¥43%  H8H WMom K ¥ % M CH R R D Vol. 43,No. 8
2016 4 8 H Journal of Hunan University(Natural Sciences) Aug. 2016

NEHE1674-2974(2016)08-0063-07

HIFHEZE R BFA-GM (1,1) 3 a4
EBEESFamau

LR A D RN SO R
LRk B TR B2 IR YD 410083;2. WIS RHEK 2 W3 49 LA 4
B T L S IR I 411201 3. R BRGSO W K 410083)

B EAPTAESFE GML, DAA P 3 RAL R K o sPAEAL 69 TR 48 /7 %5 vm 1R K AL
A TR FmE LR EH5 GM(L, DA ML A, 3B T BEFA-GM (1, 1) 4k 4k
A A CHEERE G E A %ﬁuﬂ']/y%% S A T BEA-GM(1, DA PSO-GM(1,1) #
A e GA-GM(1, D) AR 6 Mgk, AR I 09 25 R R A, A L4269 BFA-GM(1, D A2 AL K 42 64
Bf 1) T A 2 AR R K AL AG BF A, T ) TR R 2K T 2 AP AR A 6 F TR £, X
BLEAA LI R4 BFA-GMOL. DA R A4 F beik  ZEAIERIRHO T RMAEZ K o AR
RETODHERFAZE 5T 0 IR ZRE 5 7 4 T o4 .

EBAmE LRI R EEE GMUL, DB 5K 3 54 Fnl ; A3tk

PESES:TGL46. 2 XHtFRIRES A

Empennage Fatigue Life Prediction Based on
Non-equidistant BFA-GM (1, 1) Model

YANG Da-lian" ?, LIU Yi-lun'*", LI Song-bai', TAO Jie!
(1. School of Mechanical and Electrical Engineering, Central South Univ, Changsha, Hunan 410083, China;
2. Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment,
Hunan Univ of Science and Technology, Xiangtan,Hunan 411201,China;
3. Light Alloy Research Institute, Central South Univ, Changsha, Hunan 410083, China)

Abstract: The background value coefficient ¢ of the non-equidistant GM (1, 1) model has great influ-
ence on the predictive capability, but it is difficult to determine its optimal value. For these problems, the
bacterial foraging algorithm and a GM (1, 1) model were combined and the BFA-GM (1, 1) optimization
model was proposed. Taking the experiment of empennage fatigue life prediction as an example, the per-
formances of the BFA-GM (1, 1) model, the PSO-GM (1, 1) model and the GA-GM (1, 1) model were
analyzed and compared. The results have shown that the BFA-GM (1, 1) model consumes the least time
and obtains the lowest average prediction error, and that the BFA-GM (1, 1) model proposed is competent
to find the optimal background value coefficient a quickly and accurately, thereby increasing the empennage

fatigue life prediction accuracy under the conditions of “small samples” and “poor information”.
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Tab.1 Fatigue data of a certain type of empennage

T J¥ 71/ MPa A /IR
1 375.3 702 960
2 488.9 235 430
3 564. 9 135 940
4 716.7 53 300
5 826.5 26 250
6 894. 9 16 450
7 1164.1 9 440
8 1323.2 3020
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Tab.2 The pretreated data for experiments

B T N
1% 375.3 5.846 9
2% 488. 9 5.3719
37 564. 9 5.133 3
47 716.7 4.726 7
5% 826.5 4.419 1
67 894. 9 4.216 2
7= 1164.1 3.9750
8% 1323.2 3.480 0
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Fig. 2 Experiment T1-bacterial population distribution of the TI-BFA-GM (1, 1) model parameters optimization process
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Tab.4 The optimization parameters and performance of the three models

