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Residual stress measurement in die forging of
7050-T74 aluminum alloy using contour method
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Abstract: In order to study the machining distortion of aluminum monolithic structures in the aerospace industry, the
internal residual stresses in monolithic die forging beam of aluminum alloy 7050-T74 were measured by using contour
method. Electrical discharge machining was performed to cut the cross section of the specimen and the cut surfaces were
measured by using laser scanner. The measured contours were fitted by using a 3D cubic spline based algorithm and then
applied as an initial displacement boundary condition normal to the cut plane in the FE model but in the opposite
direction. A linear elastic finite element analysis was then undertaken to calculate the corresponding distribution of
residual stress normal to the cut face. In addition, the hole drilling method was employed to measure the surface residual
stress of specimen, and its results were compared with those by the contour method at the same locations. The results
indicate that the residual stresses in the specimen can be attributed to the stretch bending craft. The T-shaped cross section
residual stress distribution shows a typical bending distribution of compression near the convex zone balanced by tension
in the concave zone. Contour method efficiently provides accurate residual stress distribution in the test material. The test
error at the edge area can be modified in compliance with surface residual stress measurement techniques.
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Fig. 1 Schematic diagram of calculation of residual stresses
from surface contour measured by superposition principle after
cutting part in twol'?: (a) Original residual stress distribution;
(b) Part cut into half, stresses relieved on face of cut; (c) Force
cut surface back to original state, all stresses back to original

values

2.1 EIMR

SR RER AR 7050-T74 1454, L2485
1P BEMEHLBURST A 5570 mm X 770 mm X
125 mm. {1477 CFIXRFERAT I AP, Rl 4~

Fz 1 7050-T74 B BIMALAE Sy
Table 1 Chemical composition of 7050-T74 Al alloy (mass

fraction, %)

Zn Mg Cu Zr Si
5.93 2.23 2.16 0.11 0.019
Fe Ti Cr Mn Al

0.068 0.020 <0.01 <0.01 Bal.




3004 A G A R

2014 412 H

10 h J5#&#T 66 C /K B 22 il B V1l s SRS 7E A4
BT s idr 25 T2, 7742 R=18983 mm 15
LUl R 4 M PRI Bt )R AME s B R IAT N T 3%
MR LR N T74.

22 RWHE

B EREIIAR IR Ay LA R 4 25127100,

1) VIFERREE o R K AR DI ARV T
TSR VPN AR T DIE] o %8 BRI G D) E T AR T
SEA IR N IR B RS- AT AR T .
WAE P K e T TAES b, CAB AR D) fe v
PINIAALRS o 3RFE ST 2h 5570 mm X 770 mm X 125
mm BRI A 300 mm —Br. WKk
I M4y DK1203 BEELVIEINUR, Wtz h HiR
9°0.01 mm [EH2Z . 3RFE RS FID) ST B i 2

Cut plane to
measure o,

2 T RURKERGE S DI A Ahhr Ron B
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Fig. 3 Comparison between raw measured data and fitted

curves (2, 4 and 6 mm knot spacing): (a) Across x axis of

specimen; (b) Regional zoom view
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Fig. 4 Smoothed contour of cut surface after fitting
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Fig. 5 Residual stress distribution on cut plane measured

using contour method
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Fig. 6 Simplified schematic representation of mechanism of
stretch bending (Illustrating reduction of residual stress by
plastic deformation): (a) Stress—strain curves; (b) Combination

of stress states
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Fig. 7 Residual stress distribution along cut plane: (a) Left

and right sides; (b) Central
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