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EffEct of flap pEEning SpEEd on thE SurfacE Quality and Micro hardnESS  
of aircraft aluMinuM alloyS

flap peening (fP) is a cold working technique used to apply a compressive force using small shots, this will lead to enhance 
the surface properties that it can sustain for long life during working conditions. In this study, several aircraft aluminum alloys ma-
terials namely; 2219 t6, 2024 t6, 7075t6, and 6061 t6 were flap peened under different rotational speeds. the effect of rotational 
speed on the average surface roughness (Ra) and average surface micro hardness have been investigated. as seen by the Scanning 
electron Microscope SeM phots that the hardness of peened layer is increased. It was found that as the flap peening speeds increase 
the percent change in surface roughness (Ra) increases, and the percent change in surface micro hardness decreases. the maximum 
increase in Ra occurs in 2219 t80 and the minimum in 6061 t6 alloys, and for hardness, it is reported that the maximum occurs 
in 6061 t6 and the minimum in 2019 t80 alloy. 
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1. introduction 

the high specific strength of aluminum alloys has extended 
its potential applications to the aerospace field. Mechanical sur-
face enhancement technologies have been used for improving 
the fatigue strength of aluminum alloys because it is well known 
that most failures of material occur at its surface. the selection 
of these al-alloys; 2219 t6, 2024 t6, 7075t6, and 6061 due 
to their wide usage in the aircraft industry, i.e. boing airplanes. 
most airplanes parts especially that subjected to cyclic loading 
after should be flap or shot peened to enhance its life time, also 
it will be preventing treated parts from crack initiation and crack 
propagation, on the other hands this process used to repair the 
failure of some parts.

 among such technologies, Shot peening, which is one of 
the surface modification processes, is widely used in the industry. 
It induces severe plastic deformation directly onto the surface 
region of materials. It has been reported that severe plastic defor-
mation on the surface region leads to surface un crystallization 
and which causes improvements in mechanical, corrosion, wear 
properties, and fatigue strength, [1-6]. the atoms on the surface 
of a piece of manufactured metal will be (mostly) under tensile 
stresses which leftover from grinding, welding, heat treatments, 

and other stressful production processes. Cracks promulgate 
easily in areas of tensile stress because the tensile stresses are 
already working to pull the atoms of the metal apart. by shot 
peening the material you introduce a layer of compressive stress 
by compacting the material. as the shot peening is performed, 
the atoms on the surface of the metal become crowded and try 
to restore the metal’s original shape by pushing outward. the 
atoms deeper into the metal are pulled toward the surface by their 
bonds with the atoms in the compressive layer. these deeper 
atoms resist the outward pull creating internal tensile stress that 
keeps the part in equilibrium with the compressive stress on the 
surface, [7-9]. a flap peening process is a form of shot peening 
and it is very useful for reworking small spaces. the flap is also 
called freestanding peening because the shot is attached to the 
flap allowing for use on the assembled structures since the shot 
does not fly in all directions. On the other hand, Sheen peening is 
used to shape parts like side panels, and although the intensity is 
limited by the flap it is still high enough to enable straightening 
under certain conditions. Improved fatigue for lead polishing 
has been well documented but not the case for volatile staining. 
Recently, an OeM questioned the flap straightening process to 
conclude that this process would reduce the shelf life of the part. 
the method was surprisingly effective, so it was incorporated 
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into our straightening and straightening process specifications. 
It was decided that although the inhibition process is known to 
increase the life of fatigue, we must test it on straight samples 
to demonstrate that the method is a viable and cost-effective 
method without affecting the parts. Peening is a cold old pro-
cess for metals. when the medieval blacksmiths crafted swords 
and shields, they punched the metal and moved the remaining 
pressure to the surface. this reinforced the surface pressure of 
the material pressure, which improved the resistance to fatigue 
fracture and stress wear. the upper plate has generally replaced 
the blacksmith hammer in the modern industry. but the benefits 
of the process are the same. Most peening methods of fire cast 
steel fire on the work surface. an air blast, similar to a sandblast, 
or a centrifugal wheel is used to drive fairly high speed. for small 
and/or hard-to-reach surfaces, the captive shot method is more 
convenient and effective. the shot is incorporated into a rotat-
ing brush or flap. a spinning brush or flip-flop is held close to 
the surface so that the captive fire hits the metallic surface with 
each revolution, [10]. flap peening is a cold working process that 
imparts a small indentation on the surface of a part by impacting 
small spheres called shot onto the material surface. this process 
creates the same effect that a peening hammer does by causing the 
outer surface to yield in tension. the material directly beneath it 
is subjected to high compressive forces from the deformation and 
tries to restore the outer surface to its original shape. by over-
lapping the surface indentations, a uniform compressive layer 
is achieved at the surface of the material. the compressive layer 
squeezes the grain boundaries of the surface material together and 
significantly delays the initiation of fatigue cracking. as a result, 
the fatigue life of the part can be greatly increased, [10]. Surface 
integrity contains several indexes, such as surface roughness, 
surface topography, surface residual stress, surface micro-
hardness, and microstructure, [11]. friction was considered as 
an influencing parameter on the results of peening. Meguid et 
al., [12] determined that the presence of friction, in the form of 
the friction coefficient µ, between shots and the surface leads 
to a decrease in surface plastic deformation and surface residual 
stresses. Similar conclusions on the effect of friction revealed 
that friction does not have a significant effect on the variation of 
residual stresses and plastic strains for 0.1 ≤ µ ≤ 0.5, one of the 
primary methods for obtaining materials with better mechani-
cal properties is the surface treatment technology. among these 
processes is laser surface alloying, which can lead to obtaining 
good wear resistance on aluminum substrate, [13-15]. 

