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Finite element analysis and research on involute
spur gear modification

ZHOU ZHI-feng, LIU Wei, WANG Jing
(School of Mechatronics, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: In order to solve the problems of different modification curves leads to different gear modification effects, parametric equations
of involute and tooth profile modification curve were derived. Then three—dimensional models of standard involute spur gear and profile
modifying gear were built using Pro/E. Finally,finite element analysis of the models was carried out by using transient dynamic module of
ANSYS Workbench. The tooth face contact stress curve of involute spur gear and modification gear in meshing process was obtained
through simulation. The results indicate that Walker modification curve has better effects than linear modification curve during the period
of alternating single and double teeth meshing and teeth coming into or out of contact in gear transmission process. However, both of the
two curves lead to the reduction of gear coincidence degree and the growing of single-tooth mesh region, which provides a numerical
experimental basis for the designing of modification gear.

Key words: gear modification; meshing impact; finite element analysis(FEM)

UTARR Wtk B G HE fA FROGHE 0 T
R HE 1 32 28I 5 Barlam. D 55 SR AT FE 42 ful {7
FRERDOA R AT T RS s FE AR G550 1 4

0 5l &

T A2 i RG22 A R TSI R gk
ARG A N R N ZRG RN, A8 52 PRtk Se A% Sl 51 7
SRb L R S S AU 2 N TRARala SY 1T E = 2 R | R
oy, SPEOE A PR BRI R

WimEEE: 2013-08-12
EL2TH: HFRARBAIRSHIIHE (51175033)

BRABTE B KABTE RN BT 1 DX 31 B 0L 3 7 5 B
] RS A S I B T 1A BRAB T T L S S BRI
T 5 i SO BT A PR T ANSYS/LS-DYNA
TEE T Ok T 2 fioh 7 77 %) A8 A1 B 5 P A R AR

E&ERIA: JAAE(1985-), % VTIRrEMA , RN EHUAL T A5 By 5T, E-mail: 09121853@hbjtu.edu.cn
BEERA: X 6,5, M2z, LS00, E-mail: liuw@bjtu.edu.cn



512

JRIR I 55 T A BT 1A BROC M T S TS - 1491 -

ANSYS/LS-DYNA i 5 28l Syt i Lu i 1 ik %8
IR IG 42 b 0 S P A BR T T
ANFEMEIE S HEIE Ja T T 42 fih 13 A i sg . ik
SCik B RIS A FROTF 7 T IR BIE KSR E
XHE R S s2 i, (AR A % BRI FBIE Hh 2 X)
BIE R

AHWFSE 38 321 v FH Pro/E #4745 B 114 U5 T80 i T v
RGN W A FETE AR 48 10 = 4™ s H
ANSYS Workbench [ 2 8l J1 2F A, HER HooK A
VRS ABTE RIS (414 T 2 A 0 55080 , FL AR TRMEIE i
BAMEIL R 52 ma , IR BMETE iy R AL LA, vk
BB S S AR AT T AR

1 K BB TE b 3

WG 58 AL Bl I, B 1A T I 5 R B IAT Xt 5 58 R
1To W TRPEARIE A N2 52, 78 shde ik Ame A7
B, VAR5 SR Tk A T3 . [RIAE, Wk S B
F U TS NS R R A A T . XA
WX A AZ SR AR, 75 EEHE TR BB |, RV id i
VIR 5 56 M G B 7™ A 1 8530 43, (0 4 1 S PR 5y
MRS R s

WML =220 OBE & QBIE K E ;3
BT L,

1.1 HKXEEE

Wi Vi S ABTY 2 d L n) B, A B Y & IS T
AN EABNN A BVEH AR B BRI R, 2l
HE RN, o KRBT Eme G R, SOm AR T
WA pl o 3R RELAT 3 F HORH E e K&
Wi

(1) MR HIENE B 5

(2) HETWE;

(3) &gk,

1.2 EBEKE

THEABTEAS B BV 1B T8 22 2 1R o5 . 1475
BEICAK B 53 A KABIE FE BT -

(1) KABTE DA 1 sl 2 S48 3] L g 5 e 55X
L2t

(2) JEIE i W Al s B 2 L BIAB TR 11 172 4k
1.3 &%

T, B A 2 Bt Z AR -

a=a. (L] )

A e L — P05 DX 5 e 8 A/ A
B 5 ¢ XU M DX AT T2 B B A G/ A i

B A —HRAEIA s BRI, — e 1-2 2 ],
2 AR Y ST

R T SEERAETE ) EAR , T B SR ORI 2 (1 o
R EESEON

B m =3 mm;

%L 2, =20, z,=25;

H95 b =20 mm;

BHEL: 40Cr, BRPER L E =210 GPa, JAFALL v =0.3,
TR p =7 800 kg/m’, BEHENAL 1 =0.1;

