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A program was undertaken to develop methods forx
improving the fatigue perfo 6-H116
alloy aluminum for surface effect ship construction,
Of the methods investigated, postweld brush shot peen-

ice of welded 5

ing was found to offer the best improvement. Shot
ving studies were conducted using two types of com-
5 ally available peening brushes., The effect of
peening parvs msity was deter-
mined., Fatigue test results showed that peening
intensities of 0,0035 to 0.00£0 inch significantly
improved the fatigue performance of 5086 bt and
fillet « ats. The fatipue strength of 53006 butt
welds was improved to the level of unwelded base
metal, and the fatigue strength of 5086 fillet welds
was increased from 5,500 to 10,000 pounds per square
inch at 107 cyclies. The wide range of optimum peen-
ing intensities makes the brush peening process
relatively insensitive to operator error. Based on
the fatigue results, brush shot peening was applied to
waeld repaired fatigue cracks on the surface effect
ship, SES-100A, and was successfully performed on
irregular weld surfaces in areas of limited accessibil-
ity. Due to the significant improvements in fatigue
performance of welded 5086 and the relative insensi-
tivity of fatigue life to operator process variabples,
rotary brush peening should be considered a potential
method to be used in aluminum hull construction for
postweld treatment in areas subjected to localized
cyclic loading.

wmeters on peening int

ADMINISTRATIVE INFORMATION
This report was prepared under Work Units 1-2822-107 and 1-9420-801,
Task Ares 54629, Task 10341,
The work reported herein was conducted under the supervision of
Mr. F.J. Lengenfelder, Head, Titanium and Nonferrous Metals Fabrication

Branch, Fabrication Technology Division.
INTRODUCTION
BACKGROUND

An investigation was conducted at this Center to develop suitable

methods to improve the fatigue performance of welded 5086 alloy aluminum



for snstruction.  During hishespeed operavion the hull of this type

of ship 1s expected to experieace signiticant cyclic lozdiag due to wave

showed that the high cycl se perfor-

encounters. A pravious study

mance of 5086 aluminum alloys was seriously degraded by welding, as shown

in Figure 1. Degradation was attributed to softening of the weld bead and

the presence of weld microporosity, levels of which were either undetec-
1%k

table by radiography or allowable by current standards. Concern over

the potential performance of aluminum welds subjected to cyclic loading

resulted in an investigarion to develop methods to improve the fatigue

o

perforrance of butt—- and fillet-welded 5086 aluminum welds. Methods inves-

tigated for improving fatigue performance included welding procedure modi-
ficarions, improvements in weld quality and postweld treatments, Of the

methods investigated, postweld brush shot peening was shown to signifi-

cantly improve the fatigue strength of butt and fillet welds.

SCOPE
This report presents the results of postweld brush shot peening on the

fatigue performance of butt- and fillet-welded 5086 alloy aluminum.
CXPERIMENTAL PROCEDURE

MATERIALS

The materials of primary consideration for SES construction are
exfoliation resistant grades of 5086 and 54536 alumioum alloys. These
alloys are nonheat-treatable, strengthened primarily by work hardening,
and have essentially the same fatigue performance.l The base plate
chosen for this study was 1/4~ and 5/8-inch-thick alloy 5086 in the H116
exforiation resistant camper.3 Aluminum alloy 3356 filler wire was used

in fabrication of butt and fillet weldments.

*¥A list of abbreviations is given on page vi.

**%A list of references is given on page 37.



PIRG

PARATION AND

snits weve fabricated automatically in the flat position by the
SMAW process in the spray mode. The welding parameters employed are shown

2nts were subjected to radiographic

After welding, the

blanks were vemoved from unwelded base plate and weld-~

ments and machined Into the fatijpue specimens shoun in Figure 2,

mens were prepaved so that all welds were transverse to the long s

votary wire brush {inish.
reversed bending fatlgue (stre

= ~1) using a Sonntag testing machine at a

After machining

the test

EE

gectiong

Specimens were tested

¥

ratio: R

cpm until complete fracture occurred.

