ISSN 1229-1889(Print)
ISSN 2287-9005(0Online)

J Korean Soc Qual Manag Vol. 44, No.3:487-508, September 2016
http.//ax. doi.org/10. 7469/JKSQM.2016.44.3.487

ISR U= Al fisiyd == 2ok 4

A Study on the Reliability of the Drying Rate Test
about Military Clothes

Minhee Lee - Seongdon Hong*

Defense Agency for Technology and Quality

ABSTRACT

Purpose: Current testing method for drying rate used in military textiles has different results according to
the public testing institute. So the purpose of this study was to suggest the alternative method which secure
the reliability of the drying rate test.

Methods: We measured the drying rate by various test methods for military clothes 14 species including
quick drying function and compared the test results. Also, the collected data through the test was analyzed
using one-way ANOVA. The p-value of results was compared by various testing institutions.

Results: The results of this study are as follow; A deviation occurred among the testing institutions in original
test method(KS K 0815). Whereas it is verified that there is no deviation among the institutions in 5% sig—
nificance level by another test method(ISO 17617). Also it would increase work efficiency by reducing the
testing time required to test by using I1SO 17617.

Conclusion: Based on the results, we can suggest the reliable test method of the drying rate.
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Table 1. The drying and absorption rate according to various items for military
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(a) Method A (b) Method B

Figure 1. The testing apparatus of drying rate in KS K 0815

2.2.2.2 IS0 17617

ISO 17617 W& A7t wWe i oS AXEEE Yehl= Ao® F2e A 3l Byl 9l
J% AR A E7F S 9ol wheh AlY A2R ok A19] 29 0.3mLe] & "ojrd 3 AJzko] 60l
A he] ko] 7] 10% olul® Hold wj7hA] 5 HAoR ARS Fs, Alge A= HA A
% 37)HS ALt AR =Y xFHe AIZFOR, yIe R SAFgo g A (29~} o] AXtEl “Drying
rate”9} 100% A% 2 w74x2] Az AZH] “Drying time” o2 Uepd 4= 9t}
y =ax + b (2)
o] 7]l A

y SR SR

7147]1(DR, %/min)

x - AZTA ] AIZKY)

LAk

DR = a (3)

Drying time(100%) = (100—b)/a (4)
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3
(b) Method B

1
1
(a) Method Al (a) Method A2
Figure 2. The testing apparatus of drying rate in ISO 17617
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2.2.2.3 ISO 13029
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Figure 4. Determination of drying time by measuring t; and t> in ISO 13029

2.2.3 AATCC TM 195

AATCC T™M 195 Aol 54& w4 sk W, olu] 2Ale] 7]gold v F 258 43 Ta o5e
o R HoAA FE v R AEAT} =)= HHA | g T 83 adlolth olg| g S S5 $l5td]
MMT(Moisture Management Properties)Zh= AH]E o] &al=t], o] Aol thaixE AATCC TM 1959 A A= o]
AUtk o] AT k] o] %L%Q w, 714 A ge] Wsts Sste Zo®m, Aol X3k Fof gl
ute} 7714 /‘ﬂﬁc}"] HstE = Zle o] 8ok delolth olu) A7 A& AL Figure 59 o] ko] of%
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Figure 5. Scheme of MMT testing apparatus
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Aol A3l= FEAC] EAFoE e, ol& 9the] T o]AH A g Fhtel whE o] 5 T(FFA
2 2%k, A HAUZS efsiel 4 (612 2]
OMMC = Cl* ARB_ndv + CZ *Rndv + C'i* SSB,nd\' (6)
o] 7] of A]
Ci1, Cs, Cs * ARp_ndv, Rudv,, SSpnave #1877

ARp @ FTEE

8
SSp MR

Table 2. Grading of all Indices in AATCC 195

Grade
Index
1 2 3 4 5
Top >120 20-119 5-19 3-5 <3
Wetting time(sec)
Bottom >120 20-119 5-19 3-5 <3
Top 0-9 10-29 30-49 50-100 >100
Absorption rate(%/sec)
Bottom 0-9 10-29 30-49 50-100 >100
Top 0-7 8-12 13-17 18-22 >22
Max wetted radius(mm)
Bottom 0-7 8-12 13-17 18-22 >22
Top 0.0-0.9 1.0-1.9 2.0-2.9 3.0-4.0 >4.0
Spreading speed(mm/sec)
Bottom 0.0-0.9 1.0-1.9 2.0-2.9 3.0-4.0 >4.0
One-way transport capability(R) <-50 -50-99 100-199 200-400 >400
Overall Moisture Management Capability(OMMC) 0.00-0.19 | 0.20-0.39 | 0.40-0.59 | 0.60-0.80 >0.80

