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Equal Strength Optimal Design of Planetary Gear Transmission

Jiao Wanming Yang Jue Ma Fei Zhang Wenming
(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract; Generally, the gear parameters of planetary vehicle transmission are got by the empirical
design method. Some gears are damaged early because of low strength, as well as big structure size
because of high strength in use. In this paper, the equal strength and minimum volume of the gear box
planetary gears were regarded as optimization objective, and the assemble conditions were thought of
optimization constraint. The gear parameters were obtained after calculation. Then planetary gears were
analyzed by using ROMAX and the maximum of fatigue stress and fatigue life was obtained. The
simulation and experiment result shows that some weak strength gears are enhanced and the whole
strength is increased. The maximum gear contact stress is reduced from 1 118 MPa to 932 MPa. The
stress of all gears is more balanced and the difference of contact stress is decreased from 368 MPa to
193 MPa. The difference of gears figure life is shrunk from 15 770.2 h to 9 158. 8 h compared to the
conventional design gear life. The overall volume is reduced by 8. 38% . The result is consistent with the
optimization target.

Key words: Vehicle Planetary gear transmission Equal strength optimization

({2
5| TEAT B4 58 2 B AL 1A S SCiik vp, R o) 2
TR AT EPZd s, W RS oE  DURBUR/AME Dy H b5 o6 8, F6F AT 5 1 505 B0RAE
HEE ARG HA KR Z R EMERR, B WK, WSCRRI L -3 56 3 28 3R 22 0 Ik
SR JBE A X 58 1 1A A IR, (R R N BE IR L SR IEATOUAL, S T AL B B, TN 2 AT R A

il

ek H . 2014 -08 =15 &l H . 2014 -09 —23

« [ R H ARG & BT (863 1141 ¥E sl H (2011 AA060404 )

EEE T BAH, LA, FENRH LR EAVE, E-mail: jlaowm1974@ 163. com

WIRAEE: 5K B, 0, B2 R RS A 2 A SR DESE , E-mail: yeke@ usth. edu. cn



360 & A Bl B ¥ i

2015 4

w kR 2 e gt I S BOE % 55 4
DA AT Jm BR T 06 58 10 98 2 e 110, R BE R i B2 A A
GBI S
AR SCR A 8 B BT 15, DAt 8 R ) 22 {E A
Fr AU AR B/ H AR R BOW AT 22 4 S DL kA T
ﬁnﬂc 04 4 R 2805 B2 T 40T ] I 4 /N s LAY
A PR, AT i o 78 g e A P A i o

1 TEERNASH

K1 sty B TR A 4 B R R R 6 A4
B, 8 B A AR A A OB T R HEZ A
HESZH A DL B b 4 ) 1 3% 42, S8 5 > i 2F 4 A

? “LIFLIE

EGELL

Kl 1 ﬁm%if‘{é@ﬁ fe]

Fig.1 Transmission diagram of planetary gear
LoiafEsh4h 2. PG ay 3. =PiE A s 4 SRS
5. -HEas 6 —HATREM 7. ST ReE 8 =RAT R
9. PUKAT RHE 10 IR A A 1L BTIER B S A
PRI B 5 an ST AE AL Bt an sk 1 B .
1 p, AT EHAFIE R B S5 T EURER
PH 4 4 K0 EE A

F1 HuUNEHBEEHRMENLL

EMF%MEJ//

Tab.1 Clutch and ratio of transmission gears
— P | = [LEET i
T E 2 28 5 4% + + + + +
A + - - - -
A - + - - -
=P A - - " - -
ILEET R - - - + -
FH B A A - - - - +
it T A e
Py D3 P3
PR ARG, - R AR

2 FREMLHFRE

1 8 210 R OE 2 FE 14 3T I A AR 1A 1
YRR 3 R AT A AR S R O 5 B AT T
e ful g 57 9 A 5%, i LA A% g 5 0 Ak 32 2R AR IE A%
11 R HEIY I 1 2 e/ o

2.1 RUSHBIRE
PUACTBETT LUK R 45 850 3 98 O 2 B A it
AT R R A 4 AT R AR 2L A
SRt 22 0 AP SR ik 1 B X B TR DA 2
5, I:JHT‘ZV%E%ﬁJtK%ﬁ?
A A5 P 10 % Bl HE— A% SF LB I 1
ANARAN i5 RN B I, Y i =1 LA

i, =i}
iy =i (1)
iy =i,
M 1% 2l He 5 28 FAT B A7 48 26 TC 119 ] 0 25 1 56
EEC ¥ D 37N
— AT R
z, =2, (1, - 1) (2)
2 = 2a —Za (3)
AT R
22 :zaz(Ai?_l) (4)
2~ 5 ~Za (5)
=47 B Ak
%13 = ,za3 (6)
i -1
2. (2 =i
o= oyh) /) (7)
2(,/i, - 1)
a AT B AE
24 :za44i1 (8)
2, (i -1
et o
X oz,.2,.2, TRACK I AT B8 A E R
i %

