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Equal Strength Optimal Design Method in Heavy-load Planetary
Gear Transmission

WEI Jing, YANG Panwu, QIN Datong, ZHANG Aiqgiang, BAI Peixin
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China)

Abstract; To tackle the great difference in strength and longevity of gears in the multi-power split
planetary gear transmission, an equal strength optimal design method was proposed to assure the minimum
volume and safety coefficient difference in the planetary gear transmission system. The load sharing
coefficient and dynamic load coefficient of the system was calculated based on the dynamics, the
influence of stress cycles on the allowable stress was considered, and the safety coefficient for the strength
of gears was calculated based on the AGMA standard. The five power split star gears system was taken as
an example to calculate the gear parameters. Result shows that the gear parameters obtained through the
optimum design method aiming at the minimum volumes and safety coefficient difference can make the
strength of the gear close and effectively reduce the volume of transmission system, which can make the
design parameters more reasonable and improve the reliability of the system as well as reduce
manufacturing cost.

Key words: gear transmission; heavy-load gear; planetary gear transmission system; equal strength;

dynamic load coefficient

T A AT R s e s R AT RIE5e RS OUA, Tz B T Bk AR A =S K A
B A G B s sl bR LahBoRm 88 B0 (R R s I 58 10 ELAR AN IR, LK 49 2R i

Wk H 4
FIH .
YEE A

2017-05-23
EF“973” 1% B3 H (2014CB046304) ;2016 T{5#F EHL4L T % Bh3 H ( MJZ-2016-D-33)
WOW(1978—), B, #iE, M4SN, RENFEDYME N RGN I 2E S, E-mail: weijing_

slmt@ 163. com



980 d = T Wk Kk % % R

2018 4F

VG2 5 2 ) j 25 T BOR He 1 R B RE DA —
AR 03 LR A o T BRI R Bh R G R R
OO T H AR 22 (L 2S AR AR T 5, BROR b B AT
THEAL R E AT SRR T B R R A T
SR R IR R AL S A R BT IR U] R AT g
@i/ R 22 SR R IR R
T HE.

T W 2 [V 58 A5 08 B B 33 5 1% RN
ShEF AT T 207 O sE. AR 100 2 40T,
Lewis 5 TR HIRE R ) 2 05 A 4 2 55 5 i 22
PRI A MR BT RS Hentz 3248 7 2 A
R 3RENINES AR N R/ W el v (e L A
T AR BLS SR, 1E Lewis Fll Hertz (3ERE I, 51
HEAHDAE IE R AL, E BRpr AL 2H 2L (1S0) 5 36 [F ¥
Bl & & & ( American Gear Manufacturers
Association , AGMA ) 5t [F] #F 15 #& 1 5 & i H R AL &
T EMAREST BLAME 20 tHE28 A T E ok e
A 1B E bR ifE GB/T3481—1997"5°1 &% 1SO
5 AGMA #RifE 2 0] i 22 5 | Kawalec %5 " KT
S BB MREET T T ES 0T, T 5 A BRITT
A IREAT TR, X Fe g5 Rk, 2 Fibr i 1158
ZERI AR ST ; Cahala' ™ 328 T 40122 R HL45 51 1SO
FrifER] AGMA PRy S5 A . BRix e :LZ A1,
RE2FWIM T H k. Shuting! ™ R
FHA BRIC I B8 1 v 5 1 1% 2 it 26 TR EE | 43 A
T R R R A 0 AT R 25 O T A A g Y 3
AL s 22 R RSO B T i A A B 5 R
R R R 1%, IR ARAS T 2 AR S I e 25 i
AR R

BET I 50 1 A i B B A 20 AR 2 Sk T
FAE B DAL T B8 R T 35, Luchko %170 ik
S BRI A U R R, DA IMABU B ARET T
TORAGE T 28 KR 450 DR 145 56 4 Sk F 95
B HET AR BRI A] FEPEXT 22 B8 D3R o3 T R A% 2l
ST T AT TR LI G e i i %
RRBER/ N EbR, MR 0 N AR s R4
AT BT R 56 IR AR SRR AT B G S P
X G AT AR R B A A BT, IR ELR SE gt
TR B 55 N T, SR T AR T i Y AT AT
HZ DL F IR BRI R 02 50 X 48 RT3 2
U3 AT B 50 A% B I, 117 22 W% 4545 1 ) %
O3 U Z A B A 3 BE A AN S S LA KA B8 22 s &
H S I IRAS [] JT 75 |2 1) 77 iy 22 5, ARG 40 25 i
AR E P Y B 2 2R B AU A ] 2256 K]

RAWGE], FHEHR T LR ZREOR.

