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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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Fig.4 Results of peeling tests under different static forces
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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

P& iy P 45 G U
2.2 BEEBELSEA@OBARIRS T

FIFH 4 r B T B T RO A SO S . A
[Fi) 340 2 5 5 4D 75 ] 8 T R OW R S an T 8 T
MBI ATLUE 1, RS TI/AL FEH#4 51k 1 )
5 T F P DR K DX Sk A . X L S B i A
[F] PR KA SR T30 aT DUACEI, 3% 25 5 82 K1) 3% 25 9 1
OIS RERRI 5 A I (5 )11 P2 Ex IR G = 3 o T N
R, R b KR R A A B AL, KRR R i
R D I T 2L, FLRE AT B sk S K, s
A T B3R

16 ML R PRI AR 9 A S 5 St ik, 3@ EDS R 1S X )
B E AT A A A BT o SR T (R OO 3 T 1
9a fli7n. EDS fgilh /A4 R wifEl ob fros, & E
Al R T 50k 94.9%, Ti BT 280 5.1%, Ui
TA1 20EK7H 5 1100 204550 S HDE % T Bmia & 454
B IAER — 80 MR R ST, B TR R .
ER B SRR N 1100 2E88 6 5L 7k — M R 28 T &, 78
TA1 ARG HAR— s B T KR8, S PuEm T
HLH I A o R .

Ti/Al 2R B SRR & S oo s 10
Fiose BHERTAL, %A AR AN [T IR AN/ g b
I8 4% o L AT IR SRR, 12 Xk JE A (X
o AE AT A E R AT LR I B ) B 41 21 i i EDS
[ESE TR PN ANS Ry W ve-v K= ve- i s 211
B T E 8 7 [ 45 0 R TAL 4l4K 95 1100 2045 T8 1%
TR RER: . AR B R, M R
1 <6 JeB B A BR T A — [ s o R mT LRI, IF
A BT I X BTG B T AR 1 4 o e
2.3 BRESLZA@ESUNESHR

ISk R T B A — o ORDRE B, 758 7 [ 45



10 # 2& WA R TR S ER/ B S S T 2 R A e LB - 3375 -

EHT = 15.00 kv Signal A= SE2 Date :31 Mar 2016
WD =208 mm Mag= 4.00KX Time :9:20:23

Signal A = SE2 EHT =15.00 kv Signal A = SE2 Date :31 Mar 2016 | ZEISS)]
Mag= 100X Time :0:36:24 H WD =209 mm Mag= 400 KX Time :9:34:34

P8 AN ) 34 0 2 A R 8 S T TR 3
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Fig.10 Peeling interface of Ti/Al laminated composites (a) and EDS element mapping of Al (b) and Ti (c)
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Fig.12 TEM morphology of the Ti/Al interface
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Ti-rich second phase
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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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Analysis of Peeling Strength and Bonding Mechanism of Ti/Al Foil
Interface Using Ultrasonic Consolidation Process
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Abstract: Experimental investigations on the ultrasonic consolidation of dissimilar materials were performed using 1100 aluminium and
TAT1 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 pm 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.
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