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1 Introduction 

Special fields where the application of aluminium alloys offer many advantages can be found in 
the whole field of transportation. Due to strongly increased energy costs the weight factor of 
transport vehicles like cars, trains and aircrafts has become one of the most important factors 
because the costs for each vehicle depend directly on its weight. The possibility of substitution of 
steels by aluminium alloys in fatigue loaded constructions requires the easy applicability of manu- 
facturing techniques where joining processes are a very important part. From steels it is well 
known that the fatigue strength of a welded construction usually will be very low in comparison 
with that of the base material. A further problem is, that the notches which are an effect accom- 
panying the welding process will be the more effective the higher the ultimate strength of the 
base material is. This is the reason because the use of modern high strength stecls is not helpful 
with regard on a weight reduction because the higher potential fatigue strength cannot be found 
in the welded constructions, if the fabrication procedures are the same. 

2 PossibiLities of fatigue strength improvement of welded joints 

Most of the results of investigations with the aim of a remarkable fatigue strength improvement 
have been carried out on relatively low strength steels and in some cases also in high strength 
steels /1,7]. As an example fig.1 shows two dtfferent improvement strategies can be used. One 
way is to use welding procedures which will 
generate a flat weld seam without sharp 
notches like TlGwelding or manual-arc- 
welding (MAW) with special electrodes which 
may produce a flat weld seam due to a low slag 
viscosity. The second way is the application of 
different post weld treatment techniques, 
where mechanical and thermal treatments can 
be distinguished. Very effective thermal meth- 
ods will generate a flat weld toe by remelting 
this zone with a TIG- or plasma arc without 
additional use of fder material. Another post 
weld heat treatment is stress relief annealing 
which shall reduce high tensile residual stresses. different post weld treatments 121 

However the results are strongly varying be- 
cause the initial tensile residual stresses mostly are much lower than assumed and the influence ( 
the residual stresses is probably much lower than the influence of weld defects and notches. 



Mechanical surface treatment methods whtch can be applted after weldlng are methods hke 
grinding ( the complete weld seam or only the weld toe), hammer- or needle-peerung, shot peen- 
mg and cold rollmg. These methods wdl reduce the notch effects (g~~nd~ng)  or wdl Increase the 
resistance against crack 
initiation by cold worhng 
induced surface hardening 
respectively of the crack 
propagation by the genera- 
tion of htgh compressive 
residual stresses [6]. Newer 
methods like the Ultra- 
sonic-Impact-Treatment 
(UIT) [8] also enable fatigue 
strength improvements, b ~ ~ t  
the changes of the micro- 
structural properties have 
sull to be examined. As the 
rrs~dts of a mild steel in 
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F~gure 2. Overmew of mechanical surface treatment methods for 
the fatigue strength improvement and affected ~urface features. 

fig.1 reveal each improvement method may increase the fatigue strength but it has to be consid- 
ered, that different features of the surface are affected by the methods summarized in fig.2 in a 
different way. For example the increase of the surface roughness due to shot peening is a factor, 
which compensates a part of the fatigue strength improvement achieved by the generation of 
compressive residuals stresses, an effect which is very important in high strength steels or in high 
strength aluminium alloys. 

3 Comparison of weld seam improvement and shot peening 

A very popular welding method is the Metal-Inert-Gas- WIG-) welding process which is avail- 
able in different variations. The process is easy to handle and combines a high productivity with 
good process stability if a modern welding equipment is used. Unfortunately the weld bead can- 
not be controlled carefully because high welding speed, current and the speed of the wire are 
parameters which depend on each other. Therefore the geometry of the weld seam is connected 
with relatively sharp notches 
and undercuts at the weld toe 
which lead to a low fatigue 
strength o in comparison to 
the base material. 