RICNB =S R TR T AT R R
AR MO SBZR AL, 25 IR TGRS 4% 8% D R 20 I
IR FFAR RSN, JF 2 T AR TAT B R ik
FEOm B A R, LAAS Gk B8 5 B X  RBOE Rl
RGBTy B bs s B, AL T AT R R AF IR
JE 2 AR Bee i | 22 O B is 2 14 i
SR, nI LAEORUE 58 5 BE RT3 N A 2808/ ME 3l
HURHOARTR, I3 i R ST Al SENE | el i 22 e A
HE A

1 TERFRFRERITHFEE

1.1 TERRELHFEE

fTRERMmhoie CRAREMNIARE) 17
BA R R AT BRI AT M A AE v oL Fe TR
R AR 28 Ay, 4% BRE R O 45 [ 22 7T LA 43 i NGW
TTREZRMERR R, EIFEME 1 PR, T, h
WA, T, R AL, DR KIE A,
SRS AT ER (SRR, BREIL R BN KR
b B R IE 0] DU E VT R B0E N
& 5 BB AR R RHA B RRARIE A, 14 P
XTRRARHA A B, HAH oA 56 5 AT 515 1Y 7k 2k he
71, 0 T AT S TR R — etk LT AT
BARRIATHIA.

T .
I [ NENENT} t
P NEE KPH%S
-~ -~
() NGWITR AR b) BIERFR

K1 AT R AL
Fig.1 Transmission diagram of the planetary gear

transmission system

1.2 EitEEMERRE
FERRAL SR T 38 R AR i D B
BTSN EE MR R T AR R TR
i I AT R (BURR) MR BIN 2, 2, 2, 1k
[ RSECRI R F 53 500 m, o, W8T N B, N1k
BN TE R b, W TR B AT L3RR N
X =(z,2,z,,m,,a,.B,b)" (1)
ARICAETHEAT B A R A& R R BE I B A7 2



o557 1

BOE, . HEATE

Ve e gh A BE L AR BEH I 12 981

RN — X NG & AT BlRE A B, T
ANSI/AGMA 2101-D04 brif, I 51 A4T B 5 2 4 fif
ALY R Q, 5T EAT R 2R A% A R Y
9K 55 5 AN M O SR 2 R AL LA IS EE
LA RO FME Sh R GRS/ N Ry B AR BT
A, %A A S 1) R 32 A [ 842 30 1 [ g AR
& 8h RGE R,

T SCHEfi s JE AT 2 2 R BN Sy, TR
AN : Sisous = Tupaows/Tne N T ypagun A VFH
Ffh 0 T 5oy RTTFRAERRN . Hat AR A

Typ Ly 2y

g y =45
HPAGMA SH Yg YZ

(2)

o.=7. |OQFKKK 2w
H E t*ro My sd“VIbZl

Krp . Z Nk BT B 0 IR R 2, R
BB LU R EL S, AN ) /N R Y, A
REREGY, NATSEEREGZ, A REGF N
TR LR ST Ty K, il R EG K, B3k
REBGK, ARG RBG K, WA AT R Z, N
TR R EL; d,, /N B ELAR  Z, 4 fli
EPIRCEN @

B X2 iR 2 22 4 ZRAR2% B/ MR I F AR iR B

h (X) = maX{ Shsacua s SHpAGMA s SHRAGMA f -

min Sy, s Supacua > Sracua | (3)

