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To build the car body parts of today's cars, materials of higher strength are used on an ever-wider scale. They are,
for example, boron-containing steels, which are highly resistant to special thermo-mechanical processing, coated
with AlSi; e.g. USIBOR 22MnBS type materials. For the final assembly of all body mounting components, it is
necessary to apply different types of joining stud elements. One of the possibilities of making joinings between
sheets and fastening elements - studs is the technology of short-circuit stud welding

This article aims to evaluate the influence of welding parameters of steel studs on high-strength steel sheet type

USIBOR 22MnBS5 with AlSi coating on selected mechanical properties of joints.
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1 Introduction

The current trend in car body components is focused
on the application of different types of materials. The
most widely used materials include steel sheets with dif-
ferent properties: Carbon-Manganese Steels, Bake Hard-
ening Steels, Dual Phase Steels, Complex Phase Steels,
Ferritic-Bainitic Steels, Martensitic Steels, and Ultra
High Strength Steels (UHSS-B). The high strength of
UHSS steels is obtained not only by alloying, but also by
special thermo-mechanical processes. Depending on the
type of thermo-mechanical processing, the yield strength
and the tensile strength of the material can reach a wide
range. The yield strength starts at approximately 430 MPa
and after processing and with BH (Bake Hardening) ef-
fect it reaches up to 1770 MPa. The tensile strength limit
is then 500 + 2034 MPa [1]. Due to the nature of the heat
treatment, UHSS steels are coated with Al-Si coating.

In addition to joints between thin sheet metal stamp-
ings, we also find weld joints between the sheet metal on
the various types of fasteners - nuts, bolts, studs welded
by protrusion resistance welding or some of the stud
welding processes [6, 2, 5]. For studs with a lower shaft
diameter (2 - 25 mm), the Short-Cycle Stud Welding pro-
cess is used (marking according to STN EN ISO 4063 is:
784). This is a special drawn-arc stud-welding process
with a very short weld time without ferrule. The benefit

Tab. 1 Chemical composition of USIBOR 22MnB5

of “ferruleless” welding is that it lends itself to automati-
zation. The size of the welding current is given by the
transformer design and ranges from 400 to 2600 A. The
voltage drop across the arc is about 25 V. The welding
time is set from 0.005 to 1 second and is selected accord-
ing to the diameter of the stud, the thickness of the welded
sheet and the welding current. Stud welding uses a direct
current reverse polarity connection. It is possible to weld
the combination of materials: carbon steel, stainless steel
and refractory steel [3, 4, 7, 9, 10].

This article aims to evaluate the influence of welding
parameters of steel studs on high-strength steel sheet
type: USIBOR 22MnB5 with AlSi coating on selected
mechanical properties of joints.

2 The methodology of experiments and experi-
mental material

A high strength steel plate, Usibor 22MnB5 + AS150
(EN 10131-2.0), 1.4 mm thick after thermo-mechanical
treatment, which corresponds to hot pressing, was used to
manufacture the welded test joints. The thickness of the
AlSi protective coating measured on the cross sections of
the metallographic cuttings ranged from 25 to 30um. The
chemical composition and mechanical properties are
shown in tablel.and 2.

Element (%) Al B C Cr Mn N Ni Si Ti
22MnB5 0.03 0.002 0.23 0.16 1.18 0.005 0.12 0.22 0.04

Tab. 2 Mechanical properties of Usibor 22MnB35 Steel studs of diameter &d = 6 mm, length 1=23 mm

Properties | Rpo, (MPa) | R, (MPa) | Ago min.(%) (designation: PS M6x23) were welded to the plate. The
22MnBS5 350 - 550 500 - 700 10 chemical composition of stud steel is shown in Table. 3.
Tab. 3 Chemical composition of stud steel
Element (%) C Si Mn P S Al
PS M6x23 0.08 — 0.12 0.10 0.30-0.50 0.025 0.025 0.02 - 0.06

Welding equipment was used by Emhart Tucker, a
welding head type: LM 310 in combination with the TMP
1500 control unit. The welding parameters set during the
joining process were measured by the Matuschek SPATZ

Multi04 measuring devices. From the measured welding
current, welding voltage and welding time values, the
heat input (mean power) was calculated according to (1):
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eQ=U.1t () (1)
Where:

U is the measured voltage value [V],
I - Measured welding current [A],
t - Welding time [s].

