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ABSTRACT: The paper aims to obtain the user demand of drawing frame more accurately, obtain the design-related fac-
tors from the production practice, and propose a drawing frame design and development process. Principal Component
Analysis (PCA) and fuzzy Kano model were used to combine the advantages of the two methods, and the design factors of
the drawing frame were eliminated through PCA to reduce the data dimension and reduce the number of drawing frame
design factors to facilitate analysis. According to the calculation method and the relevant specification of user require-
ments in the Kano model, questionnaire design was carried out by combining various design-related factors. After the sta-
tistics and analysis of the survey data, the user demand categories of the design factors affecting the drawing machine
were obtained, and finally integrated into the innovative design process of the drawing machine. Based on the analysis
results of principal component analysis and fuzzy Kano model, the innovative design of drawing frame is carried out. The
feasibility and effectiveness of the drawing frame design and development process are verified, which provides the basis
for the design of the drawing frame and quantitative analysis reference for related category product design.
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Fig.1 Drawing frame design-related factors
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Fig.2 PCA dimension reduction schematic diagram
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Tab.1 Relationship between user demand and
user satisfaction
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Tab.2 Classification evaluation table of evaluation results
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Tab.3 Traditional Kano model questionnaire
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Tab.4 Fuzzy Kano model questionnaire
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Tab.5 Fuzzy questionnaire template table
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Tab.6 Raw data specification valuetable

BEA  wy up us ws us ug uz ug  us u
A1 6 8 8 4 7 4 7 4 6 6
A2 6 8 8 6 7 4 7 4 6 6
A3 7 7 7 3 3 3 6 7 3 4
A4 6 6 7 6 6 4 6 6 4 6
A5 3 6 7 4 4 4 4 4 4 4
46 6 4 8 7 6 3 6 4 6 6
A7 4 4 7 7 4 4 6 4 6 4
/<8 6 6 6 6 6 6 7 3 7 6
A9 4 3 4 4 4 3 6 4 3 4
FA10 4 3 4 4 4 6 6 4 3 4

