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Pitch Considering Time-Varying Friction Coefficient
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Abstract: A six degrees non-linear dynamics model of a gear system with meshing beyond pitch point is
established considering the time-varying meshing stiffness, time-varying friction, load distribution
among teeth and backlash. Time-varying meshing stiffness is calculated by material mechanics method,
and time-varying friction coefficient is calculated by elasto-hydrodynamic lubrication (EHL) theory and
compared with that of the Coulomb friction model. Moreover, the system differential equation is
obtained and solved by Runge-Kutta numerical integration method. At last, dynamic response and phase
diagram are obtained, and dynamics characteristics of the system are analyzed.
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Tab.1 Parameter list of gear system with meshing beyond

pitch point
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W22 OB R 2E VIR ) AR 22 VAT ] 15 22 FIA AR 25
S AESEBR AT — AN T A 8 A i o0 1% 22
R 22 o SR EAT Bl 327 3 B I K 152 2 P 7 48
e(t) =A,cos(at + ¢.) @y

Ae (O RIRE ;0 HWEE I A, N iR 2E K I
{E s . iR ZE R WAL

Y R WG G AL R SOIR A 1 S
X 2% B A 2R BE HEAT SR AL 1 L NGO N, Ol
HIpWE 5L KEZ, BB, NEbRM G2 KE. B, B,
ABy XKW &K BA B 5 2 K,
e Py g B A B A
NN, = (R, +R,) X tana,,
N, B, =R, X tana,
N.;B, =R, X tana,
BB, =N,B, + N,B, — N; N, (2)
B;B=AB, =B,B, X (e — 1) /e
BA =B,B, X (2—¢)/e
P, =m; X n X cose
X caw HEFRIE S M5 e s aw 20500 £ WS 15
BN TR ) M s A ESNE I EJI fise B
HE R sm TR

L RS A XY )7 RS FE B4 1 3l )

2R O R
7’)’11)..2.”1 + Cm.J‘”l + KW.I] - _Fpl (f) - F|,2<t)
myy1 + ¢y + Koy = — N, (1) — Ny (0

1,0,=T, — Ny (OR, — N, (DR, —
F,o(OH,, —F,(t)Hy

7)’lg.}2 -+ c‘g‘,\ig + Kpx, =Fa ) + Fp ()

Mgy + coye + Keoye = Ng (1) + N (1)

I1.0,= —T,+ Nuy (DR, + N (DR, +
Fao(WHy + Fep (1) Hy,

3

b BE A5 ) AT DL T e SOh
H, () =L, [ mod(R,w,t,P,)]
Jsz(l‘) =L, [ mod(R,w,t,P},)] "
H, () =(R, + R tana, — H, ()
ngz (1) =(R, + R tana, — H,, (1)
N,B, + R, w,t t << P,/R,w,
% HoAts
{Nle + ByA+ Ryw,t ¢t << B;B/R,w,

0 HoAth

JL‘”
.

2.3 HMEMERNENITE

VR 8 0 5 WO BE B T B3 A7 %6 R e o BE Bl )
ST A R O A A R R 14 4
AR A MR L . O B A R 0 R R R AT
GBI R A E 1 TR AR D A 3 50 B R, R
FHREERIE X A 50 05 1 W E AT RS
O 2 T 38 2o 145 0 Hp O 0 0 8 [0 00 1) EL R N R 8 47
(1A A o 30 2 T X R B 2 4 43 S — RN K D7 T
TR TT T B BB T A 1% 1) B VR R R g 1A AR
T EEAARARTE L 3T SR AN R A RIS L R 05 R 4
VA P 1A JB0 R 6 AR B IR 24 B HIO PR T L SR A 1A
LA RIRTE U E 5 BRI WA LT R
PHBIAE BT AR N 5 5 0 A28 FRIEE, iniEl 3
FE7R o

(5

4 6
WA 2% K ¥ /mm
B3 mHAE WG A NI R

Fig.3 Time-varying meshing stiffness
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Tab. 2 Parameters of EHL friction coefficient model
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