TABLE 1

- WELDING
FABRICATION OF 5086~-H116 WELDMENTS

PARAMETE

of the

]
5

minimum

EMPLOYED

gpac imens were 24

TN

vaern g

in air in completely
resg/maximum stress

cycle test frequency of 1800

Weldmer
Ident i
cation

t

1

Voltage

Current

Travel Sp

1

Heat Input

v

A

in/win

mn/ sec

kJ/m

§5-2
35-4
§5~-5
S$5-8
$5-9
§5-10
$5-17
$5-18
Average

Range

27
28
31
30
27
24=-31

230
230
240
265
265
300
245
230
250
230-300

19
21
23
24
21
24
21
22
7

19-24

8.0

9.7
10.2

8-10.2

16-22

70.9
7¢.0
70.0
74.8
78.7
82.7
86.6
74.8
74.8

70.0-86.6




Shot peening

type of

availlable peening brusi

steel shot uniformly di: hondod to

WETEe use

mounted on a rigid hub.

diameter by l-inch width and were mounted on conventional electric hand

grinders as shown 3a. The ovcher type
[ E RN ] P § %, LRI IO WA 5 I SO IPC S «
Military Specification HMIL-W-8L840,7 consists of

g

bonded in one or fwo rows alovg the outer edges o

fv tool as

in a hand-!
In use rhe brushes ave rotated rapidly with peening oceurring s t

shot strikes the workpiece, This Lype of peening, rather than conventional

shot or hammer peening, was investigated because of ‘ts potential for use

as a porcable, manual or automatic method of controlled peening,
1) H ¢

The degree of peening (known as almen intensity) is determined bv mea-

bty induced dvoan originally

suring the curvature, in terms of arc

flat standard steel strip. Tl almen intensity io Jdependent on the force

with which the shot impacts the workpiece ane the time of peening

impact force is depeadent on the type of shot, brush diamerer and rot -
tional sp2ed.
A standard almen strip and almen gage used for determining almen

intensity are shown in Figure 4, The procedures used {or derermining

almen Intensity ave described in wmilitary speciiication MIL~R-81841 acd aro

6
excerpted below.
1. With a new almen strip placed on the almen gage, sot zero curva-
ture on the gage dial.

2. Position the almen strip on magnatic strip holder.
t &

. Brush peen the strip at a fixed speed aud for a given time so as
to fuily cover t° strip with peeniag inpressions.

4. Determine the strip arc height (almen intensity; by placing the
peened strip in the almen gage.

5. The

ip is peened {cr additional periods of time and the intea-

s/ intensity curves.

[N

sities measured to generate peening t



Manufacturers' literature concerning

cieont brush [lap deflection must be obtained for optimum peening resvlis,

small (6714 ¥ 1-

&y

Mindimum and maxinum brush defleccions to be used {for the

carhide shot brush and the 1l-inch-diameter cast steel

inch) tu

- were run with

shiot brush are shown in Figure 5. Preliminary poening

the operator applying sufficient pressure to cause flap deflections

wm Limits of the range shown in

equivalent to both the minimum and maxd

Figure 5. During subsequent discussiors the minimum and maxdmum limits
are referved to as light and heavy peening pressure, respectively, The
rotational speed of the peening brushes was controlled through the use of

a variable speed drive wmotor and a strobe light., Using a practice plate,

was sat by an assistant adjusting the variable speed con-

the brush sp

i
trol while the operator maintained the proper peening pressure. The oper-
ator could then vary peening pressure, as necessary, to maintain a con-
stant speed as indicated by the stationary image of an index mark on the
brush when illuminated by the strobe light set at the desired speed of the

drive motor., This technique controlled both the brush speed and peening

pressure and was not difficult to master,

RESULTS AND DISCUSSIO

The results of Sonntag fitigue tests performed on 5086-H116 base
plate, transverse butt weldments with reinforcement removed, and transverse
tee fillet weldments (shown in Figure 6 and Table 2) indicate that the
fatigue strength of this alloy is seriously degraded by welding. 1In the
butt-welded specimens, fatigue cracks initiated in and propagated through
the weld metal. Cracks in the fillet-welded specimens initiated at the
weld toes and propagated through the HAZ of the continuous member (flange).
To effect an improvement in the fatigue performance of 5086-H116, prelimi-
nary brush peening studies were performed,