In this study, the effects of flap peening speed on the aver-
age surface microhardness and average surface roughness (Ra) 

of aircraft aluminum alloys namely; 2219 t6, 2024 t6, 7075t6, 
and 6061 t6 will be investigated. 

2. Experimental part

2.1. Materials

the materials used in this study are 2219 t80, 6061 t6, 
7075 t6, and 2024 t3 aluminum alloys which were supplied as 
rolled plates with 6 mm thickness. the chemical compositions 
of these alloys are summarized in table 1.

2.2. flap peening process

flap peening uses a flexible flap equipped with tungsten 
carbide balls embedded in a Kevlar matrix. the flap is installed on 
a shaft and rotated using a pneumatic or electric grinding wheel. 
the flap is then applied to the part to be peened or shaped and the 
end balls strike the part to treat it. the process is controlled by the 
rotational speed of the shaft and the size of the flap. the flap peen-
ing machine, almen strip, schematic diagram of the flap peening 
process, and a sample flap peened workpiece are shown in fig. 1. 

2.3. Experimental procedures

2.3.1. Methods of flap peening

2.3.1.1. Strain peening

when the pressure above the compressive pressure exceeds 
the external pressure causes more pressure over the entire com-
pressive layer. this pressure is being created. when the damping 
media is on the surface, the surface layer is tenser due to the 
preload. yield creates additional pressure.

2.3.1.2. intensity

to change media size and snapshot speed using larger media 
or increasing snapshot flow velocity increases the intensity of 
snapshot stabilization. this process is done before the polishing 
process. the detection time for the material is determined from 
the saturation point of the saturation curve, [16].

table 1

Chemical compositions of aluminum alloys (wt. %)

Elements
al alloy Si fe cu Mn Mg cr Zn ti V Zr al

2219 t80 0.06 0.14 6.7 0.31 0.01 0.00 0.03 0.04 0.07 0.13 bal.
6061 t6 0.74 0.6 0.35 0.07 1.0 0.18 0.18 0.03 0.01 0.00 bal.
7075 t6 0.74 0.6 0.35 0.07 1.0 0.18 0.18 0.03 0.01 0.00 bal.
2024 t3 0.50 0.5 4.9 0.9 1.8 0.1 0.05 0.2 0.15 0.05 bal.
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2.3.1.3. coverage

Coverage is the measure of the original surface area that 
has been obliterated by shot dimples. Coverage is crucial to 
high-quality shot peening and should never be less than 100%. 
a surface that does not have 100% coverage is likely to develop 
fatigue cracks in the un-peened surface areas. Miao et al. [16] 
showed from fe simulation that the influence of stretching on 
the arc height is negligible. Moreover, the arc height along the 
length depends mainly on the dimensions of the strip and young’s 
modulus of elasticity. also, the thinner strip and softer material 
will experience higher deformation under the same induced 
bending moment.

2.3.1.4. flap peening test

this procedure is usually used when it is necessary to pre-
stress the surface of a component or part of the structure. every 
workpiece is divided into five regions, where each region is 
flap peened at rotational speeds; 1000, 2000, 4000, 6000, and 
8000 rpm as shown in fig. 2. the feed rate of the flap peen 
mandrel is fixed at 300 mm/min, where the standoff distance is 
also fixed at 15 mm. a SuhaeR flap peeing machine was used 
in this investigation that is shown in fig. 1a. 

