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Optimum Structural Design for Centrifugal Compressor Impeller

Yoo Jin Choi, Jun Young Song, Seung Jo Kim', Shin Hyung Kang

Key Words: Centrifugal Impeller( ¥4/ 9] &)), blade( E#fo]=)., Optimum Structural Analysis( #2772 E )

ABSTRACT

Using basic shape and aerodynamic data for the designed impeller, basic structure analysis such as stress
analysis and eigenvalue analysis was carried out. Also, we made the optimization program that was designed
for optimum thickness within the adaptive stress limits. For the structural optimum theory, we used the
BFGS(Broydon Fletcher Goldfarb Shanno) Method which is one of the searching methods. Through this
program we managed optimization of the blade. For numerical simulation, we used the optimization program
to compose Cyclic Module of NASTRAN and the Optimization Program which was implemented by C and

fortran language.
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Data Update
Analysis Processor Optimization
(NASTRAN) (dot.f)

Fig. 1 Diagram for concept of optimum design
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Fig. 2 Flowchart of multistep optimum algorithm (MPa)

34

gona MAWEs} ﬂm Jdo] wEel o o)
233 SARS FA EiE A9 AU
£ #4387 sl 2101.4 H A 31718 ¢l Homotorphy
23t @AE FAze P FF =
o ZIHow oy Bl b &
ez JgEE JlgA goezA 120098 U
89 Von Mieses #2377 50 %ol)e] oz
AR 2719 AAdEHE T2 AL
ok gk Al F/GEA AgAT 5EAe T
N7\ o AAR delelelth Wby Fx9
] ow dHAE YA 5 = 2o

2 o) 43 NASTRANS %4 4% 23}
o M S REE FoTh M F
A A4s) N9zge

¥, 4% 4% @A

@ 27 gags g

H
g
ol
N
o
3
it

32
Rl
g
s
i)
B
E)
Lo
N
i
2
rJ
o
r:‘_‘
)
s
fol
it
H
S = R o O v L oL s L B 1o R L A

o 9FH Wl Folem A
4o% BolAY Zol: Wag B AT
2 A7gata, 2 o) A9olE 2H8YS A 47
s 9 WRe Bi AF BIA EEa:
PINEL TR ol THSHo AT 53
2PN £20 MPaAE o2 Bol9ES 44
Ae bsd # AF B4 U@l 2HAL AAN
b B 99 Qo) mEEud FEges AUy
F 9 Jage AY Aol

4.1 7|12 84 siiM d

A A QT ke R, g
& 99 FA402 2UYE BYe Fdolust ga
2 9%E A8 ANT 4 JE 3 Holnde
Agag ANel AHgE fResze Bl
990 497 BRAACQUADYE H§ai5la, 2]
=9gols 047 $9S SA(CHEXA), Edol=s)
$2=) @dvEe DGl s 297 7] skl
647 $7= 2ACPENTAE A3tk & 44
G AHe 9 Y FBesE s Tale 1

P> =

m

SHIIHNED M2, HM4Z, 1999



o\, AA BHFE Table 2, Ade] BHAVE Ap) | m—

3H Table 33 ZELE}, 8 e
19e) 79 288y AgE Fig. 3 o vehied
ALY 7% v 4y

90 MPao] HFHo gk SH=RE o 300

MPa olglolal Beoj=e] Unjx] REE SRy T

400 MPaols}le] Zof ulFo] ZRAS] o & Hu

o 5 AFEo Qo] o] 2R 8 3%

7] $18) H43) *474]7} :g:;xqqa} ;

@] AeE JJ‘:HO 584, M0 MPazE ztar Eiol=

B2 gYellA < 75.‘1 <Y EE olF1 Sl

Az
2
LY
=

o

)

=y

19,

Table 1 Finite element for analysis of 1200hp mode!l impellar

Part Element Type Number of Element
Blade CQUAD4 625 y
Fillet CPENTA 9% g R1.1; ResultalR
Z Statics Analysiy
Disk CHEXA 634 T Vairutian
Biber 7l
Total number 1405 T ;::;:ﬁ::;:mlmanh
of element
Fig. 3 Result for stress analysis of 1200hp 1st stage model
Total number 1748 impellar (MPa)
of nodes
4.2 17 s oM Hat
Table 2 Design rom for 1200hp model impeliar
1st Stage 2nd Stage 3rd Stage g2 ARl AN dHE MARE A
Design rpm| 29384 40153 40153 3 8 iAo HEE k= 21 Ebssly, o= AR
o} W] gl o4 4 glo] EAstAl gt wabA 3
Table 3 Material properties for model HekE el F@gd g 2Fe) 3 v
Material Elasticity | Poisson Densi Yield | Ultimate A3 Ydukn B Aol ldshy, dgule uf s
Modulus | Ratio ty Stress |  Stress 2 AA FyAFRD A E‘}E%‘—C- ol Hasity 1
steel 197 oo | &R | 13 1206 AEs P a4 3B End 9 Byoj= mda)
. . 3
(17-4ph) | (GPa) (g/em’) | MPa) | (MPa) 3a1e HolmEle Abgste] 5148kt Table 4 = 247}
Table 4 Natural frequencies for each stage of the impellar (Hz)
Model 1st Mode Z2nd Mode 3rd Mode 4th Mode 5th Mode
15t S Blade 1.05313E+03 2.62469E+03 3.63452E+03 490147E+03 5.88667E+03
st Stage
Pie 9.99326E+02 1.45525E+03 2.44991E+03 3.33312E+03 3.67140E+03
ond S Blade 2.23233E+03 541154E+03 6.79601E+03 9.45282E+03 1.04471E+04
nd Stage
Pie 2.02533E+03 2.45166E+03 4.51067E+03 5.61936E+03 6.67459E+03
45 Blade 4.25562E+03 9.83842E+03 1.23625E+04 1.51603E+04 1.75232E+04
Jrd Stage
Pie 276717TE+03 4.07492E+03 6.717T50E+03 9.44660E+03 1L17135E+04
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(a) 1st mode (1053.134 Hz)

{d) fourth mode (4901.479 Hz)

(¢) third mode (3634.521 Hz)

(o) 2nd mode (2624.697 Hz)

{e) fitth mode (5886.679 Hz)
Fig 4 Mode shapes of 1200 hp 1st stage impellar blade
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Fig. 5 After optimization for 1200hp 1st stage impellar blade,
thickness distribution result
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Fig. 7 After optimization for 1200 hp 2nd stage impellar blade,
thickness distribution
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Fig. 8 After optimization for 1200 hp 3rd stage impellar blade,
tickness distribution
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