


Carbon equivalent (CE) = 0.49

0,0020,0170,0050,0140,0290,00040,0020,0010,0121,550,0360,22

TiNiNbMOCrBNSPMnSiC

0,0020,0170,0050,0140,0290,00040,0020,0010,0121,550,0360,22

TiNiNbMOCrBNSPMnSiC

Perlite

Bainite

Ferrite 

Martensite

Figure 5. Demands on data-sheets of new materials for assurance of weldability. 

Welding procedure tests (with test sheets)

Weld trials on prototype parts (Prototyping)

Weld trials under production conditions

Release of new material concerning Joining-
and Welding Technology

Minimum requirements fulfilled ?

Crash test
Dynamic test ...

Process windows
Microsections
Tensile tests
Fatigue tests
pJPS, pWPS

Minimum requirements fulfilled ?

Process
Reliability
JPS, WPS

Minimum requirements fulfilled ?

Figure 6. Investigation steps to introduce new materials. 

Recently problems in the qualification process of new materials for car body are the different 
alloying concepts of several suppliers. Frequently new materials with an identical designation, 
but from different steel manufacturers displayed a varying welding behavior (Figure 7). 
Depending on the alloy concept, crack free as well as heavy crack afflicted joints are producible. 
This is an alarming condition in regard to the competitive purchasing of sheet metal materials. 
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Supplier “A” Supplier “B”

Cracks

HC220BD (1.0 mm) +TRIP (1.4 mm) +
TRIP (1.4 mm);    3-SheetJoining

Different alloys
are the reason for the
different weldability ! 

HC 400T+ZE75/75

2-Sheet-Joining
TRIP (1.4 mm) + TRIP (1.4 mm)

Figure 7. Problem of different alloying concepts of several suppliers. 

Effects on joining technologies 

Resistance Spot Welding

With up to 5000 weld spots per body, the resistance-spot-welding (Figure 8) is one of the most 
important and reproducible joining-methods in the body construction. Some characteristics, 
however, shall be observed at the joining of high strength and higher strength steel metal sheets.

X-GunC-Gun

Typical properties:
Available electrode force: 1.6 – 6.0 kN
Available weld current: up to 22 kA (100 kVA MF transformer)

Medium frequency DC
Weld timer: Bosch weld control with graphical interface,

256 weld programs available
Figure 8. Resistance spot welding: Weld-gun design for volume production. 
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Thus, for the design of the welding gun geometry it is necessary to allow for the welding force 
up to 30 per cent higher. During the welding process weld nugget creation due to the resistance 
build up is favored by the modern mid frequency technology of the transformer. The welding 
range to achieve the minimum welding spot diameter at a microalloyed high strength steel 
HC340 LAD – in the thickness-range of 1.2 mm – is in a current range of two kilo ampere 
(Figure 9). 

Material: HC340LAD + Z100; t= 1.2 mm
HC340LAD + Z100; t= 1.2 mm

Weld range

Minimum Spot-Ø
(4 * sheet thickness)

Required Spot-Ø

Splash limit

5.5 6.0 6.5 7.0 7.5 8.0 8.5
Is (kA)

4.0

3.5

3.0

F
E

(k
N

)

Parameter: t = 400 ms; 1 Impulse; Electrode = B16-6 mm

Figure 9. Parameters of resistance spot welding on HC340LAD sheets. 

In case of the higher strength HC400 TRIP-steel, in the thickness - range of 1.2 mm - the current 
range is reduced to 1.5 kilo ampere (Figure 10). 

Material: HC400TD + Z100  (TRIP)  ; t= 1.2 mm
HC400TD + Z100  (TRIP)  ; t= 1.2 mm

4.5 5.0 5.5 6.0 6.5 7.0 7.5
Is (kA)

4.0

3.5

3.0

F
E

(k
N

)

Parameter: t = 400 ms; 1 Impulse; Electrode = B16-6 mm

Required Spot-Ø

Minimum Spot-Ø
(4 * sheet thickness)

Splash limit
Weld range

Figure 10. Parameters of resistance spot welding on HC400TRIP sheets. 
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This means that the process period will become smaller with increasing strength. The welding 
process reacts more sensitive to disturbances. For compensation and process stabilization 
purposes, BMW applies an online control at the indicated critical welding tasks (Figure 11). 

sputter

Current I (A)
Voltage U (V)

Resistance R ( )
Power P (W)

Current  I

Voltage U

RR

Inugget o.K..

Screenshot Screenshot

principal sketch: IQR

U

P

Figure 11. Resistance spot welding online quality control: Process Stabilization by 
Intelligent Active Online Process Regulation (IQR). 

