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A Study on the Alternative Method for Weathering Test of
Military Coated Fabrics

Chanyoung Son'

Defense Agency for Technology and Quality

ABSTRACT

Purpose: We would like to find the alternative method for the weathering test on rubber coated fabrics and
adhesive—coated fabrics for the military products, KS M 0706 (Sunshine carbon arc) to KS M ISO 4892-2
(Xenon arc).

Methods: We measured the tensile strength of adhesive—coated fabrics and adhesive products treated with
sunshine carbon arc and xenon arc during 100, 150 and 200 hours, respectively. All of the results were
treated with statistical test, ANOVA method. We also validate the surface modifications caused by treatment
method and time by using FT-IR ATR and, SEM.

Results: In case of the thick adhesive-coated fabrics (app. 1 mm), there was no distinctive difference on
tensile strength by treatment method and time. In case of the thin mask hood (app. 0.22 mm) and TENT
(app. 0.5 mm), there was distinctive difference on tensile strength. Especially, carbon arc showed a huge
lowering properties. We could validate the curing from light and moisture, and the functional group change
from cross-linking and oxidation using FT-IR ATR. In case of IBS, there was a surface cracks on SEM images.
In case of mask hood, there was no distinctive differences, except for a particle falling from decreased affinity
between rubber and particles caused by carbon arc.

Conclusion: We concluded that there was no problems for changing xenon arc weathering test with same
treatment time on IBS, KM7, K21 and adhesive products. In case of TENT and mask hood, there was a differ—

ence in tensile strength in accordance with the change of the treated time and method.
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Figure 1. Spectrum of artificial lamp with sunlight
(source : www.g-lab.com/documents/public)
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Table 1. Material and rubber types of coated item for military products

Item Military spec. Rubber Material | Thickness Remark
Test Ttem Weat.hering (surface/back) Fiber (mm)
Time
Combat Boat(IBS) Tensile 100 CR/CR nylon-6 app. 1 Double side
Strength coated
Tensile Double side
Combat Boat(KM?7) Strength 100 CSM/CR nylon-6 app. 1 coated
. Tensile Double side
Air Bag(K21) Strength 100 CSM/CSM Kevlar app. 1 coated
Tent Water 100 Urethane Polyester app. 0.5 Single side
Pressure coated
Mask hood(MH) Chemical 100 Butyl nylon-66 | app. 0.22 | bele side
Agent coated
Adhesived(IBS) Tensile 100 CR/CR nylon-6 - -
Strength
Adhesived(KM?7) Tensile 100 CSM/CR nylon-6 - -
Strength
Adhesived(K21) Tensile 100 CSM/CSM Kevlar - -
Strength

* source - Korean military specification and military purchase requirement.
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Table 2. Tensile Strength of Coated Fabrics(IBS, KM7, K21)

Treated Time(hr)
ltem Treated
Method 100 150 200
Sunshine
Carbon 684.5 612.9 680.1 631.0 716.8 | 610.5 682.9 718.4 590.7 698.2 | 669.6 670.9 694.4 670.9 681.3
IBS
Xenon 585.1 636.2 593.1 666.4 676.1 | 614.5 691.0 649.5 623.0 637.8 | 696.6 692.6 688.2 604.8 628.6
Sunshine
Carbon 653.1 631.8 614.1 630.6 635.4 | 551.5 612.1 652.7 617.3 643.9 | 617.7 643.5 614.1 650.7 661.2
KM7
Xenon 646.3 629.8 622.1 598.4 629.4 | 657.6 627.8 655.1 595.6 656.8 | 639.4 631.4 653.9 621.7 666.0
Sunshine
Carbon 810.6 644.7 658.8 767.8 789.2 | 742.9 706.7 742.9 748.2 767.5 | 798.5 719.2 712.2 731.3 688.6
K21
Xenon 626.2 769.5 764.3 701.9 786.0 | 705.5 817.4 773.5 726.8 737.7 | 714.7 798.1 806.2 793.8 807.8
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Figure 2. Tensile strength of coated fabrics according to the treated time under different light sources
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Table 3. Analysis of Variation about Tensile Strength of Coated Fabrics (IBS)

Variance Sum of Degree of Mean Fo p-Value
Squares Freedom Square
Treated Time 2686.96467 2 1343.48233 0.85058 0.43964
Treated Method 3621.20533 1 3621.20533 2.29265 0.14304
Interaction 517.62067 2 258.81033 0.16386 0.84980
Error 37907.64400 24 1579.48517
Total 44733.43467 29




Son . A Study on the Alternative Method for Weathering Test of Military Coated Fabrics 515

Table 4. Analysis of Variation about Tensile Strength of Coated Fabrics (KM7)

