Influence of the welding proces on the martensitic and dual phase high strenght steels
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The subject of the study are martensitic 22M nB5 steel and dual phase steel with the ferrite-martensitic structure,
which are used in the automotive industry. The main purpose of the performed analyses is a study of strength
differencesin heat affected zones of the spot welding. For the needs of the strength decr ease assessment, the crit-
ical layer of the heat affected area was experimentally simulated by different thermal influence procedures. The
aim of the work is to determine the most suitable methodology for evaluating the local changes of the elastic-
plastic material response. Theyield strength and the defor mation hardening arerequired constructions of safety
carbody parts.
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1 Introduction

In order to provide the maximum safety for passemganultaneously with lowering operational weight/ehicles,
advanced high strength steels (AHSS) are recestyl Wuring the production of car bodies. These pgaf steels
bring specific combinations of mechanical paranstabilities of dynamic reinforcement together wigeping ten-
dency to ductile fracture in a wide range of wogktemperatures but also specific requirementsefohriological ope-
rations — primarily for forming and welding [1, 2].

Dual-phase steels (DP) are the result of such @&@amecthermal processing, during which cold-rolledes metal is
rapidly heated till the intercritical area of auste and ferrite with consecutive controlled coglimluring which the
remaining part of austenite is transformed into tevaite (usually 5-20%). The ratio of these twogasais the key
factor for both strength and plasticity [3]. If ast all of the austenite is transformed into magiten high strength
martensitic steel is formed. It is one of the wydesed AHSS during cold or hot forming. Mostly hageaous marten-
sitic matrix is sometimes supplemented by a ceqtaih of lower bainite and, where appropriate, ieg fferrite or resi-
dual austenite. Martensitic steels are used forstifety sections in the automotive industry becafsieir highest
tensile strength up to 1800 MPa and the tendenthetaluctile fracture mode even during high speedihg [4, 5].

The employing of high strength steels includes tmain areas of problems. On of them is the resetnefrds
technological parameters of welding, which showldpmess the undesirable strength loss inside itieatiayers of
joints. The other area is the necessity of regiggethe actually induced structural layer changésch could influence
the strength and the plasticity of the welded mifithe problem of the above stated high strengiblsties mostly in
the tendency to a local loss of the distributiversgithening together with the undesirable tempeoiintpe martensitic
element, obtained through the specific technoldgicacedures of semi-finished product processing.

Aim of the presented work is to find the new waytlee evaluation of the softening (strengtheninggcpss intensi-
ty due to applied spot welding technology. Thenparative tensile tests were used for experimetaluation of
used methodology.

2 TheExperimental Assessment of the Heat L oading I nfluence

The samples for experimental examination (chengoahposition in the Tab. 1) were prepared from tB2B5
steel and dual phase steel.

In practice, these materials are jointed by resegtaspot welding. But the high initial materialestgth and the pre-
sence of the above mentioned surface treatmergciedly the Al-Si layer by 22MnB5 steel, bring sjjecconditions
for acquiring a first-rate joint. Tests proved tlitais primarily the thickness of the silicon erréd interlayer on the
border of the base material which is limiting foeldability. With the change of the interlayer i@ rich sublayers
thickness, gradual iron saturation appears. Themgeffect seems to be substantial for weldabjiéty7].

Tab. 1 The basic composition of martensitic steel material [ wt%o]

Sample C Mn S P S Cr Ni Cu Al Ti B

Martensitic |025 [125 |025 [002 |0002 |019 (001 |002 |0043 |0.04 [0.0035

DP geel 0.16 1.98 021 0.02 0.02 021 0.01 0.01 0.01 0.02

3 Thesimulated heat loading

The assessment of the elastic-plastic behaviotireo$trength loss layers was based on the simufegatloading of



the samples, which were tested by the standardedests. The shape of the samples was adaptadén to enable the
heat loading simulation process (Fig. 1). The samplere cut from flat carbody parts intended fat spelds.
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Fig. 1 The shape of the sample
With the aim of simulating the heat strain juselilk the case of spot welding, the samples wergesuto the heat

loading induced by:
. resistive heating accelerated by air cooling:
(CM-01, CM-02, CM-03 — martensitic steel)
(CD-01, CD-02, CD-03 — dual phase steel)

. resistive heating not accelerated by air cooling:

(NM-01, NM-02, NM-03 — martensitic steel)

(ND-01, ND-02, ND-03 — dual phase steel)
. Originals spots wels:

(BM-01, BM-02, BM-03 — martensitic steel)

(BD-01, BD-02, BD-03 — dual phase steel)

The main emphasis was put on reaching limit sarngoteeratures below 707°C, which is the criticalpgenature of

the examined materials.
Cooling rate curves are shown in the Fig. 2
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Fig. 2 Cooling rate

4 Therangeand theintensty of the heat influence

In relation with the above mentioned influence cacfure behaviour, the evaluation of the zone mosivith mi-
nimum strength and the intensity of the strengts lavere performed as a default analysis of the edejdints. Mea-



surement of the microhardness was performed irs hvigich lead through the centre of the heat infbeginareas of the
individual samples. Verification of the proper lee¢ tempering was based on the hardness measure@mmparison
of experimental vs. real (i.e. due to welding teabgy) softening process is displayed in the Fig. 4

This measurement was precise enough to detectddf@alences of the individual heat affected zoublayers (Fig.
3).
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Fig. 3 Changes microhardnessin heat affected zones
The resultant hardness loss of the samples, piegahe influence of the spot weld, is displayedhia Fig. 3. Du-
ring the measurement, almost stable values ofitfesht strength loss were observed in the affemted in comparison
with the simulated heat influence, see in the #ig.

