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A Study on the Micro Vibration Forming of
Al-based Superplastic Alloy and Zr-based Bulk Metallic Glass

Seon Cheon Son*, Kyu Yeol Park’, Young Sang Na™

{ Abstract —I

Micro forming is a suited technology to manufacture very small metallic parts(several mm~gm). AI5083 superplastic
alloy with very small grains has a great advantage in achieving micro deformation under low stress due to its relatively
low strength at a specific high temperature range. Micro forming of ZreCujsNijsAls bulk Metallic glass(BMG) as
a candidate material for this developing process are feasible at a relatively low stress in the supercooled liquid state
without any crystallization during hot deformation. In this study, the micro formability of A15083 superplastic alloy
and bulk metallic glass, ZreCupNizAls, was investigated with the specially designed micro vibration forming system
using pyramid-shape, V-shape and U-shape micro die pattern. With these dies, micro vibration forming was conducted
by varying the applied load, time. Micro formability was estimated by comparing the hight of formed shape using
non-contact surface profiler system. The vibration load effect to metal flow in the micro die and improve the micro
formability of AL5083 superplastic alloy and ZreCuNijAls bulk Metallic glass(BMG).

Key Words : Micro Vibration Forming(0}o] 22 A5-A419), Superplastic Alloy(Z441%h3), Bulk Metallic Glasses(H]4 2§,
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Fig. 1 Photograph and schematic illustration of Micro
Vibration Forming system
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Fig. 2 The force performance for input voltage (V) of
PZT Actuator (P-840.40)
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Fig. 3 SEM microphotographs (x500) of Pyramid (a),
V-grooved(b,c) and U-grooved(d) silicon die
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Fig. 4 The hight of micro formed pyramid-type of
AL5083 superplastic alloy (Temp=530TC, W=
100 /m Pyramid, Load=301 N, Time=20 min
(a), Load=477 N, Time=10 min (b), 20 min (c)
and 30 min (d))
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Fig. 5 The hight of micro formed pyramid-type of
AL 5083 superplastic alloy (a) and Zrs;Cu;7Nigs
Alg bulk metallic Glasses (b) (Time=30 min,
We=100 ym Pyramid, Load=477 N, Temp=530C
(a), 435C (b))
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Fig. 6 Schematic diagram showing that material with
small grain size shows good replication of the
V-grooved pattemn on the micro die®”
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Fig. 7 The hight of micro formed pyramid-type of
AL5083 superplastic alloy (Wg=100 ¢m Pyra-
mid, Load=477 N (50 Hz) Temp=530C, Time=
10 min (2), 20 min (b) and 30 min (c))
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Fig. 8 The hight of micro formed pyramid-type of
AL5083 superplastic alloy (Wg=100 (m Pyra-
mid, Time=20 min, Temp=5307C, Load=239 N
(DC)+239 N (1 Hz AQ) (a), 239 N (10 Hz AC)
(b) and 239 N (100 HzAC) (c))
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Fig. 9 The hight of micro formed pyramid-type of
AL5083 superplastic alloy (a) and Zrs;Cu;7Nigs
Alg bulk metallic Glasses (b) (Time=30 min,
We=100 ¢m Pyramid, Load=477 N (100 Hz
AC), Temp=530C (a), 475°C (b))
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Fig. 10 The pressure distribution of the forging process
for circular-shape material (Friction hill)"”
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Fig. 11 SEM microphotographs (x500) of the Al5083
deformed specimens with pyramid dies (A15083,

center(a), (b), (c), (d), (¢) and edge(f))
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Fig. 12 SEM microphotographs (x500) of the Zrs;Cuy;
NizAlg deformed specimens with pyramid dies
(Zrs2CurnNigsAls, center (a), (b), (¢), (d), (e)
and edge (f))
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& (b) V-Grooved
50um (W)

{c) U-grooved
501Lm (W) 40um (D)

10R

Center

Fig. 13 SEM microphotographs (x500) of the A15083
deformed specimens with pyramid dies (a),
V-grooved (b) and U-grooved(c) (Load=477
N, Time=30 min, Temp=5307T)
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Centar 2R

Fig. 14 SEM microphotographs (x500) of the A1S083
deformed specimens with pyramid dies (Time=
20 min, Temp=530TC, Load=DC239 N+AC239
N (1 Hz) : (a~(d), (10 Hz) : (e)~(h) and (100
Hz) : ()~(1)
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Fig. 15 SEM microphotographs of the Zrs,Cu7Nii;Als
deformed specimens with V-grooved die (a),
U-grooved die (b) (Load=477 N, Time=30 min,
Temp=435C)
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{a) DC Load(30M)
ATTN(XB00)

(b) DT Step Load(30M)
T0ON~47 7N E00)

Center
(c) AC Load(30M)
0~477N(X600)
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Fig. 16 SEM micmphotoglaphs of the Zrs;Cuy7NizAls
deformed specimens with Pyramid die (DC
Load=477 N (a), DC STEP load=99.4 N~477
N (b), AC load=0~477 N (c), Time=30 min,
Temp=4357C)
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