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Research on Spatial Deformation of Flexspline with Variable Thickness Tooth Ring
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Abstract Crowned tooth can improve the meshing state between tooth surfaces and enhance the load ca-
pacity of harmonic gears. In order to reveal the deformation law of the flexspline with variable thickness of tooth
ring formed by the radial modification of drum shape, a theoretical method of spatial deformation of the gear with
variable neutral layer radius is proposed. The formulas of radial, circumferential and angular displacements of
the neutral line of the gear ring with the axial midface radius changing are derived. A parametric solid unit ele-
ment finite element model of cup type flexspline with real tooth profile is established , and the neutral line defor-
mation in the forward, middle and back cross sections of the tooth ring is calculated by contact analysis. The fi-
nite element results of each section of the tooth ring agree well with the theoretical values. The spatial deforma-
tion characteristics of variable thickness tooth ring are studied by comparing with the model of equal thickness
tooth ring. The results show that the nonlinear characteristics of the generatrix are aggravated by the variable
thickness ring. The nonlinear characteristics of the generatrix in the long axis region from the middle section to
the back section and the generatrix in the short axis region from the front section to the middle section are more
significant.
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Tab. 1 Double circular arc profile parameters of flexspline

5 B fE /mm e Ul /mm
r, 31.395 R, 0.793
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Fig. 6  Sectional view of flexspline structure
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Tab. 2 Structural parameters of flexspline

e A (B /mm (i Hff /mm
! 33.7 r 100. 910
1, 2.4 ry 127.710
1, 4.2 r, 1.520
1, 9.7 r, 30. 690
b, 10.0 r 18.250
b, 0.2 t 0.285
r 31,1 5, 0. 104
rl 20.0 5, 0.105

2.3 LAEARTERSMEL S

NS BR AR AE X RS AVERT AL
H Ry BB BEAA,  R FHA A —1A7 ] — i A — B AL A R ST
o ERBEIS SR A m A AR 7 5, O e -
Le—ihn, PERRRE NIRRT SRS, TR R
J S TR B 3 0 7 SCRE JEEARS 1) ek A DAy 8,701 8, F) i 1]
PLARERAL R rb R IR T AR T A A5 3 Bk R LA A5
B den, AR CHT A A B TE HER 0

P T 0 47 5 A2 2l m D47 JE R0 A 45 4 R 22 S
R, A AR 3 o3 RIS 75 0 AR TR 5 B3 T IX B
SR FH SR D00 s 125 8010 2345 DX 7T A BT 1 4 4
BERINPE 7 7 o FERCARART 50k A2 J] 1) [ 571
TR hilez iy, RN . ARG 6 BT 7R JLA
fib, HESL AN 8 BRI SR BT AR B AY . ke
A A R WP A T, TR SR RS A

7SRRI
Fig. 7 Solid element single tooth

K8 AR

model Fig. 8 Overall model of flexspline

2.4 BEEMESEIMAR

(1) MR FEORAT, WAk ARSI
RGN RE AL, BRI, Wik, &
SCHE A G ZR I, 36 P TH - TR i R AR R 48 5k R A AR
Z I A AR o D R A A 0 2 T Ry WA T
ESCHEPREIT; AN ERERL O M A,
A EATT

(2) & iR h FA A Bk & A AR T AR
U I FL A F A1 At i A 2 B 24



12 WL A% 31

3 AR AL

3.1 SEENMEEESBEHPE&EREEME

Kt p TR TRV E LML E, JERE
BT A e AL B E U 28, W RS U I
I EDUARBUAE th 2642 1 6 8 1 284k . 819 TR 3k F
(9) . K 12) BB THFAE B AL AE T T 25 14 Fl
A7 (Front) . H1(Middle) . J& (Behind) %5 3 ™8 1 Hr 2k
MREmALE ., KoH, BEARIRRRIMAAE, ¢=0°
F190° 7351 Ay g A i A R 2l AR bR R s R AR
pfa, HEECN BT . NE O LIE L, &8
U5 Bl (Equal) #1142 )8 B2 145 el (Variety ) HH AR I Y < 42
AR A5 R EE O B TE R R IX[0° 457 i i /Y R A%
R rhm, Jo5 a0 R/ T s 7R IX
[45° 907, ZBTERLEEAR I . Bl IX A i I v A ki
DX, B A A VP 0 T (R I A il 5

—e— p; (Variety)

