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Abstract: Stability of manufacturing process is the basic for the company to guarantee the produce quality. In
view of the lack of systematic and comprehensive quantitative analysis tools in the past process management, a multi—
index quantitative evaluation system for manufacturing process is established. The influence factors on manufacturing
process are analyzed and evaluated, and the calculation steps of process factor expectation index and manufacturing
process expectation index are given based on the hesitant fuzzy theory and multi criteria decision making method. The
production state of manufacturing process is expressed quantitatively by the rating scale. Case analysis shows that the
method can help managers to evaluate the manufacturing process status intuitively and effectively, and provide more
dimensional management data for enterprises in digital production construction.
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Tab.1 Quantitative evaluation indexes of personnel factor
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Fig.1 Personnel factor analysis and classification system in manufacturing process
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Fig.2 Equipment factor control architecture
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Tab.2 Quantitative evaluation indexes of equipment factor
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Tab.3 Quantitative evaluation indexes of material factor
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Fig.3 Critical control point of material factor
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Tab.4 Quantitative evaluation indexes of method factor
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Tab.5 Quantitative evaluation indexes of environment factor
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Tab.6 Quantitative evaluation indexes of measurement factor
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Tab.7 Process factor expectation index rating scale
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Rc(xi)_Dm(xi,x‘) D,in(;,5%) (33)

Step5  ARIEAHXIMG I FEAE RC (x) BE B S/ MRS
W 3T BE AR RC (a0, B I T AR BE WX B B 55 b
BTk B A I R AT o,
e/ IV T BE . RC(w),, THE A :

- Dmil](xiyx+) _ Dmax(xiyx_) 4
RC( o = Dyu(i5x7) Dy, 27) (34)

MIATE LT RC(w,) 5 RC(w),,, FOFE B R 1 B it
H N R EE ISR IH— b3, JHEA
K H:
Im(x,)= RC(x;) — RC(x) (35)
2 (RC(x) = RC(x),,)

RETHRERBI R B FOR D7 R
AN R EEEE.
2.5 ENFIE TR EEH
J T LA RIS E SRR AT, R R Y
FIPR AR B BEARIRAS A4 i 25 A2 2 SOy il it o A 30
B J8 %0 (manufacturing process expectation index,
MP), A3
MP = PFp % Im(x;) + PFygp x Im(x,) +
PFyur % Im(x;) + PFyem x Im (2, ) +
PFaw X Im(xs) + PFypas X Im(x¢) (36)
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I HL25 i o B B R B R AR 9 P,
F9 BEdRERELERE

Tab.9 Manufacturing process expectation index rating scale

S B FKT HERAHT
B [0.035] T R T Ao FRAL T RAR RS |
v o HRURE MR
4 (035.0.60] IR S A R DR s AR
TUUUT MRS BT A, N Mo R R T B R
Bl BRI KT, WA
% (0.60,0.75]  HRRECIRA W RIBHIALS, BOHERTE 5L
—fRHEE SRR E T LS R
T o 2o AR A PR R A A1
2 (075.090) AR B, RPN TR A AR
- U IREEALRA S, RIS R EL A BTR S BT R
W, 7 2 AT
N (090.1] Tl M R R R R 2, R
o FAERE %

3 LIS

N T U T5 0 B IE PRS2t i A
AR SO e B il i T 80 & ld R AT

P

3.1 HEEaHEIRSERTNER
AR I 16 1 5 R 2R P A 48 b o R B 65
AT E RV, MBS NRPEM N 10

32 HESREEEHEEY

RAEAZ(1)~(6) , 85 H R L TIFN 8RS bR
(B 5 R PT AV IR R 221 R 0.2, I T35 2]
% 11.

