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ADMINISTRATIVE INFORMATION

Ref: (a) NAVAPLSCIENLAB Program Surmery-.of .1 May .1965, SF 020-01-01,
N Task 0722, Fabrication of High Stxength.Steal.Alloys .
() .NAVAP.I.S(IZIENLAB‘ Lab, Project 9300~1, Ficgress Repoxt 1 of
‘ o 18 Apr 1964 . . ... ! o o .
~.{¢) NAVAPLSCIENLAPR' Lab, Project 9300-1, Tech' Memo £11 of 8.Jul1 1964
. (d) NAVAPLSCIENLAB Lah, Project 9300-1, Tech Mzmo #15 of 25 Aug 1964
.. (®) NAVAPLSCIENLAR' Lah.. Project: 9300+1, . Tach:tzmo #18 of 30 Sep 1964
.. (£) NAVSHIEYDNYK Lab, Project 6160-2, Progress Report 8.of 17
Jul 1961 ‘ ‘ *t :

.

1. In.connection with its high strength. atesl program, outiined. in xeforence
: (2), the U. 5. Naval Applied Science .Laborstory is duvestigating.the ¢ffucts .
ot - of welding on.the fatigue properties. of HY-80 .steel and methods for improving .- t
.."...these .properties.. The NASL mechanical psening procedure.was shown to be an :
" offective post weld treatment. for.izmpruving the. bending. fatigue properties of
. HY«80 toe-fillet welds in refersuce. (b)....The results .of other.fatisue ime,
provezent procedures applied to.HY«80 tee-fillet welds were wéposted as follows:

.veference (c) -.grinding

seforence_(d) -.shot peening A '
' * veference (). .= grinding and.shat peening \ |
.. ..This semovsndum presents.s.description of .and' the.resu)ts chenined with the -
v - ~NASL tee~fillet weld ; g procedure uhich has been godified. for.epplice-
ve . thom to MY-80 byst.welds, . .. ... .
' " owmenve - R ;
. 2o, The gﬂmaq;_objuuns of the work .zgported mﬂﬁ'.ﬁm.&‘ ty& . "
Modi #y the NASL machanical peening pro ’ 2 o S

. forwY-80 tes-fillet welds) for spplicstlon g i

-ﬁgf‘-ﬁ :

| 9 M@«:mma the ..ﬁaégma,a!- ponts 4w Ahe b
ties of HY-80 butt welds objal WShe use ef this pe

1ot of HY-00 Buey

L.
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b. . To determine the explasion bnlg&.pmmths of w puncd ut-.eo butt
. weld that Jad been subjected ta oxtensive bending fatigul.

. ‘ NASL HEQMNICM. PEBNING PRDCBWRB’ (POR Btﬂ'l‘ IBLDS)
4, The nchanictl peening prucadura dmlnpod for tho iuprovement of the
fatigue propertios of HY-80 butt welds {is illistrated 1n Punro l. It lu-

volves the use of .three scpa.ntw peming tools:
8. A heaispherical nose .contouring. teol for msjor um lovamt.

b, . A dressing tool for removing. sphe:riw hpwmm mLiaemuing tho
vidth .of the pssned area, - . ..

Ce A ﬂateomnc tool for remving amy . shup ridge that may- apposr ot tho
base plate .edge of the peone& area,

. This procedure is similar to the procedure for tw-fulet volds dneribod in
- referance (b), differing principally in .the follmd.ng upoctu s

8. The shape of:the drosung tool, B A
b, The .additional use of.a flattening tool, . '
€. The sngle used betweon the ml md the plate surfm. i

A macro-section. of .a. peened HY~80. Imtt weld ulustratm tho.watm pme!gceé
by poeninz s .shown in-Figure 2,

DESCRIPTION orsmcrm

© $e- To detersine the degree of improvemsnt .in bending !ltim pmpartin oh-‘
- tained through the use of mechanieal peening, six. 1.1/2% x 28" x !2"‘1!?-!0
.o m vielded plate type .fatigue specinens ware prepavad, . Tiw ¢
8. wechanical ‘propariies of. the HY-80.materlal .used for. these specimens 679
¢ An Table .1, . Bach specinen wos.machined from & seperate 327.x 40" welde
mth the .welding procedure and.joint design . for. whlch AT .ﬁm &u n@w b
mor nlding. the fouo\dng treatments wWerd tppn R L

