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A Study on Evaluation of Residual Stresses for Rolled Aluminum Plate
Using the Critically Refracted Longitudinal(LCR) Wave
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School of Mechanical Engineering, Pukyong National University, Pusan 608-739, Korea
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ABSTRACT: Ultrasonic travel-times obtained with the LCR ultrasonic technique have shown an ability to distinguish among three
aluminum plates. The 244 x150mm plates are 12mm thick, but differ in heat treatment. One is fully annealed, the second is quenched
and then tempered, and the third is heat-treated to T651 plate, as received plate. Travel-times were obtained at four locations on each
side of all plates. The data for both sides of each plate clearly are in very close agreement except location 1 of each plate. In order
to show the travel-time variation throughout the plate areas, the average travel-time for both sides of each plate were calculated. For
Plate 1, the travel-time data were the highest and the data of Plate 2 were upper than Plate 3. Finally, the residual stresses for each
plate were measured by X-ray diffraction method. The results showed a good relation. These preliminary results indicate that the LCR
Ultrasonic Technique may be not only further developed for use in quality control in the manufacture of rolled aluminum plates but
also industry.
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Table 1 Chemical composition of Al 7075-T651 (wt. %)

Si Fe Cu Mn Mg Cr Zn Ti

008 029 1.7 004 26 0.19 5.8 0.02
Table 2 Mechanical properties of Al 7075-T651
Tensile strength Endurance limit  Elongation Hardness
(kgf/mm’) (kgf/mm’) (%) (Hv)
57 48 10 117
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Fig. 2 Shape and dimension of specimen (unit : mm)

Table 3 Descriptions of the [2mm thick three aluminum plates

Plate Identifying Marks Description
1 Al 7075-T651, FA Fully Annealed
2 Al 7075-T651, QT Quenched and then Tempered
3 Al 7075-T651, R As Received
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Table 4 Measuring conditions of residual stress

X-ray "
diffraction condition
Target Cr
X-ray
Tube Voliage 30KV
source(RG)
Tube Current 10mA
20 140°C ~ 170C
v -15° ~+50°
Counter Scintillation
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Table 5 Single factor ANOVA of average travel-time for location
of each Plate («=0.05, 0.01)

SS df MS F F,=0.05 F,=001
Bétwee“ 0009650 2 0004828 9523 347 578
TOups
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Fig. 13 Residual stress distributions of each plate

F2k 5789 @4 278lez AR7MdMH0)2 7| 2teta tif 7k
< Egich oA, LCRE]’E o] &-3le] dAEl x| THE
Plate 1, 2, 30 ZRE] & travel-time data®] A= 5%9 1%2]
Fol FFoM SAHCE feldte] AHEAT

4.4 2o} AlgHQ| XREH
29] AJ&dHA Plate 1, 2 & 3] thaled 7} plate?] location 15-
Holl A Az g AdHd tiske] AW a7fde] diet] X-4d 3]
Aoz 243 Arte] FFAE Fg 13 Jehich 286)A
%} —”F 917‘?01 2E plated] thdle] HAH oz FEzRF-SH o
. A8 He] vlZ EH A= Plate 1, Plate 3,
Plate 29] oz # ZAHFSHE A9t 18lm FHOERE
0.lmm zlojo)| w3l k522 & Plate 3, Plate 2, Plate 12] 2
2 Zbz} oF 50, -130, -180MPa2] 3hg ettt olde] AdE
Bl 2 Ajgde] Mz AlgH A0 HdQA e 2578
2o #ol7t 9SG & 2 9jrk. LCR = Afoes Bds

AT =
WAL Gl WS % G 5 vk LCRshe £9 w2

pi

F

Jub

o geigel wapow o5 a7 WEd A ENe) 9
Wx] o R AF5E S Holsted £83 251 7Y
S AA}SH STHBray er al., 1999).

5. & =

ALg3le] e
o i =4 e Hsle) Ax, o]y LCRite| Aut B4}
o AAS APH oz AES ] ey e A2E Ik
Z23 Axe LCRyte] A& Jgs& n

B oAM= Al7075-T651 a2

N

2
o

&

gelstdal, AlE 4
7tk A% Bk
() 95%2F 9% V& el A
o 3} travel-time dataol]
AHoz A 7o) LFu|
(3) LCR3}9] travel-time2
E3l7] uiFel Ay wHel dF¢S

& Hrkehed #8% dFee Helshsich

flo o

Hﬂ
o
)
o
=3
[¢]
A

o,
=2 0
wElglon, LCR+£

EI

N
o
-

o e
)
&
§§l
)

mil%f%é}, PP 136~141.

Basatskaya, L. V. and Ermolov, I. N.(1980). “Theoretical Study of
Ultrasonic Longitudinal Subsurface Waves in Solid Media”, The
Soviet Journal of Nondestructive Testing (defektoskopiya), Vol.
6, No. 7, pp 524~530.

Bray, D. E, Kim, S. J. and Femandes, M.(1999).
Evaluation of Residual Stresses in Rolled Aluminum Plate”,
Nondestructive  Characterization of Materials X, AIP
Conference Proceedings 497, pp 443 ~448.

Bray, D. E., Pathak, N. and Srinivasan, M. N.(1996). “Residual
Stress Mapping in a Steam Turbine Disk Using the LCR
Ultrasonic Technique”, Material Evaluation, Vol. 54, No. 6, pp.
832 ~839.

Bray, D. E., and Stanley, R. K.(1997). “Nondestructive Evaluation”,
CRC Press, New York.

Egle, D. M. and Bray, D. E.(1976). “Measurement of Acoustoelastic
and Third-Order Elastic Constants for Rail Steel”, Journal of the
Acoustical Society of America, Vol. 60, No. 3, pp 741~744.

D. M D. E.(1979).
Acousto-elastic Effect to Rail Stress Measurement”,
Evaluation, Vol. 37, No. 4, pp 41~46, 55.

Milton, J. C. and Amold, J. C.(1986). “Probability and Statistics
in the Engineering and Computing Sciences”, McGraw-Hill,
New York.

Parlane, A. J. A.(1997). “The Determination of Residual Stresses”,
Proc. Int. Conf. in Residual Stresses in Welded Const. and their
Effects, London, U. K., pp 63~78.

Thompson, R. B., Smith, J. F. and Lee, S. S.(1984). “Effects of

Microstructure on the Acoustoelastic Measurements of Stress”,

*Ultrasonic

Egle, and Bray, “Application of the

Materials

Nondestructive Evaluation, The American Society for Metals,
pp 137~145.
Wulpi, D. J.(1985).

Metals Park. OH.

“Understanding How Metals Fail”, ASM,

2001d 69 8Y U He
2001 79 21 <+