To determine initial peening intensities for use on the fatigue spe-

cened nsing

cimens, sections of 5/8-inch-thick 5086-H116 plate were brush i
the 8~ and 12-inch-dlameter brushes, The effect of different combinations

and operator pressure on peening

of brush diameter, brush rpm, peening tis

intensities is plotted in Filgure 7. During the preliminary peenti

the manlmum brush deflection (heavy peening pressure) was found to be the

u




TABLE 2

BASE PLATE

Condition

1
Woldmen

Tdentifica

- FATIGUE PER
i

AND U

*,

Nl

|

SMANCE

OF

EENED WE

F,

LDH

iy

Cycles to
Failure

100

!
i
|
DO86-H116

Base Plate

|
i
t

rion e HPa
15.0 103.4
15.0 1034
17.5 120.6
20.0 137.9
22.5 155.1
22.5 155.1

13.60
24,65
2,60
1.36 |
0.20
0.21

3356 Filler
putt Welds
(Reinforcement
Removad)

§5-1C
55148
55-98
§5-6D
$5-2A
55~23A
55-7C
55~60
$5-1A
$5~78
$5~6A

~
LU

ey
o)

10,
10,
10.¢
11.
12,
12,
12,
14,
15.
15.0
15.0
16.0
17.5
17.5
18.0

o
[ R

W

[ I IRV I O

1.7]
L006
.95
L)S
95
95

6,
th‘%.
68,
79.28
86.18
86.18
86.18
96.55
103.4
103.4
103.4
110.3
120.6
120.¢
124.1

40,22
11.97
1,52
2.48
3.49
4,24
0,94
1.07
1.11
1.69
0.69
0.37
0,43
0.47
0.36
0.12
2.15
0.17

5356 Filler
Fillet Welds

[ O

()

|

-~ Ut
TN D

~i
i

10.0

10.0

34,47
51.71
51.71
658,95
68.95

R = O
« e

fa S SN o]
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0.
0.35
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easiest {or the operator to maintain., It is evident from Figure 7 that

increases in the value of iny one of the peening variables, while main-

the others constart, will result in increascs in the peen ag inten-

taini:

sity. Photographs showing the typical surface appearance of peened alumi-

num plates with the peening parameters and peening Intensitics used are

shown in Figure 8. Examination of the peened surfaces revealed two type

of peneral surface appearvance. Light peening pressure gave the appearance

of overlapping circular spots. This spotted surface, Figures 8a and 8¢,
would normally be expected when using conventional shot peening in which
the steel or carbide shot strikes normal to the surface of the workplece,
Heavy peening pressure produced a spot appearance, superimposed on a back-~
ground of waves running in the direction of peening, Figures 8b, 8d, and 8e.
The wave pattern is felt to be unique to rotary brush peening and is caused
by lateral plastic flow of the surface in the direction of brush rotation,
Based on the amounts and types of surface deformations obtained dur-

ing the preliminary studies, peening parameters were selected for fatigue

screening. Almen (A} scale intensities from 00,0015 to 0.0065 inch, and

peening conditions which results in both spot- and wave-type surface pat-

terns were chosen for initial fatigue evaluation,

BUTT~-WELD PEENING

With weld reinforcements removed, butt-welded 5/8-inch~thick fatigue

w

to almen (A) scale intensities of 0.0015, 0.0025, 0,0035 and 0,0065 inch.

pecimens were peened using the 8- and 12-inch~diameter peening brushes

Peening was performed on both plate surfaces only in the weld area, To
assure that peening intensities were accurate, an almen strip was pecned
along with each fatigue specimen. The specimens peened at intensities of
0.0015 and 0.0035 inch exhibited a spotted surface while the other speci-
mens showed wavy patterns. A typical butt-weld specimen undergoing peening
is shown in Figure 9,

After peening the specimens were fatigue tested. The results of these
screening tests were compared to the results of unpeened butt welds in
Figure 10. Although some peened specimens exhibited surface discontinui-
ties from previous handling, such as dents and machining marks, (Figure 11)

peening caused the fracture to occur away from the defeot locations.



A comparison of fatigue results for unpeencd and peencd specimens taken

from the same weldments (85-2, $5-4) is shown in Table 3. Radlographs of
weldment §5-~4 had revealed extensive lack of fusion defects in the speci-
mens used for fatigue testing. This defect can be scen in the fracture

surface of the unpeecned specimen $5-4A, Figure 12, However, the peenad

specimen taken from this weldment, $5-4C (Figure 12), lasted significantly
longer when tested at a higher stress level and did not fracture through

the defect area.

