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ABSTRACT

Using the d]loy ﬁl&HQ.5Mg/ as an example, the influence
of shot peening on i stress corrosion resistance and
corrosion fatigue hehavior was investigated.
ded 2gt samples of the alloy were shot peened
: el and ceramic beasds as well as granulated
minium material. The samples were tested in 2% and
Nall-soiution for stress corrosicn resistance. With
w5, steel and Granal, & significant improvement of
e over 60 days withoul fracture was achieved in these
tests,
fFarthermore, a significant imnprovement of the corrosion fati-
gue behavior in 2% NaCl waz achieved, For bhett understan-
ding the mechanism invelved, the residoasl compressive
styesses were measured by X-ray mLLhOda. The individual
results of the stress and fatigue corrosion tests and
the effect of peening will be discussed.
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INTRODUCTTON

The results of the stress corrosion tests on welded

AlZnd. 5Mg? peened with glass beads were reported at the first
conference (W. FKoehler, 1981). With optimized parameters and
Almen intensity of 0.16 A2 . a significant improvement of
shress correslion resistance was achleved., In addition to
these experiments, fTurther peening materiasls with different
hardness and devnsity such as steel, cesramic and granulated
Aluminiunm waere investigated,
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The aim of the experimental work was to find the most suit-
able peening material and the best parameters to prevent
stress and fatigue corrosion on welded seams as well as to
establish a basis for the use of the high strength of the
alloy ALZnd.5%Mgz for welded structures,

SHOT PEENING MATERIALS AND TREATMENT

For shot peening, four different peening materials were used

{see table 1).

- Glass beads were used in the first part of the investi-
gations {(W. Koehler, 1981).

-~ Steel shot produce high Almen-intensities, but have the dis-
advantage that after peening the aluminium surface has to be
cleaned by wet peening with glass or etching to remove the
iron particles from the surface which would otherwise cause
pitting corrcsion.

-~ The ceramic beads consist of Zr0, and Si0Q, with high hard-
ness. They have a longer life tifme during peening than glass
pbeads (N, Niku-Lari, 1981}.

- Aluminium (Granal S 120 } consists of granulated cast Alumi=
nium as it is used for surface treatment of light metals.

TABLE l: 5hot peening materials

peening materzal | particle ¢ hardness HY density
mm ¥p/mm’ g/ecm?
glass 0.15-0.25 457 2.5
glass 0.42-0.84 457 2.5
steal 0.50-0.70 455 7.9
steel 3.15-3.50 480 7.9
caeramic ER 120 0.42~0.85 300-1000 3.9
aluminium 1.20-1.80 G0-130 2.7

The shot peening treatment was performed at the Institute of
Metal Forming, Preof. R. Kopp, Aachen, in compressed ailr cham-—
her. Welded (MIG-method) tenslle test samples of the

alloy AlZnd.5Mg?2 state T6 (HV = 125-150 Kp/mm® ) with

4 mm thickness were shot peened on all sides with defined
parameters. To guarantee that the surfaces were hit verti-
cally by the peening materials, the flanks of the weld

seams were additionally peened at an angle of 70°,

Samples peened with steel were additionally wet peened with
glass beads of 0.25% - 0.42 ¢ mn and Almen intensity of 0.2 N2
mm to remove the impurities from the aluminium surface and to
prevent pitting corrosion. Tabkle 2 shows the different pee-
ning treatments and the depth of roughness on the aluminium
surface,

The roughness depends primarily on the type of peening mate-
rial used. The roughness increases with the Almen intensi-
ty concerning the ceramic material.



