F43% H 4l o T
2022 4% 2 PACKAGING ENGINEERING 251

E T AHP F 7k & KX Bk 5 A B9 H F AT - 8 32

Sq, O%
(KT, K 300387)

FE: B&) HEIFN IR E X IFEMNR T, BARAE & FG 7 £ 2 69 R4
E, B R FLEINEBRIBARERAN T EHAF, FHFERERTZTEGFNAER, Tk RAERSIT®
( Analysic Hierarchy Process, AHP) #o 7 it 69 im B &k & % B 5 474 ( Grey Relational Analysis, GRA )
MLEE Tk, FA 2R T EAE AR, ARELBKESH AP OER, L AHP B AR K
WA M K 3A G BEAF EHa Ot Skt A&, @i AHP A A= Matlab 45 80t H ok A 2
FEMEEEFHE-ANBAEELBFEAUNAREDE, Ainsd GRA HEH 3 A&k T £5 RtkF
FWARE, FANE T EAORETF, & @BLZO LN, Zh TR FEFFErEd s
MRt FE, L ipEE e LM EAERE, AR EHE0Et T ERESTHOITAE,
KR Tkt GRIG FEN BERSMR; RE XS

hESEE.: TB472 XHkkRiRE: A XEHS: 1001-3563(2022)04-0251-07

DOl : 10.19554/j.cnki.1001-3563.2022.04.031

Design and Evaluation of Drawing Frame Based on AHP and
Weighted Grey Relational Analysis

CHAI Min, MAYu
(Tiangong University, Tianjin 300387, China)

ABSTRACT: In order to objectively evaluate the influence of qualitative index factors in the drawing frame on the
drawing frame design and reduce subjective bias in the decision-making process of design scheme, an evaluation model
was established to convert qualitative index into quantitative index of drawing frame and decide the best design scheme.
By combining the analytic Hierarchy Process (AHP) with the improved Grey Relational Analysis (GRA), the respective
advantages of the two methods were integrated. Taking the Grey Relational Analysis as the central model and the AHP
model as the auxiliary model, the design factors affecting the drawing machine were comprehensively considered from the
three aspects of modeling, structure and experience. The weight vector of each factor and each correlation coefficient in
the reference layer of the drawing machine was determined through the AHP model and MATLAB auxiliary calculation.
In this way, the correlation degree between the three design alternatives and the optimal scheme was calculated by com-
bining GRA to realize the prioritization of each scheme. The application example shows that the method can be used to
evaluate the best drawing frame design scheme, and the evaluation process is more objective and accurate, which provides
quantitative analysis reference for other design schemes in later stage.
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PRAEZE A PR FNET 6 P 10 RIS, 38 7 22 AR 3 7Y i 52 00
PEM 2R 4317 ( Analysic Hierarchy Process, AHP)
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Fig.1 Evaluation process of drawing frame design scheme
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Fig.2 Evaluation index system of drawing frame
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Tab.1 Description of design evaluation index of drawing frame
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Tab.3 Random consistency index

n 1 2 3 4 5 6 7 8 9
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Fig.3 Three different designs
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Tab.4 Benchmark level index judgment matrix

Uy Uz Us  H—AGEE —SdERER
U 1 7 1/3 0.081 Amax=3.056
U, 7 1 5 0.731 C1=0.333
U 3 1/5 1 0.188 CR=0.056
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Tab.5 Thejudgment matrix of the index of
subbase layer under aesthetics

Uy U U3 H— LA E —sH ke
w1 3 5 0.637 Jma=3.038
u, 1/3 1 3 0.258 CI=0.019
us 1/5 1/3 1 0.105 CR=0.033
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Tab.6 Theindex judgment matrix of sub-base
layer under security

Uz1 U2z Uz3 H—biE —sHHERs
Upy 1 5 1/3 0.279 Amax=3.065
Upz 1/5 1 17 0.072 CI=0.033
Ups 3 7 1 0.649 CR=0.056
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Tab.7 The sub-baseline index judgment matrix
under user experience

