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Using fuzzy comprehensive evaluation method to classify
fabrics for coolness level

CHU Xinxin' XIAO Hong2 FAN Jie'
(1. School of Textile Science and Engineering Tianjin Polytechnic University Tianjin 300387 China;
2. The Institute of Quartermaster Engineering and Technology System Engineering Research Institute
Academy of Military Sciences PLA China Beijing 100010 China)

Abstract The self-developed heat flow coolness tester was adopted to test the transient heat flux density
maximum and the quilibrium heat flux density of fiftyseven fabrics. Using the above test values the
contact feeling of the fabric was evaluated from both subjective and objective aspects. For objective
evaluation the cooling evaluation index of fabrics was divided into five categories based on They were
marked as A B C D and E the coolness was weakened in turn. The fuzzy comprehensive evaluation
method was used to classify the transient and steady heat flux values obtained by the test and obtained
the range of transient and steady heat flux values corresponding to different coolness levels. For subjective
evaluation the tester directly touched the fabric to evaluate and analyzed the cool feeling of the fabric
subjectively and obtained the coolness level of the fabric. Subjective and objective evaluation of fabrics
has a strong consistency in the contact cooling results the cooling grade of textile fabrics is accurately
divided which can promote the specification of the cool textile market.
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1
Tab.1 Sample size and heat flux value
/(gem™2) /mm G/ ( Wem™?) G/ (Wem™2)

