2257075 Title: A Welding Process THIS |INVENTION relates ‘to a wel ding
process and nore particularly to a welding process adaptgefhd®s provi de an .
overlay of hard netal applied.onto the surface of base nmetal, the hard if
metal exhi biting good wear iresistant _pr Jpesti esi=A | arge nunber of wear

resi stant nmaterials have been heretobefore used in vari-ous kinds of nachine .
and equi pnent in many industrial fields. Techniques enploying such netals

are commonly enployed in connection with alnost all conponents and parts

such as rollers, roller tyres, table segnents, hoppers, shoot liners,

etc. which are nounted on vertical nmlls respectively used, for exanple, in
the crushing of -coal used in boilers for thermal power generation, and in

t he crushing of cenent clinker or blast furnace slag, the surfaces of which
are eXposedfﬁfthIQQQWQP&EEEOBrBEeEEar due to contact with coarse raw

mat eri al s. e Wea al ways required over the whol e of

each nmenber, but it is sufficient for only that part of the surface

cont acting tfers A FPheFtGH S el dtae %U:Chawe@éldiﬁﬁ?s'fﬁfééesén mas moré
situation, the wear_resistance can_be achi eved | us :
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surface to reco itign t rfa has wor.n_due to
operation of ?‘ﬁ% m I& GBW&%I I“S? eéﬁhél (ﬁﬂﬁg &ﬂ :%F sﬁe%‘iﬁ?éd to
have wear reyroperickesis rather | arge. Ther ef or e, mhether |t s a

wel ding process carried out during initial manuf acture or a subsequent

rebuil ding, effective welding is required. As a result so-cal | ed .
fully automatic A large number - of wear resistant maierlals have €ﬁ

been heretobefore used 1n various kinds of machine and
equipment in many industrial fields. Techniques employing
such metals are commonly employed in connection with almost
all components and parts such as follers, roller tyres,
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table segments, hoppers, _shoot liners, etec. which are
mounted on vertical mills réspectively used, for example,
in the crushing'df'coal used*in boilers for thermal power
generation, and in the crushing of cement clinker or blast
furnace slag, the surfaces of which are exposed to strong
abrasion or wear due to contact with coarse raw materials.
The wear resistance is not always required over the whole
of each member, but it is sufficient for only that part of
the surface contacting the raw materials to have such wear
resistance. In this situation, the wear resistance can be
achieved just by applying a hard metal to the regquired wear
resistant surface using a welding process. It is also
possible to perform a welding process of this type on a
worn surface to recondition thg surface when part of the
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surface has worn due to operation of the mill.

Generally, the area of a contact surface required
to have wear resistance is rather large. Therefore,
whether it is a weldlng process carried out during initial’
manufacture or a subsequent rebuilding, effective welding
is required. As a result, so-called fully automatic
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Eﬂmelding processes such as [err] welding, MG wel ding, subnerged arc
wel di ng, etc.” have been enpl oyed for the purpose of formng a wear
resi-stant surface. In formng a wear resistant surface by the above-

descri bed overlaying process, it is a matter of course that deposited netal
of hi gher hardness can achi eve hi gher wear resistance. -As is well known,
however, a serious problemexists in that the deposited netal of higher
hardness has | ess toughness, which brings gbout the disadvantage of |ack of
resistance to the shrinkage stress that can occur with a wel ding process,

eventual | y' reqigildiily | orcesds U skl &5 UPELT RRAGIHACKIMEE  Jéiding,

di sadvantage is particularly conspicuous 1 n base netals which are generally
f&% t Hae
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overl ayi ng | agrirpbie (of tformhigrd arefr afesisicdmeasuefaeEl Ng i ncreases when
t he hardness of the deposited nmetal is high. Accordingly, in the prior art,
the hardness of the overlaying |ayer has necessarily been restricted to

bei ng no hi gher than &) férmimg sapi veanf résistantf suriface yarthesaboweeee
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approaches have ,been proposed heretobefore. For exanple, to prevent
spal | i ng, preﬁ&%ﬁqﬁ1¥ﬁ that  theoderpsitad, Bataddobe _QHNPQRRQQ%ﬁﬁﬂﬁs
work, and i'n Qs toughhtgss WhichCbefihgsodBbatsthe dighdvanpagat of clack

”Hwt ai ned. duroitn %ésr}.estoavnecrel cian el éﬁriﬁk&&étg ;eggp%aa%h can occur with
' a welding process, eventually resulting in easy occurrence
of underbead cracking. This disadvantage is 'particularly
- conspicuous in base metals which are generally considered
not suitable for welding. '

The possibility of spalling of the overlaying layer
due to the occurrence of underbead cracking increases when
the hardness of the deposited metal is high. Accordingly,
in the prior art, the hardness of the overlaying layer has
necessarily been restricted to being no higher than 600 Hv,
in spite of the insufficient wear resistance thereof.
Also, the thickness of the entire overlaid layer is
necessarily restricted to being 2 to 3 layers (6' to 10 mm),
which gives rise to another problem in that the wear
resistant portion can only have a rather small thickness.

