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Nonlinear Profile Control Method for Blade Production Process

YANG Yatang, CHEN Fumin, HE Shuai, LI Jianhua

(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A nonlinear profile control method for blade production process is proposed to deal
with the problem that the quality control of the surface contour of production process is difficult
due to the complex relationship between the profile parameters of blade body and lack of historical
data. According to three-coordinate data of blade profile, the blade body profile difference metrics
are constructed, and the index parameter extraction and standardization processing are performed
based on the measured data, which are taken as the nonlinear contour control objects. Then the
classification accuracy of the difference metrics under controlled state is considered as the
optimization goal, and the parameters of Gaussian kernel function are optimized by the adaptive
particle swarm optimization. The SVDD model is trained by combining the optimized parameters
and controlled index data to obtain the radius of the hypersphere as the control limit, and the
nonlinear profile control chart based on the hypersphere kernel-distance is constructed. The
distance between the measured contour index data point and the center of the hypersphere is
calculated to obtain the statistical point of the control chart, and then it is determine whether the
blade production process is abnormal. Compared with the traditional methods, the proposed

method can effectively characterize the comprehensive influence of the quality characteristics of
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different regions of the profile on the contour shape, and has a stronger detection ability for

abnormal fluctuation of different mean deviation to solve the difficulty of insufficient data in the

process control for small and medium-sized batch production.

Keywords: nonlinear profile control; difference metric; adaptive particle swarm optimization;

support vector data description

- Ja TR A L R IR L B = K B LA
B I B E” . i B R T SRR R S PR fE
(14 5 5 S 1H X it B 7R T A B TR R ) o A A A A T
AEE KB TGRS B 4 (SPO) L i
b it 2ok R ARG Z G 7 i e B R IR AT 0 A L I X A
R R S BT O RO R B R R . R
JERAR ) 03 R e S AR Sk A g A L ok B AU T A
P o TR P 22 2 02 2% o 24 0 A5 1T AR - Je T S Y ) AR 2k
PEES R o SE bR R S AR e Sl A = AR AR
Bt 0y - B BULR AT SRAE L O b Ak T AR R AR e
X I By Y 2 R AT AR 2 R 8 4 1R 2 R
LY

AN F AL B R e RO AR AR R B ROk 15
W AR 7 B T N g AR R T (] — 2 TS [ 9
THT 7 B ) L2k HAT RS S BOR — B4 i ik
T W P 2R 7 a A A ) PP A AE DA B TR A DI B
AN TR B I A Y 2 1 B MLAR 2 B0 22 S 1 4T
BA—EGOE T I R R B S R Ml
Lot Ir ZEAG AN HE . X T AR 1 AR R W] 2 I 2
Fo AR v 5 R A RO AR T TR N R A% 22
i R SRR AR A L T B AN TR B 2 28 Ok 1Y
LR A Jim A o] B S it B E A . AR SRR R
PRI AR TR SR R S5 E TSR EW
Fle X FE 2 AN AR SCHRL7 151 AR 2 805 &4l
Ao BV Ao P o e N R AU T X R AR
I 55 REAS B B R AT X LU SR A% 48 PR 17 1] Jit B AL
M 2 T O 22 W L A AR 2 BRI 5 SRR 8 145 Hh
6 b T 22 5 B D7 L o RS R AR AR S
LU E A8 T 2 10 A 92 it M 9 L g AR T SR T S
it .

HET B IRWESE L SCHRL TAR 5 7 IR A 5 B A o
L5 M B R 2k () Y D 22 B (EL AR O e L S e
G A BRI AT T o0 Tk R O AR R 00 Tk
TIEAEBRAm B P s b B A Rk . iR T 22 e
A LR RS R ) D vk L — o B BE L T sl e D AR
B R T 5 B G T S A T A o TR AL X
T A e A SRR O JAK 5 b e LA 4 1 R AR - B
e B B AN [] DX Il 5 A L L 220 T A [ R

http: // zkxb. xjtu. edu. cn

FOVF BRI TN 2 5 [ B A3 3 3 4 15 S 0 s 2 4 A A1)
W7 5 S L TC IR A M A R A B MR RS

B N T8 AR 0 & R SRR 1) AL (SVMD
N T2 9 45 CANND WY S5 50 G 30 ik 19 81 1 32 B
Mo SCERCI20R T SVM Xl 46 B il i 1o 7 26 1 48
JE JB ek E AT W, SVM AR S o ARk T B AR
TE B 5 1 P FIRE A RS X T R R R AR R Y
A BEIE N GE s Sk [ 13048 th —Fh ANN B3k
T Al 2P e A I I (T O 1 g s