—=—p,

—A—P;
—o— p, (Equal)
T Py

K% /mm

0 10 20 30 40 50 60 70 80 90
s 1°)
(19 A JRL i AR JEL B U 1B v 246 ) B A 4 7
Fig. 9 Theoretical radial position of center line of equal

thickness and variable thickness gear ring

N TGS, BUERRIG R, 5
Bl v 2 A Bl =0 Ak AT A TR 81 e [ T ) 9 A28 AT
[], (o iy 7 ) v ) AT 7 4 1 BB S TR e 5 5
B TERIN =904k, M5 1E 2] b S AR A A
3.2 TEEHEPLENEEMLEIL

A B T AR Y D5 T A T A B B f K AR ) AR
e Ry 2, I R 2 A e, S B B
W R AL E TR HEAT SR A o 18] 10 T 7R Ry AR S AR
JE R 147 BB 22 A PR TR AL AR A5 1 TR B TR ) Y R
7520 (12) A B 25 X IR . B 10 iR 7E
FEASDKIE P, P R A5 A T AT R T S B R AR A
SR E R, MR . RUIA AR
HR 2R 2 AR A AR Y B B T 7 T AR G 3 S

2021 4
314 e~ p(FEM)
313 TR P
.l

—O— p,(Theory)

K42 /mm
=
S

0 10 20 30 40 50 60 70 80 90
A 1(°)
110 A2 J5EHE U Bl 242 1) 5 38 X 1L
Fig. 10 Comparison of radial position of center line of

variable thickness gear ring
e e s AL

ME 9 AT LI Y, AR R R 145 Pl AR 2R 46 T LA o
AR U B R B SR R R AR I R e e AR A, X —
FEAE A 28 ) 0 B i Rt T S By AT REE . 7RI DK
SRty 55 e A (R TS B VAT S RES R e [ I I D
K Fa ik 3 IEARSHL

TEFR TR, & 50048 N S BOR 4 2 48 BBk
LM AR AR E R, AR B E RIS T4,
R5 SLPRAE I Z RIAF AR 2 o A48 7 78 J5E J3E 147 P 52
WLPRAIY G e O B S B TR e 2, S
TRMERRRARITER, FEFRREER . .
Je o A 3 S5 KB it 158 o i A, PSS
R Lrh A R . TR R R
YT B RS R & AR 2SR T 0948147 B i e L AR TP &
— ARG, e/ NT R ARSI RS W,
W7 P JEE B A ek A e MG /N TR R o A I s
XTLREERE, F A BRTRI AL fil o MR AR py 42 m . JAln)
LR s 220 (9) . 2) i A it g, 15
FATE) Sl o B b 2 BRSNS 2E A, i BB SR
AR W DA SRS U AL RS R S
4.1 FEMNBEEILE

L1 i s oy A5 JES B 14 el R A JE B 143 el 22 e A
RITERG . . 5 3R b A AR A RS 2 5K (9) |
3 (12) B A% ) 57 7% BRIR i I 16 7% 25 (B A2 AL LA .
ARSI g 3 AT L P4 78 1) (57 % 2 (L LRI 1 36 R 2
BE/REER Vi B s Y Koy S/UE o8

TR R A A AR AR A, AR Bl A g R
PNV R KRR MR, 22EH R0, 2 Al H AL
B WA R 2 EE NI, FonA RocH AR
P AL A HB R T B M, fe K 22 & AR e gl Ak



I

Fastk H12M

5 1A 1| S 8 2 TR A SR LA 13

K6 um, XAEMT: O ELRAERS, 6B P&
JE R AEAE AR ) A BRITAR AL [ 48 15 it v 4R A5 T
(52 ) O VR AE BB A oK s O AERIRSKRRRT,
AR T 8 B A TR A
JEASTE , Bl FABE A, SR fl 07 Vil 1) AS T AR
b, Sh—zs AR i i, A PR TS R (1 4% 1)
RS KT RIS

AT F T, ATERMIZE[0° 657 11X [A] (1 4% [n]
(RS A KT i 0 B w22, 76 S Sl B 3 /N
HTE R 25 . JEERIRIZE0° 277X [R], 2E{E K i,
FeRiZ X A BR TR By 45 5N T e, e HA
X [E] 22 (B A IE o FEAEAS X R], i A A 4 1 o7 B 22
{EL/INT A A 5 RS M 22