TABLE 3 - COMPARISON OF FALIGUE PERFORMAR OF UNPEENED
AND PEENED SPECIMENS TROM THE SAME BUTT WELDMENTS

Unpeened Specimens [ Peened Specimens
Weld Cyveles tr ~leg
VO | Straess ,}Ll% NLO Peening Stress qulL” to
Identi- LT e Fracture Inte L Yo T Fracture
lfication E HPa 106 ntensity (51 MPa 106
55-2 15.0 103.4 0.37 0.0065 15.0 103.4 12.54
55-4 10.0 68.95 1.52 0.0065 15.0 103.4 10.62

Analysis of the screening fatigue data did not reveal any deleterious
effects from the type of peened surface, neither wave nor spot, on fatigue
performance. Based on these results additional butt~welded specimens were

generate a full S-N curve, Tests were also run to determine if

peenad to
it were possible to overpeen the butt welds and cause a degradation of
fatigue performance by peening to almen (A) scale intensity of 00,0080 inch.
The results of the fatigue tests performed on the specimens are listed in
Table 4, Figure 13 shows the fatigue test results for all of the peened
butt weldments. These data show that peening in the range of 0.0035 to
0.0080 inch (the maximum peening intensity that could be obtained using the
8- or 12-inch-diameter brushes) significantly improves the fatigue strength
of butt-welded 5086-H116, At the high-cycle to failure end of the curve,
the peened specimen fatigue performance is equal to or possibly higher than

the base metal performance., In the low-cycle, high-stress reglon, peened



TABLE 4 - FATIGUE PERFORMARCE OF POSTWELD
PEENED 5086-H116 BUTT WELDS

P%Gé%?g Styress Cycles to Surface
lnLG“SLLy ksi MPa Appearance
(Almen A) ’ !

0.0035 15.0 103.4 33.4% Spot

0.,0035 17.5 120.6 2.7 Spot
0.0065 15.0 103 4 10.6% Wave

8 15.0 103.4 12.5% 4
‘ 17.5 120.¢ 1.4
! 17.5 | 120.6 2.1 %
| 17.5 | 120.6 2.7 }
| 17.5 | 120.6 12.2 |
i 20.0 137.9 0.2

20.0 137.9 0.5

0.0065 22.5 155.1 0.1 Wave

0,0080 15,0 103.4 12.0% Wave

0.0080 17.5 120.6 3.0 Wave
*No failure.

Notes: All tests in air,
Bending fatigue (R = -1),
Reinforcement removed,
5356 filler wmetal,
Peening performed by 1Z2-inch~diameter brush,

specimens, while performing better than unpeened welds, are only slightly
lower in fatigue strength than the base metal. It is also significant
that the maximum intensity which could be obtained with the 8- or 12-inch
brushes did not result in any deleterious overpeening. This factor, along
with the overall wide range of optimum peening intensities that improve
fatigue performance, 0.0035 to 0.0080 almen (A), makes the brush peening

process relatively insensitive to operator error,

FILLET-WELD PEENING

The effects of postweld peening on fillet-weld fatigue performance
were screened using the optimum butt-weld peening intensities. Peening was
performed using the lZ2~inch-~diameter brush rotating parallel to the

stiffener length direction, Areas further than 3/8-inch away from the toes



of the welds were masked, using glass cloth adhesive tape to prevent

inadvertent peening of these areas. Fillet specimens vere fatipue tested

in two conditions. In the first, »rly the toes of the welds were peencd;

in the other, both the wzld tees and the plate surface opposite the
3 § (38

the stiffener (understide) were peened.
The initial peening had a somewhat erratic effect on fillet-weld

fatigue performance, as shown in Figure 14. Some specimens, peened at
”