TH 0.5 rad/s FEFE 120 Nom,
21 Z=#EERIESNT

Wi 58 2 AR kA B R OUL Y s AR T
F2, X O R BE 19 A8 T BF 5 i ) A A A 1 L AT A
R TR = 2 A A B el ST R B R 2 i
T YT RE , BT 5 242 T T4 S 807 Bk B o
T 4T 2 145 18

AT G V7 BT R AR bR 2R R A AR R AR 1RO AL
WIEBIEAE Ry IR FE T 27 ELA AR R T 24K
JFER

. (2)
y=r,(sing—¢pcosp)

BN BIE R RE AR LA 25T S BT i £k 1Y
WS BT . AW FZ 05T BB IE i 2
Walker 2 JE i 20 T4 Je BT 1A RS20 o FLAAT G
ZROTREN -

{x = r,,(cos @+ @sin go)

A B
x = r,,(cos @+ @sin go) T (1 D L‘““X + —r”L j
B (3)

(e A (| _ 1P 18
y :rb(51n¢—¢cos¢)+cos¢(1_ /L : +bT

Horp: =10 HEBIE ML, B =154 Walk-
erfBIE ML

AT A AR I B 2 A L R 4%, AU S 48 T
VERISHCA K, i ik 5 7] B OB ARG — R S4L
AR RMGR AT T AR 3, F B AR r=0.38%xm
P = A

TEWAE T WITASHO R AR B i Zefis e
2 i 5 B SO B 2 )5 L A8 0] LATE Pro/E X H 4
B HT SRR
22 SRERTERRELS

AW 58 Al FH Pro/E 5 ANSYS Workbench 2Z [H] 1)
T8 12, B — 4R S5 A ANSYS Workbench H, 22
Jo R AT A BRIT 0 T, A% ) 70 2 OC B 1) 2D



- 1492 - HL )

Z—, AR R 1 e DI T 5 W 3] 0 B 45 2R 1 TE
38

F T 14 50 G- 1) 30 3 2 07 LN A% 2R 0
A B 5T S 0 A B8 A B AT R R 1 4 4R 4 R
Edge size iy 2% EHEAT 2404k . 14 FE B A A R0 A% Rl
o1, 378 719191, 23 7401 HIT,
2.3 EESCHEEfpRNE

B 1 3 ) 2 L 3 B R X A, DU
WF 585 T L0 S A 50 W G et R v IR DX IR e A
EASL M . AESTEFH ANSYS Workbench H 42 fith
BRI /INAT 5 1) 1A TR AT 4 P 1A T 80 S el X
v, N 1A TR A 5 Ak T, DR A 8 1A TET A H B
[ie

1E Workbench 77 ERIA A8 54015 & Pure Penalty, ERRS
HORRE 5307 A JBE 4584 b 1) 1) &80, SR FE AR F 50 1)
K AL A 53 B vh 0% 5 ] Augmented Lagrange 53, iX
J& K2 Augmented Lagrange 5572 36 i 1 %5 20 14 455 1
H /DB IEIIEE. FKN G218 W) (BN % L 05 K
DMEAR S S DR R B ZEE  H U IZ KB S BURS
Flfo X Tk il oA, il E L FKN =1.0 2k
R
24 TENEBEGHREH

£ ANSYS Workbench 1, 858 1] LA B AE A #E
N INZ SRR AT o AR5 rpot KON F8 it fin 7
BT LY, BRI IN A e PN G A8 1) 45 % g )
ik Horb, /NG EE ik e, o HOin e i s Rtk
gk st N A

3 sesh i K

3.1 RERGHELE

TE ANSYS Workbench HV ik 58 8l 7 2 fili 475 543 B
AT LR WOy AN 22 TR e e sh— R Y
R, AR SR AE 1 s NEEShES o R T4
B BN BE , WA ARG 50, 10 45 R 1Y J5 Ak
FR AR A Equivalent (von—Mises ) stress (ZE&N 1), LA
(USRSt e S LN VAKX U
32 FESF&ERIERGE

TER FE W5 1 3l g 2005 LI, SN AR 7 SR S
S AT REATE T AN R 0.04 s
A -

WG At A2 91 0.125 5.0.3 5.0.55 s 3/~ [a] BE
Ve AB i S0 1 AN 1 (a~e) 7R, R BT T 58 A
XA W 5 381 B 1A G 5P 38 0L W 3 e

N B AT THT AR M 7 BN TR 2 B

(b) 0.3 sMFAEERL 7 &

(¢) 0.55 sHFREERN 77 &
F1 R sl & i i AER80n  1&

500 HPG A X
s TG X WA X
22 g0
ESi)
MR
2 = 300
et
O T T T T T T T T 1
00 02 04 06 08 1.0

tls

B2 BRI L e 4 I 94 f 2 ) A2 1k

MIEL 2 Hal LA - 15 58 RO R 2 s e A, iy 1
SRR AR T A, ST R A
PUUIAT I 5 SR 114 171 SR8 A 8 il 1 P 14 17 77 5%
A
33 EBRERHEMAEESER

N T AR T2 04 58 B WG ARG Y B4 bt 2
ABIFE £ ER A BB B 7 A ke I ERIEIE i
JEAT H B S 1A 1A L 1) 25 h T s R AR AT SR 1Y
TR, AR T R TG 5 S R
AT Bl , e 1A 1 B AL Bl i v B R BRI A £
FPALHEmh GRS, TS B & RE AP AR EA T o

AWFSIRE R T, R T HARBIE i
Walker (B2 4, XK /A #4BTE 0.014 mm, BTE
KENRBIE.



