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Multi-objective optimal modification for internal double
helical gears with high speed

JIA Chao, FANG Zongde, ZHANG Yongzhen

(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract; To improve the meshing performance of internal double helical gear with high speed, a multi—objective
optimal design approach considering the influences of deformation of elastic shaft is proposed. The load distribution
on tooth contact line and tooth deformation in a meshing period are got by the tooth contact analysis and loaded tooth
contact analysis. The local friction coefficients of discrete points on tooth contact line are determined by the
regression equation which is based on the mixed elastohydrodynamic lubrication model, and then the Blok’ s basic
equation is used to get the surface flash temperature with high speed. After that, applying the genetic optimization
algorithm, the tooth modification values are determined to optimize the amplitude of loaded transmission error, flash
temperature and load distribution. The calculation is illustrated by a numerical instance. The results show that with
and without misalignment error, after the tooth modification, both ALTEs decline significantly, and the surface
flash temperature obviously decreases at the coming into and out of contact zones. Meanwhile, the edge contact is
avoided, and both the load distributions are improved. The calculation results of the proposed optimization design
method are reliable, and the method presented is an effective means for tooth dressing of high speed gear drives.
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Tab.2  Optimal results of tooth modification

yi/ pm  y,/ pm  y3/mm  y,/mm  ys/ pm  ye/ pm  y;/ mm

12.8 18.4 1.54 2.52 12.3 8.1 34.7

Bl 5(a) b FEshie =4 BR oo Mg AL [ 6 K
7 A R AT A RERIEL 5 (a) TR R 2SIt A i
Pi;EIS(b) HHARMEIE M2k, e BB 224 e 4 —
W IEIE T N AR TR rfut 224 XK.
st

Mg
IIIIIIIII//III/%/%;//

/
il
il

W / Il
/ll%%ﬂllllllllllll

(a) =447 FROTHERY

Eor  EEhe AR () sk

S

=1

" \\ /

5ok . .

= 89 91 93 95 97
W [ /mm

g, ESREHERGEI L

o

=1

i

= i

=-30 -20 -10 0 10 20 30
W7 18] /mm

(b) fE AT Mh £k
BE5 EH=HFRRTHEIMAUER L

Fig.5 Three-dimensional finite element model of pinion and

optimal modification curves

Kl 6(a) (b)) 73l s 1B TR i f0 147 T 45 fih 1t
PR AN T AT A, P P T DA R AR H
IR R T A AR T G ik, HL A G fib 4R AH
HRREAT. NG MR 208 A b $ 12 3, oL
SETERDEEE ST, 22 L BRI IR Sl i 1 18 k7
ez sz it 1 6 (c) L (d) WSRO AETE 5 1Y i i
it 508 R VA7 T A 23 A, R ECPE 6 (a) L (b) AT A

R B JG , TEme A KRG X WA o R AR T
% sl T IG5 6 () ABIE S 19 LA
fBahiR2s 1 6(f) 4 th TIBTEHT G AR H % 3R 22 iR
{ERYXT L, AT AT B BT 5 AR 8% Slid 22 iR (R iR
TRE. X O R WG S A R T, B R A2 3 2 A
AR | BRLGE U B R 22 % 147 G 45 38R TR, Wi
2 JE S A, DT S B85 147 580 1 A T ) 40 4
Ak R B A Bl 22 I (A BE 2 R 0T A . U
MBI, I R AETE 2 ERE 8 DR AR MG 5 e 5 i 2 1]
SR REV- T DRI AR A8 2l 1 22 M B .
Kl 6(g) () & TAETETHT IS 1A T DRI X b A 452
FBOW . B 6(g) AT LIE BT T A X Ry
Sy RA A Fa Ry I, TR R . 2554
FeIE 6(g) () AT LRI, BT I e A DRI H X
JRE 452 R B AR 8, DADR R F e, R R B TR T
VT AR R O T B, e 2k b 1 ] B2 4 o
AL SR B 1 o, IR S R, DR, R R AR
e, 147 TR DA ik i 2 AT

