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Ultrasonic Test Criterion for the Explosively Welded Fe-Naval Brass Bonding Quality
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Abstract

An ultrasonic test method, as a nondestructive test is applied to ensure the clad interface quality
assessment. According to the reference codes and standards, not only korea Industrial Standard(KS)
but also American Society for Testing and Materials (ASTM) Standard. ultrasonic examination
procedures use the pulse-echo, A-scan, back reflection signal drop method and/or side drilled reference
hole used to establish the acceptance criteria of clad material test. But the variety of bonding materials
and sizes makes it difficult to produce the reference blocks, or thus the criteria. In order to overcome
these practical difficulties, new ultrasonic testing criterion is suggested. In this new method, the
theoretical interface reflection signal amplitude level is calculated and suggested as an acceptance
criteria with the back reflection signal set to 100% FSH(Full Screen Height), which is based on
acoustic impedance mismatch at the clad interface for the explosive clad ultrasonic inspection.

Applicability of suggested criterion, for the explosive clad Fe-Naval Brass with different bonding
quality is confirmed to the pre-existed KS and ASTM specifications and verified by using SEM
(Seanning Electron Microscope) micrograph.

The results obtained by the suggested method is more conservative than the results according to the
KS B 0234 and ASTM A 578 specifications. The suggested method could be applicable to any other
combination of explosive clad ultrasonic inspection.

(Received March 23, 2000)
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Table 1 Ultrasonic inspection code requirements
for clad material
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Table 2 Chemical compositions of the base plate and flyer plate
Material wi(%) | ¢ Mn 8i P S Cu Ni Zn Pb Fe Sn
Base plate (ASTM A36) 0211072 022002]004]020] 008 - 98.51 -
Flyer Plate (NBrass) - -] - [ 592 - |397]018] 006 ] 085

Table 3 Mechanical and physical properties of the base plate and flyer plate

Bulk density 0.2% Yield Ultimate tensile B on(%)

plg/om) strength &(MPa) | strength &(MPa) “longation (%
Base plate(ASTM A36) 7.8 r 235 T 400 21
Flyer Plate (Naval Brass) 8.9 55 } 230 48
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Fig. 1 Experimental set-up for the explosive
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Table 4 Explosive welding conditions
Specimen L Stand off Explosive
No. distance(d:mm) | thickness(te:mm)
1 1.5 35 {
2 2.8 35
3 4.0 L 35

Fig. 2 Apparent view of explosively bonded Fe-
NBrass specimen
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Table 5 System specifications

Instruments | Specification{model) Remarks
Method —l Pulse echo Method
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ulser/ | g nametrics 5052 PR
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T g .
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| .
|

Oscilloscope Oscilloscope
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Fig. 5 Ultrasonic RF signal pattern acquired
from the base plate
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Fig. 6 Ultrasonic RF signal pattern acquired
from the flyer plate
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Table 6 Measured ultrasonic properties

Materiallwave velocity

Acoustic
impedance

Longitudinal

Attenuation
coefficient

(V : m/sec) (7 : g/em-sec)la(dB/mm, at SMHz)
Base | 5 ar) { 4.56X10° 0.055
plate
Plyer [ 430 bm X 10° 0.102
plate | L

SRR
'3

5 A
Fig. 7 Illustration of ultrasonic reflection and

transmission at the interface using straight,
longitudinal ultrasonic wave.
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Table 7 Calculated sound pressure and reference amplitude using 5MHz transducer according

to the sound beam path in Fe-NBrass series specimen
Locations Beam path(mm) Ca}l)(;télsa;tueli(s%;nd Ref. amplitude(%)| Remarks

Arrived at 1" interface(I,) 5.42 | 42.81 -

Reflected at 1" interface(R,) 15.42 4.98 20.60*

Transmitted at 1" interface(T,) 15.42 35.96 -

Arrived at 1" back surface(B,) 19.27 i 24.17 1 100™* Ref. level

Arrived at 2” interface 23.12 18.32 -

Reflected at 2" ir:dterface | 23.12 3.36 -

Transmitted at 2 interface 23.12 14.96 -

Arrived at 2 back surface | 38.54 1 6.91 -
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Fig. 12 SEM micrograph of cross section of the
sample #1(no wavy interface))

Fig. 13 SEM micrograph of cross section of the
sample #2(wavy interface)

Fig. 14 SEM micrograph of cross section of the
sample #3(wavy interface)

Fig. 15 SEM micrograph cross section of the
interface delamination area
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Fig. 16 SEM micrograph can be seen the micro
crack near the interface
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