The Tungsten-Inert-Gas- 
(TIG-) welding process en- 
ables very flat weld seams 
with a strongly reduced notch 
effect but the productivity of 
the process is low due to a 
low weldtng speed. Investiga- 
tions on steels have shown 

Figure 3: Comparison of the weld seam profile and the hardness 
distributions of MIG- and TIG-welded joints of a cold worked 
AIMg4.5Mn G35-doy (R,=350 N/mm2) [3]. 



that a combination of TIG-and MIG- (MAC) processes also enables an acceptable productivity 
in combination with an improved fatigue strength, However the applicability of different im- 
provement techniques which are very effective in steels cannot be simply assigned on cold 
formed or age hardened aluminium alloys, which are very sensitive against an oversized local heat 
input, because the welding process in combination with a broadened heat affected zone (HA%) 
will generate a weld zone with a hardness significantly below the hardness of the base material. 
Wide softening zones are typical for TIG-welded aluminium alloys. As fig. 3 shows TIG-process 
enables the generation of a very flat weld seam with a smooth notch geometry at the weld toe in 
comparison to a conventional MIG-welded joint but with a broadened softened zone in relation 
to a MIG-welded plate [3]. 

After TlG-dressing the fatigue cracks frequently will start in the softened transition zone from 
the H A 2  to the base material. The notch effect of the weld toe is reduced but without a strong 
benefit for the fatigue strength. O n  the other 
hand a shot peening process well adjusted on 
the base material has the same beneficial effect 
as the combination of weld seam improvement 
and shot peening in steels. Pig. 4 summarizes 
S-N-curves obtained on a cold formed AlMg 
4.5 Mn-alloy [3]. The combination of a peening 
process with high enough intensity to produce 
hgh  compressive residual stresses and surface 
hardening and an additional surface finishing 
by peening with glass pearls in order to reduce 
the surface roughness res~ilts in a fatigile 
strength which is as high as that of the base 
material. The use of a steel shot whith a size 
well adjusted on the notch racks at the weld 
toe surface hardening and compressive residual 
stresses are combined with an improved notch 
geometry due to the plastic deformations. 
Methods like hammer- or needle-peening also 
induce compressive residual stresses in combi- 
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Figure 4: Comparison of the S-N-curves of 
AMg4.5Mn G35-alloy welded joints in the 
as-welded state and after optimised shot 
~ e e n i n ~  131. 

nation with cold hardening of surface layers. 
Howeever these processes lead to a higher surface roughness. Therefore newer methods like la- 
ser-shock treatment and high-pressure-water peening have been developed with the aim to in- 
duce compressive residual stresses without changes of the surface topography. Results of investi- 
gations on light-weight alloys reveal that significant compressive residual stresses may be gener- 
ated however not many results of fatigue test are available. 

4 Fatigue strength improvement of TIG-welded aluminium joints 

In [4] 5 mm TIG-welded plates of an AlMg4.5Mn0.7-alloy (AA5083) were examined under re- 
versed bending after application of different surface treatment methods. The primary subject of 
t h s  investigation was to maximize the welding speed during one-layer TIG-welding with the aim 



Table 1: Welding parameters for butt welds of 5 mm iVMg4.5Mn0.7-alloy (AA5083) [4]. 

TIC-AC Ar 

TIG-AC He 

TIG-AC Me/Ar 

to combine a good weld seam 
quahty with an acceptable pro- 
ductivity. In table 1 the parame- 
ters are summarized which 
were used for TIC-weldng 
with alternating current. 

The macrographs of the 
'ITG-AC- welded plates (fig. 5) 

Shot peemng 1) 1 High pressure water peerung z, 

current 
[A1 

450 

290 

450 

Shot material: p i 3 0  p e t  pressure: 300 bar 
- 

Hardness: 45.. .55 HRC Distance from nozzle: 45 mm 

- 

- 

- 

- 

- 

L 

the main problem with Table 2: Peening parameters; 1) Metal Improvement Company 
regard to a fatigue strength 2) IWT, Universitat Hannover 
improvement which is con- 

arc length 
[mml 

necteti with one-layer weldments. On the top slde of the weldments the weld seam geometry 
shows the typical features well known from TIC-weldments. A flat weld seam with a smooth 
macroscopic notch geometry. The jomt TIG-AC welded under Hehum seems to have the 

wire speed 
[m/min] 

1.98 

2.52 

3.42 

- 
frequency 

[Hz] 

