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Nonlinear dynamical characteristics of face gear transmission system

JIN Guang-hu, ZHU Ru-peng, BAO He-yun

(Jiangsu Key Laboratory of Precision and Micro-Manufacturing Technology,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Based on the theory of the concentrated parameter, considering the elastic deformation of the bearings, the
time-varying meshing stiffness and error, a three-dimensional dynamic model with multiple degrees of freedom for the
face-gear transmission system was developed, including the flexional, torsional and axial motions. The mesh stiffness of
face gear transmission system was calculated by FEM. By introduction dynamic relative transmission error, the nonlinear
equations were simplified with 5 degrees of freedom. Using the Runge-Kutta numerical integral method of self-adaptive
varied steps, the dynamic responses of the face gear transmission system was obtained. Moreover, the influence of
clearance on dynamic load coefficient was analyzed. The results show that the single-period syntonic, double-period
subharmonic, quasi-period and chaos response increase in the system when the excitation frequency changes. The
clearance affects the dynamic load coefficient greatly but has no influence on the impact state of gear pair, that is to say,
the single sided impact of gear pair is obtained by modification the stiffness of bearing and so on.

Key words: face gear; nonlinear vibration; dynamic response
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Table 1 Harmonic components of stiffness

1187 A/(10" N'm™) Dy
1 4.8299 -0.8318
2 3.226 1 1.518 4
3 23738 0.759 7
4 1.584 5 -0.043 1
5 0.877 4 -0.950 5
6 0.368 9 0.894 1
7 0.298 3 -1.164 1
8 0.412 0 0.654 1
9 0.419 8 -0.4219

4 JEZLMIRENFIZHIKIE

KON ESH. WAL I R4,
FASARITARME R % . A SCEE5INREZ R u(r) ,
KO 5 AN RS R 10 S—I i R,
WG, ALK HIEMN Runge-Kutta F{ERr HiEH
k.

RS u(r) \TRIRA:

"(7)={”x’ Uy, U3, Uy, Us, Ug, U7, Ug, U, ”10}T=

s &p 23 By By B3 29 By Xy &, (1)
MA@ S At FARES 512
u(r) = Au(r) + f(ug) B+ (f1,, + f1v + [)C  (12)

e A BLMEIREGERE: B A AL IR HOE RS
C BT R ) &

5 BS99

HERENREMNTEESEN: 2,=36, =123,
4 m=4 mm, EJ1f420°, T;=300 N-m, 5=72 pm,
RETEPEENA—HSE AN §~0.01,
{ni=0.02, £,=0.05, x;,=0.5, x,=0.1(i=1, 2; j=x, z), £=0.2,
fe= O.Sw,f cos(w,7) o

B 4~7 Bios b U5 58 RITEAN R MG S 30 24 F (1) 3h 28
Mo BEEREAENA L, ARSI
PRI x, ¥ HILZ FpdRBm N . K 4 AT %0 24
WA AR 0,=0.62 B, RGN HEEIAEE MmN, HA
il Ve A nINATS LR E DAY 3 et A ER I S PSE 7S
MR K i1 £, 7 Ponicare BRI B 24 1 ANEHLACH
TARR, #ER), MEERRIA B, HEk
b B 72 um 4824 32 pm B, WEGUTECE ) b PR,
B RIEETE.

ME 5 AT HEEASIER 0,~0.75 B, RIEH 2
FE =B m N, A E D HE B R R . ga) ) B
i, SRR Z A B, BhEker REPEK, B
FEME A5 S 8] Bh BT RECH BB .

B 6 ATIL: MG AR 0,70.94 B, RFE R
AREh RN, RN ERES, 24 EYE
NS, HOEE N 7o —E KBkt &3, s,
R R HBRUA M, N EIBRE, R E A
Rihrdi, s R

M 7 T AR 0,=1.02 B, REHI



55530

e, %

1811

TR,

Ll

BRI RBC,

b

(a)

1.3}

12

Lk

10 - ' !

