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Application of gray system theory in evaluation of thermal and moisture comfort
of bast fiber fabrics

KONG Lingjian' * , YAN Xiong
(1. Gollege of Textile, Donghua University , Shanghai 201620 , China ;
2. Departnent of Textile Engineeting, Hunan Institute of Engineering, Xiangtan, Hunan 411101 , China)

Abstract Use of gray system theory in evaluation of thermal and moisture comfort of bast fiber fabric is
introduced. The thermal transmittance, air permeability, moisture vapor transmission ( MVT) , and
hygroscopicity of bast fiber fabric with different specifications are tested, and their thermal and moisture
trans mitting properties are compared with those of silk fabrics through gray correlation analysis and the thermal
and moisture trans mitting properties of the summer bast fiber fabrics are listed in the order from good to bad,
thus providing a theoretical basis for investigation of thermal and moisture comfort of fabric. The experimental
results show that the influence of fabric thickness and tightness on MVT varies with humidity . In low humidity ,
fabric tightness is more important than thickness , and vice versa in high humididy .
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Tab.1 Specification and structure parameter of fabric
/tex (10 !
[C_+(10cm) ") /mm / %
0 14 14 286 296 0.191 3 67.36
1 R813 17 17 278 323 0.207 3 73.61
2 R819 14 14 300 280 0.1928 67.21
3 R850 28 28 293 267 0.197 1 82.71
4 R860 28 28 276 236 0.246 2 78.39
5 R919 10 10 308 242 0.175 2 57.10
6 R361501-0523 28 + 64 28 + 64 138 107 0.349 8 49. 63
7 + / RC4030- 0405 15+28 20 195 262 0.294 8 63.86
8 €820 14.6 14.6 464 310 0. 436 0 80. 70
9 / FC825 48.6 64.8 205 180 0.777 0 78.10
(20%2) C, (65%2) %, 90 %, 0.3 ~0.5 m/s;
. 36 C. GB'T 38 C, 25 %, 0.5 m/s* .
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Tab.2 Test value of fabric thermal and moisture per meability
/ / / / /mm
(We(m’=C) 1 (mmes™ ") g g
0 62.68 2866.8 0. 636 0. 506 135.3 125.7
1 R813 43.04 1127.5 0.614 0. 441 99. 8 119.0
2 R819 40. 58 1610.0 0. 627 0.397 98.2 99.5
3 R850 47.06 1330.6 0.621 0. 420 40.0 34.6
4 R860 54.20 1 078.0 0. 608 0.455 127.2 117.5
5 RO19 61.72 2783.4 0.592 0. 487 71.0 80.0
6 R361501-0523 54.48 1 464.1 0.574 0. 463 104.2 119.0
7 RC4030-0405 39. 44 993.2 0.550 0. 444 78.5 76. 4
8 €820 36.82 854.3 0.570 0.382 69.2 70.8
9 FC825 35.40 867.4 0. 432 0. 400 65.1 63.2
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Tab.3 Converted testing data
« / / / / /mm
i (W.(mZ.uc)»l) (mmes™ 1) e o
X, 1 1 1 1 1 1
X, 0.686 7 0.393 3 0.965 4 0.871 5 0.737 6 0.946 7
X, 0.647 4 0.561 6 0.985 9 0.784 6 0.725 8 0.791 6
X 0.750 8 0.464 2 0.976 4 0.830 0 0.295 6 0.275 3
X, 0.864 7 0.376 0 0.956 0 0.899 2 0.940 1 0.934 8
X5 0.984 7 0.970 9 0.930 8 0.962 5 0.524 8 0.636 4
X4 0.869 2 0.510 7 0.902 5 0.915 0 0.770 1 0.946 7
X, 0.629 2 0.346 5 0.864 8 0.877'5 0.580 2 0.607 8
X 0.587 4 0.298 0 0.896 2 0.754 9 0.511'5 0.563 2
X 0.564 8 0.302 6 0.679 2 0.790 5 0.481 2 0.502'8
5 b
min min| X, (k) - X;(k) | + pmax max| Xo( k) - X(k) | 1 !
(k) = L no= 28k (3)
| X(k) - X k)\*ﬂm%lxmgx\ X(k - X(k| n /=
1
5 &(k
. Tk . Tab.5 Relating coefficient & (k)
i1 ) ) fl
( 0~1, 0.6) . 3 § k ky ks ky ks ks
' . § 0.6005 0.4310 0.9563 0.7969 0.6439  0.919 7
X X ACK) =1 X% (k) - & 0.5701 0.5141 1.0000 0.6904 0.6332 0.697 9
Xk, 4, § 0.6562 0.4625 0.9793 0.7422 0.3941 0.387 2
4 A, (K) &  0.7874 0.4234 0.9376 0.8381 0.9074 0.897 8
] & 0.9899 0.9677 0.8907 0.9505 0.4933  0.562 3
Tab4  Absolute difference A, (k) &  0.7937 0.4858 0.8434 0.8636 0.6754 0.9197
k ks ks k, ks ke & 0.5572 0.4125 0.7876 0.8055 0.5253  0.542°8
A 0.3133 0.6067 0.0346 0.1285 0.2624 0.053 3 & 0.5207 0.3931 0.8335 0.6603 0.4862  0.515 0
A, 0.3526 0.4384 0.0141 0.2154 0.2742  0.208 4 & 0.516 0 0.3965 0.5941 0.6967 0.4389  0.481 7
Ay 0.2492 0.5358 0.0236 0.1700 0.7044  0.724 7
Ay 0.1353 0.6240 0.0440 0.1008 0.0599  0.065 2 (3) n
As  0.0153 0.0291 0.0692 0.0375 0.4752 0.363 6
As  0.1308 0.4893 0.0975 0.0850 0.2299 0.053 3 ’
A, 0.3708 0.6535 0.1352 0.1225 0.4198  0.3922 , i v A
Ay 0.4126 0.7020 0.1038 0.2451 0.4885 0.436 8 i = 5 “&( k) (4)
Ay 0.4352 0.6974 0.3208 0.2095 0.5188 0.497 2
@, o )
4 ,max max| X, (k) - X (k)| = ) “ ~ G
i k
0.724 7 ,min min| X (k) - X (k)| =0.0141, :0.1 .0.2.0.2.0.2.0.15.0.15.
i k [10]
6 .
2 £k = Q0141 40.6x0.7247 _ ’
A( k) +0.6x0.724 7 6 , 54
0. 448 92 6123789 . 1 6 :

A( k) +0.43482°
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Tab.6 Gray relational grade and the order »2005,25(2) : 66 - 71 .
[2] , ,
[J71. , 1999 ,21(3) :139 - 150.
1 RS13 0.7247 4 0.731 4 4 [31] [J1. » 1997
2 R819 0.684 3 5 0.697 6 5 (5) :40 - 42.
3 R850 0.603 6 7 0.629 9 6 [ 4] , ( )
4 R860 0.798 6 2 0.789 3 2 [J7. ,2001 ,16(2) :20 - 23 .
5 RO19 0.809 1 1 0.8191 1 [5]
6 R361501-0523 0.763 6 3 0.757 2 3
[717. , 2004 ,25(1) :73 - 76 .

7 RC4030-0405 0.605 2 6 0.617 1 7
8 €820 0.570 1 8 0.5859 8 [ 6] ’
9 FC825 0.520 7 9 0.529 3 9 [J1. ,2005,33(9) 21 - 24.
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