Specification: / MI 230 R / Overlap: 

smoothest notch geometry and 
the specimen welded with a krgh 
weldlng speed of 1.52 m/min 
under Ar/He shows a significant 
undercut of the weld seam. The 

1 mm 

notch factors of the different 
welds calculated with the meas- 

welding speed 
[m/min] 

0.90 

0.83 

1.52 

2 

2 

1.5 

ured geometry parameters are 
between 1.28 and 1.53. However 
the fatigue strength under re- 

shielding gas 
@/mini 

12 (Ar) 

24 (He) 

29 (He/Ar 90/10) 

100 

60 

160 
. 

versed bendng was uniformly 
between 55 and 57 N/mm2 and 
that is to say significantly below 
the fatigue strength of the base 
material (1 18 N/mm2). 

The TIG-AC-Ar- and the TIG- 
AC-Ar/IHe-welded joints were 
addtionally examined after dif- 
ferent peening procedures (tab. 
2). Fig.6 shows the residual 
stresses measured at the surface 
by means of X-rays. In the as- 
welded state slight tensile residual 
stresses with maxunum values of 
70 N/mm2 are found in the weld 

dwtance from weld centre [mm] 

Figure 5: Comparison of the weld seam profde and the hard- 
ness distributions of TIG-AC-welded joints of an AlMg 4.5 
Mn 0.7-alloy (Rm=253 N/mm2) [4]. 



seam. Both surface treatment methods induce compressive residual stresses in the weld seam and 
in the base material which are approximately on the same level, the greatest compressive residual 
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observed In the 
weld seam after 
shot peening. A 
significant dif- 
ference betwcen 
both methods 
can be charac- 
terized bv the 

disrancr from weld centre [mm] dismncr from weld ccnne [mm] half width dis- 
tributions of the 

Figure 6: Distributions of the transverse residual stresses and of the half 
diffraction Lines. 

widths after welding, high pressure water peening and after shot peening. 
The half widths 

across the weld after high pressure water peening are almost the same than after welding, O n  thc 
other side the shot peening process leads to a significant increase of the half widths in the weld 
seam and in the base material (fig. 6). 

The depth profdes of the residual stresses and of the half widths (fig. 7) obtained after incre- 
mental electrochemical polishing evidently show, that the effect of the water peening process is 
limited on the generation of compressive residual stresses in the surface without any changes of 
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Ftgure 7 Resldual stress depth profdes and half wtdth &stnbuuons after 
htgh pressure water pcentng and after shot peentng 

the local 
strength proper- 
ties which can 
be characterized 
by the half 
widths. On the 
other side the 
penetration of 
the plastic de- 
formations con- 
nected with the 
shot peening 
process is much 
higher. The - 

maximum of the compressive residual stresses can be found in a depth between 0.05 and 0.15 
mm, the magnitude of the compressive residual stresses is higher and the depth distribution of 
the half widths indicates a remarkable cold hardening of the surface layers. 

The S-N-curves of the different treated specimens determined under reversed bending (frac- 
ture probability 50%) are given in fig. 8. In  comparison to the base material the fatigue strength 
decreases significantly as expected to values which are in both cases 50% of the fatigue strength 
of the base material. The different geometry at the weld toes of the top side of the weld seam 
which is a consequence of the different welding speeds obviously does not result in a dfferent 
fatigue behaviour. The fatigue strength is nearly as high as the fatigue strength after conventional 
MIG-welding. This is caused by the dominating notch effect of the weld toes at the bottom side, 
where the notch geometry is the same as it can be observed in MIG-welded joints, Because the 



atcs have been welded with one layer a 
in control of the weld seam profiles on 
sides of the welded plates which is 

usunlly possible during TIG-weldng due to 
tllc separate input of the heat and of the 
filler material could not be achieved. As fig. 
8 reveals both peening procedures which 
were applied in this investigation lead to an 
ilnprovement of the fatigue strengtk After 
high pressure water peening at the weld 
toes the fatigue strength is increased from 
57 N/mm2 to 75 N/mm2. This is equiva- 
icnr to a percentage of more than 30%, 
however the fatigue strength value is sig-- 
niticantly below the base material After 
shot peening the fatigue strength is in- 
creased from 57 N/mmz to 123 N/mm2 
:~nd that is to say to the level of the base 
material. The significant improvement of 
the fatigue strength due to shot peening is 
limited on stress amplitudes, which lead to 
high number of load cycles. With increas- 
ing stress amplitude the benefit dsappears. 
'l'his is in agreement with well known re- 
sults from literature on steels and alumin- 
ium alloys. 

