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FI ELD OF THE | NVENTI ON AND PRI OR ART 5 The present
invention relates to a nethod for obtaining enhanced
fatigue strength in welded netal joints conprising a
wel d toe, where the weld thoe is subj ected to cold
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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

30 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
35  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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35 inproved by cold forging (hamering) of the weld
toe such that the residual stresses are locally

el wommat®d and advant ageous conpressi vecstimessess ar e
established in the metal surface (hamer. WO

20106/ 111829 P!: TRB2006/ 000928 2 peening), There are
four knorsn nethods of hammering. These are hammer
peeni ng, needl e peeni ng, T hanmeri ng and shot
PEERiingY. . TCoEMDR FQr Lhesendretdods Hasnddal. these are
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afpl tTRFeEeare hitghteSUMVERY BF TRIEF NVENTTON Afattoue
objfEctniof irdreaprsesent Limvehtekanti shemotlr Bviagec gtress
metdiadudeer aA0nhopt. ai ni ng enhanced fatigue strength in
wel ded nmetal Joints and - conponents. This object is
achhaypbebyud Bediidy al |y defined met hod,
characterized in that the cold working is carried out
byn mpans of thiSraspowervedtiapehs Fanmeridreadretbd AT has
aostdightd ynicenvexatgluengatedhcontvatiedsurthaceinrs bhe -

| epgihestisrection for contact wth the weld toe.
Preferably, the cold working is carried out in a
prear inded 20 st.eel kg, ar oave. At f.MLedrLned track
roundlnb‘the‘me d toe ro%f]e %3'a eonetr f|tt|n%
{ REGEOREERY 161 i iRaridy "HEARE ©° FPar arably P tHah® o
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t aek ok thowteo25 i ndi vi dual i ndentations deviating
nore than 10 1 of the average indentation obtained
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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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characterized in that the hammer head has a slightly
convex, elongated contact surface in the I ength

di wectob/amzf or contact wth the weld t oerCT8B006/000928
Preferably, the elongated contact surface of the
hamrer head has a radius in the transverse direction
that is smaller than the radius in the length
direction. NY 0Oa MOMEi ', a'71620U61000925 3
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| engt b elinfeet isoprthpsss Beiger harkat W -ti mes t he radi us
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Therpreésent invention is preferably used for hammer
peeni ng. Further advantages as well as advantageous
f Q\agéﬁn%§rﬁfalt H@roRmESENtniAVeNtELORAW |hhs 3RRE AN GBbn
ttg%1£é¥n5q¥¥ ng. ﬂl@§§ﬂ§'£g|t99 d@@g toe by TIG i1s 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 appeaxr 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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t he dependent clainms. 30 BRI EF DESCRI PTI ON OF THE
DRAW NGS Wth reference to the appended draw ngs, a
speshkddicisgescri ption of preferred enmbodicmentesciofs t he
invention cited as exanples follows below 35 In the
drawi ngs: W>s 20061111829 PCT/ 1820061000928 4 Fig. 1
shows a hammer head accordi ng to an enbodi nent of the

invention, nounted in a pne4Umati c hamer, Fig. 2
shows: a shde ¥iwaf nthe.hamel; head doki@nt b ol 0.

3 shows a,ftontal ndlo ek of Ihe hapmer.head in Fig, 2,
5 Fig. 4 shows g wel.d r%agr £or gr,l ngl.ngFof a

st Fng “grdov e at Vthe wel d 188! g, 5" Stows a
pFéegr Pndee st PG g sove, T §2 "B shtis “pdstt i‘on of
t Weg hammerowseadveilé 1ehey Spearinyg e frfopvdeedi@IRRGoVe at
shows a thaivshedocepl d worked weld toe, Fig. 8 shows
fatigue shéengtdreofindespesdfihg upsreated wel d, Fig.

