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The Effect of Gear Contact Stiffnesses on the Vibration of

Torsional Geared Systems for a Mill Turret
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ABSTRACT

This paper describes mathematical models of the torsional geared driving system for the indexing path and the

mill driving path in a mill turret. The eigenvalue analysis for the models is conducted both with and without

the gear contact stiffnesses. The natural frequency leads to the effect of gear contact stiffnesses on the vibration

of torsional geared systems in a mill turret. It is necessary to analyze eigenvalues of the complex geared

torsional system in order to prevent the unexpected vibrations.

Key Words : Mill turret(&%37t]), Contact stiffness(HEE 744)), Indexing gear(t]2=3 £ 7]o]), Mill

driving gear(37 & 7]°7)
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Table 1 Mass moment of inertia for indexing path

Disk B D Di J
No. (m) Dotm) Ditm) (X10 %kg + m?)
1 0.017 0.027 0.01 0.00684032
2 0025 0.035 0.01 0.02875616
3 0025 0.140 0.115 4.03689425
4 0.0265 0.045 0.032 0.06241081
5 0.0265 0.228 0.180 33.79323924
6 0.0265 0.406 0.205 1372.25988504

Table 2 Twisting stiffnesses for indexing path

K
Axis No. d(m I(m) )
(m) (m) (X 10°NV « m/rad)

1 0.019 0.015 0.06889183

2 0.036 0.014 0.95131987

3 0.1095 0.2 5.69995046
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Table 3 Gear contact stiffnesses for indexing path

Gear Pair 1 Gear Pair 2
ha (m) 0.004025 0.0046
By (m) 0.000525 0.0006
he (m) 0.002275 0.0026
fo (m) 0.002749 0.003146
fy (m) 0.003073 0.006144
- mc/md) 2.7082 %10  3.8805 x 10’
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Table 5 Mass moment of inertia for mill driving path

Disk D Di
No. () Dotm) - Ditm) (X10%kg « m?)
1 005 0065 0.02 0.68255181
2 0.0143 0.0445 0.006 0.04325686
30025 0035 0022 0.02442996
4 0.0175 0.0445 0.006 0.05293671
5 0.0143 0.0445 0.006 0.04325686
6 0.0163 0.0445 0.006 0.04930677
7 003 0031 0014 0.02048984

Table 6 Twisting stiffnesses for indexing path

K
Axis No. d(m) I(m) (X 10°N » m/rad)
1 0.03 0.24 0.02676199
2 0.028  0.185 0.02634541
3 001  0.014 0.00566391
4 0.025 0.3 0.10324841
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Fig. 8 Mill driving model with gear contact stiffnesses

& %!
710] BHEY A K, B K,7F 1€
&3 mdg = &
9 2dA 2109 @A HE s A8
of g o] wEIRAC] eH 2
21273 2t

1-11
N 2
K

g+ [K1{q}= 0

A7M AFBAZYE [, A48 K 2 AF= g5
o= 2o

[/,000000]
04500000
0040000
I=|000J5000
0000400
0000040
1000000

(28)

-37 -



o
2

T A=7ATE A AgE A2s

K —K 0 0 0 0 0
— K K 4K, 0 ror By 0 0 0
0 0 K, — 15 — K 0 0
K=| 0 rprK, —K PK, +K+EK, K, 0 0
0 0 0 Ik K +r3Ky el 0
0 0 0 0 rireh, TiK, + K, — K,
0 0 0 0 0 -k K
(29)
=10,0,0,0,0.0,0-1"
q= |V10,030,050407 (30)
g7 J R K FE2 Table 59 62 3ol H-&%

0.0385 (m)°]t}.

Table 7 Gear ¢

ontact stiffnesses for mill driving path

Gear Pair 1 & 2

ha (m) 0.004025
hy (m) 0.000525
he (m) 0.002275
fa (m) 0.002749
t (m) 0.003073
K,
1.1839 < 10°
(N« m/rad)
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Table 8 Natural frequency of indexing path

Natural frequency(Hz)

with contact without contact Error
Order
stiffness stiffness (%)
Ist 299 858 -
2nd 5210 5715 8.8
3rd 10864 - -
4th 16252 16170 0.5

Table 9 Natural frequency of mill driving path

Natural frequency(Hz)

with contact without contact Emror
Order

stiffness stiffness (%)
Ist 391 0 -
2nd 1123 1103 1.8
3rd 2688 2716 1
4th 6027 6038 1
5th 12413 12497 1
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