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A Study on Noise and Vibration Reduction of an NC Lathe Gear Box

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

ABSTRACT

When operating NC lathe, gear box which is equipped with gear train and spindle 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 train - spindle
system arc first analyzed by using torsional and lateral vibration models of the gear train and
shafts. Natural frequencies and modes of the gear box structure are also analyzed by impulse
hammer test. Furthermore, measured vibration and noise signals are analyzed and compared with
theoretical analysis results. At last it is concluded that the cause of the excessive noise and
vibration is the resonance between gear meshing frequency including its side bands, shaft
bending and torsional vibration frequencies, and the natural frequencies of th gear box structure.
Consequently the noise and vibration levels are greatly reduced by avoiding resonance between

them through the redesign of the gear module.
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Fig. 1 Gear train and shafls in a gear box
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Fig. 2 Shaft speed(rpm) and gear ratios corresponding
to shifting modes of a NC lathe.
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Table 1.
comespondmg to each shifting mode.

Shaft 1Xrpm frequency and motor speed

Shift | Motor Speed | Shaft 1 Xrpm frequency[Hz] |
‘mode {rpm] shaft S | shaft B |A & Pulley|
1st | Max. (4495)| 4383 | 1487 | 3943
step | Min. (1150) | 1.117 38 10.083
2nd | Max (3902) | 833 | 2827 3423
step | Min. (1150) | 2.45 833 | 10.083
3rd | Max. (4518) | 1333 | 1494 39.63
step | Min. (1150) | 3.383 38 10.083
4th | Max. (3870) | 25 28 33.92
step | Min. (1150) | 7433 | 833 10.083

Table 2. Gear meshing frequency and motor speed
oonespondmg to each shlﬁmg mode.

: Gear mesh l:‘requency
| made | MOOT SR |G ) | shan B-St)
Ist |[Max. 4495rpm|  906.9 4163
step [Min 1150pm| 2319 | 1064
2nd |[Max. 3902rpm| 13007 7917
step |Min, 1150rpm| 3833 | 2333
3rd |Max 4518pm| 9115 866.7
step |Min. 1150rpm| 2319 12205
4th [Max 3870rpm| 1290 | 16265 |
| step |Min 1150pm| 3833 | 4833 |
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Fig. 3 A mathematical model for shaft-gear train
torsional vibration analysis(at the Ist shifting mode)
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Table 3. Calculated natural frequencies of the
torsional shaft-gear train vibration model.

shift| 1t step | 2nd step | 3rd step | 4th step
na shifting | shifting | shifting | shifting
freq. mode mode mode mode
Ist 166.524 | 195.501 | 179.253 | 195.528
2nd | 421212 | 735.121 | 525.969 | 622.572
3rd 735122 | 2.167k | 687.774 | 834.829
4th 1630k | 2424k | 830364 | 2421k
5th 2.168k 2.686k 1.630k 2.579%
6th 2.424k 3.238k 2.420k 3.711k
7th 3.238k 5.120k 3.694k 5.138k
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(c) Shaft S

Fig. 4 Finite element models for the lateral shaft
vibration analysis at the 3rd step shifting mode.
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Tabke 4. Material pmpema and beanng stiffness.

Elasucny E [ N/m? ] 203 x 10°
Material PEN Y I
properties Pon.ssons ratio, v3 03
|| Demsity, o[ kg/m" ] 7850
Bearing 1 6
Shafl A 'ng 176.847 x10G
Bearing 2 | 179.606 x10°
Bearing Bearing 1 | 183.708 x10°
coefTicients Shaft B : 9
B Beam{g 2 1624 x10°
Bearing 1 9
Shaft S eapng 6.265 x 10
Bearing 2 | 6.999 x10°
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Table 5. Computed natural frequencies of the lateral
shaft-bearing vibration.

gy Sha ATH:] | Shat B[] | St STz |
_Ist | 6885 . 175 | 401 |
2nd | 2765 | 483 | 614
_ 3« 6208 | 884 _ 6208
_4h | 1054k | 1364k | 1521k
5th | 1963k | 2664k | 1658k
_6th | 2965k | 2908k 1877k
?777!” i {ltgk ~ 3.862k 2.925k
8th : 775.498]( 4.167k | 32471(

Table 6. Computed shaft critical speeds[rpm)].
~ Critical speed | Shaft A | Shaft B | Shaft S |

| st | 3386 | 9184 | 21721 |
2 4582 | 10585 | 26923
S| 1782 27335 | T
maximum " ‘ '

) 7
| operating specd | 278 | 16% | 1500 |
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(a) Gear box structure  (b) FFT Analyzer
Fig. 5 Apparatus of the modal test.
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Table 7. Measured natural frequencies of the gear
box structure.

" Mode Natural | Mode '  Natural
; Number | Frequency(Hz) | Number ' Frequency(Hz) |
L1 5089 | 9 . LI18%k
) 514 ] 10 | 1340k
A T Y T s TR 2
4 | 835 | 12 1840k
J, s | 868 | 13 1.898k
‘, 6 . %48 | 14 205
7 1 1016k | 15 2473k
|8 1k |16 2.96%
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Fig. 6 The 5th mode shape of the gear box(886.8Hz)
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Fig. 7 Accelerometer and microphone pickup
positions.
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(a) Acceleration signal
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(b) Frequency spectrum of the acceleration

UTDSPEC_CH_-RA
sl RN LIN
s +BkHz  LIN

Tl W —

[Lagtl fc . S

(c) Side bands near 900Hz and 1.8kHz
Fig. 8 Measured acceleration signals at the
position 3 for the 3rd shifting mode operation.
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Table 8. Comparison of natural frequencies at
maximum operating speed in the 3rd step shifting
mode.
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