This control actively influences the process settings and controls the welding process in the 
target corridor for the safe achievement of the required weld spot diameter. Another issue is the 
risk of material hardness increase in the range of the joining zone and HAZ. At mixed 
connection, as indicated in the Figure 12, the varying heat conduction of the individual materials 
may lead to a movement of the weld nugget (position of the resistance heating). This applies to 
TRIP-steel as shown in Figure 12. 

Material: HC400T + Z100 t= 1.9 mm
HC300B + ZE75/75 t=1.6 mm

Hardening at the TRIP metallurgical notches
Weld nugget moves more into the TRIP steel, caused by the
lower heat conductivity

TRIP-Steel

BH-Steel

Figure 12. Resistance spot welding: Varying heat conduction on a mixed joint. 
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BMW 5-Series Front End

2-Sheet Joining Steel/Alu 3-Sheet Joining Alu/Steel/Alu

AluHC420LAD; t=1.0 mm

AlMg3,5Mn; t=1.2 mm Steel Alu

a

a > 0.25 
The interlock
represents the
load-bearing
portion of the 
joint

200 Guns, 600 Rivets

Figure 22. Self pierce rivet technology: State of the art. 

Pierce-Rivet Clinching

Pneuma-Hydraulic Tooling 
(Gun)

Hydraulic Tooling (Gun)

SPR with Hollow Rivet

F
20%
higher ! 

Figure 23. Self pierce rivet technology: Further development of guns. 

Since “common” hollow rivets (shape C) are too soft and since an excessive spread ratio leads to 
inadmissible cracks, rivets with a higher strength (hardness grade 4) and adjusted geometry 
(shape P, refer to picture on the lower right) shall be provided (Figure 24). 
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Sheet thickness

200 MPa 700 MPa 900 MPa

t = 0.8 mm t = 1.4 mm t = 1.6 mm

Tensile Strength

ASpread ratio “A”
is critical and it is 
prone for
cracks!

HC 380 LA + ZE75/75  
Alu. casting material  
t1 = 1.6 mm
t1 = 2.5 mm

Joining-Task: • new rivet HS 
• shorter rivet 5.3 x 5-H4
• configuration of  die
• P- Geometry
• 20% higher force 

Rivet 5.3 x 6 -H4
C- Geometry 
(Standard)

Figure 24. Self pierce rivet technology: Further development of rivets. 

Adhesive bonding

An interesting approach in this context is joining by even adhesion of shells (Figure 25). This 
applies especially to material pairs at which the fusion weld is difficult and where the material 
pairs are characterized by excessive hardness increase from the metallurgy point of view. With 
the aid of the sandwich effect higher component rigidities can be achieved at the bonded 
structures. Refer to Figure 26. 

Is adhesive bonding a
sophisticated
joining technology for
high-strength steel ?

Advantage :
- Higher structural stiffness
- Base material isn't heated
- Better acoustic performance
- Reduction of reinforcement

parts
Disadvantage :
- Application/ handling is 

difficult
- Joining gap
- Surface oil, coatings
- Logistic facts
- Costs

Figure 25. Adhesive bonding in the BIW production. 
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Fo
rc

e

Deformation way 

conventional 
energy
consumption

Higher stiffness:
bonded structure

Figure 26. Adhesive bonding: Increasing rigidity of bonded structures. 

In addition to those advantages the bonding technology is characterized by a certain complexness 
in the application technique. The requirements upon bonded gaps of up to few tenths of a 
millimeter have to be managed from the component-side. The adhesion behavior of adhesives – 
at coated steel sheets – is a constantly to be verified question. In addition to a controlled logistics 
– in the sense of adhesive open periods of the adhesive box – the relatively high costs for 
adhesives at the planned applications shall also be observed. 

Laser beam welding and brazing

Laser-beam-welding and brazing are more and more used in the car manufacturing. Narrow weld 
seams, fast process speeds and a one-way accessibility only to the joining task are impressive 
reasons for this process (Figure 27). As heat source gas- (CO2), solid-state- and brand new the 
disk-laser, with a power range of 2000 to 8000 W are applied. 

CO2-Laser

Power range : 
2000 – 8000 Watt

Used for applications:
welding, cutting

Solid-State Laser
(Nd: YAG-Laser )
Power range : 
3000 – 4000 Watt

Used for applications:
welding, brazing

process

process
Figure 27. Laser beam joining of high strength steel. 

Due to the small, but very concentrated heat application (low heat input per unit length of the 
weld) the hardness increase behavior at the different material pairs especially at HS-Steels shall 
be observed (Figure 28). The degree of hardness of up to and above 500 degree Vickers may 
strongly influence the ductility of the joint. 
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Material: SD800C    ( CP)    ; t= 3.0 mm
HC800T   (TRIP)  ; t= 2.0 mm

Material: HC420LAD Z100 ; t= 1.2 mm
HC800T  (TRIP) ; t=2.0 mm

Laser power
Progress speed
Roll pressure
Focus position
Focal length
Shield gas

Laser power
Progress speed
Roll pressure
Focus position
Focal length
Shield gas

Figure 28. Laser beam welding: Examples of cross sections on HSS. 

