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ABSTRACT

A hydrogen-electric car is a fuel-cell vehicle that reacts hydrogen fuel with oxygen in the air to

generate electricity to drive the traction motor. An air compressor is a device that compresses air

and supplies it to the fuel cell stack. These generally use two types of airfoil bearings: The first is

journal bearing, the second a thrust bearing. In this paper, axial thrust bearings are analyzed using
2-Way fluid-structure interactions (FSI). To determine the validity of the 2-Way FSI analysis, a solid
thrust bearing was fabricated and the torque was measured. For 60 kr/min 70 kr/min and 80 kr/min

rotations, loads were applied at 10N, 15N, and 20N and the resulting torque was measured. For

the 2-Way FSI analysis, a 1/6 split model was selected, the turbulence model was Menter’s Shear

Stress Trasport (SST), and 10 meshes were made in the air gap using a system coupling condition

moving the solid and fluid parts simultaneously. The 2-Way FSI analysis result showed the error

within 7.3 %, proving its validity.
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Fig. 1 Air foil thrust bearing for FCEV
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Fig.4 2-FSI data exchange flow chart
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Fig. 5 Mesh model of fluid region
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Fig. 6 Boundary condition for structural analysis

Trans. Korean Soc. Noise Vib. Eng., 29(é) : 762~769, 2019 |765



Hyun Jang Shin et al.; 2-FSI Analysis of an Air Foil Thrust Bearing of Air Compressor for a Hydrogen Electric Car

2L JFsn = 1382926, 24 1194 186°]
ok 0.01% B9k HESH M-S TG 4
2 ANSYS CFX9 ANSYS Mechanical, System
coupling= ARg-3te] 34 st 5 Foe
71 WS system coupling A4S $gh AR
Akl

3.3 =& =A

TxEE $1% 212 Fig 69} ) diskrotor
el ko] 71| A|aL diskrotor9} topfoil ARe]d]
AE 2305 kepglon ntg Aee 34 55
W Afele] w015 ARSSIIYE AEE
stainless steel, inconel AFE3IHon W= %
SHA w47 B EES Stk =5 13465, 84
6646°It}. a3 Q17Fskal HF 0.01% &< =
waAS FASTh ARE AL 2e-5%E AT
St} Diskrotor?] 312 system coupling 345
o xdow ARSI FEFFAM A
system coupling %33} A G Aol A A7 system
coupling %> FSI al14] z18) Fof] o=} w9 o
olHE AR FiWA H= ol

(a) Pressure distribution

e

-
(b) Temperature distribution

3.4 a|o Hx3}

60 kr/min, 70 kr/min, 80 kr/min®] T3jA4 10N,
15N, 20 N 4 9& Q17}sar 1o diskrotorel] 2H-&-
she BAE ARtk A9 1A weke AA
o]l 10N 35S Ao 2 0.005% F2F A3
Ao Z/3IEE Q7leta 0012 7HAE 1 IS
FABkATh 34 % 60 ki/min, 35 10 Noj| thgh
314 A¥s= Fig. 79 2tk 0.01% =7k FA15-9
(a) &9, (b) 5%, (¢) &&= ¥ 2 Uehdth Fig. 7(a)

(c) Velocity distribution

Tite

’ = el topfoile] AAF FAIelA 7]7F Bola
e HG o Ak FelA gEo] AXE Ae B
o Atk Fig. 1(b)olAe AEert 71 & 94% &
i, %7 71 58S & 5 ATk Fig (0 AAFE
§ Aol £ B} BRAG AL 2 5 Ak o 7
3 A I B A el Bl A

“ ek,
: Fig. 7(d)= &14]e] aah= Fatel 39 A7}
o) e == o ARl wEl ojw@A) Wslkels AE Jebdth 3114
~ (d) Diskrotor Z axis "a¥splacement variation = g9} d50] 7leiA = e wlEbd FgH o
Fig.7 FEA results at 60 kr/min 2 FFo] oA Walsl=A] vERITE 0.002327H4]

766 | Trans. Korean Soc. Noise Vib. Eng., 29(é) : 762~769, 2019



Hyun Jang Shin et al.; 2-FSI Analysis of an Air Foil Thrust Bearing of Air Compressor for a Hydrogen Electric Car

jr

¥ oJUAIE 0.005%FH = HgEtE = A
B 4 Stk o]2lg F-io] 2-FSIE AREshHA &
T e Aok, =] AAR a5 sz
uwEpa] oW A Wslsl=A] & 4 ok HETAOE
og3lel F=e] FAE 5.2 umolal 27 F77F 10 um
oAl AFh7] wiEel] HE F=e] FAE 152 um7t
At} Diskrotor7} 2710 F43] A5k ot
Qo] HHS o|FHA SHAstE fAE Foprke=
A& &4 4 o} olu diskrotore| ZEle EIE
9.26 N-mm©]t}. Table 19| $~235}5 10N, 15N, 20N
of tigh 2-FSI a4 A& Agsiqlek 217+e] Alel
g Ao AQ = AIREE 1ARF Aol

3.56 ABHAE HO{E ET EH A
A Ase A7 Ase} vlamals) slele] A9

=
2N 39T}, Fig 8& <8 ~E Hojd BT =3

KR
=
KR
=

Table 1 Airgap, torque results of FEA according to
rpm

80 kr/min 70 kr/min 60 kr/min

Force — - -
(N) | Airgap | Torque | Airgap | Torque | Airgap | Torque

(um) | (Nmm) | (um) | (Nmm) | (um) | (Nmm)
10 | 189 | 115 | 17.1 | 104 | 153 | 926

15 15.2 132 13.7 12 122 10.8
20 12.9 14.6 11.7 134 10.4 12.1

Fig. 8 Thrust bearing torque measuring rig
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Table 2 Comparison result between test and FEA

80 kr/min 70 kr/min 60 kr/min
Force
N) Error Error Error
Test | FEA (%) Test | FEA (%) Test | FEA %)
10 | 124|115 7.3 [105]104| 1.0 | 9 |9.26(-2.9
15 |139|13.2| 5.0 [11.8] 12 |-1.7]|10.2|10.8|-5.9
20 |[15.1(14.6| 3.3 |13.1|13.4(-23|11.4]12.1]|-6.1
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