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Interlayer Deformation and Microstructure Properties of CMT Arc Additive 4043 Alu-
minum Alloy
YANG Fu, LI Mei, HE Zaipei, JU Hongtao, JIA Zheng
(School of Mechanical Engineering, Shenyang University, Shenyang 110003)

Abstract: The influence of different interlayer hammering deformation on the microstructure and mechanical properties
of 4043 aluminum alloy during cold metal transition (CMT) arc additive manufacturing was investigated, and the pro-
cess parameters were optimized to improve comprehensive performance of additive manufacturing parts. Thin-walled
parts were prepared with welding wire of 4043 aluminum alloy. The influence of deformation amounts on the micro-
structure and mechanical properties of the material were analyzed by microstructure observation, grain size compari-
son, microhardness measurement, and tensile test. The results indicate that the grains of specimens without hammer-
ing are coarse, while those of ones with a deformation of 13% are finer, and those of ones with a deformation of 21%
are the finest. Meanwhile, the fine strip Al-Si eutectic strip is distributed in a specific direction in a solid solution, and
the dispersion degree is increased with the increase of distance {rom the substrate. In addition, the microhardness mea-
surement and tensile test results reveal that the tensile strength and hardness of specimens without hammering are 160
MPa and 40.28~52.94 HV, while those of ones with hammering deformation of 13% is 173 MPa and 54.38~55.50
HV, and those of ones with hammering deformation of 21% is 182 MPa and 54.00~61.04 HV, respectively. The
mechanical properties of the alloy are improved with the increase of hammering deformation.
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Tab.l Chemical composition of 6061 aluminum alloy and 4043 aluminum alloy wires %
=) W
i Cu si Mg Zn Cr Fe Ti Al
4043 <0.30 4.50~6.00 <0.05 <0.05 <0.10 <0.05 <0.80 <0.20 b
6061 0.15~0.40 0.40~0.80 0.80~1.20 0.25 0.04~0.35 0.70 0.15 b
F2 WIEHBE N F %R x3 BESY
Tab.2 Mechanical properties of materials Tab.3 Welding parameters
AA e U PR /MP Jett Il 5ie &/ MP K3/ % . o o kS k5 .
R s EE/ a i 3 JiE a 2/ % 9 TR T )):ig;_/ J):ig;_/ o i/
6061 205 110 16 /% /A H/V = AJ"“ = v . (mm-min~ »
4043 200 120 5~15
0 130 15 110 12 500
NN . 13 130 15 110 12 500
1.2 KW HE ’
21 130 15 110 12 500

TEAR GRS, PR F5F H A S BORAE | H AR i o AR
Wi ORI X B & A8 R S M RE R S
il A 3L RE MR S B R 3, o ST 2 O 0
BER X HR 2, AR P4 R iR I 2 . AE 3 A s R
T AR 4 ) E U R o R 4 2 ME AR LA 130 A L TR
J 15V, G L AL E 110 A 12V, I3 35 HAb 2 50K
A5 BRI AR T S IR E R 2 100 ‘CUL T A g4k Lt T
— 2 A, Hoh 4L 6 7 2 R R DA N AR T i
F TR A T v e B A, AR AR G e R 25 ok ) I e
JIRIIN Il o O S E N R AR R L R
Ii] v i 25 L3R 4

x4 EMEHATEE
Tab.4 Height difference of each additive group

215 AT 4/ % JZ 5 /mm 5 JC R i B 25 /mm
EIE 0 2.21 0
K41 13 1.93 0.28
R4l 2 21 1.75 0.46

TEIRX S 1o B b, 1 ST O A AT T B, P S

B i B AR A CMT i s o A7 389 A4 1 3, A6 L i A

e, X A JE AR B AT A o, P A R R R, — 2

Tl o R F N, 58 WO B AR AR . SRS A

L HI B AR ST VIR o G AR AR JE AT 4T B 0
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Fig.1 Sampling position of metallographic and tensile specimens