* source : AATCC TM 195. 2012. “Liquid Moisture Management Properties of Textile Fabrics”

3. 95 A2A

Aol e Auel MAE FAS) A8 KT 2FLER L olsk HAKE FLY A9 253 F7Hshel A
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ST} o1 F KS K 08159} ISO 176179 A¥ Ax 2 @4 & FAstax 5% A5 3 354 7154
o] Folfl E5 F Table 33} 2o] AXEHES FA/IFOE A 852 Q= 14FES ARSI A5t AP

o =5 54
oM FEE el e eAE Haslkehr] 98 KS K

Table 3. Material composition and weight according to the items

No. Item Material composition (%) Weight(g/m’)
1 Inner wear PET : 5545, R' : 4545 155 1
2 Training wear of marine for winter PET 100 120 1
3 Training wear of marine for rain PE T 100 120 1
4 Clothes for mechanic PET : 7543, R : 253 150 1
5 Training wear(top) of navy for spring and fall PET 100 150 1
6 Training wear of navy for summer(top) PET 100 145 1
7 Training wear(bottom) of marine for spring and fall PET 100 110 1
8 Training wear(top) of marine for spring and fall PET 100 150 1
9 Training wear of marine for summer(bottom) Nylon 100 120 1
10 Training clothes of army for summer PET 100 157 1
11 Training clothes(top) of army for spring and fall PET 100 152 1
12 | Training clothes(bottom) of army for spring and fall PET 100 215 1
13 Inner wear for winter PET : 94+4, PU* : 6+3 210 1
14 Combat uniform(IR) PET : 68+5, C* : 3245 215~236

* source : Korean military specification and military purchase requirement.
R : Rayon 3C : Cotton
’pPU : Polyurethane

3.2 }\]tﬂtﬂ-lﬂ

3.1004 AT gl PiaiA AxEEE SAeIh ol KS K 0815 2 IS0 176172 KAKEN(Z )42 &
HlE AR89, ISO 130299F AATCC TM 195% Altas(P]=hALe] ulE AREElolth A% £58 S4317] A
A&E KSKISO 1399] 3 $H40lA 4A17F o) b4 st & Zlaatqit. g8, Al o] whtd 3ol #A1H

1=
slpeh wAIgle] FAA AT Slske] 9314 A3t
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Figure 6. Drying time according to institutes in KS K 0185
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4.1.2 18O 17617

Figure 72 1SO 17617% o] &3ty HxEE ]
AR} AR, 27] 9] S 0.3mLE W3] 18k, SAHARIE 60w .5 Algheitt. ojw 604 o]
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ZIE AT 5, 7189 KS K 0815 AHellA] &A417F |0 A2} F A gis)

il
[N
oxl
o
i)
i
o
IS

o]

>

o=
i)
o
N
re
2
.
o,
i)
rlr

~
wm
>~
(@]
oo
—
[@a)
o,

—@— A Institute

B Institute

Amount of Water(%)

0 10 20 30 40 50 60 70

Time(min)

Figure 7. The results of remaining water drying by ISO 17617

Table 4= 919 235 A st A, 47|14 BH 7]#7ke] 2|7} 5~10%
100943 717ko] ZFo) 7k A elE Ao nls)] & Lo 2 7HAadiths AS 891 3 4
& A= KS K 0815 AR o] 150+ o) ZAE AT Ho] & X072 71AaEo] A

7t 9e Ao Az

A% FFEOE KS K 08150014
Ak FHH o Age 28

% 30
%
o

Table 4. The results of drying rate by ISO 17617

assification Samplel Sample 2 Sample 3

Index A institute | B institute | A institute | B institute | A institute | B institute

Drying time(min) 40.7 35 43.8 35 36.5 35

Drying rate(%/min) 2.48 1.67 2.3 1.67 2.74 1.67
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4.1.3 ISO 13029