SHEUBUN IS L2 i S o1 B 7y S
R Z O RRIUR TR, DY ORE, AR A
R EEHRR TEEEMASEHR RN —ZORE e
T T AR S PR TR R AA = A, X S BRE
AR PR T A B X T AR N E S, PR E
S AR PRI g Jo et R BORS A AR E R IR A TE 2k
BATAR, FERERH ARG R332 T ks
TV AAEZ 2 RS f3 A= A OGN, I E K
ZHRRART T AR X A B R IR AR A 2R T3
1), BIAE T —22 3l 8 2 HEB iR 5L i )1 T
YEX TR RS, TEIEBAR R JLIUCN A8 il
FHE 8 WS KA T | IE (R s 1) o b, R B
PUEFR S B IHI A AF LS R 2, RITE T~ —Br B
XX R AN T RE AT VA, S nTIE R AL
AT — IR EmAE. JrikE RPN EE AR &
BRI PP TR A A R L R, R
Jr PR i T B R BUA T T AR, XF
THIEB 6 s T HBLT WA , 25005 BRI B FA
S A IR AT , PR L B i 61 T S, B
PP K g A T S T o TAE SRR
T 2 R R R A 1 B 2 . TR AR

Fi7R.
®10 ERREEHRFTEME
Tab.10 The quantitative indexes evaluation values of each factor
UNZIEE S WA R I EETSES FERE WHE R I R
%' TE %' T %' TE %' TE %' T %' THE

@ 0.95 b 1.00 c 1.00 d, 0.92 e 0.85 h 1
@ 0.80 b, 0.85 ¢ 1.00 dy 0.92 e, 1 b 0.96
a 0.86 by 1.00 c3 0.95 ds 0.95 e; 1 5 0.95
ay 1.00 by 0.87 cy 1.00 dy 0.95 ey 1 fa 1
as 1.00 bs 1.00 cs 1.00 ds 0.82 es 0.95 s 0.98
as 0.92 b 0.89 cq 1.00 ds 0.82 eg 0.86 Js 1
@ 0.90 ¢ 0.93 e; 1 fr 1
ay 0.90 cy 0.96 ey 1 s 1
a 1.00 o 0.95 2 1 fo 1
an 0.96 i 0.98 fio 1

cn 0.92 fi 1

cp 1

fo 0.92
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P RN AR E A S A, D e N — 2 AR
PN 6 s FT 4B OLH 2 L AERS I, DUV L 5 T
P PR
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Tab.11 The process factor expectation indexes

PFI‘I‘.K PFI‘.OP PFMA’I PFM ETH PFH\\ PFM EAS

04746 04632 01953 0587 03520 0.150 7

33 IREEEEEEITNIER

PR RBEAIPEN AR R AN 12 s, JE R
HRIR AL H{0.8,0.9) /8 A B3 I FR «) 7EF T ME
SR d, T BIEARE T REZ 0.8 B 0.9, HABSL A
RECEA L L.

{0.1,0.2) {0.5,0.7) {0.2,0.3)
{0.2,0.3,0.5) {0.2) {0.3,0.5)
e 02,04) (06,07,08) {0.2,04,0.6)
{0.6,0.7) {0.6,0.8) {0.7)
{0.7,0.8)  {0.3,0.4,0.6) {0.5,0.6)
[0.5,0.6,0.7)  {0.3,0.5)  {0.3,0.4,0.6)

Step2  HU q=20"W1 35545 B AR B ASOR A o -
0.5204 0.961 3 0.7579 0.8450 0.646 8
0.8898 0.6506 0.9613 0.8445 0.5204
0.8445 0.8450 0.9195 0.889 8 0.889 8
09135 0.8445 0.8461 0.5204 0.8450
0.7579 0.9807 0.9904 09135 0.3710
0.9615 0.9613 0.9807 0.9615 0.648 1

Step3  THEAREIPFANHE AR A KEAL 7] 2

w;=(0.8146,0.8739,0.909 3,0.829 1,0.653 5)"