9740 9760 9780
Adplss

;?\\L[j/\\\}j/j\l/)fn\

3730 9740 5750 9760
/s

IER T N5 B R A AR L MRS
0.2 O]

a5 01}
=
g
= 0
W

-0.1

-0.2 a .

1.0 Fa 1.2 1.3 14
TR,
(d)

4 -
U
oy
W 3t
=
&%
R

2 -

! i 3 i

9730 9740 9750 9760

R fyil/s

(a) PrRBWIREIFE:; (b) AHSFEE; (o) B 72 pm BB EAT REG (d) RN 32 pm I HIE) 80 R
4 w,% 0628930 5R
Fig.4 Dynamic response when @y, is 0.62

TR,

M RHC,

I

()

050 8060 8070 8080 8090 8100
pl/s

o0

_(C)

"

(=)

(%

8070 8080 8090 8100

R E

3L a
8050 8060

14

02 s
n?‘g
g
g
. 0
R
-0.2 . .
1.0 1 12 1.3
JoR
)
4

IR RBC,

{ ]
| i

8050 8060 8070 8080 8090 8100
0 fiij/s

(a) RESWIBLITR (b) IR (c) IR 72 um I AUZDALHT A (<) FRIBRM 32 um I (D ERAT R e
5 wyH 0.75 h& R
Fig.5 Dynamic response when wj is 0.75



1812 R FR(BREIER) 415

(a) )]
21 ? f
ey =
& b
o i
W R
-2+
_2 ke - i
6420 6440 6460 -2 0 2
s TR,
(c) (d)
10
< = O
& 8%
R& iz
2 i
= ® of
-1t . . =5k, ‘ . ; .
6420 6440 6460 6420 6440 6460
s i )s

(a) RCESWARLPRR: (b) AFHES: (c) B 72 um REEEIEAT A @) B 32 um I OB R
6wy 0.94 B 493 Kok

Fig.6 Dynamic response when wy, is 0.94

3 b
: fﬁ) (b)
e )
£ 1t 2
5 E
F E OF
b =
W0
L |
. 3 ) -9 :
5920 5940 5960 25 0 5
adwlis B,
(] 108 b
g
ﬁ sH g 3
£ %
- g
® 5 P
R
_5..
Sl | [11vy AR
5950 6000 6050 5950 6000 6050
HERIBES e fl/s

(@) FrEEW R FE; (b) AHFEE; (c) MEEA 72 um B IEhEFT RS (d) AR 32 pm B0 2 3
7wy 1.02 669 3h b

Fig.7 Dynamic response when wj, is 1.02



553

TR, % IEXWRRES RGN AR RS

1813

TR, WS A AR WSS, AH P B AR T g SE
AT XA TR AN P R 2, T BRI el 2B Xt 3
BT MR A K. HHEEREN: M H XL
i, T RGBSR KR, MK
BRI DA REBA PP RS MR, il s
FRIEE . PRI BRERAG B phdi. 74, TESE
BN BAT U7 A SRR, 2k B R
By 2 AN Y .

6 it
(1) 7EHEWE A A Fe R U5 M Ta) Bt . i AR itk &5 1) E

AR ZHIIITER T, *%T%%%%ﬂﬁ&,
TR T A RAL B RSB BT RSB, TE
JAIRBIART, 14 D00 18] B X B 30T REUE R K .

(2) M BIMIE AL, REHBLT 2 AH. 2
F3A U AR E N . FE SR BB A AT O
RS, ZRHBLRETEEE. 2 AR
W

(3) BEBIDPERIIRGR, WE SR R H B
it UM AR, AL S 18] B g 2

ARSI, S RS NI, Bk
KRR .
B3R

[1] Litvin F L, Wang J C, Bossler R B, et al. Application of
face-gear drives in helicopter transmissions[R]. Scottsdale:
NASA Technical Memorandum 105655, 1991: 1-10.

[2] Litvin F L, Zhang Y, Wang J C, et al. Design and geometry of
face-gear drives[J]. Transactions of the ASME, Journal of
Mechanical Design, 1992, 114(4): 642—647.

