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Relaxation of Residual Stress Part 2: Relaxation of Stage 2
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Abstract: Problem statement: Compressive residual stress induced by surfacénesd such as shot
peening increased component’s fatigue life. Howekerinitial induced residual stresses relax during
component operating life and it is important to sider the relaxation in the desighpproach: In this
study, a 2024-T351 aluminum alloy specimens weid pleened into three shot peening intensities
condition to induce compressive residual stresfhen fatigue test for two loads was performed for
the 10, 1000 and 10000 cyclic loads. The initizideal stresses at the initial condition and afi@y
1000 and 10000 cycle of fatigue loading were messusing X-ray diffraction methoéResults: The
results showed that the relaxation of the residtralss for the load 15.5 kN is less than the réilaxa

of the load 30 kN for the three shot peening intgndhe maximum relaxation for load 15.5 kN is
46% of the initial residual stress at 10000 cydtesintensity 0.009 A while the maximum relaxation
for load 30 kN is 54% at 10000 cycles for the isignof 0.0054% A. this result indicated that the
residual stress relaxation depended on the loaditanig Conclusion: The initial residual stress did
not remain stable during the component’s fatigde. Within the second phase relaxation, micro-
plastic strains accumulating from cycle to cycléeTresidual stress relaxation for second phase is i
logarithmic relationship.
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INTRODUCTION and Colemalfi found a beneficial effect on fatigue life.
They concluded that fatigue lives were below the

To improve fatigue resistance, one of the knownpredictions if residual stress relaxation was rakeh
ways is by using the shot peening process thatceslu into consideration. The understanding and accuyratel
beneficial compressive residual stress in the outequantifying residual stress relaxation and redistion
surface layers of the material, to retard theatiiig and under cyclic mechanical load still remain as a técdl
propagating of fatigue crackd. Peening intensity or challenge for the researchiéks
known as impact energy is dependent on the velocity  During the fatigue cycles, the residual stress
hardness, size and weight of the shot and on thie @t relaxation can be divided into two stages: Thet firs
which the shot impinges against the surface of theycle relaxation due to the surface yielding and th
work-piece. Intensity is expressed in terms of éhe  following cycles which have gradual relaxation. In
height of an Almen test strip. Almen strips are mad these two stages, the residual stress of shot geene
of SAE 1070 spring steel strips. They come in threespecimens decrease considerably when compared to
thicknesses, for different sensitivity, termed Aa@d  those with no fatigue cycles.
N strips. They are the primary standard of quality Cyclic relaxation is affected mainly by initial
control. magnitude and gradient of the residual stress field

However, the Compressive Residual Stress Fieldlegree of cold working, fatigue stress amplitudeam
(CRSF) induced by shot peenin? has been observed stress ratio, number of cycles, material cyclicsdr
be relax of over the fatigue Iif¢!. Even with partial strain response and degree of cyclic work
relaxation of the compressive residual stress, ddatt hardening/softenidd.
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In practice, however, the difficulties in measgrin Two loads levels of 15.5 and 30 KN were chosen
residual stress relaxation during component opmrati for fatigue test. Cyclic load of 10, 1000 and 10000
normally impede the consideration of tracking thiscycles were applied to the specimens for loads a6
relaxation and assessing its effect on the remaine80 KN, for the three shot peening intensities. The
fatigue life, it has been found that the rate cfideal specimens were tested in material testing machine
stress relaxation can be drastic in the early stage Instron 810 fatigue tests with load ratio (R) ol Gt
fatigue cycling’. frequency of 30 Hz and in the room temperature.

Kodam&® measured residual stress relaxation on
the surface of shot-peened specimens, using X-raResidual stress measurement: Residual stresses were
diffraction techniques. He proposed linear logamitth measured using X-ray diffraction. Residual stress
decrease relationship between residual stressaadl | measurements were made at the surface only in the
cycles only after the first cycle. longitudinal direction at the center of the gagegli

The relaxation of residual stress in the first andon the width side. X-ray diffraction residual sses
second cycles for 2024-T351 was investigated, theneasurements were performed using a two-angle sine-
result showed that the compressive residual stneb®  squared-psi technique, in accordance with SAE HS-
first load cycle can be relaxed by more than 8%t 784, employing the diffraction of chromium K-alpha
is worth noting that Kodama’'s linear logarithmic radiation from the (311) planes of the FCC struetur
relationship was not applicable to drastic initiedidual  of the 2024-T351 aluminum alloy. The diffraction
stress reductions in the first few cycles. peak angular positions at each of the psi tilts

In this study, the relaxation of residual stress tb  employed for measurement were determined from the
cyclic loading is investigated. The focused wasyonl position of the K-alpha 1 diffraction peak sepadate
given on the relaxation of the residual stressrdfie  from the superimposed K-alpha doublet assuming a
first cycle. The residual stress relaxation of firet Pearson VIl function diffraction peak profile ineth

cycle was studied in our previous stdy high back-reflection region.
The samples were rocked through an angular
MATERIALSAND METHODS range of £1.5°. Around the mean psi angles during

measurement to integrate the diffracted intensitgro
Experiment: The study was undertaken on aluminummore grains in order to minimize the influence log¢ t
alloy AA2024-T351 as a plate with a thickness of 6grain size.
mm, tensile strength of 484 MPa, yield strengtl348 Details of the diffract meter fixturing are outic
MPa and an elongation of 15%. The chemicalbelow:
compositions of the tested material are given ibl@4.
The fatigue specimens were scaled in accordande witincident beam divergence: 1.0°

airbus standaftf' as shown in Fig. 1. The specimens Detector: Scintillation set for 90%
were treated with three intensities of shot peeningacceptance of the chromium K-alpha energy
0.0054, 0.0067 and 0.0090A the other parameters d®si rotation: 10.00 and 50.00°
shot peening were kept confidential to the shohpge Irradiated area: 0.2®.20in.(5.1x5.1 mm)
provider.
The value of the x-ray elastic constant, EL(l+
e - _6_ required to calculate the macroscopic residualsstre
N alls from the strain measured normal to the (311) plaries
?-“v']"”— ————————— —r—-——— -, 2024-T351 aluminum alloy was previously determined
— —0— empirically by employing a simple rectangular beam
7ped 2] manufactured from 2024-T351 aluminum alloy loaded