B S B B T A RN Spoun » TR

AW :Spaca = T ppacun”/ T B 1O ppacma HVERE
i DA Yo g = Aol 2 A R = R = R/N= W 1 )

a Fp YN

g . =
FPAGMA
S, Y,Y,

(4)
1 KHKB

bm, Y,
P Y AR IR R S, N T fe /N
ERBGK, REIRE R L m, Sl EEG Y, 5
548 JBE T AT 2R

BEXTES il 5 8 22 42 R B B/ IMS B FAR eR

S (X) = max { Sksacma s Srpacua » SFrAGMA f -

o =0OF KKK,

min % SFSAGMA ’ SFPAGMA ’ SFRAGMA % <5 )

I A REBUUN, 80 bR ECh
[(X) = Tb(d ~d} + Nd;, = Nd, +d3, =) (6)

b d A e Be A B AR d,  d, 230 ki e

BNIME.
KM IMAGE: , M4 24 H Aw ok £ 8 22
TR 25T MR A AR B ¥ 22 H bR s B LN
Gi— BreR%L, b TR T B bR Rz B A A
XPE 22 KM G | S W 25 SR A A HE fE i 25 5
VAN R K251 HARBR A4S B IS AL i AT
H—ABAL IR, PP pR A =N
1 A(X) 1 LX) 1 f(X)
O30 30 3 80
KrhF HIReRBEALIE R £ (X) =minf, (X).
1.3 AXREHE
1) A TR T B R R R — &N
Bt 14 24 R %A
L2 R PR A7 AL %S (B R 5 ) AN i 1
FA HC R TR 4 B
z, =z, +2z, (8)
BRI AT R (SR B e K
FPN U B 2z [ B
(z,+2,)/5=C (9)
K ¢ R BREL
EREZRAF AT B (SR 58 (BN B AR Alf 18 A
WL Hp

(7)

(2, +z,)sin (180/5) >z, +2h;
K h. AT R AL
2) X E AR e AL Sk U, FE BT SR 1Y A A
AR Y HB/Z84. 1—84 FrHEXE HIFE R BRN 1%
b, foe /N 55 48 45 BB S e = 1. 0, T/ NES T 9
U Spn =1.1, 0

mln( S HSAGMA » S HPAGMA » S HRAGMA ) =1.0

(10)

min (Spsuenn s Sepacaa s Seracus ) = 1. 1 ()

3) MAE AR & RSO 25X

SRS BIR A, AR Ak o L A 1 O TR S AR Bl L

SR, 53 400 T 1 2yl i 2B A U HE S0

P A LR i, X A% S HLAL R S 5T RS A ™ A PR
il B

M S, S BRES R

i <z,/2,<i,, (R R)

i <1+z/z2<i_  (NGWITE#ZR)
W =pf(X) <W,,  FUEBR

(12)

4) ZENIN T AL AR RS, LUK T 5w

R RSB BE X NI AR A T A AR L A
ZHGESR R /I



982 d = T Wk Kk % % R

2018 4F

Bruin SB<B,.. HEE £ B
@, Sa,Sa,, 7 £ B
Cun<b/d <¢, — TEAEERE  (13)
£,=1.2 A PR
z/cos’B=2/sin"a,  AARYIFR

2 BAFERTRY
2.1 REHHFEE

Bl A AE ORUIE S PR AL 5 B AR i
JUaTSER S T2 # @ AR U AT P2 T K R PR 3
AT RS (SO R ) 14 P S5 A8 4 34 1T Ak R 1T S
BRI, R H1ME IE A Euler-Bernoulli #2850 g
SERGR B 2R K 2 R R ICE ST R
HRARFPR R (OXYZ) F Y L AEbR A

XJ =
T
1759755150, 50,50, %0585 010530050, 50,50,
(14)
’Vj yjﬂ
y \ALH% i 1‘%‘7
% PRI
7 0 9, z] 143_',44 yas|
/ 9 X 6 ‘l
X 5 Y 1 T %o

