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Abstract

A new combat uniform is improved for added combat safety with various functions such as survivability,
battle conformity and a camouflage performance system. Camouflage performance is an important factor in
terms of combat survivability since it makes identification difficult and provide security. The combat uniform
is worn under extreme conditions (exposure to ultraviolet light, sweat and friction) and an excellent color
fastness to repeated washing is required. In this study, we investigated the color management, durability and
discoloration of new combat uniform fabric with a digital pattern for camouflage performance to provide
preliminary color management data. We examined color differences between standard fabric and mass-pro-
duced combat uniform fabrics, color differences between each military supply contract firm and color chan-
ges in combat uniforms after 60 washing cycles. The slight color differences between standard fabric and
mass-produced combat uniform fabrics were tolerable under quality criteria of Republic of Korea Ministry
of National Defense. However, the differences between the military supply contract firms were recognizable
to the naked eye and increased with repeated washing. Continuous research on color fastness under repeated
washing and color management is required to standardize reliability from each military supply contract firm
for the daytime performance of a combat uniform's camouflage.

Key words: New combat uniform fabric, Digital pattern, Color difference, Color fastness to washing, Re-
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B2 WA Al 3~45 ooz Holt) 28y 1F3] ol 2IAFe <Table 1>014] H+= vl 7+0] Beige Grey,
Table 1. Standard color characteristics for digital pattern of new combat uniform fabric
Sample Standard colors of .
code new combat uniform LB e 15 Cab Ha Sty
BG Beige Grey 49.65 7.28 10.53 12.80 55.33
DOG Dark Olive Green 34.03 —-1.45 5.81 5.99 104.06
FG Forest Green 31.05 -2.56 11.12 11.41 102.95
CL Chocolate 25.61 6.26 5.01 8.02 38.68
CC Charcoal 23.73 —-1.00 -0.40 1.08 201.65
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Dark Olive Green, Forest Green, Chocolate, Charcoal®]
SEAS Hastg o, YRS <Fig. 1>3} 7+o] 3}
73t 71 -84 digital pixelS 28313 2

E Ao A8E e 45 /72 1 542 <Table
2>—<Table 3>7 T}, 4579 b2 A1y AFE o

TS FAFI FES BE HAIE G OE 7} A9
A 157 S dest] Aoz Mgsiglom,
AN FAHRE Has7] 98 Yoz =i A] A A
3t ¥ =Y th(©] 3} Standard fabric)S A5 TH

2. EHEIALE & M £H

HALE 248 XeriteAle] 7000AS o] &3t 400~
700nme] 7HABA G oA Sk, TE-HS D65
F, AloFzhE 10°% 3to] S35k A 542 574

Table 2. Specifications of the mass-produced com-
bat uniform fabrics

Fabric Content (%) Weigglt F;Zii;x?:;t
polyester/cotton | (g/m") G
A 69.4/30.6 225.8 186x149
B 70.1/29.9 224.1 182x136
C 69.7/30.3 224.8 186x129
Fig. 1. Digital pattern of new combat uniform fabric. D 69.8/30.2 218.2 180x131
Table 3. Color characteristics of mass-produced combat uniform fabrics
Fabric Color 1L a* b* C*a H*a
BG 50.24 6.61 8.13 10.48 50.86
DOG 33.23 —-0.76 4.56 4.62 99.44
A FG 31.33 -3.01 9.67 10.13 107.30
CL 26.46 6.59 4.83 8.17 36.25
CC 22.54 —0.68 -0.27 0.73 201.80
BG 51.39 6.63 9.88 11.89 56.13
DOG 35.88 -1.98 5.88 6.20 108.66
B FG 3342 -3.92 11.24 11.91 109.25
CL 28.17 4.89 5.24 7.17 46.93
CC 24.58. —-1.60 0.64 1.72 158.24
BG 49.27 5.33 9.80 11.15 61.48
DOG 34.14 -2.00 5.22 5.59 111.00
C FG 31.26 -2.87 10.52 10.90 105.27
CL 25.60 4.76 4.21 6.35 41.54
CC 22.97 -0.47 0.17 0.50 160.37
BG 49.75 6.93 8.99 11.35 52.37
DOG 34.48 -1.75 5.17 5.46 108.75
D FG 31.23 -3.61 10.66 11.25 108.70
CL 25.52 5.17 436 6.77 40.13
CcC 22.89 -1.71 -0.27 1.74 188.91
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Table 4. Color difference (gray scale rating) compa-

red to standard fabric
Color difference (gray scale rating)
Fabric

BG DOG FG CL CC
A 4-5 4-5 4-5 4 4-5
B 4 4-5 4 4-5 4-5
C 4-5 4-5 4 4-5 4
D 4-5 4-5 4 4-5 4

Table 5. Color difference (AEcmc) compared to stand-

ard fabric
Color difference (AEcmc)
Fabric
BG DOG FG CL CcC
A 1.93 1.67 1.66 1.34 0.81
B 2.07 2.59 3.81 2.77 2.95
C 0.98 1.31 1.55 1.37 0.79
D 2.88 1.30 1.05 1.34 1.21
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<Fig. 2>+ Beige Grey, Dark Olive Green, Forest Green,
Chocolate, Charcoal®] X3} 47) JA 2] At 4
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Table 6. Color difference (AEcmc) between the mass-
produced combat uniform fabrics

Fabric Color B C D

BG 2.50 1.00 3.90

CL 3.35 1.97 2.25

A FG 2.95 0.99 0.78

DOG 3.68 1.99 1.98

CcC 3.56 1.59 0.96

BG 2.15 2.89

CL 3.73 3.59

B FG 2.28 2.76

DOG 1.72 2.05

CcC 2.65 2.36

BG 345
CL 046

C FG 0.84
DOG 049

CcC 1.78
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Fig. 2. Specific changes in reflectance values.
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Fig. 3. Aa* and Ab* values of the mass-produced combat uniform fabrics compared to standard fabric.
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Table 7. Color difference (gray scale rating) compared
to standard fabric after 60 washing cycles

Table 8. Color difference (AEcm¢) compared to stand-

ard fabric after 60 washing cycles

Fabric Fabric
Color A B e b Color A B < D
BG 4-5 4 4-5 4-5 BG 1.26 1.98 1.10 2.07
CL 4 4 3-4 4 CL 1.32 1.09 1.33 1.99
FG 4 4 3-4 4 FG 1.14 1.94 2.00 1.67
DOG 4-5 4 3-4 4 DOG 1.70 1.15 2.25 1.80
CC 4 4-5 3-4 4 CcC 1.86 0.59 1.80 1.26
16 12 6 14
——— ——
12 = 8 2 b= 10
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a* 10 -C 6 b* a* ~B g b*
D el
81 ! 4 2t =Pl 6
Faeil e B
6 F 2 _4 =1 4
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(a) Beige Grey (b) Dark Olive Green
8 8 16 — 6
e | —
6 ——"" | 6 14 ; 4
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a* 2 ~B| 2 b* a*10 ~B| 0 b*
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Number of washing cycles
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Fig. 4. Effect of washing on the a* and b* values of mass-produced combat fabrics.
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