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Abstract

Torsional vibration analysis is necessary at design stage to ensure the reliability of a system particularly

when the driven machine is a reciprocating compressor. This paper contains the results of torsional vibration

analysis and fatigue strength evaluation for 540 kW compressor driving motor. Torsional vibration analysis

showed that the 2™ torsional mode of the entire shaft system has the possibility of resonance with the 14"

order excitation of compressor and twin line frequency of motor at operating speed. Therefore, the analyses

were required to ensure the structural reliability of the motor. The fatigue strength was evaluated for the shaft
and inner fans using the results of forced vibration analysis. It is concluded that the motor has sufficient

fatigue strength under normal operating condition.
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Table 1 Specifications of the motor and compressor

A=Y 540 kW
o AT
2% 7] 1“@: - 509 rpm
=T 14
N 6,600 V
AEEY 636.5 HP
A"y 3
A A ZHES 903 kgf-m
HEET
1842/-16 kgf-m
ERIEES) s
Drive end Non-Drive end
fan fan

Fig. 1 Shaft arrangement of the motor
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3 o UEhd f3es mds o] &3l &4 Wy
o= et

3 dAEE dHe 98 H(rim) 72 &
Mol Eelel=rt &H o] e §F Fat 5 W7t
A} Gy Rt F P2 @ S ol= 7ol
HoRk & Qe F4e zta vt wEkA],
ot S g e A A4z A Edol=
o} 3B Alolo] &3 A HIUF sE=E e FHoF
el ddata @) Bgoj=o] gt WE
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2 way ek, A, o Afelw o A B
dlojme] et w24 ghol Ao W7k W A
A s A9 ud W A AgEs
Wl = FEFs vAA Fes aF AsAdA
3 Fa AT Al
DE NDE
1nner fan inner fan
l l l External

Compressor F lywhee | fan

Fig. 2 Mass-spring model for torsional vibration analysis

Fig. 3 Finite element models of inner fans
(Left: drive end, right: non-drive end)
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Table 2 ¢} Fig. 4 ol 717} Yepdilth. =3 Fig
59} 7+o] Campbell diagram < o] &3l LFEE=
o} 71113“44 T s S
F 2R =(118.1 Hz) 9 9=
At ﬂﬂa 2 AE 7] A %ﬂ&“ Ax714
(21,120 Hz)o] &% (506 rpm)oll A &3]
7FsAdol &S glskgitt.

Table 2 Calculated torsional natural frequencies

2= IF25(Hz)
1% 38.1
2 118.1
31 177.9
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Ist mode (38.1 Hz)

Compressor Motor
* *
Drive end Non-drive end
Fan Fan

2nd mode (118.1 Hz)

Compressor

= ¢

Drive end Non-dirve end
Fan Fan

Fig. 4 Torsional mode shape of entire shaft system
(1 and 2™ mode)

6 Torsion mode and excitation force

2nd mode (118.] Hz)
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Fig. 5 Campbell diagram of the compressor

23 A 3]y Heor

AzA 713" X Tbe e Flg §
S AEE HEE S8 T3 3y WS
ST, shARE, AL ARG A A= X1
et Seto] E& I3 HrYAe 2
bddel= ZA7E glem, Al&E WAool oy
= dds Wid. E}E}H, A AE 7hed
A el 7] d5eo] F Aeids S8 o
 E BEef oss AxEsigley derl F
Fgol dutqew A WEHe :=E(node)l
Ao B flas & ¢ AMa, HFHe

1‘)4

A A zAclAe] 57 =
],

2 o
5ol Ue 4 Wb Al B9

_ﬂ+m

Al E]

3.1 7| %=
Al AHL3k 7R

A

A el SI3 e
o

IJJ
_w_

< | 2 7HA 2 HEY
HEEAS} AF7]e] Ax}

718o] 9lom, Ao o] T A= EAl9|
ﬂﬁﬂ%q.

Zale] B Z oA AatE AZgA vE B
g9} 3 A 22 ¥ Fny ARow ZH =5 7]
AL Rig. 6 3 2o}, AE7|e Aod= F 7
Aelel QA7 Eolnl, o] F 120 iz o Ao
HE Eg AR Ao Agstdsd, o= 3
g 7179 Faart Fo) 24 1/K157(118.1
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Fig. 6 Compressor torque at aft end of flywheel

MAARLLAN
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Fig. 7 Electromagnetic torque of motor (2f; component)

Torque
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Synthesis

A—~A——~A 4.0 Order

H—- 5.0 Order

Torque

400 450 500 550 600
Engine speed [rpm]

Fig. 8 Torque variations on motor shaft

| Synthesis
I e 4—€—#.2.0Order
1 1 A—‘-—A 4.0 Order
.+. 5.0 Order
o A\ @—e—@ 140 Order
| | gk 23.0 Order

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Torque

400 450 500 550 600
Engine speed [rpm]
Fig. 9 Torque variations on inner fan of NDE side
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where  Ta : (orsional shear stress amplitude,

T : alternating torque, d : shaft diameter
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r/d

Fig. 11 SCF for a shaft with a shoulder fillet in torsion®
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where

7, = Amplitude of shear stress [MPa]

7, = Fatigue limilt at zero mean stress [MPa]
7, =Mean shear stress [MPa]

Sys = Shear yield strength [MPa

= Bagci criteria
I Yield criteria
= L ®  evaluation point
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k]
S L
= L
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5 L
»
» L
>
& [ Ae
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°
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Mean stress [MPa]

Fig. 12 Fatigue design curve of shaft
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Fig. 13 Distribution of stress amplitude
(Drive end fan)
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