K2  Euler-Bernoulli 270

Fig.2 Euler-Bernoulli beam element

BB ITIY ) 2y TR LR R A
MX,+CX,+K X, =F, (15)
KrpM, RS T BB AITAE I AR bR R T 1Y BT it 4R
WK, e ] BORBITIERTTARRR 2 R RINIEEAR RS C,
N J BORITTE ot AR R T RIBHLE AR F, 2
J BERITHEAITARPR AR T R 8 4

DA 14 B R4S 22 R 0], 25 D e =2 ) ) k5 56
F R A8 SRR JH A5 2801 3 3 M 32 B JE S5 4L,
ST &I R B & 3h ) 2 R AN R 3 R, K
3 ™ OXYZ R4 Jmy [ 8 AaAs 2R oxyz R4S 1A FE T AY
AR AR, Ho A A S T Uk R SCEE ) B2 AN RELJE 43 5i1)
SRR N kic(i=s.p.r,j=x.y.2), WAMIA
TS R Z 1) AR 5 P 32 BELJE | 2 e 45 1R 22 70 ]
R | ki.cive;(i=sp.rp,j=1,2,--+ N).

N AT TE V58 R G 8 12743 BT i 220 g 4t
R D g I A BBCHP- S4B, AL P M B
Jo RSN RR R NI BERE [ K, AT AR IR N

K, =diag(k,, ,k, ,k.,0,0,0) (16)

1F Bl Maatar 55 305 4 @I 57 A R B2 il 2k K

JE BIFTEAS B RIAHE (N7 14 B0 ) Bl e 2 11 2
k(e) =k,L(T) (17)
Afer =o/T,, T, FWEE TR by o B 4 fil 2 1<
JEER) 1A 8 - G 13 WL BE , 3% . GB3480—1997 Y
ANBEATII  L(r) otk 8 R T B i 2 K
KT WA B e A SR e, SR £ R e
(Rayleigh BHJE ) 2503 H450 H
c =am + Bk (18)
o a B 735 R T LA 3R BRI JE L 491) ZR 4
7 2 R 2 R 3 1% 22 5 | ) 21 S R
25 U 1A 8 1 i R 22 | TR 22 I R AEL 0 0
E A WIRHANEA N By, R IARIEN o, MK
RRZET A Y E S TR 2EE AT,
1) S5 4 T e 1R 22 T D 2 B G 5 iR 22 N
ek, =FEsin (ot +B, +a, -, )
eA, =Asin (y, +a, —-,) (19)
ek, =E sin (-—w,t+B, +a,)
ed ,, =Asin (y, +a,)
2) NG E A AR R 22 I 5 | L 2 W 5 TR 2E
ek, =E xsin (—wi-B, +a +i,)
eA, =Asin ( -y +a, +i, ) (20)
ek, =E sin (-—w,t-B, +a,)
eA,, =Assin ( -y, +a,)
3) FIEA IR E Z G LR G AN G 1IR2E N
e..=ek  +eA, +ekE +eA
K " " (21)
eon =€k, teA, t+ek  +ed
K3 i A I SE B R A2 00 v, T ST o, 1R
e B, 5% m A REALEM N ¢, , & SIS Y
WG RN, =, - o, AR S AN ¢, =
W, + o, AR RURYAR S0 B8 76 WG 5 22 7 18] Y AE XS
B &, i T N7k Ze A N XS B, LA ZE o 41
T MG 5225 o] Y AR X2 B8 T LA KGR K 6 = Vg, 2
H g AR RS T KA IRSI LR, V e G Y
AR5 o) 2 A1 PN G AR o
Vi =[ —sin ¢ cos B,cos i, cos B,sin B,
r.sin  sin B, —r.cos ¢ sin B,r cos B
sin ¢, cos B, —cos ¥, cos B, —sin 3,
r.sin _ sin B, —r, cos _ sin B,r, cos B]
V: =[sin 4, cos B, —cos i, cos B,sin B,
r,sin i sin B, —r, cos ¥ sin B, —r, cos B
—sin ¢, cos B,cos ¢ cos B, —sin B,
—r,sin ¢ sin B,r,cosf, sin B,r cos B]

(22)




557 H Mo, 5 HE

NS

TRINRAA SR 983

y

RSB R c li=s \p 1 =20y 2)