Usp  Ugp Uz  H—bIE —BEs
Uz 1 3 5 0.637 Amax=3.038
Uz 1/3 1 3 0.258 CI=0.019
Uz 1/5 1/3 1 0.105 CR=0.033
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Tab.8 The comprehensive weight and total
ranking of each sub-index
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Tab.9 The comprehensive weight and total
ranking of each sub-index
THEh5 Ui VE Ji% Py Ji% Ps
A un 80 85 83
B up 80 90 84
LER TR ugg 85 86 86
HR3Z I un 90 90 89
EERITT IR Ugp 94 85 95
SAETEA ups 78 95 85
AL ugy 68 78 95
PRI ugp 73 82 87
VENEFIEPE Ugs 85 83 84

PO T I RMUR 2 i on B, ORI P RS,
FRA RSN o 2 Ak rh S U R A (H
wr, PR P ADLN R 2, MM IE S AL

E 0428 038 0333 1
0333 0333 1
0333 1 1

E=|E,|={0333 1 1
E, 1
WRAE (9) ARG JIr Y KRHRE

HwicR . AT, XFFIREALA B, A
P A T E R ek, IRt L, et iR
WEH P AL R, LRI OB 4, ™
AR, S TAESCR ; fERRTHH P i AP S
i, FEEAREEE IR . BRI . T BS T
Bt T AR R A5 G AR 40 AE JURR A
I T8 45375 R NAR ST MR 8 | 7 0 v B N R e A%
JFR, TR R AR Y e B L T S 4 T e i B 1)
Wit, LURB SR . BN s A AT AR N 2
AR

zg B, WA W =(0.052,0.021,0.008,0.204,0.053,

0.474,0.120,0.048,0.020)" .,
3.3 GRAMEXBKEMNITHE
BAIH 6 1L MRS 3 N B T4,
RRARR, P RAH 1 ERTHE, WE,
PG T2 (10) ARG FERIAME, # 34Tt
T E WS AR EVE A R e An(E, RIE (2) 7f
FAREFERE X AR

1 6
7252’9 (10)

X,] [74 73 64 78 79 75 71 71 73
X=|X,|=|73 77 72 77 78 81 74 75 76
X,| |76 72 72 78 80 79 78 81 80
R 9 TR AE VRN 5 bR A BRI K R 1)
WS AR bR, PR G T A I T ALY e T R R A AR
X, = (76,77,72,78,80,81,78,81,80) , % A (E1L
5 R M X A T RV AR AR B AR 4 X 3 ). 50 4).,
X (5) Mzl (6) AlfRHERE XTI .
Xy 1 1111 1 1 1 1
X*_X[_O.ZQBO.2010.5 0O 0 0 O
X, 0 1100 1 049 04 042
X, 1 01110667 1 1 1

Efﬁ%ﬂa‘”‘ii””‘jﬂ)‘;(])—)ﬁ*(jﬂ:o, miaxmjax|x;(j)_
X ()L, #WH p=05, Hi:k (7) WH4.
. 05
"% ()% (j)[+05
RAE (8) RIS CHR RBUEFE E.

