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Fuzzy Orthogonal Optimization on Structure
Parameters of Firefighters Trousers

NING Ling, YANG Zitian®, WANG Li
(College of Fashion and Art Design, Donghua University, Shanghai 200051, China)

Abstract : Based on the structure optimization of active firefighters trousers in recent work, orthogonal experiment selected
the crotch vertical depth, the hip circumference depth and the knee ease as the key activity comfort structure factors to opti-
mize structure parameters of firefighters trousers for obtaining better activity comfort of the crotch and knee. According to
the experimental results of fuzzy comprehensive evaluation, it was showed that the hip circumference had more significant
impacts on the activity comfort of firefighter s trousers than that of the knee ease and the crotch vertical. The design
formulas of optimal structure parameters to the pants with size of 175/76A were; C=C, +7 ecm, H=H, + (18 ~22)cm,
K =6 cm. By making the optimal sample, it was verified that the dynamic comfort of the optimal sample was better than
that of the sample provided by U company. The combination of key structure parameters has a practical significance, and
the fuzzy orthogonal method provides an approach on further structure optimization for firefighters clothing.
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Fig.1 Basic style of the sample pants
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Fig.2 Explanation of the front knee ease
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Tab.1 Skin change rates of the legs %

BRGs HAMRE RETE SEa

A 45° 90° 90° T
2P 2.85 4.76 2.47 6.59
IR Ed5 4.00 -8.02 -2.18 2.90
Je 2 6.00 11.60 14.10 9.52
B 2.04  2.36 3.67 2.04

JEERHA I8 (5 em ) 24.00 28.00 -14.00 34.00
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BRI A =20 5 ~ 12 em, 5285 WA
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Tab.2 Orthogonal design of the firefighters trousers

cm

KT CuriE  HEE KB
1 32 110 6
2 33 114 8

*3 HHEEZIWAHR
Tab.3 Orthogonal test program of the firefighter$ trousers

cm

FEVE LAY C B H JEER Nt K
T, 2 110 6
T, 2 114 8
T, 33 110 8
T, 33 114 6

1.1.2 #HR4H4E B3 GB/T 1335. 1—2008( Ik
SR 5 ) BCE T B AR BB AR S ECh R K
102 cm, [fE[H 88 cm, [ 56 cm, T 44 cm, FEHE
T, ~ T, $IVER % H A A, B A — AR A — T
2R — B LA LS8 B, DAk S e A T A 2% S X)
BEA 15 ShEF A R T 3 BRI
1.2 XI6iTFE

VRS 25288 L e i AF B4, Xt 4
SRR A T 26 S IR AN = B BEA, H B X (0] Sy
170 ~ 175 cm  fRJFH X [H] 24 59 ~ 72 kg, [ [l X 8]
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FA N B AE T IREN & A, Thi ik B e A
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TERL A (Py) R ERATM A (Py) JJBERL(Py) FI
TR (P, BEAT W R T3, DL 4 1 25 U8 Hh
VP O B 235 46 A2 %5 T 977 4% 2 A 7 265 1 1Y) 52
B BIVE R ST T A4 22 1 min, SEE R 40 H

% AMI TECHNO CO 7 &) 4 7= ) AMI3037 A 3% =%
FE i & ge, WA R R 1 sT S R
M <0.1 m/s,
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TR QMRS EWIEM B, AR YE-E B PR bR
Rﬁjﬂzﬁl\%v = %VquaV_z’VuVs,Vs,Vﬂ =
[IR2E, 22 902, — M, 300, 47 AR AT | 5 B M
Q,= 11,2,3,4,5,6,7} . FEJIPFHET, e 73
{ELRG BT 4 5 AT, SEBGIA Sk 4 ANt A e 45 30
YRR X RERE ) B AR 7K A7 TR 0 BTk % 45, PP T
fH:0,= 10.25,0.25,0.25,0.25},
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000 O 0 0.6 0.4
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0.005

WARRIRI 4 R Y = A - R, Al A 2R



%1 T S TN B AL M AR E AR <17 -

T, () EUERIZE S IPN G R Y, FUE I 25517 [FJEE AR PEASOR PEAN Y, B 245 BIAEE T, ~
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Y, =(0 0 0 0.0480 0.5700 Lok
0.3620 0.0200); S=(S;, S, Sy Sp)=
Y,' =(0.0034 0.0541 0.5867 0.0537) (5.354 5.354 5.182 5.512);
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5x0.57 +6 x0.362 +7 x0.02 =5. 354 ; AR rh T, R, Ty AN 22 5 0% J 7
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Tab.4 Subjective evaluation results and pressure mean values of the sample trousers

