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Mapping technique of key quality
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Abstract: Based on the FMA structure decomposition of NC machine tool, the coupling and decoupling
analysis of the relationships between the main motions were carried out by using the decision making trial
and evaluation laboratory ( DEMATEL), and the performance coupling matrix of main motions of
components was obtained. An indirect mapping relation was introduced to replace the influence of the same
generation coupling of main motions on the secondary motion layer; the information coupling degree and
coupling variable degree were used to measure the indirect mapping and the direct mapping relationships
respectively, and the fuzzy analytic hierarchy process(FAHP) was used to quantify them, thus estalishing
the mapping transformation matrix between the main motions and the secondary motions performance,

which in combination with the performance coupling matrix of main motions of components, completed the
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transfer of key quality characteristics in the function-motion layer. The validity and rationality of the
mapping method are proved by the comparison of examples.
Keywords: decision making trial and evaluation laboratory; indirect mapping; information coupling degree;

coupling variable degree; fuzzy analytic hierarchy process

T AR b S b A AL PR B T B AL 9 1 RE B R F8 bR BEAT A L B ST R LY G B o
R WS B S /N AT SRS HEAT B T EROT I BT S5 40 . AR LI RE (BB 2 JT Sl 4 B 0T i S R D Y
B A WL 5 2 AL OGS BT M WS B A 02 3 2 RIS 3l )2 0 OC B BT i R M IR B T Bl R
JEH S A BRI S D EE AL DG B T e B S B A2 B 2 B R I

H T N AR T8O BIL IR T RE 43 T Y RIS 32 AR R A T iR T O T, 38 o BT i ) g R FF (QFD,
quality function deploy) 1A ¥ LI 11 (AD, axiomatic design) J5 ¥, ¥ 72 5h B0 PERE @ o H P 8 — I ge i —9)
PRI o R X R — > o R B SR R R A R P, XGRS R T — R R T QFD 1 DSM
WF I H 22 28 A BORL Gl ik DSM I 55 451 S5l e S5 4E B DMIM B 7 5 19 25 7 75 SRR Y e S5 31 B R Jal— 3
B — A4 s Pang 255 T —Fh3E TORLAE 42 (RS, rough set) (808 HLA & 55k e S 8 58 00 07 ik B &
PR g B P S T BE 2 s Diao ZEPT R I T — R I AEE & W 45 (W-CN, weighted-coupled network) i) J5 2 ,
FH T i e fin T ik A v AN TR] B R PR AR 5 OC R K5 T AR SR BRI DEMATEL WF5E T J5 4t Dy fig J I v 7™
i DI BE T R Z A WA B2 0 R . DL B AR ST AE 7 R AR 5 O & 5 T, AN 5 8 T R AR 2 ) 1 B 42 5 )
KF AT PR e 5C 2R 5 T LA DG B8 ot £ 4 P W Sk Oy T R R B e W dp O =X, Ay 2% I IR ARHE & 5C
RXF — )2 HITH S

S, SCHAE G T i R WGt B b 1) R A DEMATEL #5717 Ei8 sh M RE U HR & JE 5 2) 5] A —Fh
[F1] 422 WS 19 5 2ok AR 3208 Bl vk e =2 8] 1 AR RS 5 ¢ R0 9z 3 2 52 e, JF F ] FAHP X 5 3E 47 &
1k 19 B EAR 1) 3298 83— 90z 2 1 AR e S R 5 R B 5 3) FE AT AR B G BRI AR L S8 T O B B R AR AE T RE—
B )2 MR8
1 FiEzhitegEzENBESHRBS T
1.1 #lLEMAE FMA 7R 5

HRE T B VE I FMA S5 1k 43 i 50 2 38 52 % HLIK (9 2l g 3 2 247 B 90, 38 28 2 B8 (function) —i2 3]
(movement) — &)1 (action) K AE — A3 it it B2 K &AL T BE 43 % 238 20 i dse/NRLJE—— e s AR, Hohog
BN VE T8 45 48 56 A XS A0 ST BB AE 2 I — & ShAE B AR EGA B — 5 B 1 AT 4 AT 20 B R T 5 (WO BB B AR 43 Y
I,

FMA G54 4053 it (0 4% O SE AR K B ALK 09 D) BB 43 1 — 22 9] SR F A 1) 5 D) B A 6T 1 9 3 4 547G 38 2o
BN P BB R 1) 428 T R R AIE RS S B HLR 25 T RE N ER R S . FMA G540 o it P&l 1 s