Figure 8 F2 4 elollA] =20 Sitol olet o x| WA The:
o]-§3 A3 Afelrh. aelM B Aol uhe} tha Afel= ot 2
A4 g, KS K 01859 A*ﬂoﬂ Hlaf Axt vl 22 s & ST

g o] A1E v 49 A3 E(min) & A AN A9 A7t oA T HhH I xpo)z) glo] Axe

Aapgel tha #ol7} QU »}E}wq %, o Aol M AR 1014 3971407} A 9] Sk Akg wol 7, 39
o) AzEEr} tha = o FHE, MR 1 Ao Azt Judor meld vekd gl

ol Ak A AYFO FRe B FEE S A% Pel, T B A HE FOoRA o

SELE 2 o
A7F =7 ARG RS Aeg) dhEel Asel Aolrh BAsE AoR B & k. meb] AAFHA &
W aelsto] o F8 /brd oz A HA%, Aol 72 ARHEel KS K 08159 %14 3

BE 9% oAl Bems F4EE Aow ddEih

B A Institute
[ B Institute
50 +

40 +

30 T

Drying time(min)

20 +

10 +

Sample 1 Sample 2 Sample 3

Figure 8. The results of drying time by ISO 13029
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Table 5. The test results by AATCC 195 according to the different institutes

Samplel Sample 2 Sample 3
Classification A B C A B C A B C
Index institute | institute | institute | institute | institute | institute | institute | institute | institute
T|B"|T|B|T|B|T|B|T|B|T|B|T|B|T|B|T|B
Wetting time 3.2(3513.1134(28(3.1(25|29(2.7({3.1|1.7]1.9|29]3.4|3.13.5]|2.9|3.1

Absorption rate 48.3144.0|52.4(44.6|46.3|49.7|54.4|41.5/55.544.5/50.4(49.8/45.6|37.5/52.8|44.8/45.0/50.1

Max wetted radius 24 |21 (25123 (25|22|27|25(26(25|25|25|22|20|22]20|23|21

Spreading speed 4.1(3.7|/44139|4.414.0(54|4.6(50|4.4|8.7|8.0(4.3|3.7|4.113.6|4.3|3.8

One-way transport capa—

. -101.2 | -1124 3.1 -214.1 | -177.8 | -62.6 | -181.9 | -160.9 | -33.9
bility

Overall Moisture
Management 2 2.5 2 2 2.5 2 2 2 2
Capability(OMMC)

“T : Top side
“B : Bottom side

o]Are] A REE KS K 08152 AHS A|9]a}ar tji-Ee] Aldo] &2olA g y|@E g Axte] HArl A4
& &5 AT mEkA o] AFEZREH 71 Wt e 9 A

Aote] TAHE A Hekgh Ao R fhehs= 180 1
gsto] A 7sAS AES Bl ek e, o A 2
Hol| A 8o ARV} 758 A0 FHHER o 33 3k
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Fi2, vk Sl 93 Aolghd 54 Ve b ow Az £85= ARte] o Aasta, thE 7|H2 B 7|
=0l vl thAl A o e 27} o] FojA o dhth= Zlo|th Z12fut Table 8|4 B o2 A< e 7t
$17] witell, o] - SRt opu 2} Algdxte] Aapd ko], AlFta FAA ] W VIE Tl HHHoR dFE I
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olol oisf 71
t}. Table 72 7}
721843k ol

Table 6. The drying time(min) by KS K 0815 according to the different institutes

Table 7. Variance analysis results of KS K 0815

Sample A institute B institute C institute Max-Min

1 205 230 248 43

2 50 70 54 20

3 54 55 48 7

4 83 100 123 40

5 78 80 71 9

6 131 175 114 61

7 95 95 88 7

8 142 170 131 39

9 134 148 102 46

10 254 350 291 96

11 202 255 218 53

12 251 315 253 64

13 358 395 266 129

14 94 120 121 27
R AgA ] uhe FuaAE HES] Aste] dPmAYS ol&dte] FodS &
FAAA7IE R 147]9) Aol tEk 97]9] dlolEE o] &ate] A# 45 95% ol A]

according to the different institutes

Sample Var SS DF MS F p-value
Test 8312.963 2 4156.481 | 60.25503 4.4E-10
1 Error 1655.556 24 68.98148
Total 9968.519 26
Test 1985.185 2 992.5926 27.3121 6.54E-07
2 Error 872.2222 24 36.34259
Total 2857.407 26
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Sample Var SS DF MS F p-value