TABLE 2: Depth of roughness

peening material peening parameter

Rt R
@ in mm c [%] T {mm AZ] um] [uf]
steel 0.5-0.7 ¢ 98 0.21 30.1 4,3
+ glass (wet) 2x%98 0.22 31.8 4.7
steel JUT5-3.5 ¢ 58 0.38 35.0 6,2
+ glass (wet) 2x98 .42 33.6 5.7
ceramic 0.42-0.85 ¢ | 98 0.14 18.5 2,9
2x%98 G.16 19.5 3.0
98 0,24 36.8 6.1
2%98 0.3 32.9 5.4
aluminium 1.2~7.8 ¢ | 98 0,07 24,9 3.9
2x98 0.085 25.2 4.3
C = coverage, 1 = intensity

RESIDUAL STRESSES

The residual compressive stresses caused by shot peening on
the surfaces were measured by X-ray methods (W, Koehler,
1983). Major results are shown in fig. 1 for steel peened and
in fig. 2 for ceramic and aluminium peened samples. For ﬁhe sam-
ples peened with steel shot of 0.7 mm ¢, the maximum‘re51~
dual stress lies about 0.1 mm under the surface, It is sur-
prising that the sample with double surface coverage shaws
lower values of compressive stresses than the sample with
single surface coverage. This indicates that the optlnun pee-
ning intensity has been exceeded and a fatigue process

nas caused a slight decrease in compressive stress. {(§5.5. Bir-

0 , . ley 1972)
L)
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For the samples peened with steel shot of 3.5 mm ¢, a pro-
nounced maximum of compressive stresses was measured
between 0.1 and 0.5 mm and a stress penetration depth

of 1.0 mm.

The samples peened with ceramic beads show the maximum com-—
pressive stresses to be about 0.1 mm and the penetration
depth 0.7 mm.

128



/fxﬂ&"‘ Fig. 2:
s ,///‘ Residual stresses at

T A Aluminium and Ceramic
peened samples.

oAluminium 1x98%
T @ Aluminium 2x38% 7
oCeramic 1x88%

Residual stress 6in Nimm2

01 02 03 04 05 06 07
Depth in mm

samples peened with aluminium show the maximum compressive

stress at 0.25% mm. The stress penetration depth of 0.7 mm is

surprising compared with the low Almen intensityof 0.085 AZ mm.

The measured caracteristic values of stress are listed in

table 3. For comparison, the table contains also the former

measured values for glass.

-300

3: Measured charvacteristic residual compressive
stressas

TARLI

sample penetrat.
’ surfaca depth of depth of
peening mm C I stresges max.stresgs | stressaes
material ¢ [&1 {AZ mml {N/mm‘] [mmJ imm]
steel o7 98 0,21 ~166 0.1 0.42
E 1 0.7 %98 0.22 166 0.1 0.37
steel 3.5 98 0.38 -248 0.1~0.5% 1.0
ceramlc O.85 983 0. 24 =170 c.1 o7
aluminium 1.8 i) .07 -130 0.25 .72
aluminium 1.8 2x98 .08 -130 0.25 0.72
glass 0. 84 28 G.16 ~189 - -
glass 0,84 2x88 0.18 ~ 190 0.08 G, 35

STRESS CORROSION TESTS

The stregss correosion tests were carried out under constant
load in individual corrosion test devices. The loads were
applied by tensioned helicoidal springs.

As corrosion medium a 2% NaCl and 3.5% NaCl-solution with
0.5% Na.Cr0, (as corrosion inhibitor against exfoliation)
with pH = 3 was used. The loads were 75% of the yield
strength.

For comparigson, unpeened samples were tested for stress
corrosion resistance. The average life in the stress corro-
sion test of these samples was 8 days in 3.5% NaCl and

20 days in 2% NaCl. The cracks in all samples proceeded
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along the border of the weld seam. The samples cracked be-
cause of so called "weld seam boundary corrosion” (H. Cordier,
1977; M. Pirner, 1975%) as it is known from AlZnd.S5Mgl.
Samples which were shot peened with the different peening
materials showed a significant increase of life in the stress
corrosion test {(see fig. 3).

The samples peened with steel shot of 0.7 ¢ and 3.5 ¢ mm

plus wet glass beads reached lives of more than 60 days in

2% NaCl. Samples peened with aluminium alsc survived for more
than 60 days in 3.5% NaCl without cracks. This means

for the aluminium peened samples, a life improvement of

more than 8 times as compared with the unpeened samples.