Tests were performed on the samples:

- Shear strength tests using a torque wrench

- Tensile strength test

- Vickers test of hardness

- Macro and microstructure assessment by light mi-
Croscopy.

The results obtained were evaluated according to the
internal standard VW SK-PV 1606.

3 Achieved results

A series of test samples with different stud welding
parameters (Table 4.) was made to evaluate the influence
of the process variables on the joints properties. By
changing the welding current setting (from 510 to 1300

A) and the welding time (from 0.020 to 0.045 s), we have
achieved a different heat input to the weld (from 185 to

1096 J).

Table 5. shows the images of the tested samples: a side
view of the weld joint, a front view of the stud as well as
a view from the opposite side of the welded sheet.

Tab. 4 Set and measured (calculated) values of stud weld-

ing parameters
Set values Measured (calculated) av-
Series erage values

S ey e | 1) | gy | QO
1 510 20 508.2 | 18.3 | 186.00

2 610 25 607.9 | 18.2 | 276.59

3 710 30 707.7 | 18.4 | 390.65

4 810 30 806.1 | 18.6 | 449.78

5 910 35 906.5 | 18.3 | 580.61

6 1100 40 1097.3 | 18.7 | 820.74
7 1300 45 1295.0 | 18.9 | 1101.40

Tab. 5 Overall view of welded joints made with different welding parameters

Series Side view
number

Front view

Back view
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Tab. 6 Results of torque wrench test

Sample

Mo
(N.m)

Sam
ple

Mo
(N.m)

Sam
ple

Mo
(N.m)

Sample

Mo
(N.m)

Sample

Mo
(N.m)

Sample

Mo
(N.m)

Sample

Mo
(N.m)

la

3.10

2a

4.38

3a

16.56

4a

15.91

5a

19.35

6a

17.54

7a

15.21

1b

3.26

2b

4.22

3b

14.92

4b

16.77

5b

20.72

6b

16.16

7b

17.02

1c

3.24

2c

3.87

3c

16.64

4c

16.64

5c

18.01

6¢

18.92

7c

16.81

Aver-
age

3.20

4.16

16.04

16.44

19.36

17.54

16.35

Stand-
ard de-
viation

0.09 0.26 0.97

0.46

1.35 0.97 0.99

Fulfil-
ment
accord-
ing
stand-
ard :
VW
SK-
PV
1606

Yes

Yes Yes Yes

The view from the side to the welding joint site docu-
ments primarily the effect of the heat input on the melting
range of the contact head of the welded stud. At lower
heat inputs (up to Q = 580 J), only local melting of the
contact surface of the stud occurred without significant
change in head height. At higher heat inputs, a significant
deformation of the welded stud head can be observed. In
the 7-series sample, because of the high overheating and
the effect of the compressive force in the final phase of
the joining process, the entire volume of the contact head
of the welded stud was deformed. As shown in the front
view of the stud, at the maximum heat input applied (Q =
1101 J, Table 4.), the molten metal of the stud material
has already spattered from the joint area. Spatter can then
be the cause of internal joints defect - porosity, respec-
tively shrinkage. The front view of the welded studs (Ta-
ble 5.) documents a smaller or larger area of a black smut.
This is due to the absence of a shielding gas during weld-
ing.
Images from the back side of the joint (welded sheet
side) show that even at the highest heat input of the weld-
ing, the protective Al-Si layer of the UHSS sheet was not
damaged. Similarly, no significant deformation at the
joining site of the USIBOR 22MnB5 sheet was found at
visual inspection. The test of the mechanical properties of
the torque wrench can be either non-destructive, i.e. the
joint is tested for the prescribed torque according to the
weld documentation or a destructive test at which the
maximum torque is measured, causing mechanical dam-
age to the test joint. The prescribed torque load of the stud
according to the internal VW standard SK-PV 1606- for
the stud used is 6 [Nm].

The results of the destructive test with the evaluation
of the obtained results according to the internal standard
are in Table. 6.

From the results obtained, it is clear that the samples
from series 1 and 2 (used average heat input Q = 186 and
276 J) did not meet the shear strength requirements. The

remaining samples (series 3 to 7) met the requirements of
the internal standard. The torque values for weld failure
have exceeded the required value two to three times. In
all cases, the fracture area was located in the weld metal
zone. (Figure 1.)

