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Torsional Vibration Analysis of a Spur Gear Pair with the Variable Mesh
Stiffness

Jae-Wan Ryu*, Dong-Chul Han** and Sang-Hyun Choi***

ABSTRACT

A four-degree-of-freedom non-linear model with time varying mesh stiffness has been developed for the
dynamic analysis of spur gear trains. The model includes a spur gear pair, two shafts, two inertias representing

load and prime mover. In the model, developed several factors such as time varying mesh stiffness and damping,

separation of teeth, teeth collision, various gear errors and profile modifications have been considered. Two

computer programs are developed to calculate stiffness of a gear pair and transmission error and the dynamic
analysis of modeled system using time integration method. Dynamic tooth and mesh forces, dynamic factors are
calculated. Numerical examples have been given, which shows the time varying mesh stiffness has a significant

effect upon the dynamic tooth force and torsional vibrations.
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Fig. 8 Transmission error cycle of a 44/88 tooth pair
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Table 1 Specification of analysis model

Start of contact Drive -
Gear pair
Tooth profile involute
Number of teeth 44/88
Module 1.5
Pressure angle 20 °
Face width 7 mm
Backlash 0.1 mm
Center distance 99 mm
Line of contact End of contact Contact _ratio 1.785
Damping ratio 0.10
Fig. 9 Resolution of numerical analysis Outside diameter 69/135 mm
Base circle diameter 62.02/124.04 mm
ARArelol] whEA wusly] 9ete] 27 ge Root circle diameter 62.25/128.25 mm
Fojrl GRS jFes 4, 44 357 Tooth thickness 23% qn_
o ghel swalis WA aelw o] we] Asn Pinion inertia [, 2.1227x10J kgmz
% _% /\]»—g—':‘}‘t}— Gear inertia ]2 3.6775x10 kgm
Z%‘Z} ‘ %):01 ]}\1_54“% &4%%@ W 7}_ _kn)ﬂ_ Motor inertia ID 1.3606)(10.5 kgm‘
ft 2gol A B oupe} o] Lo Byie Y= Load inertia [, 1.4207x10* kgm*
By 9@ EEo] dojuyng e X );](9) Torsional stiffness K 1.4481x10° Nmjrad
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Table 3 Torsional stiffness values of two shafts

Ky Ky
N : m/rad N * m/rad
A system 1.4481 x10* 45817 %104
B System 2.8962 x 104 9.1634 x 104
g Jlol 4 e AgRAE W B AL &
NERZAE olgsid 28AE rE AR

Table 40 A3} o},

Table 4 Natural frequency of systems

of A and B
IHAESF (Ho)
A System B System
Ist Order 556 769
2nd Order 1352 1385
3rd Order 2360 3334
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a
g 1.00
§ 0.754
&
OSOJ
5(;0 10‘00 |5‘00 20’00 25’00 30’00 3500
Speed [RPM]
Fig. 20 Dynamic factor DF? variation by shaft
stiffness change
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