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Abstract

In this study, torsional and lateral vibrations of a

gear box transmission system were analyzed
theoretically using some mathematical models and
examined to determine the causes of its excessive
vibrations. As the results, it was found there exist
of

and

possibility resonance between gear mesh

frequencies lateral vibration mode of the
transmission shaft during the third shifting mode
operation. In order to avoid this resonance, we
proposed changing the arrangement of gears

the

on
transmission shaft. The measured vibration
levels of the improved gear box were dramatically
reduced. These results may be helpful to design a
machine tool gear box with low noise and
vibration. -
Key words : A4t 710] #rX(Lathe gear box),
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Fig. 1 Rotating shaft apparatus in a gear box.
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Fig. 2 Shaft speed(rpm) and gear ratios

corresponding to the speed shifting modes.
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Table 1. Gear meshing frequencies and motor speed

corresponding to each shifting mode.

Shift Gear mesh frequency
mode | Motor Speed o 2 Shaft B-S[iiz]
1st |Max. 4495rpm 906.9 416.3
step | Min. 1150rpm 231.9 106.4
2nd |Max. 3902rpm 1300.7 791.7
step | Min. 1150rpm 383.3 2333
3rd |Max. 4518rpm 911.5 866.7
step | Min. 1150rpm 2319 220.5
4th |[Max. 3870rpm 1290 1626.5
step | Min. 1150rpm 383.3 483.3
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Fig. 3 A mathematical model for shaft-gear train

torsional vibration analysis(at the 3rd shifting mode)
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Table 2. Calculated natural of the
torsional shaft-gear train vibration model.

frequencies

shift speed shifting mode

natu

freq. Ist step i2nd step {3rd step |4th step
Ist 166.524 | 195.501 | 179.253 | 195.528
2nd 421212 | 735.121 | 525.969 | 622.572
3rd 735.122 | 2.167k | 687.774 | 834.829
4th 1.630k 2.424k | 830.364 | 2.421k
5th 2.168k | 2.686k | 1.630k | 2.57%
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T

vibration analysis at the 3rd step shifting mode.

Table 3. Material properties and bearing stiffness.

 |Elasticity, E [ N/m?® 1| 203 x10°
Material Poisson's ratio, Vv 0.3
properties 2 -
Density, o [ kg/m® | 7850
Bearing 1 847 %108
Shaft A - & 176.847 > 10
Bearing 2 |179.606 x 10°
Bearing | g6 B Bearing 1 |183.708 x 10°
fficients | ~ 2 - 9
coc Bearing 2 1.624 %10
Bearing 1 | 6.265 x10°
Shaft S i 10
Bearing 2 | 6.999 x10°
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Table 4. Computed natural frequencies of the

lateral shaft-bearing vibration.

ﬁfgfl‘;;ac'y Shaft A[Hz] | Shaft B[Hz] | Shaft S[Hz]
st 68.85 175 401
2nd 276.5 483 614
3rd 620.8 884 620.8
4th 1054k 1364k 1521k
Sth 1.963k 2.664k 1.658k

Table 5. Computed natural frequency of the
lateral vibration model for the shaft B. [Hz]

natural speed shifting mode

freq. | Ist step | 2nd step | 3rd step | 4th step
st 206.8 179 175 160
2nd | 502.18 565 483 590
3rd 620.8 1.026k 884 1.085k
4th 864.3 1.4769k 1.364k 1.670k
Sth | 1.3706k | 2.0355k 2.664k 2.070k
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Table 6. Comparison of natural frequencies at

maximum operating speed in the 3rd shifting mode.

Gear meshing Gear-train Shaft lateral
frequency torsional vibration vibration
A/B | 911(Hz) y
B/S | 866(H2) 830(Hz) 884(Hz)
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Table 7. Calculated natural frequencies of the

torsional vibration for the modified system.

shift speed shifting mode
natu

freq. 1st step [2nd step [3rd step |4th step
Ist 162.69 | 140.09 | 170.141 | 138.086
2nd 430.187 | 427.714 | 751.476 | 419.496
3rd 872.180 | 872.030 | 1.050k | 476.416
4th 1.868k | 2514k | 1.871k | 916.816
5th 2514k | 3.810k | 2491k | 2513k
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Table 8. Computed natural frequencies of the shaft
lateral vibrations for the modified system.

ﬁg‘g;‘;;ac‘y Shaft A[Hz]| Shaft B{Hz] | Shaft S[Hz]
st 64.18 154 1719
2nd 274.60 616.46 526.96
3rd 621.78 1.199K 993.52
4th 1.092k 1.647k 1,549
5th 1.995k 2321k 2.032k

Table 9. Computed natural frequency of the
lateral vibration for the modified shaft B. [Hz]

natural speed shifting mode
freq. | tst step | 2nd step | 3rd step | 4th step
Ist 171.1 196.6 154 171.9

2nd | 585.97 | 515.29 616.46 526.96
3rd |-1.098k | 949.30 1.199k 993.52
4th | 1.521k | 1.435k 1.647k 1.549k
S5th | 1.749k | 1.970k 2321k 2.032k
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at position #4 at the 3rd shifting mode
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