Z Ak AF

025 Hen ot | Nu—1oo TER/S o’ a/107 b B/ Y
BFA-GM(1,1) e<<1071° 1.72 0.472 047 5.108 5 12.489 592 8.901 6
T1 PSO-GM(1, 1) Niter =100 1. 84 0.468 811 5.108 9 12. 484 565 8.914 1
GA-GM(1,D) Niter =100 3.01 0.478 006 5.108 3 12.491 976 8.929 6
"""""""""""""" BFAGM(I,D  e<107 L8 0.761492  5.9708  0.963433  12.8684
T2 PSO-GM(1,1) Niter =100 1.95 0.767 403 5.964 5 0.963 694 12.9455
GA-GM(1,D) Niter =100 2.99 0.771 264 5.603 0 0.963 862 13.069 9
""""""""""""" BFAGM(I,1)  e<107 180  0.496579 5.7818  0.950842  90.9749
T3 PSO-GM(1, D) Niter =100 1.98 0.494 485 5.787 8 0.951 474 10.057 7
GA-GM(1,1) Niter =100 3.27 0.503 499 5.785 9 0.951 286 10.034 1
"""""""""""""" BFAGM(I,L  e<l07 175 0502502  5.2958  0.942474  8.7453
T4 PSO-GM(1, 1) Niwer =100 1.91 0.511 033 5.293 3 0.942 843 8.755 2
GA-GM(1,D) Niter =100 4.63 0.499 511 5.296 7 0.942 344 8.750 2

FeH e 4 dridy 4 00 45 4 N Ik & 1ok 10 B R 3EAR YOB, X 6B BEA-GM (1, 1) B2 51 iy il
A3HT AR SCER B B BEA-GM (1, 1) #5850 % 48 ik %01 SHHE LG 2 Rl A R U S B . BEA-GM(1, 1)
BeA 5 B BEE M KRB Now = 100 sl FhREE 2 BERL T o5 2 A0 I 1) 20 1 Hofl 2 b 753 MOl T
e < 1070 i Hifth 2 Bl A0 3 40422 1| i ik 3] T e 1.72 5;T2:1.81 s;T3:1.80 s;T4:1. 75 s; PSO-GM
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Tab.5 The prediction results of BFA-GM (1, 1) model
T1 T2
- I S H A ot = 0.472 047 o = 0.147 748 a* =0.761 492 « = 0.372 319
/MPa RS W ARG AR BWAEA  MXFRZE O BNEG  MXNRZE WA ARz
/K /% 1273 /% 1273 /% 12/ /%
1 375.3 702 960 702 960 0 702 960 0 702 960 0 702 960 0
2 188.9 235 430 184 872 21.46 140 366 40. 38 272 609 17.79 201 380 14. 46
3 564.9 135940 104 110° 23.42" 80 449 140,82~ 136 317~ 2.22* 99 481+ 26. 82"
4 716.7 53 300 54 296 1.87 42 788 19.72 62 623 20.02 45 188 15. 22
5 826. 5 26 250 26 804 2.11 21 571 17.82 27 169 5.94 19 417 26.03
6 894. 9 16 450 17 015 3.43 13 876 15. 65 15 954 0.61 11 350 31.00
7 1164.1 9 440 7 658 18. 88 6 390 32.31 6 339" 31.07* 4491~ 52.43*
8 1323.2 3020 3019” 0.033" 2 585" 14. 40" 2195 25. 30 1 554 48. 54
Wi 2E/ % 8.901 6 22.638 4 12. 868 4 26.813 1
T3 T4
- &) S H Ay a® = 0.496 579 o = 0.158 129 a® = 0.502 502 a =0.936519
/MPa /K WA AR BWAG  MXFRZE O BNAEA MR BWAEG  HIXR%
27 /% /K /% 1279 /% /R /%
1 375.3 702 960 702 960 0 702 960 0 702 960 0 702 960 0
2 188. 9 235 430 238 561 1.33 183 543 22. 04 221 354 5.99 279 544 18.74
3 564.9 135 940 123 108 9. 44 98 485 27.55 121 044 10. 96 153 935 13.24
4 716.7 53 300 58 483 9.72 48 797 8. 45 61 147 14.72 78 281 46. 87
5 826. 5 26 250 26 252 0.01 22 874 12. 86 29 206 11. 26 37 610 13.28
6 894. 9 16 450 15 734 4.35 14 077 14.43 18 167 10. 44 23 464 12.69
7 1164.1 9 440 6 460" 31.57* 6 035" 36. 07" 7910 16. 21 10 247 8.55
8 1323.2 3020 2 314" 23.38" 2 263" 25.07 3008 0.4 3901 29.17
FHRE /% 9.974 9 18.307 9 8.745 3 25.309 9
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