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Analysis of Factors Affecting Needle-Pin Suction Cup Grabbing of
Single-Layer Clothing Cutting Pieces

WANG Jinzhao'*, HOU Jue'?’, YANG Yang'’, FENG Lei*, LIU Zheng*'’
(1. Apparel Engineering Technology Research Center of Zhejiang Province, Zhejiang Sci-Tech University, Hangzhou
310018, China; 2. School of Fashion Design and Engineering, Zhejiang Sci-Tech University, Hangzhou 310018 , China;
3. Wuhan Textile and Apparel Digital Engineering Technology Research Center, Wuhan Textile Untiversity, Wuhan
430073, China;4. Jiaxing Liangyou Clothing Making Co. , Lid. , Jiaxing 314003, China;5. International Institute of Fashion
Techno-logy, Zhejiang Sci-Tech University , Hangzhou 310018 , China)

Abstract ; To explore the influencing factors of the automatic grabbing single-layer fabric piece by needle-pin suction cup in
garment production, 18 types of fabric pieces were selected for grabbing experiments. By determining the evaluation scale
of the grabbing effect of fabric pieces, the correlation analysis between the physical properties of fabric pieces and the
grabbing effect is conducted. A regression model, incorporating suction pin withdrawal length, is developed, along with the

" needle-pin suction cup grabbing index to quantify grabbing effectiveness. Additionally, a novel

introduction of the
approach for configuring needle-pin suction cup parameters is proposed. The findings underscore the significance of fabric
thickness, density, surface density, and stiffness, with high correlation coefficients of 0. 697, 0.687, 0.733, and 0.443,
respectively. Furthermore, fabric suppleness, smoothness, and yarn characteristics significantly influence grabbing
efficacy. Predictive regression analysis of the needle-pin suction cup grabbing index, The adjusted of the prediction model

reaches 0.91, thereby determining the suction cup needle length parameter.

Key words: needle-pin suction cup, clothing cutting pieces, single-layer grabbing, prediction model, stiffness
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Fig.1 Grabbing of clothing cutting pieces using nee-
dle-pin suction cup
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Fig.2 Needle-pin suction cup grabbing states of cloth-

ing cutting pieces
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Fig.3 Force analysis during needle-pin suction cup grab-

bing of clothing cutting pieces
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Fig.4 Experimental fabrics
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Tab.1 Sample Performance Parameters

b e mmr pwor oo Do B P e
(/n®)  Cf/dm) (#/m)
1" B 45.19 81.95 78.16 309 302 x 172 0.62 474.8 608. 00
2f HLZH 49.92 72.44 92.91 190 320 x 172 0.45 590.4 362.67
3* HLZH 51.70 68.54 85.60 231 348 x 180 0.42 492.8 491.20
4* LR 40.53 78.39 82.45 288 426 x 208 0.55 554.3 398.93
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WEE B %
WEEAE KW BHEE RRE OGWE Y e Y e
(/n')  (i/dm) (48/m)
5" HLR 54.46 75.13 87.45 175 446 x210 0.35 636.7 286.93
6" HLR 44.96 78.35 89.23 131 440 x 242 0.31 820.1 188.27
7* HLR 43.28 77.12 84.38 145 540 x 254 0.26 717.6 173.87
8" HLR 38.13 79.03 91.07 190 428 x 380 0.37 490.7 294.93
9* HLR 40.35 76.07 85.14 116 524 x 280 0.21 644.3 89.60
10* PLR 43.43 87.18 79.57 340 169 x96 0.88 235.6 1234.53
1* PLR 43.52 81.19 77.63 274 174 x 108 0.78 359.6 1 308.27
12* BLZ 46.01 75.12 88.71 214 192 x 134 0.63 322.8 672.00
13* PL 39.81 77.00 83.61 140 520 x 304 0.24 634.8 209. 60
14* PLR 39.43 75.50 82.32 120 546 x318 0.19 735.8 120.53
15* PLR 38.45 76.91 82.61 117 550 %280 0.22 826.6 114.13
16* HL 33.96 80.21 83.82 91 540 x416 0.17 909.3 98.13
17* HLH 37.48 78.43 84.11 106 542 x262 0.22 723.1 137.07
18* HLER 35.95 80.11 86.02 74 410 x350 0.19 931.9 82.13
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Tab.2 Evaluation of fabric cutting piece grabbing
effectiveness
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Fig.5 Cutting piece grabbing process
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Tab.3 Descriptive statistical analysis results of fabric parameters

