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Figure 1. IBM SCARA robot co-ordinate system.
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Figure 4. (a) Compression test, (b) compression recovery curve.
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Figure 5. (a) Bending test, (b) moment-curvature relation of a fabric.
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Figure 7. (a) Shear and tensile test, (b) shear force-strain curve.

Z AANUIA|(WT), QA3 E=(RT)} AE
Z(RT)E 4 (7)~(9)Z AArE}. AAAI Yol
2 3 28e g ZAE AXE AAER E
HEL T AR 94 99X FolED

3.6. OIEAE

ol ZAE e 25 Fol| £3E FAE €2 AU
£ vh# HZA}(friction contactor)l] ]3] 333
Aed o] MM Al fgFolth. Figure 90l
o] & bt}

3.7. FTSS]| SI=9012} 2 EH|0f
ZRE A28 dt=gojd LXEY0IY 2

2] Figure 109] B3lth. 7|4 F83 &=
oy 2R ¥, 2% FEEY, AML/2E #43
Z2a3o]| A8 7153 IBM PS/2 ZHFFEI S} H
ole} X3 st=9oj7} k. PS/2 AFE S} 28
ZEEHE delglidin, dizlE ¥ s
Figure 10914 Re ZAANE ¥E A 20
mac 28 FEEY = AML/2 S8 239
sloll A ZE3b DO(digital output) 1S £
3 &deolze 3T, 2¥Y BH S 2 UX]
2 A& ZFA719 £§ DI(digital input) 2+
AL EAA AIRE WA= EFE 2AE
od Ags nFAIE 7R BUH fx g
A E ZEAFNA Bet PS/2 FFEE dlo]El

Deflection (mm) Tensile force {cN/cm)
1.67 °°°}
Corvected data Measured daia
1.4" 500 -
1.2
400
1..
0.8+ 300
0.6- 2 Force 2001
—_—
0.4 ) deflection
024 100
0 v T T v v J 0 T T T v T ]
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Force ( x 1,000cN) Tensile strain (per cent)

(@)

(b

Figure 8. (a) Robot compliance during a tensile test, (b) tensile deformation of a fabric.
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Figure 10. Robot organization.
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Table 1. Test specification
Sample size Compression test Bending test Shear test Tensile test
Sample size 200200 mm 200x200 mm  200X%200 mm 200 X200 mm
Effective size 2 cm? 50 mm 50 mm
Test speed 0.02, 0.066, 0.2 mm/s 1 mm/s 0.5°/s 0.1, 0.2 mm/s
Test limit 100 cN +8 100 N
Max. deformation 5mm 100 mm +8 (14 mm) 25mm
Accuracy of deformation 10.2% +0.25 mm +0.5% +0.25%
(£0.01 mm) (£0.07 mm) (+0.0625 mm)
Max. force 10N | 50N 200N
Accuracy of force measurement +0.2% *+0.5% +0.5%
* means full scale
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(c) Shear test results
Figure 11. Comparison of fabric properties.

ol Figure 4(b)olA € + =0 wl$¢ 2
&& ~E2ZF(stroke)7t 343 4¥HE F7H
713 whebA] Al FukRe] 23 ¥QIEEF0] 7]
£57] gEoltt 29 549 BS o @ 4
BAAE Holed ol& KES 38 HAEE &

4 7% 92 (pure bending principle)& 7122

e 2RE Axde AL Y £
& Ag 7122 Q7] WRolth FEY W

apol & &3 2}
(1) o119 A{4,7]o14 XA Z %] KES Al
Aol A ZAztet AFE 79 F89lo] A7

HR71E7 S

o)

Bending Stiffness : B
(cN - cm*/cm)

Robotic system
0.12
0.1
0.08
0.06 -

0.04 -

0.02 1

0

T v T T T 1
Qo4 008 008 0.1 012 014

KE.S system
(b) Bending test results
Tensile Energy : WT
(cN - cm/cm®
= Robonc system

r
o o.02

i

° " . . ,
[ [ 10 15 2 2
K.E.S system

(d) Tensile test results

9 &, Wd 223 7I7le AT 49
HiE 2 RE A2l e o] RE AEC] A%
3l= o] it

(2) 7189 A 2" e FEA S (effect-
ive sample length), HE & &%, 27] F¥, J
U &F 53 2L AQZASE A& uE 4
fle v 2HE AxEd M AlE3e] wat
AZEY ) E o] 83l foldHA uiE 4 Uu).