25 b T AU AL bR B L AR SCHR Y — i
PR FRAE R AR B vk . A B AR R OC
BT R P AR AR, RO RE ML AR — M 5k
(RANSAC) J 5 85 3 {8 vk i 47 - B 78 2k X 3 ) 4
SRS HE A AR G B S B 2R 04 i 22 6 O 2E AT bR vfE 1L
AR 5 SR R & R BE S 3R 4k SVDD &
B, FE T IE R S AR AR B U1 ol R R B by
LR s o Tl s e U T R TR AR B R BR A
(N A HE B S AR e AR RS W . DUR B ML
F A ek AR N X H AL B8 £ ot i O i AR SO
A A5 R F AT - B 25 28 A [ 1X 388 ok 2 AR AE %o 8 T IR
I ZEE 52 IR AN SO B8 B0/ N BB R A oA A 1Y
SEE RN BE s FLIE FF rh /NG A R e T Bl
wA BN

1 By R AR B 72 S JEE SR 1 B A

KA R BT I B A8 2 A [ XI5 R I 6 8 T AR
MIFZIR 2 2% i 25 i 7 & A5 i HB 5647-98 K AH
KA BRI Sk T I AR EE
febm, T ik R AR 7= ol R A A BOR AR MR, Wk ]
7
1.1 MEREXEXS

S i B A ER = A b 0 A A ) A AR O B
RYLR AR R B IS o0 i F E 2E VAT LS S 4 A
X ol X B 4 8 A7 R D R S5 A X SR AN B 1 R

B rp g B T2, B T S A AR R AT
NURBS M-I 5 i . A4 i B 28 25 44 45
S B — R R 2 IR 43 O s R B RN




S L A R A o R Y e R A S A o O R B S 93

K1 " HRXEFEZHKT

7% 5 R AIE 2 8L (e
[IE 3= FNS-ZNTF- qar +qa
JR SRR R /M 2 ha sha
-5 d5e K o/ i 22 bar Daz
- A K /)M i 2% pavsba

R %E E.,

T NS $ Eq

11 FR 22 E.

@]

Py Py, X
B1 B B2 25 X BRI R R

LA SR S € R B R N L S S €
BT X BRI/ S Py R RS Py 1E B
(R 0 S ARG B A0 WL L 1) 5 358 T 5 A AR 508 2
A B W AB R HEI S B HES B9 A S A
BT A B S SR B B2k PP, W KIE S da
Fody A7 da=>dy S A Rk E5dE . 5% B
- 25 20

B2 H R BRI R . A A T
B R EGER Ay R R L AR LAR AT R B 4 .

YR 3T JE SRR R U 2k . AR 5 RANSAC
SR IR AT L J5 2 K 55 b o 0 3 3 )R T AT
Ji 181 9IRS A

VLTS B8 R 9] i e ik AR F

(1) ] 1 115 2 R 90T Ja 5 A B0 n, 318K
Frig N=0.#IRES IR X X, .

(2) BEHL W) 46 T S B0 A v I 3 S A AL AL
Ay Ff R H B E LG O B R, .

TR n AR AR B O, /YR
BR.ERYSR MERLEIE ;LR HE o=
0. 05, e<<e, WM &SUJE F AT 2 B INECHE 4 X 5n 1K
TR & F 10 B B s B0l V

http: // zkxb. xjtu. edu. cn

WWHR V>N, N4 N=V,.X,=X,. 1t EE
X, ={}
(5) 25 RF R TG 2% A B 3 AN B8 w4 HE 5]
WA I TE n DEHE b SR - B S O R
r=V\VI VL, /A (O
6 RUH r Tl 5 07 rh i) — 2B i
W~k KRG 5B R H)E T & E I
B X, A 3 AT SR S A X, .
AR A4t B RVZR X BORE R 4 B AT S S A
B W) iy 4 K it S0 4R Th S B A5 SRS i DX B
VG
1.2 BEREREEERSHITE
HR A ] P B RFE L2 ) A9 P R o A 3 1T Y
A DG A I S ARl AT . = A R 0 S AL BE 22 AR AT
B 1y B A2 d KR RE S i DL MR
KX 4 ANFRE S JF 115 B (E S 50 I Y 2=
VE R 22 5 FE s e An Al . BRIt 76 400 40 4 1) ot B AR
BRI AR RIPRAS A EFER
T bR R A vk
VA2 L5 M A T BRIE B 2R A I 22 i (. A
Eioix = sdnixs Ewin = 5d in (2)
K s Evie B ZEWAE (TR TS H qu~qee X
By o) 55 R A 25 AR AL B 5 v ~ i 9 T 2 251 22 3]
e AR E . X (2 h & SBOR M Ik 1]
Z: MR 7 A T K R SCHRL16 ]
P& T R 22 S B AR AR, DL AR TE B S S S0 e
By UL ZIAVRE OG0 R T B L 5 b 45 080 T L 9 A
SRR, fEbnaE XnF
E. = (S, —S)/S, (3
Kr:S) & S, 43 Sy AU L P L i AR . 3% i AR Y Sk
I Ko B0 B4 Sl L R Y 514 #1 B A 45 (NURBS) (i
LA 5 FIH MATLAB (¥ polyarea RT3,
1.3 kRN IR
- 7R T AN ] e R A DX 3k A A RO R A R
[F] s FLARFAE Z 500 0 T 26 SR WA — 20, it 22
S JE AR AR AT PR AL AL B L AR HE AL S T 25 R
A
U—D
KA RNTNE SPRAEE R 2:U 5 D 43 5%
I F8 B JoT o AR R 1 RIS BB AT BAS SRR

