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1.1 sKIesH

S FELAFRS 100 mm X 75 mm X 2 mm [#] 5052
A S H62 T4, SR 13k DT kT s 1
mm B4 45° VI, SRS D, FEE
o AR IR 1. R 2 Fin. HAEMEA
Zn-15%Al ZiithiEez, HAAN 2 mm, BLNEFFIA
KCsAIFy, BA RUFI4 IR, KA ik 3
FizR. MR8, JortifiR R T F TITEEHE, A
Jii FE VR B A R 3R T S A SRR, e Je Rt
TR

&1 5052 fRerEAb o R sk Re
Table 1 Chemical compositions and tensile properties of
5052 Al alloy

Composition (wt.%) Tensile properties

Si Mg Fe Cr Al opn/MPa 3 /%

017 248 012 0.2 Bal. 230 15

&2 H62 WA K RE
Table 2 Chemical compositions and tensile properties of H62

Composition (wt.%) Tensile properties

Cu Fe Pb Sh Zn on/MPa S /%

60~63  <0.15 0.06 0.005 Bal. 230 15

=3 Zn-15%Al 5B LSS TR SR

Table 3 Chemical compositions of Zn-15%Al flux cored wire

Composition (wt.%)

Al Cu Ni Mg Other Zn

14.85 0.25 0.13 0.10 0.5 Bal.

1.2 LWHE%E

BOEBE& N IPG AT YLS-6000 S5 G4F B0k
B, KL NIRFEAF] ) SB-10LSC £ W REIE £ L.
B 1 oy fE AR A UR 2 B, OGRS B i
H, B S5RmE 30°, (EEEATHEEDT M7k,
RIESHCN: WOLEERN 20 mm GRE LT, B
BRI 0 mm, Yo SR 2[RI w450 0.3 mm.
JEAETEE N 8 mm/s, X Niik L2 N 24 mm/s, K
15 L/min GO R G T WURARY . AT ROLD %
7F 2100 W-3000 W i I, HEATIRER .

1.3 SthE&x

5 )R 2 B TR T  AGARE, BT AR
HESAIRFER % o £ keller {5 (HF. HCI. HNO;
A H0 % 2:3:5:190 BLED i1 2 #b. KH OLYMPUS
-DSX510 4:AH &M% (Optical microscopy, OM) 43
T Sk AT 2 TS0 O 4 23, FI AT D/max 2500
X SHEATEHX (X-Ray diffraction, XRD) % 5t 2 i
TV SR H Zeiss-MERLIN Compact 3% & 514

Laser beam

Do . PFiller wire
< .
,
4

(a) Ar gas
\

W1 5&

Brass(H62)

1 RSO E N Bon B
Fig. 1 Schematic of laser welding-brazing of Al to brass: (a)
welding process; (b) the form of butt joints

BT EMEE (Scanning electron microscopy, SEM)
Srir RSk MR A, IF I I B ) AR 25 p A
(Energy disperse spectroscopy, EDS), 454 XRD LA
K=Tcaw MBI Hrai R, Fle s air Kk
“. FIH MICRO-586 AMBEFEAL, MBI ETH
PSR AT ) R O 2R AT AR R W G224
[A)#E 0.4 mm. R4 77 200 g« 1EHIRFIE] 10 #0). FIHH
LY)RIE TR BT I H K %y 150 mm X 10
mm R ARRE, EREEAL TS, RSy 1
mm/min, K =R ) S E BT PERE VT E
RREEREERE, DARIFERIN AT AT T hr
&

2 HER5vHE

2.1 BELRE

AN FEOE T 2 264 T BT AR 45 S AR I AT I e Sk
MIESNE 2 Frs. HE0GTh& Ny 2100 W I, 1
MEA R FEONRELE BN SE I R R A,
LRAEWTR . HOEThF S i % 2400 W-3300 W i ]
B, BTk RIENES:. Jul, ISR SE SR 71



2 30 4 00 1]

FEH, & O FEN BT R B H S R ERERI SR

HIRERH A B BB BOSCR, ARAESEA, 9 2
B SO THHRAR T, T ITRAE S RER MY

nt seam
-
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Fig. 2 Macrostructure of joints produced at different laser
power: (a) 2100 W; (b) 2400 W; (c) 2700 W; (d) 3000 W; (e)
3300 W
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B KBk B AN

Fig.3 The cross-section of joints produced at different laser power: (a) 2400 W; (b) 2700 W; (c) 3000 W; (d) 3300 W
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Fig.4 Optical images of joints marked in Fig. 3(d): (a) zone A, (b) zone B, (C) zone C, (d) zone D; (e) zone E
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6 NASRI D256 B S 50/ B H Ja AT R ek
TR AR 5% P U JE B SEM B, TG FhIh 2R 4444
NFH R 0 P AY o BEE O DR 3G
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Fig.6 SEM of interface in the middle of brass side produced at different power: (a) 2400 W; (b) 2700 W; (c) 3000 W; (d) 3300 W
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Fig. 7 EDS Line scan results across the brass interface

marked in Fig. 3(d) line 1
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Fig.8 XRD patterns of reaction phase of interface area at
brass side
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F 4 Kl 6 Finhi B EDS 7 Hr4h A (at.%)
Table4 EDS of various phases marked in Fig. 6 (at.%)

