1 B Y g A R AU T
Hertz B 18 /0 T 38 B9 17 L B A 8 2 A
HEBK, @, 2 J7 0 K87 ks B 2 2 fl 1 98 B2
B R, T Xk 2 FRY 3 AL~ AR B3] s ol A 2K
f£ 2 =0 M EMEBEKRM, H 2 HHLLE 2 =0 LA
HH 1R BT 10 T
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stress in - direction /(N-m™2)

stress in = direction /(N-m™2)

stress in = direction /(N-m™2)

—10r1

—12F

—14+F

-20 -15-10-05 0 05 1.0 1.5 20
z/m x10~7

(a) « F 1\ BS54 I

(a) The stress distribution in x

x 108

' ] ' ' "~ 100V
_al W - 200V |

— 300V

—6t W - 400V |
_8- 4

6 L L P o o il . .
—2.0 -1.5 -1.0 —0.5 0O 05 10 1.5 20
z/m x10~7

(b) = 77 11 B J3 43 4 Bl

(b) The stress distribution in z

B 3 RRBERET, o fl 2 770854

Fig.3 The stress distribution in  and z direction under
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Fig.4 The strain distribution in z direction under

different applied voltages
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Fig.6 The contact finite element model

2.2.2 BT, AR HT

755 1 Bl IR e 4l A3 A6 A R F R AE
T RRBR 170 B G I 925 1) g FEL T, DU LR 100V Ky
B, &FxtE 1R 3 MORFEA R AT 5
SE BT HEATEE AT, T ORI S TR A A 1 At
B A R R EA 104 0 A 0.3 BB fili X von Mises
N7, AR B Al R 7 4 A = L

WE 7 FE 8 AT, B R e o il
X FERE a A E(E, AT AR RN 3 v A O R
fio T8 FE AR Ak, R DRI R H T 4 Ml IX B8 R Y i
K, HHRENX (14) BAME; X FARAFE K% T5
B e Bl AR Ak, von Mises N J7. M ARFIHEfil &
N KGR EME E, %X (19 58 3 57
N, B KAH B % HELE SR A B s 4, TR 7 AN 8
AW, X TR T EMOT o8 2 Hertz
2 ol 0 il sk e B Al T 7 AR ARG IR RS B S, B

B 7 BEEREEA 0 BHEMX von Mises M J7, MR K
BME S EE

Fig.7 von Mises stress, strain and contact pressure with

frictionless in contact region

B 8 EEHEEFHA 0.3 WHEfMIX von Mises B Jy, MAR K&
Bk IR 1 9075 =

Fig.8 von Mises stress, strain and contact pressure with

friction coefficient p equals to 0.3 in contact region

{8 20-H FBE 18 73BT 75 32 9 e 80 ) S R e AR R 5K
BOMIEM, RRBEEE FEM W 265 15 75 58 5
B —sF M. N R H L Hertz f# 1)
ANTR) 2 b 3 R IR A I8 g 43 A 5% T i AR 3 B A o
PR T 7 e Al DXk P 1y 0 A B0 B T X R AR,
T K Ak s g {2 B O B R A B A A. B
S, BEBER B EEMIX von Mises Ny, Wi ARFI 4 filh
JE 7 7= AR K R .

2.2.3 PEEEE R B 5 AT

A4 HT R R B, AR SOR AN W) e B
REUE T T Bl XN 7 7K P B A F DX 0 4
B9 BoRT S mEEEN 100V K, BEERKS A
0,0.1,0.2,0.3 P& 0.4 MIEHT, HfilXHAK von
Mises B} 47 .

EHE O AT AN, PEEHE R EH KK B 1K 7 K H
ER XA HEEEN W, BEERAIBK, &KX von
Mises )W 7 th B 2 AR B3, [] Bk 3 57 i 44 FH 9 1] e
Mz 8m, X EY A, 1 HEH A von Mises W
1. BIARFIEE ML E I ER R A MR B %, K
von Mises W78 F182 il e 7 Bl Z A3, i 7
FE 8 Fiow.



762 ) £

" 2005 & % 37 %

43.3
43.21
43.1r
43.01
4291
42.81

42.7F

12.64

maximum von Mises stress /M Pa

42.5 1 1 1 1 1 1 1
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

friction coefficient w
B9 AN[E EEE R B X B K von Mises B 7434

Fig.9 Maximum von Mises stresses in contact region for

different friction coefficient
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CONTACT DYNAMICS OF THE MICRO-ROTOR IN
ELECTROSTATIC MICROMOTOR "

Zhang Wenming?  Meng Guang
(State Key Laboratory of Vibration, Shock & Noise, Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract A mathematical model of the contact between the rotor and bearing hub of electrostatic micromotor,
which actuated MEMS, is constructed to investigate the contact dynamics. It is illustrated that the contact
problem of the contact stress and strain equations can be presented under the scaling effects of micro-scale.
The parameters, such as the geometries of the micromotor, the electrostatic force, the material characteristics
and the applied gap voltages, which are related to the contact, are discussed in detail. The discriminations
between unchanged gap and maximum changed gap under different applied voltages and various materials are
studied. Some results about the contact width, the contact stress and the contact strain, are compared with
finite element model (FEM) solutions of an equivalent problem. The von Mises stress and strain and contact
pressure for expressing the distributions are presented. The effects of different friction coefficient on the von
Mises stress and strain and contact pressure are discussed. The small differences between the both methods,

showing characteristic features of FEM and the theoretical assumptions, are explained.
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