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Abstract: The clearance size of the air bearing of the dynamic pressure gyro motor is an important
index to determine the motor performance and running stability. To improve the precision,
automation degree, and rapid batch measurement capacity of the clearance measurement for the
dynamic pressure gyro motor, a measurement equipment was developed. In this work, the internal
clearance was transformed into an external micro-displacement by applying external force to the rotor.
The equipment, designed based on a modular concept, was composed of a clamping module, an
automatic force application module, and a displacement measurement module. The clamping module

provided resilient double-clamp mounting of the stator, which was conducive to protecting the motor
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and ensuring smooth force application. The automatic force application module was a 3-D precision
motion platform integrating one triaxial force transducer. During measurement, the rotor and force
transducer were connected by a pneumatic gripper, thereby the rotor would follow the motion of the
platform and generate a relative displacement because of the internal clearance. The force transducer
was used for precise control of the force application and the self-aligning centering of the stator. The
displacement measurement module was a 2-D precision motion platform integrating double inductance
probes, which measured micro-displacement based on a relative measurement principle. Experimental
results show that the measurement accuracy is superior to 0. 3 um. The equipment is capable of
controllable and continuous force application, making it suitable for batch measurement.

Key words: micro displacement measurement; dynamic pressure gyro motor; bearing clearance;

automatic force application
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Fig.1 Sketch of semi-spherical dynamic pressure motor

%

AR I AT 55 D00k o A T 2 A D 0 B
[0 S 81 X ) A A % Bl 2 3% 0 A B
FCrpr, 00 v 2 45 1 5 A B 1 AR X T E
LA B 2 ()07 A A () Bt ) 0 >f R T [ Bk
A IRENE TR BAR D AR AS . () B AL R A5 1
TN Ah Iy A 5 T AR A AR A X L
R B Xt G ey P 1] B A% A D SRR RS . ik
P 25 3% 5 18 3k I R [T TS A0 0 I s B i HL
i Bl G S0 ) 2 LA R 2 2 AN N TR T S
BENILEiZE7 NN

BT BB %A BB R BT T R
Bl 2 P . B f B R 22 0 A Bk B AN 5 A Dl 2
LG T i R g b R R B
IR ETE . R IR AL B B B A
JCRFBETRE | H Bt A B A AR B e AR B
R A SR T3 30 2 1 [ A il i 5 11 s g A
BRI = HE N L8 - 13 48 10— 00 ) A5 e i
(3G TR 15 5 1 77 A A 3 B8 I S I F 15t 4 ik
J1 5 I e AR R SR FH 6 T 42 fk X v SR Rl £ J Al 1Y
AR X 0 SR LA DR i R RE AR B
oK . BRI Z Ab e B B A S Sk 2y 2 T
B D T B BT A L B £ R A
S R BSE A 2 i L B

Clamping module

Automatic force
application
module

P2 [ Bt ik 3 A B AR 2 A

Fig. 2 Overall structure of clearance measurement equipment
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Fig.4 Automatic force application module
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Fig.5 Schematic diagram of self-aligning centering

3.1.3 AnAa FAL R

5 A5 e el G 85 0 %1 B 4R SO0 FL JR Sk 21
B s FH TR 1 00 A S 0 SR B B 5 43 Sk B )
FAR [ D A AN ] 6 i

Ca) fy g 00 A6 e

(a) Axial measurement module



2718 b

% TR

5 26 &

(b) 4 [ 0 2 A5 e
(b)Radial measurement module
B 6 A% I A e
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Tab.1 Key parameters of displacement measurement
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Fig. 7 Schematic diagram of motion control system
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Fig. 8 Schematic diagram of signal acquisition system
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Fig. 9 Schematic diagram of pneumatic control system

4 MELEE SN
4.1 BENERBEESN

B VR 5 i Bl ) B i 13 A S 4
10 Jf s, Horh B8 F2 A 138 0 3 15 5 ok 88 %
R Sk 1 L TR T A R O A G e e
S S F A B S P R S R S R S S A
TF b 100 g B, B 5 ik 9 8 1 7 3 B /8 F
60 pm,

TEVZI B8 4 (9 35 V17 %8 vl L 00 A6 e o g
RS £ 1 R T B 8 I 3L RS 3 B4
BT BRI R 2 I Sk A X
PRI 12K 35 0 B - 45 10 502 30 15 25 S 5% ) 0 4 4%
S OE 3. 1.2 TR B e e it 2 R
i 3 RO 55 (LR T 15332 3015 22 R A IR S 1Y
RS, A, S IE B S bR Lk Ui R
B g AL ST I T PR ER R B g L DA T 3
R W X PR 22 T LK 2 % 938 B 4 R B
0.2 pm, =L FRFRRE R 0. 5% FS.
AR A SR 8 FE o 00 302 7 B Fy 100 g %

0 I B4 S B RS JRE L Sy A A I R B E R
BE . LA BT 1w P 0 S 9] g e T I e 22 D
N Z 1R 22 R 2R . 3R 2 NEEXT 100 g ik
B g A IR B I R i . PR R Z ) 0
ZEWIZE T 0. 03 N, LI B0k 78 7% 1 5 H Al
T FFRES BT WIS A S T F B30 pm,
BV Py g A S I B R 22 3 R X R 25 1 pm,
HETmE R T A ——F .

Bl 10 Bl R B ik R (] Bt e 332 4% 529

Fig. 10 Clearance measurement equipment for air bearing

of dynamic pressure gyro motor
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Tab. 2 Calibration results of triaxial force transducer

S R =R AL AR R N AL
W EE/g X Y 7z  fWZE/N
1 100 —0.008 —0.022 0.908 —0.072
2 100 —0.008 —0.033 0.896 —0.084
3 100 —0.006 —0.028 0.892 —0.088
4 100 —0.006 —0.028 0.916 —0.064
5 100 0.003 —0.033 0.894 —0.086
6 100 —0.006 —0.011 0.887 —0.093
7 100 —0.022 —0.039 0.885 —0.095
8 100 —0.017 —0.017 0.904 —0.076
Z 1) i 2 7] B W 22 / N 0.03
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Tab. 3 Measurement results of 1 : 1 solid part
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