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Optimization of high pressure turbine casing based on design for six sigma

HOU Han-li, XIONG Yan-hua, LUO An-dong, ZHOU Ying-lu, WANG Zeng

(China Gas Turbine Establishment, Chengdu 610500, China)

Abstract: Combined with greenbelt project of aero—engine HP turbine casing optimization design, thermal
match characteristics between rotor and stator was improved through optimization of high pressure turbine
casing structure to ensure the small blade tip clearance, and the application of six sigma design methods and
tools in aero—engine R & D before advanced development was introduced. The critical design factors and
transfer functions were determined through several steps: the customers’ requirement analysis, the quality
house model and the design of experiment. The requirement of the design for the product was satisfied with
simulation tools. The method used is universal and helpful for the similar design for six sigma application.
Key words: high pressure turbine casing;design for six sigma(DFSS);requirement analysis; critical

to quality(CTQ); quality house model ; design of experiment(DOE); design factor;

blade tip clearance
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e AR B AR T He BT SR AT L B R 2 A
WAt BB A5 SR B e
BR iz 2R R 7T SRR MR & 2E B R [ (PUGH) .
QFD . &40 B E S B (DOE) % T 2 )y 2 1 J
TAE.

2.1 iR 5l (Identify)

U B iz F 5 SRR R i J2 T HOR A 2 B R

BR . FEIE T RIRBI B, N R ARG FiRE

F AR HERLTE (29 H 0 A O O 9 AN I
22 ) RE AT BAAR F12 5 %8 FR T 1 0 K 0 e iy o L o 2
B, b RO IE N P RR K R EE
FER 5 MRS T A g R ] R ER ) A
Y ER IR A TR T A L A 3, 3 AR R TR
J RS R VR A SRR R P R R O 2, B
WA BRI IE N AR PR EEE N 1,

3k 7 AT 55 A TR AF T AR
VOC(i % 2z 7)), Fe e 45 38 101 i % 7 >R, 2 Fs 9 44
g 82 A T SR o EF XTI TR, B R K 2 i RE
VAT BN D B8 1 25 T Jost 7 75 oK i B AR R, IR
P H e HoAr, a5 R T
FHEPR NI 208, Az s 2 (% 1)
2.2 HEZ&(Concept)
221 &

ST A WAL A3 B TR,
XoF 6 He AL 4 A S T TR R A B Re R AT E L)
Br % 1SS AL D) e R G2 B (18] 2), B 45 T e =2
ETR R IRVARS YIS

52 I8 DFSS £ R 4%, 32 H QFDITR G AR FR4
WO EERNARIY E R EILE S
AR TP 4 350 2 D)8, T4 8 S8 DL 4H 1 1% 25 33
AR BRI A BT i e AL 2 R D R I 2K

FRAE U E TR, 01 H A PAE S AR KR
225 HoA 5 % sh AL T, 45 21 it 52 B0 22 1 g
RE SR A 12F I 5 %, TEE LR 2
A G NN W s N Ry =7 S e A R R L BRIV E 9
PR R B I H HE RS R e et T R
(1% 3), Hy e o BT B B 36 v Y 2 RS 2244k i
HEFRCY3 RI“Y6”,
222 ZE#igt

A 3 T 28, K R A AL I 4R Rl o B 2 2 1Y

1 BHpUEE
Table 1 Table of design quality

HARER S EERE RS2 H bR {E BRMEEE  RITER
21 Tl KA T . 5 WITIREAS BB = 0.45 mm 5
HILIEL U P 7%~ IS [0 BGAH 7 ly 2% Y1 3 HH B f5 Bk 5 ] B <0 5 etk
it Y2 2 B\ *18.5kg 2 2
RE F S AP R R L . & .
UL R Y3 5 GH2150 5 GH4648 2 Rt
DI (5 T A %) Y4 3 HH 1.5 % 10" N/mm 3 2y
/N JL Y5 4 /N #5 mm 3 2y
TR LB 2 Y6 5 — AV ESORS % SRA E L 1 itk
S Y7 5 U/ I R AR T1 % 0.90, 3 2y




38 PRDUHIAE « JE TS PIAS F By e TR S HLIE e A it

5 440

BRI
SRR
B JE A JIHLIE

TRFFA S E L

P R AT

ik /)

fidAnAt

2 ik AR PLIF B D fE

Fig.2 Functions of turbine casing
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Fig.4 Relationship mapping between functional system and architecture
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Fig.5 System boundary diagram of turbine casing
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Fig.6 Interface chart of subsystem
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Fig.8 Analysis results (optimization model)
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Fig.9 Interaction of blade tip clearance
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Fig.10 Main effects of blade tip clearance
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Fig.11 Residual errors of blade tip clearance
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