Stepd AR E B9 F I 15 2 BN H B H
[455F

R 12 RN AR

Tab.12 The hesitant fuzzy evaluation matrix

d, d, ds dy ds
o {08,090 (03,05  {07,08) {02,03,04)  {0.7,09)
x (05,0708 {08} {05,07) {06,038} 0.8,0.9)
% {06,08)  {02,03,04) {0.4,0.6,0.8) {05,0.7,0.8) {0.5,0.7,0.8)
x o {03,04) (02,04} 0.3} {0.8,09)  {0.6,0.7,0.8)
xs {02,03)  {04,06,07) {04,05)  {0.3,04) {0.9)

% {03,04,05 (05,07 {04,06,0.7) {03,04,05 {0.7,0.8,0.9}

34 HEEZETNMERNE
Stepl MR AEAT(7) (8)FHIHLIEALTT L2 bR
HEAL SRR A0 RE 4 -

{0.2,0.3,0.4) {0.7,0.9)
{0.6,0.8) {0.8,0.9)
{0.5,0.7,0.8)  {0.5,0.7,0.8)

{0.8,09]  {0.6,0.7,0.8)
{0.3,0.4) {0.9)
{0.3,0.4,0.6)  {0.7,0.8,0.9)

TR O FACHE I B B KRR IEAR
Auw =5.1033

W —BHEAE R CI = "7‘1’% 00258.RI=1.12 (%

n—

%), 5K CR = %: 0.023 0 < 0.1; WX L

AR B A e — ARG B, T B R A .
AT, A5 38 3 XA
w;=(0.1140,0.4727,0.265 3,0.104 4,0.043 5)"
Step5 iz H] Matlab >R fift 15 2 bR ife fb S AL 4 &

A 7] w =(0.194 6,0.229 3,0.225 3,0.197 4,

1 1513 1 4 0.1533)".
5 1 2 58 3.5 HEEEERENINE
I=13 12 1 35 Stepl 153145 2 N ACIE B A AN R 4 fn 3k

1 U5 13 13 13 FF.
/4 1/8 1/5 1/3 1

R 13 IBURBAERIT N AERE

Tab.13 The weighted hesitation fuzzy evaluation matrix
d] dg d} d4 dS

=
S

X3

X4

Xs

X6

{
{
{
{
{

0.019 46,0.019 46,0.038 92
0.038 92,0.058 38,0.097 30
0.038 92,0.038 92,0.077 84
0.116 76,0.116 76,0.136 22
0.136 22,0.136 22,0.155 68
{0.973 0,0.116 76,0.136 22}

}
}
}
}
}

{0.114 65,0.114 65,0.160 51}
{0.045 86,0.045 86,0.045 86}
{0.137 58,0.160 51,0.183 44}
{0.137 58,0.137 58,0.183 44}
{0.068 79,0.091 72,0.137 58}

{0. 068 79,0.068 79,0.114 65}

0.045 06,0.045 06,0.067 59
0.067 59,0.067 59,0.112 65
0.045 06,0.090 12,0.135 18
0.157 71,0.157 71,0.157 71
0.112 65,0.112 65,0.135 18

{
{
{
{
{
{0.067 59,0090 12,0.135 18

}
}
}
}
}
}

0.039 48,0.059 22,0.078 96
0.118 44,0.118 44,0.157 92
0.098 70,0.138 18,0.157 92
0.157 92,0.157 92,0.177 66
0.059 22,0.059 22,0.078 96

{
{
{
{
{
{0.059 22,0078 96,0.098 70

}
}
}
}
}
}

0.107 31,0.107 31,0.137 97
0.122 64,0.122 64,0.137 97
0.076 65,0.107 31,0.122 64
0.091 98,0.107 31,0.122 64
0.137 97,0.137 97,0.137 97