As summarized in fig. 2 the mechanical 
surface treatment methods affect three 
pxatneters which are important for the 
fatigue behaviour, the residual stresses, 
hardness of surface layers and surface 
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F~gure 8 S N curves (50% fracture probab~hty) 
of TIG-AC-Ar- and TIG-AC-He/Ar-welded 
AlMg 4 5 Mn 0 7-jolnts In the as-welded state 
and after a mechamcal surface treatment 141. 

roughness. Due to shot peening beneficial compressive residual stresses are induced and the sur- 
face hardness increases. On the other side the surface roughness increases as well which may 
have a negative effect for the fatigue strength. The magnitude and the dstribution of the induced 
compressive residual stresses wiU be the more important the higher the ultimate strength of the 
material is. T h s  is caused by the effect, that in low strength materials the residual stresses will be 
reduced strongly during the first cycles because the fatigue strength is very close to the yield 
strength respectively to the cyclic yield strength. With increasing ultimate strength the cyclic yield 
strength increases stronger than the fatigue strength with consequence of more stable residual 
stresses. On the other hand the surface hardening effect becomes less important but the surface 
roughness has to be considered. 'Therefore in weldments, which are mostly built by relatively low 
strength metals, the more important Factor for the fatigue strength improvement due to mechani- 
cal surface treatments is the cold working induced surface hardening. 'The compressive residual 
stresses are also effective but they will be reduced strongly at higher load amplitudes. Thus the 
fatigue strength improvement due to high pressure water peening is much lower than due to shot 
peening because the surface hardness is not changed significantly. This results frequently in a flat 
slope of the S-N-curve with the consequence that the fatigue limits at h g h  load amplitudes are as 



high as in untreated joints. In aluminium alloys the surface roughness is an additional very impor- 
tant parameter because the effectiveness of small notches -- and the higher surface roughness can 
be interpreted as a notch factor -- can be much higher than in low strength steels. 

5 Conclusions 

Different methods for the fatigue strength improvements are available whch can be applied on 
welded joints of steels and light weight alloys. However the recommended way first to improve 
the weld seam profde and then to apply a mechanical surface treatment only in steels will result in 
a fatigue strength which is equivalent to the base material. In h g h  strength aluminium alloys the 
improvement of the weld seam profile wdl only result in a significantly better fatigue strength, if 
the weld seam improvement is not connected with a strong softening in the weld seam and in the 
HAZ due to high local heat input. In welded joints with one-layer welds or in constructions 
whch cannot be welded from both sides the improvement of the weld seam geometry for exam- 
ple with help of TIG-dressing will not result necessarily in an improved fatigue strength. 

A mechanical surface treatment as demonstrated with shot peening can result in a fatigue 
strength improvement, where the fatigue strength of the weldments may reach the value of the- 
base material. 7'krs can acheved without an especially optimised weldmg process. However the 
avoidance of a broad softening zone is required because results of experiments after a combined 
treatment (e.g. TIG-dressing and shot peening [4]) have shown, that the softening effects cannot 
be compensated by the mechanical surface treatments. Several other improvement methods are 
available, but their principles have to be clarified respectively it has to be examined, in whch 
cases these methods my be applicable under cnnsid~ratinn of rconomicd boundary conditions. 
However the success of each fa t ig~~e strength improvement method depends on the possibhties 
to affect all points of a weldrnent, where the probabhty of a crack initiation high. This is also 
valid for methods like shot peening. If places with sharp notches as the root of fillet welds or the 
bottom side of one-layer butt welds cannot be affected, an application of a post weld treatment 
method wdl result only in a shft  of the crack initiation sites without a significant improvement of 
the fatigue strength. 
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