2 HETRL I R B0 IR L e 4 o A

Xt T BAT 2 0RE R 0 7 b A 20 0 O A% A
oA — O ] 77 1 AT O e A ) 2 0 O RIR A R

E = €]




94 [ . ]

Ko

1 554 &

R

FR B4R A 22 o0 g3t 45 i BELie (MSPC) it
Fraf R MSPC i i il 2 28 ik i) i A
M 7 IR A TE A 23 A (B FL GOk Ao % 5 AL Y
Y S R I R R . i B AR LA 11 A R
22 5 PER AR - AR AR (A7 AE A O 5 R A 2% LB o A
A SR AS A D 1 B S e MSPC Y38
A P BR . % 1 2 SVDD 53k B AT Xt Bodle o1 A
o TG EER BN G5 B 75 SR A D i a5 AR SCAE &
SVDD 83k, 1A e 7 A% pR B8, b i 1 A% B B 1 AR
A e e 47 o 12T DT 37 A5 58 MISPC 42 1 7 1 11
SRy R
2.1 ZHFmEHERHEEZ

SR ) R A AR BB (SVDD) & —Fh B T 3
5 ] i LIRS A R R Y A (E 4 2SO i R
MR —A P a R R R /N SR EOH BR R
F ORI R Z W adiid x5 X #as7Em .

BE X & n DR m B HARSE YN GRAEAS , /I

X =[xy srsay, J(i=1,2,,n), & LZBEER
AR 1) 5 46 AU g

F(R.,a) = R? (5)
R 2% 14

| Xi—al’<R (6)

oAy 3 B DR U A A ) BRI T e o 5 T R AR
B A 18] E‘Jﬂﬁx%ﬁﬁmﬁiﬁﬁﬁj\ﬁméﬂl,ﬁﬁt%l/\1%
SR & I I iR R A 4

min F(R.a.8) = R +C> ¢
i=1

s.t. || Xi—al?

P= 1.2,

s C S AE T R B0 XA o FEAS IR S AR
IPEH]

5| A Lagrange pfi

<R2+a,a>o,[ 0

i 2 B 1

B e Sy TC 2 R A AL R B

L(R.a.a»7:8) = R*+CD 6 — D a(R +&—
=1 =1

IX —all®— > 7 (8
i=1

H H:Lagrange 3 1 o, =0,7, =0,
St LS ER ca K & SRR S8R S H R
0, /] DT %

(714_ n
aR_Ol Zai:l l
=

L _

da a = EaiX, (9)
oL , | i=1 |

2¢

http: // zkxb. xjtu. edu. cn

B QD RAZ Q3 IF A ALy XA 7] 2 15
maxL = Ea(x X)—EZM (X, » X))

i=1 j=

1o

W AR s e 23 )38 55 A % L AR A Vapnik B

PEFLIET SRR k(s x DR N EL(X, » X0
PEAT I X (10) A2 Sy

maxL = ZaiQf.i*aTQa l

s. t. ia; =1, 0o, <C, i = 1,2,...”7J
(1D
X Q WA . e ey — R R A Xk AT

*%vﬂﬁg‘ﬁ-i{jtﬁg a:(m s Q29" sy )7,\EF'(W§E O<
a;<<C W a; XL x, BN SRR &
AR AR R AR AT 2 S i xR Y D

R = R(x,.xy) —ZZa,k(X,v,xsv) +

ZZaak(X X)) (12)

i=1 j=

2.2 gﬁzﬂﬁaa’ﬁtﬁ'ﬁi BB 3% i B i% it

FE T R B 0 A L A R A ] 1 e B AL
P AR 2 A0 S R T B LA O S BB 3 A3
gy WA K 2 TR .