In a sponsored research project the pre heating effect by means of inductive preheating at TRIP- 
steels was investigated. With a preheating inductor performance of 14 kW a reduction of 
hardness increase in the weld seam and basic material can be achieved, as shown in the graphic 
on the right page (Figure 29). This effect was proven at further material pairs with different 
Carbon Equivalents (CE). The results are shown in Figure 30. How far preheating in practice is 
feasible, considering the space critical considerations at 3-dimensional components shall be 
verified from case to case. 

Cover sheet   : HC400T +Z; 1.5mm
Gap : 0.2 mm
Lower sheet . HC400T +Z; 1.5 mm
Laser power : 400 Watt
Welding speed : 3.5 m/min

Material + parameter as left side

Inductor power : 14 kW
Distance/gap : 1.5 mm
Welding speed : 4.2 m/min 

HC 400T+Z
HC 400T+Z Adjustment

Line inductor

Laser head

Clamping
device

Figure 29. Laser beam welding: Preheating effects on weld metal. 
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Figure 30. Laser beam welding: Preheating effects on weld metal. 

Summary - Joining of High Strength Automotive Steel Sheets

Spot welding : comparable results considering the 
boundary conditions

Shielded-arc welding : mixed joints weldable with standard 
conditions; HSS to HSS weldable with 
suitable wire and gas

Stud welding : comparable results
Laser-beam welding : comparable results  (zinc evaporation)
MIG-brazing : at present not applicable (filler is too soft)
Self-pierce rivets : standard rivets not applicable
Adhesive bonding : comparable results, but pay attention on

coatings (danger for lack of fusion)

Hot joining technologies   hardening in the HAZ
Each joining situation has to be checked in regard to the
risk of cracks and in the demand of the product.

Figure 31. Summary - Joining of high strength automotive steel sheets. 

The paper has shown that the implementation of high strength and higher strength steel in the 
modern vehicle construction can contribute to the safe design and to light weight design. With 
regard to the joining-technologies – as an essential contribution to the functionality of newly 
dimensioned structures – restraints in the applicability and the potential of the different processes 
will be experienced. This means: A systematic assurance and further development of the varying 
joining processes to the new situations is compulsory. At the hot joining processes the risk of 
hardness increase in the HAZ and in the weld metal shall always be considered. At BMW the 
results are consolidated in joining-technical-databases and provided to the design- and 
production-engineers.

146


	1/2 Title Page
	Full Title Page
	ISBN/Copyright Information
	Table of Contents
	Preface
	Editorial Committee
	"Niobium Microalloyed Automotive Sheet Steel – A Cost Effective Solution to the Challenges of Modern Body Engineering" by H. Mohrbacher
	Material Concepts in Automotive Body Engineering
	"Functional Design of a 'Lightweight Body in White' – How to Determine Body in White Materials According to Structural Requirements" by B. Lüdke and M. Pfestorf
	"Various Steel Sheet Applications for Automotive" by H. Kawaguchi
	"Advanced Steel Products for Lightweighting at DaimlerChrysler" by P.J. Belanger, M.S. Walp, and M. Milititsky
	"Vehicle of the Future: The Role of the New Generation of High Strength Steel Grades" by A. Fuganti
	"Material Application Development for Weight Reduction of Body-in-White" by K. Takagi, T. Yoshida, and A. Sato
	"New Lightweight Steels for Automotive Applications – Potential and Risk" by J. Kiese
	"Weight Reduction of Automobile by High Strength Steel" by Y. Azuma
	"Manufacturing Challenges in Stamping and Fabrication of Components from Advanced High Strength Steel" by J.R. Fekete
	"Possibilities and Challenges Using Advanced High Strength Steel Sheets for Automotive Applications" by T. Hallfeldt
	"Experience of Joining of High Strength Automotive Sheet in the Body Shop" by H. Hornig

