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A Study on Dynamic Characteristics of Core in Turbo Air Compressor

Nam-Soo Hur* - Hyoung-Woo Leet

Abstract © A dynamic model of turbo air compressor having multi-helical gear pairs is
developed by transfer matrix method. The model accounts for the shaft and bearing
flexibilities, gyroscopic effects and the force couplings among the transverse, torsion,
and axial motions due to gearing. The program which can be used to analyze and
predict the vibrational characteristics by the mass unbalance of the rotors and gear
transmission error of turbo compressor is developed with this system model. We expect
this developed program to contribute the reduction of the vibration/noise on turbo
compressor in the field of both design and manufacturing and can be used as a basic
sub-program for CAD/CAM of low-noised gear teeth also.

Key words : Turbo air compressor(B1X37] ¢4%7]), Helical gear(&2lZ719)), Unbalance(&
#AY). Gyroscopic effects(Xe]|Z& ), Transmission error(XFAZ .4}
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Fig. 1 Construction of a turbo air compressor

Turbo Compressor Core Unit
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Fig. 2 Construction of a turbo air compressor on core
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Fig. 3 Vibration model of turbo air compressor on core
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Fig. 4 A schematic of the mathematical model on a
pair of helical gear
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Table 1 The specifications of disk

. Mass 1a Ip Eccentricity
Unit o) kg m?)| ke - m?)|  (um)
Ust | 9056 | 0.015 | 0.035 8.92
Stage :
2nd | 5696 | 0.0033 | 0.007 8.92
Stage
3rd o966 | 0.0017 | 0.0034 | 6.59
Stage

Table 2 The specifications of helical gear
G #2 G #3
Pressure angle (°) 20 20 20

Unit G #1

Helix angle (°) 20 20 20

Tooth Width (mm) 70 70 70

Teeth 31 242 23
2.75 2.75 2.75
0.2067 | 1.1249 | 0.169
0.10618| 1.534 | 0.0701
0.572 4.46 0.421
Mass (kg) 18 323 12

Module (mm)
a (kg - m?%)
D [kg . mZ]

Eccentricity (um)

Table 3 The specifications of Bearing

Parameters | B #1
Kxx(N/m)
Kxv(N/m)
Kyx(N/m)
vy(N/m}
Kzz(N/m)
Cxx(Ns/m)
Cxy(Ns/m)
Cyx(Ns/m)
Cyy(Ns/m)

B#2|B#3| B#4 | B #5|B #6
8.5e7|9.4e7|1.5e8 | 3.9¢8 | 2.3¢82.3e8
1.7e6 | 7.6e6 | 2.0e8 | -7.6e7|8.4e6 | 7.2¢6
1.7¢6|7.6e6 | 0.6e8|-2.1e8|8.4e6 | 7.2e6
8.6e7|9.9¢7|1.4e8| 7.5e7
8.6e7|9.9¢7!1.4e8| 7.5e5 | 2.5e8 | 2.5e8
2.1e4]2.3e4)5.3eb| 5.9¢b | 4.1e4 | 4.1ed
0.4e3|1.6e3|3.5e5|-2.9¢5(1.3e3|1.1e3
0.4e3|1.6e3|3.5e5|-2.9¢5|1.3e3|1.1e3
2.4e4|2.5¢4|3.0e5

2.5e8|2.5e8

1.9e5 | 4.5e4 | 4.5e4
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Table 4 The specifications of helical gear pairs

The Number . . Mesh
f Gear Pair Driver | Driven Stiffness
© x10° (N/m)
P #l G #2 G #1 0.40876
P #2 G #2 G #3 0.3382
Table 5 Forcing Frequency of run speed
Self Exciting Equation If‘orcing
Source Frequency
Mass Unbalance ( /a0 48,000
2y / 2)8 . rpm
gzl 2 1
Mass Unbalance
0 Q 3.600 rpm
2
Mass Unbalance
93 (23 /28| 28.000 rpm
Gear Profile Error
(GPE) w, 299 871,200 rpm
Q: run speed of input shaft
z,: teeth of high speed pinion
Z9° teeth of Bull Gear
231 teeth of low speed pinion
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Table 6 whid motion of bearing

U a
limif?/zllue Cle(arance Interference
{(um) um)

B #1 < 0.3 39.4 Good

B #2 < 0.7 39.7 ”

B #3 < 10.0 13.2 Bad

B #4 < 8.0 16.0 ”

B #5 <12 44 6 Good

B #6 <10 42 .4 ”
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