M wlmu vere h!': tn :'tht. "'&@» m!é@é mﬂit&m- :

lcad.malysis
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" Ce _Two weldments weve peened as in\(h) above. snd then ground to TOmoVe
weld reinforcement on both sides of each weldment. S

The grinding for removal of weld reinforcement was done with-.hand-held com-
"pressed air grinders .to simulate shipyard-conditions. A horizontal grinder
with' a 7" x 1" strxaight' wvheel was .used for raugh grinding and a vertical

grinder with a 6" cup wheel was used for finishing. . -
FATIGUE TESTING;PROCEDURE L

“ 6. The specimens were tested in the NASL Plate Fatigue Machine described in
reference .(f). 7This machine supports the specimen as u simply supported

plate slong two opposite .edges.and .applies a pulsating, uniformly distri-
~buted pressure .to the lower face of the specimen, thus.producing cyelic

. stresses which vary from zero to a specified maximum. Nominal equivalent

- .elastic stress.is used for.stresses greater .than the yield strength of the
test material, The test.is conducted at s cinstant cyclic rate (12 cycles/min)
and in an ambient environment. The .fatigue 1ife of a specimen 1s .taken to

be the mmber of cycles to a.10% increase in maximum deflsction. Normally
-the test is continued until the maximm deflection has increased by 100% over

the initial maximum deflection,
f.
RESULTS

7. The fatigue results obtained from the six butt wolded specimens tested
"are presented in.Table 2 and Figure 4, shd.are compared to those of tee-
fillet welds in Fipure 5. All specimens were initially fatigue tested at
somaximm nominal .stress of 80,000 psi. A brief summaxy of .the results
obtained at this stress ‘level i3 is follows: ~ "~

8. "As Welded" spe - Fatigue lives of 18,000 anéd 17,100 cycies;
mjor crack at tos of weld ’ _

2¢cimens
1d in both a‘poc!..nens._

specimens - Subjected to_fatigue for more than 10 times
_ gue .ife of the "as welded" specimens with no significant increass
in deflection and no major cracks: tésts stopped se that specimens could be
used for supplementsry tests. :

i major ora

ad" 5

oimens ~ Patigue lives spproximsting

[
30 .tiwes and 10 tines, "as
" weld respectively,

in weld dspoait snd toe of
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| SUPPLEMENTARY TESTS , U
8. Since the ™as peenod” specimens .did not fail during fatigue testing at

- 80,000 psi, supplementary tests.were.performed. .These tests and the sube

soquent results are as follows: _ Lo

.. @e. ™As Peened” Specimen #58B2MP (after 250,000 cycles st 80,000°psi) -
subjected to additional bending fatigue at 100,000 psi. L
Results: (1) Reached 10% increase in deflection after 120,800 cycles an

100% after 131,780 cycles. o
. (2) Cracking occurred .in base plate .awsy fivw weld .» no cracks
o in weld area.~ see Figure 6. ot

b. "As Peened" Specimen #58BSMP (sfter 180,000 cycles at 80,000.psi) -
explosion bulge tested at O°F, : -
Results: (1) Explosion bulge properties wers below the expected perfoxmince
of "as welded" unfatigied welds; however, an appreciable de
" gree of toughness was retained (see Figure 7). = . :

NOTE: Supplementary work to be reported at a later date indicates that two
mechanically peened HY-80 butt welds, which were not subjected to
.fatigue, showed explosion bulge properties equivalent to curieént
requirements, S

CORCLUSIONS

9.. A modification .of the NASL mechanical peening procedure (previously de-
veloped for HY-80 tee-fillet welds) has:beon developed. for.application to
HY-80 butt welds, This procedure is capable of increasing the bending
fatigue 1ife of an HY-80 butt weld to a significant degree. In addition,

- the procedurs is rapid, inexpensive and readily q:plicnb}. with current

shipyard skills and equipment,

10, The occurrence of s weld deposit fatigue crack in a “pecned-rein-

forcement removed” specimen (noted in paragraph 7), suggests that removal
of weld reinforcement after psening incresses. the possibility that the
fatigue crack, which eventually occurs during fatigue testing, will fomm

.An the weld deposit rather than at the toe of the weld. nay bo ate

triduted to the changes in stress concentration and residual sivesses sad
:ho reduction .in weld section thickness esused by .romoval of weld rein.
[y it I . '

11. The explosion bulge test of a pucmad HY-80 butt weid which had been sube
jocted to extensive tonding fatigne showed some loss of mmsm
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RECOMMENDATIONS

12. It is recomzsnded that. the NASL mochanical psening procodure {for butt
welds) described herein be consideied as & practical and effactive rithod :
for increasing the fatipgue .1ife of HY-80 butt welds. However, final rocods
mendations relative to applicstion of the NASL mechcnical pocaipg protodure
to butt and fillet welds will be deferrad.until 811 schadulod work is coxe
ploted relstive to determination of. any possible delotericus offocts on

- . toughnass due to peening.