	Automotive Steel Development in Fast Growing Markets
	"Automotive Development in Fast Growing Markets" by H. Mohrbacher
	"Microalloyed Steels Produced by Usiminas for the Automotive Industry" by J.F.B. Pereira, L.C.O. Meyer, and T.M.F. de Melo
	"Current Applications and Prospects for Utilization of Steel Sheets at JSC AVTOVAZ" by A.K. Tikhonov
	"Metallurgical Features of the Steel Production for the Automobile Industry in Magnitogorsk Iron and Steel Works ('MMK')" by A.F. Sarychev, O.A. Nikolaev, and B.F. Zin'ko
	"Development, Process Implementation and Delivery Increase of Niobium Alloyed IF Steel for Automotive" by A.A. Nemtinov and M.A. Kuznetsov
	"Development of Nb Containing Steel at SAIL for Automotive Application: Present Status and Future Prospect" by B.K. Jha, B. Sarkar, A. Deva, and R. Datta
	"Hot Rolled Stretch Flange Steel (SFHS-600): Experience at Tata Steel" by S. Mukherjee, N. Gope, A.N. Bhagat, and D. Bhattacharjee
	"The Current Situation and Development of Iran Automotive Industry" by M. Ghorbani and A. Olfat
	"Rapid Development of China Automotive Industry" by S. Ge
	"Application Status of Automobile Niobium Steel Sheets in China" by J-r. Bai
	"The Application of Nb to Automotive Sheet Steels in Baosteel" by L. Wang, W. Feng, X. Liu, J. Liu, and J. Lu

	Cold Rolled Advanced High Strength Steel
	"Microalloyed High Strength Steels for Reduced Weight and Improved Crash Performance in Automotive Applications" by K. Olsson, M. Gladh, J.-E. Hedin, and J. Larsson
	"High Strength Steels for Automobile Use and the Role of Microalloying" by M. Takahashi, T. Ogawa, and N. Maruyama
	"Advanced High Strength Thin Sheet Grades: Improvement of Properties by Microalloying Assisted Microstructure Control" by A. Pichler, T. Hebesberger, S. Traint, E. Tragl, T. Kurz, C. Krempaszky, P. Tsipouridis, and E. Werner
	"Role of Niobium in Advanced Sheet Steels for Automotive Applications" by D. Bhattacharya
	"Advanced Formable High- and Ultra High-Strength TRIP-Aided Sheet Steels" by K. Sugimoto, S. Hashimoto, and Y. Mukai
	"Niobium Microalloyed CMnAlSiP TRIP Steel" by B.C. De Cooman and D. Krizan

	Hot Rolled HSLA Steel
	"Material Design of 690-780 MPa Grade Hot-Rolled Sheet Steels for Wheel Use" by H. Kikuchi, N. Imai, T. Tomida, K. Fukui, S. Nomura, and S. Katsu
	"Effects of Nb and Mo Addtion on Mechanical Properties of Hot Rolled TRIP-Aided" by K. Saito, S. Ikeda, S. Hashimoto, K. Sugimoto, and S. Miyake
	"Integrated Process-Metallurgy Modelling for Niobium Microalloyed Hot Rolled Steels" by A. Perlade, P. Maugis, M. Gouné, T. Iung, and D. Grandemange
	"Modelling of Softening in Niobium-HSLA Steels during Hot Rolling" by W. Kranendonk and M. Maier

	Ultra Low Carbon Steel
	"Recent Progress in the Technology for IF Steels" by H. Takechi
	"Bake Hardening and Ageing Properties of Hot-Dip Galvanized ULC Steel Grades" by C. Escher, V. Brandenburg, and I. Heckelmann
	"Microalloyed Bake-Hardening Steels" by J.G. Speer, S. Hashimoto, and D.K. Matlock
	"State-of-Art Nb-Bearing Cold-Rolled Steel Sheet for Automotive Application" by T. Urabe, Y. Ono, T. Fujita, Y. Yamasaki, and Y. Hosoya
	"Development of Deep Drawable Galvannealed Ti-IF HSS Containing Niobium in Solution for Automotive Body Weight Reduction" by T. Matsumoto and M. Saito
	"Role of Niobium on the Segregation Behavior of Phosphorus and Manganese in Cold-Rolled and Annealed High Strength IF Steels" by T.R. Chen, M. Hua, C.I. Garcia, and A.J. DeArdo

	Automotive Sheet Production Using Thin Slab Casting and Direct Rolling
	"Processing of Microalloyed Steel for Automotive Applications on a Thin Slab Plant" by C. Klinkenberg
	"Microalloying Elements in the Direct Sheet Plant" by M. Maier and C. McEwan
	"Producing Value-Added Niobium Steels for Automotive Applications Using the CSP Process at NUCOR Steel Berkeley" by A.J. DeArdo, R. Marraccini, M.J. Hua, and C.I. Garcia

	Fundamentals of Niobium Microalloyed Automotive Sheet Steel
	"Basic Metallurgy of Modern Niobium Steels" by A.J. DeArdo, M. Hua, and C.I. Garcia
	"Fundamentals of Cold Formable HSLA Steels" by W. Bleck and E. Ratte
	"Effect of Nb on the Recrystallization of Austenite Containing High Dislocation Density" by S. Takaki and S. Hashimoto

	Epilogue
	"Nb Application to Automotive Steel Sheets" by S. Hashimoto

	Author Index
	Subject Index




