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Abstract
This study introduces advancements in arc welding technologies to enhance the reliabil-

ity of chassis components in next-generation electric vehicles. Key developments include 
reinforcement beads for improved fatigue strength, high-formability 980 MPa-class steel, 
and low-slag, low-spatter welding wires for better corrosion resistance. Welding solutions 
are tailored for arms, links, ladder frames, and subframes to meet the structural demands of 
electrification. These approaches support both lightweight design and durability, contribut-
ing to the evolution of reliable EV chassis structures.
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1.	 Introduction
From the perspective of rapidly advancing emission reduction 

initiatives, reducing vehicle weight has become an essential chal-
lenge. Nippon Steel Corporation has developed solutions for high-
performance high-strength steel sheets, as well as for the design, 
manufacturing, and evaluation of components, meeting these needs 
through their application.

Within the vehicle body, chassis components—such as arms, 
links, torsion beams, and other unsprung parts—along with skeletal 
components like subframes and ladder frames, utilize steel plates 
that are relatively thicker than other body sections. These compo-
nents support the power unit and drivetrain while absorbing road in-
put, necessitating long-term durability and rigidity.

In reducing CO2 emissions during operation, the shift toward 
electric vehicles is expected to progress long-term. 1, 2) This necessi-
tates vehicle design centered on expensive high-capacity batteries, 
along with advanced steel sheets and the expertise to utilize them 
effectively. Key new challenges accompanying electrification in-
clude achieving high rigidity and fatigue strength to counter in-
creased vehicle weight, developing collision energy absorption 
structures for battery protection, 3) and further reducing component 
costs beyond conventional levels.

Arc welding is frequently employed for joining chassis compo-
nents. Compared to resistance spot welding, widely used for body 
joining, arc welding offers advantages such as the ability to perform 
continuous welding, facilitating the assurance of member strength 

and rigidity; suitability for single-side access welding, ideal for 
manufacturing closed-section structures; and high adaptability to 
construction disturbances like plate gaps. However, arc welded 
joints inherently become stress concentration points due to their 
structure. 4) For heavier electric vehicles, measures to enhance the 
fatigue strength of welded joints are more critical than ever. Further-
more, slag formation on the weld bead surface is unavoidable, po-
tentially causing electrodeposition coating defects and becoming 
corrosion initiation points. 5) Therefore, while switching to GA-coat-
ed steel sheets is a potential solution from a corrosion resistance 
perspective, this has not been sufficiently advanced for chassis com-
ponents. This is because in widely used joint types such as lap joints 
with fillet welds and T-joints, porosity defects caused by the vapor-
ization of the coating due to welding heat frequently occur, raising 
concerns about reduced joint strength. 6)

To apply ultra-high-strength steel sheets to chassis components 
while suppressing or minimizing plate thickness increases and pro-
moting weight reduction, it is necessary to ensure fatigue strength 
even more than before, improve corrosion resistance, and expand 
the application of GA-coated steel sheets. Furthermore, establishing 
methods to resolve challenges during component manufacturing is 
considered important. This report introduces recent topics being ad-
dressed to enhance the fatigue strength and corrosion resistance of 
arc welded joints in automotive chassis components and to expand 
the application of GA-coated steel sheets.
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2.	 Arm Link Component Joining Solutions
Arm and link components are part of the suspension system and 

are critical for driving performance, ride comfort, and safety. High-
strength steel sheets are often used as the material. While open-sec-
tion structures formed by press forming are used in small and medi-
um-sized vehicles, monocoque structures formed by arc welding are 
increasingly adopted for small and medium-sized vehicles due to 
the need for increased rigidity as vehicle weight increases . From a 
manufacturing cost perspective, weld-free solutions are sought. 
Methods such as integrated forming utilizing burring for bushing 
press-fit sections have been proposed. 7) Furthermore, for lower 
arms, to address increased vehicle weight due to electrification, par-
tially open-section structures are being investigated. These aim to 
minimize weld length to reduce manufacturing costs while ensuring 
strength and rigidity. 8)

2.1	Improving fatigue strength of bush collar welded joints
While the application of open-section lower arms is expected to 

expand from the perspective of reducing welding costs, challenges 
remain for achieving completely weld-free construction. For exam-
ple, the collar into which the bushing is pressed is almost always 
arc-welded to the arm body. In the example shown in Fig. 1, the 
bushing collar is butt-welded to a U-shaped formed section extend-
ing from the arm body. The joint configuration is a single-sided T-
fillet weld. Due to restricted access for the welding torch, the entire 
butt section cannot be welded, leaving the end of the weld bead ex-
posed. Consequently, stress concentration at the weld bead end and 
the resulting fatigue crack initiation become critical issues.