9F§§‘°‘é’5 fsg&nisg c?si%&&?ggttlﬂeq{amtn% he e, E}{ep%tgérl\ﬁgl d as
in Fig. 8 after it has been told worked according to

an enbodiment of the invention, and 15 Fig. 1.0
sho%s 7a pRecoadiAgs1e6ath e efubTit&cippPied to the wel ds
t @sted, ahersf 67t imhe chrelgeh rdsulPSCHE Prresestetfiin
Firgs. 9 5sant 9atiBEd Ak L&Dt DESCRIPTENt Qe PREEERREDIN
EVBCODI NEM@ @:af-EléE ﬂtWMéMCOme@HY&cﬂzrcﬁﬂ@V& an
Becor di g e e e e o The,
I men [ i pn..

e T e e G
3. The 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 detaill 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 gmaller 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 as 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.



hamrer head 2 is characterized in that it has a
slightly convex, 25 elongated contact area or
SUffoae@i3s20 here with a radius 4 in the transwernses
direction that is smaller than a radius 5 in the

| ength direction. The contact surface of the hammrer
head to be wused against the weld toe (9 in Fig. 4)
has a snoothly rounded formin each end 6,7. As seen
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ti ﬂgimeﬁiybned 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
30 slightly folded, this is however of no importance for the fatigue

resistance.

The present invention results in a more significant improvement
of fatigue 1ife than up to now known methods, also for high

35 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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be investigated for cracks with NDT (non destructive
t esbbmg)is2s20 vi sual inspections w il howeveromwormal |y
be sufficient. The cold working is carried out by an
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tool. Usually three noveneQis or passes by the
hammer in the steering groove are recomended, 25 As
med-oned yaboves nhhe-botdesnef Hihe-grpoves shawlig be

S%EQ@@%Q me\élhl:. hout p%ggék%tha@rherskf@xu!a@aché‘wgm&E| ons
dye to "junps” of the hamrer head 2. The surface

rougdhness in the bottom of the groove 11 is neasured
to be below Re 05. The groove edges can be 30
sFighel § shoisdets fehigse| S rRoBvECCHIITH0"Y RPOE ATt &°FSr
t her fuatigued wveesi st amcaireThehpresentiak prenttironsth
r estlrtisnd Ao pedbi@esitgatd ireanbld npriovenent fof tiathgue
iq?e thannup te EQQW9ke%}d%ﬁotﬂ@Q%pr@leﬁéhtfso£rehb@ﬂ13&i
%r et%%e nvem“hl%nf %99{%5‘5 aéh?‘p{l nygéeghgdaﬂgds qu%ebmltnxgas

sy Iton ds VE gn ¥o t%e I!atl e E’gst n wher
|§B%1rl§€ofr°y Pospl THidsd PELYs &7 tor fed "7 'n “Stch
a thRyprer sa¥e o BIEaT 1o FY%bF‘ml?]éF‘éciq 6}’1% b@n%%@t ween
f atigues| iferofast belticomneet hondeandosichvith five load
coprect ions MEL20Q6forlds 828 rPEEB2OO6I604) D25 6 -85

V\’Q'gr &t e WelHet 06 s haswbaanr-Soothhasbatmee ade nore
Q%r'd)[%a{ﬁmé ec%ﬁpyn&%l@aqsepgec@ c&n\@mgrhn%rm re%c!eﬁ

ure sha the fatigue
staF%erfglt)ﬁe 5‘8‘8“&%8?1 1§ 8 Pet* 6 o}?pme ;%83 %fsgrressﬁrsitreat ed

wel ds la. Figure 9 shows the fatigue stren

adboridivery ire iperf orwed 1€sts a%rwa@’oﬁftmtl?gotov\é@%s

f @iretdiees amodithype. désrsfirdwbdva. Ringthedcoomsiderabl e

| HBEQVRMBNLS @l ol @ithned thirebhavilneenidrafentFigur e

1%555%1@1 era%%ﬂLsﬂguss%gQﬁ@ca%ttﬂ@kouwaegaqt@@pkf&d ek
th 1 v‘grl Qf tohtasedeﬁtnlegl{% E}?e hﬂegdeélvhere

