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Machine Tool Appearance Design for ID& E Collabor ative Perceptual Cognition
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ABSTRACT: The work aims to solve the problem of perceptual cognition collaboration between industrial design and
engineering in the process of machine tool protection appearance design to better seek and enhance the consensus cogni-
tion of both sides on the machine tool appearance and improve the efficiency and clarity of the design, thus improving the
overall competitiveness of China's machine tool industry. The qualitative research of grounded theory was combined with
the quantitative research of Kansei engineering. Firstly, the grounded theory was used to cluster and extract the common
perceptual image words in the field of industrial design and engineering. Then, the semantic difference method was used
to analyze the impact factors and modeling feature elements of the representative samples, and the mapping relationship
between the machine tool design elements and perceptual cognition that could be coordinated by both sides was clarified.
Finally, design practice was carried out based on the corresponding specific case requirements. Several influencing factors
and corresponding typical perceptual terms of collaborative cognition between industrial design and engineering in the
process of machine tool appearance design are defined, and ID& E perceptual cognition collaborative system for machine
tool protection appearance design process is constructed, which provides effective method reference and optimization
ideas for the field of machine tool appearance design.
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Fig.1 Clustering analysis and results of similarity matrix
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Fig.2 Typical sample
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Tab.1 Decoding information of some lexical elements
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a4 4 A 2 R RETE AR 7 2 31 4 Ak

] BE- A 5E BAE bl SERE %Wﬂ@ﬁﬁ%L%ﬁﬁﬁixmm%@%
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Tab.2 Mean value of perceptual image

T X FEA 1 A 2 A 3 FEA 4 A 5 A 6 ¥ifH
H -3 0 1.25 1.2 2.25 1.25 2.05 0.25 1.35
3ot Ip- AR 1.4 1.95 1.95 2.25 2.4 1.2 1.86
I -HE 1.55 2.05 2.15 17 2.25 2.1 1.97
i - VR 1.75 1.8 2.25 1.6 1.7 -0.95 1.36
F -1 [ 2.2 2.2 2.05 2.15 2.15 1.7 2.08
fa B -4 4 2.05 1.9 25 1.9 2.4 1.05 1.97
Al BE-Al 4 2.45 1.95 1.65 2.05 25 1.25 1.98
AR A 2L 1.65 1.8 2.2 2.05 25 0.85 1.84
15 - B 0.95 1.3 1.9 1.8 1.95 0.9 1.47
R - v A 1.55 1.6 2.15 1.35 1.9 1.6 1.69
- 2 1.7 2.5 1.8 1.45 0.9 1.72
TR L-¥75 B 1.8 1.65 2.15 1.7 1.95 1.3 1.76

B k-5 1 0.75 1.2 1.8 1.4 1.75 0.5 1.23
RHL ¥ -3 1.35 1.7 1.4 1.7 2.2 1.4 1.63
AR -ER 2.1 1.25 1.9 1.75 2.3 1.1 1.73
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Tab.3 KMO and Bartlett sphericity test results

KMO Bt Bartlett BRFE )5 6 16
EUEREC ey B L
0.811 568.721 105 0.000

Bt , X ) 32853 23 A ok S R R A4
¥, @y pr 15 AN HRERNC A A B AT 44
DT, S0 Ik B S A e R B B

T—EMES, HEEE D52 4.954, 1.560, 1.393
Il 1.204, Wk 5 7 2 B4 51 33.026%
10.399% . 9.285%F1 8.027%, i Bt 2= siEkE N
60.737% ( U 4 Fris ).

AT LA & B -0 B 4 FLAR 2R 288 19 W R HE 28 i —
AT 4 AR F o S T IRME - Hr a8, 7e45 5]
R F A5 2 5 T Bt R AT AR L A S PR 2 i, A
TRRAS PR W ARG SCORIE B . UL, 4%
S SPSS H A Xt BT B >R FH 1 3 TE % vk LA AR 3]
A RT3 A (AN 5 R ).
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Tab.4 Factor analysisresults of perceptual image word pairs