XFHCPIRR R & B, £E[0° 407X [a], AR
BT 5 R L 0 A8 1] 57 B 25 (1 K 1 45 J5 Ji A A
(25 5L, ¢ i 08 JEL Tty T 1A 4 v il 1 %) 2 gl O 52
ik, 7E[40°  60°1X ], 2l (iR 22 A fbE /N, #
718 I X R] P 17 P JRE 2 A2 %o e £ 118 42 1) A8 T 2 i) R
Ko MAE[60" 907X [H], 4% [l {3 B8 2% (H i ZE FEAIK
A AR s T XSG AR A X R, XHE
ShERERZ A K

—e— w, (Variety)
— W,
e W,

BRI ZE /um
[ 38}

—o— w; (Equal)

——w,
—l— W,

50 60 70 80 90

s /(%)
P11 AR fF8 22 (EHA R L
Fig. 11 Comparison of radial displacement difference results

4.2 REmE{BEEXTL

P 12 I 7 Sk T A ASE 760 3 A8 b ) &) 1) o7 7% 22
Ho HTrhZ AR AR, J w52
EAERBXONIE, BismmER A, THmkz, &
WM e/ s AR A B, e A S A Y R w7
PEEK, BUATAAH BN, 2ZEMM& 2K -
TS G A AR AR AR R AR S ) (57 2
(BAENT . AR TR AR, Ui AR R
VTR AT e W BE R AT, ] i) 52 B A T 8 I R i
AT YA PR GBS R 238 SR, 72 JEE B A7 Bl ) ) ) % 2
(EAEREA X ] g/ N T4 2R R 25 0 . KT 12 th

ATLAEH, RKRBNIX[07 45 THT I Y A B 22 (E
R, HSARRAG T A b A 1 AR

20 —o— v, (Variety)
1.5 ¢ ——y,
1.0 F X
g O v, (Equal)
2 05t f
ﬁ 0
R
& -05 +
T
= -1.0 L

-15 ¢
2.0t
-2.5

0 10 20 30 40 50 60 70 8 9
efh /(%)
B2 JE AR 22 AR L

Fig. 12 Comparison of circumferential displacement difference results

4.3 HEMBEENL

Pl 13 T 705 S P RS 78 3 > g8 T I ) 5 £ 6 B 22
B X TAFREWRE, 7E[0° 407X, A BRITH
IR S HNE A R ZE AR E[40°  90°]IX M, §%
FaOi R ZEfE O B, AR i 22 ok, PRI IR Z
JE A /)y s X RN ST R Al T AR X BRI Y
Feghit, FRBEANIXIR], A2 JELE A 1B 5 A (6 M 22 fELAE 3
AN YR T AR R R AR s AR B A (R
ZEAHARAC RO, A/ S AR R R

0.005 1 .
—e— i, (Variety)

—u,

c —
4 | —o— Uy (Equal) 4/
g -0.005 s
g
& 0o
g
-0.015 +
&
-0.020 F

0 10 20 30 40 50 6 70 80 %
s /()
BI13 S f 22 (HE AT L

Fig. 13 Comparison of tooth angle difference results
5 ARJEELERY XS RELR AR (0] AR T A ST

FEZL RS B AT AT, w L S OE AR
) 7 B FIS e T R e AN, 1
ATRVE W, AKX L, fRm s 22 (0 AR rE A
o Jfam PR SEBRAR TR RRAE 764 BR A A i) o
P, WEHA o=0°. 30°. 45°. 60°F190°5E XA [H]
BEAR, T AR 10 ERE, AREUEAR LA A
LN . A FROCHE AR 3 AL U 25 PRI fif 5 2]



14 WAL 3)

2021 4F-

RS A% 2 LR Jo e 26 PR 1A L R T 1 e S e A Y
TEA R A 2 i R RS TE AR AIE o 18] 14 Bl s S AN T
A AR AR (AR 2 (E I 147 Pl 1) ) S AL

7 Variety: =i ¢=0° —@=— ¢=30° Equal: =0= ¢=0°—0— ¢=30°

e P=45 g =60 " P=90° =l P=45 " P=60 === 9=90°

RRRA TG ZMH /um

W AL E /mm
AN TRV 7 B ) B LA T AR

Fig. 14  Deformation characteristics of generatrices at

& 14

different polar angles positions

TER 14, BEARFRO. 5. 1043 % 1 T 14 Bl
BT . A3 EEREEN B M4 o N 4STHY, B
AR N — SRR E W LR, H AR AR

WP RS R E S, R R LIS
FLRFARBUE o HAR A A LR E B i il ) S AR 2

ARk, ELBE AR A 0 AN R AR o 7R A o 4033l
07, 30°H, REERASIEON MMM, i AR
BR U /o 60° . 90 i, FEERARTE M |
Mgk, HRrEkim A b A, JE RN