Variance Sum of Degree of Mean Fo p-Value
Squares Freedom Square
Treated Time 1022.78867 2 511.39433 0.94718 0.40186
Treated Method 306.56033 1 306.56033 0.56779 0.45847
Interaction 1112.45267 2 556.22633 1.03021 0.37218
Error 12957.93200 24 539.91383
Total 15399.73367 29
Table 5. Analysis of Variation about Tensile Strength of Coated Fabrics(K21)
varance | G| veedom | Sawne Fo p-Value
Treated Time 2525.68867 2 1262.84433 0.50256 0.61120
Treated Method | 2489.76300 1 2489.76300 0.99083 0.32947
Interaction 5373.234 2 2686.617 1.06917 0.35909
Error 60307.45600 24 2512.81067
Total 70696.14167 29

=, of F-el
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Figure 3. Adhesive specimen
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Table 6. Tensile Strength of Adhesived(IBS, KM7, K21)

Treated Time(hr)

Item Treated
Method 100 150 200
Sunshine
Adhe= | Carpon 642.7 671.3 641.1 608.8 680.1 | 676.5 633.4 647.5 643.5 664.4 | 680.5 631.8 696.2 690.2 654.3
sived

(IBS) Xenon | 627.8 633.8 636.6 610.5 685.8 | 663.6 670.0 607.6 6561.5 660.4 | 625.4 666.8 661.6 691.4 679.7

Adhe- Sgg:gléie 631.0 597.6 594.3 641.9 616.1 | 636.4 617.3 648.3 603.6 642.1 | 672.1 593.8 619.7 653.1 639.0

sived
(KM7) Xenon | 627.0 642.3 650.3 608.4 624.1 | 656.0 653.9 637.0 661.2 668.4 | 656.0 655.5 643.9 623.7 637.4

Adhe- Sg;‘:g;ie 7546 807.0 786.8 723.2 808.2 | 740.5 776.8 T34.1 7719 754.2 | 735.8 728.9 679.7 7083 711.1

sived
(K21 Xenon | 639.0 764.3 735.3 674.5 722.0 | 719.6 773.2 727.2 731.2 689.8 | 772.3 723.2 734.1 807.4 763.5
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Table 7. Tensile Strength of Coated Fabrics(MH)

Treated Time(hr)
Treated Method

100 150 200

Sunshine Carbon 21.2 21.6 19.4 226 195 | 16.6 149 11.1 17.0 15.1 | 13.1 14.0 10.2 12.3 13.8

Xenon 43.1 41.5 40.3 42.5 38.9 | 42.6 39.5 36.6 39.3 41.1 | 43.0 39.9 42.6 35.8 35.4
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Figure 5. Tensile Strength for Various Treated Time and Method of MH
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Table 8. Analysis of Variation about Tensile Strength of Coated Fabrics(MH)

Variance Sum of Degree of Mean Fo p-Value
Squares Freedom Square
Treated Time 136.406 2 68.203 13.32046 0.00013
Treated Method 4312.803 1 4312.803 842.31692 0
Interaction 52.022 2 2686.617 5.08011 0.01446
Error 122.884 24 5.12017
Total 4624.115 29
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Table 9. Tensile Strength of Coated Fabrics(TENT)

Treated Time(hr)

Treated Method
100 150 200

Sunshine Carbon | 193.5200.0 191.5 1955 171.8 | 172.6 169.0 161.2 158.7 168.5 | 165.5 165.7 162.0 164.1 168.1

Xenon 231.4 229.5 238.6 239.8 240.2 | 164.4 159.6 164.7 167.7 157.4 | 166.9 169.9 169.6 167.6 167.3
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Figure 6. Tensile Strength for Various Treated Time and Method of TENT
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Table 10. Analysis of Variation about Tensile Strength of Coated Fabrics(TENT)

e | Somit | Dot [ Yo |
Treated Time 14631.938 2 7315.969 200.61339 0
Treated Method 1969.92033 1 1969.92033 54.01778 0.0000001
Interaction 3217.34467 2 1608.67233 44.11189 0.000000009
Error 875.232 24 36.468
Total 20694.435 29
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A 1% 2] 3 ¥ A E T REZ2X Wil SEME o] &3l &dstg e, 1 A¥E Figure 89 YE}h
al

, MH <= 315-oll A 4z} g ddo] B
FAEM 1 9= Soldk Wart fIdlvh Eue] WEkE A of= B
7

Treated

method IBS K21 MH TENT

Reference

Sunshine
Carbon

Xenon

Figure 8. SEM images(x1000) of untreated and treated samples under carbon arc and xenon arc lamp for 200 hrs.



