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Process parameters of vacuum electron beam
welding for AZ91D

Table 1

N Accelerating Beam current Welding  Heat input

voltage/kV /mA speed/mm s* /). mm™
Cl 60 8.4 3.38 149.1
C2 60 12.9 5.0 154.8
Cc3 60 16.5 5.0 198
C4 60 12.6 3.38 223.7

*2 AZZIBHESHETHTRERILZ
Table 2 Process parameters of vacuum electron beam
welding for AZ31B

Accelerating Beam current Welding speed Heat input

No. voltage/kV /mA /mm s /3 -mm™
D1 60 4.2 5.0 50.4
D2 60 6.0 5.0 72.0
D3 60 5.3 3.38 94.1
D4 60 9.0 5.0 108

Bl SRR 5 0k s
Fig.1 Schematic diagram of microhardness test point
distribution: (a) AZ91D and (b) AZ31B
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Fig.2 Typical microstructure of AZ91D weld seam from fusion

zone to unmelted base metal
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Fig.3 Microstructure and compositional analysis of fusion zone:

(a) partially divorced eutectic morphology and (b)

compositional analysis by EDS
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Fig.4 Mg-Al binary phase diagram and schematic drawing of

non-equilibrium solidus and liquidus
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Fig.5 Typical microstructures of AZ31B weld seam from fusion

zone to unmelted base metal

2.2 BHEESH

IER&HT AZ91D &4 M AZ31B B4 &1 s
LA GURFAE R Bk 22 5, RS B 3 A7t B3R B HE AN A
RFAE . B 6 A 7 73508 AZ91D. AZ31B B4 4%
eI R A . W 6 FTLLE H, X T AZ91D
BEAESNETS BT AR IREE, ANIE X 8] R A RN
GYH o ST SR PGSOV VR AR IX 15 B B R aRAL,

Base

Weld

Base

10001

800+

Hardness/MPa

600 «

| ol R W VU

400
-4

Hardness/MPa

Base

Hardness/MPa

4 3 -2 -1 0 1 2 3 4
Distance from Weld Centerline/mm

Fl6 ARSI T AZOLD 45 & 4 1 4 v i S i 15 245 1k

Fig.6 Microhardness of AZ91D in weld central section under
different welding heat input conditions: (a) C1, (b) C2,
(c) C3, and (d) C4
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Fig.7 Microhardness of AZ31B in weld central section under
different welding heat input conditions: (a) D1, (b) D2,
(c) D3, and (d) D4
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Fig.8 Microhardness of AZ91D magnesium alloy in weld axis
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Fig.9 Microhardness of AZ31B magnesium alloy in weld axis
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Fig.10 Influence of heat input on the metallic element loss on

the surface of AZ91D weld: (a) Mg and (b) Al
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Fig.11 Influence of heat input on the metallic element loss at the

bottom of AZ91D weld: (a) Mg and (b) Al
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Influence of Thermal Effect on Micro-hardness of Magnesium Alloy Weld of Vacuum
Electron Beam Welding
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Abstract: The impact mechanisms of the thermal effect of vacuum electron beam welding on the micro-hardness of AZ91D and AZ31B
magnesium alloy weld were studied. The results show that the welding thermal effect exerts its influence on weld hardness differently for
AZ91D and AZ31B magnesium alloy. There are two factors affecting the micro-hardness of the weld, including the cooling rate after
welding and the burning loss of alloying elements after the action of welding thermal effect. When the welding heat input is large, the
main factor affecting the weld hardness of AZ91D magnesium alloy is the increase of strengthening phases because of the burning loss of
Mg elements. A larger welding heat input induces more strengthening phases in weld and the weld hardness increases relatively. When the
welding heat input is small, the main factor affecting the weld hardness of AZ31B magnesium alloy is the cooling rate after welding. The
smaller welding heat input induces faster cooling and solidification rate after welding and then fine grains form, so the weld hardness is
relatively high.

Key words: vacuum electron beam welding; thermal effect; magnesium alloy; micro-hardness; weld strengthening
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