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Modeling of precision harmonic drive system
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Abstract: In consideration of the control method and performance prediction of harmonic drive
systems, a modeling method of precision harmonic drive system was proposed according to the main
factors effecting the performance of harmonic drive system. A dynamics model and a Simlink
simulation model of harmonic drive system were established, and an method to obtain the simulation
model parameters was researched. A least square identification method was presented to identify the
parameters which are difficult to be accurately measured in the model. The time-frequency domain
simulation analyses and experimental verification were performed. Simulation and experimental results
show that the model parameters of the harmonic drive system have clear physical meaning and are
convenient for engineering application. When the model is established, one frequency sweep only can
estimate the unknown parameters, improve the efficiency of parameter acquisition and reduce the cost.
Moreover, the experimental results are basically consistent with that of the simulation one and the
matching degree of the results is greater than 70%. These data verify the correctness of the modeling
method.

Key words: harmonic drive;dynamics modeling; parameter identification;least square method

Wi B A :2013-12-15;181T HH#H :2014-01-23.
EE&£WB:FHEARE SIS H ST H (No. 51135009)



55 7 ] K55 GBI AL o R G 1843
DR AT AL, I 28 ST Y A5 A R A Y, T A ST
1 31 = ARG EEG Bl 1 2R

WP A B RO A R A
] /N A% RS BE e A5 00 A, )2 o T A S A
K HLER N B AR 2R G055 U D iR % ] IR R 42
WS T AR Z S X AT IR ARG OF B
TAREWER RN R R TR i i
A BET S AR T A RO R A
FI B YRR 48 IR A% 5015 22 TR Tl 404 2K S5 e P Y
B . ERT . i R ) IR 2R 45t 4 B i ok
G L B B L IS DA B A TR R B R
B[R R i e 1 2 PR AR S A% Sh 2 AR 7 T
ELACE NG IE 3 e A s e (E DO o e e
Ll 2L (9 22 G v A5 K (15 B M bk T /b

XF T WAL S 2 1, TR N BT G T Y A
A Tl R AL Y 22 G0 B T AR i 1 BE BE 75 348 3
FEARZR L AR B 4 5 A B O (RHLJE JRIE
e By R 25 RN BR AR P o A0 R AT DURE 7 — i Bz ik
AL B A A R AR A A BE B BT s A M T
PN GO I A% 2l 1R B 0 O S HOKS 4% Al il
il AP E U £ (35 Bl

ARSCEE R T W DAL S LA B8 B A5 3 &
e PR A RGBT BRI
e 5l R GER 8l )y o BAE 07 B s M B /s
etk AR 2% 2 RO A% 34 pR R 2 )i X 3t S 1Y
7 ELASE RS AT I Sl R B A7 5 B B L 4
5 CPR R G I A R AT X L ASR IR 1% 07 5 Y
TEBA PE AT RO

2 R ARARH N F AR

2.1 #Ek

WAL B AL I E 1 T A%, D R
AR ML AR S R R A bT L A B A
i) PR 2 G Ao A8 L I8 B TAR IR PR TH . T
V7 2 R ) =X ) m 52 i) 2 6 1 i 1 B R 4y
R PR LR E 2 2,

RGN R B2 R S AT 7 AR
H o] % 7 R R AL S A O R AR MR R
JE I 2 BR Sl H AR R AL R o R EE A B
JEANGS N Ak IR N G S S DO

L EHED

AL

F1 R Al E AL sh 4L 1

Fig. 1 Harmonic drive module
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Fig. 2 Simplified model of harmonic drive system
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Fig. 3 Hysteresis curve of meshing stiffness
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Fig.4 Control model diagram of harmonic drive system

2.4 REZEEIHHFEREE

X (O AT HLCAR e, FF A2 AR L MR =
DL R 3R 2 0 F U i A C ORI R B A K A
P RGLEA B I F RN E 4 frs ., R Z A A
BRIV E] A A N 4 £ LA v o ST A% Bl R S
LA,

3 B EHERAAGTAEA

3.1 Simulink {f E# 5!

VLIEL 5 BT 7 B 38 1% sl 4440 o ) AR 93 141 4
JIE 7 (1 P38 BB AE 4], >R A Matlab Simulink #
SN 6 FrR B B AL, Hip“ Motor_driver”
o 4 =X (5) L Ky AT C #E ST #Y A HLIK Bl AR B
“Motor armature” } H 5 2 (2) 37 A9 HL ML H AKX
e, “Motor rotor” f1“Load” M AR 8= (3) @t 7
RY L B T FD B 3 AR B, “Friction Function” A
P = (9 N7 Ry EE ORI BH JE 7 OB B, ¢ K
Function” 1 “A Function” A # 5 28 (11) 1 2
(12) # 57 /Y 3% B 14 48 mi & W 5 Iel 22 A gk,
“Mass Unbalance Function” R #E = (10) & 57
) 5 1 ANl ) AL, “ Encoder” il Encoder2”
AR C(6) L (7) ST I G A AR A

K5 Al sh A S 1A

Fig.5 Picture of harmonic drive module
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Fig. 6 Simulink simulation model of harmonic drive system
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Fig. 7 Simplified control model of harmonic drive system
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