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SUMMARY

The Naval Applied Science Laboratory mechanical peening procedure for im-
proving the fatigue life of welds is described herein. Results of .tests. on
HY-80 fillet welds at stress levels in the 60,000 to 80,000 psi range (0 ta
tension) have indicated that the fatigue lives of these weldments approximate
those of prime base platz. .The process is inexpensive and readily applicable
to existing and new construction with currently available equipment and skills,
Potential significant improvement of properties of welded structures, in ad-
dition to fatigue, might also be .realized.
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ADMINISTRATIVE"INFQRMATION

Ref:  (a) Grinding and Shot Peening of HY-80 Nelds .- Effects Relative to
Fatigue - I. L. Stern, BUSHIPS.Conference Report of 12 Jan 1960
..(b) NAVAPLSCIENLAB 1ltr 9310:PA:mg, .Lab, PTOJect 6160q2 of 16 Sep .
. 1963
(c) BUSHIPS' 1ltr R007-01-01 Ser 634B-634 .of 22 Aug 1963
(d) NAVSHIPYDNYK' MATLAB' Project 6160-2 Prograss Report 2 of 17 Jul
1961 )

1. This investigation was suthorized by BUSHIPS letter R007-01-01 Ser’ 634B 634
of 22 August 1263 (SR 007-01-01, Task. 0856).

ACKNCWLEDGMENTS

2, The work reported herein was under the overall direction of I. L. Stern,
Head of the High Strength Steel Program. Preparaticn.of weldments was super-
vised by L. Ginsburg. ' Ccnsultaticn on. fatigus.aspects.and toaling for
mechanical peening was provided.by H. V., Cordiano, Head, Mechanics Branch,
The Bureau of Ships Program Manager -is. G. Sorkin.(Coda 341A) and BUSHIPS |

- Project. Engineer is T. Dawson (Ccdg 634B) . S

BACKGROUND

. 3. In connection with the High Strength Steel Fabrication Program, the Naval
Applied Sciencs Lzboratory has been conducting studies of che fatigue proper-
ties of HY-80 welds,and methods for their improvement, Reaferences (a) and (b)
indicated . the degree of improvement derived from grinding, shot peening znd a
corbination of grinding snd shot peening for stress levels up .to &0,000 psi.
%hile some improvement was noted, grinding, as well.as shot peening, was expen-
sive and not conveniently applicable.“ 5

4. In accordance with reference (¢), the Laboratory extonded its studies of
methods for improvement of .fatigue frcm.the 60,000 psi to 120,000 psi (equi-
valent elastic stress) range and.included mechanical peening as an additional
. process .for consideraticn, . With.raspact to the .lattor, the Bureau . in refer-
ence (¢) suggested a mechanical pesning method. NAVAPLSCIENLAB modificatica
of the suggested method led to the development of. the mechanical peening pro-

cedurs . rgccmmended harcia.
CBJECTIVE

S. The cbjoctive of the facet described herein was to develop a mechanical
poening mothod for tha improvement of .the fatigue properties .of HY-80 fillet
walds, which would be eccnemical.and readily applicable under shipyazd c&adi-
ticns,

S
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EXPLORATORY' STUDIES

6. Exploratory studies with various methods of mechanical -peening .of HY-80
fillet welds indicated the foljowing: ,

a., Wide thin chisels with edges . similar .to.that shown in refarence (c)
. (1/4" radius, 7/8" wide, 3/16" thick) caused excessive cntting and gcuging
of metal and incemplete coverage.

b, VWide, thin chisels similar to the -above.with .increasad edga thickness
(to 9/32") reduced the chipping tendency. These chisels asppoared promising,
but they coculd not always accommodate surfacs and corner iiraguldrities in
contour. As a result, coverage was not complete, Increase of edgo thick-
ness or radius to achieve bstter coverage intcrf@r@d wisth access to. the rdot
cornoer, which is the most critical arca,

c. Spherically pointed chisels (ayproxinately 174" radius) wore the
easiest .for cperaticn and contouring and produced the mest &efcm&tion. How-
ever, the resulting surfaces wers. dimpled.