AT s ¢ fi=sp ap: j=1.2.0+.m)
] WG EBHIE IR sk (i=sp xp: j=1.2.0+.m)
B3 N7k R R AR R

Fig.3 Equivalent mechanical model for the herringbone

A SCIERIIE <k (i=s prs j=a.y 2)

star gear transmission system

MR8 WG G 1) 12, 4% D 40 il B[RRI 0 W2

W R BELJE B mT DA 430l 338 R
K=k()V'V,C=c(t)V'V

MG RGeS B AR 8 B S R W) 4y S il
FHIC WG HIT SCHERIUSE S ITZ B A TP
PR SR T B R A AR R A5 A BR T
B ANE 4 B, Bl OXYZ R 2500 BRI R 2
R —HW R 6N + 14 PEABE,N NESGAE
AL

6/N+14

’ T
[ f %
O ‘:332%7%5

B4 Nk RS R B A A FROCHE Y

Fig.4  Overall node finite element model of the herringhone

star gear transmission system

W sl R BT T B IR | B B B 4 R
A IR BT 0 LU B ST H-2H 25T 1 2R G (R 2 AR 5 1
MX,+CX, +K, X, =F, (23)

KM, K, C o5 R G0 VAR & W EE N RE 2
FERE s X, MR G R SIS T A M F, =
[F,,F,, F " ARG AN .

AR R R EEAR S 1 R 1 Bk e AR
SRS BhAMR, NI RGNS T 1%
SR G WA Tt s e Ak, UL F,
5 F, 53T B &I S T, )

F, =k, (1)8,, +c,(1)5,
{Fm =k, (1)8,, +¢, ()3,
Z BN FE LA PR SIS | 2 AR
2 FHEN WA AR 53k
8, =Vi.q. + V4., +e, (1)
{&m =V, + Vi e, (1)
2.2 HMERH

1T G5 AL 8 R G W R BOE SR - 7] —B
ZUAT AL B AN () WA B Y B K WG A 01 57 ik
BIMIE. BB S S 550 ARG A
BRI A B, M B, H

N N
B, =NF,/ Y F,,B, =NF. /Y F, (26)
=1

(24)

(25)

JEA RSN PRG54 2% I 8] 5 2 B 3 AR
BB R AL A I I 2 S | A WG 5 24 280 2R 0, T Ah
W& s S E R Q,, 0, 5008

0O, (1) =max B, (t) =max B, (27)
2.3 HHERY

B3 A RO JE A FE T R JEE |z e 1 A o
1A PR RSB In 21 28 1y 52 W) ) R R, R A R R G —
Xof k- 5 8 BIE IS S B b B 32 B R B R Bifi. AR
SCE AT R R B o R, B B DR 2 A AR
W PO 8 25 N TR S TR S AR RO,
AT I RSN WA RS E R B

Ko =F/F,,
K., =F,/F,
RAF,, F 8BRS Sh A& 15 1 4

3 fLiizit =6

3.1 BITEX

FEHYZ V5% 18 bel A& Bl HL ( geared turbofan , GTF)
AU BR BN AeAE R 5 A& 5 P, Dy 20 oK e
BRI B S AR L BRILRAINGR L,
RN T 145 5042 2h LLIE B Ah i) ). MR 53 22
KRG TR P ol 20 MW, K FH 48 i A

(28)



984 dt = T Ik K

n, 24 7500 r/min, TAEAA 4 30 000 h. KFHFEFLE
AT EER S 2 A5 58 4K 16Cr3NiWMo-VNDE , #4
Ab3E T7 AR B ok, FEE S5 B oy =
625 MPa, 0, = 1 550 MPa; P94 B R F 34CrNiMo6
sk 7 R R, LR S5 R N oy, =
850 MPa, o, =340 MPa; H. 15 #4609 15 3h Lbya
2.5~4.0, 5 EMBECH 3 ~5 BHEM N 16° ~
40° 1A 3 #2200 ~ 30° K B AR O 98 R B
0.9 ~ 1. 4 fLShHLA LT A T 250 ke