- APSOfLiEAR XS4
A [P Fr AR 2R MR R 4 il
Finf raem |2SE +SVDD) [;gyi ;nir-"-%"-b"i“'.
R AT e [ s | D, |
e _ﬁ_*:ﬁ_@i)”_”“ B
L SRR - !
an ‘lm::-—o !
Pl : !
RS |
'___E_’EE_LE‘J_&?_J
WA R
s bk P B D,

2 TR B R AR 2k Ak e e 1 ] 1A B R AR

X TEH AR RS TR i R AR B Y 2% S B
TR b B AT AR ME AL A B S Ll i APSO J SVDD
SRR R A bR B 2 15 B IE E RS TR i Bk
SR Foa., & SUBIRIK R4 R Jy i i #5 di BR .
XoF A M A AR A L T 5E L B R R R0 B A% PR
BIE DR TR 2 i TS I 22 0T 1 AR AR 2 80
Sy — Y A i DA S A e A AR R e P
2.2.1 d=dlARss & A4 H Rk MRS SVDD &
B RS BRAARAZ IR B D, A R AR 2 X
R BR AR Y A% R B A g i A R AR s L B

D, (z) =




%84l

S L A R A o R Y e R A S A o O R B S 95

\//z(z,z) — 2> a0k (X2 + D) Dlaak (X X))
i=1

(13)

P BR a] 5 S <l o Dy s A G R AR RS

T A R0 A U i 2 R AR AR I T L 4 N R R
WH . R R T

Co =R = (k(x,.x.) — 2> ak(X;»x,) T
i=1

DD aak (XX
C.L=0 {
(14)

Xt FMPRAEA 2, A7 Q0 F PSR R 4K

f(x) =R—D, (15)
M f(2) =0 W Kos HEGAE > B T2 AR,
0 AR ok R R A IS .
2.2.2 X TF APSO w9t A ## H A (13)
L) AT RN 458 il b 22 i B 4 o PR ) A 32 22 Rk T
A ER PR A I 25 v 1 4% pRER k(o xp) B SR )
oo WUE 5 7R R C MG, 75 28 S X % pR A
AT HEFE,

W A% eRER 5y Sy e 0T AR ) A% oA B 22 A%
PRI LA S Sigmoid B pRi%k 3 Fr, it B AIZE JE TAEZ
PEFE 5 FL BT 5 5 R 2 8O O PE &2 A AR A B Th Y
Lt i 0 ZAE LR AT . H AT SR, = B AR 1
FEAZ R B A AT 52 IR 2 e S5 [m] S T A5 A 3
FEEA HA A BECHE  h AR SR R T A R A
#AT I, Rk

k(x;vx;)) =exp(— || x;—x; | ?/25°) (16)
Ko HE v B S80I, & T R3S 4k
o MAETT R E C J2& SVDD BRI i 75 21 5 1 0%
HITR ST o L C #T b #E

U TAL G S 48 R T B RORAR 32 0 o0 0
SRR AR SCHRE Y — Bl DA OE 5 I 3 RE A 7% E 45 4 R
A HE R R o B AR 9 SVDD S50 7 1. 23

B R T
S 1 s SUE I RN
. . Ci
f =gl O =" 6 an

K G Cou HIRA 6.C ZH0U %1551 1) SVDD #
B ep e 0 RE A Y TR BRI A B

R 2: MR, RSB E N o.Cohi
FTHREEE Ry P=[N,, -, N, J. N, =[X,,
Vi JU=1,2, ) FRA KB F RS M Bk 07

http: // zkxb. xjtu. edu. cn

= RE 2 s 4 (= 2) 38 22 25 ] ok T4
AT RIR N X =[xy sz ] Vi= oo .

IR 3RS E . YIHMAEEE n=>50, &
AREL R = 50 Bt KA w0 = 0. 9 e /MUTE w0
=0.2, A I F o, =0. 5. B R E I H F ¢, =
0. 5344 o K C M HBUEIL ™ % o J C WAL
BESHIBAENE 30 R x, = [, 2t J=[0.01,
3] ae="[aip™, i J=[0. 02,2 ], W 3 BE Z: 506 [
KT8 SH) KRB A

v,=b(xh™*— ") s ve=b(aB—ap™) (18)
.6 BLO0.15, 8 v, =[] —0.45,0.45 ], vo =
[—0.297,0.297],

R A WU AL AP e ST R KRR

Xi = [zh,z2i]; Vi = [vfi.up] (19

PR 5 K 25 R AR I R (17D
oh L I R AR g s e RS N B S R AR D R
T RV B X s TR R e Al N A S AR
AR E X

YR 6 AR R A AR K R0 RE D SR A A A A
RO HHORL T HURE L TR RS k1 UG AR R kLT
BN

Vit = w'Vi + o r(X) — XD+ er (X0 — X))
20)
Kfer O DR BENLEL " il 5 5 A A R
S5 e TV B A 3 O A
W = Wiy — R (Wi = Wnin ) / R 21
[T S ST = R AR o VAN W)
Xt = X; +vi! (22)

