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Rotordynamic Characteristics Analysis of Turbocharger Turbine for Spin Test
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ABSTRACT

This paper deals with the detail rotordynamic analysis for the assembly rotor composed of turbine wheel, turbine shaft,

connecting arbor, and flange & spindle in order to perform the spin test of turbocharger turbine. Prior to rotordynamic analysis,

the 1st spin test was performed but the test was failed by excess vibration in the neighborhood rated speed. It is the reason

for this fail that the separation margin between the rated speed and critical speed is not enough, confirmed by rotordynamic

analysis results. Since then, the dimension of turbine shaft was modified and the critical speeds were again reviewed for

modified assmebly rotor. In results, the separation margin between the rated speed and critical speed is over 20% and then the

2nd spin test was performed successfully. In preparing spin test for turbine, compressor wheels and etc., the geometry design

of connecting arbor and dimension of rough machining should be reviewed by considering rotordynamic results, and the

separation margin should be enough for successful spin test.
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Fig. 1 Turbine shaft for spin test

Fig. 2 Assembly of turbine shaft for spin test

D Spindle @ Flange @ Arbor @ Shaft ® Turbine
wheel

Fig. 3 Spin test facility (Schenck)

= 88,0000 rpm
l)\ + Trip, System down

80000t

70000

P el 9000rpm

L2

/ RPMIme

RPM

AN
| RPM Iine\\ il
 Decreasing I\ ‘

| \| B

J

o0o7:00

Vibration Limit
8

000400 000500
Tim

00000

0005100

Fig. 4 Spin test result of the turbine system
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Finite element model (Spin Test of Turbine)
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Fig. 5 FE model of turbine rotor system for spin test

. WRO 41 (100 ~200rpm) o A
o] 9,000rpmol| 4] ZZo] X2
A1, AA&EE ST X
oF 88,000rpm| 4] A|AElo] 2HE ER(trip) E]o] T o]4<]
HAEZE E7Fs3kott. oot 159 02 &=t
SRR gorrjo] Aol et Al 2Etholuba] A
< ot FHOEE |2 st

=

i

2.3, 2F Dzl

A 7]Rh Hiel ol 13} AW HAEA AALKE &
o WU ABo] 325l olA 2 HAE
7} B3RS Bl o) FR o7 Q1 IEZTL) oA}
e v R 2YA o tiet 2Etho|uy] A 3sto]
4 EE HolFnAt e, Fig, 20] AT HAE B
2 Ed|2 ZEtho]ube] FE(finite element) 34X d-S:
Fotaieh. = -wolg A28 7H709] H(beam) 84, &
Agas, B3R Re, T2 Holy 24 o
el ea o8 23hsllon, Fig, 5o siA e A|As
Ak,

Brg, #13} Brg, #2%= F-5H|0]¥

2 lip seal ¥ A L d8E FF0=

HlofE o= A[x|=fof Qi

—lJ

o2 A=Y, Brg. #3
FA](bush) FEf<

3. EEClolLte sHA

2ejtfolLty) FE sjimuzie dold A1) 25
A Agoto] SHEE U HESA, AUAE 9 B
SEaAS Sasict

A {ah+ i+ 2la) )+ K {g)= () <1>

A7141, [M], (A, (G, [K], Q& 22 34, 4], &
olmaxE, AR, AsE, Telm {g)ek {Q()} =
Auete Wglel oleNE S trehin,

SHIAME M4, H6Z, 2011



EIZAIM &

Critical Speed Map (Spin Test of Turbine)
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Fig. 6 Critical speed(1X) map of the turine rotor
system for spin test
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x10* Compbell Diagram (Spin Test of Turbine)
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Fig. 7 Campbell diagram of the turbine system for spin test

Stability Diagram (Spin Test of Turbine)
0.01 T

0.009

0.008

s o ©°
5 g8 8
bl Q

o
o
R

Logarithm decrement

o
°
8

o
o
8

o
o
2

o

o
-

3 4 5 6 7 8 9 10

Rotational speed (RPM) <10

Fig. 8 Stability diagram of the turbine system for spin test
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Fig. 9 Moadification of turbine shaft

x10° Compbell Diagram (Spin Test of Modified Turbine)
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Fig. 10 Campbell diagram of the modified turbine system

for spin test

Mode shape 3D (Spin Test of Modified Turbine)

Mode shape 3D (Spin Test of Modified Turbine)
Forward whirl freq. =9564.8967(rpm)
Log Dec. =1.3629
Damping ratio = 0.21198
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(a) 1% vibration mode (b) 2™ vibration mode

Mode shape 3D (Spin Test of Turbine)
Forward whirl freq. =108656.3546(rpm)
Log Dec. = 0.00055247
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(c) 3° vibration mode

Fig. 11 Vibration mode of the modified turbine system for spin test
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Unbalance response envelope (Spin Test of Modified Turbine)
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Fig. 12 Unbalance response envelope at 1% critical speed

Unbalance response envelope (Spin Test of Modified Turbine)
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Fig. 13 Unbalance response envelope at 2" critical speed
Unbalance response envelope (Spin Test of Modified Turbine)
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Unbalance response envelope (Spin Test of Modified Turbine)
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Fig. 16 Assembly of turbine system for spin test

Fig. 17 Spin test result of the modified turbine system
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