B T4 %ﬁfa’n‘%‘éﬁ?ﬁ%jﬁ/k : S %ifm#éﬁﬂifi’g{ﬁ/kl’i
WA HABREE 900 fAHIE 90°  SE4r TR WA HABRE 90° {AHIE 90°  SE4r TR
4 2 P, 0.001  0.001 0.001 0.005
; 5 3 3 3 P, 0.019  0.122 0.017 0.037
!
6 3 2 2 P, 0.006  0.539 0.008 0.773
7 2 P, 0.003  0.025 0.047 0.071
4 2 P, 0.002  0.003 0.012 0. 060
5 1 3 3 P, 0.012  0.090 0.014 0.037
" 6 3 2 2 2 P, 0.005  0.905 0.007 1.177
7 2 P, 0.004  0.028 0.065 0.110
4 2 1 P, 0.002  0.007 0.035 0.039
r 5 1 1 4 P, 0.009  0.107 0.025 0.053
6 3 1 2 1 P, 0.006  0.742 0.008 0.891
7 2 1 1 P, 0.003  0.030 0.065 0. 140
4 1 P, 0.008  0.000 0. 002 0.005
; 5 3 1 1 P, 0.008  0.060 0.011 0.029
4
6 4 2 3 3 P, 0.004  0.864 0.008 1.044
7 1 1 P, 0.003  0.030 0.099 0. 146
2.2 ERXXWEEITMH B LR I o W 2O, BERH XN ZOKF Y

FAM MR X TEAS SR AT AN AR ARSI 7 4 sl 25 673 ok 0 B i K, 3 0 b
TS NRLE A FIERE RN ES R EE  BUENEERILE S,
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Tab.5 Subjective and objective evaluation results analysis of the sample trousers

» FEIEN JE 17
k, /5y ky/ 5y R/%y Pk k,/kPa k,/kPa R/kPa f K
c 5.354 5.347 0.014 1 0.222 0.233 0. 022 1
H 5.258 5.433 0.33 2 0. 199 0.256 0.114 1
K 5.423 5.268 0.33 1 0.208 0.246 0.076 1

Tk 25 R 1RO BTN SRR AN ARSI (E 5k D925 N2 2 KPS PP FE R I A SRS 24
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32 cm, B F 114 cm, JEENE6 cm; & IEN AT, 3
A PR 2R T B 4 T 2l 7 3 1 5 e R R F MK
WHH>K>C, S 175/T6A (415 2540 A
FZEHk.C 32 em,H 110 em, K 6 ecm, 234 F & WIT
Yrml A H - B8 0T TH 7 9 7 3 P 1) 52 i 5, I
PRI RIS, AR Z 5 R TR 2 i RO 2 % WL PE
BT REARBE R, X WER H,, H, P KF
T EMIEN 25 G 15 53 AR T 448 (k, =5.258,
k, =5.433) FZ WA ) 25 G (5 1Y 53R 7 2 (E
(k, =0.199 ,k, =0.256) , %8 H, ,H, 7K FF E& M,
VRIS &y ke, [R]ZEAE X8/, BRG] SBU(E 7
110 ~ 114 cm [A]¥2RE . IrLAXF5 85, 175/
TOA HYIH B, HR IR )7 % : € =32 em , H =

110 ~114 em,K =6 cm, S K AR R ;52 BRi
(B LK € =25 cm, V&R H, =92 cm) , AT
AT FH B BT B0 T 3 M SR R, HOCHEZSH P
Bt ALK C=Cy+7 em, H=H, + (18 ~22)
cm,K =6 cm,
2.3 BXRWIE

AR TE 52 S 56 22 W25 5 VA0 19 21 19 de pe 5
% C 32 cm ,K 6 cm, H 110 emiilVEE AT 1M B
#% TO( The Optimal Sample) , -5 U 2 &) #2 4L A9 B
BeF B 4% TP (The Provide Sample ) 47 2l 25 &7 i ok
FEHBE, VAo i 58 45 R 0 52 I o T B 1 TO
TP TR R ] 3 J2 W45, BRI AR S 248 H]
P €05 4 3A BHAA TR, B /K 32 )2 fdE ] SPE70
FEIA PTFE By 7K 325 10 Th A}, B A2 i 3 2 08 05
Lo RG B IA TR b 05 2 K R PR RS . B R )
BIESE A R K 6,
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Tab.6 Results of the pressure verification experiment kPa
ik i1 HP#E TO HP#E TP
GEES FRBRE 90° PRI 90° B4 TR s MR 90° AR 90° e TR
P, 0.011 0.011 0.103 0.105 0. 006 0.029 0. 060 0.118
P, 0.007 0.074 0.009 0.010 0.009 0.062 0.024 0.008
P, 0.003 1.106 0.010 1.964 0.006 1.334 0.010 2.491
P, 0.001 0.077 0.046 0.187 0.002 0. 147 0.095 0.132
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SCEGEE R AR B TO A TP & W 1256 7F
Hradh
Y, =(0.0775 0.0251 1.4256 0.1344);
Y, =(0.0841 0.0229 1.7914 0.1247)
ZINACT- 215 BB AR R I 2558 -
S, =0.416;
S, =0.506
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THRIAI BT M OGS 4 A0 B AR 21 & 2 5 B, BT —
TE B S BR S

3 % iE

PR ES 2o DS el A A S RN
L AR IRR 0 ok g 522 i 0 25 908 20 38 A 1) OC B 2 A
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