o LR NNE] PRI Ar -5 F0 Tt 28 uf -7
Bt FTEAS  BRI% Bt rzEEsSl BR% J<8an FEASLE  BRI%
1 4.954 33.026 33.026 4.954 33.026 33.026 2.544 16.957 16.957
2 1.560 10.399 43.425 1.560 10.399 43.425 2.494 16.625 33.582
3 1.393 9.285 52.709 1.393 9.285 52.709 2.053 13.686 47.268
4 1.204 8.027 60.736 1.204 8.027 60.736 2.020 13.468 60.736
5 0.831 5.538 66.274
6 0.768 5.121 71.395
7 0.753 5.023 76.418
8 0.667 4.444 80.862
9 0.583 3.888 84.750
10 0.502 3.346 88.096
11 0.439 2.925 91.021
12 0.400 2.669 93.690
13 0.364 2.427 96.117
14 0.309 2.058 98.175
15 0.274 1.825 100.000
x5 BETFHEER 54 VTR SR R B S A SRV AT 32 A 4
Tab.5 Factor load matrix Ml L& B, A4 | D& E A5 $ A A Rt AT HEZE
iRa) D% BT I 285 BB R T ID&E X HLIR S W85 3 4 J8& Pk
%' 1 2 3 4 INFIETE 4 A LRI N, 7 1 a7 “9Raz-
A 1 0.139 0.688 0.158 0.261 HE” Mg -PHE” MR- A" “PHA-# A 4 A
%t 2 0.237 0272  -0.102 0.637 WX, I TZE A TE R BT LR B, A
%t 3 0.752 -0.037  —0.002 0.199 PSR TR A TR RS I5R 0 G E AR
A%t 4 0.039 0.461 0.236 0.490 B B R A ARG R SCR 1Y), R ID&E FEARXTHL
%} 5 0.067 -0.134 0.185 0.795 PRAMI b 5 B2 D et N N 248, e mT LUK e 4E
% 6 0.047 0.275 0.564 0.421 BICRTIREINA A HF 2 & T “ HR-SE0” “ 5
WXt7  —0.045 -0.009 0.848 0.227 AR B 2e- 1" 34liaxt, ZERLIEM TN
%t 8 0.352 0.363 0.236 0.531 FETF 3R URE Etd 78 2 R LR, DA SRR AR
%t 9 0.671 0.361 0.031 0.247 v, 8 T RE TR TEN R b
At 10 0.698 0.358 0.144  -0.077 ZRA B RO, AL T ID&E MU WM& 25 5 I
AR 11 0.247 0.744 0.167  —0.039 PP AR, AT Z R LSS A 5 I+ 3
ARt 12 0.313 0.081 0.675  —0.008 WET “fel-L4a” “nlEE-nl 57 YRAEL-TEW R
A%} 13 0.064 0.784  -0.036 0.086 MR 4 HIEH RN, %S M ID&E BEAR) %%
X} 14 0.716 0.041 0.315 0.192 SRR AT A ERORT B 315 JER A PR B ) T A
Xt 15 0.394 0.268 0480  -0.107 R nr LUK Z o AP B 5 I+ 485 T “i
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Tab.6 Dimensional analysis of the four factors
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Tab.7 Mean values of representative word
pairs of typical samples

HEARG S fRge-Pi nIBE-nAE LRI-IR1E EAk-51E

FEAS 1 0.95 2.45 0.75 2.20
FEAS 2 1.30 1.95 1.20 2.20
FEAS 3 1.90 1.65 1.80 2.05
FEAR 4 1.80 2.05 1.40 2.15
AR 5 1.95 2.50 1.75 2.15
KR 6 0.90 1.25 0.50 1.70
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Tab.8 Characteristic elements of each structure

% HhEZER AR BRI WERE AR
o (A) (B) (C) (D) (E)
IR CIE HA BT EE KRE6OE
gk A {31 £ BIFT aE REaR
ASHIL I 7Y RE REG  HBAK

MRIRBORE AL | 283 Ry R PR X Fe A (1 3%
IV B R Y i A T AR e AR AL B, B e A5 3 R
“0” 1“1 RYBEFE, W 9.

