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Conjugate tooth profile solution and meshing analysis of

harmonic drive based on envelope theory
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Abstract: In order to solve the problem of complex derivation of
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conjugate tooth profile in harmonic drive, a method based on the
trajectory envelope of flexspline is used to solve the conjugate
tooth profile, and the different tooth height along the axial direc-
tion of the flexspline profile is adjusted to avoid interference be-
tween the flexible gear and the conjugate steel gear. In order to

analyze the influence of tooth root circle radius and torque on the
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stress of flexspline, a multi-body contact model was established
by ANSYS Workbench to explore the influence of root circle radi-
us and torque on the stress of flexspline. The results show that
the sensitivity of flexspline stress to tooth profile parameters is
higher than that of torque, because harmonic drive is multi tooth
meshing transmission, the stress of single tooth is smaller, and
the influence of load on flexspline stress is less than that of tooth
profile parameters.
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circular arc tooth profile
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Figure 2 Angle relation of harmonic drive

wo — R AAI AL A, mm,

2 S AR R P AR A SRR

u:*Jw(go)dgo
= arete | O = et 0 L

y2 arctg o (1rctg"n+w . dgo 7 )
U.

gty
<1 "m

¢ =pn+2A

Eve e

FER DI AT b mm;
yz — RN IR
y — RRMEM.

12

U /z XL
U—F 52T B I 2;
2 FRWEG

¢ — I Y B SWERM Y, BRI,
FET RIS . 5 35005 F A L Y0 0 5 0 8 R 1A
KN

[xe TR cosg  sing psiny
J yo | =Mgc |yr | = | —sing cos¢ pcosy

1 1 0 0 1 . (6)
l?ww _

da I  Ja I

H 20D ~ G A C6) LA A 2 50 4 48 14 B
206D AL A e bR KA i 55K A » L B 1 5 oK fet 3
i 25 i B 7 FLRT DU AL HOR il f . el SR A A B R B
B AL bR AR 0 AL bR WS 56 AR Gl i Matlab 4 AR LSRR
4 — A~ BRI AR T B A Y — > S A WA LG S AR L A5
B R R R U A X T 49 5 48 0 0 s B BT L 1 Xz 3 B
A — ZR 50 il AR R AT O gl D TR S
i £ B AT SR A BT o S O B 18T 3 A A Hh 2R B0
55 RS 1A B RH B ) B 4 14 G

2 OISR SRS D% 1% sl & 5 B
2.1 HIEFHZTEEEITESLH
DIBEEL m =0.311 2403 =1 =160 NI 1540 2. =

B E BT 6 KB NI KK (E 3 R 5B KRB S S

24.0

S e
Tooth profile radius/mm
[t
%

[3%)
w
(=)}

23408206 —04 =02 00 02 04 06 08
g
Radian/rad
F B FPIE M %

Envelope of flexspline trajectory

A 3
Figure 3

162, JA%E [ & i & A 25 CLAMR )2 58 AU S A L2 e
AR AL Fy LRy 80 1Y 2 U1 £ U1 IR 1T G 1) 38 I8 U 4%
Ja il Tk B SR AR 1 UK

B4 Sy — A %8 U8 00 0 Bl o) 0 T Y 4 R 1.
Matlab fj H o A7 FT A48 B f p = 0.679°, s I 247 28 XI5
OIS 8 AT AR X T 3 B A 48 T i 5 T R 2 R A T B
TG B 5 o 5 4 38 7 T g 100 S S T FY 32 5l
L7 RU
2.2 BREDNZHEIERE

BT P AL S SRR R DL x_c i A
Ansys workbench #1, ZEH A RHE ST 30 CrMnSiA, #1 K
YT 750 keg/m?® L FPERLE O 1.96X10° GPa, JAA L
0.3 5 SR E RN B 56 B ORL I T 40 # B R S50 59, 44 R
N 7 850 kg/m”, LRI O 2.10 X 10° GPa, JA#A L
H00.269, /N N A B 5T X B B HE AT A I 4
PO A% JBT 19 4T SR B R A A 1 A 45 2R R A R R
S G B 1A M K 23 B 3% B g R L AL VT size Dy

*x1 RBRERSH

Table 1 Profile parameters of Flexspline
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Figure 4 Schematic diagram of flexspline

gear modification
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Figure 5 The motion track of each section of Flexspline
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Figure 7 Stress nephogram of flexible gear teeth
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Stress sensitivity of flexspline parameters
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Figure 11 Influence of flexspline parameters on stress
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