524 J Korean Soc Qual Manag \ol. 44, No, 3: 509526, September 2016

Zo] =¥ AE 9 3% HHEo| ML= MAR M ol3H(KS K 0706)S FA= o}ZH(KS K ISO
4892-2) 0. As}7] 9ste] ZF W Uyl A7 S 100, 150 2 200 A7F 59k 35502 dto] A4t E
]

2
AN A3 gt o] A AL & YT,

r-{rn

—3--"—?—36}

A, 224 B4 Wkl AT A4S IBS, KM7, K219 #o] F77F $74$ TE2 52 »AR] 12 o}4
o} A= o} 79 AEA 7] WE G EE FoFFE 5 %R Folvt gl om, WEA g wE ko] A ¢S
S ¢ ik ey MHSH TENTQ‘r o] FAZF gk EXAE-L Ay AT At wet Fo5E 5 R
Zpol7} WA o] YA gel] whE EAWs TR AT weba] HARD JHE ok 100 A7kl tiske] IBS, KM7
2 K217 & FUs Ao ® A= o}ii g 7hsatn] MHSF TENTS] 79 #lel whet zpol7h lgel &
=)o) o B AFS Fote] As A7ke] AAo] JQastt

=4, AHEAIRe] 54 9 Ame] T utet lEgdel tigh Fdste] Aol o2 39 2 5 5%
ARHAQ] A #AJo] o]}

AA, SEM imageol A= Fdslol] <3 Wals &1 = 93l
IBSE ol gdo] WAEglon, MHE EolA A7l getel Zlo] HolEd| o] FH 3} qf‘ﬂ A
st2 F4E ], A= ofa o nla] HARI 7HE ofa o] oJgt FAsP ¥ X HE S 3l 3 5 U

AgH oz YWIAAY & A4}, SEM image?] #4432 Fd3lol thet Az =eld 42 2

rir
=
%,
>~
=
‘O,
N
u
&
o
o
A
L
K
hu
[\
(@)
(@]
>,
~
_>fl_'4

EaE A A
QIR A ol e FTIR-ATRO] Aol 7 AR gel vdd durt E3d FdAmela 29 od
24 ol o8l Abo] Wigks #le] ol on] AN o HTol Aasith 5 AY T ARl AT
Qs 253 AARL 7L ofAE Agehs tiE AHsted A digrit vl AlEE S8 B0l e Ao
= eI

REFERENCES

A60072122A Air bag, Left side.

Ann, Beong doo. 2007. “Analysis of the Surface Degradation in Polymer Using ATR Method.” Rubber
Technology 8(1):40-47.

Dai, Yang, and Qingzhi Dong. 2015. “Mechanical, Thermal and Morphology Properties of Thermo plastic
Polyurethane copolymers Incorporating a,0-Dihydroxy-[poly(propyleneoxide)-poly(dimethylsiloxane)—
poly(propyleneoxide)] of Varying Poly(propyleneoxide) Molecular Weight.” Journal of Synthesis and
Applications 4:41-57.

Gordana, Milena, Blaga, and B. S. Jaroslavak. 2005. “Studies of Chemical Interactions Between
Chlorosulphonated Polyethylene and Nitrile Rubber” Hemijska Industrika, 59(11-12):324-326. (Gordana,
2005)

Hong, Seong don et al. 2015. “A study on the Improved Lightfastness Test Method for Military Textile
Products.” Textile Coloration and Finishing 27(4):288-300.

Kang, Dong ill et al. 1991. “Weathering of Rubber.” Elastomer and Composites, 26(1):39-52.

Kannan, Gaikewad, Nirmala, and Kumar, N. S. 2010. “Thermal ageing studies of bromo-butyl rubber used in



Son . A Study on the Alternative Method for Weathering Test of Military Coated Fabrics 525

NBC personal protective equipment.” Journal of Science & Industrial research 69(11):841-849.

Kim, Sang ik et al. 2016. “Literature Review on the Experimental Designs in KSQM for 50 Years.” Journal
of the Korean Society for Quality Management 44(2):245-264.

Korea Defence Specification KDS 1940-1005. Boat, Landing & Reconnaissance, Inflatable.

Korea Defence Specification KDS 1940-3001. Boat, Landing, Inflatable, SG-KM7.

Korea Defence Specification KDS 4240-1048. Hood, Chemical-Biological Mask, K-1.

Korea Defence Specification KDS 8340-4010. Tent, Modular, General Purpose System.

Park, soo yeon et al. 2002. “The Effect of Weathering Test on the Chemical Property for Rubber Compounds
surface.” Korean Reliability Society Conference 1:157-164.

Ree, Sang bok. 2013. “Study on the Result Changes with the size of the Variance in Taguchi Method and
Factor Experimental.” Journal of the Korean Society for Quality Management 41(1):119-134.

Wong, K. H. Badri. 2012. “Chemical Analysis of Palm Kernel Oil Based Polyurethane Prepolymer.” Materials
Sciences and Applications 3(2):78-86.