WAAT R R A % — 2L gl e oy %
SR AT R HoA 15 Fe 9 5 By el A 0(2) ~
(9) ik 5 il TAL 3 b — Z0R 2047 B HE A S A AL
Y H %, = GO DU AT B HE R S AL 5% i —
FM=ZRAT R TE S, &7 RN
Vi R BORA  PfE RECE
X = (x,,%,,%; ,%, X5 ,Xg , X7 ,Xg ) =

(2,0 3200 3203 3Z0s s1y sy Ty ) (10)
i
m, ——— A7 B HF AL
=RAT R AR BEL

X

2.2 HirE#HH#EL
5 9 B0 AE BT R GIE A% AT 2 HE 55 45 G s A



513 fETTH S AR AT

AU B LR 4550 O Al B it 361

& BRAT RHEA — A RN R il
DL AT B2 HE v doe /I i B 4 0 1) R 51 i 9 55 B ) 5
T T 422 Al 57 B2 1 25 (L fee /N FL AR R
VAR A o 95 R A 2R
27V, V.Y,
Oy=—5 (11)
m’”zen

L T— WA A T
WIE R
Y, — N SR OE R

Y —HGERAK

e it 92 55 1 7 A5 5 B H A R AR
2Y, Y., Y, T, T,
H(X) = - | 3 3 (12)
ne mz,, Mz,
2Y,..Y.Y, T, T,
fz (X) = 3 3 (13)
ne Myz, M32,
2Y,.Y.Y, T, T,
A X = m3z _m3z (14)
1 T4 il g 55 B2 13 A o
oy =2, 72,7, 27 u-l (15)
m zpn U
Ho w="t
K Z,— X R
Z ,—— VR e R AL
Z,—HEER
A fioh 952 57 1V 7 46 o ETT Bk

£(X) YAYAY 2T, u, -1 2T, u, -1
) B N ne miz, U myz, U
(16)

wa)_LJgQ /2@ u, — 1 /2@ u, -1
’ «/@ mgzuf‘ Us mizw Uy
i QA %ﬂ%ﬁﬁmﬁﬂﬂ\ﬂzd\ A

f(X) =0.196 35 Z m?zf¢[4+(ui -2)7]

(19)

X T2 BRI Bt — R S — B bnik 1

it — A 4 pR R BN PEAN BR K, ANTIRE 22 H B (1 )
PLA 1n) B 5% e o B H AR (AR &) Ak )R
Rt Gi— BRI ACR % A B
SN H AR R R FE — AR w, 0, w5, - R

Bz M1,
A8 A AL B R i i 38 4 W] IR TE AT AL B
Rt e/ BU

() = (L L L L L L1
It A 24440 B bR sR B0

SO =0 fi(X) s (X) 4 () + (X0 +

1 1 1
5 (X) + o (X) + (X)) (20)

2.3 HREBGWET
(1) 3 2 1A R 257 i i 32 5K, B
2y, Y. Y, T,
3 $[0’]F
e m;z;
Lo ],—VFHE g
(2) 16 J2 147 TR 9 floh 5 2 25K, B
2T u. +1
zl lu_ s[a']ﬂ
Lo ] ,——VF RN g
G)PRIER B A WY, &2 AR B KT
17, 8

(21)
Ao

(22)

Ao

=17 (23)
(4) % HAT B HE R 3 B 4500 o B8 R K FR 48
Vi B R DAAT B 58 B0 B

Zy 2z,

=C (24)

n
C—EEBEL
(5) A AT B AR A AR 25 1F - O PR UEAH 4B Wi 47
B A G B0 TOUEL AN R Al , A <0 AT B2 R v B R R
TAT AN e 1A TR EAR

X

(zai+zgi)sin%>zgi+2mi (25)
(6) PR 47 AL s R AL s, B
6>i, >5 (26)
(7) BR A 47 5 2 %5, B
Puis > @ > Puiy (27)