d. Various othor modificaticns to chisels similar to those éescribed
gbove did not achieve any significant improvement,

e, A No. 2 pnoumatic chipping hammer.yiolded cptirmum Tesults. A lighter
type gun could not provide sufficiant forco to move the required amount of
metal, In view of the excollent results cbtained with the No., 2, Type 2
haomer, 8 heavier tool was considered undesirsblo because its excessive weight
woculd interfore with accessibility snd incroase cperator fatigue,

. NAVAPLSCIENLAB MECHANICAL'PE&NIHG.PRGCEBURE

7. In view of the rosults cbtained in the exploratory studies, a two step
procsdure was adopted which used a spherical nose chisel for deformatien

end centouring, and a blunted chisel for dressing, The procedurs is fully de-
scribed in Figures 1 and 2, The peening produced is shown in Figures 3 and 4,
All peening cperaticas were performed at roca temperaturo.

8. The basis for selection of the procedure, which is illustrated in Pigures 1
through 5, was achievement of the following:

. 8., Minimum cost - Approximately 50.20 per foot with negligible equipment
c05to . C e . )

b.  Contour - Smooth generous radius (7/32"+ 1/32"). (See Figure §)
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¢. Surface finish - smooth, uniforﬁ in appearance. (See Figure 4)

d. Metal movement - appreciable and uniform, includes movement of weld-
HAZ, base mstal junction. (See Figure 5) . S

e, Minimum metal f}gking.'

f. Coveragé - complete, into fillet corners and extending well beyond cri-
tical HAZ and stress concentration areas, (See Figures 4 end 5) ,

_g. Minimun operator effort and skill required.

h. Reproducible. (See Figure 5)

i. Equipment - simple, only conventional shipyard caulking guns apd chi-
-sels required, ‘ ‘ .

SPECIMEN PREPARATION PROCEDURE

9., A total of 16 tee fillet welded specimens similar to those of Figure 7 were
prepared for testing in the NAVAPLSCIENLAB plate type fatigue machine. Details
of specimen layout and preparation are shown in Figures 6 and 7. All welding
was conducted in accordance with NAVSHIPS 250-637-3 and with joint design and

procedure previously described in reference (d). Eight specimens wera tested in
ths as-welded condition, and the other eight specimens mechanically peened in ac-

i &S gition,

cordance with the procedure of Figure 1. The specific peening conditions used
for each specimen are shown in Table 1,

FATIGUE TESTING PROCEDURE .

10, The 16 specimens (8 as-welded, 8 mechanically peened) wers subjected to
cyclical loading, varying from zero to a maximum, with the fillets in tensien,

at the rate of 12 cyclas per minute, in the Plate Fatigue Machines described

in detail in reference (d). The plate specimens were tested to ultimate failure,
which was considered to have occurred when the deflection under the maxirum load
increased 100 per cent over the deflection at the start of the fatigue rum.

11. Two each of as-welded and mechanically peened. specimens were run at nominal
stress levels of 60,000 and 80,000 psi and "equivalent elastic stress" levels ;
of 100,000 and 120,000 psi. The "equivalent elastic. stress" levels were arrived
at by adjusting. the pressure for each plate to give a desired maximum unit strain
st the critical section of 0,0033 and 0,0040, respectively, as measured with

SR-4 strain goges.. These strains correspond to "equivalent elastic stress" of
100,000 and 120,000 psi, based on the engineering stress-strain diagrpm, It
sheuld de noted .hers that because of the .restraint dus to the Poissea effect in

7
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. in.a plate type specinen, the "equivalent elastic stress" is, according.to plate
. . theory, asbout 10 .per cent higher than that calculated on.the basis of the
. engineering .stress-strain diagram from: slender uniaxial specimens,