Ay b

PNIEE
K5 GTF JXUB SRS ik e A 1L sh 4 i

Fig.5 Transmission structure of fan drive gear box for
the GTF engine

3.2 FHAMNA

AFTF XU R A 75T AGMA FRifEit
RS R FVE N S, TR R R B4R
F 0 P [R5 2 A B AR WA %6 U7 1 N 1 PRI
BONARAE 25 SR &R EIO 9% 55 % BR A 5 1), e
HE & 6 A il I G I R 8L, T 5 1 W I IR Bk

n, =60njL, (29)
o AR BYEEE o/ mingj Ry 1 58 5 — Pl A
WG 5B B j, =, =5,j, = 151, N TAEHR
i, h.

A R AR Z S T e i R R RIRE S S
ARG G BN O IO B2l U TRIAS — LR AR 257K
I FRIG R AT VR, A6 TR R b O AR A i
95 57 W B 7 e BRBK B A A 1 1 1) 70 % 1.

3.3 HELER

TERE TO0T, LS R & b i, 253 1S0
1328—1:1995 HiifE , 752 U & 1 il i 2o 25, B
TR i 1R 2 AN PR, 38 R A e A iR 2
T GTF 2 A RN NG A B3 R AR sh 8 A2 8K,
B[] — e 2 L 4 Y5 280 2 H5ORN 3 38 R B0 B KA My
ZI 2L B R GEAN WG R A ZR B, LR R] )
AN 7 8 i, DAL A A5 05 K 38 2k R 4L
Je, =1.051,0 =1.056; KENEHRECH k=

BEA 1 5 R A7,

5 IR R Y

WIREHEB,

WA,

L 2018 4
407
3.0
2.0
Z,=2.466xn,09%
i‘ é _______ Z,=1.448 8xn 2
0.8F 7,=1.249xp0013¢
0.7+
0.6f
0'5 il 1l il L 1l Il 1l J
100 100 10° 10° 10° 107 10° 10° 10"
TR En,
(a) PSS
407400 HB_ ¥ =6.451 8xn;01%
3.0HEMK Y, =6.151 dxn 01192
230 18, 5"y =4.940 401045
2.0+ -..\\\.: Y, =3.517xn 00817
...-._“\. X YN:1.355 8><n£“’m7 8
j);éi Y, =2.319 dxn;0053¢
0.8F ‘
0.7F ¥, =1.683 1xn0?3
0.6f
0.5 st
10 100 100 10° 10° 107 10° 10° 10"
BT IEIRUCE
(b) 75 Hi % 5%

SEPNPIEITEIEN 4

Fig.6 Stress cycle factors

1.061

1.04r

1.02

1.00 ‘ ; . i i ‘
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

t/s
(a) 5T
1.061
1.04r
1.021

1.00 s s . . . )
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

t/s

(b) Pamki £y
K7 RAGERIEREAL

Fig.7 Load sharing coefficient of the star gear

transmission system



557 1

BOE, . mEET RN SRR Tk 985

1.061

1.031

1.001

IR,

0971

0.94 L I I I L L |
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
tls

(a) PG

1.067

1.031

1.001

0.97r

0.94 . s s \ . , )
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

tls

(b) PG5
8 RIRNEAL

Fig.8 Dynamic load coefficient of the star gear

transmission system

1.045,k, =1.049.

P EAR B0 sh A B REUCAZIAK (2) Fil
o (4) H, FH Matlab #4004 T B 46 H Y fmincon
PRSCR A , TR [ 24 5 15 3045 R e S 80 ik
SIS ST L, SRR 1, R m, R
BB,z L, o, IR R 1M, B IR,
x RSN ZREL, b RN T BN 4 T