13. . Information relative to poa:ibio dﬁlotmm effects voﬁ'.!m-ﬁof : .AO"I
dus-to mechanical peening \vin_b_o forwarded in August 1965.. - M :

14. The spplication of the NASL mechanical peening procedure to HY-150/150
welds uiudbo evaluated after basic fatigue data for wolds in this natorial
.. - acquired. ' N '

1S, Axial fatigue tests of rechenically psened butt mnd fillet welds are |
eurren;lz being conducted at.the University of Illinois undor BUSHIPS contract
NObs-92240. : . . i o

Sk
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' NASL PEENING PROCEDU!
FATIGUE PROPERTIES

8) PNBUMATIC HAMMER
CONTOURMNG TOOL.
: ORESDING TOOL. » ¢
_ o FLATTENING TOOL.

(@) DIRECT CONTPURING.
(b) FOLLOW TOR OF W'EL

3% By o L
‘1 . N Lo THIS

‘ - TO Awaommre co
SING T
Tm.‘.v m&a wn Wil

DA . (d) OIREBCT m.s*rﬁ%ma
00 PO RIDGE. oF. OPLET u,
EmEmING W
N -@ﬁm

LT PLATR

ng‘re. M.L. D:Nsnsld
' APmomere.
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NASL PEENING PROCEDURE FOR THE lMPROVEMENT OF
FATIGUE PROPERTIES (A% SHOWN FOR. BUTT WELDS)

INSTROCTIONS

I BEQUIPMENT : :
(a) 20 P.S.1. AIR SUPPLY.
b) PNEUMATIC HAMMER ,FED, SPEC. 00-H-ilGa,S512E 2,TYPE 2

CONTOURING TOOL

DRESSING TOOL » CHISEL BLANK. ,HARDEN TO Rc B8-62
FLAT TENING 'I’-'OOI...

I PROCEDURE.: . ‘
(o) DIRECT coro'rpunma TooL (D AS SHOWN 1N SECTION A-A .

TO APPROXIMATE CONTOUR SHOWN IN SECTION A-A .
(o) DIRECT DRESSING TOOL@2) ASIN SECTION B-B .

__ (v) FOLLOW TOE OF WELD AT A SPEED OF IB mcuae:/mmure. 1

THIS OPERATION. WILL REMOVE SPHERICAL IMPRESSIONS |

OR CONTOURING TOOL(D) AND LEAVE TWO RIDGES OF

UPSET METAL: ONE ON BACH SIDE OP PEENEC t_euam, B

L | AS IN SECTION B-B .
., (d) DIRECT FLATTENING 'roo\.@ AS IN SECTION C-C ALONG
" RIDGE OF UPSET METAL ON BASE METAL SIDE.
THIS WILL BRING RIDGE BACK TO LEVEL. OR BASE
PLATE AD N SECTION C+C.

NOTE : ALL DIMENSIONS AND SPEEDS ARER
~ APPROXIMATE . JOB CONDITIONS MAY MAKE
SOME, VAtt‘iATtous ADVISABLE ,

-
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FIGURE 2 - MACRO-SECTION OF PEENED HY-80 BUTT WELD

PHOTO L19985-1




Si0E 2

-

Base Metal: HY-80 steel S R -
Blectrode: MIL-11018, §/52* § 3/16" dia, .

Preheat: 200°F ~ - _ .
Intnpa's_s' Temperature? ."-200-390‘? -

Current § Polarit'y: Direct wr_mjnt,' :evei-sod polarity

.. N

Position: Flat e .
llnt Tuputs 5132“ dis. electrodes - heat input to suit ‘
3/16" dia. oloetrndes - 45,000 25,000 joules/inch e
- Bequences ; ’ v :
Side 1 : SRR - e
Two lmw. s/s3 dta. nxeeman. bloek todmlquo
Grind ¥oot - ' o o L

Two layevs, $/32% dia, ex@g:zm@@. mggsmws nld;ng
Two Tayexs, 3/16" dlag &i@ﬁﬁmﬁm, m%éﬁswg w&éim@,

R
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FIGURE 6 - BASE PLATE FATIGUE FAILURE IN PEENED WELDMENT

.