3 LRI R AR

BT R T 2 AR LA 2 R I A R
PAA Matlab {4k T. .48 th ) fmincon @i&lﬁﬁﬁ
fift o G RRVEICME B R e A1 ORI BR kB A
Syt
minf( X)

s.t. C(X)=<0

Cc.(X)=0

A(X)<B

A(X) =B,

L<sX<U

(28)




362 Ko HLo F 20154
L AX)—HRRE T T ————————— A
C(X)—AEZE P A2t 2y ZHATEAERMf
o e SATEETER
€.y (X) ——ARERE S5 LI SYATRHHTER?
A(X) — LA EFERA R SUSTEHTERS
A (X)—p2X oy ZHATEEHTERS
eq - =
M7 EEE B
_ panEa e
X 22 1Y i it PUZ¢4T BHEATHE |
B B, L U— R Mg BT R
A A AR SR X 1,5 A N e 2 — =
TUGAT EEAT RS -

P4 AL BN HEIEH 1 ~ 6, iy A dR K 3 2 200 v/ min, fiz K
250 kW, A7 BN 4 A, 14 96 R H0.8 <
@ <1.2, 5 % b k% $5 20CMnTi, TAE % 4 5 4%,
X = (2, ,2,0 32,3 1204 0 s, , My, @) =
(22,40,30,42,5.16,2.54,2.31,0.96)
2 Ak [ F R HEAL JS 1 2 80N
X =(24,42,36,46,5.18,2.5,2,0.85)

4 ROMAX fiEZ#

RomaxDesigner 1Ay J& SO ) 247 70 A 1 55
BOPE, AT S BHL AR 2 Bl BT e R G B
B MR AR AR R AT RN A 2 RS Pt B iy
8O0, S 7RI AR R AN 18] 2, 3 a4y 00 1 4
Pa 2 R AT Bk

Bl 2 A g AT B AL Sl
Fig.2 Planetary transmission model of gearbox

4.1 EFHAGESH

=P gy AT R LR S8 B, — P — AT
FEARSE I, 05 B AT e A B AT B2 HE N 5 8 95 1V 7T
DAL= 45 0 — P 1% 3 O ) %) A7 B2 04 B kAT 0 L0 A
DU R JE A7 A2 HE VR 58 A9 12 Al 55 57 B S A 3 ~ 6.

SRAT R B OR ML 3, 5 1 118 MPa,
ARG I 7 2 932 MPa; U AT A2 52 A fie A% fih i
71, )54 1028 MPa, {4k J5 & 852 MPa,

— R AT B R R OR B i N 7, Bt oy
820 MPa, fitfk J5 Wi S35 1 025 MPa,

[F)REJ7 ik Al DUAS B AR5 07 1) 2547 R HRE G 38 1Y
LI EL, $ fuh 52 55 13 7 1 L BN 1 7

o B A A s — R AT R HE R 1 ) 2
B BTN, = P gAY 2 RN He R

T 17 T L e ——————————— ... ;
0 200 400 600 800 1000 1200
BEES F1/MPa

B3 SRt = AN Y AT R HE A e Al 5 I 7

Fig.3  All gears contact fatigue stress of the original

third and fourth planetary row

=T RHERER
ZHATEHATER

Mg AT BHAT BH2 £
TAT BHAT B4 f

TUZRAT B HAT Bitd = - —
0 100 200 300 4Q0 500 600 700 800 O
HeRbR 3/ MPa

4 PRALJE =GN I AT R A e o 55 1 )

Fig.4 All gears contact fatigue stress of the optimized

00 1000

third and fourth planetary row

B aorte iy N S U WO N SO, (.

—PATEHENM
—GATEHMTER
—GATEHT R
—GATEHATERS
—GATEHT R4

0 100 200 300 400 500 600 700 800 900
R 3 /MPa

FS5 JRt—gAT 2 A B 1 Al 57 1z )
Fig.5 All gears contact fatigue stress of the original

first planetary row

e e 105 o s

—PATERERMR
—GATERHTER
—GATERATER2
—FATRHATERS
—FATEHATERS

0 600 800 1000 1200
HEHN 77/MPa

K6 oA fn—gAT e 5 2 i 5 55 1 )