AR T Ry PR BRI i S R HL R e Bk A AR
e Xk 0 S R R A R AT AR B B

Vi = {V“‘“’Vf =V (23)
Vmin ’Vf+l < Vmin

X — {X» 1= X
Xmin ’X§Vl < Xmin

IR 8 AL IR 5~7 ko K> BB 5T AL
A5 20 B RE D 5B fe RIS N BE RN B A 2 2R ME B R, B
Xof R R D R B R e AR S 8 o K C

3 i HA M KT iE R

DL e ILAE 2L it 4 v B R i o T e e D
191 B T Z2 TR B 25 S E B AR AR AR AT 0T 7 AR R i AR
AEL PR B ) O S A G T 2 oo fa il 18 & Bt
X AR (A /IR RS (1) MEWMA $ 1] 18] 47 X
FU » Sk T 4 T vk AT bk

24




96 75

Jard
S
&

R
4

I %54 8

3.1 EFIBEE

P AR B 100 45 0E I TR AT i A 4%
AR FRBCHE L FR IR 11~ 1.3 35 T R A AR Y AT b
BEL A5 5] 100 21 b o i) Y2 40 0 22 5 AR R
BT TOAL B S 0 1E AR AR R R A S R B
VR EAT SVDD B S BB

(OREAKR 53 . HCHE B 25 27 2 - B4 3l 43 T 0]
M 100 L AEA Hr Al B 70 204 R I 2545 R F 30 41
P 5 .

(2)3E I R A . a2, 2.2 WREXN S8 6.
C AT MG  Hoh 38 1 sRBO T L FE 0 K X (19)
BEMLA: B 2450 o S C ARA 70 4 IE 5 FE AR . 3%
B (12) k47 SVDD BRI 2k . 38k BUB BR 1K 24 R
Fea s8R J5 2R FH 20 (13) 31 55 g 4 0l A 1) 1 Bk A
rhC B A% BE R OF 0 DR A R IR R 30 4
ISR RE A 52 J I T I+ 3R (8] 30 £ I RE AR Ak T 45 il
FEL P ) L A9 A Sy 224 i AR 3

(D BERFEM . P LR R, 58 S AR
TR i A 365 1 B T L O 45 2 (200 (22) B3 Bl B bL
T o C W7 B K iE AT — A% AR A s 2 1%
FRBOH L ko =50 B, 457 148 -, 4 1 77 50 b B e
FE3E FH R R HC BT o ) e A A7 A

Si A 38 0B A S T T A R Ok« DA I A A R O
RS o K C FrilZrny) SVDD A5 R 1 15 2] i) i Bk
P42 R A Al B, 1E % FEAS B A9 32 R4S
T iff 40 U S A AR A

gt T APSO 4005 1 6T L W A% 18 2Rk
7 SVDD # 8 B8k, APSO i 2 A0 1k 1 72
iR AR A g & 3 & 4 FroR . s HE £k 45 S an
Bl 5 Fios . % 2 25 ot I i B Ak 2 85018 B dwe A58 1

FEXT HL 45 2R .
1.000 - o
AR
Kauininhding \ \ 'l
| V!
1 1]
0.990F i I
|
!
= ! I KIE L JE
2 0.980F 1 il 7P CY 53
] i
1
1
|
0970 ,'
1
/
'
0.960 : L ; v y
0 10 20 30 40 50
IEARIREL

3 A N T R s kA 2R

GEETIDON AT Kl =i VP € BT VA R DO W
HREAS 1 52 15 MR 25 5 F WA 99. 6206, T I A%

http: // zkxb. xjtu. edu. cn

=)

MASHE R

C

B 5 R Ry RS E e s E

Q50 AA 95. 26 0 5 H 3 R T B IE 1 AR
35 QR - VI ZRES R (4 32938 B {H & 2588 IF 5 i
ROE W7 JEE (ELFH 55 o 3 B e 10 A

# 2 SVDD B S B ARAL T ik 2k

e ’ HEB 2R/ %
[ 3 kLT B 1. 559 0. 026 99. 62
) 4% Jl 43 0.943 0.416 95. 26

R AR SCR A RS 50 R 1. 559 AT &
¥ C S 0.026 1ER SVDD &Il 25 2 80, 86 4 =X
(O ADA2) A FHEAAF B AL 0 B AR = R
A2k e 3 G PR Cy =0. 0132, C =0, 7EIL
PR T S X 1E 8 AR 7 A A BN 14 32 45 bR S 0 G o
B y k99, 62%, MR H a=1—y=0.38%.,
BT LA AR 2 M 4 0 4 ) Y 2 oK A T B 0 AT B
K

L, =L =263.2 (25)

