%22 B 8 TERREEFR 20124 8 J1
Vol.22 No.8 The Chinese Journal of Nonferrous Metals Aug. 2012

TEHES: 1004-0609(2012)08-2187-09

A IR Al-Zr-(RE)S €18 E BY 8200 K A T8 43 P 2% T

o A, BAEFD WREL £ R, 3 Rk, AR’

(1. R MEREE S TR, Kb 410083;
2. TR BEWMAOEEMERRE S TRE AR, K 410083;
3. M LR ERATR, Kb 410083)

O g A I RGE B L (TEM) W 5T F ko6 Al-Ze-(RE) &4 U5 PERE 32 . 45 SRR 1.
R A4 Scy Er A INT LLA A4k dibr, o8G5 58 AT B, HLAT BRI OR 0 Als(Sc, Zo)AH B3I T 45 it »
TSR P R b 7 AR (WAL PRS2 3, S bR RERE o 70 S IUAS 3010 2k [ BE (19 il b, SR W2
AR BPYELE N GR N T 2, 87 DUAR B R 1 o0 228 It B N\ S 550R0 4 ECAE RE 4 B b bR 20
2%, MBI 5 LIAEBRVI S, WRAS R XS 0.992 1, HESLFIMEIATIIR, HENMAKXAEE N 0979 3,
TEBH T M2 (AT S0k 5 Rz A Be

KA ALZ-(RE)S 4 Wfidh; N T, 4, B

HESES: TG359 MERFRERD: A

Effect of cold drawing on Vickers hardness of
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Abstract: The effects of cold drawing on the microstructure and properties of Al-Zr-(RE) alloys were studied by the
Vickers hardness measurement and transmission electron microscope (TEM) observation. The results show that the
elements Sc and Er have the ability of refining grains and promote the precipitation of the Al;(Sc, Zr) particles. This
dispersed precipitates can pin the dislocations forming during cold drawing and hinder the movement of dislocations,
thereby improve the hardness of alloys. By measuring the Vickers hardness of different alloys under different
deformations, an artificial neural network (ANN) based on the error back propagation is built to find the relationship of
them. The results of ANN model have a good agreement with the experimental values. The correlation coefficient of
observed values and training ones is 0.992 1, and the correlation coefficient of observed values and simulation ones is
0.979 3, showing a good generalization ability and outreach capacity.
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Table 1 Composition of experimental alloys

Mass fraction/%
Alloy
Zr Sc Er Al
Al 0.30 - - Bal.
A2 0.15 0.15 - Bal.
A3 0.15 - 0.15 Bal.
A4 0.10 0.10 0.10 Bal.
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Fig. 1 Relationship between deformation value and Vickers

hardness of alloys

B2 AREREERMAR

M1 ATRUE 2], R BR B NBUY A Ad.
A2, A3, AL, WIIFTICEN A2, A3 A4 55
IR ASHEEAR T Al 564, UM+ Scy Er b
Zr TTEMESRINA B TS & S R . 17 HAR A
BEL, A2 AEMEIEE KT A3 54, XRPAITE
IS 2 AT, Bt S XS £ 4 Tl 52 11 i 3
YERZART Er 1. BEELTE MR, 4 bl
() 22 B R N, FERi R S TEIRZ e, WEEREA—3,

22 ATENEEELNFIN

Kl 2 B AR AR TERT AT IR ) & 4 A 2. N
Kl 2 A, BASTERTN AL-Zr-(RE) & 441200 1
WS MAL, RN T 0A SRS iR 2
2 um, WINFE+ICE Scy Er MG & dikiAz /N, ik )]
P 1 pme H T AR R R R ] AR A A

Fig. 2 Microstructures of alloys before cold deformation: (a) Al-0.3Zr; (b) Al-0.15Zr-0.15Sc; (c¢) Al-0.15Zr-0.15Er; (d) Al-0.1Zr-

0.1Sc-0.1Er
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Fig. 3 Microstructures of alloys after deformed at cold deformation of 84%: (a) Al-0.3Zr; (b) Al-0.15Zr-0.15Sc; (c) Al-0.15Zr-

0.15Er; (d) Al-0.1Zr-0.1Sc-0.1Er
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Fig. 4 TEM microstructures of alloys before cold deformation and SAED: (a) Al-0.3Zr; (b) Al-0.15Zr-0.15Sc; (c) Al-0.15Zr-0.15Er;
(d) Al-0.1Zr-0.1Sc-0.1Er; (e) SAED of (b); (f) Indexation of SAED
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Fig. 5 TEM microstructures of alloys after cold deformed at cold deformation of 84%: (a) Al-0.3Zr; (b) Al-0.15Zr-0.15Sc; (c) Al-
0.15Zr-0.15Er; (d) Al-0.1Zr-0.1Sc-0.1Er



2192 A G A R

201248 H

LI AN T RS SRR, TR R T
TN, BRI JE, A Ay AU
s AR AT RAL, ARSI A R, SRR
JEm N AR Z i 5 AR A AR 2 gE e A
MY, 3R 25 AR I RCR -

3 AIZr-RE)A TR & EHIEE #
22 ) 4% Fi |

3.1 BP#HZEMEEE

N LML A “HFET7 ik, EARLE
N AR R G OUN,  Aefg i k24|
Zrli A N BN H R TRV AR AR Gt O R U,

H TR S4B T EMRR, AL ItHR
ARG RN, RN . @M
e, WHMEARH A 4 EREM N X=[x, x, x,
Xalr X1, X2, X3, X P HAREK Zr S E. Er § 8. Sc & E
A . RHREEILRE S EM Ao,
MRS EME TGN 10 B, WZSPERRELF. Rk,
2 LRGN 4-10—1, Wik 6 FToR.

Hidden layer
Input layer

Output layer

Deformation
value

Zr content Vickers

hardness
Sc content

Er content

Bl 6 BP izt

Fig. 6 Structure of back-propagation neural network
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Table 2 Architecture and training parameters used in BP

artificial neural network

Neural network parameter Selected value
Number of layers 3
Number of neuron on the layers 4-10-1

Randomly between —1

Initial weights and biases and +1

Activation functions between input and

Log-si .
hidden layer og-sigmoid

Activation functions between hidden

Pure-linear
and output layer

Training parameters learning rule Back-propagation

Initial learning rate 0.1
Momentum constant 0.9
Number of iteration 7247

Acceptable mean squared error 0.005
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Fig. 7 Neural network fitting error after calculation

60

R=0.9921
55¢

50 .

45¢

40+

Predicted value, HV

35+¢

30 : : : : ‘

30 35 40 45 50 55 60
Measured value, HV

B8 ML Zrid F b S i S U K LE

Fig. 8 Comparison between measured and predicted hardness

by neural network method using trained data
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Fig. 9 Comparison between measured and predicted hardness

by neural network method using tested data
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Fig. 11 Validation results obtained using leave-one-out (LOO)

analysis
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