tl’]i’esToc lgea OWere exposed o an even anpl | 5e 17 of
t EM&t1%



10

15

20

25

30

35

stresses, after each testing probe has been | oaded

wth five load cycles 16 to yield in form of

conpreegsisye stresses such as 0.85 YS. THe@/IB2006/000928

i mprovenent as shown in Fig. 9 appears therefore fly

regardl ess if the conventional effect of the

hamering is reduced after the hanmered specinen is

exposed to yield stresses. The invention is of course

not -iA3w@any way restricted to the preferred

enbodi nents descri bed above. On the contrary,
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met hod f obt n| n er}:hance gasr,ﬂteEek@gg v;hgch

vel deaarrﬁ%% a { %5 and - power s_conpri Si g

wel d P 2(9)ioh %%‘?f@'ei‘héflwaae‘i 68“(3@} 98 %%?oj %ct%athte
col d Wwerdkhnijrsedhn folatoraashd gt Bl ebamaldroredsur abl e
indentation at the weld toe 5 (9) is produced,
chapaeteribzed haothal theicel d, wakidcngrizsd eatidtethe
out bXOIF[?@ﬁ&ng 1@ M@éd @(1’!: Vign, Qc}f@ﬁdé@@geerMé %Qoove

has a s conve el onga rf
in thé11| en at% trackf %crg.mg tglqg](v@fé t§é’| (9§%oé§l)e

IR C R e ek
characterized in that the cold working is carried
out 3i mha rpriegr kaokedist eerilagr groove chelapfepizeg in that
pregrichedel d ack (oundistigyebhel welwhet @@ a(B)kprofile to
a 960@@%&)&1&&9'J&gp&l&‘écg%o&?&ow @Egécﬁl"%aﬂ@ﬁﬂ@&r@@ﬁdll

15 3 Tph dlgggld%%fol&gérﬁgtloqﬁ Cée%llg%lllaor{or%’than 10 % of

characterize g N ?h 1d S skublject ed

to thé RAVE*W6r kl?dﬁﬁta%ulf’fo E?lenﬁ 1y produce a

snoot h-forged hamered track (11) w t hout i ndi vi dual

i ndentratirons devitatiwg moreld harkite % afvelfHe@<alfer Age

i ndenteatiionnbhaimed dyidhrestcehgnvon kiehidgpd 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 smallexr

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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20 4. A hammer head for use at cold working of a weld
toe (9) for obtaining enhanced fatigue strength in
welvdead/metsal joints and -conponents, clraraeterized
in that the hamrer head (2) has a slightly convex,
el ongated contact surface (3) in the 25 length
direction for contact wwth the weld toe (9) 5. The
hanmmer head according to cfaim4, characterized in

t hat Thgf}%maép@ggé %Qc&@mga@g SYrace.i(3): eb ¢ he hammer
head g‘x %acteﬁlze% ghaL{lSF]:( )c Illtgcg I‘L%rgic%n§:fy%'f1§%ammer head

dlrectl i u n the
| engt R di 8‘&]tHSBﬁd gt T‘h%url’%?ﬁ”rérrno thne Sa%:%%re “é.s‘:ng“ =

claim-4-or 5, characterized in that t he el ongat ed
contact surface (3) of the hammer head (2) has a
stk ynseundeds faarsading eacdnyend c( &,18) 4 857 WO
2006]%1%§§&%r%—5/ %Q&Géggggg&s Qjofﬁ@ Mﬂﬂiﬁme@zj’dd
according t9 any.Qf. |2l 614,40 Gan GRAFAGLENIZe0i:LA
t{;f‘f Sﬁggoco?t qct Su ad €,0% tiis traq%\?ersgecﬁgﬁct(lg)x dnd

P54 PACe ' Smdot ter tha
1 2, %(‘aélerrﬁ]éarhéPn"FéF‘eﬁééothﬁcEac?ﬁH‘f ng' '8 ary "6t ¢ A s
4 to Frecelraracterized in that the radius (5) of the
hamrer head (2) inits length direction is |arger
than tuwo Ji ARSnidiedradbiifng (4) aof of heahamrer chead (12)
in i tf?am E@rllé\c{@ %&)Jﬁﬂlﬂ@q:kl Qﬂ/ @f‘@lé—gnssm If@f nbhasr 20
times o he radius (4) in its transverse direction.
9. Us®Df 9{he met hod according to any of clains 1-3
and/ or the hamrer head according to any of clains
4-8 for hanmer 15 peening.



