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Abstract. Residual stresses are intrinsic to welding manufacturing process and are related with parameters used
during the welding execution such as. joint geometry, number of passes, chemical composition of base metal, filler
metal and other factors that are important to welding. The tensile residual stresses effects are known as harmful
because they are added to the service stress, even in an elastic condition. These effects decrease the fatigue life of the
material and increase the risk of stress corrosion cracking. Besides, compressive residual stresses have a good effect
considering fatigue conditions and also inhibit the cracks nucleation and its propagation. For the present work, the
residual stresses generated by the welding of Dual Phase steel and the shot peening treatment were analyzed. The
behaviors of residual stresses under different deformation rates were also studied, and the results for the non-treated
specimens compared with the ones that were treated by shot peening. Two GTAW conditions were used: autogenous
and with filler metal, both of them under Argon protective atmosphere. Residual stresses were measured using X-rays
diffraction sin’¥ method, with Crxa radiation. The measurements were carried out in the welded metal, heat affected
zone and in base metal. The results shown the compressive residual stresses generated by shot peening were more
stable after plastic deformation at the welded metal and base metal, while they were relieved with low deformation
rates at heat affected zone.
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1. INTRODUCTION

New steels have been developed in order to attkeddemand to reduce vehicles weight and decreade fu
consumption in the automobile industry. The duagghsteels (DP) are considered advanced high #tretegls and
have considerable interest in the automotive inglugthese materials show an excellent combinatioduatility and
strength due to their high work-hardening rate myiinitial plastic deformation (Liedd al., 2002; Tumuluru, 2006).

During the service life the components and stréstuare often subjected to loads that may causdicplas
deformation and consequently change the distribuwifaesidual stresses on the component surface.

The knowledge of the mechanical properties and Wehaf welded structures in the case of severestjgla
deformations is of special importance for the awitive industry. The development of residual stisgatrinsic to the
welding process and it is a function of the weldpagameters such as joint geometry, number of patise chemical
composition of base and filler metal, and otheevaht factors of the welding process (Nguyen anchalda1996;
Chang and Lee, 2007). These stresses are presemtaiy all rigid metallic parts; these are product the
metallurgical and mechanical history of the compumiring the manufacturing process (Zhu and Cha62).

It is well established that the presence of redidtrasses may highly influence the mechanical @rtigs of the
material and particularly, its properties undeigia¢. Therefore, residual stresses evaluation igrguortant quality
control method in the manufacture of structuresc@s and components. Mechanical surface treatrsentsas shot
peening process have been used to introduce cosngreesidual stress fields on the structures amdponents
surface in order to increase the fatigue life (MaiBet al., 2000).

In this treatment usually steel spherical smalltstzoe propelled by air jet against the surfaceaAssult of this
process, overlapping ripples develop a uniform fafemetal in residual compressive stress prodbeehtairdening of
surface layers and increase the material yieldstia addition to occasional changes in surfacghness of the part
(Sanjurjoet al., 2010).

The aim of this papes to develop an analysis of the residual stregeaerated by plastic deformation in uniaxial
joints welded by the Gas Tungsten Arc Welding pssceith and without filler metal a dual-phase sieggd in the
automotive industry with and without shot peeningace treatment.

2. MATERIALS AND METHODS
In the present work, a plate of DP steel manufectury USIMINAS was used. This steel was produced by

controlled lamination with 4.15mm thickness. Therlical composition and mechanical properties aogvehn Tab. 1
and Tab. 2.
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Table 1. Chemical composition of DP steel (weRght

Si
0.98

Mn
1.19

p
0.014

S
0.001

Al
0.040

Cu
0.¢

Nb
0.4

\Y,
04 O.

Ti
002002

Cr
0.02

Ni
0.0033

0.0522 1

Table 2. Mechanical properties of DP steel.

oy (MPa)
340-440

oy (MPa)
> 590

Elongation(%)
21

Welded plates were fabricated in horizontal positiopom 4.0 mm thick plate using Gas Tungsten Areldthg and
keeping the direction of the transverse butt weleippendicular to the rolled direction of the panewterial, with and
without filler metal, and Argon as shielding gas.

The welding parameters for the GTAW process witarfimetal are shown in Tab. 3.

Table 3. GTAW with filler metal parameters.

