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Research on Design Technology of Planetary Gear System for Geared Turbofan Engine
HOU Ming—xi, LI Jin—hua, ZHANG Mao—giang, XING Bin, SHI Yan—yan
(AVIC Shenyang Engine Design and Research Institute, Shenyang 110015, China)

Abstract: As the key technology of the Geared Turbofan (GTF) engine, the planetary gear system carries higher power. It bears poor
working environment and compact space. In order to break through the key technology and accumulate structural design experience of GTF
engine, the preliminary design of planetary gear system and gear tooth strength analysis were accomplished based on the concept design of
gear—driven system for GTF engine. The macro and micro geometry optimization design method were employed to improve the load capacity
of gears, reduce the transmission error, modify the gear contact area and improve smooth operation.

Key words: planetary gear; Geared Turbofan engine; gear system; fatigue strength; contact area

0 3IE | IRIEBURLER RO,
WEEALZ R AWIBA I LR, MBI LS 1 METEEREIRAZREIAR
BLEL RIS B, ME M IEIN | g GIF % 21 6L (PW1000G A

BRI, it — AR AT 5 e T T
F R HIALZS R AWUTES AR 25 TGO T4
TR HTE R R TR TR, OO RN
7 B2 14 1 50 2 0 o B FEE 206 XU 22 1)
S TR TR A MU (s, im T
R R T RURU [P T AR S ahyy | BRI RA R R
ek TG R (0 TR, RS Ly o AHE (TR fER
FHIZHAR AR R IHLR PW A g aEay i | SETAE R Skt
5 (GTF) B EhHL, B ARSI R AR

AP TP B R S L BT TR BCRERIER /N A
GTF % SIS 30 BRGSO AEat, TP RAT A H4mmE 1 R, 1F
Bt sh RGUGHORTISE, N GIF RHLETE | GTF AW, K EB1 TREREHRESN

Weis A 2013-02-11
TEE /v UK (1978), L, = TR, N s K ShiLIL s 2R S isEit A% s E-mail : xingbin1984@163..com.,

Honeywell TFE731), ¥ X447 % gh#l (RB3011 Al
578-DX), LA R K it A 5645 8l R e e i &5 el (R i
BRI B TP RS0 B FHE 5, P S K 3))
PLRINER Al SEPE RAZ LG MAFRI S v, 47

e

S| R, AL, KR, . GTF & ¥ ¢ B 50 A% 8 FGE vE T HORWTFET]. i % & 88, 2014,40(2):61-64.HOU Mingyi, LI Jinhua,
ZHANG Maogiang, et al. Research on design technology of planetary gear system for geared turbofan engine[]]. Aeroengine, 2014,40(2):61-64.



N

62 ==

ko8 Al

540 45

e AR R 793l 7 AR E SR IR e IR B g

m%o

PW1000G F1 Honeywell TFE731 & Zh#LI4% Fi1T |
L AR,

PRV AL B R G Do AR T 108 8 R AU 22 18] F) i i 2

= (H PW /A A BHEN PW1000G REHUTRE GRS

SR GR N TR  F R sl R 5 3k SR G5,
5 TFE731-50 J shtILAA) B4 3 A3 47 8 FNVR sl 7 AH
P, Sl e o 0 T U R o

A—— AL 3 R B IRE S B ESY, i GTF %&38)
HUFE ) A JR BE e T kA
2 GTF ZohiliTEERENRGIZITHRAR
2.1 5%t

BRI ARSI E T RN RIA I R R
e, R TE
B R AN FEAR S

*1 GTF ZFNITERER

B RGEARIER
P LY =] g +
@Ulﬁ‘ ’ Ei}ﬁﬁﬁﬂi/ﬂ\:gn UJ%’Z kW 23860
W%, GTF X sh¥liT W 2.82:1

BWRENRGENHEA e
FEARER LR 1,
2.1.1 FrEmREET

HRTN. FHAEAT BRI AL S R S P ik ey 2

=98.5%
FAir /h 20000

P A4 PG R 4 o A E R A 5 A
PR IFIRE 5 R U B, MR AR SC GTF % 3L

TR RGE AR
RPREK, RN
¥, 2 s oF 2 R
ViR R 1) I HEL R AR R —
I, HoRERE 1K A% B
AR, vhili Rl MR
/N, T HE A A R Y
b 1) ] LA 5 e A
J1, BRFRREE Hs /M T AL
i A7

XITAT RN AR R G, Ve Rl B B
FEAE 5750 B S O 57 0 B IR B TR, L

TR . KRR AT AR B 0 it
B, LEMETT 35 HRC 60, FLAT RS REIE 5 EUME R |

VR X Y RS
LR, — B
R E U S 80k
L%k RIRHE R PR S

CHEAT,
22 WREHRESH
220 RS

RLAF T B PE AR . SRIRA S BOASHY R B0R , 35
A BRI 5 7 FE B RAR I, B B T 2598 R L
B, AR/ BT LU A, @i B R T 2wtk

2.1.2  fTASRETT
HET HAET B R fe sh R G b AT B K 3

B TR . BRI TR S 3
B WAL R R AR S  TA

T AR GTF % ahbLiT B prie feah Rachoie | JIMITat A Are % i, HRASC GTF %3

PRI F B L St Tk i e ahblig | DUTAR Bt sh R SUIO R AR SRR SR, R Shh

VIR BTRGIE S A TF I T GTF % ShBLEG ey | /% I3 B SO o 25 SKine IR ARy s

L AR ATRE  FERAS AR AR P T R R

ZF A H, IR BA —E R IRAE ST o (HZ

o)

