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Fatigue strength of Re-fill friction stir spot 

welded (RFSSW) ZEK 100 to DP 600 joints



Principle of Re-fill friction stir welding



RFSSW of ZEK100 to DP600

Materials and welding parameters

ZEK 100: 1.50 mm thick

DP 600: 0.9 mm thick

Plunging depth: 1.45 mm (ZEK to DP)

Plunging depth: 1.60 mm (ZEK to ZEK)

Rotational speed: 1800 rpm

Welding time: 3.5 s

Table 1 Base material compositions from chemistry analysis reported as wt-%

Schematic diagrams of lap shear specimen and spot 

welds (in mm): (a) configuration of test coupons, (b) 

schematic diagram of Mg/Mg similar and Mg/DP600 

steel dissimilar spot welds



Microstructure of Mg/Mg RFSSW joint

.Microstructures of Mg/Mg similar 

spot weld (a) Overall view, (b)-(d) 

magnified views of regions B-D in 

(a), (e) magnified view of

the black rectangle marked in (d).



Microstructure of Mg/DP RFSSW joint

FeAl2 formed at the 

interface and the Al is 

believed to originate 

from the zinc coating

(See next slide TEM 

results)

The formation of 

cracking can be 

attributed to the 

eutectic layer of α-Mg 

+ MgZn

The Zn coating 

even flows 

upwards to the top

surface of Mg alloy 

sheet



TEM results at Mg/DP interface

(a)



Hardness distribution in Mg/Mg and Mg/DP joints

Hardness profiles of the welds in the mid-thickness of the upper Mg sheet

HAZ due to the

slightly coarser 

grain size

finer grain

structure



Fatigue strength

The tension-tension fatigue

Test:
• Sinusoidal waveform in load

control mode;

• Stress ratio: R=0.1;

• Frequency: 10 and 30 Hz

depending on the load level.

Relationship between maximum load, Pmax, 

and number of cycles to failure, Nf

The run-out load:
• 500 N at 106 cycles for

Mg/Mg similar spot welds;

• 650 N at 107 cycles for

Mg/steel dissimilar spot

welds.



Fatigue fracture modes

Macroscopic appearance of fractured fatigue specimens in Mg/Mg similar and

Mg/DP600 dissimilar welds. 

(a) Pmax = 2356 N, Nf = 466; (b) Pmax = 800 N, Nf =108382; (c) Pmax = 2356 N, Nf = 478; 

(d) Pmax = 1812 N, Nf = 17640; (e) Pmax = 1087 N, Nf = 192817

As a whole, the fatigue 

behavior of Mg/steel 

dissimilar spot welds is 

better than that of Mg/Mg 

similar spot welds, which 

can be attributed

the higher effective bond 

area in Mg/steel dissimilar 

welds due to liquid Zn 

brazing around the interface  



Cold metal transfer welding of Al/steel butt joint

Base materials: Al 2024 (1.27 mm) and DP 600 (1.0 mm)

Filler material: AlSi3Mn

Welding speed: 305 mm/min

Wire feed speed: 3.4 m/min

Set-up Weld top surface Weld bottom surface
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Microstructure of CMT welded Al/steel butt joint
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Mechanical properties of CMT welded Al/steel butt joint

Uniaxial tension tests 

Al Steel 

Steel Al

Steel Al

Steel Al

Before test 

After test 



Re-fill Friction stir spot welding of Mg-steel



Summary

Both CMT spot welding and R-FSSW showed promising results when joining 

Mg alloy to steel

Zn coating was essential for achieving a metallurgical bond with high strength

between Mg alloy and steel

Nano-meter intermetallic reaction layer between Mg-steel resulted in a strong joint


