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Comprehensive Evaluation of Machine Tool Design Quality
Based on Grey Fuzzy Hierarchy Method
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Abstract ; In order to solve the ignored interval gray level and the difficult judgment matrix adjustment in the evaluation
of the design quality of machine tools by using analytic hierarchy process ( AHP) , a method based on gray theory and
fuzzy analytic hierarchy process ( FAHP) was proposed. The design quality evaluation was deeply analyzed, a universal
evaluation system for design quality of machine tools was established and the grey theory was applied to evaluate the
design quality by the combination of interval gray number and fuzzy hierarchy. The evaluation process was equipped with
gray level and evaluation grade, combining qualitative evaluation and quantitative evaluation, which made the final
results more reasonable. The weight was assigned to each level and was modified with correlation coefficient to make the
evaluation process more scientific. Finally, the feasibility of the method in the comprehensive evaluation of design
quality of machine tools was proved by the example of a five-axis machine tool. The results show that the design quality
of machine tools can be evaluated by grey fuzzy analytic hierarchy process scientifically and effectively, and the grade of
product quality evaluation can be provided accurately.
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Figure 1 Evaluation of machine tool design quality

1.3 REFENERMER
1.8.1  {RFE A

FEAE RT3 HIT 25 A 0 St 5 Wi DR 28 7 il I, X LR
Jit AT RRE RN, CRUE BT R I A5 R R T SR AE
il BTt PR AR R ) A R — e i R TSP 5
FIPEANSE R

1) RIEMEARIUAEDEN & v] LU ot i 97 22K
TEVR ZR G 5

2) SEHIHEAAR BUAE PE A 14 R RE MERA S BRHIL R B it
B B 1 25 A B i AR 5

3) SEREVEIRIAEAR R AL S ALK 45 7 T ) PEAN 1R
b, W AR b S WA LR AE BT B B i i A )
1.8.2 [KRLH

KA A A FE AR R R, AR = 5 0 L H bR
ST R AT TR (45 AN BT hg A BN 4k Ak RS
o FmZMFRTRE X AR PERE R I 2 i, B A2
(RS PR 2 G0 Sl P B 4% 7 T A R o TR
WIZR a5 anEl 2 iR o

JEWR I3 HT S5 KA 52 2% [m) L A6k JLAS B A 2R SR
FRIARR, B NPT AR 07 S T AR 1 52 e T T A
FEEFTR TR, W TR iR, PR A R
BhR)Z AT LA o0t — A8 AR, —RARPR AN = AR RS,
FLA — 7 138 I



[2E - B8] B, F : BT BEMEIEIWRZITRESSITEMN £ 99 -
0 v < X
‘ BERL) ‘ S
(i)
e )
w, | |Wm ’U];/ —~ X < ’U](r;) < V
L) =1 W=V . (6)
Wll wln Wml wmn (l)
V- V<o <U
i || iF i Uu-v Vi
#r # # Hr o
*!Eﬁ j:é j:é i% 1 v =U
N, v || N 3) e e [V, V) R AN
0 v,f_;) <Y
B2 SHEE R R A W) -y A
b Y <o <X
Figure 2 Hierarchy structure of design X-Y i
quality evaluation index /5 (1/;/»0 ) =41 11,5_]-” =X o (7)
1.8.3 IFfibn Vou' o ey
VEAFERR AT LA Ay B R BN AR A X V-X <t <
R 4§t T4 SRR I AL ) B o2 I 7 I W =V
TEANTT HEAEE o A PRIEPEMN B 20 (B, LA DA 48 A 4) KE v e [1,X), HitH A=
fEHE AL, 0 W < ¥

XAl RAIFE AR AL AL 2], 759 2 P EAN FR A A
d —dm™
w = g e (3)
XAl NRIFE AR LA AL B, 753 2 (PR FR AR A
, d,, —d,”
' =1- Wo (4)
o d,, FOREEMSERI ¢, o, FRMAL AL T
5 AR 4 A A FR SR B
e/ ME.
1.8.4  JREVEAS
A e (iR ZX 7 b TR A TVRAL 56 kA & Z0
S5 i ANUEN AR VERAE RN VY = (o)) 1, o WU
TR E K EERIEN T = {1,,,,
b SCHSRIT 4 VA, T = {ey,0,0,00 = TG, R,
W, 2 IEEE LT RR N U, 55 2 R V, 55 3 2
BN X, 4 K ERA Y, HMEU =9,V =7,X =5,
Y = 2 RE R @G AR AR BT LR H o))
JEBTFL s IRERIBLS (o)) Hidr s = 1,2,3,4 MR
3 s B 4 B AR EUE , PTAR A E ARR R B A
ﬁ[H—IS: .
1) KEv e [U,10), HitB AL N
0 v <V
ﬁw$>=lgjj Ve <ue (9
1 v/(cj” =U

