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i Mo, Zr, Nb I #&5, 1 Fe, Mn i #5
i, HXERA S SR i+ Mo, Zr, Nb, % )&
2| Fe BIIMAT Be <51 RN AS B i 5 il ok ()2 Ak,
X UK B0 AR AR A S0 B ARG SRk %,
ELITCEIIR RSB WER 1 PRk 1 Rk
HLfR AR« TR 2l 4HRy « 1 2% i 45 85 R0 Tl 2l 4l 44
ANT] LA SR FH sl B RE R I 3 U I ) 4%
AR M TrFeMoMo-Nb-Zr 24K& 4, KM
FAELYIEIHLHI K 7 mm X 7mm x 7mm FRFE . R
F HXD-1000 2 5 ffcfii 52 T ) F A 7

T PR A PR AR 2 A2 TR Y ), WOR
CC-55100 B HL 7 fig S 30 LI &R 1 He 4 i 2,
AN EpTh e .

EEEKB AT, Pl Hank” s N LRI
N, SRR H R H A O S LR, B R

W HAR I = AR A R, FIH HDV-7C B44E H A7 X
W4 o 4 R 99 ik it 26« BRAR A fh it 26, i
i = AT R M AR FE o - Hank” s A AL
I EE h: NaCl 8.0g, KC10.4g, CaCl,0. 14 g,
NaHCO03 0.35 g, C¢H12061.0g, MgCp*6H,0 0.01
g, MgSO4 * 7TH,0 0. 06 g, KH,PO4 0. 06 g,
NaHPO4*12H,0 0. 06 g, 1 L Z4/K, F HC1 Fl
NaOH M5 pH fE24 7.5,

1.2 RWEHER

SEI A RN 1 o o AT IL A kA < s
Ao B L EUAT B D T BR 5 <, JRE i A IR PR
2R, HARRE R A IR . & & & E
PPERE R4F, Fe, Mn XIA4RHHJE M2 w1 B
7, LR AR AR AL th 2 an P 2 s . ) WEE N4
G Fe AN T & Ik, Mn @& n] g
o B R S b
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Table 1 Schemes of experiment
. Content( mass fraction) / % o oy Jo Hardness HV/MPa

Fe Mo Mn Nb Zr Ti L (dem™ ] Mepwremeni  Sioulbion  Ermrh®
1 0 11 6 11 11 Bal 121562 3.130 406. 49 407. 65 0.286
2 0 13 8 14 14 Bal  1258.44 0. 443 419.34 419.91 0.136
30 15 10 17 17 Bal  1569.01 0.897 517. 65 517.80 0.029
4 0 17 12 20 20 Bal 1117.57 1.250 625. 16 625. 13 ~0.004
5 I 11 10 14 20 Bal  1448.20 2.720 525.30 525.33 - 0.293
6 1 13 12 11 17 Bal  1459.36 2. 640 541. 09 540. 89 0. 095
7 1 15 6 20 14 Bal  1608.59 1. 080 450. 74 450. 82 - 0.021
8 1 17 8 17 11 Bal  1036.99 3.310 481. 08 480. 97 - 0.067
9 2 11 8 20 17 Ba 1577.71 0.203 450. 52 449.20 0.007
0 2 13 6 17 20 Ba  1627.87 1.010 486. 66 487. 12 - 0.038
11 2 15 12 14 11 Bal  1364.32 0. 698 530. 13 530. 02 0.017
12 2 17 10 11 14 Bal  1423.23 6.180 582. 66 582.27 - 0.023
13 3 11 4 17 14 Ba  1578.40 4.010 555.22 555. 66 0.079
4 3 13 10 20 11 Bal  1584.69 0. 909 528. 62 528. 83 0. 040
15 3 15 8 11 20 Bal  1546.55 1.290 487.28 487. 48 0.042
6 3 17 6 14 17 Bal 124806 5.260 526. 74 526.73 = 0.002
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Fig. 2 Typical anodic polarization curve

JERERE . An2RAT Tt R ER S e MR ) — A &R
gt, LA HAE AL, NS HCh Fe, Mo,
Mn, Nb, Zr BB 2H, fnt S EO0 M RRIAE R,
KM T — MW R T R BB . RHZEAT
FEE ) 24415 22 I ) A5 3% ( Error Backpropagation) V2,
I BP VA W] LL 58 X — WA . ABEFUR T BP M
ZRAER Dy AN 5 ARG B o 1 AN A
MEE. B 1REMAETTH s1= 7. B2 REME
JUEL so= 55 RERIAE T B Sigmoid, /=
YER BECN Purelin . ARG 3 o .

