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A Study on Vibration and Noise Reduction of a Lathe Gear Box

Young-Hyu Choi, Seon-Kyun Park, Byung-Tae Bae, Taek-Soo Jung, Chung-Soo Kim

ABSTRACT

When operating lathe gear box which is equipped with geared transmission, it sometimes
generates loud noise and excessive vibrations. In order to identify their causes, in this study,
torsional and lateral vibration characteristics including critical speeds of the gear transmission
system are firstly analyzed using lumped parameter models. Natural frequencies and mode shapes
of the gear box structure are also analyzed by using the modal test. Furthermore, measured
vibration and noise signals during operations are analyzed and compared with theoretical analysis
results. After all, it is concluded that the primary cause of the excessive noise and vibrations is
the resonance between gear meshing frequency including its side bands, the frequencies of shaft
bending and torsional vibrations, and the natural frequencies of the gear box structure.
Consequently the noise and vibration levels are greatly reduced by avoiding resonance between
the natural frequencies and gear meshing frequencies through the rearrangement of the gears on
the transmission shaft without any gear ratio change.
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Fig. 1 Gear train and shafts in a gear box
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Fig. 2 Shaft speed(rpm) and gear ratios corresponding
to shifting modes of a lathe.
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Table 1. Gear meshing frequency and motor speed
corresponding to each shifting mode.

Shift Gear mesh frequency

Motor Speed

mode | 00T SR g % A-B[Hz] | Shaft B-S[Hz]

Ist |Max. 4495rpm 906.9 416.3

2nd {Max. 3902rpm 1300.7 791.7

3rd |Max. 4518rpm 911.5 866.7

4th |Max. 3870rpm 1290 1626.5
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Fig. 3
torsional vibration analysis(at the 3rd shifting mode)

A mathematical model for shafi-gear train
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Table 2. Calculated natural frequencies of the 3o A3t wiolde #AHE FAF2 x, vy
torsional shafi-gear train vibration model. o 2ZPg A2 AP Y. 7Y {HFAFS
natural shifting mode #HA A= Table 49 2ot
frequency| 1st step | 2nd step | 3rd step | 4th step
Ist 166.524 | 195.501 [ 179.253 | 195.528 Table 3. Material properties and bearing stiffness.
2nd 421212 | 735.121 | 525.969 | 622.572 — 5 3
3rd | 735.122 | 2.167k | 687.774 | 834.829 .. |Elasticity, E [ N/m* ]| 203 x10
Material Poi ; .
4th 1.630k | 2.424k | 830.364 | 2.421k properties oisson's ratio, Vv 0.3
Sth 2.168k | 2686k | 1630k | 2.579% Density, o[ kg/m® ] 7850
Bearing 1 | 176. 6
.. Shaft A : g 76.847 < 10
24 39 SUNE A4 Bearing Bearing 2 | 179.606 x 10°
71ojatA Ud) & 3749 %9 A, B, S radial Shaft B Bearing 1 | 183.708 x 10°
2] F3¥ A5 (ateral vibration) &7} ‘?’]ﬁ%E%ﬂ stiffness Bearing 2 1.624 X109
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Fig. 4 Finite element models for the lateral shaft
vibration analysis at the 3rd step shifting mode.

Table 4. Computed natural frequencies of the lateral

shaft-bearing vibration.

ﬁ'e‘:‘l:‘e‘:iy shaft A[Hz] | Shaft B[Hz] | Shaft S[Hz]
Ist 68.85 175 401
2nd 276.5 483 614
3rd 620.8 884 620.8
4th 1.054k 1364k 1521k
5th 1.963k 2,664k 1.658k
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Fig. 5 Apparatus of the modal test.
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Table 5. Measured natural frequencies of the gear —
box structure. =5 o
Mode Natural Mode Natural Ao
Number | Frequency(Hz) | Number | Frequency(Hz)
1 508.9 6 964.8
2 5774 7 1.016k (c) Rear panel
3 703.0 8 1.132k . . .
4 8435 9 1187k Fig. 7 Accelerometer and microphone pickup
5 886.8 10 1340k | Dositions.
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Fig. 6 The 5th mode shape of the gear box(886.8Hz)
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(b) Side bands near 900Hz and 1.8kHz
Fig. 8 Measured acceleration signals at the