Rk, iR e NS
FY S TR O S U 1 2
B3 EshiR

Ny tdgh 2 ARk el 2R A

: POl

F= 20007 _ 19098 x 1000P (1)
D DN
SR I D O B S I LA P IR N
i
Al A7l BT 2

_Fitan o
F= cos 3 (2)
F=F tan B (3)

I

i cos f3 (4)

R E BRI E R F AR
J15a HETIHH B MIRTES -
©222 HEE

K H IS0 6336 Ui 151 H B9 14746 D47 T 422 finh

AR U B e T B R 95
R,

SgEE S AR A R KA W A

a'HzZHZBZEZSZB\/ % (”;1) KKK KKy (5)
P




5 2 1]

BEIANESS : GTF KshblAT R sh R B HABTE 63

A F YW JT5d, /NE R EE B H AR b AU
T su MFSELLL ; Z Fil K MIBIE R AL
agin AR = YA Wy

(i bl;; ° YFYSYBYDTKAKVKFBKFa (6)

K om, EIREG Y B IE R
223 ST

XFTL S RS FAE S R GE , T 2o /2 AN [A]
RAPIRE T W3, HEMAT JB ) JeT AT T
K R ILA BB, AN K
PR ML S5 ER 4R
T AR, SRy iAo
SFTIERR, AR SCH G LT
AR T A de i 7%
TR, IR
Wit 5o i MASTAM
FRER IR 4 BT B4 {TEEREDRE

FLT 1S0 6336 AT ISR Al AN 25 i 57 9 BE T
BT AAUR R 2 REUE PRI, W3 2.

x2 EREFERETHEHER

e KBH% TEE LN ISE
FEflE 559 B (= 1.25) 1.1993 1.1993 2.2290
L o7 (=1.50) 1.8134 1.2250 2.1141

2.3 TEERMKIZIT

MFE 2 ] UL, At R R T 1 e e AN RE TG
JRETTELR, L, SR e A T ik (g
W ZMSEAL SR OBIE ) , B R F 1 A
i, B E RS R RE T L MBI IR 2
231 wHRZWSHIL

ViR WS H AR S AL e 25 S5 (4G
RHE A T A BB, B 1A R A R A i o 5 5
B Al g i« (RIS A R A SRR
Bt AR E A HAR DIAGE B 73X, RIS A ik
FVES R S5 RE ,  Fe TR B b4t i U5 48 A et 5 iy
PSR , W 2 MBS B ALE TR S5 R L3 3,

#3 MRUtELER

e W& KM FER AFNR
LR 1.1993  1.1993 2.229

P> 125)  DCTCH
Abfs 1.2826  1.2826 2.3196
BAbRT 18134 1.2250 2.1141

SR> 150) DT
eAb)s 21958 1.5000 1.7293

232 IWREEIE

J T VTR IS TR, LANR A WG A s RNk
YT TR, RATE R34 50 (A 3 A 43 A FITRE (23 7K
e 7, X R 2 R e e A e e R
FHBIEHA o ARSI = A R Rl R 22, I 5B IE 40
W IRMBIE A AR .

XA R RAL S RS, Sl O K FHFE B e v
WATIBIE o AN T BESHATHEIE | AR IR 2 &
TS EI R 22, (HHAT FHASCRAN K, T ELAS hn T
PRI,

TE MBS EATAC R FERT - ARG AETE S s,
[ XK BHFE HEA T o ) RIS IRABTE . ARl 5 PR, &
TEHT R LR Z N 6 B, N 43 At 7 B
e MIRABIEAAL R Z S nT UL, 38 i 14 1) AT TR 48

B, A AL s 1R 22 RN 1 3 A0 A3 SR , A ke
= TR B R G IE SlF Rt (R U R Rz il
1982 57 5 B YRR B/ o

Face width/mm

B 5 KFR#iEE.ERER

\ 248 £ 555

el 2550
1 E 47I I___,.-“I .-"'fln ._’_{"II 355.01.’\_. ~ e
' £46 Fi= =] | £ '. [y [
vocl \ | 1 | z 545 \ \
s@sll | 1 | | ! g | | - i
'St { 1 i ! / £540 \ f N / \ [
| A Vo Ty 23 N N oo
Z | z | L Yo
: 542 ll\._.'l I--.-\,lII I'H.-..I'I £330 wr L S
B .

52.5 -
20 24 28 20 24 28 20 24 28
Sun roll distance/mm Sun roll distance/mm

(a) 6.096 pm (BILTHT) (b) 23874 um (BHE)5)
E6 fFiRiREML

20 24 28 20 24 28 20 24 28

Max contact pressure/ Max contact pressure/

N/mm?) (N/mm?)