12. During the course of the test, a continuous chart record of cyclical de-
flection at the center of .the plate was obtained for the entire test of each .
plate, In addition, maximum and minimum deflections measured.with dial in-
dicators were recorded at intervals of 500 or 1000 cycles. Observations -were
also made throughout the.test to.deternmine.the number of loading cycles at
which.a crack started.and progressed to various .lengths aleong the toe of the
weld. The cracks were detected by observing the flow .of SAE-10 oil, applied
~in a light coating along the critical section, into and out of the crack as

the plate flexed under load.
. /RESULTS

13, Fatigue data obtained.on as-welded and .mechanically peened.specimens are
. summarized in Tables 2 and 3, respectively.. The thickness indicated.for each
.specimen represents an average.of nine measurcments.taken along.the critical

. section, In general, cracks were.observed to.start at one.or more locations
at the toe of tho fillet weld. These cracks grew in. length while others
started at new locations, .The:rvaricus cracks joined .each other to form larger
e¢racks until finally a single continuous crack was. formed.along the weld., In
the case of the mechanically peened welds, the cracks were more difficult to
detect, probably because.the metal at the surface was.initially in compression,
.In addition, .scxme of. the early indications .were not.true cracks; but were
localized interfaces between .deformed metal and underlying base metal., These
were not considered cracks unless they propagated alenjy.the weld.to form true
cracks, . The first two digits of the specimen numbers.designated in Tables 2
and 3, duplicate the first two numbers of the plates for. wh1ch analyses and

properties are shown in Table 4,

14, FstigueAlives,‘based,cn a 10 per.cent increase.in deflection .over the ini-
. tial deflection, are shcwn plotted on S-N coordinates, Figure 8, for both the
as-welded and mechanically pesened tee fillet .welds.. This 10 per.cent criterien
formed the basis for all previous curves submitted.for plate type fatigue tests,
The lines passing thrcugh.the data have been fitted by eyé. The S-N curve pre-
viously reported for base.plate is also shown for comparison. It will be cb-
served that although the. "equivalent elastic stress™ levéls were the sam¢ for
as-welded and mechanically peened plate.specimens the resulting nominal stresses
based on.calculations .were. significantly higher. “for the mechanically peened
specimens, Apparently the relief.of residual stresses by mechanical peening
permitted greater loads.to.be applied before significant plasticé deformation
took place. .The lines.drawn through the test data are widely separated at.a
_.stress .of 60,000 .psi and converge.as .they reach.a.nominal stress of 120,000 psi,
At 60,000 psi the mechanically peened. fillet.welds show fatigus lives equal to
those of the base plats and are -about .forty times greater. than these of the as-
welded tee fil&@ts.. Cemparisons at.other levels may be conveniently made from
. Figure 8. o
8
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‘15.’ Typical curves showing variation of deflection with number of cycles for
the as-wslded and .the mechanically peened tee fillet welded plate specimens
are shown on Figures 9 and 10, respectively

. - CONCLUSIONS

16, A new mechanical peening procedure has been devaioped'which'achieves an
unprecedented increase in the fatigue life of HY-80 fillet welds. The pro-
cedure is rapid, inexpensive and readily applicable with current shipyard.

skills and equipment,

17. The .bepeficizl | effects obtained by applying the ﬁAVAPLSCIﬁNLAa’mechanical
peening process to HY-80 tee fillet weld assemblies may be summarized as follows:

Increassd Fatigue Comparative
‘Life as Compared Life Reported
Nominal Stress to "As-¥Welded" Unwe lded
(0 to tension) ~Condition Base Plate
» psi _ _(Approximately) . (Reference (d))
T 60,000 T 40 times 7 " 'Equivalent
8,000 10 times Equivalent
100,000 - 3 times Base plate data
. v not availahle.
120,000 ©~ = "As-welded" data - Base plate data
not available, not available,

- ADDITIONAL WORK REQUIRED

18, While the résults’obtained are very promising with regard to fatigue,
the effects of mechanical peening have not been assessed in other respects,
The follcwing are some of the mors important data which shculd be cbtained:

‘ a, Extent of improvement obtained under fatigue loads other than 0 to
tensiocn, (such as 0 to compression and alternating tension and compressioen),

~ b, Applicability to joints‘bthaf.than tee fillets (such as buttpselds).