[ B& l\ ’ position 3 for the 3rd shifting mode operation.
-e |
i Fig. 82 %¢ 7]ojdtze] AY3A Zdd Ao
Q

J% WEWE Yo UrhtE 2
e 1 H, OllHzol A 3057Hzol %l 48 & AW 3
& AR A(peak) J¥ol e, ole] LW YRE
of veht: RE HAF £ Aot

(a) Pulley side panel

- 555 -



[ I RS

(a) Noise signal

(b) Noise spectrurn
Fig. 9 Measured noise signals at the position 3
for the 3rd shifting mode operation.
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Table 6. Comparison of namral
maximum operating speed in the 3rd step shifting
mode.
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Fig. 10 Gear transmission systems before and
after design change

Fig. 10 ()} 2ol AA AME R usty
HNEY % € 335 AN g £Psden, 27
AdAnds A4 AHE 24 $HR=Y AF
& A5 uwtyt

- 556 -



42 4A4 NMEH 290 v EYH NSHN AN
AA Ada 2do) diste 234 Zed WH
oz ¥AR=Y HIEY IFHHE FYHAH
A ZHE Table 7o} B3t Table 73+ &

HE=d 7)o 28y F34¢ Table 18 vl2E
A% 7)o gEY Fasd ﬂz‘ﬁﬂ"‘ﬂl EA =
LHAEFE Vb ¥ 2e FAs

Table 7. Calculated natural frequencies of the

torsional vibration for the modified system.

natural speed shifting mode

freq.(Hz) | 1st step | 2nd step | 3rd step | 4th step
1st 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
Sth 2.514k 3.810k 2.491k 2.513k
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Table 8. Computed natural frequencies of the shaft
lateral vibrations for the modified system.

Natural

frequency Shaft A[Hz]| Shaft B[Hz] | Shaft S[Hz]
1st 64.18 154 1719
2nd 274.60 616.46 526.96
3rd 621.78 1.19% 993.52
4th 1.092k 1.647k 1.549k
5th 1.995k 2321k 2.032k

Table 9. Computed natural frequency of the
lateral vibration for the modified shaft B.
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Table 10. Comparison of the measured vibrations
for the 3rd shifting mode operation
Measure M_ax -acc.[mgl - Reduction
. Before design | After design
point. rate[%]
change change
P1 92.3 37.8 | 59.0
P2 399 384 1 90.37
P3 74.0 68.2 178
P4 3070 21.1 1993
P5 770 27.6 1964
P6 62.7 30.3 {517
P7 58.9 49.9 1152
P8 853 345 1959
Table 11. Comparison of the measured noise for the

3rd shifting mode operation

Measure S.P L[dB] - Reduction
. Before design| After design
point. rate[dB]
change change
P1 949 37.1 | 57.8
P2 98.2 35.5 1627
P3 99.1 35.2 {639
P4 94.1 29.9 1642
P5 97.9 24.4 1735
el $AUHE 3¢ WEREANY FHEms)

2% 23 AN E Table 1054 Table 110] ¥ @3l

natural speed shifting mode

freq.(Hz)| yst step|2nd step | 3rd step | 4th step
Ist 171.1 196.6 154 171.9
2nd 58597 | 51529 616.46 526.96
3rd 1.098k | 949.30 1.199%k 993.52
4th 1.521k | 1.435k 1.647k 1.549k
Sth 1.749k | 1970k | 2.321k 2.032k
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Fig. 11 Comparison of the measured acceleration
levels at position #4 at the 3rd shifting mode
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Fig. 12 Comparison of the measured noise levels
at position #4 at the 3rd shifting mode
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