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Abstract It was intended to conduct basic research to reduce development lead time

and cost consumed in DTP process technology development. For the simulation of

HTPE fabric, virtual engineering software was used to generate fiber model, yarn

model, fabric model, and finite element model of HTPE fiber. The purpose of this

study is to analyze the correlation and error rate between the stiffness numerical anal-

ysis results according to the direct DTP process parameters using reactive dyes in the

generated finite element model and the stiffness measurements of the actual sample ac-
cording to ASTM DI1388. And, after dyeing the HTPE plain fabric according to the
direct DTP process parameters, we want to analyze the dyeability of the HTPE fabric
fabrics according to the direct DTP process parameters through the color fastness
analysis. When looking at the results of the analysis of the finite element model, a
higher value was shown when the distance between the nozzle and the fabric was
3mm than when the distance was 10mm. When the distance between the nozzle and
the fabric was 10mm and 7mm, the reactive dye did not penetrate sufficiently, result-

ing in poor clarity when viewed with the naked eye.

Keywords htpe(high tenacity polyethylene), direct dtp(digital texitle printing), stiffness

of fabric, finite element analysis, reactive pigment, simulation
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Table 1. Physical property information for HTPE fiber modeling
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. Linear density Diameter Density Friction coefficient
Material 3
(tex) (mm) (g/cm) ()
HTPE fibre 0.299 0.02 0.95 0.1
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Table 2. Physical property information for modeling HTPE yarn
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A9 fibre 29 ¥ yarn 298 vlgfog HTPE A2 @

. . Warp/Weft Number of filament Yarn diameter (mm)
Material Denier
Q] (EA) Horizontal Vertical
Warp 36 0.10 0.30
HTPE fibre 75
Weft 36 0.10 0.25
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Figure 1. HTPE finite element model SOLID185.
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Figure 2. Schematic diagram of measuring the stiffness of HTPE fabric.
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G= WC*x 103mg/cm (1)

where,

C : Bending length

W : Fabric weight in gram per square cm
G : Flexural rigidity

q=(12x Gx10"%)*%/¢’kg/em® (2)

where,

q : Bending modulus
G : Flexural rigiditym
g : Fabric thickness
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Figure 3. HTPE yarn modeling and cross-sectional shape observation results.
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Table 3. Information on physical properties required for modeling HTPE plain fabric

Warp space/ Thickness of Total length of Total width of
. . Wad/Wfs . . .
Dimension Weft space fabric unit cell unit cell
(mm)
(mm) (mm) (mm) (mm)
HTPE fabric model 0.462/0.429 0.3/0.3 0.352 6 6
Red, Blue MAE £351%1, GMHZE H7H= blue Aol ZAih= Figure 3of UeR}ict.
tis A1egstict. &= & HTPE &9 &4 5/d2 1125t
=9 MH|(DYS-T21, Daeyang Machir}er}i Co., E[d., Korea) 32 X2 gl gl O3l A ool MM Ziq|
9] 32 272 110°Col 10minz 27gh o] EF A= 54 o B ~
S AgPslict. AE Hx $of|, HTPE HAEY 243w, 3 HTPE A& 22 A3doll "Bash Al 7hx] mefols] g2 =y
2785, QubAz| T e cfoq} ke uhwo 2 wWulstAc) A0]F= ol&sto] AEsIRA, 72 B4 w2 Table 30 A2
SA2 % AJFWE KS K ISO 105-E01, si37=le Al Sttt HTPE Alg 29 574X %, unit cello]st 218 2
© KS K IS0 105-E02, Q%73 E(Xenon ARCH) Algle = 70k _HJ% f‘&%’%@i A Ale 29 9 QFte s oo
KS K ISO 105-B022 %712 Alajsloict. HIPE dgke 2%, 940 BAst 71% Geph 9t 449 HIPE yamn 222
2} AR ARAL AZ0] ALE- axjEM, 2R, s FEotA HIPE Az mds Adsiglon], Wyl ¥yol
ARz, APAR e U]O &3t @ ao|ch WA =S HAS AR5t RS gttt ol o
2} A3’d€l HTPE BAlE 29 Table 40 LFERHQITE

3. Za} 9 nE
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HTPE &2 AHYE vlgto=z HTPE fibre 23, yarn 2%
WS FPotA o], HTPE yarn 22 @iy #a 2
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Table 4. HTPE plain fabric modeling result
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Specimen

HTPE fabric model

Warp/Weft (per cm)
Areal density (g/m?)

Unit cell size (mm)

Unit cell model

25/29

61.2

2.1x2.4x0.2
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Figure 4. Results of HTPE finite element model creation.
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Table 5. Reactive pigment is sprayed according to the distance between nozzle and fabric

Distance between nozzle and fabric

No.
10mm

4mm 3mm

HTPE finite
element model

-

& &

Table 6. Bending modulus of HTPE model according to the distance between nozzle and fabric

Distance between nozzle and fabric

Specimen
10mm 7mm 5mm 4mm 3mm
. Analysis result 0.250 0.270 0.350 0.390 0.420
Stiffness
(GPa)
Actua measurement results 0.245 0.286 0.365 0.387 0.382

Textile Coloration and Finishing, Vol. 33, No. 4
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Figure 5. Bending modulus of HTPE model according to the
distance between nozzle and fabric.
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Figure 6. HTPE plain fabric dyed with direct DTP process.
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Table 7. Water fastness analysis result according to direct DTP process

Distance between nozzle and fabric

Specimen
10mm 7mm 5mm 4mm 3mm

Discoloration 3-4 4-5 4-5 4-5 4-5
Diacetate 3-4 4-5 4-5 4-5 4-5

Cotton 3-4 4-5 4-5 4-5 4-5

Polyamide 3-4 4-5 4-5 4-5 4-5

Pollution

Polyester 3-4 4-5 4-5 4-5 4-5

Acrylic 3-4 4-5 4-5 4-5 4-5

Wool 3-4 4-5 4-5 4-5 4-5
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Table 8. Seawater fastness analysis result according to direct DTP process

Distance between nozzle and fabric

Specimen
10mm 7mm 5mm 4mm 3mm

Discoloration 3-4 4-5 4-5 4-5 4-5
Diacetate 3-4 4-5 4-5 4-5 4-5

Cotton 3-4 4-5 4-5 4-5 4-5

Polyamide 3-4 4-5 4-5 4-5 4-5

Pollution

Polyester 3-4 4-5 4-5 4-5 4-5

Acrylic 3-4 4-5 4-5 4-5 4-5

Wool 3-4 4-5 4-5 4-5 4-5

Table 9. Result of light fastness analysis according to direct DTP process

Distance between nozzle and fabric

Specimen
10mm 7mm 5mm 4mm 3mm
Standard blue dye 2-3 2-3 3-4 3-4 2-3

opil Aoz wHHD ol =2 e UERHQITE AR AlRo] B} 2R 574 At
S EH, =Z50 g Atolo] A2j7t dmm¢l AlRe} 3mm
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o Ate]o} #12)(10mm, 7mm, 5mm, 3mm)of] ThE AT Ef 10mm & 7mm0J Qo= vk otgyt £E35| AEL
sidS Aleger Zutet AAl Azl B 4 Z2dE Hluwsto, Al Rstod §¢toz & o Y= Wkt dAHR T
siAAdet AAl Alg FPARY] e AsH. 18 OhE Almo] vlste] BoAoR 1gold e Zis Ye
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e, 4P ) Afolg wAstginh oo oigt A8 o o} sj2AR I} R 4-55202 oxst Ay Jeh)Y
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