F10HF I
2007 & 6 A

M ¥ ¥ W
JOURNAL OF MANAGEMENT SCIENCES IN CHINA

P 000 http://www.cqvip.com]

Vol.10 No.3
Jun. 2007

T MVA SIS RENEMNERR AR

7 A, L2,

:%’:l:\!}"%:ly —%;éllél

(1. RBRFEHERE T TRR, K 300072; 2. FERMKEMS TEZERE T THER, XHE 300300)

WE: AROLERASIRLLEALL—EFR, EHAF LS B4 HEEE S LA
WM S £ A S H £ EHRRE, Sk TALRM N RM O Tk, ST pWE
R b8 AL T MVA % i R R RRBATT RA SHAAEH ARG H 5 652

& xt it A2 BT IR

XER S EFoM; BERERE,; FE04; TEEIHK

hRESHES: F273.2 CEKFRIRAD: A

0 35l

Il

AR R A Y R TR R
PEYE R 6 LR AT FARIE RORE 11 B RISk
e AL B AP A i R Bt ) B IR e A

R IaR ¢ f ¢, ¢, - USL=LSL

60
UL =p = LSL) yroh, ysp FuLSL

SRR EFEEN L TR, » o 2512
FRER R E AR HE 2. B, Qe IE 7 (A
C, Cu MRARMERITIR. B, THE S BEE 1
BT AR © REFEHERMNIESST,
@ MERFEEMEM,Q dRLETREZER
A, R R EREE R Z VLR R . 3
K AESEFRR A, BT USL # LSL BA1, Fr B4
TS HO R SR EAR 2, SREE— AR
K FAREAE TG T, AT . (ARAG TR
ERTRRE , HA T MER B MR,
WRIEFESBHREW. &5, ifbite C,.Ch 33
R EfET , AHEE— &S T SR ERANHE—
B 8 B AT, A0SR BB A B AT X R B R
AIEE.

£7 5431 (Multi-Vari Analysis, MVA) 2

Cy; = min

O YR H: 2006 -01 - 10; EiTHH: 2007 - 04 - 05.

EHE: 1007 - 9807(2007)03 — 0030 — 07

FeA M TS L AR E A R R — P R
D) B wfE Rt Rl i T, RBIEER
BEDLYERE SRR, DAL TE S A0 (o] E 77 & B b gt
PHEREARERIK BN TR, REITE T
BEERM T E . RTREEHEFTEA MVA, H
SR FES RIS ESENITEURSE
BHEFXEHHE . 4 Burdick 1 Graybill i
FE A A TR 56 A R R i 77 22 2 815, Borror
5% ] Satterthwaite 73517 29 IR K UR J7
B MSL FEHEITTETHE RGN E
EHMERME T 0B EEXEE1 Adamec
MR T EAFIEENERGE ST T E0
BEEXERREM AR, XEHTLR/RT
TX BT Z R R A& REZF, Tk
ERERIIE T MVA W E 0285 XE T HE
HIBFE B R AR . E B MVA BF5T, infar et
FIFZAE R GE T HE B, DLED R e B& tl A 7=
SREPHEBEE BRI, BHTETFEE
BT TRk s FLRE SR 03] 454 7 Al
RUA: 5B B T 258 MVA HE RS R EE 145
BS5EA MVA HERS BB, RS
iR TR E, i TS REE N
REGH TS T, M A A& AR HIRE

H2WE: BRARRFELSWEIRE (70372062) 5 Fiitt 2085 A BT BRI (NCET - 04 - 0240) .
R il B(1967—), 5, WA, H1t, #%, Email: shhe@public. tpt.tj.cn.


http://www.cqvip.com

% 33

fi] WU HET MVA SHT B R AL 0 15 0 B AR X R BT ST

£ 000 http://www.cqvip.com]

WEIERE, MH T E#TITRSRE IR
BT TR ERERE. KR AT
A5t BRI EE S B @ AR, L T /ML R
LA SRS A AR TR LSRR
BB, RAH 775 AT ™5 E
AR ST B X 18], Wil ki e 2R R B B A
XA R L. U EERNA R H RS
BEMHBEE K MVA TR C, MERXIE. BT
AW E LR ENH—T MVA FIE, A
MVA MR MG S e R Y MVA TG
EaRMIT BT ENERFXE, U C, A, 4
tﬂﬁ? MVA ik R Re I8 BE XA &
& 88— R BB TR .