\

Fig. 1 Sample 3 after a torque wrench test

The tensile strength test results are shown in Table 7.
According to the internal standard, the minimum load
force for failure of the joint F = 2192 N is prescribed for
used type of studs. From the results obtained, it is obvious
that the process parameters of the series 1 and 2 series
joints (Table 4.) are also unsatisfactory in terms of tensile
strength of the welded joints. The maximum load force in
the event of breaking the integrity of the joint in these
cases did not reach the minimum required value. Samples
made by heat input greater than Q =390 J (Series 3 to 7,
Table 4.) again met the tensile strength requirements ac-
cording to the internal standard VW SK-PV 1606. As
with the torque wrench test, the joint integrity was failed
in weld metal zone after the tensile strength test.
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Tab.7 Results of the tensile strenght test

Series number Min. load force for failure Fracture load Fulfillment according standard:
Fprescribed (N) Finax (N) VW SK- PV 1606
1 1639.45 No
2 2158.83 No
3 2481.43 Yes
2 2192 296118 Yes
5 8114.95 Yes
6 9141.35 Yes
7 8562,85 Yes

For the macroscopic analysis of the joints, the follow-
ing samples were selected: a series 3 sample prepared by
the parameters: I = 710 A at = 30 ms (Figures 2. and 3.)
and a series 6 sample made by parameters I = 1100 A at
=40 ms (Figures 4. and 5.). Series 3 samples conformed
to the VW internal standards when tested with torque
wrench and tensile strength test using a minimum weld-
ing heat input (Q = 390 J). Series 6 samples exhibited
maximum shear and tensile strength values in the tests -
the heat input used here was more than 2 times (Q = 820
J) compared to the series 3 samples.

Fig. 3 Cross-section of sample 3, etched 3 % Nital

In Fig. 2. and 3., a series 3 sample, there are clearly
visible defects in the welding joint: porosity, and shrink-
age in the weld metal zone. Large pores were mainly
found at the edge of the weld metal, the small pore local-
ization copied the original interface between the stud and
the UHSS sheets. A part of the molten weld metal was
pushed into the flash during welding. The rounded shape
of the observed defects will not produce significant stress
concentration. Reduction of the cross-section of the joint

(in the indicated area, the reduction of the cross-sectional
area by more than 1/7) was manifested by lowering the
strength of the welding joint of the series 3 samples (Ta-
bles. 6. and 7).

Fig. 4 Cross-section of sample 6, polished

Fig. 5 Cross-section of sample 6, etched 3 % Nital

In Fig. 4. and 5., a sample of the series 6, the welding
joint can be seen with minimal defects. The joining of the
welded parts is slightly asymmetrical, with the incidence
of lack of fusion on the left side of the weld. The unique
pores, once again in the area of the original interface be-
tween the stud and the UHSS plate, had no significant in-
fluence on the strength properties of the weld joint, which
also confirmed the results of the tests performed (tab. 6.
and 7.).

Joint structure analysis was performed on sample 3A.
Detail of the individual areas (WM, HAZ from the side
USIBOR 22MnB5 and the welded steel stud, BM) are in
Fig. 6. and 7.

The structure evaluation was completed by measuring
the hardness HV 0.2 (fig. 8.).
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Fig. 6 Cross-section detail of the sample 3: 1 — USIBOR 22MnB5, 1a — subcritical HAZ of USIBOR 22MnB5, 2 —
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intercritical HAZ of USIBOR 22MnBS5, 3 — supercritical HAZ of USIBOR 22MnBS5, 4 — weld metal (WM), 5
supercritical HAZ of steel stud, 6 — intercritical HAZ of steel stud, 7 — steel stud.

The structure of the USIBOR 22MnBS5 base material
consisted of martensite and retained austenite (Fig. 7a),
corresponding to an average hardness of 493HV(.2. In
the area heated during the welding temperature cycle just
below the temperature of A.; — subcritical HAZ (Fig.7b),
there was a marked decrease in hardness (Fig. 8.). The
structure consisting of ferrite and tempered martensite
showed a hardness of only 345 to 312HVO0.2. In intercriti-
cal HAZ with partial structure recrystallization (Fig.7c),
at temperatures between the A and A lines in the heat-
ing phase, the USIBOR 22MnBS structure was partially

austenitized. The austenite was subsequently transformed
into martensite at a high rate of cooling to produce a mar-
tensitic-ferritic structure with an average hardness of
360HVO0.2. The maximum hardness in the welding joint
structure, 5S20HVO0.2, was measured in the supercrical
grain growth region by the USIBOR 22MnBS5 plate (Fig.
8.). The dominated martensite structure (Fig. 7d) was
formed by a transformation of austenite, overheated to
high A.; temperature, during rapid cooling. [11].

