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METHOD FOR OBTAI Nl NG ENHANCED FATI GUE STRENGTH I N

VELDED METAL JO NTS AND HAMMER HEAD FOR USE AT COLD
WOBRKING2¢-| ELD OF THE | NVENTI ON AND PRI OR ART H¢IBTB2006/000928

present invention relates to a nmethod for obtaining

enhanced fatigue strength in welded netal joints

conprising a weld toe, where the weld toe is subjected

to cold working such that a vjsible and/or neasurable

i ndentation at the weld toe is produced. The present

ME'I'HQ)W;@UROOBQ‘hSQING' aNBANEED aﬁ'ﬂmif@%}% SeREdat hm QVB(’;HDED METAL
or obt.ai ning enhance
sontlis iR Kehiel nRAhER (B5e  BF £O0S i
-conponents. BACKGROUND OF THE | NVENTI ON AND PRI OR ART

FIﬁﬂﬂa Fa&h%“%Nbﬁ&%IB& bd5?18£n£§{UCt'°nS for exanple

f shore or constructrons, 1s often reduced as a

Theceﬁ%%%%n%vehtgehr 9@1&%&6&98 | ReGhdd i A1 Tfé%hanced

|.arge anount of heat required during welding, resu
fa‘alﬁ?% §G6§P§ﬁiﬂ. ap %’ﬁéflﬁénﬁﬂﬁba%fl?%ti’f AR T 3% aafweéfl toe,
whewe dm&gweiﬁl8ob31ﬁasﬁbYedU@thbréﬁﬂ&“ﬁﬁrkﬂﬂgﬁﬁﬁﬁhIﬂhat a

vidfiidl CAATKE’ REALLEELLOD 8Ly bhe e & L% I deQralyy
oe na est ue'lifeeven's of%er
prq@éﬂﬁ?@dsﬂl@ pHR&ARBE @h’éeﬂbw@u@leJeebit@avelmca hammer head for

useC QRsSkbuet waﬁlh§v§fpar Wkya c?@%l @%led?@éaiﬂﬁﬁ@veirﬁ&ﬁcg& fatigue
eo ar consl ste el mnatl ng resi ual
st RIT A BB PECAT PRoR oy Pt < TSt obt o nod
by grindi ng or reneltlng of the meld toe by nmeans of

BACEG%&)GIG%”@%I a2io) Eﬁ(f% Igm\r]] ﬁ%{tﬁ:{ cracks at the

toe are rennve toe is rounded off.

TheH&ranguestlﬁ@éso@owe@aéaa&b@@&%@m@@uc_@& b’ offshore or
i ncre t hese nethodsfls

S MR Ur kI PES s FE1 GE DR T TR 3 o] SF o

unteeedrt], weildeseihheritical areas. The large amount of heat
required during welding, results in a substantial shortening of
the fatigue life after welding. This is mainly due to residual
stresses in the transverse direction of the weld toe. The

geometry of the weld toe makes the fatigue life even shorter.

Methods to enhance the fatigue life of welded constructions have
partly consisted of improving the geometry, and partly consisted

of eliminating residual stresses.

Geometrical improvements are today obtained by grinding or re-
melting of the weld toe by means of TIG (Tungsten Inert Gas),
whereafter cracks at the weld toe are removed and the weld toe is
rounded off. Hereby, stress concentrations are reduced and the
fatigue life is increased. Common for these methods is that the
fatigue life only increases to a limited extent, since the

negative effect of the residual stresses remain unaffected.

Alternatively, the fatigue life of metal constructions can be
improved by cold forging (hammering) of the weld toe such that
the residual stresses are locally eliminated and advantageous

compressive stresses are established in the metal surface (hammer
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negati ve effect of the residual stresses remain

unaffected. Alternatively, the fatigue life of netal
w@oemstirised i ons can be i nproved by col d forgi ngPCT/IB2006/000928