T4 B RS R T a5 AR, U R A A i
K, BRI

1) RuBIHG . MG e R, AR N A

Influences of Fe (a), Mn (b) on alloy erosion

Second hidden
layer: S,=5

A

First hidden
layer: S,=7

Output layer

Input layer

3 PG 4 g R AR A

Fig. 3 Construction of neural network model
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Table 2 Forecast of maximum HV

Content w/ %

Content w/ %

Fe Mo Mn Nb Zr Fe Mo Mn Nb Zr
1 3 17 12 20 15 650. 482 989 9 3 16 12 20 15 654.918 944
2 3 17 12 20 15 651.616 991 10 3 17 12 12 14 661. 119613
3 3 17 12 20 15 651. 347 639 11 3 17 12 14 13 655. 373 837
4 3 17 12 20 15 639. 044 490 12 3 16 12 20 15 666. 722 029
5 3 17 12 20 15 645.139 144 13 3 17 12 14 14 658. 578 637
6 3 17 12 20 15 650. 879 898 14 3 17 12 14 14 677. 417 444
7 3 14 12 20 15 646. 026 020 15 3 17 12 20 15 660. 382 234
8 3 17 12 20 15 633.987 294 16 3 17 12 20 15 665. 281 312
2.2 HREESHAMK FKIFN, ERAMEMEENRSHEGT, &k

N 2 ] LU, A8 SRS AR ] 4 52 {F ) Rl 20 4
HHAERSRECEHANRZ, A8, KA
WAH TXA . AT BRACRCAS, A% A R UEPE BRI
[FI > ST ICER, X S AT A . T i
KH 2 Gl i W 28 JEAT e Ak, BRAE CRUEA
BRI T, WA EICEN TR . B
FRAS 1) R ) Fe (RTINN 3k 22 5 S A4 REAS B i J55 ekt
HEREEAL, YE Fe MR HUELE 3%, 1 Mn [
FiER D BUELE 12%, Mo, Zr, Nb 5254 B
FHAS E I FER B 2 /NG

T ARG HV 570~ 600 M Pa, 3% HL
BEREAE HV 590 A H bR A, K AN [RIAS U A A (1) & B
ERUERE Wy, Wa, Wi KAIRZHFE By, B,, B3 1%
A EE I 286 545 1) 4% 0 25 I 40 B R 3 7R J

R3 WL HIRREE
Table 3 Component vs aim HV

Content w/ %

No Simulation/ Error/ w(Mo+ Zr+

MPa %  Fe Mo Mn Nb Zxr NP)/%
1 58875 0.21 3 15 12 13 6 34
2 58012 0.15 3 15 12 13 6 34
3 590.16 0.03 3 16 12 12 6 34
4 58891 0.18 3 15 12 12 6 33
5 58019 0.14 3 14 12 13 7 34
6 590.31 0.05 3 14 12 13 7 34
7 590.25 0.04 3 13 12 14 7 34
8 588.20 0.31 3 15 12 13 6 34
9 580.13 0.15 3 15 12 12 6 33
10 591.52  0.26 3 16 12 13 7 36
11 58872 0.22 3 16 12 11 7 34
12 590.58 0.10 3 12 12 15 7 34
13 580.18 0.14 3 16 12 13 6 35
14 58876 0.21 3 16 12 11 8 35
15 590.35 0.06 3 13 12 13 6 32
16 588.86 0.20 3 16 12 11 6 33

TREARTH R &5 RIS, &/ Mo, Zr, Nb Jit
B2 M E32%~ 36% 75 [, FHHE N
33.937 5%, H. 87.5% %4 33% ~ 35% JuHIWN .

1) 7E24igkF A Mo, Nb, Zr, Fe 1 Mn 31k
JGE, SCBREHIE T R v B R AF, S R 46
B, W AR TrFeMoMrNb-Zr &
4.

2) LA Fe, Mn, Zr, Mo, Nb JCE K FEDE N
BN, KAEESMEIRE D, R BP #1448 R
SRR TN S 2 ARG R, T A5 R
5SR-S A3 A 2G4, X 10 SR % 45 0 A
LM% RG50 M1 Fe, Mn, Zr, Mo, Nb JLEN FiE
SEE KRG 0 1R AL AT AT I .

3) K IR 4T 19 ™ 2% DLAEK A 4 Bl B Dl 48 A,
XA BT BEAT T LAk, DAAE 35 2 1 RE 22K (1 |
MWD EICEMAAEHE ., A RIEHEN,
Mo, Zr, Nb B 73 80 FILE 32% ~ 36% < [A]A]
DA 2 i R K
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Composition optimization of Tr Fe Mo M Nb-Zr

alloys based on BP algorithm

ZHANG Xin‘pingl, YU Si'rongl’ ?. LIU Yao-hui" %, HE Zhen‘ming1
(1. College of Materials Science and Engineering, Jilin University, Changchun 130025, China;

2. The Key Laboratory for Automobile M aterials of the Ministry of Education,
Jilin University, Changchun 130025, China)

[ Abstract] Corrosion resistivity in Hank’ s artificial body fluid, compression strength and hardness for heterogeneity Tt Fe Mo-Mn-

Nb-Zr alloys were investigated. The alloys whose compression strength and hardness of approximate to that of dentin were obtained.

Considering cost, mechanical performances and corrosion resistivity of alloy, the relationship between component and hardness of tita-

nium alloys was found by BP algorithm. The theoretical analysis agree well with experiment result. The element contents of alloys

were optimized by the BP arithmetic in order to save valued elements with appropriate mechanical performances.

[Key words] titanium alloy; BP arithmetic; hardness; composition optimization
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