MRAEEC (4) v LIS 3045 3 553 1 AR BTk R A
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Tab.7 Standar dized matrix of each influencing factor index
(%N U Uz us Uy Us Ug uz us Ug Uio
1 0.497 1.385 1.247 -0.771 1.315 -0.391 0.854 -0.775 0.436 0
2 0.497 1.385 1.247 0.606 1.315 -0.391 0.854 -0.775 0.436 0
3 1.271 0.778 0.554 -1.459 -1.743 -1.145 -0.074 1.549 -1.607 -1.68
4 0.497 0.17 0.554 0.606 0.551 0.392 -0.074 0.774 -0.926 0
5 -1.834 0.17 0.554 -0.771 -0.979 -0.392 -1.931 -0.775 -0.926 -1.68
6 0.497 -1.044 1.247 1.294 0.551 -1.145 -0.074 -0.774 0.436 0
7 -1.057 -1.045 0.554 1.294 -0.979 -0.392 -0.074 -0.775 0.436 -1.68
8 0.497 0.17 -0.139 0.606 0.551 1.116 0.854 -1.549 1117 0
9 -1.057 -1.652 -1.524 -0.771 -0.979 -1.146 -0.074 -0.775 -1.607 -1.68
10 -1.057 -1.652 -1.524 -0.771 -0.979 1.116 -0.074 -0.775 -1.607 -1.68
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Tab.8 Correlation coefficient matrix of each influencing factor index
HE Uy Uz Uz Uy Us Ug Uz us Ug Ui
uy 1 0.679 0.453 0.399 0.482 0.227 0.73 0.401 0.347 0.517
Uy 0.679 1 0.393 0.102 0.309 0.165 0.554 0.216 0.371 0.51
us 0.453 0.393 1 0.525 0.256 -0.013 0.391 0.112 0.122 0.146
Uy 0.399 0.102 0.525 1 0.486 0.247 0.34 0.067 0.37 0.241
us 0.482 0.309 0.256 0.486 1 0.249 0.25 0.099 0.596 0.375
Ug 0.227 0.165 -0.013 0.247 0.249 1 0.32 0.097 0.435 0.369
u7 0.73 0.554 0.391 0.34 0.25 0.32 1 0.06 0.271 0.422
ug 0.401 0.216 0.112 0.067 0.099 0.097 0.06 1 0.176 0.325
ug 0.347 0.371 0.122 0.37 0.596 0.435 0.271 0.176 1 0.596
U0 0.517 0.51 0.146 0.241 0.375 0.369 0.423 0.325 0.596 1
x99 MHEXRYIFTIEMEBER
Tab.9 Correlation coefficient eigenvector matrix
E U Uz us Uy Us Ug uz Ug Ug Uio
Uy -0.393 -0.416 0.276 -0.185 0.319 0.269 -0.094 0.171 -0.209 0.118
Uy 0.267 0.509 0.149 -0.088 0.041 -0.031 -0.104 0.496 -0.202 -0.094
us 0.449 -0.234 0.317 -0.153 —-0.061 —-0.066 -0.104 —-0.047 0.345 0.189
Uy -0.237 0.312 -0.117 -0.033 -0.05 -0.066 0.377 0.206 -0.287 0.17
us 0.15 -0.143 -0.258 0.499 0.12 0.140 -0.047 0.091 0.242 -0.206
Ug -0.126 -0.081 0.295 0.076 -0.126 -0.26 -0.11 0.428 0.297 -0.422
uy 0.140 -0.238 -0.258 0.138 -0.535 -0.243 -0.158 —0.056 -0.419 0.002
ug 0.124 0.107 -0.222 0.067 0.003 -0.123 -0.149 —0.099 0.041 —-0.008
ug 0.032 —0.055 0.001 -0.578 -0.078 -0.061 —0.065 -0.374 -0.157 -0.442
10 -0.012 0.054 0.522 0.338 -0.302 0.067 0.372 -0.305 -0.024 0.215
x 10 MHEXREFEEER
Tab.10 Correlation coefficient eigenvalue matrix
Flr SR PATUEREI% R DTEOR/% | FIETH BATIHRRI% BRI 5TEE %
1 6.429 0.402 0.402 9 0.422 0.026 0.933
2 1.919 0.120 0.522 10 0.342 0.021 0.955
3 1.615 0.101 0.623 11 0.216 0.014 0.968
4 1.293 0.081 0.704 12 0.183 0.011 0.980
5 1.170 0.073 0.777 13 0.171 0.011 0.990
6 0.851 0.053 0.830 14 0.09 0.006 0.996
7 0.728 0.046 0.875 15 0.046 0.003 0.999
8 0.504 0.031 0.907 16 0.021 0.001 1.000
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Tab.11 Principal component load matrix
FES 1 2 3 4 5 6 7 8
uy 0.311 -0.164 0.23 —-0.036 -0.337 —-0.009 0.118 -0.209
U 0.285 —0.252 -0.18 -0.201 -0.108 0.318 —0.094 —0.202
U3 0.207 —0.432 0.176 -0.021 0.383 -0.191 0.189 0.345
Uy 0.187 0.054 0.455 -0.03 0.419 -0.33 0.17 —0.287
us 0.197 0.137 0.489 -0.291 0.051 0.336 -0.207 0.242
ug 0.209 0.377 —-0.051 0.261 -0.011 -0.289 -0.422 0.297
u7 0.291 -0.165 0.123 0.348 -0.187 0.072 0.002 —-0.419
ug 0.106 —0.055 —0.012 —0.498 -0.44 —0.644 —0.008 0.041
ug 0.248 0.279 0.079 -0.301 0.171 0.148 —0.442 -0.157
Ui 0.306 0.215 -0.161 -0.216 -0.123 0.09 0.215 -0.024
U1 0.276 -0.08 0.016 0.453 0.022 -0.217 -0.288 —-0.093
Ugp 0.337 -0.045 -0.176 0.054 0.064 0.156 0.171 0.087
U3 -0.163 0.527 0.195 0.032 0.024 -0.028 0.37 -0.325
U1g 0.303 0.186 0.036 0.115 —0.068 0.114 0.421 0.439
Us 0.285 0.291 -0.307 0.126 -0.04 -0.084 0.152 0.007
Uie 0.145 -0.004 -0.473 —0.244 0.515 -0.121 0.024 -0.224
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Tab.12 User demand evaluation index system table
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Tab.13 Fuzzy Kano product properties
survey questionnaire
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Tab.14 Requirements category processing process table

0l M o A I R 0
M1 070 0 0 0.30 0 0
JAF2 040 040 010 0.10 0 0
M3 008 072 018 002 0 0
HPr4 0 0 050 0.50 0 0
5 042 028 012 018 0 0
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Tab.15 Results after threshold screening
HF M
DRl
MF 2
HIF 3
M4
MF5
S

A 1 R

Wk O O F
N O O + O|Q
O FPr O O O
O P O O O
O O O o o o
O O O o o o’

TS O] Kano AEAY A AL TR, TP 6F 7 fil B 2%
MR ER R E B, Wk 16, MU AR R (H
PR IRI T R s P i >R I . MR AT U 2, AL
oy e 4 7 SR A BRI R 2 07 SR SE P R T AEAR
ok, BBV B MEEERE | RIS 451
A R AT 5 BORTNERA T UhA PR B s T B AT oK , e
Fi 9 BAF R | SO A T SR AL T 221
A HLE & T R

MR 16 GEit 8 B A P FoR SRR, X If
SEHLAY S BB T AT BT A

1) IR A S A 1 mT LA

* 16 #EH# Kano RE AR EKPEMESITER
Tab.16 Statistical results of frequency of user demand
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Fig.3 Three different designs
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