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In the present paper, the interfacial adhesion strength between Ti coating film and Al-alloy
substrate is evaluated by using laser ultrasonic waves and boundary element method. The
adhesion strength can be estimated by inverse analyses using tranfer function from the
history of displacement of the specimen and boundary element analysis for unsteady 3-
dimensional vibration. In the present study, an alternative boundary element program has
been made for the axisymmetric solid body. Using data processing by Weibull distribution,
the interfacial strength between Ti coating film and Al-alloy substrate could be confirmed
to be 59.2 MPa from the present investigation.
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Fig.1 Definition of coodinates for axisymmetric analyses.
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Fig.3 Boundary element division for axisymmetric solids.

Bu,(P) 2525 LU TFTOLSICk 5.
o (P)E(P) + / Nowi (P)T35 (P, Q)N (P)ai (P)dS  (16)
S

kB, T TOEREMNY uy(P) X x-y-z JERERITXT 5
—BEREMSTHY, —BRMEHENEEE%T 50T
. 72, T,(P, Q) (X E IS 5 5 A (Kelvin
DR RS T A RE R Th 5. MIEER I X 54
BPEOMIL AT 5 121E, R (8) 1B (16) £ LBIFIEELL,
LI SARERICE s T ERSEE O 2T,
B O 3 WL L FE I B R O ME N TRE L 72D

3. L—Y—XRL—avEIZkBERMREBRE
3.1. EREESLUHRRA

AFL T Figd IR T L) e EBBEEEZHWT, L—3

B & O R 2 1T o7z, BRI R IE Sns, &
£ 2mm O YAG L — ¥ —z2 R B FwEICBRE S5 LI
o, BEANICHEEEESZE S TS, 22T, a—T 4
JER M OENINE T L —F—TWHIC I D E L7z, R,k
FiE, EEmm 0T VI = LAEEERICEHRT L— LK
FHZ Lo TEEH 30um F4 > a—F 4 o Ve S ¥
R BB L T 7 A o AT (BB A No.1~7) 2V, L —
P— T R L F — % 32~60m] OHFH TEL SRR EIT-72
RFEHE L TRBRA Nol iIcBW T L—%—z %L ¥ —32m]
ZWBE LBRICE DN a—T ¢ v Z R O MV ENIS
% Fig.5 2R



YAG Laser

Fasting jig
Fused quartz
‘/ ] _ Carbon film
L—v—_/v—i—— Thickness gage
= Substrate
 EN—
Thin film

Fig.4 Experimental equipments.
60
40:
20:
of

20

Displacement [nm]

-40F

-60L
00 02 04 06 08 10

Time [ps]

Fig.5 Displacement history on the surface of the substrate

(laser energy = 32mJ).
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Fig.6 Axisymmetric BEM model on z-z cross section.

Fig.7 3-Dimensional boundary element division.

Table 1 Material properties of thin film and substrate.

Material Ti(21) | Al(Q2)
Young’s Modulus[GPa] 110.57 70.30
Density[kg/m3] 4150 2680
Poisson’s Ratio 0.32 0.33
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Fig.8 Applied pressure on the Al substrate obtained BEM

inverse analysis.
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Fig.9 Interface stress between Ti thin film and Al substrate

obtained BEM inverse analysis.
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Fig. 12 Schematic of static pull-out test and stress distri-

bution on the Ti/Al interface estimated by BEM analysis.

Table 2 Adhesion strength and critical load of obtained by

static pull-out tests.

Sample  Critical load[N]  Adhesion strength[MPa]

No.1 142.6 48.27
No.2 180.0 60.93
No.3 164.9 55.83
No.4 166.7 56.43
No.5 141.4 47.86
No.6 188.8 63.92
No.7 202.2 68.45
No.8 173.2 58.61
No.9 214.1 72.43
No.10 171.9 58.13
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Fig.13 Summary of critical stress expressed by Weibull dis-

tribution for static pull-out test.
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