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¾ 1  ¿À�� 

Fig.1  Microstructures of raw material: (a) TA1 titanium and 

(b) 1100 aluminium 
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Fig.2  Schematic of ultrasonic consolidation process
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Fig.3  Microstructure of ultrasonic consolidated specimen 
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¾ 4  ÂÃbcd�]^Y;S� 

Fig.4  Results of peeling tests under different static forces 

a 

b 

0 5 10 15 20 25 30 35

0

50

100

150

200

250

300

350

400

450

 

 

P
e
e
l
 
F

o
r
c
e
/
N

Displacement/mm

 1.0 kN-35 µm

 1.5 kN-35 µm

 2.0 kN-35 µm

 2.5 kN-35 µm

Longitudinal 

oscillation 

Ultrasonic oscillation 

Friction at interface 

breaks up oxides 



½3374½                                           ÄÅ�O()¼
"                                          � 48� 

 

 

 

 

 

 

 

 

 

 

 

¾ 5  ÂÃ_`�]^Y;S� 

Fig.5  Results of peeling tests under different amplitudes 
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Fig.6  Relationships between static force and peeling strength 
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Fig.7  Relationship between peeling strength and amplitude 
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¾ 8  ÂÃ]^hij]^fg7u 

Fig.8  Morphologies of peeling interface with lower peeling strength (a, b) and with higher peeling strength (c, d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 9  ]^fg@� EDSwxyzS� 

Fig.9  Peeling interface (a) and EDS result of marked area in 

Fig.9a (b) 
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¾ 10  Ti/AlVWX�()]^fg@� EDS��gy  

Fig.10  Peeling interface of Ti/Al laminated composites (a) and EDS element mapping of Al (b) and Ti (c) 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 11  Ti/Alfgst7u@ EDS��Épq 

Fig.11  Morphology of Ti/Al interface (a) and EDS line scanning of multilayer interface (b), and single-layer interface (c) 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 12  Ti/Alfg TEMst7u 

Fig.12  TEM morphology of the Ti/Al interface 
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Fig.13  TEM morphology of oxidation layer at the Ti/Al 

Interface 
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¾ 14  Al©ª·¸ Ti�� TEM7u 

Fig.14  TEM morphology of Ti-rich second phase inside 

the Al grains 
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Fig. 15  Ultrasonic consolidation joining process of Ti/Al 
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Abstract: Experimental investigations on the ultrasonic consolidation of dissimilar materials were performed using 1100 aluminium and 

TA1 titanium foils as base materials. The metal laminated composite specimens were prepared using the ultrasonic consolidated Ti/Al foil 

to investigate effects of amplitude and static force on the interface bonding strength of Ti/Al foil by the peeling test. In addition, the 

morphology observation and energy spectrum analysis of the peeled interfaces were performed using SEM and EDS, respectively. 

Microstructure of Ti/Al foil interface was observed using TEM. The results show that a good bonding interface of Ti/Al foil can be 

obtained using the ultrasonic consolidation technique. The interface bonding strength increases first and then decreases with increasing the 

static force, while it increases monotonically with increasing the amplitude. The optimum ultrasonic consolidated interface with a peeling 

strength of 11.325 N/mm can be obtained using an amplitude 35 µm and static force 1.5 kN. A uniform distribution of Al element can be 

found in the peeled interface of Ti foil accompanied with the obvious nest microstructure. Element transition zone exists at the Ti/Al 

interface. Recrystallization is obvious at the interface resulting in fine grains. The oxidation layer on the Al foil is broken, and titanium 

element penetrates into Al grains uniformly. 

Key words: ultrasonic consolidation; peeling strength; bonding mechanism 
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