Sample NM-01 NM-02 NM-03 CM-01 CM-02 CM-03 BM-01 BM-02 BM-03
HV 10 218 217 220 235 237 232 235 240 232
Sample ND-01 ND-02 ND-03 CD-01 CD-02 CD-03 BD-01 BD-02 BD-03
HV 10 330 335 328 360 358 310 345 325 341

Fig. 4 Values of strength in head affected zone

5 Theapplication of theindentation method of the strength differences evaluation

As yet another source of information which can dbscthe changes of the mechanical propertiesdrcthical are-
as, the indentation method can be used. The sthnday of measuring is the Martens hardness, howévdoes not
enable the straightforward evaluation of the etaglastic material response because there is #isan influence of



the contact surface change of the indentor dudagihg. In order to authenticate the measuremessilpitities of the
local changes of the mechanical properties with théthod, a cylindrical indentor with a diameted (# mm was used
[8].

The cylindrical indentor was applied into the arefthe simulated heat influence.

Universal hardness tester Zwick ZHU2.5 was usedhferexperiment. The load on the cylindrical inéentas elec-
ted 2.5 kN.

According to Hecky’s hypothesis about behaviathefmaterial during extrusion of a cylindrical @mder, the ratio
of measured instrumented yield force to relativedyforce in shear is 2.57 [9].
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Fig. 5 Process of indentation method
The values of the yield strength obtained by thieiation test and compared to the values obtdigdde pull test
show the maximum dispersion about 3% (Fig. 6).

Sample Indentation Method Ylelfl Strength — Sample Indentation Method Yielfi Strength —
[MPa] tensile test [MPa] [MPa] tensile test [MPa]
NM-01 620 633 CM-01 670 680
NM-02 625 640 CM-02 660 672
NM-03 620 635 CM-03 666 678
AVERAGE 622 636 665 677
Sample Indentation Method Ylelfl Strength — Sample Indentation Method Yielfi Strength —
[MPa] tensile test [MPa) [MPa] tensile test [MPa]
ND-01 720 733 CD-01 750 765
ND-02 725 738 CD-02 755 770
ND-03 695 705 CD-03 750 768
AVERAGE 713 725 752 768

Fig. 6 Indentatiom method vs. Method Yield Srength

6 Evaluation based on microstructure and fractur e behaviour

Impact of the experimental temper treatment casdsmn from different microstructure, see in the Figcompared
to Fig. 8. The initial microstructure of the stégbe 22MnB5 consists mainly from martensite withhari phase of
ferrite and bainite (Fig. 7). Substantial contefriteorite was observed typically in connection wlitical decarburization
in case of damage of the surface Al-Si coating. fened martensite was observed as a result of tetmgament (Fig.
8), i.e. in full concert with the softened sub-lagéthe heat affected zone.



b

v 1 i) =il
SEM HV: WD: 4.816 mm VEGAW\ TESCAN
SEM MAG: 10.00 kx  Det: SE Detector 5 um &
Date(m/d/y): 12/19/12  Mikroskop Digital Microscopy Imaging n

Fig. 7 Unaffected microstructure of 22MnB5 steel
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Fig. 8 Smulated heat affected microstructure
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Fig. 9 Unaffected microstructure of dual phase steel
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Fig. 10 Smulated heat affected microstructure
The same heat influence led in DP steel to thengraarsening in the zone adjacent to the fusion-irsee Fig. 10.
As a second softening process we can consider eneat® of previous dislocation strengthening. Migtumes of
tempered martensite with very small carbides waenked in substantial part of the heat affecteagzon
An important question is the impact of temper geatlon fracture behavior. Ductile fracture modgyscal for real
damage of welds in softened zone, even at higlinst@andition. Improper temper conditions may leadunhdesired
carbide precipitation.

7 Conclusion

The spot welding of the high strength steels bripiggblems related to the decrease of strengthércthical heat
affected zone. The intensity of the strength loxs the joint geometry influence the strength ofjtiiets as well as the
energy consumption of the dynamic endurance of sveld

This work presents the input experiments with tine af setting a methodology which would lead toaessessment
of the mechanical property changes which appeangltine heat loading. The performed experimentisnted to the
evaluation of the yield strength with the help loé indentation methods. As a verification of thehodology, there is
the comparison of the indentation method and thsileedata

The tool for the indentation method was the cylindndentor with the diameter of 1,2 mm, which taead to the
need to simulate the heat affected areas. An el@tuaf experimental temper loading was based ensthuctural and
fractography analyses. The microstructure of a s¥egh martensite of steel 22MnB5 was observed aikperimental
treatment in full accordance with the welding psenfluence. In terms of the fracture behavier phimary ductile
fracture mode was confirmed too. An influence adqipitated carbides was observed as a source aff d@crease of
plasticity.

Presented results suggest used methodology asilposay to solve a problem; for validation of mmdology the
higher number of tested samples is needed.

In order to test the local areas of the examinetkriads, which are in intervals around 200um, hésessary to cre-
ate an indentation tool whose diameter is smédiian the heat affected zone.

The results confirm good prospects of the methoithwivould enable the assessment of the strengfirelifces in
the narrow heat affected zone. For the needs afuheeric prediction of the static strength of weltiss also necessary
to verify abilities of the above stated methodtfoe evaluation of the plastic area of the loading, the differences in
the mode of deformation hardening.
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