(hammering) of the weld toe such that the residua

stresses are locally elimnated and advant ageous

conpressive stresses are established in the netal

surface (hammerpeening) . Theje are four known nethods

of hammering. These are hammer peening, needle

pee%%%@'ngTthE QﬁgnﬁéuﬁgkﬁﬁﬁnSﬁ@ﬁhé&E”BﬂHhadﬁéﬁﬂﬁé'fqmese are
these methods is_that the eonetﬁgéof t.he

ha“‘BﬁlryPFﬁBFB‘gesn?‘a | PRTEES ex{Eht” ‘“ﬂ%lr“eds&nt iﬂotetha)ﬁenmg
Cominbe ffati gheski hetbodly iscitlesseshd gyesondtnyt edt ex&emeld toe

onlggﬁﬁtég%egizﬁﬁn%\llin{‘@%gtect 1#’5 udl‘ar?‘e a.J&SLthgqs %W@ﬁe fatigue

the present invention
lifeooplyviiaerg2febhbd F ot ibbied fFerEnidced %tqyw@lc Stress
ampititedgshai-a wegded netal joints and - conponents .
This object is achieved by the initially defined
nmet hod, characterized in that the cold working is
SUMPARY| ©F OHE BYVEWERSNof a power. driven hamer head,
which has a_slightly convex, elongated contact surface
An phjesé PEnghR BFfEeRt oRIYERL bt BT tLWRIPHIRE \eMethes for
obtBiefiegakhpantbe €8t dguer ki igndish Ci eEtbcltmdthla joints and -
con&yg%rlnded steering groove or a pregrined track
'ﬁg the weld toe profile to a geonetry fitting
the geonetry of the hamrer head. Preferably, the weld

Thltso%b'j%c%u@seﬁtzﬁge{f@dt Bﬁ @1943 di W0F #d NG, S A 1irfd e d hd0

hammer.ed track w t hout

odu
Chaurﬁ&t\?Ff&&&Fi FHdEHPEt F]B%scﬂ%@l‘%\?‘f]ﬁgn‘-ﬁdrse A Q%toiby means of
a polveradeisge hatlratrahéad, olhhtinathHya tdiel ool ldy wenrkiaxy.

eldﬁ@ﬁ%%ﬁi%%n%chhgupfgésnlningnféﬁgkﬂﬁﬁfgé%kféh‘yéP”dgﬁtact

with the weld toe.

Preferably, the cold working is carried out in a pregrinded
steering groove or a pregrined track rounding the weld toe

profile to a geometry fitting the geometry of the hammer head.

Preferably, the weld toe is subjected to the cold working
sufficiently to produce a smooth-forged hammered track without

individual indentations deviating more than 10 % of the average

indentation obtained by the cold working.

An object of the present invention is also to provide a hammer

head for use at cold working.

This object is achieved by the initially defined hammer head,
characterized in that the hammer head has a slightly convex,
elongated contact surface in the length direction for contact
with the weld toe.

Preferably, the elongated contact surface of the hammer head has
a radius in the transverse direction that is smaller than the

radius in the length direction.
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head for use at cold working. This object is achieved

by the initially defined hanmer head, characterized in
w0 bab/111829 hammer head has a slightly convex, ePONTERDEHD00928

contact surface in the length direction for contact

with the weld toe. Preferably, the el ongated contact

surface of the hamer head has a radius in the

transverse direction that is gmaller than the radius

in the length direction.Preferably, the el ongated

Pref@ihdtl,, suhtageopfatbe bantRst haatk has & YMOHRher head has
d forn188 ach end. Preferably, the contact

a S?ﬁPF%iX SPUPABAhERHRr TheZRCE S1Hbi i shed with a surface

snoot hness better than Ra 1.2. Preferably, the radius

Pre?fertag?ﬁ am@rcgﬁﬁgctnsﬁfﬁaé rkglf’]hclﬁéa e%gé'lg%,ldnq]rsg l51ished

tines e radius o
Wlt@r§n§V€¢§€edFW@@FF%%S%h@eE#&ﬂI?ﬂaﬁiﬁﬂw%a? times of the
radius in the transverse direction. The pr esent

l.nvention,comi g rical r ovenent.  of the
e BERRT] FCWPEATOF L7 Nkt dBHT aiiha diededptfhgirection
is dstrgelki shasntwof t besef ile afadiomprabdihe @mmmé@adl #n its