Position Al (at. %) Cu(at. %) Zn (at. %) Phase
A 56.06 30.84 13.11 Ala2Cus2Zno7
B 12.15 41.48 46.37 CuZn
Cc 53.54 34.77 11.69 Als2Cuz2Zno7
D 12.05 43.92 44.03 CuZn
E 12.89 20.38 66.73 CuZns

10 kit iEX SEM &
Fig.10 SEM picture of transition area in joints
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Fig.12 Tensile strength of joints produced at different power
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Fig.13 The stress strain curves of joints produced at different laser power: (a) 2400 W; (b) 2700 W; (c) 3000 W; (d) 3300 W
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Fig.14 Fracture location of the tensile testing on joints produced at laser power: (a) 2400 W; (b) 2700 W; (c) 3000 W; (d) 3300 W
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Fig.15 Fracture location of the interface: (a), (b): part fractured at the interface; (c), (d) completely fractured at the interface.

B 16 Feskmean ok s E (3306w> "

Fig.16 Fracture morphology of joints: (a) Macroscopic fracture; (b) upper part; (c) central section; (d) bottom part

F*5 [ 16a & xi EDS JhHT
Table5 EDS of various phases marked in Fig. 16a (at.%)

Position Al (at. %0) Cu(at. %) Zn (at. %) Phase
A 7171 6.81 21.48 a-Al
B 51.87 39.15 08.98 Als.2Cus2Znos

5 Z5ip

1) RABOGIE L IR0 525 5052 A4 K
H62 B{HBEAT X HE, A BN Zn-15%Al 25815 22,
3O R B B B AR -7 20 mm, JEH R 24 )
EEMRFZ 0.3 mm, JRFEH LR 8 mm/s, XfRiik2e
TEERN 24 mm/s, WOGITIE A 2400 W-3300 W i, 3k
197 FEMMEST R ATk, WORTh% 2100 W R, #2
Sk PR A N A Y

2) ORI A ETIR K A S B A SR
X HUOSEAEX AR MR IX, AT X ) 43 it
VXA X o TPEXER T AlgoCusaZnes (THHD

M Cuzns tb &4, FHHAAFER Cuzn FHAFE AR
( TAHAE R, BEE BOGTh IR, X TAHAEAS
MR, mA®E Cuzns M, [FE, Cuzn (&Y
FHZMEEH 3 pm 3K 3] 6 pm.

3) A AR B S PR H IS A
BORAE; A54% X A K T

4) hifiE R BEE BTG, HEkm
P8R FE 2 I S 38 K S RN BORFAE . MO T
2700 W B, Ji G 9 Sk R B8 - 42 w5 J e Sk P o Ao o B A
K, 20N 128 MPa #1 104 MPa, #3350 FE i ka
FE. REENIE W IUAUERR AL, AR EN
BRI, WA B AR S X E A2 (A
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REN Yu-ping. Investigation on Phase Equilibriums, Phase

Influence of laser power on microstructure and mechanical
properties of Al/brass welding-brazing joints

LI Zhi-yong %2, 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;
2. Shandong Aotai Electric Co., Ltd, Jinan 250101; 3. CRRC Changchun Railway Vehicles Co., Ltd, Changchun 130062)

Abstract: Laser welding-brazing process was developed for joining 5052 aluminum alloy and H62 brass in butt
configuration with Zn-15%Al filler. Influence of laser power on the Microstructure, interface layer structure and
mechanical properties of the joints were studied. The joints breaks due to the low heat input with the laser power of 2100
W and acceptable joints were produced at the laser power of 2400 W-3300 W. The interfacial microstructure mainly
consisted of serrated layer Als2Cus2Zno.7 adjacent to the weld seam and a straight continuous layer Cuzn close to the
brass substrate. The thickness of CuZn phase increased with increasing laser power. The micro-hardness in the weld seam
was greater than that in the base metal and the maximum value appears near the interface at the brass side. The tensile test
indicated that the tensile strength of joints increased first and then decreased with the increase of laser power, and the
highest tensile strength of the original joints was 128 MPa and the joint of reinforcement-flattened was 104 MPa obtained
at laser power of 2700 W. The fractography of weld seam was characterized by quasi-cleavage fracture, while cleavage
fracture was observed for the interfacial layer.

Key words: Laser welding-brazing; Al/brass dissimilar metals; Microstructure; Interface structures; Mechanical
properties
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