3.2 FiEXTEE

ERIEATEER LR R R e ) B
BRAR Ay h Z i AT Lo AR Yy
IBATHER Ly o Lo BUOR RS i B 52 45 I 4 o) (BT AR
PEBR T X I RO DR R Ly BN R R
i) PR A 7 o AR S U B0 AR R R T R R xS 4R
HION TR FE S Y i

b 545 Bt 22 e 4R i Oy i AT PR RE XS HE DL BT 4




%84l

S L A R A o R Y e R A S A o O R B S 97

JREITEAR R0 Ly R i, RIS 22Xt b, 3K
BUE® AT IRET T & MEWMA # i K 7E Lo~
263 B A 4R B o O B T o 4 i BR A7 06 b A R R
A S IR RS I ) R AP s AT R Ly

H A 9 T I 5 s S 100 21, TG Rl 2
L {5 0 75 8080 &, DR RS 47 L AR B 200 41 1F % #F
A, A A B Y S TE R R A R 100 SR AR Y
20 000 4™ 2 o X it 22 223 1 7 B, S5 SR ] 6 FTos
AR 22 Y 12 ] 0. 056 9. FRifEDE 6’ 0.024 1,

200
150
= 100

50f

0
-0.10 -0.05 0.00 0.05 0.10 0.15
i % /mm

P 6 TE IR A S I R 2% A 22 B

i IE A4 N(0. 056 9,0. 024 1°) BEHLAE B 200
20 A 2 3 o PR A S B T R R L B 1 B
BT MR R AR A, 5 A3 Lo~263 B}, T* £
HIBR H=27.54 MEWMA £l R H=25. 18,

I BEALEAU 7353158 Ly X B A SO 4 J7 125
5 R W R O 2 0 A A B R .

B R AR, T AR SR R
i X LAUSCER o DR I AR 8 A 77 2 R B S L R AR
W2 WA Au=00" (i & R % 6=0.25,0.5,
1,1.5,2,2. 5 KAEIER 53 5 LES 5 i S8 (et
Do) B HE L 400 L 22 , I8 S A A
RV A R, B A AR AR 1 2,48 200 it

PR 28R AL 3, AR HUbR MEAL IS B 25 R e

BARECH 20, AR A A 11 R R AR ER .

YR 3 A T i RN AR 25 DNREAR T IR R A
ezl 43 A AT 3 s il Oy vk AT B i L TR
R T iR EARE s8R L.

YR A ELT IR 2 TR OB R EL 2 000 IR,
BT EEERICH Ligisi=1,+,2 0005£=1,2,3
B Fi 7

R S AT E ARG R T R ERE Y2

2 000

S e LA _ 1
TTHEK Ly, = m;lll.k,i o

http: // zkxb. xjtu. edu. cn

3.3 &BRaMm

TEAR R EE BRSO T » R A S5 ik b 4t
Z U J5 15 03 ) BEAT W By R LR AR 2 M 8 B 4 A
D7 HAREN 3 Bl A 5] 2 ) 7 i 10 R 41 B s AT i K
Ly e 7 pros - Xia 7 i K Bl n sk 3
IR

300
250

200 | ,
—k— Tl
150 F —A— MEWMA$s i
—— KI5k

100 -

50
0 L A = 3
0.0 0.5 1.0 1.5 2.0 2.5

7 R T s AT BE R R L

23 RBEEHFEEF4EKGTILER

s t R/ N

T? MEWMA A5 ¥k

0. 00 262.600  262.800  263. 200

0.25 136.285  79.823 28. 627 64. 14

0.50 63. 752 40. 635 17.919 55. 90

1. 00 14. 551 11. 273 5. 804 48.51

1. 50 4. 504 4.137 2. 690 34. 98

2. 00 2.025 2.126 1. 520 24. 94

2. 50 1.132 1. 346 1. 010 10. 78

N 3 T LUA Y« 7 i B 2 0 AR /M i 7% 1Y
THOLT  MEWMA 45 il B #9535 K 0 B A T
T o] 1A 024 3 7 5 D i B 1 MEWMA $28 il
P /N R R O S OB ) e T
P B PEBE DL T MEWMA 5 il ] 5 AR 3075 3k 18 4%
i 7% 36 B P A S R SRR B O T A P R O i
AT kAL T 4 i 1 AR /N B T Y S G T AN
S MEWMA 2 ] [ x5 i % 57 6 0 5 ) 1 1)
[F]

4zt B

i Ao e A I By R 2 A % SRR AR L BRS
$U A% o B R S AR 1) B i R O R S B TR
BRI R A o A AR LM B R W O L OF S AR 4
AT R, EEESBWT .

CIOAR I B 70 2 25 M) R i R 11 R 2




98 (LT 1 R N SO SO 14 %54 %

S BE AR AR 5 BT I AR AR B L B A X s R ) 60-64.