A LR ZEN, TSR B B, Had RSB
WA AE A VR T ) BAH B AN AR T S e A
VT AR, B 7 AR ZE S y = 18.6" RIBTE
TR PR IR 22 £, WL 7 (a) el DUR G 7R 22
AT el il O 28 B B A RN T A, 1%
ZEFHE— DI R W IR TE S, B 7 () itk
A T BT T fih 150, XoF FUAB T 117 5 4 fid s
W, T LSRRI A 1 4 O A B T A RURAR T iR 22
BUBYE; B 7(b) ((d) L(e) () ((g) 'THITTRSS
HRIEAE y = 18.6"I, Ze A 1A i ) g 3k 2 F- 4 )5 715 3]
1. B 7(b) () A BB TG, AR ZEM AT
AR 26 A R T 43 Al A TRT b R] LA Y ) R
XHETE At 11 A AE T 147 100 41 B A ) 24 A1 28 47 114 1
I EEXTECIE 7(b) ((d) 5IRRERS KB, B IR 5 /Y
W BT A 1 5] A BT 5 2 3l 481 8 23
HEANTE, IRl e B e e s P AR 1R 7 (e) SR T
BIVHIG , A 1R 2 M1 5 AT T, AR H AL 3y 22 I (4
o, NIRRT LAt A1 22 M 2540 T B TR 5 K



- 170 - MR

w L bk X

¥ 849 &

WAL SR Z IR IR IR B, X L2 Rt — 2P 0
HE T LS BON WA R 301 Bl 1R 22 1 (B ) A 01
B 7(6) () &t TRZEAF N B 1A T R X EE A

100 (%)
E 95 =
90
“-JlZ[ 85 L L L L L '

230 20 -10 0 10 20 30

Hi K /mm

2 100 £)
£ o51fE=
N —————
g5 : s s s s ;

-30 -20 -10 0 10 20 30
H K /mm
(a) BT i 145 T 2 fh s 28
_ 1007 (%)
£ 95 ——e—
I
=)
85 : - : : : s
30 20 -10 O 10 20 30
P K /mm
1007 )
2 o5t Eam—
T 85L : : - : : :
=30 -20 -10 0 10 20 30
P /mm
() BT 5 14 T 42 i
0 (%)
R~
&<-10
s
B 20

30 20 -10 0 10 20 30
FahieiE ()
Cf)

R 0
i&ﬁ—lo
k20

7

S\

30 20 -10 0 10 20 30

FBhfei ()
(e)BIEJE JLMMEBhiRE
(%)
260 —— B
= 40l — B
=
20
0 5 10 15 20
. B SR )
8] —— B E
= a0 & —o— I
ivad =
320 3 "
B 5 10 15 20
Fiefil )y 5 A%

() I i I 147 T 24 DAL R X b

BESE R RO L G5 R R AR E R T B A
HRER T LA AR i A G S N TR A A sh P i
1, = RAE T IAEIE S BRI R Y.

(%)
847100
& E
iz £ 50
®Z o
B 7 1)
(F)
) “E 100
ﬁ:f £ 50
®EZ o
W
(b) BT Vi I 2 Af 434
(%)
2100
£ £ 50
®wZ 0
WK 7 1)
£)
= 100
3:3 § 50
gz 0
WK m
(d) MBI J5 U T 280wy 43 A
0
< 02
i
ﬁ
¥ 04
=
4
-0.6
—— BIFE: 0177 44— {&IKHT: 05712

-15 -10 -5 0 5 10 15 20
FREE )
() BT 5 AR 3 % 31 22 IR (B X He

o

w 012 (%)

H 0.08 ?

B 004 - BI)5

7 0 e B

= 5 10 15 20
P fih 1) A

& 0.12

e 4)

s 0.08 i

# 004 =B E

s 0 5 10 15 20
A P 51 AR

(h) T Rl i 147 ThT EE 45 2R 00 L

Blo TRFREBHABITELERIILL

Fig.6 Comparisons of results between theoretical tooth and crowned tooth without misalignment errors



