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Nondestructive Measurement of Coated Film-Steel Bond
Strength Using Ultrasonic Resonance Frequency Method

Synopsis:

Hironobu KAWASAKI and Shoji SUZUKI

In order to nondestructively measure the bond strength of coated film on steel surface, ultrasonic
resonance method using Fokker bondtester was investigated. The bondtester measures the change in the
resonance frequency and the amplitude of the tester and coated film/steel system.

It was found that the resonance frequency difference between disbonded and bonded coating films on
steel showed good correlation with the bondstrength of the bonded coating film on steel measured by a

destructive method.

To applying this method widely, however, the following problems are to be solved in other ways.
(1) Differences arising from quite strongly bonded films on steel are too small to be detected.

(2) Film thickness variation causes changes in resonance frequency.

(3) Bond strength of films which deeply absorb ultrasonic sound is hard to be detected.

(4) Water uptake in film/steel interface causes resonance frequency change.
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Table 1. Specimens.

Coating
Coing | ihckntes | fuslermed
(em)
Epoxy modified ~
phenol 110-160 Sea water
immersion test
Flake polyester 920-1 300 (0~2.5 years)
Coal tar epoxy - 60-85 Diffelrential temperature
accelerated detrioration
Epoxy 160-210 test (50°C/10°C)
(0~7 days)
Oxygen blowing
Polyethylene 550-650 accelerated detrioration
Ehol il test (50°C 3% Nacl
thylene viny! blowing latm O;)
acetate 650-710 (0~3 months)
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Bond Tester Oscilloscope

Fig. 2. Fokker bondtester.
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Fig. 3. Diagram of the bondtester model 80
showing the operating principle.
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Fig. 4. Fokker bondtester trace with tranceducer
3814 on 110-160 yum epoxy modified phenol film
coated on steel.
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Fig. 5. Schematic representation of the vibrating
system of a crystal to single bondline assembly.
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O : Cohesional disbond
@ : Adhesional disbond after pull off test

Fig. 6. Correlation between the fokker bondtester
A or B scale and the bond strength measured by
destructive pull off test of epoxy modified phenol
coating (110~160 pm).
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Fig. 7. Correlation between the fokker bondtester
A or B scale and the bond strength measured by
destructive pull off test of flake polyester coating
(920-1 300 pm).
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Fig. 8. Correlation between the fokker bondtester
A or B scale and the bond strength measured by

destructive pull off test of coal tar epoxy coating
(60-85 pm).
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Fig. 9. Correlation between the fokker bondtester
A or B scale and the bond strength measured by
destructive pull off test of epoxy coating (160-
210 pm).
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Fig. 10. Correlation between the fokker bond-
tester A or B scale and the peel strength measured
by destructive peel test of polyethylene (550-650
pm) and ethylene vinyl acetate (650-710 ym)
coating.
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Fig. 11. Relationship between coating thicknes
and A or B scales. :

Water : A-scale —1~+3, B-scale 96~103 (kHz)
Mineral oil : A-scalen —1~+3, B-scale 91~101 (kHz)

Fig. 12 Fokker bondtester trace with tranceducer
3814 on 900 ym coating coal tar epoxy film with
water or mineral oil between the tranceducer
and the film.

With out water layer : A-scale —1~0, B-scale 95~105 (kHz)
With water layer : A-scale —6~ —8, B-scale 47~53 (kHz)

Fig. 13. Fokker bond tester trace with tranceducer
3814 on 280-300 ym detached epoxy modified
phenol film with on without thin water layer
underneath - the film.
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