R BERRAR bR R 22 H 5005 15 SL AR bR fe j A D61 PRER. BREFES. M1 22 it i/ 247 9 DL S0 2 25

LA 5 0 4 124 95 95 5 PR BERT7E L. PRSI 2019, 5560

. . § v A 2 17-22.

(2) i 1 <2 4 0 B R 0 T 4 0 R e .

B 5 R A TR g 2 P B T L 3 DA CHEN Xin, CHEN Fumin. Bayesian dynamic quality
. e N control method for multi-variety and small batch pro-

. 2 1 " >t Ny % Al e 4

P RE A I R A O 6 B R A Oy e 2 duction [J]. Journal of Xi’an Jiaotong University,
M 472 05k FEL R A K B

i HEAT L R A S W o 2019, 53(6); 17-22.

(DT [N TR LM S RIS (7] VAGHEFI A. TAJBAKHSH S D. NOOROSSANA
BT R B 5 WA R o3 T TR AT X E L 1R R. Phase II monitoring of nonlinear profiles [J]. Com-
T B BR AR Y ,1§?§ﬁ?u{gllt§UHEi1jﬂﬁi+‘@ﬁEo munications in Statistics-theory and Methods, 2009,

O S350 B 3 B0 3 BLAT /N BEASE 14 38D 1834-1851.

(R S T SR B AL 5 75 R 7E PN B R PR R R R [8] ZHANG Y, HE Z, FANG J T, et al. Nonparametric

TS5 B0 142 1 ) 5 e 5 A AR Y 1 ) control scheme for monitoring phase Il nonlinear pro-

\ S N N files with varied argument values [ J]. Chinese Journal
5y Y ¢ D A1 3% | b Bl =

(5 S BAAE A STy 1 B D 2028 R ot varted rument welues . Chinese I
L L1 0 2 44 150 8 A, 15 £ 5 i 0 o 4 T 2 B

N A To7 gL B8 J B BB 7 B (D).
3 {1 EL Al kA b A 3 . . , o .
IRAE A D AS T S0 K I Ty I I TSI BT (07 pegs . k. S 0 L 6O % B 0L AR 2 0
/MRS T R AE & 6 N AR AR SR 1], V64925830 K224 4) . 2007, 41(9): 1124-1126.
Jr A et AR B T Al A TANG Hao, QU Liangsheng. Fault diagnosis of en-

gine based on support vector machine [J]. Journal of

S STk Xi’an Jiaotong University, 2007, 41(9). 1124-1126.

[1] CHEN Lei, LI Bing, JIANG Zhuangde, et al. Param- [11] HOSSEINIFARD S Z, ABDOLLAHIAN M, ZEEP-
eter extraction of featured section in turbine blade in- HONGSEKUL P. Application of artificial neural net-
spection [C]//2010 TEEE International Conference on works in linear profile monitoring [ J]. Expert Systems
Automation and Logistics. Piscataway, NJ, USA. with Applications. 2011, 38(5): 4920-4928.

IEEE. 2010: 501-505. [12] MOGUERZA ] M, MUNOZ A, PSARAKIS S. Moni-
(2] YANG Xu. LIU Xiaolong. LIU Jiming, et al. Matc- toring nonlinear profiles using support vector machines

hing algorithm for profile error calculation of blade [M]// Lecture Notes in Computer Science: Volume

surface [J]. Advanced Materials Research, 2016, 4756. Berlin, Germany: Springer, 2007; 574-583.

1136. 630-635 [13] PAPOUTSIDAKIS M G, PIPE A G, CHAMILOTH-
(3] KHEDMATI M, NIAKI S T A. Monitoring simple ORIS G E. A supervised learning method of neural

linear profiles in multistage processes by a MaxEWMA networks in a non-linear and time depended control

control chart [J]. Computers & Industrial Engineer- process [ C]// 21st Mediterranean Conference on Con-
ing. 2016, 98, 125-143 trol and Automation. Piscataway, NJ, USA. IEEE,
- TR p — 2013: 1526-1531.

CAT A0 BRES RS B 5. 36T 2 BB B9 1 o o 013: 1926193 ‘
T T2 P [J]. 79 % 5838 K= 2% 4, 2019, 53 [14] BEEEWE, 22 rIH, FBRUE. T b JORRAE 1 239 09 3%
(10), 135-142 BRI S8t [T #EsEs A, 2007, 28(6) .
HE Shuai. CHEN Fumin, YANG Yatang. et al. Ma- 697610. 656 _
chining error evaluation of free-form surface based on YU Kuahai, LI Lizhou, YUE Zhufeng. Parametric de-
point cloudy data [J7. Journal of Xi’an Jiaotong Uni- sign for cooling turbine blades based on analytic and

ity. 2019, 53(10), 135-142 feature modeling [J]. Journal of Propulsion Technolo-
versity, s O : o-l4Z.
, 2007, 2 . 637- , 656.
(5] A, SLURIA. T ML) i B2 09 B LS )7 - 2007 28(0): B3T010. 630
[15] MA Wengqi, LIU Shugui. The research on the methods

EWESE [J]. MLAR TR 23R . 2001, 37(8): 60-64.
YU Zhonghua, WU Zhaotong. Algorithm of quality
control in small batch manufacturing process [J]. Chi-

nese Journal of Mechanical Engineering, 2001, 37(8) :

http: // zkxb. xjtu. edu. cn

of the aero engine blades evaluation [J]. Applied Me-
chanics and Materials, 2013, 333-335(1);: 322-326.

