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1.1 SEIGMR

SIS R R AFIRE 100 mm X 75 mmX2 mm ]
5052 fRA 4 H62 B, FEHIRIM I Dk
TN 1 mm #HAM 45° VIE, &SRO,
P BB O N SRR R 1 R 2 B . R
MR Zn-15%A1 2580522, BN 2 mm, R4
WEFFIN KCsAIF,, B RUFHHTRIERME, HAL
FHOTINER 3 FoR. BT, SenhASCR AT T
TATEEIE3, AR5 F BRSSP bRl R T s 258 A
JBE, EE R R TREAT SRR .

R 5052 A SRR R 22 T RE

Table 1 Chemical compositions and tensile properties of
5052 Al alloy

Composition, w/% Tensile property
Si Mg  Fe Cr Al oy/MPa 0/%
0.17 248 0.12 02 Bal 230 15

2 H62 LRI Ry A R
Table 2 Chemical compositions and tensile properties of
H62

Composition, w/% Tensile property
Cu Fe Pb Sb Zn  o,/MPa 0%
60—63 <0.15 0.06 0.005 Bal. 230 15

R3 In-15%AI AR LEETTR TR
Table 3 Chemical compositions of Zn-15%Al flux cored
wire (mass fraction, %)
Al Cu Ni Mg Other Zn
14.85 0.25 0.13 0.10 0.5 Bal.

1.2 SWHE

WL &N IPG A ] YLS—6000 1548 Y641
Hds, B WA NIRFEA F B SB-10LSC £ Tjfg i
22l B 1 R AR AL AR B, B
R GRMER, F2E5RME 30°, 7EEBATH
JrET I . RIS HCN: WOLE AR 20 mm
(B _EJ7), PIRRIEI R 0 mm, YGoR % 45 22 [H] i i
A 0.3 mm. JRESEEN 8 mm/s, XJIIRLZH
JEH 24 mm/s, R 15 L/min B4 PR 8 7E4T X0
RS AT HOETh N 2100~3000 W, 3473056

Laser beam

o Filler wire
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& e % .

®) 0.3 mm
Brass (H62) \i Al (5052)
......
1 /Ao TR R S 1A
Fig. 1 Schematic diagram of laser welding-brazing of

Al/brass: (a) Welding process; (b) Form of butt joints
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Fig. 2 Macrostructures of joints produced at different laser powers: (a), (a’) 2100 W; (b), (b") 2400 W; (c), (c) 2700 W;

(d), (d") 3000 W; (e), (¢") 3300 W
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Fig. 3 Cross-section morphologies of joints produced at different laser powers: (a) 2400 W; (b) 2700 W; (c) 3000 W; (d) 3300 W
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Fig. 4 Optical microstructures of joints
marked in Fig. 3(d): (a) Zone 4; (b) Zone
/ B; (C) Zone C; (d) Zone D; (e) Zone E

B 5 K 3(d#E:kArmzE AR E W
SEM 1%

Fig. 5 SEM images of joints interface
layer in Fig. 3(d): (a) Zone 4; (b) Zone B;
(¢) Zone C
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20 um

Fig. 6 SEM images of interface in middle of brass side produced at different laser powers: (a) 2400 W; (b) 2700 W; (c) 3000

W; (d) 3300 W
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Fig. 7 EDS line scan results across brass interface marked
in Fig. 3(d) line 1
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Fig. 8 XRD pattern of reaction phase of interface area at

brass side
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Fig. 9 Isothermal section of Al-Zn-Cu ternary diagram at
20 C!*

&4 K o6 PrsfiLE EDS 7 s
Table 4 EDS of various phases marked in Fig. 6

Mole fraction, x/%

Position Phase
Al Cu Zn
a 56.06 30.84 13.11 Aly,Cusz,Zng 4
b 12.15 41.48 46.37 CuZn
c 53.54 34.77 11.69  Al;,Cu;,Zng5
d 12.05 43.92 44.03 CuZn
e 12.89 20.38 66.73 CuZn;
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Fig. 10 SEM image of transition area in joints
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B 11 /e S S s A
Fig. 11  Vickers hardness distribution of Al/brass joints
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Fig. 13  Stress—strain curves of joints produced at different laser powers: (a) 2400 W; (b) 2700 W; (c) 3000 W; (d) 3300 W

Fig. 14 Fracture location of tensile testing on joints produced at different laser powers: (a) 2400 W; (b) 2700 W; (c) 3000 W;