LT ANSI/AGMA 2101-D04 biifi, 51 Azl Jy2#45
RUFF A R 2 R ECR s R 50, 43 BT GTF
N A AS 2R B b RS 982 57 i 20 4 R, O
HRAEZR 1 9L Sh S B0 R AR AT 00 20 AR L35
FLEIHIAIIARER, SRy T HEBR U 5l FLAH X /N2 S X
TR/ IR, 6 AR UE R B0 RS BRI T, #5018
WA R R 3 B, LA ET S & s bl
PRI AT 56 10 22 4 R BRI X e A0 Fir s SR an ¢ 2
FER, N3 2 AT LA Y, BAR RS B R o
JFEESR (R R PHAS | 5L 58 05 0 PN 07 P £ i i 22
SRR XTSRS S EOR IR AR A Lk
R T BB L S I R 8%, T 2 Ak 5 S8
SR AT DA SRR SRR, FLARBUH H R S 8
FFIN 6. 12% TS HCE N HL

R®1 GTF EERLZRERSH

Table 1 Gear parameters optimal result of the star gear transmission system for the GTF engine

i H B m,/mm z a,/(°) B/(°) x b/mm
PNk 33 0
RS B 3.75 32 20 31.54 0 90
N5 97 0
K% 34 0. 001
Ttk 241 B 4.50 31 25 30. 00 0. 020 70
SR 96 —0.048

&2 GTF ERRFERMUER
Table 2 Optimal result of the star gear transmission
system for the GTF engine

SH gk Tl e

PRFL/ mm’

KIR%E 1.20 1.09

hiknr R 1.17 .10 1.19x10
Wik 2.02 1.32
KIBR%E 1.94 1.27

ikl B 1.95 1.28  1.11x10
Wik 2.4 1.26

4 E®

1) ARICEEH T AT BN R AL sh AR iR R LA
BB R R T gl 2 B TR R SR Y

AP IR BB AR L, 58 T 0 R
FEVFRINL T B2 .

2) RIS R 22 42 A 2 MR BB/ B AR eR
BAFRIR BT SR, nT LM T A R A QR e i 77
T Bl — B, REA AU R R AP BE.

3) PLALBO B TR B A TH S BOE & 3
RE A AT ARl N SHHILA B AR 55 24 i AR

SE WK

(1] KRR, #EH. PRSI M]. Jeat. e
Tl iRt 2011 ; 411414,

(2] WREL. 7Y FRE0 el a5 14 58 o BT3B e 4% 047 48 25
FERACBHEAFRTRIL D] JRM . TRHIRE, 2007,
CHEN H. The calculation of strength for reducers zy and

software development of gears equal strength optional



986

b =

T ik ok

E I 1 2018 4F

(3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

design and reducers [ D ]. Suzhou: Suzhou university,
2007. (in Chinese)

R, T4, SR PEIZ SR [M]. bt
Bl Toll Bk, 1989 20-21.

BRPESEAT, R, LS M. 3 A dEaT.
A AL, 2013 13-28.

ISO. Calculation of load capacity of spur and helical

B

gears—part 2 : calculation of surface durability ( Pitting) :
IS0 6336-2-1996 [S]. Geneva: ISO, 1996.

ISO. Calculation of load capacity of spur and helical
gears—part 3 calculation of tooth bending strength: 1SO
6336-3-1996[ S]. Geneva: ISO, 1996.
American Gear Manufacturers Association. Fundamental
rating factors and calculation methods for involute spur and
helical gear teeth (metric edition) ; ANSI/AGMA 2101—
D-2004[ S]. Alexandria, VA: AGMA, 2004.

EREM. AU M. 4 B dbat: @S8R W,
1997 207-254.

RS MU M]. 8 i dLxt.
2006 ; 186-236.

B, ORICHE. HUABOHEREI M. JE5T. B R
#t, 2009 147-194.

KAWALEC A, WIKTOR J, CEGLAREK D. Comparative
analysis of tooth-root strength using ISO and AGMA

1o AR A

standards in spur and helical gears with FEM-based
verification [ J]. Journal of Mechanical Design, 2006,
128(5) ; 1141-1158.

SRR, I, X, 45, R AL S it iR
BRRERILLECRITTE ) ]. HUBREZS), 2006, 30(3) : 9-10.
ZHOU C J, TANG J Y, LIU Y P, et al. Comparative
study of calculation of gear drive design by two standards
[J]. Journal of Mechanical Transmission, 2006, 30(3) :
9-10. (in Chinese)

SEM, BRGE. 1S0 5 AGMA #i FF L& [ AL U 46 5
THEARER LA J]. P EBLAR TR, 2011, 22(12)
1418-1423.

