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Mechanical Properties of Laser-MAG Hybrid Welding on
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Abstract A low alloy high strength steel (11CrNi3MnMoV) of 16 mm in thickness is well joined by laser-metal

active gas (MAG) hybrid welding and the hardness. tensile and impact properties of weld seam and base metal are

analyzed, respectively. Furthermore, the fracture mechanism is investigated through fractography. The results of
the tensile test indicate that the strength of weld seam is about 817 MPa, which is 13% higher than that of base
results of the impact test indicate that the impact energy of base metal changed slightly, while that of weld seam
decreases gradually as the testing temperature reduced. In addition, the tenacity-fragility transformation occurres in
rupture zone, while that of base metal only exists ductile rupture zone.
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metal. The dimples in the fracture of weld seam are fine and uniform, whereas that of base metal are large, which
weld seam as the testing temperature decreases to —40 ‘C . The fracture of weld seam exists both ductile and brittle

shows that the tensile strength of weld seam is much higher, while the tenacity of base metal is much better. The
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Table 1 Chemical composition of 11CrNi3MnMoV high strength steel and filler wire (mass fraction, %)

Element C Mn S P Si Cr Ni Mo A\
11CrNi3MnMoV 0.11 0. 44 0.03 0.023 0.18 0.97 2.68 0.23 0.077
Filler wire 0.028 1.48 0.009 0.009 0.493 — 2.36 0.239 —
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Fig. 1 Schematic diagram of tensile and impact specimen
location. (a) Tensile specimen of welded joint;
(b) tensile specimen of weld and base metal; (c)

impact specimen of weld and base metal
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Table 2 Hybrid welding process parameters

I/A U /V P /W D /mm Af /mm v /(mm/min)
First layer 280 32 2850 3 —14 600
Second layer 280 32 2850 3 —10 600
Third layer 280 32 2850 3 —6 600
Fourth layer 280 32 2850 3 —2 500
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Fig. 2 Groove of welded specimen

K3 ZREABERENIEH . (R 2G0T
D07 ' 5 () AR v O 22 5 88 0 7 '
Fig. 3 Macro-morphology of multi layer welded. (a)
Location of hardness measurement of the top
weld; (b) location of hardness measurement of

the center weld

3.1 B E

I A AR 32 10 ) % K 4% 3R J2 P 4 v 0 4%
EAT O A, I 7 B A 3 Ca) AT (D) TR . SR
B e A R G 25 R LR 4 Ca) TR, B BF (BMD FI
JL 4% (WMD) BB & 43531 S 250 A1 285 HV . #Ui [X
(HAZ) B B e K, ik 5] 325 HV, 4% g 2% ff e
IR 25 BB A(b) IR R EE MR FR (0~4 mm) B
305 HV, [ H AW B (4~ 16 mm) i i #5520 HV,
HTHEE A Z2RATIRZRE R 7 mm 1 1R 4%
o B R AR A VAR AR IR 2B 4 (0~4 mm)
FEHBOCIER RS TG I 2 AR A
FE R R FRAR AL — 5 5 0RLIR DL AR A
WS RAELE 5], i T 5 IRIR A, S 84
SUVRRE , AR 4% 3 70 2 32 OB A A AL R £ L A
ERIRER R R F b 1R DUIRAR, T (iR & it 8 b
FHEEBLIE 5Cb) ], T H 4% — Y B 0 1 22 Yk A 36 )
A MRS 11 5 T 8 /0N DR IR K 0 AR S R R g T A
DAL E .
3.2 HifRliERE

Xof L 0 Sk e U AT R A 56 A BORE 7 B
L) 7R o T PR UE RS0 (1 v] S50 AR A 3L 64T 3
IR R BOP S E . 25K A I W R T
BEAE - 359 i R 5 BE A0 B RL SR 43 B 691, 7 1

340
330 @ .
320} /\
310f  BM |

300 f WM
200} VAR,
270}
260 |
250 (,f A/

240

Hardness /HV

HAZ

-14 -12 -10 -8 -6 -4 -2 0
Distance from the center of weld line /mm

340
330} ®
320
310
300 F. /™ ‘J\-\ .
290 A" I
280 V/\V\/ \'»/ \.)\
270
260
250
240F
0 2 4 6 8 10 12 14
Distance from weld root /mm

Hardness /HV

B4 MR . (OREERZHY
(b)) #5480 2R 1 B
Fig. 4 Hardness of welded joint. (a) Hardness of the

top weld; (b) hardness of the center weld
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Fig. 5 Microstructure of weld. (a) Root zone;

(b) middle zone
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Fig. 6 Fracture location of tensile specimen
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Fig. 7 Fracture morphology of tensile specimen
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Fig. 8 Stress-strain relationship of tensile specimen
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Fig. 9 Fracture morphology of (a) weld and

(b) base metal
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Fig. 11 Macro fracture morphology of impact specimen at different temperatures. Weld: (a) 20 C; (b) —20 C;
(¢c) —40 C; (d) —80 C; base metal: (e) 20 C; (f) —80 C
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Fig. 12 Facture morphology of impact specimen at —40 C (the weld metal). (a) Ductile fracture zone (A zone) ;
(b) brittle fracture zone (B zone)
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Fig. 13 Morphology of TEM. (a) Weld; (b) base metal
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