Nippon Steel is investigating methods to enhance the fatigue 
strength of welded joints by optimizing weld bead placement (rein-
forcing beads). Here, we present a case study targeting the bush col-
lar of the lower arm. A reinforcement weld bead refers to a weld 
bead applied to a pressed part itself, in addition to the weld bead 
joining pressed parts together. This partially increases the plate 
thickness at that location, suppresses bending deformation in the 
surrounding area, and reduces stress concentration associated with 
deformation. 5)

Figure 2 shows the principal stress distribution around the bush 
collar of the front lower arm when subjected to loads simulating ac-
tual vehicle conditions. Figure 2 (a) presents the shell element model 
of the front lower arm and stiffening bead, (b) shows the detailed 
shape of the stiffening bead, (c) displays the stress distribution with-
out the stiffening bead, and (d) shows the stress distribution with the 
stiffening bead.

Without the stiffening bead, high stress of 491 MPa occurs at the 
weld end. However, adding a stiffening bead originating from this 
stress concentration point reduces the weld end stress to 357 MPa, a 
decrease of approximately 20%. Furthermore, by optimizing the 

welding conditions (crater conditions) to create a gentler shape, 
stress concentration at the stiffening bead’s end was also prevented.

Such modifications to weld bead placement, also called sacrifi-
cial beads, are sometimes considered as countermeasures when fa-
tigue strength deficiencies in welded areas become apparent during 
the late stages of actual vehicle development. However, examining 
countermeasures from the design stage enables development with-
out rework and is expected to contribute to shortening the develop-
ment schedule.

2.2	Welded joint performance of newly developed 980 MPa-
class hot-rolled high formability steel sheet
As mentioned earlier, high-strength hot-rolled steel sheets are 

used for arm and link components. While 780 MPa-class steel sheets 
are currently the most common, the application of 980 MPa-class 
steel sheets is increasing. Nippon Steel has developed a 980 MPa-
class hot-rolled high-formability steel sheet (hereinafter HR980HF) 
with good ductility and flange elongation, suitable for arm and link 
components. 9) The following presents evaluation results for the fa-
tigue strength and post-painting corrosion resistance of HR980HF 
welded joints, representing their fundamental performance charac-
teristics, utilizing Nippon Steel’s welding technology.

2.2.1	Corrosion resistance of HR980HF welded joints
While there is a high demand for weld-free construction to re-

duce manufacturing costs, closed-section structures, which are ad-
vantageous for ensuring strength and rigidity, are sometimes adopt-
ed to counteract the increase in vehicle body weight associated with 
electrification. Closed-section lower arms are formed by welding to-
gether upper and lower parts press-formed into a U-shape. Com-
pared to open-section structures, relatively thin high-strength steel 
sheets are used. Therefore, ensuring corrosion resistance at the 
welded joints is critical to prevent wall thinning due to corrosion.

The cause of corrosion at welded joints is poor formation of 
electrodeposition coating due to non-conductive weld slag. Pro-
posed solutions include low-CO2 shielding gases 10, 11) and low-slag 

Fig. 1   Joint part of bush collar in open type front lower arm Fig. 2	 CAE model around the collar and distribution of maximum 
principal stress
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wires 12, 13) to suppress slag generation, as well as slag removal tech-
nologies via post-processing. Nippon Steel has developed the low-
slag solid wire “YM-TX” 14) based on the fundamental concepts of 
minimizing slag generation through Si-free weld wire composition 
and imparting conductivity to the slag. This wire has already been 
adopted by customers.

