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

Young Kwon Chang* and Young Nam Paik**

*Tech. Supervision Center, Korea Testing Lab.(KTL), 152-053 seoul, Korea
** Mechanical Engineering Dep., Kyunghee University, 449-701 Kyunggi, Korea

Abstract

An ultrasonic test method, as a nondestructive test is applied to ensure the clad interface gquality
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 vltrasonic 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
guality 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

Code KS B 0234" ASTM A577/578"
. * Steel +Cu alloy
‘ +k‘ .
Material 'SE::I]'F;JP()?’]&E:I’S;US metal + Steel+Ni alloy
* Steel+Cr and Ni alloy
-5MHz, for 20mm=t=<|- 5MHz, for t=20mm
Transducer| 50mm
- SMHz(2.25), for 50mm=t | - 5MHz, for 20mm=<t
- Set 1st back echo to|- Set st back echo to 50~
Ref. level 80% of FSH 90% of FSH for scanning
el leve - Set 1st back echo to 75+
5% FSH for evaluation
*Loss of 1st back echo|- Loss of st back echo
Criterion | to 50% of FSH and| lower than 50% of FSH
defect echo isdominant

*FSH : Full Screen Height
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ATt 712X E AFS 9% 24 (Base plate)s=
900%x1,600X15mm =79 +Z& ©427FASTM
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Table 2 Chemical compositions of the base plate and flyer plate
Materia] ————wt(%)| C Mn Si P 8 Cu Ni Zn Pb Fe 8n
Base plate (ASTM A36) 0211072022 1 002 ] 0.04| 020 | 0.08 - - 98.51 -
Flyer Plate (NBrass) - - - - 59.2 - 39.7 | 0.18 | 0.06 | 0.85

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

Bulk density 0.2% Yield Ultimate tensile Bl tion (%)

p(g /o) strength ¢,(MPa) strength eu(MPa) ongatlonie
Base plate(ASTM A36) 7.8 235 400 21
Flyer Plate (Naval Brass) 8.9 5 230 48
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Fig. 1 Experimental sct-up for the explosive
welding
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Table 4 Explosive welding conditions

Specimen Stand off kxplosive
No. distance(d'mm) | thickness(te'mm)
1 1.5 _ 35 n
2 2.8 35
3 4.0 35

5052 Pulser/Receiver Tek. TDS 420

"I'agt, Sample

Fig. 3 Schematic of ultrasonic property measure-
ment system

Table 5 System specifications

Instruments | Specification(model) Remarks
Method Pulse echo Method
Pulser/ .
. Panametrics 5052 PR
Receiver

Nominal Frq. : 5MHz, | Center Frq.:4.8MHz

Transducer

Fig. 2 Apparent view of explosively bonded Fe-
NBrass specimen
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Siz : 1/4" Dia Bandwidth:0.35MHz
Couplant . Glycerin
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Fig. 5 Ultrasonic RF signal pattern acquired
from the base plate
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Table 6 Measured ultrasonic properties mnm%m&&% ?ma
Longitudinal| Acoustic Attenuation ™ o
Materiallwave velocity| impedance coefficient A
V : m/sec) [(Z : g/emgec)@(dB/mm, at 5SMHz)
Basc - . . Ft Z,
5,850 4.56%x10 0.055 Z,
| plate R 3P .
b
Plyer 1 4430 | 3.61%10° 0.102 i
plate # p
‘~_B1 L
32 ZeiMsr AlEEo gﬁt%g—g Itk Fig. 7 Illustration of ultrasonic reflection and
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transmission at the interface using straight,
longitudinal ultrasonic wave.
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Table 7 Calculated sound pressure and reference amplitude using 5SMHz transducer according
to the sound beam path in Fe-NBrass series specimen

Locations Beam path(mm) (apf)?él&‘;%g (S%‘;nd Ref. amplitude(%)| Remarks
Arrived at 1" interface(I,) 5.42 42 81 -
Reflected at 7 interface(R,) 15.42 4.98 20.60*
Transmitted at 1" interface(T,) 15.42 35.96 -
Arrived at 1" back surface(_BJ 1927 24,17 . 100** Ref. leve]l
Arrived at 2" interface 23.12 832 | -
Reflected at 2" interface - 23.12 3.36 -
Transmitted at 2" interfaco 23.12 14.96 |
Arrived at 2" back surface 38.54 6.91 -
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Fig. 8 A-Scan signal pattern acquired from the
poor bonded sample #1(Ref. Fig. 12)

Fig. 9 A-Scan signal pattern acquired from the
good bonded sample #2& 3(Ref. Fig. 13, 14)
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Fig. 10 A-Scan signal pattern acquired from
interface lamination(Ref. Fig. 15)

Fig. 11 A-Scan signal acquired from crack
ncar the interface(Ref. Fig. 16)
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Fig. 16 SEM micrograph can be seen the micro

. ] crack near the interface
Fig. 12 SEM micrograph of cross section of the
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Fig. 14 SEM micrograph of cross section of the
sample #3(wavy interface)
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Fig. 17 Fe-Naval brass interface reflected
amplitude according tothe explosive
welding condition
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Fig. 18 Calculated Fe-NBrass interface amplitude
according to the clad thickness ratio

3.3.3 7t 253 AUl o Aate] vl

7t 2Ade ARy TUHE AFHE KS B 0234
3 ASTM A578¢] whet B4 =E d3ste] 259
HEAEE AAste 4 el we SeEdAEd
o HEAE FH& 97t vustq €2 4AE
Table 89 JERH AT

Table 8 Ultrasonic test results according to the KS,

ASTM and TUALM

Specimen

No KS B 0234|ASTM A 578

TUALM Remarks

1 Acceptable|Acceptable| Unacceptable

2 Acceptable|Acceptable| Acceptable

3 Acceptable|Acceptable] Acceptable
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