0.0035, 0.0065 or 0.0080-inch almen (A) scale intensity, showed a 507

Pl

as

It

} . 7
improvement over the as-welded fatigue strength at 10 cycles, where
other specimens fractured at stress levels and cycles-to~failure equivalent

to unpeened welds. Examination of the fractured specimens revealed the

presence of rolled lips that formed on the specimen edges during peening,
as she.wn in Figure 15. By peening parallel to the stiffener into a free
edge of the specimen, rolled lips were formed and sometimes acted as crack
initiation sites. Crack initiation sites were also located in regions
where local weld irregularities had, in effect, masked the weld toes from
the 12-inch peening brush., It was also observed that peening uvnly the

weld toes forced fatigue initiation to the back or unwelded side of the

Further peening tests showed thar the small tungsten carbide peening
brushes, which were designed for peening in restricted areas, were the most
effective method for obtaining 100% peening coverage, while avoiding exces=-
sive specimen edge deformation. The 9/16- by l-inch flap brush could
easily be manipulated to allow for peening irregularities at the weld toe
while peening parallel or perpendicular to the stiffener,

Fillet-welded, 1/4-inch-thick specimens were peened on the weld toes
and on the back of the flange to almen (A) scale intensities of 0.0040
and 0.0070 inch, using the 9/16- x l-inch flap brush. After peening, the
specimens were fatigue tested., Results of these tests (Figure 16 and
Table 5) show that peening with this type of brush improves the fatigue
strength of 5086 fillet welds from an as-welded strength of 5,500 psi to

10,000 psi at 107 cycles,

10




TABLE 5 ~ FATIGC PERFORMANCE OF
POSTWELD PEENED 5086-H116
FILLET WELDS

; Pc&niﬁg Stress CXC}QS Lo

Intensity T Failure

(Almen A) e - 106

1 0.0040 10.0 | 68.95 5.0

f 11,0 75.84 5.1

i 12.0 82.74 0.7

| 0.0070 10.0 | 68.95 10, 1%
11.0 75.84 7.8
12,0 82.74 0.8

*No failure.

Notes: All tests in air,

Bending fatigue (R = -1).

5356 filler metal.

Peening performed by 9/16- by
l-inch {lap brush.

Specimens peened on beth sides
of flange. l

PROCESS VARIABLES

Since brush shot peening was shown to significantly improve the
fatigue performance of 5086 butt and fillet weldments, the characteristics
of the peening process were further investigated. This discussion is con-
fined to the small tungsten carbide shot peening brushes since these flap
brushes were the easiest for the operator to manipulate in restricted
areas, and to obtain 1007 peening coverage of irregular surfaces and in
restricted areas,

Brush shot peening is a cold work process which plastically deforms
and strain hardens the soft aluminum weld and induces residual compressive
stresses into the weld area. The increased hardness and residual compres-
sive stress act to improve fatigue strength by retarding the initiation and
growth of fatigue cracks, The hardness of the material relative to depth

from surface for different peening intensities is shown in Figure 17.
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Since the effect of work hardening on the surface extends approximately

1/4 inch (6 mm) deep, such a peened surface should be resistant to damage

or removal by subsequent surface treatments or grinding.

shown in Figure 18, The small size of the 9/16~ by l-inch flap and the
use of only a single row of shot on each flap results in lower peening
intensities when used at the same rotational speeds as the larpe brushes,
However, the construction of the small flaps allows peening at speeds up
to 15,000 rpm. The higher rotaticnal speed and the use of dense tungsten
carbide shot, rather than steel shot, can ultimately give much higher
intensities than the 8~ and 12-inch brushes.

Figure 19 compares the peening intensities obtained by two operators
using the 9/16~ by l-inch brush. Each operator made three separate test
strips at different times. he range of intensity values obtained for
each operator is also shown, The differences in the intensity curves are
due to different brush manipulation techniques and amounts of pressure

"calibrat-

applied by each operator. These curves 1llustrate the need for
ing" each operator to determine the brush rpm and peening time required to
yield the specified peening intensity. Published curves should be used
only as a guide for establishing actual peening parameters. The military
specification for peening (MIL-R-81841) calls for a repeatability of
intensities for a particular operator to be less than +0.001 inch.