Figure 3 shows the appearance of the welded area of HR980HF 
(plate thickness 2.6 mm) after electrodeposition coating and after a 
combined cycle corrosion test. Lap fillet welds were made using DC 
pulse welding mode, comparing the effects of standard wire (YM-
24T), low-slag wire (YM-TX), and the CO2 mixture ratio in the 
shielding gas. The coating defect rate was defined as the area of 
coating defects divided by the weld bead area after electrodeposition 
coating. The red rust area rate was defined as the red rust area divid-
ed by the weld bead area after corrosion testing.

The coating defect rate for the standard wire exceeded 10%, 
whereas it decreased to about 2% for the low-slag wire (YM-TX). 
Furthermore, when the shielding gas was Ar+5% CO2, the coating 
defect rate fell below 1%. Additionally, the red rust occurrence rate 
for the low-slag wire was approximately one-third that of the stan-
dard wire. Moreover, reducing the CO2 mixture ratio in the shielding 
gas significantly decreased the red rust area ratio.

Figure 4 shows SEM images of the electrodeposited coating 
film formation area and CITS (Current Imaging Tunneling Spectros-
copy) images obtained using a scanning probe microscope. 15) CITS 
indicates the current intensity at each measurement point, serving as 
an indicator of conductivity. Slag from the coating defect area, in-
vestigated separately, was primarily amorphous Si-Mn-based oxides 
and showed no conductivity whatsoever. However, the slag in the 
coating formation area was composed of multiple oxides and was 
identified as Mn2TiO4. This confirmed that this Mn-Ti-based oxide 
contributes to the conductivity of the slag, which is necessary for 
the formation of the electrodeposition coating.

2.2.2	Fatigue strength of HR980HF welded joints
Factors affecting the fatigue strength of arc welds include resid-

ual welding stresses, stress concentration due to geometry, and the 
microstructure at crack initiation sites. Methods to enhance fatigue 
strength include introducing compressive residual stresses via shot 
peening or ultrasonic impact treatment (UIT), 16) plasma-arc hybrid 

welding techniques, 10, 17) the “MX-MIG” process, 18) and other arc 
welding processes that produce a flat weld bead shape, as well as in-
creasing the strength of the welding wire. 5)

However, all these methods increase manufacturing costs and 
have not been widely adopted for automotive parts. Therefore, fa-
tigue strength improvement measures based on existing production 
processes and equipment, such as the aforementioned stiffening 
beads, are desired.

Here, to evaluate the fatigue strength improvement effect of 
HR980HF as an advantage, low-slag wire (YM-TX) was used for 
the welding wire from the perspective of ensuring corrosion resis-
tance at the welded joint, and fatigue strength was assessed using a 
plane bending fatigue test on lap fillet weld. 19) Figure 5 shows a 
comparison of the fatigue strength of welded joints in conventional 
980 MPa-class hot-rolled steel sheets (hereinafter HR980) and 
HR980HF. Comparing HR980 and HR980HF, despite equivalent 
weld bead shapes, the stress amplitude at the 2 million cycle fatigue 
limit increased from 175 MPa to 200 MPa, and the fatigue life 
around 250 MPa also increased approximately twofold. Further-
more, when using Ar+5% CO2 as the shielding gas for HR980HF, 
the weld toe exhibited a smoother shape compared to Ar+20% CO2, 
demonstrating a significant improvement in fatigue strength.

3.	 Ladder Frame Joining Solutions
Ladder frame vehicles tend to be used in harsher environments 

than monocoque vehicles and also have longer service lives and 
higher mileage. Therefore, ladder frames require not only strength 
and rigidity but also high fatigue durability. Consequently, the plate 

Fig. 3   Weld bead appearance after electro-deposition coating and the corrosion test

Fig. 4   SPM analysis result of slag cross section
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thickness of side frames and cross members is thick, and reinforce-
ments are added in various locations, sometimes causing the total 
weight of the ladder frame to reach 300 kg or more. Therefore, the 
expected effect of weight reduction through plate thickness reduc-
tion and reinforcement reduction is significant. Consequently, mea-
sures such as adopting nonlinear TWB structures via laser-arc hy-
brid welding, reducing weight equivalent to the overlap allowance 
through butt welding, and strategically employing ultra-high-
strength steel sheets are being implemented. 20, 21) With the electrifi-
cation of ladder frame vehicles, the structure has undergone signifi-
cant changes, such as reducing the number of cross members under 
the cabin to secure battery mounting space. 22, 23) Consequently, re-
quirements for fatigue properties at the cross member-side member 
joints have increased. This may lead to weight increases due to 
thicker plates or the addition of new lower frames.

