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Velocity Stability Research of Traveling Wave Type Rotary Ultrasonic Motor
WANG lJinpeng, JIN Jiamei, ZHAO Chunsheng

(Precision Driving Laboratory of Nanjing University of Aeronautics and Astronautics, Nanjing 210016, Jiangsu Province, China)

ABSTRACT: Aim at improving the velocity fluctuation ratio
of traveling wave type rotary ultrasonic motor (TRUM), this
paper analyzes the impact of matching or assembly error in the
present case of duplex bearing structure. The results show that
one of the main reasons for velocity fluctuation of TRUM is
pressure imbalance along the circumference. A scheme to
realize pressure auto-balance with single bearing and
self-aligning structure was proposed. Theoretical and
experimental analysis shows that the approach makes the
contact interface more uniform pressure distribution, and speed
stability better. Comparing with the original structure, the main
key performance indicators, such as output torque and velocity
range, are basically the same, and the experimental result
indicates that the no-load velocity fluctuation ratio decreased

40.0%, and velocity fluctuation range reaches within £2.0%.

KEY WORDS: ultrasonic motor (USM); contact interface;
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Fig.1 Assembly error analysis
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Tab.1 Component link’s name & size of
the TRUM-60 USM’s dimensional chain
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Fig.2 Schematic of flexible rotor deformation
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traveling wave USM'’s frictional interface



112 S R <E 1 R R = SO 4

%31 3%

(IR vy N AR THT 5  U) [ 1 I I 32 o AR B
SCHR[611 73 HT, ZIRIE 3, IR Rl it b s )
oA A

px)=knW.(coskx —0) (6)

e ko R PEEEAREHO S BN, e —Fh gt
oA N NI R WOk IR BT I LR
s k=2m/A, A ANATHEIUEK: S NPEEME A t
(N R A K L AR TN R 12 1T T h il 2k
x IR o

Fo A W 2 B b i s 36 o 3k

F =n[" p (x)dx = nk,J¥,, (%sin ka —acoska) (7)

E{=@KpRuykznkJnkéfmka—aamhﬂ(&

A n MATEHG 20 JE ¥ TAE—MTEBKA
(AR Wos Wor 20950 0l UL TAR I Ay
PRI 52 TR o

SRR TR

F,=F + Fy=nk, (W, + WzR)(%sin ka —acoska) (9)

M. =(Fr—FL)R(x)=AF-R(x) (10)
K RO e AT I A0
H13(9)s (10)AT &, AF AR B B 80
3 H b ST R ) oy A ANE A, ) B AR
B 20)Fs s o0 T, AL UL 3220, iiAvid
(T 122K
BRI SRR, P LR T AR,
e F T F) e 5 DK/ 2 R i T i i 11 A
2, IR, IR, IR TI, E
TR . A7) ()T AR I & Mz A
2a. W 3 P, A(7)E Q)P BIHE A
S, XKWL TIRE 12, a BOK, Bl
BEa 0053 TR AR B o X TS EE AL 1 50 ) (1)
AT LR, e L 1R KR EL R i 28
it 3 RERR) R/ ISR P RS e I
AEI3 A P UL Ak S TR DG 1o U, 38 5
S VARG AL e T RN B R = A A2, 32 T
ARV 1 ARG S W AN DR E 5 1R Bl il
AL, RMERER TR b, BRI
SETRIMMNEE R 2, € TRIETBTFEN
w(x,t) = W.cos(wnt — kx) (1D

K oy =2nfy, fo 0 TAEBES I AR
— RN Ay T e T R DI AR . IR
AR IB B I B0 S AR ELAE ] JJANBE N ) A2 4k, T 1=0
IS 200 F4 X 3 T 45 J50 o 17 T e 2 52
Vi(X) = kd 2 fow(x) = kd 21 fy W cos(kx)  (12)

A d, e R B)E 12 i A B
P2 (12) W 0158 - 2R 100 4 TS R R 5 H P A
R B E FIRMREIE L, SHRSIAZRIE . BT,
TEREML SR b, 8 TR R, 110 Js i
BEb, R ETFHRIE/ANMM T, i, s
FLEE A — R R — I 2 R — AN,
BoEH v, WA
vi(b) =kd 27 f, W.cos(kb) = v, (13)

Fa(13) T LR H ST A b, SR 3(c) T LU
R T I DCI,  U E TR
SORPINEIBT iy N 2 S Y- 11 R e S U i/
TR IR SIAE T, AEBI R I, s TR T
L BEAGHE S 1

g BRIk, AE Bl X T PR AR £ A7 AE 0 A
I, FEREfl St AR e b R ) oy A A S (A
o, L TARRE S, HefilUs R —ud
fibE e, BHIEXY K, TR, B LIS
BNy R D) /N — 1 EE S L, IR B)IX A
MR, ETIRIRA, HERs. EamTEE
MIA—30, Ko 7= A LR 5 — el 1) Y [
W, HERABS), RN TR E, B
PRS0, B F LI RCR R iy = B

2 BEBISEHSHAR

21 @S

h TR T e g 2 T B R H AL g
PYPRAREN R ), SR R KR, U R
WA S P . ik deE B A e 7 B2
FEfl R ¥ A R, R LA RE A 3SR
Wikt FETLL BT, Bt — R S p O
SER I 7 %, HNLRE RGN B B & 4 .

H 6 7 L S T X P i S A B S
P o BT BRI 0o 6 LS 1 S AL B HE TR
T, HEE WU A 5K M 530, BRI AHEFLAC
By SOVF 38 Z AT BN AR BRE, BAGRAIE E T
e BN Ay o AT & R FE A T 7T L



%530 3

E I T R L R .

GO ST IR UL

“ A
A
ey

et eatees) e ottt ottt b etet ety
b S S S S

R
L S S S S
4 L L S S
s o

TR AEE R A0 o o BRI
5 T AL

|
ERLN G R Bk

i il & T 1
|

|

CUWLE”

4 WHBBREHNEETE

Fig. 4 Assembling schematic of improved USM
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