Filler Metal Current Air

T q Voltage Speed Flow
NG ype an \% mm/min :

Rod | PN | @(mm) | gHoS0 (A) V) ( ) | (Umin)
ER 80SD2| 6 2.4 CC- 100-150 10 106.2 10

For the condition of welding with filler metal wased a V groove with an angle of 60 degrees, afaemetbetween
3 to 5 mm, tungsten thorium electrodes with diamet&.4mm, point angle of 60 degree and arc lebgtiveen 3 to 4
mm. Filler wire with similar chemical compositiondimechanical properties of the base metal, wezeifégd, as seen
in Tab. 4 and Tab. 5.

Table 4. Chemical composition of filler metal (Weido).

C
0.077

Si
0.73

Mn
1.82

P
0.009

S
0.008

Ni
0.04

Mo
0.44

Cu
0.2

Table 5. Mechanical properties of filler metal.

oy (MPa)
470

oy (MPa)
550

Elongation (%)
17

The autogenous welding was performed using an f@oge with two passes, tungsten thorium electrogidis
diameter of 3.2 mm, point angle of 30 degrees aadeagth between 3 to 4 mm. The welding parametershown in
Tab. 6.

Table 6. Autogenous GTAW parameters.

Current i
Side _ Voltage (V) Speed | Air Flow
Type and Polarity (A) (mm/min) (I/min)
CC- 163 12 140 10
CC- 163 12 139 10

From the two welded joints (one with filler metaldathe other autogenous) were manufactured 6 éesigdcimens
for each welding condition, according to ASTM A37Dhree specimens were just welded and the othees th
specimens were welded and treated with shot peening

The shot peening treatment was performed at Alm&msity (A) using metallic shot with diameter g88mm.
The Almen intensity applied in the peening treatinvesis determined according with SAE J442 specificatGrade |l,
type “A” Almen strips were used firmly screwed ténfen blocks. The arcs generated in the strips werasured using
an Almen gage provided by a magnetic support systgman uncertainty of 0.001mm.
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Superficial residual stress measurements were takéase metal, weld bead and at the heat affextied after
manufacturing and treating the specimens, for a-defarmed state, and for 5, 10 and 15% of uniaplaktic
deformation obtained after tensile test.

The measurement and analysis of superficial rebgttssses in the welded joints were made at thesStnalysis
Laboratory (LAT/UFF), using X-rays stress analy#8tressrad”, by sify method, with Crk radiation, diffracting
{211} plane. The equipment can be seen in Fig. 1.

Figure 1. X-rays stress analyzer “Stressrad”: dbatrol unit; 2 — Goniometer; 3 — data acquisitigatem; 4 —
analyzed specimen.

3. RESULTS AND DISCUSSIONS

Measurements results in the base metal are showalin7 and Tab. 8. As it can be observed, theluesistresses
for non-deformed specimens reach compressive vdtudsoth welding conditions. The compressive valobtained
for the specimens without shot peening treatmenewelated with machining process utilized to mantdre the
specimens and presents homogeneous values, ercegtelcimen 2B, that broke during the test. Comsidethat the
main objective of this work is to evaluate the desil stress behavior due to different deformatates, and to avoid
eventual microstructure changing, heat relief sttematment was not made in the specimens.

Table 7. Residual stresses in the base metal insped.

Strain rate Residual Stress (MP$) Residual Stress (MP$)
_ (%) without shot peening with shot peening
Specimen 0 5 10 15 0 5 10 15
A -70 220 100 150 -540 -170 160 90
1 B -60 150 120 130 -460 -390 190 100
C 60 | 160 | 110 | 100 | -500 | -310 | 170 | 100
Average | -63 177 | 110 | 127 | 500 | 200 | 173 97
" The sign "-" means compressive residual stress.
Table 8. Residual stresses in the base metal inspe@.
Strain rate Residual Stress (MP2) Residual Stress (MP)
(%) without shot peening with shot peening
Specimen 0 5 10 15 0 5 10 15
A -390 -40 -30 110 -420 -400 -410 150
5 B -90 200 - - -480 -370 -400 130
C -270 170 a0 110 -550 -480 -510 80
Average -250 122 30 110 -483 -417 -440 120

@®: The sign "-" means compressive residual stress.
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Figure 2 shows the average variation of the resistuesses of the specimens in the base metalrelgiong plastic
deformation by uniaxial tensile test up to 15% abthe not deformed material yield strength. Itagsgible to observe
for both welding conditions a residual stress tewgiefor the specimens that were not treated by pkening. The
reversal from a compressive stress condition tnaile stress condition occurred really fast besavigh only 5% of
plastic deformation the residual stress reachedegahigher than 150MPa, unless for the specimen(-28MPa).
However, this tendency is not observed for the ispees treated with shot peening. For condition @dgenous
welding) the residual stresses are more stablepilkgecompressive values until a deformation levell6% and
presenting changes only when the deformation reatb&6, while in condition 1 this inversion occuetveeen 5 and
10%. The analysis of the curves of Fig. 2 presantsaterial fact regarding the behavior of residitadsses that at the
end of the tests have values very similar in adicamens and conditions (around 120MPa).
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Figure 2. Residual stress averagetrain rate — base metal.