Test 290.7407 2 145.3704 | 4.214765 | 0.026993
3 Error 827.7778 24 34.49074

Total 1118.519 26

Test 7266.667 2 3633.333 | 83.04762 | 1.64E-11
4 Error 1050 24 43.75

Total 8316.667 26

Test 385.1852 2 192.5926 6.656 0.005016
5 Error 694.4444 24 28.93519

Total 1079.63 26

Test 17612.96 2 8806.481 | 95.58794 | 3.71E-12
6 Error 2211.111 24 92.12963

Total 19824.07 26

Test 266.6667 2 133.3333 | 3.555556 | 0.044417
7 Error 900 24 37.5

Total 1166.667 26

Test 7222.222 2 3611.111 | 91.76471 | 5.72E-12
8 Error 944.4444 24 39.35185

Total 8166.667 26

Test 10335.19 2 5167.593 | 5.913642 | 0.008165
9 Error 20972.22 24 873.8426

Total 31307.41 26

Test 42346.3 2 21173.15 | 224.7371 | 2.88E-16
10 Error 2261.111 24 94.21296

Total 44607.41 26

Test 13468.52 2 6734.259 | 71.65517 | 7.59E-11
11 Error 2255.556 24 93.98148

Total 15724.07 26
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Table 8. The Official moisture regains of various textile fibers

Fiber Official moisture regain(%)

Jute 13.75
Cotton 8.5
Wool 15.0
Rayon 13.0
Acetate 6.5
Acryl 2.0
Polyester 0.4
Polyurethane 1.0
Aramid 7.0

source : KS K 0301. 2011. “Official moisture regains for textile fibers”
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Table 9. The mean drying time(min, when 100%) by I1SO 17617 according to the different institutes

Sample A institute B institute C institute Max-Min
1 63.46 60.74 46.02 17.44
4 32.76 38.06 27.46 10.60
5 22.59 30.64 21.79 8.85
6 36.64 51.68 31.60 20.08
7 18.01 22.35 21.29 4.34
8 44.41 50.69 39.19 11.50
9 43.85 42.92 34.18 9.67
10 61.77 62.83 53.12 9.71
11 65.54 53.63 58.37 11.91
12 53.17 55.66 57.25 4.08
13 82.55 77.24 68.62 13.93
14 38.85 40.85 35.89 4.96

Table 10. The mean drying rate(%/min) by I1SO 17617 according to the different institutes

Sample A institute B institute C institute Max-Min
1 1.65 1.66 2.11 0.46
4 3.10 2.61 3.66 1.05
5 4.62 3.29 4.66 1.37
6 2.85 1.97 3.23 1.26
7 5.71 4.49 4.76 1.22
8 2.23 1.98 2.64 0.66
9 2.36 2.36 2.97 0.61
10 1.60 1.62 1.91 0.31
11 1.58 1.88 1.68 0.30
12 1.91 1.81 1.73 0.18
13 1.26 1.33 1.46 0.20
14 2.59 2.45 2.73 0.28
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Table 11. Variance analysis results of ISO 17617 according to the different institutes

Sample Var SS DF MS F p-value

Test 145.9886 2 72.99432 | 0.080316 0.92301
1 Error 29082.89 32 908.8402

Total 29228.87 34

Test 127.0136 2 63.50681 | 0.057648 | 0.944146
4 Error 20930.91 19 1101.627

Total 21057.92 21

Test 75.70253 2 37.85127 | 0.033199 | 0.967428
5 Error 14821.66 13 1140.128

Total 14897.37 15

Test 317.9132 2 158.9566 0.16802 0.846462
6 Error 19867.18 21 946.0562

Total 20185.09 23

Test 85.42914 2 42.71457 | 0.033667 | 0.966993
7 Error 13956.14 11 1268.74

Total 14041.56 13

Test 449.8165 2 224.9083 | 0.247762 | 0.782518
8 Error 21786.24 24 907.76

Total 22236.06 26

Test 422.0114 2 211.0057 0.21644 0.807076
9 Error 21447.68 22 974.8944

Total 21869.69 24
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Sample Var SS DF MS F p-value
Test 109.8061 2 54.90307 | 0.063767 | 0.938342
10 Error 27551.66 32 860.9892
Total 27661.46 34
Test 94.08848 2 47.04424 | 0.058879 0.94293
11 Error 23969.99 30 798.9998
Total 24064.08 32
Test 59.77271 2 29.88635 | 0.034958 | 0.965687
12 Error 24792.91 29 854.9279
Total 24852.68 31
Test 51.4923 2 25.74615 | 0.028949 | 0.971486
13 Error 37353.42 42 889.3672
Total 37404.91 44
Test 294.5212 2 147.2606 | 0.145551 | 0.865371
14 Error 22258.33 22 1011.742
Total 22552.85 24
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