{
{
{
{
{
{0.107 31,0.122 64,0.137 97

}
}
}
}
}
}
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Step2  THEAFRI TR A 1 PHAL AL FEASRY]
AL A

x'={H{0.136 22,0.136 22,0.155 68}, H{0.137 58,
0.160 51,0.183 44}, H{0.157 71,0.157 71,
0.157 71},H{0.157 92,0.157 92,0.177 66},
H{0.13797,0.13797,0.137 97}}

x={H{0.019 46,0.019 46,0.038 92}, H{0.045 86,
0.045 86,0.045 86}, H{0.045 06,0.045 06,
0.067 59}, H{0.039 48,0.059 22,0.078 96},
H{0.076 65,0.107 31,0.122 64}}

Step3  THEAFEIAS K 2R 5 PU ISR 1 BEAE i A
DA 1 BAE A [R] R E BT AR 14 FIEE 15 B,
R 14 ZERSNBEMERER RIS
Tab.14 The distance between the factor and

the hesitant fuzzy positive ideal solution x*

D(x,.x") D(x.x") D(xs.x") D(xy.x') D(xs.x*)  D(x.x")

0.38559 0.32038 0.24659 0.06582 0.19981 0.276 87

Fx15 EEESRBEMAEER xMES
Tab.15 The distance between the factor and

the hesitant fuzzy negative ideal solution x~

D(xy.x7) D(xy.x”) D(ws.x) D(xy.x) D(xs.x)  D(x.x)

0.10661 0.17623 0.26357 042669 029698  0.22528

Step4 TG E2 R 5 IR AW IEBIAR AR
A CHE RS W 3 B A AN 3R 16 Fzs.
* 16 FRESMBEMERIEMRE
BB B AR RS R IE FE B
Tab.16 The modified relative closeness values of each

factor to the hesitant fuzzy positive ideal solution x*

RC(x) RC(x,) RC(x;)  RC(x)  RC(xs) RC(x)

-5.608 40 -4.454 50 -3.128 72 0 -2.33969 -3.678 50

Step5 AR EI HIREEEHANER 17 Pis.
*17 ERREEEE
Tab.17 The relative weights of the six factors

N Bt R itk E28 ke

0.0384  0.100 0 0.170 5 03373 02126 0.141 2

3.6 FEREEZEITMNIER
SEE 3.2 /N 3.5 ANTTTHRAER A4 R
e il R SR KON -

MP=0.474 6x0.038 4+0.463 2x0.1+0.195 3x
0.170 5+0.586 7x0.337 3+0.352 0x0.212 6+
0.150 7x0.141 2=0.391 9
Rl o R R AR R T, TG
AR A TGRS, IR WA DR 32 o i 5
AR, AT RESX N T e = A — e RY B WL, M 7 3%
DRI 3R ANFRITE R A DAy o B 0 17 T o B4 T
MR AR 3.2 /N R T A SR AT, X A
R EZ A RETE T 6 s WEIITRES &
AR, PIHRSRE AT LA LA AR HE I F45 5 n T
SR AR Bt ORI T — B B

Al .
4 & &

ARSCRE N T — R T AU BASRI A 10 il it s e 22
bR RLEE N TE, FEgnit = LmEIEAL
M BT IR — PR, SR TR AR A
SN N R I e AT, W IRHEE X i A A
EHERRE T BRI R, DEIEIES
SRR S il g i R AT AL AR, ek TR
A7 A T ST S, X R e R LK
& MR TAEDT 2 PRI A X S D R AT H
PRI, I RE A IR A PP R, TR T 588
fR i i i R AR PR PP R R U SR Tl AR IR
B R RO R R LS, IR g T
HRAXMPEHAERER, i AE E AR IL4S o
LA B2 DR 2 S IR AS DA i i o 7 24 iy
ARG FRUR, X PR RN T it ol AR S e 1) T
EEATIHRAE, R T AU 55 O HEB R
8 R LA B WA R B T 2 PPN 9 A AR
IR FHAETRASR TOPSTS A5 7Y 14 SACHHEAH X 10 301 88
SR 1R A% N R A T B AL B, % 0T i ]
PSR AT, DA B B Al
il i R AARAS  BiE T IZ TR R AT,

Z2% 3Lk
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