In the Table 9 and Table 10 are represented theuadsstress values for the region of HAZ (heatet#d zone).
Unlike what happened in the base metal, all speténg#howed the same pattern in the variation ofivasistresses

after the application of plastic deformation, beamntensile after application of 5% strain, gettistgbilized around
130MPa and matching values around 110MPa at thefthe tests (Fig. 3).

Table 9. Residual stresses in HAZ — specimen 1.

Strain rate Residual Stress (MP2) Residual Stress (MP&)
_ (%) without shot peening with shot peening
Specimen 0 5 10 15 0 5 10 15
A -200 220 180 110 -490 250 100 110
1 B -100 200 100 70 -550 150 90 160
C -170 230 140 90 -530 230 90 120
Average -157 216 140 90 -523 177 97 130

@ The sign "-" means compressive residual stress.
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Table 10. Residual stresses in HAZ — specimen 2.

Specimen ratg Residual Stress (MP&) Residual Stress (MP&)
_ (%) without shot peening with shot peening
Specimen 0 5 10 15 0 5 10 15
A -280 150 260 80 -360 90 120 70
) B -210 140 - - -400 165 210 110
C -105 80 95 150 -470 120 80 140
Average -198 123 153 115 -410 125 137 107
@ The sign "-" means compressive residual stress.

For the specimens welded with filler metal (coratitil), the maximum residual stresses values ateehitpan
values obtained for the specimens welded usingitond2, autogenous, reaching values of 200MPa E2eMPa,
respectively. Analyzing the results obtained (Rpit is evident that the region of HAZ residualesses arising from
mechanical peening did not had stability duringsptadeformation, suffering abrupt relaxation tcdme high tensile
magnitude with only 5 % of plastic deformation. Jthehavior was similar in specimens not blastedjaRiéng the
behavior of residual stresses in HAZ in all corii studied, as occurred in the base metal, artieof the tests were
obtained average values of about 110MPa.

Residual stress vs Strain rate - HAZ

300 1

Residual Stress (MPa)

6 8 10 12 14 16
. 1
—s—18P
-300 4 —h—1
28P
400 4
-500 Strain rate (%)

Figure 3. Residual stress averagetrain rate — HAZ.

The values of residual stresses for the weldedlraeta can be verified in Tab. 11 and Tab. 12.tRerspecimens
that were not treated with shot peening, the behafithe residual stresses were closer to otlggoms, metal base and
HAZ, can be observed a quick reversal in the magdeibf residual stress to tensile, being that thbdst values were
verified for the specimens welded in condition 1g(F4). However, for these specimens (conditiorthe residual
stresses values obtained after shot peening treatme a singularity in the behavior of residuatstes, because after
strain they were always compressive, ranging frd60-to -230MPa. In these specimens there was aethalastic
deformation in the base metal region showing a-delined necking in this area, differently from thther specimens
which were hard to identify a section with stromgluction of area. Therefore, it can be concluded ithwas not a
significant decrease of residual stresses in tHdaglemetal regarding low plastic deformation irstiégion. Probably a
higher mechanical strength of the weld metal usgdbéns this behavior.
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Table 11. Residual stresses in weld metal - spatime

Strain rate Residual Stress (MP&) Residual Stress (MP&)
(%) without shot peening with shot peening
Specimen 0 5 10 15 0 5 10 15
A -120 100 230 150 -350 -190 -290 -270
1 B -60 160 230 160 -490 -300 -370 -270
C -100 60 250 170 -550 -270 -290 -150
Average -94 107 237 160 -463 -254 -317 -230
@®: The sign "-" means compressive residual stress.
Table 12. Residual stresses in weld metal - speciine
Strain rate Residual Stress (MP$) Residual Stress (MP$)
(%) without shot peening with shot peening
Specimen 0 5 10 15 0 5 10 15
A -250 200 180 175 -450 -100 -80 80
5 B -40 50 - - -510 140 20 90
C -100 190 90 180 -350 170 200 150
Average -130 147 135 178 -436 70 47 107
@: The sign "-" means compressive residual stress.
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Figure 4. Residual stress averagetrain rate — weld metal.