2) KHv e [X, V) HAtBH A0

X -/ :
7’; Y <o) <Xo  (8)

1 vy =X

(i)
Vi

0 Y X 14 U i
(b) F2RMEBAL AR B
M3 Gk
Figure 3 Whitening weight function
2 ZEWTHM
2.1 FMRH
AR BB 22 U I B, A ST 5 DU Y P 4
PRI RE A = [ay) ], o
0.5  p(n) =p(p)
a,, =10 p(n) >p(p). (9)
0.0 p(n) <p(p)



- 100 - BITH# Light Industry Machinery

2018 FFEE2 HA

A, =1,2,,n;5p(n) Al p(p) 735 R A5 HR
d(m) Ml d () BIFHXS L E AR s A R B ARG

RHREHE A SATRAS b(u) = 3 ol 2y
p=1
Hirs

=Tk 4.5, (10)

s 2n
DR AT AR A — SRR RS B, = [0, ], FURTAN

APV RAALE [ AR

w:) = (w0l e )T
Zblu ZbZM zbﬂu
nM:ln , nﬂ:ln JETR n/‘:'" o (11)
DIDIIED DI D WP W
n=1 p=1 n=l p=1 n=lp=1

2.2 IREIEMEER
BRI KK LR AR b A MR I € B4
ny, PRSI GE T n,

n-—Zf@ﬁ)n 2 (12)

2/?/3eu%%ﬂ%/\{ﬁ{ﬂ"J:'?a*TE’JlTr{E{E Xt ¥
S5 dANUEDN 55 B TR s IR K CIERSAUEA »

)
0 n;

re = n’(ﬁo (12)
HETTAT LASK S5 @ AN D0 B B 6, PP A 4 1y
r“>(®) rlz)(®> rlh)(®)
R(i)(®> - r21>(®) r22)(®) rzl)(®>
rnf)(®) Ti?(@) riff(@)

(13)

2.3 IRKERSH

BN RV UL, SR R OGIR 73 M & 1E
B TEPRHIAUE , 13 BIPP HE AR I 25 5 AR o B4
VDU B 2 ) R AN s IR, IR BE DR ) DAY 8 A 0o
7 b SRR S A O, AR

S5 1 A UED AR FR DAL 51 -

V;i) = %v(ni) ,vi}? , e ,v;i) | ,112? = max v,fl) ,vz(sz) s

Vi f o

L,k =1,2, e,

A& G20 25 HE N JEZ PP FE AR BV A it
WA T A F31 -

V;” = {U1(1> 11;) ,“-,vsfn b =1,2, n,
5 kLT AT AR bRV 81 517 0 Fr 9 A 48 %

FREFI N ALY xR 2 5 AL i A — S

WAL (14) BRI p BLO. 5 RIFH
ke i AT VD RV [T R A

min mlnA( 'k o+ p max maxA< ks

@ (f J ] k 14
J (k) = Amk +pmaxmaXA Dk - (14)

SRl SRR
T W (OB (15)

R II B T — AL B, 753 2055 ¢ A0 2 A 45
UNHPS SRS Vo R

(i)

@k = Y (16)
FHRHAE R BB IEH %ﬁ*ﬁﬁ%ﬁ(ﬁ*ﬁ%*% 45
TP, TP EMN FE bR 2R AR N
0w
w;i) ! 70 (17)
' z a( ) ( )

2.4 ZETH

ARG PO HEAR 14 3 J B AT 1o 2, M) FRTASEA 22
e, SRALIR 1 Bt K SR s T 4% VR SR g
JEAT

G(i) — wfi)rR(i)<®) —
m(®) m(®) r(®)
(0 wl® ee w®) m(®) m(®) - () -
rnl(@) r,12(®) rm(@)
(e ,e,, el) (18)

FIAEER VRN ZE S B R —A4 A
NN e R g O

h

C = CT" = (e e,,,e)| ™ | = Dedio (19)

Ly
FEFREER A SO T i Y i KO, BT A
[Fi] 7 it O () ) LG, JoE ot 6 00 5 ™ Sl PR SR R 6
A1 Rt

K1 REHREESIFNFE LA

Table 1 Table of quality index and evaluation grade
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Figure 4 Five axis machine tool to be evaluated
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axis machine tool indexes
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