34
g 0B - .
5 2 .3l e "
18 1 :
: =
E 2t :
:?127 i} 3 127 S
Z 26 E 26 i :
= 25 S =2 2
5 23 L o=n q
7 2| K g
| m [l 5
I
= B

0 4 8 1216 20 24 28 32 36 40
Face width/mm

0 4 8 12 16 20 24 28 32 36 40
Face width/mm

B7 Mhath



64

&
K

ko8 Al

540 45

3 it

ARSCGE R KAG R #638 23860 kW, 1231 A
2.82 : 1, FFl 20000 h BAT G RS B H
PEAT R BRI B T R E AR B ST, 45 th AR
258

(DFT WAL s NF VU5 T sl R LA ]
DU /2 GTF K BIHILIA 564 50 R Ge mafar « i AT e
SR B KR EOKR

(2) 2t AT/ AR 2 v R A AR )
MU 2 S B, SRS R A R AT A YT
A, INITTHE S A 5 7R ERRE T

(3):8 3t A BH S B 15 1) AT TE OWAB T 1563, 1T
DASL/INA A% 188 1R 22 | G35 DA TN ) 04, D IM% 3
RGN

S 3k -

(1] 5KEERE, SRHRES , TR 1 e Uk s bl & shHLES F LT A
ST ALz K SHL, 2011,37(4) : 1-4.

ZHANG Dezhi, ZHANG Jinxiu, WANG Feng. Structure design
analysis of geared turbofan engine [J]. Aeroengine, 2011,37
(4):1-4.(in Chinese)

SRAE. AT S A S RBEST (1] Al & EhiL, 2011,37
(6):58-62.

ZHANG Zheng. Development of military turboshaft engine[J].
Aeroengine, 2011,37(6):58-62. (in Chinese)

PRI, (3. AURs 1A 8 K 8l R SO ME & BT H)). A bor:
A, 2011(4):8-11.

CHEN Conghui, XIN Qi. Conceptual design of fan gear drive

2

—

[3

—

system [J]. Aeronanutical Science and Technology,2011(4):
8-11. (in Chinese)

[4] Hou Mingxi. Counter—rotating gearbox preliminary design and
analysis for an open rotor engine[D]. UK:Cranfield University,
2010.

[5] Dudley D W. Handbook of practical gear design [M]. United
States: CRC Press LLC, 1994.50-152.

[6] Ma Fang. Gas turbine technology—bearing system design and
analysis for a 130-seat airliner [D]. UK: Cranfield University,
2009.

(7] 2= A s & ShHLIEN 2R GE 0 BRR S AR K (], s &
FHL,2011,37(6):49-52.

LI Guoquan. Present situation and development of oil system
for aeroengine[J]. 2011. 37(6):49-52. (in Chinese)

[8] Harris T A, Kotzalas M N. Rolling bearing analysis essential
concepts of bearing technology[M]. Fifth edition. United States:
Taylor & Francis Group, 2007 :45-72.

[9] British Standards Institution. ISO 6336-1: Calculation of load
capacity of spur and helical gears—Part 1: Basic principles, in—
troduction and general influence factors [S]. Britain: British
Standards Institution, 2006:12-75.

[10] British Standards Institution. ISO 6336-2: Calculation of load
capacity of spur and helical gears—Part 2: Calculation of sur—
face durability
tion, 2006:3-29.

[11] British Standards Institution. ISO 6336-3: Calculation of load

(pitting)[S]. Britain: British Standards Institu—

capacity of spur and helical gears—Part 3: Calculation of tooth
bending strength [S]. Britain: British Standards Institution,
2006:1-32.

SRA THM , S WTE. s A Sh UL EBLI 25 R 50Tt bk e
SRS SIHTI. Mt AL, 2012,38(3) :9-11.

GUO Mei,XING Bin,SHI Yanyan. Accessory drive system

[12

—

structural design and strength analysis for aeroengine [J].
Aeroengine, 2012,38(3):9-11.(in Chinese)

[13] SMT 2~ &). Masta 359Il FMH [M]. db 5T :SMT 28 A, 2007
15-50.

Smart Manufacturing Technology Limited. The training man—
ual of Masta [M]. Beijing: Smart Manufacturing Technology
Limited, 2007 : 15-50. (in Chinese)

[14] . B ARAIBRR. T2 0 12 sh AsiE 2 Tk M), Jbat.
s Tl A, 1988:501-526.

Bulgakov J F . The manual of aviation gear transmission and

[M]. 1988:
501-526. (in Chinese)

[15] P N RILAI U2 i K Tolk #8. HB 0-91-88 i JT-£¢ 15
FEG e gh(S). ALt . e AR IE AT 2R Tl &,
1988:1-52.

Ministry of Aviation Industry and Space Industry of PRC. HB

reduction Beijing: Aviation Industry Press,

0-91-88 the transmission of involute cylindrical gear [S].
Beijing: Ministry of Aviation Industry and Space Industry of
PRC, 1988:1-52. (in Chinese)