trah@%rtsgedtﬂ@mﬁoﬂegﬂcﬁ Ngnd 61 £ATERE0 Lt i A JIOVGle %)ﬂlus in
nmeans o amer head, where the geonetry of the

theh%ﬁﬁEFVﬁEQS ﬁér§FFbﬂ§ty changed inrelation to prior

art, with significantly |nproved geonetry as a result

The'géegggqegﬁyggh%BﬂpééﬁfT@ qggﬁégkséélzﬂhﬁﬂﬁgéﬁgﬁ} of the
welgy t‘PIerF@faééoWéthgelbmft]h@tjr?fvé?ﬁ |Jtﬁﬁﬂcsi}wd+ e SRSES eﬁe'l

estadvaghageeusrebeAtNatiHD &bm z%ssiluaé ﬁﬁm mTltelat the
resent i.nvention_ is grefera useq_for
ha ggnPEShlng is carried out in novel way by means of a hammer
head, where the geometry of the hammer head is strongly changed
in relation to prior art, with significantly improved geometry as

a result.

A geometrical improvement, which so far only has been known from
grinding or re-melting of the weld toe by TIG 1s according to the
invention combined with the advantageous elimination of residual

stresses.,.
The present invention is preferably used for hammer peening.

Further advantages as well as advantageous features of the
present invention will appear from the following description and

the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, a specific description
of preferred embodiments of the invention cited as examples

follows below.

In the drawings:
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Furt her advantages as well as advantageous features of
the present invention will appear fromthe foll ow ng
wale®enipee on and the dependent clains. BRI EF PCT/IB2006/000928

DESCRI PTI ON OF THE DRAW NGS Wth reference to the
appended draw ngs, a specific description of preferred
enbodi nents of the invention cited as exanples follows
below. In the drawings :Fig. 4 shows a hamrer head
according to an embodi nent of the invention, nounted

Figi. n1a pBﬁéWﬁtaChQ@mrhefd gaccca.»o&t}@/\&@asi dABURWesE of the
t he hamer pead in a fronta

Ui ow of BERE RanePo AR i i Phertathty Trfedons
Figreld rehdysfarsdendieg of téhestieamieng fgracove atigthe;
Flg"’:‘E|3d t Qﬁowg' g fréni?glp"\@l&v Q{]@g{] @q%%n%reg{ a%.g l%lr %‘q\g/}e’ 2,

shows posi tion_of anmer
Flgst éer i ﬁﬁoyﬁ odvield Frepdy 7 oh @il ndimicdhéd S&ﬂeerlher gegove at
wel d tere weld.t8eshows fatigue strength of a specific
., untrea weld,  Fig., .9 .shows fati ue strength of the
Egﬁagé t%%gwgfamgfﬁg%%n??g ee%f%%t %" 'has been col d
Figworkedshewsr dpagtion apt etﬁtﬁ)dtarmﬂr dteatdwenu Hyenttierring

and Fi grodPeshows a preloading | oad sequence applied

to the Ids t ste nd f i C results are
Fidyy e73ent" AP n2F i;’%lg%e§ %%ﬁ&@é%%é%l PTI ON OF
FlgDREFEREEDwEI\/B&DLg&IT&mgHE dﬂ\l\éEMﬁe@i Higuing rkaskdwseld,
Fi @artsﬂgwg Eggfgﬁ% §tf@“€ J1é%HQ§ r Q%a%e%d as in

according ft of the I nventi
Fig. 8 after 1t has been ¢old worked accordlng to an

embodiment of the invention, and

Fig. 10 shows a preloading load seguence applied to the welds
tested, and for which the results are presented in Figs.
8 and 9.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

Figure 1 shows a part of a pneumatic hammer 1 with a hammer head

2 according to an embodiment of the invention.