1 MVA %A%

25 BT (MVA) ¥ TF i B R AE{E 1 22
S =2 7R 5 A 5 (Within Piece Variation
BX RN Positional Variation) .= & (8] 25 5% (Piece to
Piece Variation) F1 B 8] 2 5 (Time to Time
Variation) . 5 i [B] s R0 B3> B9 (6] SRR A TR B
BEDL , W] 248 5 43 By (0] &5 7T DA B —FP B LSO
i0f5 &3 e o

BUREIR T o NI E A, EEANE A B %
éﬁ?ﬂiﬁl b A=, BT Bk o SRR &

W Xy FOREE T AN E AT RTESR &
Aﬂﬁiﬁ@m%fﬁ[m A 5T R G AR
it}

Xgp = 1+ 7+ B); + €

i =1,2,",a
j = 1’2"“’[) (1)
E=1,2,>,n

ﬁ\:EP,Ti %ﬁﬂﬂ‘l‘ﬁlﬁﬁﬁiﬁi,n ~ N(O’U%—);,B(i)j
R B AR SO, By ~ N(0,03)secin B

AT i N AS SRR (FERR B A RO SR 2 T
e ~ N(0,0%) . [RESLFHMNAHEML, B
NEEZEW. B, BITEN

0%l = 0% + af; + o2 (2)
Z Z Z Xijk Z Z Xijk
¥ =L k=1 5. o dzlk=l
XA = abn Yi.. = bn
Z X gk
B = EL B, BRI
Z}Z;kz:,( P L
2l -5y
(x5, - & )+(qu—x,,)] (3)
x$(2) Eﬁﬁ TRAHKS, i T=AKE
TETF, 0
bni (%, —%.)%+
nj Z(fzj - %)
2 Z Z (xl]k xl] (4)

=1 j=1 k=1

ﬁﬁéfﬁ B8 22 W AR TN RO 7 2% 7
FN T EEPHATENEM. X4) \TUL
EHERR N

SSToal = SSTime + SSpetween + SSwithin (5)
EEP’SSToml H"J E B?UE“?‘J abn - 1, SSTime H"J E Hﬂfi
H 0~ 1, SSpeyeen FTEHIBER a (b~ 1), SSyiun
HHEEN ab(n - 1).3(5) HAME—TERUE
HH BB, SRMEE TR E, N E
Z IR F 275 f RSB 3R 1 SR AN VE MrHA B

x1 STBRAEMNX
Table 1 MVA variance analysis

SRERET R H B #rE FEN R NI, %
-2
i [i8] S8 Time a-1 MSppe = 55 1ime 6 = m(m{M—ST—“"ﬂn 0} Azo-r x 100%
a — 1 bn O TOTAL
2
P B8] SShuween | (b= 1) | MSpyem = SSteeen 7% = max{Mi”—SL*‘",o} 2 % 100%
cen (b-1) n OToTAL
=5 SSwinn | @b(n - 1| MSwuu = SSwun 62 = MSwuy x o x 100%
ithin Withi ab(n _ 1) e ithin J%UI'AL
At S8 Toan abn - 1 &%gmL = 8’2, + z;‘f; + 6_26



http://www.cqvip.com

P 000 http://www.cqvip.com]

— 32 — v B B ¥ % #H 2007 4£ 6 B

2 C, HEBERE

FA MVA BN oo TR EZE,
me, = LIS G =V 5%+ LT

60 TorAL
B BIES o2 0% o2 MERXE(HES
R ILHFE A REHES oforar = 0% + 0k + 02 I
BEXE, BEHS ¢, WERKXNA.
ATEERBKENL - « WERT, HEEXE

MSwittin _ MSwithin i MS wishin 2
?‘J F k4 F ’ F $ de $
a/2:n3,w l——a/2:n3,°° a/2:n3,w
MSWiLhin
Fl——a/2:n3,°°