Therefore, to reduce stresses at the cross member-side member 
joint and improve fatigue properties, the effectiveness of the stiffen-
ing beads described in Section 2.1 was investigated. Figure 6 (a) 
shows the analysis model and boundary conditions. Using the pub-
licly available analysis model of the 2014 Chevrolet Silverado, 24) we 
compared the maximum principal stresses at the cross member-side 
member joint when applying an upward load to the right front sus-
pension tower. We focused on two representative joint locations: the 

bend section of the weld bead (① in the figure) and the notch sec-
tion of the cross member (② in the figure).

Figure 6 (b) compares the distribution of maximum principal 
stress at the focus locations before and after applying stiffening 
beads, showing the reduction effect as a percentage. The stiffening 
beads were applied starting from the point of maximum principal 
stress in the original model and extending in the direction of that 
maximum stress. At evaluation point ①, the cross member is posi-
tioned to abut the side member’s side surface. The maximum princi-
pal stress occurs at the weld bead bend, and applying the stiffening 
bead reduced this maximum stress to 78%. At evaluation point ②, 
the top surface of the notched cross member overlaps the top surface 
of the side member, causing the weld bead to break. The point of 
maximum principal stress was at the end of the interrupted weld 
bead. Applying the stiffening bead reduced the stress to 72% even at 
the highest point, confirming the effectiveness of the stiffening bead 
here as well. Thus, stiffening beads can effectively reduce stresses 
around arc welds when placed appropriately. They are considered an 
effective technology for addressing fatigue reliability issues caused 
by increased vehicle weight and structural changes associated with 
electrification.

4.	 Subframe Joining Solutions
Subframes require various characteristics depending on perfor-

mance demands such as suspension type, drive system, and vehicle 
class, yet relatively thin steel sheets are often used. Consequently, 
restrictions are placed on the thickness of the applied steel sheets 
from a rust prevention perspective, and measures such as using gal-
vanized steel sheets for salt damage specifications (e.g., for North 
American markets) are implemented. Furthermore, to protect the 
battery, the front subframe is evolving into a structure adapted for 
electrification, incorporating additional impact-absorbing structures 
like a secondary bumper and crash box. To address these changes, 
Nippon Steel has developed ultra-high-strength cold-rolled and GA-
coated EA steel sheets that offer both excellent impact absorption 
energy and formability. 9)

4.1	Selection of welding wire considering hydrogen embrittle-
ment characteristics at welded joints
When applying ultra-high-strength steel sheets, attention must 

be paid to hydrogen embrittlement cracking in welded joints. Partic-

Fig. 6   Effect of applying stiffening bead to ladder frames

Fig. 5   S-N characteristics of 980 MPa-class hot-rolled steel sheet
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ularly in arc welding, hydrogen can infiltrate the weld zone due to 
the plasma generated during welding, which can dissociate rust-pre-
ventive oils on the steel sheet or moisture in the atmosphere. The 
typical diffusible hydrogen content during standard arc welding is 1 
to 1.5 ppm, which is higher than that in resistance spot welding, 
commonly used for body panels. For welding thick plates in struc-
tures like bridges and pressure vessels, hardness standards for welds 
to suppress hydrogen embrittlement (e.g., Vickers hardness ≤ 350 25)) 
have been established, and ultra-low-hydrogen wires 26) have been 
developed to prevent hydrogen embrittlement. On the other hand, 
while welding subframes, where 590–780 MPa-class steel sheets 
were mainstream, could be performed without special attention to 
hydrogen embrittlement, considering the application of 980 MPa-
class steel sheets and even 1 180 MPa-class steel sheets, it is consid-
ered necessary to evaluate their application based on an understand-
ing of hydrogen embrittlement characteristics. The following section 
introduces Nippon Steel’s hydrogen embrittlement evaluation case 
studies and presents welding wires suitable for high-strength thin 
steel sheets.

