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Abstract

Bulk metallic glasses(BMG) with good mechanical properties have problems that engineering
application fields have been limited because of limitation of the alloy size. In order to solving this
problem, the friction welding of BMG has been tried using the superplastic-like deformation behavior
under the supercooled liquid region. The apparatus for friction welding test was designed and
constructed using pneumatic cylinder and gripper based on a conventional lathe. Friction welding have
been tried to combination of same BMG alloy and crystalline alloys. The results of welding test were
evaluated by X-ray diffraction, measurement of hardness and mechanical properties test. In order to
obtain the optimized welding test conditions the temperature of friction interface was measured using
Infrared thermal imager.
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Fig. 1 Dimension of specimen to be welded by
friction method.

Foz A BMGO ZAAst AE 98 Ao
&3} 7](Infrared thermal imager)S  A}-&-3ko] A
T3 Al A s A&k

=2 =
ZEE 5

=13
o

I
It

2. &

X =
==

2 AFdAE Ar 221719 9 Cu
(copper mold) FxHo & AZE ZrssAloNisCuso
z49 474 4 mm, Zo] 50 mme BMG %3}
Ti-6V-4Al A ZH-E] Fig. 101 YEd A3} o)
217 4mm, Zo] 12mme] 27} F/Fe] AlPHE
7h&3skith BMG Al59 54 2 A 4
27 (Differential scanning calorimetry : DSC)E ©]
g3l A3, FAFSE 0.33 KisollA DSC

Scanning Rate : 0.33K/s

100 200 300 400

Temperature ( OC}

Fig. 2 DSC bulk

metallic glass.

curve of Zr55AI10N i5CU30

338

Drrill chuck Pnenmatic gripper

i

AT | Tail stock ||

——
!

| Specimen |
Pricumatic actuator |

Rotating chuck t

Conventional lathe

(a)

(b)

Fig. 3. (a) Schematic illustration and (b)
appearance of constructed testing apparatus
equipped with pneumatic actuator and gripper for
friction welding testing of specimen at high
speed rpm.
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Table 1 Testing conditions of friction welding test.

Friction Upsetting
RPM 1800
Pressure (P) 100 ~ 200 MPa
Time (t) 06 ~ 3 s
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Fig. 4 Process of friction welding
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Table 2 Summary of testing conditions specimens
friction.

Friction Friction Volume of | Thickness of
Pressure time protrusion protrusion
(MP3) 0] gmm’) (um)
(a) 200 0.9 27 203
BMG (b) 150 1.7 30.6 573
() 100 0.6 6.48 201
Ti-6V-44l (d) 150 2 1.9
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Fig. 6 Optical micrographs of cross-section
after polishing friction welded
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Fig. 7 Temperature dependence of viscosity in the
supercooled liquid state of Zr-based bulk metallic
glasses.
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Fig. 8 Vickers hardness values at interface of
welded specimens.
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