A LERATN | - o WK T, LEREK
by
[MSBetween - MSwipin - V Va

n

b

MSBetween - MSWiLhin + v lj?U:|
n

Ep
MS Berween = MSwithin — v Var

n

MSBetween - MSWiLhin + VBU

2
< 0p <

Hrr, Vg Fl Ve R & MR A.
ATEEFEKEN - « HERT, HERFKX
E]
[MSTime ~ MSgeween — v/ VoL

bn ’
MSTime - MSBetween + v VTU:|
bn ’
Bp
MSTime - MSBetween N VrL < 0'2 <

bn ==

MSTime > MSBetween + v VrU
bn

e, vy, MV TR & SCRBESE A.
MS etween MS ithin
MF op = — b ol

n

MSTime -
b

nMSBetween ’m‘u%ﬂj , 0'%3 %ﬂo‘% E?ﬁ'@i‘iﬁ

A T RE B R E. X R B R TR 2 B R
MS Bereen B T BE/NT MSwiin, BRA MStime i FI BE
INTF MSpeneen- M 6% = MSwigia, FTLA 02 KK F
ZFE MEFEELER 0§ = 0,07 = 0, LA
AL 6% + 0% + o4 WBIEXIEID N 4 FIE O
PUTHE.

D MSpetweon — MSwitin = Var

n

MS ime — MS etween — VT | Y
Tioe = Moo VL 0, AR R —

M RBE, MR RNER, R4, 0% +0f +
MSWiLhin _ MSWithin

0,

2 g
O B’JE{H—FBQ%JO + 0+ Fa/2;n3,°° - Fa/2:n3,°° ’ Cp
rE Ly L=t
¢ | MSwihin
Fa/z:n3,°°
) MSRrween — Mr;gWithin - Va 0,

MS . - MS een — 'V VT {

Time Betw: L > 0, ﬁtﬁ'[‘%{ﬂ,ﬁﬁﬁ

bn
MAERE, MENEAERMERNER, B4,
o2 +0h+ o MBRTIRA,

MSwihin MStie — MSperween = VoL
+0+ =
Fa/2zn3,°° bn
MSWiLhin " MSTime - MSBetween -V VTL
Fa/Z: Ny, ® bn ’

C, B LIRY
USL - LSL .
6\/ MSWiLhin MSTime - MSBetween . VTL
+

Fa/2:n3,°° bn

@ MSBetween — MSWiLhin N VBL

n

> 0,

MSime_MSeeen_ Vr Y
time = Pelbeween =Y il 0, YR BLAF R T

SR, B BRI AR, TR A,
2+ oh+ ot WEBETRA,

. MSperween = MSwithin — v Var . MSwithin

0 =
n Fa/2:n3,°°
MSBetween — MSwiLhin - ’\/7[% " MSWiLhin
n Fofting, =

C, WERFLERA


http://www.cqvip.com

£ 000 http://www.cqvip.com]