EHLAIIAE o R
N 4
= SR
ey, | iR, | e BfEF, (éﬁgﬁ)
/T\/‘ Wz 2
EEE T .t
2 __—
8 )
] 7y
| EFIM,, | EHIM,, I ...... | EM,, | =
—— —
TEIEA, | TEEIEA, | - L~ TEEHEA, e

B 1 FMA &5 #
Fig. 1 FMA structured decomposition



%38 RARAR KT FMA 5 69 X480 S4F Mk S B A 3

HEIN e S D = BB S LR L A B I IR R A7 4D S DI RE L TORS N0 Tl . BUZALIR
FIBLHIZIRE By Do %) HgE AT FMA S5 4070 i ol T SLR AR B OC B Jo ik 4 P RSB B3 20 )2, B DA ke Ak 3 i
Bz gh)z , AR S R 2 s .

BEHIThaE AR

)
%_
&
&

EHE | |t a|[Femsc s | (vt MR R AbE EEsR
M, | | B, ([T HESM,| | Ao S, EBIM, EHM, (&EEh)
Py
[ 3
J:‘_—ALL T 1 1T 1 T T T T 1 T T T T T T 1=
AL i Ak
71 Y ¥t w. || #% ES %=
3 E3 A E 1N PR A AP T e A A b E R - T A 2 R A R 3 S
A M E R G A N R A P E 2 A e | E
e (| |V 5] (e 20 ] 8 1 72 1 |5 || | || || N
| |||\ 0L (| | A e 2 2 35 |2 || 2|
P I EN R R A A A R A
ailz| == |2 |EES 2|2 =255 |E]2E]| 5] S E
£ || 2
3 3
Mll MlZ Ml3 MM M21 MSl M32 M33 M4l M42 M43 MSl MSZ M53 M54 MSS M56 M61 M62 M63 M64 M65 M66 M67 M68
B2 EmIdi FMA S RER(E5)
Fig. 2 FMA decomposition model of a machining center (part)
1.2 FiEzhifgez BB EBREs
BAEHLR A iz stk e 2 (BN UCE B35 W 5¢ & L 1 HLik A ] 332 5% “

Wi 5% 2 5 LA oy T2 3 VDS 0 BR S 24, 252 R e 6 19 23 B2z 8l B A UD S Ak G

BB B M YEREXS S 6 200 B £ 12 3 ML PR AR &7 2k ELHRE I 5 M R E G
S M PERE LT M 1 RE SR M G R S AR A TR I2 3 M PERE L U M ‘

X M AR SC AR . BTEL R A DEMATEL X 7 f 5 i 5¢ 2 247 G-G
WA RS AT “

MRAEE 2 1 FMA S i 8 AR 53 46 & BRI SC I 52 i 48 11 70 A, 2
L F B S PERE R WA [ AN 3 B .

FRLAE L 3 TS A 1 T Al B 0 2 6 0 B3 rEatEbnsnl

Fig. 3 Performance influence

0O 1 0 0 0 1
directed graph of main motions
1 0 0 0 0 1
0O 0 01 0 O
Y = ,
0O 01 0 0 O
1 1 2 2 0 2
111 0 0 0 0]
. o e PEVE P o . Y
K.y, A EES M, 0 EEsh M, BRI =) By, =0, Y SRR X =—F—,
max Zy,»j

P 06 AT LAAS 31 52 i PR 22 (0] 42 0 (0] 22 52 Wi 5 2R 20 B 9 27 5 52 U SR [ a
Tzliin(X+22 + 4+ XH=XUT—X)",
LT RS,
T, MEEBES M, MFEEBEZHM, WESHWEE. O EESEEZEEWEE, T,70,% ;K Fiz 3680
FHEMEKRR . RZ Mk, i)



4 TR KXKFFR %42 %

0 0.14 0 0 0
0.14 0 0 0 0
0 0 0 0.33 0 0
0 0 0.33 0 0
0.2 0.2 033 0.2 0
10.33 0.2 0 0 0
PR FiB S5 AR AR G T )5 B 58 M R oo s BUE R
lot; > 24,
Zi; =40.5,4, <ty <Ay,
O0,t; <Azy
i =1.2,0,655 =1,2,-+,634, .4, ALGERWE, T REM G LR LRI 2R A, Bo.3,
A, B0.15,Z HHIbh EIB S TERERE S R . SR HTSg (55 0 Z AT R A A 0 Bl A A = Il R AR
Tt d /I o TS B B 0 Y F2 2 S PERERE S RE RS Zaun W0 1 PR
R1 EEHMHEEBEER Zu