The hammer head 2 is shown in more detail in Figs. 2 and 3. The
hammer head 2 is characterized in that it has a slightly convex,
elongated contact area or surface 3, here with a radius 4 in the
transverse direction that is smaller than a radius 5 in the
length direction. The contact surface of the hammer head to be
used against the weld toe (9 in Fig. 4) has a smoothly rounded
form in each end 6,7. As seen in Figs. 2 and 3 the radius 5 of
the hammer head in the length direction is larger than two times
the radius 4 of the hammer head in the transverse direction, and
smaller than 20 times the radius 4 in the transverse direction.
The figures ag here given define preferred ranges. The contact
surface of the hammer head to be used against the weld toe is,
although not shown, advantageous polished with a surface
smoothness better than Ra 1.2.
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The hanmer head 2 is shown in nore detail in Figs . 2

and 3 . The hamer head 2 is characterized in that it
whawea1ske ght |y convex, el ongated contact areaPCF/1B2006/000928

surface 3, here with a radius 4 in the transverse

direction that is smaller than a radius 5 in the

l ength direction. The contact surface of the hamer

head to be used against the weld toe (9 in Fig. 4)

has a snoothly rounded formin each end 6,7. As seen

FlddreFi4g%hoﬁlsgadc%obbesé@df.d;'ﬁ 1511@5%@1&1% hasmeers head-d ne of the
Lrection.l ar r than, t time e ,
werdltaed" TsTEREBE, Sibdra i PEn ¢ PANLANS (IR WY 1n Fig. s
thelipregtiiodedantcemahegrobae 29 shoms. tFieg r adigiows jan position

of e Whanevensgqdbr §6hE AL JH@ £t QUF 85 as- hgFe g V% Fig. 7 a
define preferred ran he contact surface of th

Finishesr cReddveskae U%gé saa. PstS t ORI P dEHSs, shown the

grcaivtehmmgltomou.lshemmoaﬂhanaa@emsdmlma&m@haﬂ ti2 &and 13 along

'r“érxfo%%% %%gtshggsélgﬁt Eﬁgw{lhaghgaoghgr Kl @ﬂ; eccﬁé Sl@vé%l% worked

0SS sectron rou where one
in tao@sfprgeussttflélné gﬁdeéélthpwhan@‘\tmwre tHolshpilqg fpe realized

thaftl 9:he5 stt@%rﬂthggghcaded §Ee§l‘1b\ﬁh§l :Qtﬁolﬁi@sl S5 showhd Fi G.s Grossly
Sl

S L R S S i R g S TR
examgld ftieel @mbsdshenn. A s here shown t he groove bottom
11 is snooth, and folded material 12 and 13 along the

groove edges is also shown. The other weld toe is cold
TheyaesF LR 189c 6Fr E88oHUPAYS whY , 13 FMEEHPA It Shovioqth
moxﬁel‘maﬂt@ betheahi zednt hatl themstieet i mor gim(nk&éi‘ﬁsﬁl‘mwrpressure

on the 1 iO’ %h%ngogll§ogﬁ$u§¥ éggggrﬁ%féi #ugtyﬁ to 50

e t 0 nore clearl exe
de%ﬂﬁﬁdlnﬁﬁttlv'ﬁh§h§r egrmnau ag blflet%@rlgr@mme 1@6‘1 gls evenly moved

aldiRf rred Uty RyesneathcapyemBnts M thowdy eyen ad dinem For
but not, an i ntensivye, pressure on,the tool 1 Th

Vel g Pa ﬁP@P@F&BP?SheFBeaBB%‘?r%’%gt%r%‘bve houllf be

investigated for cracks with NDT (non destructive testing),

visual inspections will however normally be sufficient.

The cold working is carried out by an even pressure against the
continuously moving hammer tool. Usually three movements or

passes by the hammer in the steering groove are recommended.

As mentioned above, the bottom of the groove should be smooth and
without substantial singular indentations due to “jumps” of the
hammer head 2. The surface roughness in the bottom of the groove
11 is measured to be below Ra 0.5. The groove edges can be
slightly folded, thig is however of no importance for the fatigue

resistance.