€. Applicability to steels higher and lower in strength than HY-80 and
structural materials other.than steel (such as aluminum, titanium, etc.)

-
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d. Corrosion.fatigue. properties.

. .. @, Possible presence.of. surface embzittlement Antroduced.by. cold.work and
,its sinniflcance Af present. ; , } '

. .. APPLICATIONS

19, The facility with which weld and adjacent contour. can.be chungad and the
gpparent minimization .or.removal.of residual.tensile .stresses. at.the toes of
the welds .suggests .additional izportant . applications .for. the.subjact procass..
Two of .the most probable . are .as .follows:

. . Attainment .of increased static end dynamic (izpact .and .explesien ro-
sis tanca) prgpartias by minimization .or. residual tensila stress and raeduttien
of areas.of stress .cencentration. (especially.at.weld. tsaa) achiaved by machs ..
anical peening. for cptinum contour.

. b, .Reduction in extensive .delayed post-weld. crackinﬂ which is’ sesstimas
enccuntored in heavy ship waldments fghracatad under .conditions . of.high To-
straint,

20, Application of .the subject.procacdurs .will. minimiue .oz olininate the ro-
sidunl .tensile stress at.the.toos .of welds; these rosicual.tensile stresses
are believed.to be.the principal fac&cr An tho formaticn of this. ty*a of
cracking, ;

RECODEN 'ATI&’%S

21, It is reccmpendsd that the NAVAPLSCIENLAB hachenical peening procsdurs be
further explored.os a.means.of improvement .of fatigue.preperties of.weié@antsA
in existing and future ships and st*uczur@s. - _

22, . Aryiication of .the .PTOCass. to azistiag MY a80 weld@d ships.and 3t?uc€uras
heuld be initiated in.those. ar@as,which ars preone to. aarly fatiﬂte faﬁ.@*@.

23, It is aiso racormonded . that ezplor&tory data .rolativa .to the faca2s cut-
lined in paragraph 13, zbeove be cbtained prior. to.widesprzad aypl*cat‘ea of the
rocass to actual ship structures.

4, 1t is further recommended .that the invostigatica of the subjact.prcaeas
o extended to acquire data.rslative to .its .possible significant adventsges
oted.in paragraph 19 above, .in respect.to improvement. of static.and dynzaie
roporties and minimizaticn of. delayod cracking.of @aléﬁants.

v
Y

10
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'FUTURE NCRX .

25. NAVAPLSCIENLAB representatives expect to visit BUSHIPS in the near future
to discuss: (a) the ‘potential applicability of the subject process amd (b) the
scquisition of the additional information discussed in paragraphs 18 and .19 ‘above.
It is understood that the Bureau desires early investigation of the faticue lives

of mechanically peened butt welds,

26, A study of the metallurgical nature and properties of fillets peened by
the subject process and charicteristics of fatigue fractures in these fillets
is being mads and will be reported in approaimstaly 3 months,

27. Studies relative to residual stresses in these woldments ars undezway under
SF013-03-02, Task 2025.

28. Specimen preparation. has been completed and fatigue tests are currently
underway to deteimine the effects of grinding and shot peenlng HY-80 fillets,
in fatigue life~ at stresses in the 60,000 psi to 120,000 psi equivalent ‘
elastic stress range, Associated residual stresses of.these waldments are also

being studied.