05 0.333 0333 0.333 0.333
0.467 0.455 0.467
1 0.6 1 1 1



B a3 A

Sef A T AHP FUIMBUK @ SCHKE 7 M i IF 2R ML BT AN BF 52

257

0428 0385 0333 1 05
R=ExW={0333 1 1 0333 0333
1 033 1 1 1

ZiblA, R>R >R, HE P S5t hEx
IR e K, AR B HET N P> R P> % Py,
LR Py MR T &

4 Z5iE

PR AR I LB T B RGN
—MNIREERSG, ia AHP 857 T I &L 0
FEPRIR R, MIEMME . 24tk . P RE: 345 mif
FET 9ONUIEMETEMAE IR, A R A RIR bR AGE,
W —FHRR)E, TR SR TR NSRS E I
AT IR U HEIT 5 A8 Bl €6 S 3K 8 43 B 8 77 73K
fil 45T R G AT R B RE , SCEXT A% R e
HEF, 439k 0484, 0.693. 0.796, H it P Ktk
VO AR i seBIE i, 258WILAT L &
SEPRERAE N BARIE L 4 . Gy ARSAS SR
MSEBRiEEE, ST AHP FUINAUK (43 #7772
F) 2 MLBET IS RS () PPA 45 SR AR ), R Ps
FFE A SR EESR , DL B T2 AR A
BOMERA B, SEBLT IR SRR R AR,
i e T I S ML b R M AR B i AR P e A
B IRl , A R e A s T R AR T B b i &
%, FEWIE SR E SR, £ R E WA AR —
FE ) W, PR % 7 T 2 S Sk ek i IO s
TR G L BETE T, T B AT I S HLAE S e b
TR FP Y T 3 T A VRN, DAt — 25 U A R I O R
M FIE 10 A FEE

S E 3k

FARIC, EOI. BT RO LS 0 S AS BR R B SR
B M BFZE[T]. ML, 2019, 36(05): 139-144.
WANG Nian-wen, WANG Jian. Design and Evaluation
of Dynamic Ankle-foot Orthosis Based on Fuzzy[J].
Mechanical Design, 2019, 36(5): 139-144.

CHEN Mei-fang, TZENG G H, DING C G. Combining
Fuzzy AHP with MDS in Identifying the Preference Si-
milarity of Alternatives[J]. Applied Soft Computing
Journal, 2006, 8(1): 110-117.

(1

(2

0.333 0.333 0.333 0.333

1
0.6

(3]

(4]

(5]

(6]

(7]

(8]

[0.052]
0.021
0.008
0.204
0.053
0.474
0.120
0.048

10.020

0.484
0.693
0.796

0.467 0.455 0.467 |x
1 1 1

Huhv, HRSC, MM BT R AT A G
W 0 S R BT HOR 20 205 B[ 3] HLBGSETTH S5 5T,
2016, 32(1): 1-5.
GUO Hong-ling, TIAN Huai-wen, KE Xiao-tian. Ad-
vanced Design Technology Classification Based on AHP
and Correlation Matrix[J]. Machine Design & Research,
2016, 32(1): 1-5.
MG, W2k, skig, 4. FT PCA Skt F-AHP (1
HH SHLE A IITFA). DL 5RT5E, 2016, 32(3):
174-177.
TIAN Yuan, PAN Hong-xia, ZHANG Yuan, et al. A New
Algorithm for Grey Evaluation of High-speed Automa-
ton Based on PCA and Improved F-AHP[J]. Machine
Design & Research, 2016, 32(3): 174-177.
Jiis, MR, ARTIC TR S )E WAL
aF T, MU TSP, 2013, 29(3): 6-8.
WAN Qiang, LIN Song, REN Zi-wen. Mechanism De-
sign Based on Morphology Matrix and Analytic Hierar-
chy Process[J]. Machine Design & Research, 2013, 29(3):
6-8.
E#%, REEW, HIERE. BT AHP-GEM KW 4B i1
WL B A ML A [J). PRI, 2017, 34(2):
105-109.
WANG Miao, YU Duo-huai, YANG Yan-pu. Human-
machine interface evaluation of aircraft cockpit based
on Fuzzy AHP-GEM[J]. Journal of Machine Design,
2017, 34(02): 105-109.
WANG C H, WANG J. Combining Fuzzy AHP and
Fuzzy Kano to Optimize Product Varieties for Smart Cam-
eras. a Zero-one Integer Programming Perspective[J].
Applied Soft Computing Journal, 2014, 22: 410-416.
HT AR, skibi, Trhe. SETER AHP—K (8 CEL
TOPSIS Hy¥rfift )5 AL BFTE[]. UM A4k, 2017,
53(5): 34-40.
TIAN Guang-dong, ZHANG Hong-hao, WANG Dan-qi.
Disassembly Program Evaluation Research Based on
Fuzzy AHP, Grey Correlation and TOPSIS Combined
Approach[J]. Journal of Mechanical Engineering, 2017,
53(5): 34-40.

( T35 301 51 )