The present invention results in a more significant improvement
of fatigue life than up to now known methods, also for high
stresses. The fundamental principle and idea behind the invention
have been fully confirmed by laboratory tests. These tests were
performed in such a way so as to obtain a direct relationship

between fatigue life of steel connections and such connections
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degrees relative the normal of the work piece and is
evenly noved along the weld toe. The tool is to be
worewedi®kd the time. For very critical connectPONEB200d1®0928
steering groove should be investigated for cracks with
NDT (non destructive testing) , visual inspections
wi Il however normally be sufficient. The col d working
is carried out by an even pregsure agai nst the
conti nuously noving hammer tool. Usually three
whelf@VERBN/81Qr tBESELS et r@lmﬂs; Ha‘mﬂéﬁ@t a@fzien@xactly
hardLooue, ar e regongended.uﬁs meﬂt1 i oned a att gt%h tom
ERePYr BBTRS shbuT b SHobt aé%eﬁm“{ Qf“
heagli.ngul ar i ndentati ons due to "junps" of the hanmer
head 2 . The surface roughness in the bottom of the
groove 11 is nmeasured to be below Ra 0.5. The groove
Flgélage§ ERRVBEtEE| BRETIUT oF HeRPIThi LT Hot RBrEggmed tests
forl Npettaned weLdshesf arlgaee resdlsdvancthe aningESambngth
acc#%%ggé ea. %g§?%£ﬁe&nt$ P?rf5 'égﬁél éﬁg(ﬁ.qgg%%Pq?HI e same
[ 0 nOM/ nown ne S
typsi. gﬁ»sStSih@ygesn The- f%n@l@m\cﬂ%ﬂakpﬂr@ rcigyeyenmhtisgege obtained

by keki HﬂvtehelbﬁVeﬁlg@f*e hay esihegs 4 Lﬁﬁéamﬂgr 'B%d;ukéﬁce that was
These._ tests were r.ned

PRI hoaE P o Bl NoSEir R 7Bl o | e H Ben LLng, where

thef@mp@ae Wwefke ekpeSe@ItcommeeWemn&mpﬁmtudﬁﬂ17 of tensile
str%%%@%Cté@@é%hgéghtggfwfﬁgdae QQEQH§WE%HH&/w1th five load

nore exact nmeans
cYCAREuAt £ Hafher 1 fﬁrfat@%cch@f’ﬂplh%’?ﬁﬁe‘fe r%df&sqrﬁSg&P@hsas 0.85

YS. s Im\és ﬂnb@o{raihégu east seogh hiRceds di ngdpeqer fmre"r%df ore

reated 4, ur e sh
reopGRIZaE S bRt RORCEor TG (5 TRT Or e T hart, g Teduced
aftwor kde Wwehnsredr spheisanels ygxposed whawwelidh aiﬁr@.ssgs
consi derabl e i nprovenents are obtai ned by t he

inventiqgn. Figure 10 shows a, prel oadin quence t ha
Thewégventgon 1sgof course not 1£ any waygk lJicted to Ehe

preferred embodiments described above. On the contrary, many
possibilities to modifications thereof will be apparent to a
person with ordinary skill in the art without departing from the
basic idea of the invention such as defined in the appended

claims.
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applied to the welds tested, prior to the fatigue
testing, where the probes were exposed to an even

wappbittisee 17 of tensile stresses, after each PEBIB20¢5/000928

probe has been | oaded with five |oad cycles 16 to

yield in formof conpressive stresses such as 0.85 YS.

The i nprovenent as shown in Fig. 9 appears therefore
regardless if the convention ef fect of the hanmering

is reduced after the hamrered specinen is exposed to

Mk stresses. The invention is of course not in any

way restricted to the preferred enbodi nents descri bed
labAVﬁietﬁBdt h@rC@bﬁtaim:M',\g naihaoessifidiidueestirength in welded

nodi atlon eo 0.2 S
mn?ﬁ ﬂ%?és éo %#eﬁ% ﬁyﬁ? epa?ﬂtgga e?ro
thwhbasu the d‘é@l@ftcvehe Sf)nvﬂeﬁnﬁil&ﬁl%mﬁﬁi & @@fldnéf@rkﬁwhéuch

gﬁﬁgﬁggg ?g?%ﬂﬁz é%éydwsﬁ%asd&éﬁ%ﬁ%?ﬁd@ﬂtd@ﬁb@latn@he weld toe
stren i n, wel] de 0i_n