Figure 7 shows the hydrogen embrittlement cracking character-
istics of lap fillet welds using 980 MPa-class steel sheet. As an indi-
cator of hydrogen embrittlement, the PC value was used, referencing 
thick plate welding. 25)

PCM (%) = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15
	       + V/10 + 5B				    (1)
PC = PCM + t/600 + H/60				    (2)
The PC value was calculated from the PCM derived from the weld 

metal’s chemical composition, plate thickness t, and diffusible hy-
drogen content H. PCM, t/600, and H/60 represent the weld metal’s 
susceptibility to hydrogen embrittlement, restraint level, and the ef-
fect of diffusible hydrogen, respectively.

As the PC value increases, the risk of cracking rises, with crack-
ing occurring at values around 0.3 or higher. In y-type weld crack 
tests on thick plates, the crack rate increases at PC values of approxi-
mately 0.3 or higher, generally consistent with the results of this 
evaluation on thin steel sheet lap joints.

Figure 8 shows examples of tensile strength for lap fillet welds. 
During tensile loading, fractures occurred not in the weld metal it-
self but in the base metal away from the weld metal or in the heat-
affected zone near the weld metal, such as the weld toe edge or root 
area, due to deformation caused by misalignment between the cen-
ters of the upper and lower plates’ thicknesses. From the perspective 
of ensuring high joint strength and suppressing the PC value, it is 
considered desirable to select welding wire designed for 590 MPa-
class steel sheets even for ultra-high-strength steel sheets.

4.2	Splatter-reduced low-slag wire
Subframe plate thickness tends to be thinner compared to arms 

or ladder frames. Therefore, low-heat-input welding conditions with 
reduced current are applied to prevent welding defects such as burn-
through during arc welding. While low-slag wire is considered de-
sirable to improve the corrosion resistance of the welded area, it 
tended to increase spatter during low-heat-input welding.

Figure 9 shows an example of evaluating the corrosion resis-
tance after painting of a welded joint with spatter adhesion. The 
electrodeposition coating on spatter-adhered areas becomes thinner 
compared to flat areas, making these spatter-adhered areas prone to 
becoming the starting point for red rust. Removing spatter requires 
significant labor, so low-spatter low-slag wire was desired from the 
perspectives of both weld corrosion resistance and reducing welding 

construction costs.
Therefore, a low-slag, low-spatter wire was developed that sup-

presses spatter generation during low heat input welding with low-
slag wire. Figure 10 shows an example of the spatter reduction ef-
fect. Bead-on-plate welding was performed on a flat plate at a weld-
ing current of 200  A using DC pulse welding mode with Ar+20% 
CO2 as the shielding gas. A plate blocking the arc light was placed 
in front, and the first 5 seconds after welding initiation were cap-
tured with a digital camera. Image processing, such as edge en-
hancement, was applied to compare the trajectories of scattered 
spatter. Although the low-slag wire produced more spatter than the 

Fig. 7   Effect of PC value on root crack length

Fig. 8   Tensile strength of lap fillet welds

Fig. 9   Appearance of welded part with spatter after corrosion test
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standard wire, the low-slag, low-spatter wire significantly reduced 
spatter dispersion, approaching the level of the standard wire. Note 
that in this evaluation, the pulse waveform of the current was left at 
the welding power source’s default setting. However, by optimizing 
the waveform—such as the pulse peak current and duration—it is 
possible to further reduce spatter dispersion to a level where replac-
ing the standard wire poses no significant issues.

5.	 Conclusion
This paper outlined recent initiatives in welding technologies for 

arm link components, ladder frames, and subframes as electrifica-
tion-responsive technologies for automotive chassis parts. While 
improving the corrosion resistance and fatigue strength of arc weld-
ed joints is a common elemental technology for all these compo-
nents, meeting the increasingly demanding requirements for higher 
strength and thinner sheets necessitates not only material technology 
but also continuous proposals for low-cost, highly reliable compo-

nents that delve into production processes and part geometries. Go-
ing forward, we aim to contribute to automotive weight reduction 
by realizing reliable joints that leverage the advantages of arc weld-
ing and by proposing new construction methods through the devel-
opment of novel joining processes.
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