1
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Figure 2 - Mechanical Peenin~ Technique Showing Position of Tool Relative
to Fillet Toe of 1-1/2" Thick liY-80 Tee-Weldment

Photo L19713-1
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Figure 3 - Macro-Section of As-Welded (Top) and Mechanically Peened (Bottom)
Specimens Taken From 1-1/2" Thick HY-80 Tee-Weldments

Photo L19713-2
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Figure 4 - Appearance of Fillet Toe of 1-1/2" Thick HY-80 Tes-Weldzonts
Photo L19713-3
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Figure 5 - Typical Machanically Peened Profile Obtained on 1-1/2" Thick HY-80 Tee-Weldment. Arrows
Indicate Extent of Metal Movement and Contouring.

Photo L19713-4
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Figure 7 - Finished Machined, 1-1/2" Thick, HY-80 Tee-Weld-
rent Fatigue Specimen (29-5/8" Wide x 32" Long)

PHOTO L19713-5
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¢ P »
. TAILE 1
CONDITIONS USED FOR MECHANICAL PEENING 1-1/2",
" (NOMINALY THICK HY-80 TEE WELDMENTS \

Travel Speed " Total Treatment

inches/minuta) Rate
Specimen No.,  Loatourang Lressiag (inches/min)

S4AP-7 15.7 53.3 12.6
S4AP-6 X - 53.3 16,0
H S4AP-5 154 50.0 1.8
saAP-4 9.3 33,3 7.3
S4AP-2 | 10,5 25,8 7.3
S4AP-3 .6 27,6 7.5
S7AP-8 10.3 50.8 8.2
S7AP-9 ~ 1.0 348 - 7.7
8.8 9.8

Average i3.3 3

Note: 'The zbove data is based cn peening 20 tinear.inches
of weld per specimen,

—
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.U, S. Naval Applied Science Laboratory . Lab, Project 9300-1

Progross Report 1

._ . TMLEd
nmmxww>r.»z>vkmmmm>mc.Emnm»2wnwb PROPERTIES .OF HY-30 TEST vrkﬂm.

o t Plate Plate " Plate . Specification
Chemical Analyses _0s3 0s4 - 057 = MIL-S-16216G
2. € 0.16 0.17 0416 0.18 (max)
b. Hn 0.33 0,33 0.34 "7 0,10 - 0.40
c, P 0.010 0.013 0.018 0.025 (max)
de S ) 0.008 . 0.06% 0.020 0.025 {max)
e. Si ) 0.27 0.27 0.22 0.15 - 0,35
£, N 2,68 2.75 3.02 2,00 - 2,25
“. Q ﬂoﬂ“ .. H.@@ MQMQ HQOO - MC@O

~he T 0.007 0.002 0.002 0,02 (max)
i, CQu 0.05 0.05 0.13 0.25 (max)
u. zo °0““ o.“& QO&m c-Na - OQQO
k. V 0.00 0.0662 0.000 0.03 (max)
. . [} . .
Tensile Preverties (1)
a, Yield Strength (ksi) 78,2 (L)(2) 82.3 (1) 85.1 (L) 86,0 - 85.0
.:H,oﬁah.ommman . 78,5 ()(2) 85.0 (T 84.6 (T)
b. Tensile Strength .. . _
. (ksi) (3) ©104,7 (L) 104,1 (L) 105.4 (1) -
o 105.6 (T)  104,8 (T)  105.7 (D
¢. Elcagation - 28.8 (L)  28.0 (L) . 28.0 (L) 20 -
$ in 2 inches 25.5 (T) 25.0 (T) 25.3 (1)
d. Reduction in . _ .
. Area (%) -75.2 (L). 75.4 (L) 73.0 (1) 8S (L)
64,5 (7) 63.8 (1) 63.3 (T) S0 (T)
Charpy V-llotch Proporties
«120°F Test Temperature o,
Average £t/1bs , N " «120°F
o - 104.5 (L) 126.0 (L) 82,5 (L) . 50 £t/1bs

53.5 (T)(3) 54.0 (T)(3) 43.3 (M(3)

L - Longitudinal - . T « Transverse

(1) Values represent ths average of .two tgst rosults.

(2) Ceonsidered in practical confermity to specificaticn requirement,

(3) For information caly. Not requized by .specification. . .