o511 g I =8 A D [ NS S ISE AR N R A5 <171 -
(%)
_100 0
£ o5¢] —
i’% e o 02
¥30 20 <10 0 10 20 30 R o4
# K /mm ﬁ
_ 100 £1) = 06
Hle=————————— "
EE 90 —— -0.8 , S
T g5k . . . . : . ——BJYJ5: 05278 — BIEH: 0.733 4
230 -20 -100 0 10 20 30 . _1(') _5' 0 5 1(') 15' 2(')
i /mm L)
(a) I T 47 T 42 () BT il 5 AR i 2 0
(%) - )
= 40 —o BIEHI
7100 52
£ 50
%Ez J\\\ 0 5 10 15 20
S A HET AR 2
PR Ty 1)
S %)
() 2 a0} e IR
=~ =
2100 20
{é El 50{ % - ; .0 ; 2.
= ° 0 5 1 15 0
gz 0 == 42
T Fefil )y 5 A%
) I i DR TR
(b) ST AR 510 (D BIZHR IR A T
ﬁ 0.12 (%)
100 i 0.08 )
E o # 0,04 R
E 1 w ) +'f!%ﬁ}ﬁu ) )
i‘g 90 B 5 10 15 20
85 Hefily 51 AR
-30 & 0.12
E;ﬁé o s ()
e B
L 0.04 ‘sl
100 g B ,
g s ) 5 10 15 20
E 00 Pl 9 A
e (o) TR PR R B L
-30 20 -10 0 10 20 30 7 RER y=18.6'BFMEEBIEITEL R3TLL
Sk /mm Fig.7  Comparisons of results between theoretical tooth and
(o) BETB I 147 T 2 it crowned tooth with misalignment error y = 18.6"
(%) 5 & %
3 ~ 100 1) 454 TCA \LTCA st AE Ak 4428 1 4
{C £ 50 \ G FETE S50 DAk im0 T 45 B 45 SR 3%
®Z 0 : W BIE 5, AR ERAT SR 22 IR (B KR T B, I & fa ks
AT DX 358 AL ) DR S R ARG I o 88030 1 31
(47) el (o A5 U5 T 32 4R35
5~ 100 2) MG th T2 AR Y | 1R 25 el
{;Lj £ 50 / RZE P RN | 38 5 = BT v LLA ROt/ Ui
®z 0 R X 2 ) SRR 3B S 7 e R PR R
T T )

(d) B I T 28 5 A

3) 250k 8 T 2 A A Al R T T Bt e Tl 1 R
o 7 A 4 T [ AR EL A% 15 TRHB IE 5 Sl 48 7 3l



<172 - MR O T M ok % % R

5 49 %

LA T AT A2 A VR T AT 12 40 TR 2
E T ARG S R TR

4) ARSI AP AL BT 7 A B R T i S
AR BTN, 47 00 AR R B — 20 N S 147 e 5
PR AR R A A B B A BT BL

2% ik

(1] B2, ERN R w5 58 4 BRI BRAT L[ T ] HUAR

#11,2000,8(8) :8-10.DOI: 10.3969/j.issn. 1001 -2354.2000.08.
003.
ZHAN Andong, WANG Shuren, TANG Shuwei. A study on tooth
dressing technique of high speed gears [ J]. Journal of Machine De-
sign,2000,8(8) :8-10.DOI: 10.3969/j.issn. 1001 -2354.2000.08.
003.

(2] BCH . 6 48 A9 2] [ )] BLARA 62,2004, 32 (4) - 37-40.

DOI:10.3969/].issn.1005-6068.2004.04.015.

CHENG Guoyu. Tooth correction of high speed gears [ J]. Journal of

Modern Metallurgy,2004,32(4) :37-40.DOI; 10.3969/j.issn. 1005

—-6068.2004.04.015.

TR e R S AB T B A Ry 50 7 v i 1A A8 48 b i

LI WU & 5 A 34k, 2005 (3) : 44-47.DOI; 10.3969/]. issn.

1671-5276.2005.03.016.

YANG Xinrong. High—speed tooth relief technique applied on the

—
W
[

large power and high —speed modern gearbox [ J]. Journal of Ma-
chine Building & Automation, 2005 ( 3) : 44 —47.DOI:; 10.3969/].
issn. 1671-5276.2005.03.016.

LITVIN F L, FUENTES A, GONZALEZ-PEREZ 1, et al. Modified

involute helical gears: computerized design, simulation of meshing

—
IS
e

and stress analysis [ J ]. Comput Methods Appl Mech Engrg, 2003,
192(33/34) : 3619-3655.DOI; 10.1016/S0045-7825(03)00367-0.
LITVIN F L, LU Jian, TOWNSEND D P, et al. Computerized simu-

lation of meshing of conventional helical involute gears and modifica-

—
W
[

tion of geometry [ J]. Mechanism and Machine Theory, 1999, 34
(2): 123-147.DOL: 10.1016/50094-114X(98)00013-5.
[6] LITVIN F L, FAN Qi, VECCHIATO D, et al. Computerized genera-
tion and simulation of meshing of modified spur and helical gears
manufactured by shaving[ J]. Comput Methods Appl Mech Engrg,
2001, 190(39): 5037-5056.DOI; 10.1016/S0045 7825 ( 00)
00362-5.
Ty SR A AU ARG 58 I 48 14 3 ik 43 BT [ 0] 025 3 124k, 1997,
12(3) .247-250.
FANG Zongde. Tooth contact analysis of modified helical gears [J].
Journal of Aerospace Power,1997,12(3) :247-250.
T5 B AT ARG F8 AR B Ak AT [ 1] 0025 3 12241, 1997,
12(3) :252-254.
FANG Zongde. Loaded tooth contact analysis of modified helical
gears [ J]. Journal of Aerospace Power,1997, 12(3) :252-254.
T3 SR A AR A8 1A TSR A S B A BROT TS [T]. TS 3h
J124,1994,9(3) :242-244.
FANG Zongde. Calculation on flexibility matrix and modification of

