DOL: http://dx.doi.org/10.5293/kfma.2013.16.2.010

= 32
@ - = ISSN (Print): 2287-9706
MITH MAMH 2EE ITTD AS oF SS5-TE AN
O|RF". ZSi@ - UZH - LAZZ" - MMY” - 2LYS"

Coupled flow-structure Analyses on the Roots Type Vacuum Pumps in
Semiconductor Fabrication Facility

Chan Lee%, Hyun Gwon Kil',
Jae Up Sim™

Key Words : Vacuum pump(Z/&* #2Z), Dynamic mesh(&% Zp,

FEM( 17312 523/ 4)

Gang Chun Kim’, Jun Gon Kim,

Il Joong Yoon™

Housing( 3}-%-73)), Rotor(8]73p, Clearance(Z}=), CED(FLH74 <8},

ABSTRACT

The present study conducts CFD analyses on the internal flow fields of roots type vacuum pumps of semiconductor

fabrication facility, and the computed CFD results for internal pressure and temperature distributions are applied to structural

analyses of the pumps. The coupled analysis results between flow and structure show that the deformation of pump structure

is mainly resulted from the thermal expansion of gas in pump, and the deformed impeller and housing produce their severe

contact and impact phenomena causing mechanical damage and fracture.
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Fig. 1 Vacuum pumping line of semiconductor
fabrication facility
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Fig. 2 Pressure and pumping speed variations of
vacuum pumping line
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Fig. 3 Vacuum pump model
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Fig. 4 Dynamic mesh of vacuum pump

@ A% PIE, Fig 3 o4 B

ol mdloln] B}

NZ T WaFos sldsks 224 A Hxolt, Bue|
rp

2]
3| A= HZ10] 3600 rpm HI2E= 5400

moF 5|A%t
ot ES AFHIZE= Fig. 29 HAAY 2304 23,
ofuf 27 HZE I, &7 23S 2.1 A ASdA 2

B}s Argat

2.3 HAGHLIE

= AtolAs " WRe dA f-soll sl #-8 CFD
AZEQ0]Q] Fluent codeE ARESIHTH® 3] 7%}9 -,-]x]
wtstol CJg) 1A Sals melel] 91 Tie. 491 20
A AA (dynamic mesh)S AFR38FITH 0.2 deg3| A& ]

11



TO=2, At=6.2x10° sec{HH 02 A} A A/ (remeshing)
3FATE pumpld} pump22] ZHE 3747} 3600 rpm, 5400
rpmO| B2 3]HF7]= k70,0167 sec, 0,011 sec7} Erh,

B e s 4REY AL A, WA, 2
A Navier—Stokes A4S o] 85ty §-5 W 2E=RHE
off thet ALksllar, E3F HT
eXAE olgsio] MY

FxAL At ARSIt 2E Fig, 3 It
Zon, f5allA(fluent) ATHE X404 HolEo] A
o)A k= FAITFRAANA (FSDS skt
FrEhe O] nodes = OF 53,0007 o] f-534] A7}
o] 2% ¢} QFH Rz} inputo] HT}, E3F AAZACRL 9
THEL O] 714 oS AL A|7] AL e} HIE Afo] €] ofgllE]
(adaptor)= $HEYFORE= U LAYFO R F2QJ0]
7FssH shelet. o] Yt AMrERdS 30k HY
QAL di7]ha} oFe= 22 C 2 AAsiyle). Eet
B4} ojFg7]eke] AHGA S 50
W/m?~-K ©& pump2+ GEE7l4 100 W/m?-K 2 44
319t} Fig. 5 = meshing® 38ta 4 HES HojZr) ()

U 242 pumple

PUMP2

Fig. 5 Finite element models of vacuum pumps

FT - MY - 8YS
Fig. 6 Pressure distribution of vacuum pumpi
Fig. 7 Temperature distribution of vacuum pump1
3. M ZHat

2 A= 3 -47) W pump27} 540°8] A3 o) pumpl
2 360° 3)AHTIERE PumpleS 7|EC 2 135° 702 AAE
A= HESH

Fig. 62 f-&alid2d7 5 o4
2EREE Uehdth o
S &2 Qlsf 7|AI7} o]EEH

U Fig, 72
W #axe) 2%
viehde 2 4 9l

o
)
s
<l
i,
£ odr
i,
5!

&



Running clearance: 0 [um]
Design clearance: 443 [ym|

Running clearance: 440 [um]
Design clearance: 445 [ym]

Running clearance: 0 [um]
Design clearance: 231 [ym]

Running clearance: 0 [um]
Design clearance: 328 [ym]

Running clearance: 0 [um]
Design clearance: 231 [ym]

Running clearance: 0 [um]
Design clearance: 231 [pm]

Fig.§ Total deformation[mm] at 280 deg and running clearance

Fig. 9 Deformation distribution of vacuum pumpf
at rotation angle of 280
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