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Dynamic Analysis of FCEV Turbo Blower
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ABSTRACT

This paper presents dynamic analysis of FCEV(fuel cell electric vehicle) turbo blower. To analyze

the dynamic characteristics of turbo blower, FEA(finite element analysis) and experimental test are

performed. Evaluations of stress safety for rotor sleeve and impeller due to rotational force and

shrink fit are performed. Rotor dynamic analysis is conducted by Campbell diagram and structure vi-

bration analyses are performed using FEA and experimental test. Through these results, noise sources

of turbo blower are verified.
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Turbo blower

Fig. 1 FCEV configuration

Motor case Rear support

Volute

Inlet duct

Fig. 2 FCEV turbo blower
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Fig. 3 Turbo blower BLDC motor
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Fig. 4 Shrink fit analysis results
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Fig. 5 Impeller static analysis results
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Fig. 6 Rotor ass’y finite element model
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Fig. 7 Rotor ass’y modal test results

1st mode :

459207H, odlly] Urlel 744 9 Ao =y}
olgste] TEaT ER, Feln 9 o

N
7 gsdel o3 9% ot}*"“i.(pre stress)
ol-gste] st A mde] EpdA
1§18t =g B AE(modal test)E ©]-8-3t
FRF 574 ZAs} 1 A% X (normal mode
analysis) 232 Hlwsdon], 1 A3 Fig 7%
2t} FRF 54 237, 1500 2 3500 Hz tellA

oY 1 W )
ol mlo T e A
= to
rlr
!
f“lo ol g

of
s

N

i

2&/A2148 A7E, 20113/593



R LY R LR
127 25 merh wAEglon, fdas diAs e Font beag [ unit : Nfum |
Fool 14 % FY A% wuok o & % Qe
Y EF AE REQS 4 ¢ Aok F FY BE ge| ST SN
o g Balol, Heak wadel gyl 4 A B e
Foh vl AXIRE S ¢ 5 .

3.2 3|W ANAYOl SEYHA
B 229 371 Azde BAgAe 49
o ol ARG,

[M}g}+[Clgi+ K Ral=r )

[cl=lG+D] [K]=[s+H]

lg}={ule”

“

: generalized coordinate

M, C, K= 217 A%, dvtste 953, 494
o}, dutslEl HFPH CT gyroscopicHE G
Hgdd pr AW, dustd ARE K=
238d SO circulatorydd HZ ZdEo A
Ewo] GFE wETh A @e A G)e e A
WA o el "ot

&)

(=Dl 714 A, 978 Azdel 3159
SZ(whirling speed)= 2] (6)2] ILFA A4 ZHE
=, A A (5 A 6 o8kl A ()
ol Aeler.

A=A+ + 44,

[AL4)+ [B]v}= {0L,..,
=V ala)+ [B] =07

o =[at
)=l o

(6)

l.}T]T ‘u; right eigenvector
,.}T]T :v, left eignevector ™
(byorthogonality condition)

e [l }= Ny

{Zk}T[B]{ :}— —A4:N:6

N, :norm

==28/A21 48 A 73, 2011

0 5000 10000 15000 20000 30000 35000 40000

RPM

25000

Fig. 8 Bearing stiffness
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Fig. 9 Turbo blower FEA model

Fig. 10 Turbo blower modal geometry

(a) Ist mode (b) 2nd mode

(¢) 3rd mode (d) 4th mode

Fig. 11 Turbo blower vibration mode shape
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Table 1 Bearing vibration characteristics
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(b)
Fig. 12 Experimental setup
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Fig. 13 Rotor dynamic analysis results
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Fig. 14 Turbo blower RPM sweep test results
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Fig. 15 Turbo blower idle RPM test results

Fig. 16 Rear support vibration mode(1st mode)
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