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Plate Forging Process for Near-net Shaping of Mg-alloy Sheet
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Abstract

Magnesium alloys are used in electronic devices such as laptops due to their lightweight features as well as vibration

absorption and electromagnetic shielding properties. However, the precision of electronics is limited by the large number of

small and precise ribs, the cost-effective manufacture of which requires appropriate technology. Plate forging is an efficient

manufacturing process that can address these challenges. In this study, plate forging of magnesium alloys was investigated

specifically for the fabrication of laptop cover. The plate forging process with back-pressure was used for near-net shape

formation. Finite element analysis was used to select appropriate variables for back-pressure formation to generate ribs of

various sizes and shapes without defects. The reliability of the analysis was verified to manufacture the prototype. The effect

of back-pressure can be verified via fabrication of prototypes as well as structure and forming analysis based on finite element

method. The process design factor of back-pressure increases formability without defects of under-filling and flow-through.

Moreover, the tensile strength was maintained even after high temperature plate forging at 370 °C, and the elongation was

improved.
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[ 3D Model ]
S

« Width of rib: 1.3~1.8mm
Distance with wall of frame : 0.5mm

« Circle diameters : Min. 1.7mm
Max. 3.4mm

+ Height of rib : Min. 1.7mm
Max. 4.5mm

Fig. 1 Geometric example with embossment of inner

surface of electronic component
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Fig. 2 Geometry of sub-size model of electronic

component
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Fig. 3 Initial plate obtained through wire machining from
4.5mm AZ31B sheet
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Fig. 6 FE-model of dieset assembly for plate forging of
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Tswire = K(€ + &)™ @
K : strength coefficient, (value : 43.19)
&y . prestrain, (value : 0.00016)
n : hardening exponent, (value : 0.039)

-z
o
Lo
2
)
=
T (o]
oX
- ofh
N
rtf
o
ues
-4
ot
-
®
=
o
Lo
e

2wl AREE 2 1w
Fol WA WARA WE

R

H
F Q=% Az soonfe] W HFL A,

Table 1 FE-simulation conditions of plate forging

process with back-pressure

Analysis tool Forge NXT 1.0
Material AZ31B
Element size 0.8 ~ 1.8(mm)
Forming temperature 300°C
Velocity of punch 1 mm/sec

Lubricant Water+Graphite
(Friction coefficient) (m:0.3)
load of back-pressure 50tonf
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Fig. 7 Flow stress diagram of AZ31B for FE-simulation;

Experiment result and Swift hardening model
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Fig. 8 Patterns of formed plate using back pressure;

(a) stroke 0mm, (b) stroke 0.5mm, (c¢) stroke 1.mm
and (d) stroke 1.5mm
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Fig. 9 Patterns of formed plate by conventional pressing
without back pressure
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Fig. 10 Press forging toolset of sub-size model; (a) punch
and (b) die

Table 2 Experimental conditions for plate forging
process of sub-size model

AZ31B, AM50, AZ91

Material

4.5mm

Sheet: 300~320°C
Tools: 180~250°C

Thickness of sheet

Forming temperature

Velocity of punch Imm/sec

Lubricant Water + Graphite

& N Az A A7 39

Fig. 11 Sub-size forged products of Mg alloys; (a) AZ31B,
(b) AMSO0 and (c) AZ91
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Fig. 12 Region and specimen of tensile test; (a) region of
tensile test specimens from the forged product

and (b) dimension of sub-size tensile specimen
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Fig. 13 Tensile stress-strain curves of (a) Mg alloys
(AZ31B, AZ91, AMS50) after forging process and
(b) comparison tensile properties of as received
and forged AZ31B
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Fig. 14 Microstructure of (a) as received AZ31B
and (b) after forged AZ31B
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