Fig. 6  All gears contact fatigue stress of the

0 200 40

optimized first planetary row



5013 T8 55 ARHUERAT B AN LM S R A0 T it 363
— ZGATEHE |
£1200 B ]
S1o00 = ZRATEHERIS _
R - : e — g | ] =
8} 800 S%ﬁ%{%ﬁ“ jﬁqgﬂﬂjgiﬁl _ .
%’é 600 2 o¥FEAE ZHATEHHTER? m——
5ot | ‘ | STEHHTER? ——
& oL ‘ o - SGATEEAT A —
—RITEH —RTEHE Z%ﬁﬁ%ﬁ? MRATRE: YPRE PULRAT EERR ] fonsmmesnfasemesnsnesd
7 AL BT 5 IR Al 57 1 ) X L ] TULAT EHEAIH: e —
Fig. 7 Contact fatigue stress figure of optimized MgAT BHATE#L ' ' '
design compared with conventional design MEAT 2 AT 2422
MEATRHAT RS : : : 5
T KA Ml 57 I 71 2% 1h 368 MPa [% % 193 MPa, PHT R HHAT A : —
. PN s . 0 1 3 3 i 5 6
BT A TR R ) S A TR B A R BT A EER S GED

HiZ 2 W LUA oL )G 4T A2 HE AR bE Dt 5
TR/ 8.38%
x2 MMURITIFERITRERIT
Tab.2 Volume comparison of optimized

design and conventional design

TRAE AR /mn’ R /mm’ R %
— AT B A 793 965 779 595 —-1.84
— AT R 505 426 526727 4.04
=47 AR 246 979 331791 25.56
YL 255 692 328 848 22.25
it 1802 062 1966 961 8.38

4.2 EFHFWMBESN

I8 55 77 1 10 T — fe B A SR A P el A TR
33 R % 55 BRGSO AR s
AT 0 0T A8 SR 5 AT AT o AR 2 A 7 T T 3
for FUCAERS ], AT 43 A 4 B L0 : T4 1,868 N-m,
80 h; T4 2,1 300 N-m,150 h; T.%% 3,1 520 N-m,
200 h; T3 4,1 650 N-m,70 h,

T 52 1R 238 A7 A0 T A B Te) A LR 4 A B AR
)G =417 B HE N Fe A 2 an 1& 8 .9 Bk .

ZGATEHERRS :
ZHATEHATER |
ZHATEHATER?
ZGATEAATERS
ZHATEHATERA

AT EHATE
24T EBHERRH

MgAT BHAT 241
MgAT BHATE#2 |
AT BHATB#3 |
MgAT BHAT BHe4

o 1 2 3 4

5 6
BIHER
Bl 8 BB fe B4 R

Fig.8 Gear damage ratio of the conventional design
JEBE T A B e R R AE = AT B HE R B

B MR N 9. 8% 2 DU AT B HE fie KA RO
KPHEE #0455 50 1. 95% s 11 5 O 100% I, = 2%

Ko fefbBertihfe i

Fig.9 Gear damage ratio of the optimized design

KPHFE 36l S 612 h, PUZLK FHEE Hy 25 641 h, = |
VAT R HE AR AN E A2

AL o = 9 A7 B HE K PR B % il B2 405 R O
5.46% , Ho I BTt B S /) 5 DU 2 A7 B HE R BH 8 32
BN 3.75% ; K BAEE I 55 A5 w4 9 157 h, PU 2%
KPBH%E 734 0 13 333 he

HIEBHH L, ZROR e 73 ar 4 e, T = Y
A7 2 A7 iy 22 B DS 09/, o A A7 o 4 7 o

XA 2 1A R A Bl A R TE AL A P BEAT 65 2R
5,56 G — & 270 kW ¥ B B 107 & sh HLAE D 2
J1,—6 8 PAEEA N TR, — G 300 kW 1)K J
I HLYE 3 R e B SEpan i 10 s

B 10 EEAs AR E

Fig. 10 Transmission experiment device

R Miner 35 W), 2 4 3% 15 1 4% ful 5% 95 77 fiv it
AR N

k
Ty=N,, U’Zlim/ (60 z Pinia'gf) (29)
=

Krp T, ——3&fMb)E 57 454, h
N, — ARG REL B S x 107 1Kk
O i —— W BRI 55 TAE R F7, B 1 140 MPa
P —— & R %

% 48 5% 0, r/min

n;



364 & A Bl B ¥ i

2015 4

U[li—llfl%mjj ,E*E/L\\ft( 15)%'“%:
SRR Y AT BEHE R A 5SS R RN B A
(], W 4t SR R 55 W Tk 3.4
#3 RUBT=HI0MEKPELLIA I E
Tab.3 Test data of transmission of the third and fourth

conventional sun gears

il 2] Om T
/(remin~')  /(N-m) A r /MPa /MPa
1068 935 0.025 707. 4 540.3
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Tab.4 Test data of transmission of the third and

fourth optimized sun gears
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