(d) 3300 W
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Bl 15 Fros i 2 Al DB SEM . H. CuZn S ZEAE M &R ok A T
%, HERWRA B Cuzn MT WEEY R, RIMBORIINENE . SRR K S
JRZa. TSRS RAHMALS, SEOSRE WK OESRN SEM B A1 16(a)ffras, Wik L Em
BEEANERBERT S CuZn FIZMIERSE WO TECVRSEALE N TESLE 16(b). (d), &

B 15 Sk I i 2 WAL B SEM &
Fig. 15 SEM images of fracture location of interface: (a), (b) Partly fractured at interface; (c), (d) Completely fractured at
interface

A ). >
B 16 Sk B O 1 5
Fig. 16 Fracture morphologies of joints produced at 3300 W: (a) Macroscopic fracture; (b) Upper part; (c) Central section;
(d) Bottom part
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P NG, RO — e R, eI 2L
W7 1 e ) Ay ST E AL BT SO B 16(c)), R
FIH, RIEAEELE B, NARBERTRL. X 16(a)
T R b & bric s AL B 2R 4T EDS J0 7, H2h
Rk 5 Pron. WTRIEEETH a(ADER, FH)ZE
Wi b T 4 AW, FEUGIE B L3 A e T 4 7 B
TEFRMIAL S 2 1]

#*5 K 16(a)t % = EDS 73 H7
Table 5 EDS of various phases marked in Fig. 16(a)

Mole fraction, x/%

Position Phase
Al Cu Zn
A 71.71 6.81 21.48 a(Al)
B 51.87 39.15 08.98 Al »,Cus,7Zng 5
3 ZHip

1) RABOCH LG R 755 5052 FE 4
J H62 BT X%, T ARM BN Zn-15%Al 2.5
1Rz, RO CR B AR IR 177 20 mm, J6IR
KR 48w 0.3 mm, JEEGEEEFEN 8
mm/s, XK 22N 24 mm/s, WOLDHEN
2400~3300 W I, 3R1F T 20U S R IF 4k, L
J6TE 2100 W B, He Sk BRI B O I T T 2

2) TOMLZHZR R B TR Sk A3 D B A I A
X A0 REE X AR A AR X, R AT 5
XA X . XA T AlgyCusaZng(T'
FAT CuZns W EH), FEIHAE V- E I CuZn AHFIE
YRR T/ AHAE G, BEE OGN MR, X T
TSR, =EBR CuZns AHIE, [FE, CuZn
WEY I E R E R H 3 um 85K #] 6 pm.

3) AR B AT B B )2 B I S R
FEBRAR ;s 5 4% X R AR B KB

4) PR FEEROLDIER R, #k
(R e 2 B R I HR ST 1 DK S RN IR RFAIE . 438016 T
22700 W I, BRARHE S AN B P 4 Sk B R
SRET IR, 205108 128 MPa Al 104 MPa, #3ki%E#
SRPE R . JRAENLE W ORI, FLEE
AL E W ORI, R B A R X =S
Y2 18],
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Influence of laser power on microstructure and
mechanical properties of Al/brass welding-brazing joints

LI Zhi-yong"?, ZHOU Li', HE Zhi-zheng', SONG Xiao-guo', ZHANG Xin-meng’, FENG Ji-cai'

(1. Harbin Institute of Technology at Weihai, Shandong Provincial Key Laboratory of Special Welding Technology,
Weihai 264209, China;
2. Shandong Aotai Electric Co., Ltd., Jinan 250101, China;
3. CRRC Changchun Railway Vehicles Co., Ltd., Changchun 130062, China)

Abstract: The laser welding-brazing process was developed for joining 5052 aluminum alloy and H62 brass in butt
configuration with Zn-15%Al filler. The influences of laser power on the microstructure, interface layer structure
and mechanical properties of the joints were studied. The results show that the joints breaks due to the low heat
input with the laser power of 2100 W and acceptable joints are produced at the laser power of 2400—-3300 W. The
interfacial microstructure mainly consists of serrated layer Al;,Cu;,Zn,; adjacent to the weld seam and a straight
continuous layer CuZn close to the brass substrate. The thickness of CuZn phase increases with the laser power
increasing. The micro-hardness in the weld seam is greater than that in the base metal and the maximum value
appears near the interface at the brass side. The tensile strength of joints increases first, and then decreases with the
increase of the laser power, and the highest tensile strength of the original joints is 128 MPa and the joint of
reinforcement-flattened is 104 MPa obtained at laser power of 2700 W. The fractography of weld seam is
characterized by quasi-cleavage fracture, while the cleavage fracture is observed for the interfacial layer.

Key words: laser welding-brazing; Al/brass dissimilar metals; microstructure; interface structures; mechanical

properties
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