TERESHK R/ME KA I b= I Wb R B IR R
KE 68.54 87.18 77.70 0.94 0.04 0.07 1.92 1.85
S 77.63 92.91 84.71 0.98 0.17 0.31 -0.18 -0.18
i i 33.96 54.46 42.59 1.29 0.64 1.19 -0.02 -0.02
25 74.00 340.00 180.67 18.80 0.66 1.23 -0.69 -0.66
JRRE 0.17 0.88 0.39 0.05 1.00 1.87 0.04 0.04
2 127.37 473.96 314.48 24.34 -0.56 1.05 -0.77 -0.74
IR TR 235.60 931.90 616.72 46.49 -0.23 0.43 -0.56 -0.54
LR AN 82.13 1234.53 371.66 80. 87 1.60 1.99 1.93 1.86
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Tab.4 Descriptive statistical analysis results of fabric grabbing scores

15y =y & BF kY
MK/ RUME RO PR e G ey SRR
Ve Gaid
0.125(A) 0 1.00 0.58 0.10 ~0.40 -0.75 -1.69 -1.63 a
0.250(B) 0 1.00 0.68 0.08 -0.92 -1.72 -0.35 -0.34 b
0.375(C) 0.30 1.00 0.81 0.06 -1.18 -2.20 0.13 0.12 c
0.500(D) 0.17 1.00 0.74 0.07 -0.71 -1.33 -0.93 -0.90 d
0.625(E) 0 0.98 0.53 0.10 -0.17 -0.32 —2.04 -1.97 e
0.750(F) 0 1.00 0.60 0.09 -0.40 -0.75 -1.65 -1.59 f
0.875(G) 0 1.00 0.45 0.11 0.24 0.45 -2.05 -1.98 o
2.2 ERSHSMERREXES T B SIMHCHCR M7 40 5504, 70 v 45 21 L
K B2 RN A S AT i IR S8 W RS,
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Tab.5 Correlation analysis between fabric parameters and grabbing effectiveness scores
T MXmECOW  mmw  gbr g omer om0 o0
KOREMEREZREL  -0.592"  -0.079 0.310 -0.913"  -0.878" 0.885" -0.815™ 0.765™
‘ B 0.010 0.757 0.211 0.000 0.000 0.000 0.000 0.000
b B REMASE RS -0.406 -0.304 0.459 -0.839"  -0.905" 0.893" -0.933" 0.819"
i 0.094 0.220 0.055 0.000 0.000 0.000 0.000 0.000
JeoREMHE RS 0381 —0.684™ 0.473" -0.109 -0.267 0.202 -0.380 0.008
¢ T 0.119 0.002 0.047 0.667 0.285 0.422 0.119 0.975
1 FeORAMEF R 0.406 -0.478" 0.286 0.113 -0.148 0.167 -0.283 0.032
BN 0.095 0.045 0.249 0.656 0.559 0.507 0.255 0.901
RORIMAARERE  0.6917 -0.037 0.069 0.840™ 0.801" -0.781" 0.697" -0.788™
¢ Pk 0.002 0.883 0.785 0.000 0.000 0.000 0.001 0.000
¢ JOREMARAREC 0.7047 -0.096 0.068 0.816™" 0.736™ -0.704™ 0.632™ —0.765™
T 0.001 0.706 0.789 0.000 0.000 0.001 0.005 0.000
FORAMBEXERE 06747 -0.027 -0.116 0.873™ 0.854™ -0.881" 0.761" -0.779"
8 EEE 0.002 0.915 0.645 0.000 0.000 0.000 0.000 0.000
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Fig.6 Results of linear correlation analysis for fabric
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Tab.6 Multivariate linear regression predictive analysis and analysis of variance for the grab effect of length A and fabric

performance parameters

e e T AT Jr 20
BRS — R REE 0 Tirm AmE B 7 BB
[m 5 2418 1 2418 80.34 0.00
1 0.834 0.824 0.173 K2 0.48 16 0.030
it 2.90 17
EIE| 2.58 2 1.290 60.49 0.00
2 0.890 0.875 0.146 sk 0.32 15 0.021
Bt 2.90 17
EIE| 2.69 3 0.895 58.51 0.00
3 0.926 0.910 0.124 k% 0.21 14 0.015
Bt 2.90 17
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Tab.7 Coefficient matrix of the multivariate linear regression model for the grab effect of needle-punched suction cup length

A and fabric performance parameters

TR Wi H AEdrifEfL R AL hrifE2E PRl REL ! BE
: BB 1.435 0.104 13.834 0. 000
[liEE S -0.005 0. 001 -0.913 -8.963 0. 000

W 0.597 0.317 1.883 0.079

2 AT i -0.003 0.001 -0.573 -3.815 0.002
LYw g 0.002 0.001 0.414 20.754 0.015

W -0.161 0.394 -0.409 0. 689

3 TH %% BF -0.005 0.001 -1.038 —4.764 0. 000
by iy 0.003 0.001 0. 844 4.070 0.001

JELJiE 1.663 0.633 0.876 2.628 0.020
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