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Recently, automakers have been attempting weight reduction as a key strategy in developing

fuel-efficient vehicles. To achieve this strategy, many new high performance light-weight structural
materials, such as aluminum (Al alloys, magnesium (Mg) alloys and advanced high strength steels (AHSS),
are used to the manufacturing of automotive structures. The use of these materials presents challenges of
formability and weldability, because AHSS has higher contents of alloying elements than lower strength
steels and because light metals cannot easily be joined to AHSS by traditional spot welding technologies. In
order to resolve some difficulties of spot joining of AHSS and dissimilar combinations between AHSS and
light metal, a new concept, friction bit joining (FBJ), has been developed, where a consumable joining bit is
used for joining of two or more sheets. FBJ can be classified into four steps: cutting step, joining step, cooling
step and retracting step. The process relies on a cutting step in which the bit cuts through the top layer (or
layers) of material, followed by a joining step in which the bit and surrounding sheet materials are heated by
friction, then the bit is consumed as filler material that joins the sheets together. The schematic drawing of

this process is shown in Fig. 1.

Cutting step Joining and Cooling Retracting step

Fig. 1 Schematic illustration of FBdJ process
Previous studies of FBJ focused on the process development since the technology only recently began to

‘be studied. However, the relationship among welding parameters, microstructure and mechanical
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properties has not been examined in the FBJ welds. In the present research, similar joining of steel/steel and
dissimilar joining of Al/steel and Mg/steel were conducted using FBdJ process. The parameter effects on lap
shear strength (LSS) and microstructure evolution in the joint were systematically investigated to achieve a
better understanding of the feasibility and joining mechanism of this brand new joining technique.

Chapter 1 gives a brief introduction of the research background, motivation and objectives of the
present thesis work.

In Chapter 2 “Feasible study on friction bit joining of steel/steel”, parameter effect on LSS of DP980
steel joint produced by FBJ is systematically investigated. The results show that DP980 could be acceptably
welded under proper welding parameters. It is confirmed that the cutting speed significantly influences the
actual plunge depth of bit and thus affects joint strength. Using optimal FBJ parameters, acceptable welds
with reasonably high LSS (16.2 kN, average of three samples) could be obtained. Moreover, microhardness
distributions of the cross sections of the joints indicate that softening caused by heat-input during FBJ is
contributed to the weld failure.

In Chapter 3 “Microstructural evolution during friction bit joining of steel/steel”, microstructure
evolutions of two joints welded at different cutting speed are investigated. The hardness profiles could be
correlated with the microstructure distribution in the joint, and microstructural evolution of each region
could be reasonably explained by solid-state phase transformation during the cooling cycle of FBJ. The
results show that the lower temperature during FBJ results in tempering of the bit without any phase
transformation which enables the bit to plunge into the sheet materials deeper which is an effective way to
obtain high LSS.

In Chapter 4 “Microstructure and joint strength of steel/light-metal friction bit joints”, feasibility study
on FBJ of DP980 steel to AA5754 Al alloy using a bit made of 4140 steel is conducted. Systematical
parameter study reveals parameter effects on LSS. The LSS is strongly affected by the joining parameters,
and the high LSS could be obtained by the higher mechanical locking of aluminum alloy by the bit and the
high degree of metallurgical bonding between the bit and the bottom DP980 steel sheet. Maximum LSS of
6.9 kN is obtained using optimal joining parameters under the present experiment conditions. Furthermore,
microstructure of the joint is clarified. Both enlarging consolidation area at bit/DP980 interface and
minimizing cracks in the bit is an effective way to obtain high LSS. Cracks are caused by differences of
microstructure between the upper part of the bit and the lower part during FBJ. It is thought that bit can be
heat-treated with a higher hardness to avoid cracking. Finally, feasibility study on FBJ of DP980 steel to

AZ31 Mg alloy is conducted. Systematical parameter study reveals parameter effects on LSS. It is found
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that the LSS of the joint slightly depends on the welding parameters. High LSS joints could be created in a
wide range of parameters sets. Even at very high plunge rate, a relative high average LSS of 5.7 kN could be
obtained. This implies that FBdJ could be more efficient when applied to joining of Mg alloys to steel.

Chapter 5 consists of conclusions of each chapter. From the above mentioned studies, the following
general conclusions can be obtained.

(1) Steel/steel, Alsteel, and Mg/steel can be joined by FBJ, which produced high level strength
compared with conventional spot welding. The strength comes from the bonding between the bit and the
bottom steel sheet. Microstructural changes of the bit and the bottom sheet are important to the weld
quality.

(2) Microstructures of the various weld regions are associated with the local thermo-mechanical cycles
and peak temperatures reached during FBJ.

(3) Strength of the joints welded by FBJ can be correlated to microstructure distribution across the

weld. It suggests that the mechanical properties can be modified through microstructure control.
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