1* N 351.1 1.85 337.6 37.9

2* N 360. 0 2.21 326.9 34.6

3* . 180.0 0.53 389.1 27.8

4* N 230.0 0.72 366.7 27.3

5* N 180. 0 0.50 321.0 26. 4

6" . 200. 0 0.48 340. 6 26.4

7* . . 180.0 0. 66 315.9 26. 1

8" . 180.0 0.47 307.7 25.3

9* 3—1 . 197.1 0.51 390.7 56. 1
10* . N 240.2 0.58 391.6 55.7
1* . 206.7 0. 64 346.7 45.9
12* . 212.8 0. 65 328.6 44.7
13* . 210. 1 0. 65 295.7 42.7
14* . 144.5 0.37 332.4 43.7
15* N 142.7 0.41 303. 8 41.4
16* N N 146.0 0.45 312.2 40.9
17* . . 137.8 0.39 301.3 38.2
18* N 143.5 0.43 289. 1 37.8
19* . 638. 1 1.92 414.7 70.3
20* N 370. 8 1.47 323.3 65.3
21* 491. 1 1.27 495.5 82.6
22* N 508. 0 1.46 393. 1 79.9
23* N 516. 1 1. 10 486.3 79. 1
24* . 596.0 2. 14 379.0 77.6
25* 454.1 1. 40 430.6 77.1
26* N N 349.8 1.05 437.0 68.0
27* . 417.1 1.21 396.7 67.7
28* N . 351.2 1.11 405. 1 61.0
20* 511.6 1.15 482.3 69.5
30" . 283.0 0.94 364. 8 64.7
31* . 315.5 1.32 353.8 62.8
32* 3—1 . 247.8 0.62 391.9 59.3
33" . 225.8 0.83 355.9 59.3
34* — 4210.5 6. 44 357.1 56.9
35* — 1709. 4 4.31 372.6 33.0
36" — 570.6 0.56 340. 1 25.5
37* . 502.9 0.88 388.6 29.2
38" 183.9 0.61 290. 3 27.3
39* 118.5 0.26 298. 1 26.7
40* 3—1 . 252.9 0.53 291. 8 26.6
41* . 152.8 0.30 299. 4 25.8
42* . 132. 1 0.22 296. 5 25.5
43* N . 151. 1 0.30 263. 1 25.2
44* 229.7 0.5 286. 8 25.1
45* 59. 4 0.11 264.2 24.6
46" 79.7 0.14 253.0 23.2
47* N 67.3 0.11 241.3 23.2
48* 322.4 3.04 145.9 23.6
49* 275. 1 4.28 119.8 23.6
50* 149.9 1.79 130.0 22.3
51* N N 278.9 2.81 147. 1 22.0
52# 180. 6 0.71 299.5 26.9
53* 81.6 0.11 256.0 25.8
54# . 72.8 0.18 249.1 24.2
55* 26.9 0.18 202.0 23.1
56* NN 284.0 1. 12 273.5 27.6
57* N 326.9 1.72 246.2 26.8
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Grades results of ¢, and ¢, of samples
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Tab.3 g¢,.. subordinate classification result
G ( Wem™) R, Ry Ry Ry Rys
21* 495.5 0 0 0 0.10 0.90 A
23* 486.3 0 0 0 0.11 0. 89 A
29% 482.3 0 0 0 0.12 0.88 A
26* 437.0 0 0 0 0.20 0. 80 A
25* 430. 6 0 0 0 0.22 0.78 A
19* 414.7 0 0 0 0.31 0. 69 A
28* 405. 1 0 0 0 0.42 0.58 A
27* 396.7 0 0 0 0.57 0.93 A
22# 393.1 0 0 0 0. 64 0. 86 A
32* 391.9 0 0 0 0. 66 0. 84 A
10* 391.6 0 0 0 0.67 0.83 A
9* 390.7 0 0 0 0.69 0. 81 A
3* 389. 1 0 0 0 0.72 0.78 A
37* 388.6 0 0 0 0.73 0.77 A
24* 379.0 0 0 0 0.92 0.58 B
35* 372.6 0 0 0.05 0.95 0 B
4% 366.7 0 0 0.17 0.83 0 B
30* 364. 8 0 0 0.20 0.80 0 B
34% 357.1 0 0 0.36 0. 64 0 B
33# 355.9 0 0 0.38 0.62 0 B
31* 353.8 0 0 0.42 0.58 0 B
11* 346.7 0 0 0.57 0.43 0 C
6" 340. 6 0 0 0.69 0.31 0 C
36" 340.1 0 0 0.70 0.30 0 C
1* 337.6 0 0 0.75 0.25 0 C
14* 332.4 0 0 0. 85 0.15 0 C
12* 328.6 0 0 0.93 0.07 0 C
2* 326.9 0 0 0.96 0. 04 0 C
20* 323.3 0 0.03 0.97 0 0 C
5% 321.0 0 0. 08 0.92 0 0 C
7* 315.9 0 0.18 0.82 0 0 C
16* 312.2 0 0.26 0.74 0 0 C
g* 307.7 0 0.35 0.65 0 0 C
15% 303. 8 0 0.42 0.58 0 0 C
17* 301.3 0 0. 47 0.53 0 0 C
52* 299.5 0 0.51 0.49 0 0 D
41* 299. 4 0 0.51 0.49 0 0 D
39* 298.1 0 0.54 0. 46 0 0 D
42* 296.5 0 0.57 0.43 0 0 D
13* 295.7 0 0.59 0.41 0 0 D
40* 291.8 0 0. 66 0.34 0 0 D
