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Study on Correction Algorithm of Time-varying Mesh Stiffness

of Helical Gears and Its Influencing Factors
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2. Chongging BOE Optoelectronics Technology CO. , LTD, Chongqging 400714, China)

Abstract: Due to the inaccuracy of potential energy method in calculation of time-varying mesh stiff-
ness of helical gears, a stiffness correction algorithm was proposed. Considering the different expressions
for the length of contact lines of single tooth on two kinds of situations in which the transverse contact ra-
tio is greater or less than the overlap ratio, a non-uniform cantilever beam model was established when root
circle and base circle misaligned, and then the mesh stiffness of helical gears was derived and calculated by
using slice-integral method. By comparing with ISO standard and finite element method, the feasibility of
the proposed correction algorithm was verified. Meanwhile, a parametric study was conducted to investi-
gate the effects of various parameters, such as helix angle, normal module, tooth number, face width and
normal pressure angle on the behavior of mesh stiffness. The calculation and analysis indicate that the rela-

tive time of the engaging-in section is related to the proportion values of transverse contact ratio and over-
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lap ratio. Variation of gear parameters affects the fluctuation value of total mesh stiffness and average

mesh stiffness by changing the contact ratios and single mesh stiffness. In addition, the fluctuation is little

when the transverse contact ratio or overlap ratio is close to an integer, while it fluctuates more intensively

when the total contact ratio is close to an integer. Compared with the traditional potential energy method,

the precision of correction algorithm in calculating time-varying mesh stiffness of helical gears is obviously

improved. It has relatively better practicability in the accurate calculation of stiffness excitation of helical

gears.

Key words: potential energy method; helical gears; time-varying mesh stiffness; contact ratios
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Fig.1 Cantilever beam model of spur gear tooth

1 20, _ J‘] 1.2 cos’ar

EF ), A W SR
12U, (% sinq

k., F _Jo FA, ™ 4
1 cos’ay U, Cu

= = (LY (D) + M (D +

k ~ EB S, S, (5)

P (1+ Q" tan’a;) ]

Kb U, U U U, 53 5 R A 58 05 Y
o 2% F2 fuh R L L 25t BB L BT D) A R0 il 1m) TR 46 fE
3 F O MGG ET5 B WG G 1 ELG #4351 O B
R | B YR FIVAFA L s B N4 98 1, o8 56 14 B 55
FEIF] 2 A T A MM R s AL R B R TE TR s d Dl W
B RURIEE B AE 145 = 7 1] B BE B 5 h D Wk G SRS
PO o WS T F 555 PO & TR 5
I 1) S £

H1 1A 48 H R 8 TR 5 RS A i 2 B Y S5 AR D
FEpREI R R R R O R, ok w, A0S
2 7R su, S TR R

w;, = r,[ (ay + ay)sina; + cosa; | — r,

S, =2r,0,

KOPRFE L M, P Q" th Z Wizl
PIRRRE

X! (hys0,) = A,/0 + Bk +Ch /0, + .

D./6, +Eh, + F,

KOP X REREL M PR Q" 5hy,
=7y /rusrs G 0,0 2 PR ALB L C D, E;
EMES T 1 .

B2 EFHHAR LT IAT S K

Fig. 2 Geometrical parameters for gear rim deformation
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Fig. 3 Cantilever beam model of helical gear tooth
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Fig. 4 Time-varying contact length of helical gear
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Fig.5 Cantilever beam model when the radius

of base circle is greater than root circle
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Fig. 6 Cantilever beam model when the radius
of base circle is less than root circle
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Tab.2 The relative error of mesh stiffness when the radius
of base circle is greater than root circle
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Fig. 7 Comparison of mesh stiffness when the radius

of base circle is greater than root circle

6 3 FNIE 8 N FE B 2 A2 /N F 14 MR B 2 42 i i
O 600 WG MIEE TR E5 R vl LLE A SCRTA B
TR AR 5 1SO B fe 230 B0 05 i A W B i
25035009 1. 84 Y 1 0. 46 ¥ , W45 W EE - 249 {15 2% 43
B 2. 12761 3. 48 % . SCHERL15 1 2318 T 363
55 U5 AR B =2 I 1 AR T S SO0 T DR /DS o B G
W EE A m A R RE SF 249 08 358 25 43 0 A 19, 806 AN
19.7%.

3 BEALENTHEREEZHEERNERER L

Tab.3 The relative error of mesh stiffness when
the radius of base circle is less than root circle

C/L108(N/m)]  ®%/%  Cyn/[105(N/m)]  #R%/%
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Tab.4 Key parameters of helical gears
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Fig. 9  Single and total mesh stiffness with different helix angles
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