Ceramic peened samples achieved only average lives between
& and 2% days in 3.5% NaCl depending on the Almen intensity.

The unbroken samples were taken from the test device after
60 days and the residual strength was determined. The
strength proved still to be sufficient for all samples,.

o F 2% 35%
g, Ni(?t NeCl
60- :
E Fig. 3:
& Average life of MIG-welded
;40“ 5% samples in stress corrosion
= 2% NaCl tegt§ with different shot
% NaCi peening treatment.
4 20" a5 35%
NaC Net

unpeened Steel Ceramic Alu
07¢ 085¢ 18¢
+Glass

Iamml= 022 04 03 008

CORROSION PATIGUE TESTS

Under cyclic loads in corrosion media, the weld seams of
AnZnd,5Mg?2 may be susceptible to corrosion fatigue. There-
fore, the influence of shot peening on corrosion fatigue was
investigated. The tests waere H%ge on a hydropulse machine at
freguency of 15 Hz and R = %ﬁ;; = (0,1, During the tests, the
samples were surrounded by a cylinder containing 2% NaCl so-
lution with a pH of 4 buffered by sodium acetat.

At first, unpeened samples and then samples shot peened with
ceramic beads with I = 0.714 and ¢.24 A2 nm and aluminium with
T = 0.,08% A2 mm were tested. The Whoehler curves are shown in
fig. 4 and 5. By shot peening with ceramic and also aluminium,
an improvement of the fatigue corrosion of more than an order
of magnitude was obtained compared with the unpeened samples.
For comparison, fig. 5 also c¢ontalns the fatigue strength in
air of samples shot peened with aluminium.

No significant difference exists between the two peening
parameters of the samples peensd with ceramic. The improve-
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ment in fatigue corrosion is probably compensated by the in-
crease in voughness from R_ = 18.5 to R, = 36.8 um.
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DISCUSSION

For the welded high strength alloy Al%nd.5Mg2, which

can exhibit a high sensivity tc stress corrosion in the
state T 6, it was shown that shot peening significantly
improves the stress and fatigue corrosion behavior.

By means of shot peening with steel, lives of more than

60 days without crack in the stress corrosion test were ob-
tained. The disadvantage of steel shot is, however, that
because of the remaining contamination on the aluminium sur-
face, an additional peening treatment with wet glass (TMSH-
method) for cleaning is necessary.

By peening with ceramic beads, only a small improvement in
stress corrvosion resistance in spite of high Almen intensi-
ties was achieved., The high surface roughness is probably
responsible for the low result. The peening material contal-
ned, in addition to the spherical beads, a portion of
longish particles which break during peening and caused
sharp notches in the surface.
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Samples peened with aluminium achieved lives of wmore than 60
days in spite of the low Almen intensities. The Almen inten-~
ity is probably unsuitable as a measuring uniit for peening
materialg with low hardness, The impact mechaniswm of the soft
aluminium is quite different from steel, ceramic or glass.
This seems to be responsible for relatively high compressive
stresses in splte of low Almen~intensities.

Ac the present state of knowledge for improvement in stress
corresion of Aluminium, glass beads and granulated aluminium
{Granal } are the most suitable peening materials.

Shot peening with ceramic and with aluminium alsc increased
the corrosion fatigue behavior. The increase for both
materiais is of the same order of magnitude. Concerning

the ceramic material, it seems advisible to peen with

lower intensities to reduce the surfsce roughness which

has a negative effect. The influence of glass

beads on fatigue corresion is heing investigated at present
rohine .

=

The beneficial effects of shot peening on corrosion behavior
depends on various factors. Peening produoces a deformed sur-
face layer with increased hardness. The grain boundaries
directly on the surface also become smeared. In addition,
compressive residual stresses are induced in the surface. The
value of the compressive stresses depends upon the hardnass
of the peening na riais. The peneiration desths of stresses
increase with impression diameters {(K.P. Hornauar, 188Z)
which depends on the diameter and velocity of the beads

and the yield point of the peened surface.

These investligations were sponsored by the Ministiry of
fefense.
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