38" 290.3 0 0.69 0.31 0 0 D
18* 289.1 0 0.72 0. 28 0 0 D
44* 286. 8 0 0.76 0.24 0 0 D
56* 273.5 0.03 0.97 0 0 0 D
45* 264.2 0.22 0.78 0 0 0 D
43* 263. 1 0.24 0.76 0 0 0 D
53% 256.0 0.38 0.62 0 0 0 D
46* 253.0 0. 44 0.56 0 0 0 D
54% 249.2 0.52 0.48 0 0 0 E
57* 246.2 0.57 0.43 0 0 0 E
47% 241.3 0. 63 0.37 0 0 0 E
55% 202.0 0.83 0.17 0 0 0 E
51% 147. 1 0.90 0.10 0 0 0 E
48* 145.9 0.90 0.10 0 0 0 E
50* 130.0 0.91 0.09 0 0 0 E
49* 119.8 0.92 0. 08 0 0 0 E
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Tab.4 g¢,,subordinate classification result
A /( W'm_z) R, R, R Ry R,s
21* 82.6 0 0 0 0.11 0. 89 A
22# 79.9 0 0 0 0.13 0.87 A
23% 79.1 0 0 0 0.13 0.87 A
24* 77.6 0 0 0 0.14 0. 86 A
25% 77.1 0 0 0 0.15 0.85 A
19% 70.3 0 0 0 0.24 0.76 A
29 69.5 0 0 0 0.26 0.74 A
26* 68.0 0 0 0 0.31 0. 69 A
27% 67.7 0 0 0 0.32 0. 68 A
20" 65.3 0 0 0 0.47 0.53 A
30% 64.7 0 0 0 0.53 0.97 A
31* 62.8 0 0 0 0.72 0.78 A
28% 61.0 0 0 0 0.90 0. 60 B
32# 59.3 0 0 0.07 0.93 0 B
33% 59.3 0 0 0.07 0.93 0 B
34# 56.9 0 0 0.31 0.69 0 B
9# 56. 1 0 0 0.39 0.61 0 B
10* 55.7 0 0 0.43 0.57 0 B
11# 45.9 0 0 0.96 0.04 0 C
12# 44.7 0 0.01 0.99 0 0 C
43# 43.7 0 0. 06 0.9 0 0 C
13* 42.7 0 0.12 0. 89 0 0 C
15* 41.4 0 0.18 0. 82 0 0 C
16* 40.9 0 0.21 0. 80 0 0 C
17% 38.2 0 0.34 0. 66 0 0 C
1* 37.9 0 0.36 0. 65 0 0 C
3# 37.8 0 0.36 0. 64 0 0 C
2% 34.6 0 0.54 0. 46 0 0 D
35* 33.0 0 0.7 0.3 0 0 D
37% 29.2 0.08 0.92 0 0 0 D
3# 27.8 0.22 0.78 0 0 0 D
56% 27.6 0.24 0.76 0 0 0 D
4# 27.3 0.27 0.73 0 0 0 D
38" 27.3 0.27 0.73 0 0 0 D
52% 26.9 0.31 0. 69 0 0 0 D
57* 26.8 0.32 0. 68 0 0 0 D
39* 26.7 0.33 0.67 0 0 0 D
40* 26.6 0.34 0. 66 0 0 0 D
6" 26.4 0. 36 0. 64 0 0 0 D
5* 26. 4 0.36 0. 64 0 0 0 D
7* 26. 1 0.39 0.61 0 0 0 D
41* 25.8 0.42 0.58 0 0 0 D
53# 25.8 0.42 0.58 0 0 0 D
42% 25.5 0.45 0.55 0 0 0 D
36* 25.5 0.45 0.55 0 0 0 D
8# 25.3 0.47 0.53 0 0 0 D
43# 25.2 0.48 0.52 0 0 0 D
44% 25.1 0.49 0.51 0 0 0 D
45* 24.6 0.54 0. 46 0 0 0 E
54% 24.2 0.57 0.43 0 0 0 E
48* 23.6 0.61 0.39 0 0 0 E
49% 23.6 0.61 0.39 0 0 0 E
46" 23.2 0.63 0.37 0 0 0 E
47% 23.2 0.63 0.37 0 0 0 E
55% 23.1 0. 64 0.36 0 0 0 E
50* 22.3 0. 68 0.32 0 0 0 E
51% 22.0 0. 69 0.31 0 0 0 E
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Tab.5 Cool classification
G ! ( W'miz) Gia ! ( W'miz)
A =380 =65
B 350~380 55~65
C 300~350 35~55
D 250~300 25~35 . 3#\9#\28#\32#
E <250 <25
A B o
o 13*.18* D
40 57 47%.54"
6, E D o
( 9% ¢, 390.7 W/m®>  A.B
/ ) x100% A
78. 9% B
9#
1%.2* B
6
Tab.6 Comparison of objective evaluation and subjective evaluation of fabric coolness
1* A C 20 B C 39 D D
2 B C 21 A A 40 D D
3# B A 22 A A 41 D D
4# B B 23 A A 42 D D
5* C C 24 B B 43 D D
6" C C 25 A A 44 D D
7* C C 26 A A 45 D D
8# C C 27 A A 46 D D
9* B A 28 B A 47 D E
10% A A 29 A A 48 E E
11# C C 30 B B 49 E E
12# C C 31 B B 50 E E
13* C D 32 B A 51 E E
14% C C 33 B B 52 D D
15% C C 34 B B 53 D D
16* C C 35 B B 54 D E
17# C C 36 C C 55 E E
18% C D 37 C A 56 D D
19* A A 38 D D 57 E E
380 W/m’ 65 W/m’.,
2)
2 o
57
S A B o
Al 3)
1) 5
A FZXB
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