CREEEE 162 50)




R

1 554 &

[13]

[14]

38-44.

QIAO Yang, DU Liping. XIAO Dongguang. A com-
parative study of different polarity chromatographic
column in analysis of aroma components in black tea
[J]. Journal of Tea Science, 2016, 36(1) . 38-44.
CAOQO Jianping, WESCHLER C J, LUO Jiajun, et al.
Cm-history method, a novel approach to simultaneous-
ly measure source and sink parameters important for
estimating indoor exposures to phthalates [J]. Envi-
ronmental Science & Technology, 2016, 50(2) . 825-
834.

XIONG Jianyin, CAO Jianping, ZHANG Yinping.
Early stage C-history method: rapid and accurate de-
termination of the key SVOC emission or sorption pa-

rameters of indoor materials [J]. Building and Envi-

ronment, 2016, 95. 314-321.

(16]

[17]

Building and Environment, 2018, 143. 570-578.

WA, HIEN, BONAE. BN E D A A LR R
WO [T, dbsipoll K% 24k, 2011, 33
(3): 111-114.

SHEN Jun, CAO Lianying, HUANG Zhanhua. Emis-
sion characteristics of volatile organic compounds of
building materials in small airtight chamber [J]. Jour-
nal of Beijing Forestry University, 2011, 33(3); 111-
114.

MMEAR KRBT, EBRAE. S FE D w0 A
VOC HUE ¥ 1 [J] AR KM CH BB 2 MO .
2004, 44(6) . 778-781.

ZENG Haidong, ZHANG Yinping, WANG Qingyuan,
et al. Measuring VOC emission characteristics of
building materials in an airtight chamber [J]. Journal

of Tsinghua University (Science and Technology),

[15] ZHANG Xu, CAO Jianping, WEI Jingya, et al. Im- 2004, 44(6) . 778-781.
proved C-history method for rapidly and accurately (e HFX)
measuring the characteristic parameters of formalde-
hyde/VOCs emitted from building materials [J].

L35 98 30

(16 fayib, BRar R, A, 55, B A0 28 40 3 B 0T 2 2018, 24(11) . 2725-2733.
BArse [J). W48 R4, 2019, 53(8): 175- [21] LI Mi, CHEN Huan, WANG Xiaodong, et al. An im-
182. proved particle swarm optimization algorithm with
HE Shuai, CHEN Fumin, LI Jianhua, et al. Profile adaptive inertia weights [J]. International Journal of

[17]

(18]

[19]

(20]

evaluation method for blade pattern [J]. Journal of
Xi’an Jiaotong University, 2019, 53(8): 175-182.
BB, Wi e, WAE. Zo b AR R e 5 0k
[M]. dbat: i3 Toll i RRAt, 2017 142-153.

TAX D M J, DUIN R P W. Support vector data de-
scription [ J]. Machine Learning, 2004, 54 (1) 45-
66.

GANI W, LIMAM M. Performance evaluation of one-
class classification-based control charts through an in-
dustrial application [J]. Quality and Reliability Engi-
neering International, 2013, 29(6): 841-854.

BT, BN, T ST ) o BN B A 0 TR A A
sk L], dH LR Ui 3 R 48, 2018, 24(11) .
2725-2733.

WU Qianhui, HUANG Biqing. Remaining useful life
prediction based on support vector data description

[J7.

Computer Integrated Manufacturing Systems,

[22]

[23]

http: // zkxb. xjtu. edu. cn

Information Technology and Decision Making, 2019,
18(3): 833-866.

FARAZ A, HEUCHENNE C, SANIGA E. Optimal
T2Control chart with a double sampling scheme-an al-
ternative to the MEWMA chart [J]. Quality and Reli-
ability Engineering International, 2012, 28(7): 751-
760.

HOME, sk, TRIREE. . 2Tl il B i M ARt
ortr 53 ee (] +H S P4 il 8 R ge, 2017, 23
(11) . 2335-2343.

ZHENG Hui, ZHANG Wei, ZHANG Junxia, et al.
Performance comparison and selection of multi-variate
adaptive control chart [J]. Computer Integrated Man-

ufacturing Systems, 2017, 23(11). 2335-2343.
(i A F A