3.2 ID&E BMEIAZNthE B = 5 4T

S50 1T SO 3 A I R R SRR 0 B 2 (R
T RIUEIF R, 4 3 HURAAE 2 R kAT Z2 0 4 P ]
0T o A3 BB B AR My R R X, S
BRIV IINAS R Y, 8 f i BB AE P A2
n MR TR I e, Fon, WA (2) Sk3E
/N ID&E Z ] 7= AR AR PE A IR ST Y S B i
TFEERE X Z M ALRMEICER, RIHLR MU iE A
B R 1] RN 1D&E BRI AR Al A

S
Y =3Ya,X+g ©)

n=1 k=1

K o, BB DEREITERAE L 2RWE
& WIZRIREE i MBI BEDLIR 22100, ¥ ID&E IR
PRI B G AN ) PE A E (B RN 2 R RRAE 1 B T B 3R
RS SPSS Giit 3k (it 47 2 on kb mlA 00,
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Tab.9 Matrix of modeling design elements
FEAE FHETTE FEA 1 FEAR 2 A 3 FEA 4 FA 5 HA 6
sp Ly JL@&” (A1) 1 1 1 1 0 0
(A) MR (A2) 0 0 0 0 0 0
AHN A (A3) 0 0 0 0 1 1
spiE Lk 4 Hff (B1) 1 1 1 0 0 0
(B) fFlf (B2) 0 0 0 0 0 0
REG (B3) 0 0 0 1 1 1
gl HFT (CL) 1 0 1 1 1 0
(C) XWIFT (C2) 0 1 0 0 0 1
W 5% (D1) 1 0 1 0 0 1
(D) 47# (D2) 0 1 0 0 1 0
BA& (D3) 0 0 0 1 0 0
% jtﬁé%fé (E1) 0 0 0 0 0 1
(E) JREseE (E2) 1 1 1 0 0 0
AHK (E3) 0 0 0 1 1 0
# 10 EEASHHEERER
Tab.10 Correlation coefficient of regression analysis
145 - B Hok-5 1% A BE-T] 4 % N-1 [
FRIE FRECER R IR ith Sig. F IR Sig. F IR b Sig. B IR it Sig.
Mer: B #Eer (WE) X (E)  Mxm  (WE)
e JLfT#S (A1) 0.190 0.718 0.333 0.519 0.172 0.744 0.173 0.743
(A) WA (A2)
AHL A (A3) —0.190 0.718  —0.333 0519 0172 0744  -0.173 0.743
spm 4 Hf (B1) 0.216 0.682 0.202 0701  —0.284 0.585 0.392 0.442
(B) i (B2) 0.229 0.663 0.524 0.286 0.823* 0.044 0.139 0.793
RE (B3) -0.579 0.228  -0.958**  0.003 -0.744 0.090  -0.682 0.136
Bidpr] B (Cl)  -0.027 0.960 0.404 0.427 0.812* 0.050 0.024 0.963
(C) XIFIT (C2)  —0.229 0.663  —0.524 0.286  —0.823* 0.044  -0.139 0.793
o 6% (D1) -0.876" 0.022  -0.505 0.307  -0.203 0.700  —0.894* 0.016
(D) 43 (D2) 0.256 0.625 0.404 0.427 0.406 0.425 0.355 0.490
RA (D3) 0.620 0.190 0.101 0.849  -0.203 0.700 0.539 0.270
_ KRE@F (E1) -0.579 0.228  -0.958**  0.003 -0.744 0.090  -0.682 0.136
/(é;/) JAEs % (E2) 09527 0.003 0.238 0.650 0.210 0.689 0.866* 0.026
BHJK (E3) 0552 0.256 0.505 0.307 0.365 0477  -0.380 0.458

HE: #rb Sig. (BUR) /MTF 005 HRT 0.01 Iy “*”, oAt /NTAET 0.01 Iy “**7, $7R5 B AR
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Tab.11 Perceptual optimization orientation of machine tool appearance design

Bt e MRS (A) AMNEZS (B) it (C) WMEEE (D) ¥ (E)
VAL JUfTH (A1) f#lf (B2) HIF] (CL) /y# (D2) BHK (E3)
B JUTAEL (A1) f#lf (B2) I (C2) /¥ (D2) B4 (D3)  R#6¥ (E2)
CIE JLfTRY (A1) il (B2) I (CL) 7 (D2) e (E2)
U [ JUMAL (A1) Hf (B1) I (C2) RA& (D3) JE R (E2)
RS AHAES (A3) RA (B3) WHIT (C2) RA (D3) KiEta® (E1)
gt ARFL AL (A3) RA (B3) HIF] (CL) 5E#% (D1) Kita® (EL)
(-3 AFIE (A3) ’RA (B3) WFFIT (C2) 56 (D1) RA (D3)  KEEE (E1)
EM AHN A (A3) ’BA (B3) I (CL) 5% (D1) KedE® (E1)
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Fig.5 3D effect preview
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Tab.12 Mean of factors
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