(3) KESellM & A &9 a3 YHES IA
3t=¢o] (integrating hardware)E Al431e=
ol AEe] BRI Al 71Ade 27l of



3o 22 3loA ZBY AEE #% Robotic Flexible Test System 387

g Ba[717h ATt 22y 2 RY AJA"lA
B FAHAAE] g ALedl 35 HE )
ole}Z BH g9 Ee|F JAES AR

(4) KES 173 A@71elA SY=7te] A=)}
50 mme|¥ A|lEE& DAHAIZ Fo Z7)41% o]
0°] ot} 53] Wmg 2B P& 1A
AlF1EE 2 WY AI=g Ao} A3 ZHE
A28l e QAHe] wig e Z7|XEE
I 92 FH fFEA] Al4rs7] HEel KES
o} 22 FAle 2AsA et

(5) & YA HEAH L Ll Bl &
ol FEH|A T A4, JEgAY a8l
SES AFo 2 wiAE & e WE[89] 55
A& & Qth. o]AL H|HY S 3F-HY F
el JEAHQ FR&Y 71zo] Hagd KES
e AHEEZI7F BAl EHEAIR 2HEY A
A" ojd HAE BN BRIz 8ol
3 w27 AHg-o] 7Hg3ith,

(6) KESE 2 RE A| 2= Hlg] 71Zj0] A2
2ufjolr] &dE AYPA osty EREI 7
AlY 71710k} 8 3IA T ZRE Al HlA e
HFEY] ZUHE vtz 2188 4 it

(7) 2RE Alxdlo AlY F A8 AL 6%
9l ¥hH KES+ 2~3) A% o &}

5d B

& sslolq Age) ol4 YA 37
e A A8 A S FAREE AR
o #AY ol Sol Bol BYPh. viFhEEY
gelg 7122 @ 2Rg AxgdNE 189
o 3%9] 8% 414 Fo| 3% BM SCARA

|2
=
[

Z8-g o] g3l &9 widolA HE 1HA
7le 94 2571 AR glo] 7hedith AE
YEL 28 A A2 HE ulZ Alglo] H
W RE uigkolA e F5-HY AAE 13
ol 875t 4G MANeZ 2 o
2 71x] B71AQA AEE & 4 Utk FTSA A}
£ st=dolEe FEHE A8l A8 A 4
ZEold 7123 NEES vFlERY A2
o2 ALgdtg o Alge AFF v, o 7}
A ZEFAE A% duglFo] Yok EF 2R
o] 351 EAEL 98 7K AZE
g A8 FEe] 3PS 53] Ade A5
2ZXEo] "B (software filtering) 71&EE
o] &3t} BAE (inertia force)S A3}t
A Eo] B2l EHEL £ MES
ALg-31o At}

dubael Alg A|2EEL o8 g 77z
olFolx glom AHAF FXNES FHAI
ol3j 7HA o] ¥l Holr KES 94| o]H o| {2
a7tolth, FTSe AE Al B dele
o]l AL 9§ A Eo] 2 Ao REo] )
th. A, FASTS #8 Alde 2% 53584
41.5%04 3 5AE AsA T FTSE 5%
Zto] ohd o] Ztol|A AL HolE A3t
o HjXYe] RHE-ZE A E A= o]
A& HFIERY Ao & FH ot} EJ o
2 AAM sl o3l FEg Pelugo|do] JbE
3lt}, o]A o] Al 2HEloME MY E £, FF A
837 HujslF 5 A Ag2d 52 g4 vt
Z 7} glon o|A E3 KESY 237 FAF
9] sheltt, a#Y FTSHA e AZEHNE
B3 golstAl MAAE 5= Ut

APPENDIX A
Fabric Property Computed from Notation Units
1. Compression energy Compression curve (Fig. 4b) wC cN : em/cm?
2. Compressional resilience RC %
3. Linearity LC
4. Bending rigidity Moment-curvature relation (Fig. 5b) B cN - em’cm
5. Hysteresis 2HB ¢N - cm/em
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Fabric Property Computed from Notation Units
6. Shear Stiffness Shear force-strain curve (Fig. 7b) G cN/cm - beg
7. Hysteresis at 0.5° shear angle 2HG cN/cm
8. Hysteresis at 5° shear angle 2HG5 cN/cm
9. Tensile Energy Tensile force-strain curve (Fig. 8b) WT cN - cm/cm’
10. Tensile resilience RT %
11. Extensibility EM
12. Linearity LT
13. Fabric thickness Compression curve (Fig. 4b) T mm
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