-¢cd oﬁ%n?go‘ég?@ﬁiis?}?'@lg% SRR S e“’(é_)rﬁe @rgo W\?Ef{&ng is

toea¢91ed303ubbpcmemh$cnfxﬂcPQMHﬁqdn}vsmcmammam &ead, which

%EQ'Q ngé éyegﬁgiéble éﬁé?ﬁéﬁ'éHhéﬁbé'@ﬁﬁﬂﬁc% 488 in the

act er’i In that the col
wo.lperlae i dlzarkien BeF ERRFRENSIGH £owed ddriogerd 9) -

hanner head, which has a slightly convex, elongated

rface (3).in the |engt dlrect r

CoRbRchebFon FReoRsied 68 g o UEdhiga dn chat cne
accoﬂdlwgrkonglasnvarrl@ﬁa@@mtém|Qenraqr#ﬁﬂﬂd theeggng groove
workh g oh-s C@EEb?ﬂnQ&'tti’Qc}@ Jpcgl?rgcﬂ ec.qqutw%Q.rd R ( @QV®roflle
(11 ) or a pregrined track roundin t oe %
pr 60 Pe 9E6MgEEEofREF 1T | F T gt PR g@é \%%F ead.
hanmmer head. 3 . The method according to claim1l or 2,
?h%%aCte%hégdacgo£gfﬁgt98 @@Aﬂmtf 459,'éhé¥£863¥f%$é‘1n that

the weld toe (9) is subjected to the cold working

sufficiently to produce a smooth-forged hammered track (11)
without individual indentations deviating more than 10 % of
the average indentation obtained by the cold working.

4. A hammer head for use at cold working of a weld toe (9) for
obtaining enhanced fatigue strength in welded metal joints
and -components, characterized in that the hammer head (2)
has a slightly convex, elongated contact surface (3) in the
length direction for contact with the weld toe (9).

5., The hammer head according to claim 4, characterized in that
the elongated contact surface (3) of the hammer head (2) has
a radius (4) in the transverse direction that is smaller

than the radius in the length direction.

6. The hammer head according to claim 4 or 5, characterized in
that the elongated contact surface (3) of the hammer head

(2) has a smoothly rounded form in each end (6,7).
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sufficiently to produce a snooth- forged hanmered
track (11) wi thout individual indentations deviating

woresoe/11182n 10 % of the average indentati on obtBCTERR0GH000928

the cold working. 4 . A hamrer head for use at cold
wor king of a weld toe (9) for obtaining enhanced
fatigue strength in wel ded netal joints and
-conponents, characterized |§ that the hamrer head (2)
has a slightly convex, elongated contact surface (3)

7o gt Rl eld %%tc'o%lw S0BRCLEVE 1 dbes veb d | oe

hamer, according t
ché'raa'lacérqrz‘é’rfq el th ﬁé‘eeFSHﬁﬁFEds‘dBﬁ?‘é\%t "}éu?]?%cl?eammer head
(3)2)0fid e hamer WHeada( 2uriascasnadtiseéd)béntéhethan Ra
transverse direction that is smaller than the radius
inthe length direction. 6 . The hammer head accordi ng
to claim4 or 5 characterized in that the el ongated

8COf ACanfhtlf At d %)cc%frdtllf‘l% Ramegk B@adlé%}ls hasta 7,
snDothI rogggﬁ Qrm.in each .end The

i
ha tt(IJ-‘hﬁn ag.flugl g?ﬁséﬁ Fl&e hammer head (2)
Chamanﬁgrlaﬁgthrdﬂﬂuﬂtudme1eoﬂaagersuhﬁacewgftLMQS the radius
ha r a t

{han %gﬁnfﬁe} @gé dsgk%q Wit Bd wahessrggvaw@s@%n and

hammer ead accor g
an§m%ﬁl@%zﬂhﬁ$4@Q(¥lﬁes SHarcaet gpried i(A) tﬁ&tlFﬁe ransverse

r agi tsscf £Jn Of the hanmer head (2) in its length

direction is larger than two tinmes the radius (4) of

the hamrer head (2) in its transverse direction and
ssnalsleeoft e Rethiotescobréhegriadi aey (4§ ¢¥pins 1-3 and/or the
tr AOSVEF S i r&etd Qinf to W3k & thaifet hod aeeondiingr

to any of clainms 1-3 and/or the hanmmer head according

t oPRPY1%Y - cl ai ms 4-8 for hammrer peening.