In the tests run to generate Figure 19, the maximum range of intensities
for an operator at a particular peening time was 00,0006 inch. Potential
problems with operator reproducibility are minimized by following the spe-
cification, which requires that during production peening a test strip be
run every 30 minutes to verify the actual peening intensity used. The
size of the effective peening almen range, 0.0045 inch, for aluminum welds
will also minimize the effects of operater variation. Reascnable quality

control procedures, such as those in MIL-R-81841, should assure that

effective peening is performed.
SHIP APPLICATION
Based on the results reported herein, the SES Project Offidce (PMS 304)

requested that brush shot peening be performed as part of the procedure

12




for weld repair of fatigue cracks on the SES-100A (100-ton SES test craft)
prior to craft modification, Peening was performed using the 9/16- by 1~
inch tungsten carbide flap brushes, The area to be peened was laid out in
grids with each grid corresponding to the size of an almen strip. Peening
parameters were chosen to yield the desire’ range of peening intensities
€0.0035 to 0.0080) on each grid in from 30 to 240 seconds. GCrid layout
was done so the operator could concentrate on providing a uniform surface
coverage. Flap speed and peening pressure was controlled by the variable
speed motor/strobe light technique previously described. When the operator
felt that complete coverage had been achieved, he stopped and noted the
peening time. The peened surface was then examined at 10X for visible
evidence of plastic flow to indicate complete coverage. For accessible,
smooth areas the average peening time for each grid was 45 seconds. Irreg-
ular surface areas in locations of poor accessibility required up to 120
seconds of peening time. When peening flat surfaces the peening brushes
remained intact up to 1 hour but lasted only 5 to 10 minutes when peening

s

"sharp edges. Examples of peened areas on the SES-100A are shown in Figures

20 and 21.

CONCLUSIONS AND RECOMMENDATIONS
The following conclusions and recommendations are derived from this
investigation on developing methods to improve the fatigue performance
of welded 5086-H116 alloy aluminum for SES construction.
1. Postweld brush shot peening improves the fatigue performance of
butt-welded 5086-H1l6 (with thevweld reinforcement removed) to the level
of unwelded base metal and can increase the fatigue strength of 5086-H116

fillet welds from 5,500 to 10,000 psi at 107 cycles,
2. Due to the degree of improvement in fatigue performance of

butt-welded 5086 and the relative insensitivity of fatigue life to operator
process variables, rotary brush peening should be considered a potential
method to be used in aluminum hull construction for postweld treatment
in areas subjected to localized cyclic leading.

3., Although the improvement in fatigue life of the SES-100A repair
welds is not yet known, the ability to conduct the peening operation in an

aluminum ship structure makes brush peening an attractive method for

13




treating areas susceptible to fatigue cracklog both in new construction and
during repair of aluminum hull surface effect ships and other high perfor-

mance craft,

FUTURE WORK

Based on the results of the investigation the following recommenda-
tions for future work are made:

1. The effectiveness of brush shot peening for improving the axial
fatigue performance of aluminum weldments should be determined.

2. The effect of brush shot peening on the stress corrosion resis-
tance of 5000 series aluminum welds should be investigated,

3. The requirements for including rotary brush shot peening of
aluminum welds as an approved method in the applicable Navy fabrication
documents should be determined and satisfied.

4, Conventional shot peening should be investigated for "in plant"

peening of welded aluminum panels during new construction.

14
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Filgure 3b - Tungsten Carbide
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Figure 3 - Peening Brushes
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Figure 4 - Apparatus for Detevmining
Peening Intensity
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Figure 5a - 9/16~ x l-Inch Flap Brush
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Figure 5b - 12-Inch-Diameter Flap Brush

Figure 5 - Flap Deflection Range for 9/16~ x 1-Inch
Flap Brush and 12-Inch-Diameter Flap Brush
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Figure 9 - Brush Peening of 5086-H116
Butt-Weld Fatigue Test Specimen
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Figu.e 10 - Screening Fatigue Test Results of
Brush Peened 5086-H116 Butt Welds
(12-Inch-Diameter Brush)
(all tests in air)
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Figure 14 - Screening Fatigue Test Results of
Brush Peened 5086-H116 Fillet Welds
(12-Inch-Diameter Brush)
(all tests in air)
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L
(5086 BASE METAL)

10 108 167
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Figure 16 - Effect of Jrush Shot Peening on Fatigue
Performance of Fillei-Weldéd 5086-H116

(9/16~ x l-Inch Flap Brush)
(all tests in air)
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