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Fig.2 Abstraction of measured contour points for cross—section
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Convex hull of measured contour points
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Fig.6 Flowchart of 2-D registration method

23 FEHMAITE

FRBIAUA L 5B AEE L A
SHIPOE{/Sey A ATEE A=K AN PN i}
W5 B T O 5 AN [R] s T R B3k
K Bl S TR A A A, T = 0 0
HEIE L, FEBAE R B S A 4
JEBEAELAAR, LIAHAR £ 8] A B B AR
FUETHEIE O . BAPBRINTE

@DE/ IR VTR 156 HEE
2(c));

(2) X A A s HE T 5

(3)IHAEFEE BT

PR B Fe R R 0N p
P2 P35 '”prné\pnﬂzpl DOy 2] P>

pz» pS’ Tty Pn’ Pn+1 i+%:EE%jJH*X%
f[rpc:
o Di t Pia
z7z 4
p.= . (10)
2 d

i=1

J—:EEP ) di ﬂ‘:’,ﬁ: Pi ;Fn;‘»]_i Pin E/‘JEE%O
DL A5 4 e v BE BB O B I

66 FMiAHIEEA - 2016 455 21 4]

A R RS G rTH L AT

HEHEHE

SRR UE AR A AR 1, AR
FAS B CAD B Z=50 #im,
AT BRI A R AR X R Y
25 W% 0.5mm, B¢ Z Bliiels 20, a0
7, 4005048 CAD B, B (a5
SR ARG BRI 1

7 J VA SCHRE AR A L
1, oK Snake FRAVE VL RIS
RS E ELEE RO
PR B AUE S T S AT 54
Mro

1 2 X ECEAE AN BN BEAIL
W2 A RNE 1 IR,

S 2 ¢ XPEE SRS AR MIE
A3A N (0,0.01 BYREHLZ AR,
AL RN 2 R,

BB 3 XPEAE AR TS IR A IE
BN (0,0.1) BEEHLEE A2,
TEAE RN 3 s,

R 1.2.3F W, Gl ddE
AFFAERZERS  FE TR S S AR
TEREIE TR W B TR T4
S 2 1 R T 5 ) i R 1R 2
BNEF,S BRI IR 2ZE BN R,

B7 THERGTEHE

Fig.7 Simulated points with known
bending and twist

P0G RN A T o T RORG
BEMS T HA 3 FhAA S s
TREB KT, Snake P HERLAE |
AL SR R B AR S A SR ORRDX
IRZEVET AT 10% , MREAAUE
AR ZE R TIX 4 Fho3s, %)
I 2 5 A0 AR 22 B A AR
FETE,

Fb % Snake #E 7 1k 5 RE 254U
B PRSI AR 2 AN
Y BTG BE Y8 T Snake 57
Bk I Snake HE7LG, 78 Lt gk n]
FITADS SO B4R, S B R B 2k 1)
JEMITRE AN R ARG 5 ™A 550 R i
BB RS i A R

®1 HAIUTHEER

Snake 5 [ 0.494 12 0.492 1.6 1.950 25
A 0.498 0.4 0.494 12 1.981 0.95
ML [ 0.499998 0.0004 0.500001 0.0002 2.0004 0.02
Ykt 0.499 0.2 0.502 0.4 2.000 <10™
PEESEUH 0.500 <107 0.500 <10 1.99997 0.0015

F2 EHPI2ITHELER

Snake F577 0.482 3.6 0.475 5.0 1.904 48
BEAUG 0.488 24 0.492 1.6 1.972 1.4
(LR ER7S 0.507 1.4 0.514 2.8 1.927 3.65
T YERCHE 0.495 1.0 0.506 12 1.978 1.1
B AU 0.504 0.8 0.508 1.6 1.911 445




Blade Manufacturing Technology Hﬁﬂﬁﬁ*

®3 HOBITHER

Snake % 0.432 13.6 0.468 6.4 1.849 7.55
RIS 0.478 4.4 0.474 52 2.039 1.95
(LEaTR=R7S 0.495 1.0 0.569 13.8 1.632 18.4
T YERLE 0.468 6.4 0.546 9.2 1.808 9.6
FEBSAUE 0.472 5.6 0.443 114 1.684 15.8

THUM ARG , i T IX AR
Rl A (ORI ) R RE
Y T AR T A A % 5 5%
LN BUR SRR R, BT LU
HAE TS A A TR 22 B AR

SRMETNEHI
R SRS AR EAT CT

A S PR 7 ALK, R R %
A5 B 0 I T B AR .
AR, BN 8 (a) iR, B
2 8 (b) i, B 8 (b) stk
S CAD $2ERZE, 2L MG 1) &
Mk, SHAE RS RILE 4.
F3 4 P IS AR T T A
22461 S AR T HHEE AR TR 2R, an

(a) MM

(b) CAD il 4 ERek

E8 HEMERINALEL
Fig.8 Location and contour lines of cross—sections for ceramic core
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Comparison of Bending and Torsion Deformation Algorithms for
Ceramic Core of Hollow Turbine Blade

ZHANG Xiandong', BU Kun', LIU Lianxi’, DOU Yangliu'
( 1. Key Laboratory of Contemporary Design and Integrated Manufacturing Technology, Ministry of Education,

Northwestern Polytechnical University, Xi’an 710072, China;
2. Beijing Xinghang Mechanical-Electrical Equipment Co., LTD, Beijing 100074, China))

[ABSTRACT]

Ceramic core is used to form the cooling channel of hollow turbine blade in investment casting process.

The bending and torsion deformations of ceramic core have direct influence on the wall thickness dimension accuracy of

turbine blade. To study bending and torsion deformation of ceramic core generating in manufacturing process, firstly, based

on the definition of bending and torsion deformations for airfoil and the structure characteristics of ceramic core, the al-

gorithms for computing bending and torsion deformations of ceramic core are studied, including contour-based methods:

Snake-model, spline-fitting method and point-based methods: Convex-hull, 2D-registration, distance-weight method. Sec-

ondly, through computing a simulated known bending and twist deformation, these five methods are compared. The com-

paring results indicate that the accuracy and stability of spline-fitting method is better than other methods.

Keywords: Ceramic core; Bending and torsion; Snake-model; Spline-fitting; Convex-hull; 2D-registration; Distance-

weight
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