2 RBRERL5 S

2.1 HAAWE

I3 2 A F o i) 0B BT Pl R B BT A 3
AR AT AL VISR, UL BT 2~ 8T 4. AR 4R 1] 2~ 4]
AT AR A A AR R R TR R R R AR, A
U I BB 0 AT B 2R L B A R BE T v AR
I, R R E A B B R AR E I, SRR SR A
JLJZE B DURECRE i T B R O RLGF, v B0 AR, ks
B R AL B R 2 B, RO 2L EH Oy a-ALA I
B-AlszSio M, B AR EZ A AE fh AL T AFAE T a H
e, BB/ ZRR BRSO a
AL B A ALy g, PO AT BN 5 e, H N il
Trlal

YT
B2 EHEA O KN EHAR

Fig.2 Microstructure of the upper part with 0 deformation
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Fig.3 Microstructure of the middle part with O deformation
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Fig.4 Microstructure of the lower part with O deformation
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Tab.5 Dendrite arm dimension with 0 deformation pum

UL
1 2 3 4 5 6 7 8 9 10 11 HME

(DAL

T 6.61 5.56 4.69 4.76 3.39 4.32 6.61 5.44 4.12 6.57 5.81 5.26
it 6.33 5.75 5.17 5.00 5.24 5.94 5.20 3.49 3.18 5.65 4.25 5.02
&8 4.89 5.15 3.61 4.04 3.50 3.85 3.86 3.68 3.48 4.55 5.11 4.15

Pl 5~ 817 Oy 5 48 b o L U2 TG A 13% 69
B0 AT AT, 2600 o
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Fig.5 Microstructure of the upper part with 13% deformation
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Fig.6 Microstructure of the middle part with 13% deformation
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Fig.7 Microstructure of the lower part with 13% deformation
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Tab.6 Dendrite arm dimension with 13% deformation pum
N B BE R
fir T
1 2 3 4 5 6 7 8 9 10 11 HH EAF X (95%)
T8 4.55 5.12 4.82 4.35 5.92 4.36 4.74 5.71 5.75 4.69 4.19 4.93 4.52~5.34
ik 4.90 4.68 3.95 4.43 4.04 4.78 4.60 3.48 3.46 4.28 4.05 4.24 3.51~4.97
IR 3.78 5.35 3.82 3.83 3.18 4.91 3.59 3.278 3.32 3.11 4.39 3.87 3.38~4.36
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Fig.10 Microstructure of the lower part with 21% deformation
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Fig.8 Microstructure of the upper part with 21% deformation THMER SR . XA AL 0, 5 T 2R B e
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Fig.9 Microstructure of the middle part with 21% deformation Pfe .
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Tab.7 Dendrite arm dimension with 21% deformation um
. & BE R
fir e
1 2 3 4 5 6 7 8 9 10 11 B EAF XA (95%)
s 4.36 3.43 3.60 4.77 3.92 5.30 5.48 3.68 6.41 5.10 5.34 4.67 4.03~5.31
i 3.73 3.97 5.48 3.46 3.45 5.52 4.66 4.72 3.22 3.82 4.22 4.20 3.67~4.74
T 3.40 3.06 3.92 4.26 3.88 3.03 4.28 3.32 3.55 4.98 3.73 3.76 3.37~4.15
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Tab.8 Hardness data for each group

- fifi £ (HV)
I/ % — — — — — — —
o7 & {781 {2 3 7 4 (VA Z] ) ME B AH X (95% )
T8 38.2 40.6 42.0 37.6 43.0 40.28 37.37~43.19
0 ERY 49.6 50.8 52.6 48.8 51.4 50.64 48.79~52.49
1 53.8 51.5 53.8 53.4 52.2 52.94 51.65~54.23
T8 52.7 50.8 62.2 53.7 52.5 54.38 48.94~60.10
13 8 53.4 54.3 56.6 56.9 56.1 55.46 53.56~57.36
3 49.8 57.6 57.4 58.8 53.9 55.50 50.95~60.05
T8 65.2 58.1 57.8 65.0 59.1 61.04 56.41~65.67
21 BRRL 61.6 60.2 65.7 61.6 60.7 61.96 59.26~64.66
S 63.7 68.8 64.6 62.0 65.9 65.00 61.84~68.16
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Fig.11 Microhardness distribution of alloy with different defor-

mation amounts
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Fig.12 Tensile strength curves
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Tab.9 Elongation of the alloy with different deformation rate

i 2 R/ % R/ %
0 5.3
13 4.3
21 5.1

FEAR T 18.9% , 1 fil o A8 JE 1t 21% 19 41 51 5 JC i <
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