4. CONCLUSIONS

T

1.

he results of this work have shown that:

For the base metal, there was a pattern in thevimhaf residual stresses in the specimens thatwet
treated by shot peening, both in terms of weldbggause the inversion of the compressive natutentsile
residual stresses was relatively rapid, occurriiiy wnly 5% of plastic deformation in tension arghching
values above 150MPa.

In the specimens produced by autogenous weldingabjgcted to shot peening treatment the residiedses
in the base metal were more stable, holding ite aiatil the compression level of 10% strain anflesing
only change when the strain reached 15%, whileigeavwith weld metal this reversal occurred betwBen
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and 10%. However, after 15% strain at the end efttials, all conditions were very similar in afiecimens
(~ 120MPa).

3. Unlike what happened in the base metal, the HAZllithe specimens showed the same pattern in ttietica
of residual stresses after the application of maftformation, which has become tensile after iappibn of
5% strain and stabilized at about 130MPa. At theé ehtesting all conditions analyzed showed vegsel
mean values (110MPa).

4. In the specimens welded with filler metal was fouhe highest average residual stress both in tee beetal
and HAZ.

5. The residual stress analysis in weld metal, thel@tkkpecimens with filler metal and treated by geaning,
showed a different behavior that was characterigetigh magnitudes of compression, which did nat hs
nature changed with the plastic strain up to 15%tm@fin rate.

5. ACKNOWLEDGEMENTS

The authors would like to thank the Brazilian reskaagencies (CAPES, FAPERJ and CNPq) for themnitil
support. As well the USIMINAS for the DP600 stertldhe TRUMPF by laser welding of the specimens.

6. REFERENCES

ASTM A370, 2002. “Standard Test Methods and Debnis for Mechanical Testing of Steel Products”.

Cindra Fonseca, M. P., 2000. “Evolucdo do Estadd elesbes Residuais em Juntas Soldadas de Tubulagaate
Ciclos de Fadiga”, Dissertacdo de Doutorado em Emayta Metallrgica e de Materiais, COPPE/UFRJ.

Cindra Fonseca, M. P., Santos Costa, W., SantogeSh&.R., Pardal, J.M., Marques Junior, A.S., 20B%tudo das
Propriedades Mecéanicas e Tensdes Residuais emsJ8otdadas de Aco ARBL Bifasico Usado na Industria
Automobilistica”, 8° Congresso Iberoamericano dgehieria Mecanica, Cusco, Peru.

Chang, K-H, Lee, C-H, 2007. “Residual Stresses Bratture Mechanics Analysis of a Crack in WeldsHagh
Strength Steels”, Engineering Fracture Mechanicd, M, pp. 980-994.

Liedl, U., Traint, S., Werner, E.A., 2002. “An Umeected Feature of the Stress—Strain Diagram of-Bhabke Steel”,
Computational Materials Science, Vol. 25, pp. 123:1

Mc Grath, P. J., Hattingh, D. G., James, M. N.,-Bdges, A., 2000. “Effects of Forming Process ortigte
Performance of Wheel Centre Discs”, ProceedingsIBCEan Sebastian.

Nguyen, T.N, Wahab, M.A., 1996. “The Effect of Unc&, Misalignment and Residual Stresses on thégkat
Behaviour of Butt Welded Joints”, Fatigue & Fraetaf Engineering Materials & Structures, Vol.19,§9-778.

SAE J442, 1995, “Test Strip, Holder and Gage fast$teening”.

Sanjurjo, P., Rodriguez, C., Pariente, I. F., Batey F.J., Canteli, A.F., 2010. “The influence bbtspeening on the
fatigue behaviour of duplex stainless steels”, Bdie Engineering Vol.2, pp.1539-1546.

Tumuluru M.D., 2006. “Resistance Spot Welding ofa@al High-Strength Dual-Phase Steel”, AWS Detreitti®n’s
Sheet Metal Welding Conference XlI, Livonia, Mich.

Zhu, X. K., Chao, Y. J., 2002. “Effects of TemperatDependent Material Properties on Welding Sitmna,
Computers and Structures, Vol.80, pp. 967-976.

7. RESPONSIBILITY NOTICE

The authors are the only responsible for the palimtaterial included in this paper.



