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Table 1 ~ Comparison of the relative fitting errors and relative predictive errors of the 3 models

non-equidistant non-equidistant non-equidistant GOM’"( 1,1)
time actual GM(1,1) model GOM(1,1) model model (r = 1.014 5)
point value model value error model value error model value error
2D (k) & /% %oy (k) & /% % (k) & /%
1 11.231 163 11.231 163 0.00 11.060 581 1.52 11.229 990 0.01
3 9.866 279 9.928 193 0.63 10.118 122 2.55 9.866 319 0.00
4 9.261 490 9.009 070 2.73 9.000 923 2.81 9.092 331 1.83
7 7.712 091 7.930 985 2.84 7.759 321 0.61 7.783 625 0.93
9 6.867 523 6.745 438 1.78 6.867 523 0.00 6.867 523 0.00
average relative fitting error 1.59 1.50 0.55
11 6.147 829 5.930 028 3.54 6.126 149 0.35 6.219 403 1.16
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SCH AR A S
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Table 2 Variation of the fatigue strength of Ti alloy with temperature

temperature 7'/ °C 100 130 170 210 240 270 310 340 380
fatigue strength o /MPa 560 557.54 536.10 516.10 505.60 486.10 467.40 453.80 436.40

FTRT 7 AR i s AR 2Rl EE GM (1, 1) #E ARZEMa]E GOM (1, 1) #5 AU A9 25 [a] i
GOM'(1,1) MR Fe i 1 /B0 FH I ARG 560 A5 15 f 50000 2050 Sk .3 A 250 (k] i 57 o 85023 5 A
@© FEZ&RIEE GM(1,1) FiRy,
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Table 3 Simulation and prediction results of the fatigue strength of Ti alloy with the 3 models

non-equidistant non-equidistant non-equidistant GOM"(1,1)

time actual GM(1,1) model GOM(1,1) model model (r = 0.998 3)
point value model value error model value error model value error
2D (k) & /% %1y (k) & /% X (k) & /%

100 560 560.00 0.00 568.46 1.51 568.61 1.54
130 557.54 556.81 0.13 551.14 1.15 550.77 1.21
170 536.10 538.17 0.39 531.97 0.77 531.69 0.82
210 516.10 517.62 0.29 515.73 0.07 516.10 0.00
240 505.60 500.26 1.06 502.22 0.67 502.72 0.57
270 486.10 485.86 0.05 486.91 0.17 486.85 0.15
310 467.40 469.60 0.47 472.05 1.00 471.72 0.92
340 453.80 453.85 0.01 453.80 0.00 453.80 0.00
average relative fitting error 0.30 0.67 0.65

380 436.40 438.66 0.52 442 .86 1.48 441.46 1.16

3 ATLUE H AESERIEE GOM (1, 1) A HY 14 S-SR HDURE Xof 15 25 1 — 25 0 35 22 43 31 A
0.67%F1 1.48% , MiAEAFHFE GOM(1,1) BAAXTI T 0.65% Fl 1.16% , 4 /55 1 B SHIAG B2,
S SR AR SO AR ) ST BB HDURE X 15 25 RN — 25 T 5% 25 #1043 0 K AL SR AR S R GM(1,1)
BRI 0.30% F1 0.52% , A BE I 19 2052 55 (3 5 I R 500 (%) AR R Rt 4™ 7 1) 4 g B
A —EMNER) B EN TS AR R T 99.3% , THS BE#R = T 98.5% , 1751 il 4% 13 25 2
T U A G T Xk A 4 5 5 R AR TN, Pl I UE S T AR SO AR R LAY — RE Y
SR,

6 45 7

Xt T B S A A A A A T A 98T 71 ) SN ]l , A ORI P B i) S4UAEAR 42 1 1 AR S5 18]
B GOM(1,1) BERL g ARAF M GM (1, 1) B Y — 24 e O ik — 0 4 m BRL IO RG 12, &5
For B EmEAR, FE M R GURE B A T B AR SR AR GOM (1, 1) B, 3 i 4
AREELF P 5 91) 2 A ST RSB HAT Rl A P R S T g ELARDE T — i B 1) 22000, 2340y
F 1) SR REHE— 25§ vo TSRS FEE . phy 150 T A St 1Y 340 R o 1 (5 T 000 R ) A 258 Je
A FEAESME TN IR, A SCHE B9 70 18] B 2 © R0 [ FE A~ 2 {8, EL30 o BB 36 e A5 A B,
TRS BE 5 9 S0 ] BE AT SCIR | H- 2 1 R AN — 7 (A5 U0RS 2 ik B B . DAL, e B B
PR 7S 1] ol RS B8 1k 3 e AL, SR AR At — BT S B T

i ASCEE ORI R T A B RHEH (GKI2016002 ) X 48 ST 5% B,
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Non-Equidistant GM(1,1) Models Based on
Fractional-Order Reverse Accumulation
and the Application

ZENG Liang
( Department of Basic Courses, Guangdong Polytechnic College,
Zhaoqing , Guangdong 526100, P.R.China)

Abstract: For the prediction of non-equidistant decreasing series, a non-equidistant GM(1,1)
model based on the 1st-order reverse accumulation was constructed, and the least square solu-
tions of the model parameters and the discrete time response functions applicable to prediction
were given. In order to further improve the prediction accuracy, a fractional-order reverse accu-
mulation non-equidistant GM(1,1) model was proposed. With the objective of minimizing the
average relative error of simulation, a nonlinear programming model was established to obtain
the optimal order. Finally, numerical simulation and an example of the prediction of the fatigue

strength of Ti alloy were given to verify the validity and practicability of the proposed model.

Key words: grey prediction model; reverse accumulation; non-equidistant; GOM(1,1) model;
fractional order
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