38 i W% BT MVA SHred B ee I a5 B 5 X RIS — 33 —
USL — LSL . PR SRR, RS It 8] 2 57 70 7 o [ 28 57 LA B i
y J MSbeseen = MSwinin = v V. | M WAER, R4, 02 + 0% + 2 IBETRN,
n Fa/2:n3’w MSTime - MSBetween N VrL +
@ MSBetween - MSWithin — N VBL > 0 bn
n ’ MSBetween — MSWithin N VBL + MSWithin
MSTime - MSBetween - N VrL > 0 Jﬂﬁﬁ’"iﬁﬁﬁj n Fa/2:n3,ao
bn IR E= ¢ wmis bRy
USL - LSL
6 MSTime - MSBetween - VrL " MSBetween - MSWithin N Vﬂ + MSWilhin
bn n Fa/Z: ny, ®
RNERLUEWFEDR, 0% + o3 + 2 EF L MSaeen — MSitin ++/ Var ~ MSyiain
ISE%B%J n * Fl—a/Z:na,w '
MSTime - MSBetween + v VrU CP E/‘JEFE—FFE%J
bn +
USL - LSL
6 MSime — MSBetween + v Veur N MSgerveen = MSwimin + v Vv N MSwithin
bn n Fl—a/Z:na,w
[E‘[H: O-%' + O-%? + O-% E/‘Jﬁ,fglz‘rﬂﬁﬁﬂg‘%%?ﬁ { MSWilhine " MSBetween - MSWilhin . V&‘ +
%Eﬁﬁ—ﬁﬁﬁﬁ s EIJ Fa/Z:na, @ n
MS ithin MS ithin /
{ F With 'F With MSTune - MSBetween - VrL MSWithin
a/2:n3,°° 1—a/2:n3, © bn ’ Fl—a/Z;na,w
MSBetween - M:‘Within + V[?U + MSBetween _ MSWithin + VﬁU N
' n
M ime M etween A Vr /
ST SI;I;M * U] H MSTime - MSBetween + VrU]
bn ’
2 2 2 e T T fhy ke R L — T Y . N
ot + op + o WERKABRERHABE=ME o, 185X BB 0RO R LA —
SRR, B FhAS BB B
USL - LSL USL - LSL
[6 MSwithin + MSpetween = MSwishin + v Vau + MSime — MSpeween + ' Ve GJM}
Fl—a/2:n3,°° n bn Fa/Z:na,w

C, MEFXEHZENFBLRRE=ZFMERE  RNFE, B

USL - LSL
[ 6 MS wihin + MSgetween = MSwithin + v VﬁU + MStime = MSBerween + V' Veu
Fl—a/Z:na,w n bn
USL — LSL
6 MSWithin " MSBetween — MSWithin . V&‘ + MSTime — MSBetween N VTL]
Fa/2:n3,w n bn


http://www.cqvip.com

P 000 http://www.cqvip.com]

— 34 — ® om OB % % R 2007 % 6 A

FTHAREDR A 5.5 ~ 8.5 mil QUE BT, 1 mil = T4

3 RUIKH Z—3) A LFRERR R, 4 ML

BB GESEH 35 PCBAR , 7 PCBAR kT3

HE TR s soliERAEEHERA 7 S TR@EMIRS PR WE, TRTRA=
(SMT) A =R a8 i i AR, R B e B g T EWOEIR(GHATINE, B AR W3k 2.

2 RBREE (mil)
Table 2 Experiments data (mil)

7= 8] Nf;r 8:00AM 10:00AM 12:00AM 14:00AM

S 1 2 3 1 2 3 1 2 3 1 2 3
1 6.4 6.8 6.3 6.1 6.4 6.6 6.3 6.4 6.3 6.7 6.6 6.8
2 7.0 6.4 7.1 6.8 6.9 6.0 6.9 5.6 6.7 5.9 7.0 6.2
3 6.4 6.4 6.5 5.9 6.8 6.1 6.6 6.2 6.6 5.8 6.5 6.5
4 6.4 6.3 6.4 5.8 6.5 6.2 6.2 6.0 6.4 6.3 6.4 6.2
5 7.1 6.5 7.0 6.0 6.9 5.9 6.8 5.8 6.3 6.2 7.1 5.8
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Table 3 Variance analysis of experiments data
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Confidence interval study on process capability indices based on MVA

HE Zhen', KONG Xiang-fen' *, ZONG Zhi-yu', DONG Yan-feng'
1. Department of Industrial Engineering, Management School of Tianjin University, Tianjin 300072, China;
2. Aeronatical Mechanics & Avionics Engineering College, Civil Aviation University of China, Tianjin 300300, China

Abstract: Traditional process capability analysis takes assumption that there is only a variation source in produc-

tion/process quality characteristics. This paper presents a method for estimating process capability indices, which
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roots in nested mode of experiment design, and uses variance components to estimate total variance as well as each
variance component. In addition, the confidence interval of Cp is derived based on MVA. A case is studied, and it

is shown that MVA is good at analyzing the process variation patterns, so the method can remark the process scien-

tifically and rationally.

Key words: multi-vari analysis; confidence interval; analysis of variance; process capability indices
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