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Abstract To mvestigate a suitable multidisciplinary design optin ization m ethod for uih ne blade considering uncertainty,

amultidisciplinary six signa probabilistic and robust design optin ization m ethod for b ne blade was presented M ultidiscr

plinary feasible (MDF) m ethod was used to decouple themultidisciplinary analysis and second orderTay lor expansion m ethod

was employed to measure the mean and standard deviation of variables The Kriging approxin ate modelw ith updating was in-

troduced to reduce the canputational cost of MDFE. The case study shows that the proposed m ethod can m ake the design reach

the best perfom ance w ith desired reliability and robusiness The reliability and robusmess are mproved canpared to detem in-

istic mu ltidisciplinary design optin ization It ndicates that the proposed method is available and feasible for the engineering

app lication
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Table 1 Upper and lower lin its of design variables and constraints

Design variables
Optim ization constraints
Tob section Bottan section
. . B lade ti . .
. . Front A irflow . . Front A irflow ‘ e L4 Blademaxmal|Blademaxma
Front radius i . Front radius . . maxinal
Jom constnictiona nlet angle r fmm constiuctionall  mlet angle defom ation lam perature slress
" angle @ /(%) B /() ¢ angle ©, /(%) By /() : T /K O /kPa
U, /mm
U pper bound 2 000 20 000 115 000 2 400 30 000 115 000 Q 600 1310 350 000
Low er bound (1 500 10 000 100000 (0 800 20 00 100000 (000 Q000 (0 000
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Table 2 Canparison of results betw een detenm inistic and 6 signa optin ization
Initial D etem mistic optin ization 6 signa optin ization
Design variables
valies Results Resulis
Front radiusr; /mm 0 974 L 192 L 107
Front constnuctional
Top R 15 400 11 547 12 989
angle ¥, /()
section
Airflow inlet angle
R 106 630 101 753 106 142
By /(%)
Front radis ¥, /mm 1. 900 2 026 L 772
Front constructional
Bottam . 28 000 23 800 24 973
) angle /(7)
section
A irflw inlet angle
o 106 630 103 541 107. 930
By /(°)
R eliab ility R eliab ility
Qutpult variables 0 level 0 level
R Ko R o
B lade maxin al stress u 343 280 342 742 056 318 150
) Qa 570 43 13 G 25 99 99 999 996
Oua kPa o 244 715 025 1 480 48
B lade tip maximal H 0 492 1 504 0 489
o 2 670 99 24 8 000 1. 000
defomation U, . /mm o 1 039 Q001
Blade maxmal u 1 300 543 1 300 021 1 295 367
3 470 99 95 8 000 1. 000
tan peraurel .. /K o 3 047 a 203
M ininal tolal pressure u 64 519 300 60 280 497 62 481 500
Variation coeffl 13 Pb Variation coeff 9 %o
lossLoss /Pa o 9 464 496 6 080 83
Tmet/h 63 8 3775

Table 3 Sigma level as percent variation

and defects per m illion

Reliability after  Defects per

Signa R eliab ility D efects
L 5 signa m illion after
*o R Ko perm illion
shift R Fo 1. 5 signa shift
1 68 26 317 400 30 23 697 700
2 95 46 45 400 69 13 308 733
3 99 73 2 700 93 32 66 803
-+ 99 9 937 63 99 38 6 200
5 99 999 943 a 57 99 97 233
6 999 999 998 Q 002 99 99 966 314
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Fig.2 Canparison of the profile lines between detemn i istic

and 6 signa optin ization

4 & B

AICKE 6 signav] SEME SRR L A S 2
FRAAT IR G A, R B TaylorfEIFZE#EATH]
SEVE S ASAENE 7 Hr, B T — Rl H e s A Ak
SN RTINS 25 RE mT FEAE R Rk i 22 22 B A
Jiike AERAE R K rig ng MR AL A 7§
ARG L, R T 2 2R BT AT Ok S A A
FPidh AT Z 22 Bk M SRR BRI . DS i e
R O, O IR AT T SRAE, JF S E T 2 R
VR SE Rk AT T A H e RANZ T E AR B )
PFE I Fr AT SRR KRS R v S B E 1 2 S BT
FHECISAT KM BE 5, [RIB AR AL s i L, i 2 72
ARSI IR N va 1IR3 A e el ST

S 3Rk

SR, PR, SR AR AR %
FHBLH AL [ J]. %230 79 %], 2008 20(5).

[ 1]

[ 2]

[3]

[ 4]

[5]

[ 6]

[ 7]

[ 8]

[ 9]

[ 10]

[11]

[12]

[ 13]

[ 14]

[ 15]

[ 16]

TEERUE, 2530, LS, 55, M RBhHLR R M i 2
SR (M ). dE5T dE TR AR, 2007

M ahadevan § Gantt C W. Probabilistic design optin iza-
tion of amultidisciplnary systen[ R]. AHAA 2000-4807
Am npourM ohanmad A, Y oungwon Shin U, Sues Robert
H, etal A franewoik for reliability-based M DO of aero-
space systans| R]. AHA 2002-1476

H arish Agawal Renaud John E New decoupled frame-
work for reliability-based design optin ization[ J]. AHA
Journal 2006 44(7): 1524~ 1531

Fan Huj LiWeiji An efficient method for reliability=
based multidisciplinary design optin ization| J]. Chinese
Journal of A eronautics 2008 21 335~ 34Q

M atk M cDonald Sankaran M ahadevan Reliability based
design optim ization fomulations for can ponent and system
reliability| R]. AH4A 2008- 1801

X5 R, B BT e R R (T B R H
[J]. DRk (R R S E TR ), 2001
23(2): 90~ 92

loannis Doltsinis Zhan Kang Robust design of stuctures
using optm ization m ethods| J]. Canput M ethods App!l
M ech. Engrg., 2004 19% 2221~ 2237

WeiChen Allen Janet K, Kwok-Leung Tsui et al A
procedure for robust design m nin izing variations caused
by noise factors and contwl factors| J|. ASWE Journal of
M echanical D esign, 1996 1~ 35

Koch PN, YangR | GuL Design for six signa through
wbust optin ization [ J]. 2004

2G 235~ 248

Struct Multidisc Op tin,

Koch Patrick N. Probabilistic design Optin izing for six
sigma quality[ R]. AHMA 2002-1471.

ZESCM, EWE, B, . R R S 8T A
(EAEE TV [ J]. M2l 1R, 2007, 22(7).

g K&, mAT L AL, L BT Kriging 158 1 35 6
A% R B [ 1), B3l iR, 2007 22
(7): 1055~ 1059

Hsieh C C Oh K P. MARS a canputerbased method
for achieving robust systans [ C]. London: FISITA Con-
SJerence  The Integration of Design and M anufacture
1992 115~ 120

HarryM ] The nature of six signa quality[M |. [llinois

M otorola Uniwversity Press 1997,

(Ymi: 45 Bt)