Peening flaps must be discarded after 30 minutes of use, 
or, after, the loss of 20% of the tungsten carbide balls if this 
occurs sooner. the main specifications of the flap and balls are 
shown in table 2.

table 2

Main specifications of flap and balls (shots)

Ball material
Ball 

hardness 
(hV)

Ball 
diameter 

(mm)

intensity
(mm n)

Standoff
distance

(mm)

arc 
height
(mm)

tungsten 
carbide balls 1330 0.125-0.425 0.3 15 0.15

2.3.2. Surface roughness test 

average surface roughness (Ra) was measured after each 
flap peening process, using SuRf-CORdeR roughness tester 
based on a cut off distance = 0.8 mm based on ISO 13565 (Rk). 
a sample of surface texture for Ra measurement is shown 
in appendix a. the measurements were taken at three different 
locations, then the average of (Ra) was obtained.

a 

Tungsten 
Carbide 
Balls 

c 

Workpiec

Flexible Flap

e  

p 

b

d

Flap 
peened 

fig. 1. a) SuhaeR flap peening machine, (b) almen Strips, (c) Schematic of flap peening strip, and (d) a sample of the tested material

8000 r.p.m

6000 r.p.m

4000 r.p.m

1000 r.p.m

2000 r.p

fig. 2. aluminum workpiece after flap peeing process at different 
speeds, 10×
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2.3.3. Microhardness tests

vickers microhardness measurements were conducted 
more than 10 times for each hardness value using micro vickers 
hardness tester (hwdM-3) with a load of 100 gmf and dwell 
time of 10 s. 

2.3.4. Macrostructure examination

a microscope type (NIKON 108) was used in the mac-
rostructure test, that a photomicroscans at 10× and 20× were 
performed for different aluminum alloys.

3. results

3.1. the effect of flap peening speed  
on the microhardness of al alloys

the average microhardness of 2219 t80, 2024 t3, 7075 
t6, and 6061 t6 aluminum alloys (as received) are summarized 
in the histogram of fig. 3. the 6061 t6 alloy has the maximum 
microhardness and the 7075 t6 alloy has the minimum micro-
hardness. 
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fig. 3. average micro-hardness of al alloys before flap peening process

the microhardness results after flap peening are shown 
in fig. 4. the microhardness of all the aluminum workpieces 
increases as the flap peening speed increase. for all rotational 
speeds under consideration, the microhardness increases by the 
flap peening process. also, there is an indirect relation between 
the microhardness and the rotational speeds under considera-
tion. at 1000 rpm rotational speed, the maximum percentage 
increase in microhardness occurs in 6061 t6 (i.e., 140%) and 
the minimum percentage increase in microhardness occurs in 
2219 t80 (i.e., 65%). also, it can be seen that the minimum 
microhardness values occur at high velocities and they are being 

still greater than those values before the flap peening process 
for all aluminum alloys. 

the trend of the results agrees with those available in other 
studies of the shot peening process conducted on 2024 t3 alloy 
[17]. the increase in microhardness results from the disloca-
tions on the surface by energy form shots and from the small 
precipitations that remained undissolved and kept its original 
shape despite severe plastic deformation could be considered 
to be a secondary factor for the surface hardening [17]. the 
microstructural effect of shot peening in aluminum alloys is 
ambiguous. On one side, work hardening is responsible for en-
hanced resistance to crack initiation, on the other side, it causes 
lower crack growth resistance due to material embrittlement, 
[18]. Regarding the effect of sever plastic deformation wu. et 
al. [19] reported that there is an induced subdivision of grain and 
aluminum alloy 7075 was nano crystallized by subgrain rotation 
to accommodate the strain, where other researchers reported that 
severe plastic deformation grains of aluminum alloy 2024 were 
refined into nano-sized grains by the sequence of dense disloca-
tion and twining, submicron grain, and breakdown of subgrains 
when severe plastic deformation was applied to the surface of 
aluminum alloy 2024, [20]. as a result of the flap, the peening 
process will enhance the fatigue life of mechanical parts, where 
the shot peening process can identify the fatigue source location 
in the subsurface and improve the fatigue life about 23 times 
than the milling process, [21]. the indirect relation between the 
flap peening velocity and the microhardness values due to the 
micro-cracks which are formed at high velocities. these micro-
cracks make the indenter of the testing machine to go easily in the 
surface layer, however, the trace of indenter is increased so the 
hardness value of hardness will decrease, moreover, the increase 
in hardness depend on the ductility limit of material which to 
be peened. aser power. the average micro-hardness value after 
surface laser process was increased from 30 hv to 189 hv for 
al-CuMgMn alloy, [22], moreover, a related study reported that 
the effect of the flap peening process parameters on the corro-
sion and oxidation resistance of the (7075-t6) aluminum alloy 
show a significant modification on the surface morphology, [7].
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3.2. the effect of flap peeningspeed on the average  
surface roughness of al alloys