Table 1 Main motions performance coupling matrix Z yy

AV M, M. M; M; M, M;
M; 0 0 0 0 0 0
M; 1 0.5 0 0 0 0
M, 0 0 1 0.5 0 0
M, 0 0 0.5 0.5 0 0
M, 0 0 0 0.5 0 1
M; 0 0 0 1 1 0

2 MHETHREEEEHERITITE

2.1 MEEHRIEEEERESN

F 18 Bl Az B W R P AR TR R i Bl 2 Y O T AR R R S B s Bl )2 BT LA i
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Table 2 Quantitative matrix language scale of fuzzy analytic hierarchy process
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Fig. 7 Algorithm flow of M-S transformation matrix establishment
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Table 3 Main motion layer key quality characteristic matrix Q cyu

Fiz 38/ MM t/h ¢ p/mm a/h u
M, 1520 2.92 0.015 1 825 0.63
M, 1531 2.64 0.017 1 834 0.64
M, 1512 2.53 0.019 1 856 0.62
M, 1526 2.42 0.013 1821 0.67
M; 1506 1.84 0.020 1 803 0.60
M; 1532 2.02 0.014 1 820 0.64
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Fig. 8 M, M-S information transfer model

K FAHP 7545 245 (5 2R & 0 1 A5
W = {0.044,0.055,0.060,0.070,0.070,0.068,0.067,0.072,0.071,0.070,0.066,0.073,0.072,0.072,0.072} ,
RO BERAEL anvan sasan BIREG TR ¢ DA R Eadh 165 %z )2
M SRS BE € AR 0 T2z 3l ML A IS 28 Jh i B UL o B0 AN 26 4 s (9 0

x4 FEBIHM BRHTHIER

Table 4 Main motion M, mapping transformation matrix

iz 5 SM
M, M, M;
M, 0.215 0.070 0.072
M, 0.213 0.070 0.071
M,; 0.210 0.068 0.070

M., 0.205 0.067 0.066
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Table 5 M-S mapping transformation matrix Z,.sof NC machine tools

It 3 e =t 35 +£izz)

#SM M, M, M, M, M, |[#SM oy M, M, M, M, M,
M,  0.215 0.070  0.072 | M, 0.069

M,  0.213 0.070  0.071 | M., 0.071

M, 0.210 0.068 0.070 M;; 0.067

M, 0.205 0.067  0.066 | M., 0.072

M,  0.213 0.066  0.072 | M,  0.213  0.068 0.075
M., 0.205  0.067  0.066 M.,  0.210  0.066 0.065
M., 0.213  0.072  0.071 My, 0.207  0.068 0.070
M., 0.203  0.068  0.073 M, 0.208  0.069 0.070
M, 0.214  0.065 0.061 My, 0.214  0.070 0.072
M., 0.205  0.063  0.069 My 0.209  0.068 0.068
M., 0.200  0.070  0.072 My, 0.213  0.071 0.072
M., 0.068 My 0.206  0.069 0.074
M, 0.073

xo6 “REHEXREREBFFIEERE Qcom

Table 6 Secondary motion layer key quality characteristic matrix Q csw

?jfiﬁ t/h ¢ p/mm a/h u ;%;\LZZ t/h c p/mm a/h u
My, 1571 3.01 0.016 1 826 0.64 M;; 1519 1.86 0.018 1 825 0.65
M, 1576 3.03 0.018 1 836 0.63 M, 1518 1.82 0.019 1 836 0.61
M, 1531 2.95 0.017 1 834 0.65 M:; 1523 1.86 0.021 1 824 0.68
M., 1542 2.94 0.015 1 845 0.66 M;s 1524 1.85 0.018 1 835 0.67
M, 1536 2.63 0.018 1 836 0.65 Mg, 1534 2.03 0.015 1 820 0.68
M, 1548 2.53 0.020 1 856 0.63 M, 1535 2.03 0.016 1 836 0.69
M., 1567 2.52 0.019 1853 0.65 Mg 1536 2.02 0.014 1 835 0.70
Ms; 1556 2.51 0.021 1 854 0.62 M, 1543 2.01 0.016 1 829 0.65
M, 1536 2.43 0.014 1 831 0.69 Mgs 1 548 2.03 0.014 1 837 0.66
M,, 1528 2.45 0.012 1 823 0.68 M 1549 2.05 0.016 1 829 0.69
M,; 1548 2.41 0.015 1825 0.670 Mg, 1563 2.01 0.015 1 835 0.68
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26
“ iz —Riz
& SM t/h ¢ p/mm a/h u & SM t/h c p/mm a/h u
Y/ 1525 1.86 0.020 1 805 0.64 Mg 1543 2.07 0.016 1 845 0.67
M;, 1534 1.85 0.021 1 810 0.63
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Fig. 9 Comparison of the mapping method of this paper to the traditional method
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