78 JEL R Ui BT RA]T  A IX ) B2 1 Al 4
fE . FERAMALET . 5 R i 2 E AR K e S
Ab Bt 1) 57 B AR 1) 61 B8 2 B34 M B 2%, PP TR
[ N

6 4t

(1) 4R 7 AP 2B AR R s AR I i B T
ROk, RSB EACTR RITAE R A RO
FHHHEISTNARI R IR fERIX, A ECE K
b T BRI AR I ASIE Al TS AR AR AT

(2) FHECAF L R, 7% 5 R 47 R A A 1]
(RS A BROCE SRAE R R, b X/ 5 AT
o AR P A 1) RS A SRS A B X RIS R
TEREA DX Ta] A A 1 SRS U/ o

(3) 725 A Bl A 1 Bl X REZR AR I 1 MTih 2k
Je i X AR O i 2o AR IR REUIR] T R
LRI AR AERRE . 7E[40°  60° 1K [A], U el J5 2 AR Ak
X FRER BIAR 1] (5 B 2T AN R

(1]
(2]

—_

[7]

[9]

[10]

[11]

[12]

[13]

s % x

MUSSER C W.Strain wave gearing: US 2906143[ P].1955-09-29.
TR I R, 55 s (] R LI RS ) N B H K
L) UL S, 2014,38(10) :98-107

FENG Fei, WANG Wei, TANG Li'na, et al.Application and develop-
ment trends of the space harmonic reducer with high precision [J].
Journal and Mechanical Transmission,2014,38(10) :98-107.
CHEN S Y, XIN H B.Speed torque measurement system design of
micro harmonic drive [J]. Applied Mechanics and Materials, 2012,
1682:455-458.

LOPEZ-MARTINEZ J, BLANCO J L, GARCIA-VALLEJO D, et al.
Design and analysis of a flexible linkage for robot safe operation in
collaborative scenarios [ J ]. Mechanism and Machine Theory, 2015,
92:1-16.

I I MH U4 AL 2 M ] Tk 30, 2w 56, i b s . [
B Toll b, 1987:80-90.

IWANNOV M H.The harmonic drive[ M ].SHEN Yunwen, LI Kemei,
Jr.Beijing: Defense Industry Press, 1987:80-90.

WA, MR ZE E WA Fe AL S i BE AT IM ] AL AL L
At Rk, 1985:1-16,52-55.

SHEN Yunwen, YE Qingtai. Theory and design of harmonic drive
[MJ.Beijing:China Machine Press, 1985:1-16,52-55.

A, SRIDET BT SR @R A I R S R R A BT A
HEIFFELT ] LAA% 3, 2001,25(2) - 16-19.

DONG Huimin, ZHANG Xiaoqing. Finite element analysis of har-
monic flexspline based on experiment modeling [ J].Journal and Me-
chanical Transmission,2001,25(2):16-19.

DONG H M, WANG D L. Elastic deformation characteristic of the
flexspline in harmonic drive[C].Proceedings of International Confer-
ence on Reconfigurable Mechanisms and Robots , June 22-24,2009.
London, UK.New York:IEEE,2009:363-369.

CHEN X X, LIN S Z, XING J Z. Deformation of flexspline under
transmission force in harmonic drive [J]. Advanced Materials Re-
search,2010,97-101:3536-3539.

CHEN X X, LIN S Z, XING J Z.Modeling of flexspline and contact
analyses of harmonic drive [J]. Key Engineering Materials, 2010,
419-420:597-600.

YAO Y P,CHEN X X, XING J Z.Tooth effects on assembling bend-
ing stress of flexible tooth rim in harmonic drive [J].Mechanism and
Machine Theory,2019,150:1-17.

LR, EI IR, S5 PN AL 3 U IR X o] 4 15
WL ] P sl 2441, 2019, 53(8) - 8-14.

JIANG Gedong, WANG Shuang, MEI Xuesong, et al. Bidirectional
conjugate design method for double—circular-arc tooth profile of har-
monic drives| J].Journal of Xi’an Jiaotong University, 2019, 53 (8):
8-14.

B W, EEE 55 R T RO LR A A S BB 1
HOrE [T AR R R 2 i (A R BEA R , 2020, 48 (4)
55-60.

DONG Huimin, DONG Bo, WANG Delun, et al.Double circular arc
tooth profile design method of harmonic drives based on centeodes

[J].Journal of Huazhong University of Science and Technology (Nat-

ural Science Edition),2020,48(4):55-60. ( F4:% 21 1)