the average surface roughness (Ra) values of the aluminum 
alloys workpieces, before flap peening processes, are summa-
rized in the histogram of fig. 5.
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the percentage change in roughness (Ra) versus the rota-
tional speed of flap peening is shown in fig. 6. It is obvious that 
as the flap peening velocity increases the roughness increases. 
this is expected and agrees with other studies investigated sur-
face plastic processes such as shot peening and roller burnishing, 
[19], furthermore, fig. 6 shows that the maximum percentage 
increase in the roughness occurs in the 2219 t80 alloy, and 
the minimum percentage decrease in the roughness occurs in 
the 6061 t6 alloys. by comparing the effects of the rotational 
speed of the flap peening process on the microhardness and 
roughness of the aluminum alloys, it can be note that 6061 t6 
alloy has the maximum percentage increase in microhardness 
and the minimum percentage increase in roughness among all 
the aluminum alloys under consideration. also, it can be note 
that 2219 t80 alloy has the minimum percentage increase in mi-

crohardness and the maximum percentage increase in roughness 
among all the aluminum alloys under consideration. In general, 
the increase in microhardness accompanies with an increase in 
roughness, this can be attributed also to the existence of elements 
Mg, Si, Cr, and Zn that available in the 6061 t6 alloy, where 
the effect of shot peening on the average surface roughness was 
studied by [18] show that the effect of the shot peening process 
on samples is very strong and causes a significant increase in 
surface roughness; different milling parameters caused the huge 
difference of surface roughness Ra from 0.184 to 1.4 µm. [23] 
reported that sometime the increase in surface roughness values 
is an advantage that the shot impacts create a higher surface 
roughness, which may contribute to better adhesion of surface 
coatings that are usually applied to reduce oxidation.
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3.3. the effect of flap peening velocity on the surface 
topography of al alloys

fig. 7 shows the surface of aluminum alloy workpieces 
both at high and low flap peening speeds. the grooves have 
more depth at high speeds more than those at low speeds. this 

a b 

fig. 7. Photomacrograph of the peened surface at 20×, a) flap peened surface at low speed, b) flap peened surface at high speed
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can explain the increase in the average surface roughness, 
Ra, at high speeds. also, the deepest grooves make the micro 
indenter easily to go through the surface layer, which leads to 
a reduction in the microhardness values. [24] reported that the 
microhardness, residual stresses, and surface roughness of 7075 
alloy under different heat treatment conditions was enhanced, 
and they recommend to have heat treatment after surface plastic 
deformation.

3.4. analysis of depth of flap peened layer

fig. 8 shows the maximum depth of flap peened layer 
for 2219 t80 that achieved (at speed of 1000 rpm), the depth 
is 115 µm, it obvious that it has a homogenous and constant 
depth, the type of residual stresses in this layer changed from 
tensile to compressive one. however, it has a high hardness 
value, however, it will sustain for high load especially under 
cyclic load. It is very important to avoid reach over peening, 
that will lead to the incitation of cracks, also it obvious that the 

grains in the peened layer were refined due to severe plastic 
deformation, this can explain the high increase in microhard-
ness values after the peening process, this is consistent with 
previous study breuner et.al. that reported shot peening leads to 
high compressive residual stresses and increased surface hard-
ness of the specimens due to work hardening. Stress-free anneal-
ing at 750 _C for 8 h reduces both effects; however, they are still  
significant [25]. 

the results revealed significant growth of dendritic arms 
during the solidification process, which is accompanied by 
disintegration and fragment production [26].

SeM scans in fig. 9 show the general surface (as received) 
of 2219 t80 alloy, it obvious that it free of intermetallic com-
pounds.

On the other hands it is clear that in the SeM scans in fig. 10 
after sever plastic deformation that caused by flap peening there 
are an intermetallic compound in white color, this can explain 
the increases in the hardness values, it is also obvious from 
fig. 10 that the distribution of these intermetallic compounds is 
homogenous, where their shapes are eqi-axed.

fig. 8. Photomicroscan shows the flap peened layer of 115 µm depth for 2219 t80 aluminum alloy

fig. 9. SeM of 2219 t80 alloy before flap preening process at 12000× and 3000×
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4. conclusions

the following can be concluded:
• The flap peening process should be used for the aircraft 

industry.
• The best flap peened layer depth is 115 µm that achieved 

at 1000 r.p.m. for 2219 t80.
• There is a direct relationship between the flap speed and 

the surface roughness Ra.
• It is recommended to work at 1000 rpm flap peening speed, 

so the following surface roughness and the percentage 
increase in microhardness can be achieved:
– for 2219 t6, Ra = 1.17 µm and % increase in hardness 

is 65%.
– for 2024 t6, Ra = 0.99 µm and % increase in hardness 

by 70%.
– for 7075 t6, Ra = 1.27 µm and % increase in hardness 

by 107%.
– for 6061 t6, Ra = 0.38 µm and % increase in hardness 

by 140%.

– after peening process heavy plastic deformation produce 
homogenous intermetallic compound that resulted in the 
enhancement in the hardness values.

– Shot impacts create a higher surface roughness, which 
may contribute to better adhesion of surface coatings 
that are usually applied to reduce oxidation.
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