WU C L, LU Y F. Comparison between ISO and AGMA

gear strength rating methods for involute cylindrical gears

[J]. China Mechanical Engineering, 2011, 22 (12):
1418-1423. (in Chinese)
CAHALA G. ISO 6336 vs AGMA 2001 gear rating

comparison for industrial gear applications [ C ] // Cement
Industry Technical Conference, 1999. Conference Record.
1999 IEEE-IAS/PCA. New York: IEEE, 1999, 19-22.
SHUTING L. Effect of addendum on contact strength,
bending strength and basic performance parameters of a
pair of spur gears[ J]. Mechanism and Machine Theory,
2008, 43(12): 1557-1584.

TR, KWW, ZHH, %5 SEAEIMS KR
RS R S SOk (0], Mz 3 Jrse 4k, 2017
(1) 138-147.

LIFJ, ZHU R P, LI M M, et al Calculation method of

[17]

[18]

[19]

(20]

(21]

[22]

[23]

[24]

[25]

external meshed gear tooth root bending stress of high
contact ratio gear [ J]. Journal of Aerospace Power, 2017
(1) 138-147. (iin Chinese)

LUCHKO I I, LIVDAR V A. Calculation and design of
hole
reinforcement and with minimum mass [ J].
Materials Science, 1989, 24(4) . 415-418.
FEVEER. R IA 0 B A5 1Y e MBI AL R[]
BB TR 5 A 3hk, 2011, 2(1) : 186-189.

DU H X. Optimization design for the minimum volume of

sheets with a circular with equal strength

Soviet

cylindrical gear reducer [ J]. Mechanical Engineering
and Automation, 2011, 2(1); 186-189. (in Chinese)
ZR), 3k, R HET g g 2 Rl SE e X
Tk RSN RESEAAC T [)]. HLR TR
2, 2008, 44(7) . 24-31.

QIN D T, XING Z K, WANG J H. Optimization design of
system parameters of the gear transmission of wind turbine
based on dynamics and reliability [J]. Journal of Mechanical
Engineering, 2008, 44(7) : 24-31. (in Chinese)

TR, wa, BRSSO e i 3 i A5 s AL
BT 1]. ML 3, 2012, 36(3) : 40-42.

WANG H, YUAN R, WANG S M. Optimal design on
equal stress intensity of split-torque gear [ J]. Journal of
Mechanical Transmission, 2012, 36 (3) . 40-42.
Chinese)

FEE, BEk, TR, AR AT B U AR AT
PEBEH )], ARMAHUREL, 2015, 46(1) : 359-364.

JIAO W M, YANG J, MA F, et al. Equal strength optimal
design of planetary gear transmission [ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2015, 46
(1) 359-364. (in Chinese)

A0, SRS, MG, . Z TR RS S L
RBERI[ )] HEEARSHUR, 2008 (1) : 48-50.

LIB, WU L J, LI P X, et al. Development of the multi-
functional friction and wear tester [ J ].
Technology and Machine Tool, 2008(1) ; 48-50. (in Chinese)
STRINGER D B. Geared rotor dynamic methodologies for

advancing prognostic modeling capabilities in rotary-wing

[D].

(in

Manufacturing

transmission systems Virginia: University of
Virginia, 2008.

MAATAR M, VELEX P. An analytical expression for the
time-varying contact length in perfect cylindrical gears:
some possible applications in gear dynamics [ J]. Journal
of Mechanical Design, 1996, 118(4) . 586-589.

B, R, BARME, & BIRASHWENITER
ZHAIRANEERRSE (1], LA T2, 2017, 53
(1) 1-12.

WEI J, ZHANG A Q, QIN D T, et al
vibration analysis for planetary gear system considering
flexible [T1].
Engineering, 2017, 53(1): 1-12. (in Chinese)

(FHESHHE  Bir)

Coupling

structure Journal of Mechanical