55124 JEGIE 55 PR B R AETE BT BROCA BT S 5T . 1493 .
WHSIBIE AT 5 kN 128 L an i 3 Frs . SRR A A TR FE WA i R 3
S AHIFE 4 0 FH B ABTE i 46 A1 Walker & TE il £
900 B o SHEHETT T8I IR Y Walker B i 26 HAT 08
i ] ' " MBI RCR . [RIE, 28 3 0 A1) A PR e x) i 48

BT T oMPa
g

.OO
=

04 05 06 07 08 09 10

t/s

01 02 03

B3 IS IEHETE G 5 Y 125 1k

FE 3 AT RIS H

(1) 7£0.2 s~0.25 s Z A1) 2 0.425 s~0.475 s Z [A]
(BRIP4 48 SR WG 5 28R 0, RIBTE UG 58 &4 T I
FIRASIG: T Walker (EIE i 24 HZABTE th i g
B G b R A T AR R TR

(2) 7£0.775 s~0.825 s Z [B] (BRI U5 #& 0k HH i) | o
IV TR MG 0 B &2 T By R AE I, e R
BT [FFERBIE S r SO0 T, B 3 TR LI ) Walk-
er [BIE M Z 58 2 H R T el ) 58 A8 4, i EL 4k 1&
TE 2R HORFEAR T —2F A3 fil i ) 2848 5, HURNRE 5
SRR RE PR Ty R AB AL

WA R Wi 5 TR, Walker (B8IE T 7E
BARHRT i £5 28 R s O 0 i 1 R B ZRAB TR 1h 2k
A HELFETERCER , BB A RIS 15 Fe W A 2 A
YR SIS AB IRGE , BEATR G i FE 4R 31

HE , PIRMETE I R AR AEAE “ R F & B R AR
“EAPE A XS BN

4 ZERE

ABIF S 1o X b 2 LA AR RMB IE U4 AR g
Gy PSR  CE WE i PR A LI NPALD)
AL . FTE A RG] BT n] LA Gk e W
A B ey BRGS0 5 (R Ak S AR AR A B

A5 AtE:

AR5 L, AT LASE I B TG A b WL 5% A e
R B Ak ST T R O, U R BT R — R B9

S % 3L (References) :

(1] #EfR, T 4. IWieie A8 4 flcfy PR T 500
[J]. JEB B, 1999(8) :9-11.

[2] BARLARN D, ZAHAVI E. The reliability of solutions in
contact problems[ﬂ. Comp & Struct, 1999(7) :35-45.

[3] ERZ, TR, W N, & o e 5 S8 T8 HR F 58
[J]. WLbE%3t,2000,17(8) - 8-10.

(4] BRPHEEE. KBRS e G shiit b ],
HLH T2,2003,20(5) : 168-171.

[5] JESC#E, eSO, AR SRR f 35 T et e
S A MBI ()], PLAKE 22 58 R |, 2006 (11) :
1273-1275.

(6] MR, PRSI, 2500 T, 45, Wi T Lt fe 3 01 F e flcf
FRIC 73 Mr KB I s [J]. ML A% 35, 2008, 32 (2) -
57-59.

(7] % W AEJe, 55 2 ERIEIE U Iz il 5
rFFEL) ). 38 FHPLI, 2010(4) - 7-9.

[8] HkiEZe. 524HK538 Pro/ENGINEER [ M. Jb5t . L7 Tolk i
it ,2010.

[9] S HEK WRAKESHREIM] kR, 2 et hE
ANV MUK HS st 1985.

[10] Bnoc. it Lt fefe e i sie it ()], JLmE, 2011,38
(10):67-72.

[11] TELL)e, BEM, DS, FeF Pro/E A ANSYS G BT Y
W) ], PSS T, 2008(12) : 17-19.

[12] #H: . ANSYS Workbench 13. 0 A AT RS [M]. b
AR M, 2012.

[13] Vit F Mgz s, AeFMIM . Jbat MUl Rk,
2005.

[l 2 W]

JEAE, X)L E R TR ISR R ROT T S0EFEL) ). HLR TR, 2013,30(12) : 1490-1493.
ZHOU ZHI-feng, LIU Wei, WANG Jing. Finite element analysis and research on involute spur gear modification[J]. Journal of Mechanical & Electri-

cal Engineering,2013, 30(12):1490-1493.

CHLHL TRE)A%E < http : //’www.meem.com.cn