[3]1 Handschuh R, Lewicki D, Bossler R. Experimental testing of
prototype face-gears for helicopter transmissions[R]. Solihull:
NASA Technical Memorandum 105434, 1992: 1-10.

[4] David G L, Robert F H, Gregory F H, et al. Evaluation of
carburized and ground face gears[R]. Montreal: NASA TM
209188, 1999: 1-10.

[5] Litvin F L, Alfonso F, Hawkins J M, et al. Design, generation
and tooth contact analysis(TCA) of asymmetric face-gear drive
with modified geometry[R]. Cleveland: NASA TM 210614,
2001: 1-15.

[6] Litvin F L, Alfonso F, Claudio Z, et al. Design, generation, and

stress analysis of two versions of geometry of face-gear drives[J].

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Mechanism and Machine Theory, 2002, 37(10): 1179—-1211.

Kahraman A, Singh R. Interactions between time-varying mesh

stiffness and clearance non-linearity in a geared system[J].

Journal of Sound and Vibration, 1991, 146(1): 136—156.

JERE, BEOT, AR Bl RN R MRS

). AU TFEZ4HR, 1992, 28(4): 86-93.

TANG Zeng-bao, ZHONG Yi-fang, ZHOU Jian-rong. The

vibration analysis of a spur gear transmission system[J]. Chinese

Journal of Mechanical Engineering, 1992, 28(4): 86—93.

TIFEE, A, RARR. I RN LS IRBI M. AR
ZEH], 1994, 15(5): 576-581.

FANG Zong-de, GAO Ping, SONG Le-min. Vibration analysis

in transmission of spiral bevel gears[J]. Acta Aeronautica et

Astronautica Sinica, 1994, 15(5): 576—581.

Lin H H, Oswald F B, Townsend D P. Dynamic loading of spur

gears with linear or parabolic tooth profile modifications[J].

Mech. theory, 1994, 29(8): 1115—1129.

Theodossiades S, Natsiavas S. Nonlinear dynamics of gear-pair

system with periodic stiffness and backlash[J]. Journal of Sound

and Vibration, 2000, 229(2): 287-310.

Shen Y J, Yang S P, Liu X D. Nonlinear dynamics of a spur gear

pair with time-varying stiffness and backlash based on

incremental harmonic balance method[J]. International Journal

of Mechanical Sciences, 2006, 48(11): 1256—1263.

EZR, YRS, HEE. 5 R BURTI AE G A MR 1 I HE

WAL RGE AL AEIRANFFIEF T[] HU AR 4R, 2003,

39(2): 28-32.

WANG San-min, SHEN Yun-wen, DONG Hai-jun. Nonlinear

dynamical characteristics of a spiral bevel gear system with

backlash and time-varying stiffness[J]. Chinese Journal of

Mechanical Engineering, 2003, 39(2): 28-32.

Mricte, PR, EXW, SRR SEBIRZNIRS)

RSEPERIBUERT R[], AU TFES4R, 2004, 40(4): 21-25.

CHEN An-hua, LUO Shan-ming, WANG Wen-ming, et al.

Numerical investigations on dynamic transmission error and

stability of a geared rotor-bearing system[J]. Chinese Journal of

Mechanical Engineering, 2004, 40(4): 21-25.

AT, EER, WA, =8 mENRESRE MRS

BT HUERE SR, 2004, 23(10):1191-1193.

LIU Xiao-ning, WANG San-min, SHEN Yun-wen. Nonlinear

vibrations of 3-DOF geared rotor-bearing system[J]. Mechanical

Science and Technology, 2004, 23(10): 1191-1193.

Fike, BR, BEE FIINRES REIFLIERERS)

SHTIL. HUMREEE SSHOR, 2005, 24(9): 1040-1044.

XIN Hong-bing, ZHAO Fu, QIN Yu-hui. Nonlinear analysis of

harmonic drive torsional vibration[J]. Mechanical Science and

Technology, 2005, 24(9): 1040—1044.

(WiE BR)



