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Bevel gear dynamic modeling and fault response analysis of

helicopter main reducer

ZHANG Lun, HU Jiao, YANG Yi"
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract; The dynamic characteristics of the helicopter main reducer bevel gear have a direct influence on the operating performance of the

helicopter transmission system. Taking into account factors such as transmission error and backlash, a nonlinear damage dynamic model of a bevel

gear system with bending-torsion-axial coupling was established by using the lumped-parameter method. In order to obtain the key parameter in the

damage dynamics model, a slicing method for calculating the time-varying meshing stiffness of spur bevel gear pair was proposed, which broke

through the limitations of traditional potential energy method that can only be applied to cylindrical gear pair and can achieve rapid evaluation of

time-varying meshing stiffness under different states. By comparing the model simulation and experimental results, it is shown that the established

model can effectively simulate the dynamic response characteristics of the bevel gear system under normal and fault conditions, reveal the system

fault response mechanism and fault mechanism, and provide theoretical basis and data support for the development of a helicopter transmission

system health and usage monitoring system.
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Tab.1 Basic parameters of bevel gear system

28 3t MBl%E
Wiz 18 36
BEEL my/mm 4.25 4.25
FEJff o/ (°) 20 20
Wi 98 L/mm 27.66 27.66
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SRR/ Chal = Chyl = Cpa = Cppp =933
(Nes-m™) Ch = Cpn =2 615
SEEN 1

I ES 0.25

EIVES @ 0

A = (x,sina +y,cosa +R_,0,,) -

(x,8ina +y,cosa + R,0,) —e(t) (1)
U o 0 20900 32 Bl 58 0N Sl 56 A 1] 25 55
By e 2390 9 £ S 58 F1 N Sl 56 i 90 1) 55
A BE 0,0 0,73 30 Ky 32 20 %6 A1 Bl e 1) il )
Fesh S AL, Ry (R 709008 L85 M Bh 4
SERIUBIAT: 1A e 1 R R 242

B2 SR A A AR R
Fig.2 Equivalent cylindrical gear model
SRS AN ZN) ) AR B AR bR 2 () A TR
KA, B3 A

X, =%,€080, +z,sind, (2)
z,, = —x,8ind, +z,cos, (3)
X =%,C080, —2z,8Ind, (4)
Z, =X,8In8, +z,c080, (5)

H.iis3h & &R Al

(6)

{Releel :ngl
R.,0., =R,0,
K LR, (R, 0 NSRS R AR

! X,

(a) FohHEL 4

(a) Active bevel gear

B3 ke
Fig.3 Coordinate transformation
B (2) ~ () FRAK (L) Al sl A5 iR

A =x;sin@cosd, + y,cosa +z,sinasing; +

(b) MhiftiAse
(b) Driven bevel gear

R,0, — x,sinacosd, — y,cosa +

z,sinasind, — R,0, —e(t) (7)
DR RI S BN G ) F, mTR ol
Fo=k,(0)f(A) +cm).‘ (8)
A=b A>b
J(A) =40 [Al<b (9)
A+b A< =b

H1 32 73 43 AT R0 AR 5 B R A4 5 50 R 8l )2
TIFEINT
m,x, +cm/.\sir1acos<‘51 +k,(1)f(A)sinacoss, +
¥y + kg0, =0 (10)
m,, + e, heosa+hk, (Df(A)cosa+ei,, 3, + v, =0
(11)
m,z, +cm)'\sinasin5, +k,(1)f(A)sinasing, +

m

cl)zlél +hky,z =0 (12)
110, + e AR, +h, (DfC)R, =T, (13)

m,x, —c, A sinacosd, — k, (t)f( A) sinacosd, +
chxzxz + k0%, =0 (14)
m,y, _Cm/'\COSO‘ —k,,(£)f(X) cosa +cb)'29./2 +hyny, =0
(15)

m,z, +c¢ A sinasing, +k, (t)f(A)sinasind, +

m

Chozy +hypz, =0 (16)

L0, —c AR, =k, (O)f(A)R, = =T, (17)
o am, my 43 5 3 S5 RS 1 5



%5 4

SRAE , 45« BT F Dol A5 6 1Ay 48 2 3l g~ A e g 7 3 A £ 239 -

L 5r 5 s MO Sh e my % st it s T, T, 4y
Bk T S RN B S LA ; 145 6 w45 RS
KHAR AKX ¢, =20/ kymm,/(my +m,) i1
A RLB B =0. 12,
1.2 EEEEREININ SN R

e R il B b, 2 5 W5 B T 0 B
AR Ak B HE R WA L P AR A, Rk 51
Wikt ZEARSNI FE A, IS4 W
Ve RGBS B SRE —

DA NI I BB — B BT 5 ST
LR GRS , T U B R 4 5 T 1
VIO P TG S B B S I A SR R . A
e, ST YT A K8 L IR fE R 15 454
Sy n B BB R TE T AR,
& 4 5%

(a) DIA I =4E7m B IAl
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Fig.4 Slice model of bevel gear teeth
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Fig.5 Calculation process for meshing stiffness of

spur bevel gear pair in slicing method
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frequency-domain response of y,
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prediction of helicopter transmission system



244 - ES A sl N 2 1

547 &

SR BRI e AR R A A S TR i
PEWT I , 275 5 RS IR A5 1 ke B 2R R BE T, S0
TAREINZE 3 iR,

R3 LWARRIARE

Tab.3 Experimental scheme and working condition settings
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Fig. 13 Acceleration responses of bevel gear

system in different states
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bevel gear in two different states
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