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Friction and Wear Properties of PTFE — Based
Friction Material Used in
Ultrasonic Motor during Running — in Stage

LI Jin - bang, QU Jian —jun”
(School of Mechatronics Engineering ,Harbin Institute of Technology ,Harbin 150001 , China)

Abstract: In 200 hours, the operating parameters of ultrasonic motor (USM) were monitored and surface roughness, surface
morphology , debris characteristics of stator and rotor were observed and analyzed used laser scanning confocal microscope to
discuss friction and wear properties of USM. The result show that after running for 80 h,the performance of USM became
stable. In the early stage,adhesive wear was the main wear mechanism and there were many large lump debris on the surface
of stator. In stable friction stage,there were many corrosive pitting on worn surface of friction material and a small amount of
particulate wear debris can be observed on stator surface. Fatigue wear was one of wear mechanisms. Abrasive wear was
always the important wear mechanism in this stage. Apparent ploughs can be seen on the stator surface,the wear mechanism
was abrasive wear. Due to the ultrasonic vibration,wear debris was removed from the friction surface in stable wear stage and
therefore it is hard to observe wear debris on the interface of stator and rotor. The ultrasonic vibrations had an effect of
eliminating the debris from the friction surface.

Key words: ultrasonic motor, surface morphology , running — in, wear, friction

Received 30 May 2014, revised 31 August 2014, accepted 17 November 2014 , available online 28 March 2015.

* Corresponding author. E —mail: qujianjun@ hit. edu. c¢n,Tel: +86 —451 —86402016.

The project was supported by the National Key Basic Research Program of China (973) (2013CB632305) and the National Natural
Science Foundation of China (50975057,51175104).

Il 5 T AR RV 9 K R BRI (973) (2013CB632305 ) I 5% [ A8 142 (50975057 ,51175104 ) e ).



2 M

ZEHRPE 55 PTFE S5 P HUHLEE AT U & B BERE S BRI 5T 177

P HL L A B 2 (R Y R 48 ) AT EK B
(1), JEE B2 401 Ay 52 el P L BL PR RE Y B2 R 3R
FRHLHLE |2 fol 2 180 e IR Sl R A2 AE (R4
(Y BEPE ARG 5T 2% | 2R PEBE AT 522 o T In) &, 2 B
TAEFT LR A A Maeno 25 E #E 7 U
AL A 3, A S 3 B 4 2 1 T A5 7y 1
NI EERE AU A 2 2Urh A e S e 4l R
B RS E TR F SR SN ER
FUKFIREN , IF a7 1R o, IR g Ao 1
AR IR BN IRE . Storck ZERT R HY TR A I HL AL
()Y ol B BRI

H T AR A0 A AN T 4R (A A R AL
RERE S EER I HEA T AR AL, X EE SR R BRI TN
VAR A N e KRR A L AILPE R I R A
HALIE A B RS IS AT, RS LS S 1,
FEINAMHE TC G — bR ifE, SCER[ 6 ] ol i G 1 BCh
40 h, {HIFBAT TEAN LR TR AL XoF 7 R BT BE 42 B 4t
AR B 58 K 22 4 v 76 AN [R) R 482 6 et 22 ] ) %oF
o R B AR X Rl — R RS
[F] [ B E 52 S 400 1) i 28 LRI 45/ PRI, %o e
AL 5 0T 000 o B R A2 B AL ) 114 22 A R A %)
FKA e

TEVE A WY B, 5 2 4 o S TG A T PR3 S 45 e
B, PR R M T B, WP S IR A e
LA FEE S5 PR 0 e P A B0 48 7 2l A% T 7% JBE 458 S 4
R, i — 245 T A L AL EE AR I 2 S R
AL BE A i 1 T3 55 A SCrR RS HL LIS 4T 200 b
IF ] AT, B BLE BE S 00 A8 Ak B e 3R TR LA JEE |
FATE A S 8RR A2 A, 0T B 5 0188 7 L AL
(1) BE 4 B T

1 SKIEERS

1.1 RIEH R

e FLALE FH 60 AV T IR FLAIL, E RN
BOHN . BEAE DRI FH SR VU 96 O M SRR R} SRRy
0.2 mm, ZiWG7E 408 5% 1 3R AT B4 R BE 1A 3R
WIS RARBRIR A ML, B a2 808 45% ~
65% ,FEBHE BE RS AT 2 0K S WA KM 4R
B A BN 35% ~55%.
1.2 REHE

FE FETEEERIINE 1 PR TR G RE
My oe e AR BT i W AR N AR
K, FEATE R, RN E 5 e F3REE %
Ffih | BB B G BOHET 0 BT RIA S 5E .

Fig.1 Diagram of friction pairs consist of stator and rotor
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1-Micrometer head; 2—Clamp; 3—Upper part of divetail; 4—Screw;5—Pressure transducer;
fi—Pressure head; 7—Equivalent shell; 8— Incompleteness shell;9—Ultrasonic motor; % 1
10—Coupler; 11—Torque-speed sensor; 12—Coupler; 13—Magnetic powder brake; E

14—Padding block; 15—Base; 16—Clamp; 17—Lower part of dovetail

(a) Overall test rig

(b) Stiffness equivalent mechanism

Fig.2 Pre — pressure controlled ultrasonic motor performance test rig
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(b) Stall torque and input power

Fig.3 Variation of ultrasonic motor performance with time
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Fig.4 Thickness of friction material and contact

width percentage variation with time
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Fig.5 Diagram of roughness test regions on friction material surface
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Fig.6 Roughness test results
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Fig.9 Morphology of stator surface
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Fig. 10  Contact regions of stator and rotor
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