R 5

23

¢) intercritical HAZ of USIBOR

d) supercritical HAZ of USIBOR
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g) supercritical HAZ of steel stud

h) steel stud

Fig. 7 Details of each individual areas structure
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Fig. 8 Hardness of the selected areas of the welding
joint

The subsequent decrease in hardness in the weld metal
zone was caused, first of all, by mixing the molten high
carbon steel material (USIBOR 22MnBS5) and the stud
metal (unalloyed low carbon steel). Thus, the carbon con-
tent in WM was reduced as compared to its presence in
USIBOR 22MnB5 (Table 1.), which affected the hard-
ness of the weld metal. The martensitic structure of the
weld metal (Fig.7e) with an average hardness of
480HVO0.2 had only a slightly lower hardness than the
thermal non affected base material USIBOR 22MnB5
(493HV 0.2).

The HAZ structure of the stud was affected not only
by the high cooling rate but also by changes in the chem-
ical composition, especially in the carbon content. Mixing
a low carbon (non-alloy) steel material with a higher car-
bon content steel (USIBOR 22MnB5 + AS150) in the
weld metal resulted in the formation of a martensitic
structure with high hardness. Thus, we can assume that at
high welding temperatures there will be diffusion of car-
bon from weld metal to the supercritical HAZ of low car-
bon steel stud. Carburization and overheating of the ma-
terial at high temperature will result in the formation of a
multiphase structure with the predominant presence of
martensite and upper bainite (Fig.7f). This also corre-
sponds to the hardness of the supercritical HAZ, whose
average value was 480HV0.2 (Figure 8.). A marked drop
in hardness was observed in the intercritical HAZ on the
side of the steel stud. The structure change to ferrite +
transformed pearlite (Fig. 7g) resulted in a decrease of the
total hardness of the structure to 310HVO0.2 (Fig. 8.) The
ferrite-pearlite structure of the steel stud is shown in Fig.
7h. The average hardness of thermal non-affected BM
was 280HV0.2.

4 Conclusion

The submitted paper is focused on evaluation of the
impact of steel stud welding parameters on high-strength
steel sheet of type USIBOR 22MnB5 with AlSi coating
for selected mechanical properties of joints. The influ-
ence of heat input on the shear strength of the joints (eval-
uated by the torque wrench test) and the tensile strength

indexed on: hitp://www.scopus.com

497



June 2019, Vol. 19, No. 3

MANUFACTURING TECHNOLOGY

ISSN 1213-2489

(assessed by the static tensile strength test) were exam-
ined. The results obtained were compared with the re-
quirements of the internal standard VW SK-PV 1606. The
evaluation was supplemented by analysis of the structure
of the welding joint. The following conclusions can be
drawn from the results:

- For the strength ratings of welded joints according
to the VW standard, it can be stated that for the selected
sheet type (USIBOR 22MnBS5, thickness 1.4 mm) and
steel stud (&Jd = 6 mm, length [ =23 mm) a thermal input
for stud welding of at least Q =390 J is needed.

- Another increase in thermal input has been shown to
increase the strength properties of the joint (Fig. 9.). The
trend of assessing the influence of heat input on shear and
tensile strength was equal to Q = 600 J. Above this value
we noticed a decrease in the shear strength. The maxi-
mum tensile strength, on the other hand, was measured on
heat-welded samples Q = 820 J.

- From the structure analysis supplemented by micro-
hardness measurement, a significant difference was found
between the subcritical heat affected zone from the
USIBOR 22MnBS plate and the steel stud and the inter-
critical HAZ on both sides of the welded materials. From
the USIBOR 22MnB5 sheet side, a hardness increase
from 312HVO0.2 to 434HVO0.2 occurred in the intercritical
zone, from the steel stud side of 309HV0.2 to 494HVO0.2.
The maximum hardness of the structure 520HV0.2 was
measured in the supercritical HAZ of USIBOR 22MnB5
material, which can be considered critical from the point
of view of susceptibility to cracks from the decrease in
toughness. The WM and HAZ structure both from the
USIBOR 22MnBS5 sheet and from the steel stud side was
predominantly martensite. The subcritical HAZ of
USIBOR 22MnB5 welded sheet metal formed martensite,
which on the side of the steel stud was ferrite and trans-
formed pearlite.
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Fig. 9 The influence of heat input on shear and tensile
strength of welds (Fuax)
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