All admission areamm

in four-point bending on the diffractometer to know
stress levels and measuring the resulting changleein

Fig. 1: Fatigue specimen spacing of the (311) planes in accordance with ASTM

E1426.
Table 1: Specific chemical composition of 2024-T2%Alloy (wt %)
Component wt (%) Component wt (%) Component wt (%) RESULTS
Al 93.50 Fe 0.50 Si 0.50
Cr 0.10 Mg 1.20-1.80 Ti 0.15 . _ . .
Cu 3.80-4.90 Mn 0.30-0.90 Zn 0.25 The fatigue life of the specimens was improved by
Ni 0.05 Pb 0.05 Zr 0.20 the shot peening treatments, the improvement is/isho
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in Fig. 2 which is the $¢ curves of the shot peen
specimens compared with the untreated materia

clear that shot peening improved the fatigue lifehe

specimens. Higher shot peening intensity introc
higher compressive residual stress. The shoot pe
specimens used for I$-curve was peened to t

intensity of 0.0054 which introduce the lowest desil

stress to shows that the other intensities hasainee
effects on the fatigue life since the residualess
introduce is higher than the residual stress intcedoy
the intensity of 0.0054 AThe initial residual stress fi
the three shot peening intensities was measured)

XRD. Shot peening intensity 00.009 0.0067 and
0.0054A introduce 196+13.5, -1¥92.EF and -168+12.8
MPa of residual stress in the specimens respeg!

Figure 3a shows the relaxation of the resic
stress for the load of 15.5 KN for the three stexrpng
intensity. At the 10 cycle the measuring of thddeal
stress showed th#tte residual stress relaxed with 40
39+6 and 38%6 of the initial residual tress for the sl
peening intensity of 0.0054, 0.0067 and 0.0(
respectively. At the 1000 cycles the initial resit
stress relaxed by 43%z=7 for 0.0054A shot pee
intensity, 42%+6 for 0.0067A shot peening intens
and 42%+6 for 0.009A shot peening intensity. AtQ@
cycles the relaxation of the initial residual stragas
46%=9 for the shot peening intensity of 0.009A il
is 45%z8 for the other intensities (0.0054 0.0067A)
at the same cyclic number.

Figure 4a shows the relaxation of the resic
stress for the load 30 KN. For the three internsitiee
maximum relaxation was observed at shot pet
intensity of 0.0054A which is 4947, 52+8 and 54%
for the cyclic loads 10, 1000 and 10000 respegti
Approximately the relaxation of the initial residi
stress for the shot peening intensities of 0.006an4
0.009 are same percentage which is 4748+7 and
53%=7 for the cyclic loads of 10, 1000 and 10
respectively.
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Fig. 2: SN curves for peened and unpeened speci
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One specimen from each shot pee intensities
were cyclic up to failure, residual stress measerds
were performed on tested specimens after failure
region far enough from the fracture surface (ab®
mm) so that the material rupture was supposed m
have altered the residuatess field. The result show
that the relaxation have slightly variation withspect
to the value measured at 10000 cy:
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DISCUSSION

It is important to note that thigudydoes not study
the residual stress relaxation for number of cytdss
than 10 as shown in Fi@b and 4b which represe
Fig. 3a and 4a in the logarithmic scale respectivel
show that the first few cyclic was not includ

Within the second phaselagation, micr«-plastic
strains accumulating from cycle to cycle. UsFig. 3b
and 4b the residual stress relaxation can be destas
follows:

O = Grs(N -1)-p.logN

Where:
o.(N-1) = Residuaktress value after the first cyc
Il = A slope linearly depending on the stn

amplitudé®

This can depict the increase of residual st
relaxation with increasing number of cycles andling
stress amplitude. Critical loading stresses seipar
loading situations with cyclically stable and cgalily
relaxing residual stresses can be deined by
evaluation of the highest loading stress amplit
leading top = 0 or by measuring the dependence of
residual stresses remaining after the first angl, ¢he
10" cycle on the loading stress amplitude
evaluation the lowest stress arrude leading to
changes of the residual stresses within this nusnbt
cycle®®,

The first and second phases of residual s
relaxation can easily be divided. Firstly, changkthe
residual stresses occur within the first loadirycle.
These are increasing with increasing loading s
amplitude and due to questatic relaxation effect:
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Secondly, linear relationships between the resi
stresses and the logarithm of the number of cyabese
up which show increasing slopes v increasing
loading stress amplitude.

CONCLUSION

The stability of residual stresses in 2-T351
aluminum alloy, induced by different shot peen
intensities due to cyclic loading was presentedhis
study. The focused of this stughhas only given on th
relaxation of residual stress after the first cyclde
residual stress found to relax depends on the
amplitude. Load of 30 kN made the specimens toi
more than the 15.5 kN load. Theaximum relaxatiot
found is 54%=7 of thénitial residual stress in the st
peen intensity of 0.0054A after 10000 cycles foe
load of 30 kN. The changed in the relaxat
percentages of all specimens from 10 cyclic loas
10000 cyclic load is in the range c-8% of the initial
residual stres. This relaxation percentage is very |
comparing it with the residual stress relaxatiortha
first stage which is more than 46% for the loadkB(C
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