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Construction of BP Neural Network Constitutive Model for Ti-25Nb Alloy
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Abstract: The isothermal constant strain rate compression test was carried out by a Gleeble-3500 thermal simula-
tion tester. The flow stress behavior of Ti-25Nb alloy at 470~620 C and 0.001~10 s ! was investigated and con-
stitutive model was established based on BP neural network. The results reveal that the true stress of Ti-25Nb al-
loy has negative temperature and positive strain rate sensibility, showing the characteristics of flow softening un-
der any deformation condition. The constitutive model based on BP neural network has a high calculation accuracy
with correlation coefficient of 0.999 6, relative error of 4.27% and average absolute relative error of 1.33% , which
can well describe and predict the flow stress behavior of Ti-25Nb alloy.
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Fig.1 True stress-strain curves of Ti-25Nb alloy under different deformation conditions
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®1 BEFEENS

Tab.1 Sample data division

W/ C i A
0.001 0.01 0.1 1 10
470 M C C C C
500 C M C C C
530 C C M C C
560 C C M C C
590 C C C M C
620 C C C C M
VE £ I 6 B AS KR 5 Ml I B A B

32 BARHEPA—AE

TEFEATRCIR 06 i A B v s oy T L AE R e B TR
T T WS e Y8R GOFN B A7 7E 12 35 22 57 W I BR
Kot B 0 i A JZ pR B S T i X R AN 0N A g AR
AT — e Ab B

X — Xni

X' =014+0.8 ¢ o——=— 2
+ Xmaxixmin ( )

X R REA I AKCIE 5 X o« X i 23 901 S BEAS B A%
Pt v 1) 5 KA A e /IME

T i PR T R — e Ak

Y =X +1.25 ¢ (X — X)) « (Y—0.1) (3)
ALY R REA RO Y O R0 — Ak R
3.3 BP#HEZENKINGSHIEE

1T BP 28 W 45 (19 Y1 5 ik 7 R 3 5 {5 B 0 E )
33 AR 25 10 S 1) A 3 52 B . BP i 48 W0 2% 76 )1 25 o 7
R 1 2 2 5 ) 20 1] 2 A eSS0 B 3 R T
A Sy S TR Sy T ARIE I 45 0k B Ol IR HL R S
BRZE BN BP B2 N 2% i Y 16 B Gl 1 I 2 R AL 2 2
PRAC NI ZRiR 22 5 2 8. Wl i, ik e &k PR VI 25
PRELK traingdx pREN; 2% ) BRECA learngdm pREL; i A
J2 BB E 2 BB PR B tansig bR L KRR 2 B
2 IS BRECH purelin R 27 > 3Ry 015 11 25
WEMHERRE R 107 PBEALE N 20 000,

KA )2, BP #2445 1 B2 2 J2 19 4 & e A
BT AR T s

n=yn,+n, +k 4

Kfon BT BEWEITAN B0 =3, B A Z 450
N n, =1 N E P E T B R N E L

SRy 9 IE R () P 22 0 A B A Dy B R E e 88
HR AR 22 (R wise ) K AT PEAR -

1o ,
RMSE\/Z (E,—P)’ (5
N =

Kb E R E A s POy BUMEFEA s N SRR 1)
BB AT AT DA B Y R A R A& oT B 20
B Rvse (AR B e/ . G, AT 8 BP-ANN AR (1 ]
Y 2ER Sy 3-20-1,
34 RBEZERS5WIE

14 BP #2228 B RUR F R S 80 8, nl kS
R DI 25 A 540 A0 1 R AR B8 (470 C 10,001 571,
500 'C.0.01 s ',530 C.0.1s ',560 C.0.1s ',590
C.1s7',620 C.10 s '), B MR AR A b 00 1 F 530
IR 50 1) 15 25 38 3 A G R 25 1 2 4 X AR G iR 2
A are AT 2 AW -

E,‘ipi
p=—"p — X 100% (6)
1 L|E, —P
A ‘:*Z i i
ARE N E,'

H1 2 (6) R (7)) 1550 A X R 25 g L OF- 35 46 0 Al
AR A e 28 9K 4.27% F1 1,33 % . 33 108 B 0 2k A A
B T S B R R

Shy SEIIN A G ML R BP i 28 N 46 455 7 BT A i 50

427

X 100 % D)



Fefhdei e (4 2021 4R55 41 256 4 1)

I S AT B U RE ) L 4 RS e ST R EL N Ty (i h £k 5 WOl SR A A TR 1 B s
IV B TR, WK 4. ATRVE S B 2. A R B R DR o B, AT S R =
TR I H 5 BP i 2 2% 1 TH S8 P 3 1 — BCPEAR w5 0.999 6, LA &5 R UL, BP A2 M 28 85 AL 7E 42 il 1 2

s % s o

350 +E it nitE

300 45128 % 470C
€250 £ " ot
%200 283:8 :ZZE § 288 530:8 5602
2150 530°C 530°C 21 250 zzgt g;g”c
100 0l e e @t :

50 520C 620C 128

C(‘) 02 04 06 08 10 0 02 04 06 08 10 O(‘) 0.2 06 08 1.0 (.) 02 04 06 08 10 E) 02 04 06 08 10
k3 EAE EAE EME EAE
(a) 0.001 s~! (b) 0.01 s! (c) 0.1 s7! () 1s! (e)10 s !

B4 RRAEHEMHTLEARR

{8 Ao 3+ FE AR 2 bl W 2%

Fig.4 Comparison curves of experimental and calculated true stress values under different deformation conditions
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