PHOTO L19985.2

-



SHOT #1

SIDE A SIDE B

% REDUCTION 6.56 5,55 .
IN THICKNESS

DEPTH OF 3.34 3.125
BULGE

LENGTH OF 11" 5-.3/8"
CRACKS 2.1/4"

FIG. 7a - Close-up of specimen after first
shot showing cracks at toe of
weld

SHOT #2

SIDE A SIDE B

% REDUCTTION 11.72 11.70
IN THICKNESS

DEPTH OF 6.15 6.00
BULGE

LENGTH OF 23" 10-3/4"
CRACKS

FIG. 7B - Specimen after second shot

TEST CONDITIONS: Stand-off distance, 17"; Pentolite charge, 24 1b;
Temperature of specimen, O°F

APPLIED SCIENCE LABORATORY LAB. PROJECT 9300-1
’ Technical Memorandum #34

FIGURE 7 - EXPLOSION BULGE RESULTS OF ™AS PEENED™ BUTT WELD AFTER 180,000
CYCLES IN FATIGUE AT 80 XSI

PHOTO L-19985.3
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GHENICAL: ANALYSIS' AND WCHANICAI. PROPERTIBS
OF HY-&O SPBCIW NATERIAL "

: Chemical Analysis Dotermined by -: -. Specification
___Bloment § e NAVAPLSCIENLAD” - _ ° MIL-5-16216G
c 014 0.8 Lo
TUTTUM 0.27 0,10-0,40 .
P 0.009 0.025
“mm S 0.021 . 0.025 3 ;
Unless & st 0.23 o.xs-o. L3 :
Range is ° Ni L. 2,72 2,00-3,25
’ gr ’ 10‘7 ’ I.W-l.lﬂ
Ib o ‘--»0.‘1 0.10-0.50
* T‘ : 0.002 0.02
v 0,00 = 0.08
Y ¥ 5 D034 - - 0,35
Mochanical P':opartin. o ’
. Yield.Strength - 91,100 (L) - 80,000+95,000
0.2% .0ffset fpsi) . . 90;400. ' :
" 6O .
Ultimate Tensile - 107,900 (L) -
Strength (psi) 107,000 (T)
Blongation §0 . 27.5 (L 20
2. Snches (%) 25.8 (1).
. Poduction in - 72.1. (1) . 58 (L) .
) Avea (%) 65,1 m : “ m
Charpy V-Notch 8.3 (L) .
- _Tepact at 62.8 (T) . :

. «)20°F (fe-1bs)

m mimum' Mz&x ,gc'g;msgm 'qf . y

0
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" TABLE 2

Ladb. Project 9300-1
Technical Memorandum #34
" Page 2 of 2 ; :

Ramoved -

No. of Stress Cycles to Location of
. : L ' S - 10% 100%
S Calculated Avg Thiclness Applied Initial ' Increase Increase
Speci- Typs  Neminel Cyclic at Critical Wniform Deflec- 1st Observa- in -in .
, aen . of Stress gaiz Section (in.) Pressure tion tiom of Crack Deflec- Deflec- Initial Major
- o, Specinen ' {psi) in.) ;1 tion tion - Crack Crack
S Peemed . : Side B
2T SOBIMP Reinforce- 79,200: 80,000 1.475 1.469 294 0.310 37,500 39,000 537,100 561,700 15" From VWeld
R .. ment : : End C Deposit
T Peened o : : L .. Side B Toe
", [SOB6MP Reinforce- 80,000 79,800 1.487 1.490 302  0.302 13,00071¢,400:275,700 180,000. 17" From of
meat o o  End A ¥eld

"’,,"_Lln thar 1% increase Mélcetlon, and no:major.crack
- - after 180,000 cycles - fatigue test stopped and speci-
.. ‘mem sybjected-to explosion bulge test,

‘*¢lans than 1% increass ia deflection snd no major crack
sfcor 250,000 cycles - specimen subjected to additional
bending fatigue at 100,000 psi. S