helical gears by FEM [ J]. Journal of Aerospace Power, 1994, 9

—
-3
[

—
oo
[l

—
=)
[

(3) :242-244.

[10] R, Jr ol B, S5 NF IR B[ 1] =3
2F42,2009,24(6) :1433-1436.

WANG Cheng, FANG Zongde, JIA Haitao, et al. Modification opti-
mization of double helical gears [ J]. Journal of Aerospace Power,
2009,24(6) :1433-1436.

(UL ER) 5378, Jh ik e it 48 2 BB e veit [J]. 7

LT K ARk, 2014, 48 (8): 91 — 97. DOIL: 10. 7652/xj-
tuxh201408016.
JIANG Jinke, FANG Zongde, SU Jinzhan. Multi—objective optimal
and modified design for wide helical gear [ J]. Journal of Xi’ an
Jiaotong University, 2014, 48 (8 ): 91 — 97. DOI. 10. 7652/xj-
tuxh201408016.

[12] FEHETC, R4, 50 A HE. 25 i U 1) (B T8 5 2 4 5 22 1Y B A 147 4
HEAR AT ] PR R B2, 2012,43(5) £ 1703-1709.

TANG Jinyuan, CHEN Xingming, LUO Caiwang. Contact analysis
of spur gears based on longitudinal modification and alignment errors
[J]. Journal of Central South University,2012,43(5) :1703-1709.

[13] 28 W he AL sl fe WU ( GTF) Lot R ERIR [ J] Mz
KL, 2009,35(4) ;54— 57.DOI; 10.3969/j. issn. 1672 - 3147.
2009.04.014.

LI Jie. Overview of advanced technology for geared turbofan engine
(GTF) [J]. Journal of Aeroengine,2009,35(4) :54-57.DOI; 10.
3969/].issn.1672-3147.2009.04.014.

[ 14 WRISEE (5. KU thi 46 3K 2 3R S8 AR A& 803 [ I ] i s Bl 24 4
A ,2011(4) :8-11.DOI;10.3969/j.issn.1007—-5453.2011.04.003.
CHEN Conghui, XIN Qi. Conceptual design of fan gear drive system
[J]. Journal of Aeronautical Science & Technology,2011(4) ;8-
11.DOI:10.3969/j.issn.1007-5453.2011.04.003.

(15 ] SR8, REE , E R AG SRR Sl 8 b3 R Sh DL A BT 45 s T

[J]fizs &3 0L, 2011,37(4) : 1-4.DOI; 10.3969/].issn. 1672
3147.2011.04.002.
ZHANG Dezhi, ZHANG Jinxiu, WANG Feng. Analysis of structural
design characteristics for geared turbofan engine [ J]. Journal of
Aeroengine ,2011,37(4) : 1 -4.DOI; 10.3969/]. issn. 1672 - 3147.
2011.04.002.

[ 16 1B , 243 A6, S KR, 5. GTF K ShHAT BG4 53h R it
HORBIFEL )] fiiZE K 3iH1,2014,40(2) :61-64.

HOU Mingxi, LI Jinhua, ZHANG Maogiang. Research on design
technology of planetary gear system for geared turbofan engine [ J].
Journal of Aeroengine,2014,40(2) ;61-64.

[ 177 shE A RILRE fi 23 Tk ¥, HB/Z 84.4- 1984 fifi 25 #i 25 [
A A R AR AE S [ ST AL At i AR e Hh M, 1986
61-64.

Ministry of aviation industry of PRC. HB/Z 84.4-1984 Calculation
methods of load capacity for aviation involute cylindrical gears [ S].
Beijing: Standards Press of China,1986.61-64.

[ 18] I 58 i FF e Ui 50 4% B 9 & BRI T B 5T [ D). AL : R
BT R, 2005.

GAO Chuangkuan. Study of involute gearing mixed elastohydrody-
namic lubrication [ D]. Taiyuan:Taiyuan University of Technology,

2005.

(%H8E # W)