In order to overcome the above~mentioned problens,

several approaches have been proposed heretobefore. For
- example, to prevent spalling, preheating at 250 to 600°C is
- introduced before the 'overlaying" work, and in order to
“ensure sufficient toughness a high temperature is
‘maintained during the overlaying work. A further approach
'is to perform an annealing step to eliminate welding stress
- by introducing the overlaid portion, iminediately after
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Is to performan annealing step to elimnate meldlng stress by |ntrodu0|nga_
the overlaid portion, imediately after 3 welding, into a.. furnace: at
600 to [err] In practice, however, such preheating at high tenperature
and wel di ng under high tenperature i s very difficult. . Even if one succeeds
in elimnating welding stress by annealing at -high tenperature,” there
still remains a further problem--nanely of a reduction in hardness.of the -
overlaid | ayer, due to the tenperature experienced during the annealing

step. Further attenpts to solve thé cracking probl em have been propo sed,- in .

whi ch a wel delidipggceistav ah farmace i at 608b tng7RAPGE -har Inegract

obt ai ned a di t 0 e ar,
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wel di ng bealeMpPErAtuTey re) gt H‘ésé'eﬂ‘élqacr acﬁuﬁ%ﬁ BRARl SRy, NARKLY
60-21070) . Hff W thatucivwaih hapdhess pusom&ecbvamiaaniayewbme)fto
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the portion where the bead extends across  .the .groove. (Japanese

Lai d-Open . Patent Pybligall Qttgﬂptgot$7§§?é wcﬁcﬁﬂ CBrdb‘femcﬁﬁﬂé" ng

prior art procedures-.can prOV| utlon ‘to the problens, there
still renmi heghs pavposedes i Vﬂ’b’-‘?ﬁ/eﬁ c‘éﬁ%ﬂln‘ﬂnp?ﬁﬁeﬁﬁr with |30rm akeriftunment..

ment i oned aQﬁ&SlihgaF?ﬁ@isQiaﬂﬁle@eﬂopﬁbe@btained and welding with a W
material of . superior toughness are. . alternately repeated
_1ike a sandWich (Japanese Laid-Open Patent Publication No.
.56-71578) . or . in which welding conditions are varied
periodically so as to alternate between a large and a small
welding bead width, thereby positively generating weld
__ cracks at the. portions where ‘the. welding bead width is
"small (Japanese Laid-Open Patent Publication No. 60-21070) .
A further approach has been proposed, _wherein a number of
grooves are formed and a, number of hard-facings are applied

. Itransversely to. these grooves so._ __._,_a"s to- generate,

_ intentionally ' bead cracks at the portion where the bead
_ extends across the groove (Japanese Laid-Open _ Patent
Publication No. 60-174266) '

_ Whilst any of the foregoing prior art procedures _
can prOV1de a partial solution to the problems, there still
_ remain disadvantages to be overcome. - In the first prior
art document mentioned above (Japanese Laid-Open Patent
,Publication No. 56-71578), __because 'of__ alternate
accumulative deposits of a. layer ‘having . superior wear
reSistance and another less reSistant layer, it is needless
to say that this construction is inferior in . wear
'reSistance as compared With an arrangement entirely
- comprised of wear reSistant layers._ ikewise in the second
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'Publlcatlon No. . 56-71578) , because. of alternate accunufative
de psits . of "a | ayer having superior wear resistance and anot her | ess
redi-st ant | ayer, it is needless to say that this construction is
inferior in. wear resistance as conpared wth an arrangenent
entirely conprised of wear resistant |ayers. Likew se in the second 4
prior art docunent nentioned above (Japanese Lai d- Open Patent Publication
No. 60-21070), this process may be theorep%cajly appreciated, but in .
reality a practical problemexists in sel tlng the pitch Iength of

adj acent re | f gggﬁ r ha138¢e Of
di {‘fl cul t tg ?Et ?l b%}?g snma n%fé'rtgcﬁéhg is‘,i%ortenl ng a(:j | S ance g"%t Oﬁ’ one
crack (a portPakest SPbligationi didy) éﬂd‘zéﬁdloﬂer thiextpreeessn Ay she |

bead wi dth). thkeretienRly &¥pPetiatédls beealid 0 yUAFHPE oL T tdlcay MM
I nterval s, actual _achi evenent, of this 1deal wll be difficult Decause the

cracks are exEEQE%?BIFﬂ%ﬁﬂialquﬁﬁ;??ﬁ&@9|§ & Rikchyilengthaf adjacent
remai ni ng wel gegfonsr ofs the beadhoxd eaﬁéﬂ1ﬁﬁdﬁﬁr@naearnneese&twach.

the case of 1L6iip aEFEABRPhCES h@m‘%%éeﬁs?%ﬁga@é?;?a% bR eB8E reniige g
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Not only is thi's requirenent
i mpossi bl e t ceXapple;t g¥edaif plociss idealho ndispersae cxacks rat obt mm

recondi tioni ngneékpaldse Q&thae aﬁéﬁié%éﬁehﬁ rSQOVﬁhiﬂeaidbﬁilshaﬂge be
Aq‘grdlng to é %?ié&ignhégguseeQE rgg%g are excessively large. Also
there is a probability that the remaining welding stress in
the bead of such an arrangement eventually results in
insufficient protection of the bead from partial spalling.

In the case of last prior art document discussed
“above (Japanese Laid-Open Patent Publication No. 60-
' 174266), it is essential to provide a large number of fine
recess grooves on a surface such as a liner of large area.
Not only is this requirement troublesome but also it will
be almost impossible to repeat the same proceéess as the
initial one to carry out reconditioning after use of the
apparatus to recover wear resistance.

According to this invention there is provided a
welding process with hard metal comprising the steps of
applying at least one layer of welding of hard metal onto

' a surface of base metal which limits the heat input value
" J, to be in the range of 2000 to 6000 J/cm; said heat input
'value J being calculated by:
J =60 x-I x E/vV
where: J is heat input value (J/cm); E is arc voltage (V);
I is welding current (A); v is welding speed (cm/min) and
limiting the interpass temperature to be not higher than
300°C at all times so that a large number of fine cracks



wel di ng process with hard netal conprising the steps of applying at teast o
one | ayer of welding of hard netal onto a surface of base netal, which- 1
limts the heat input value J, to be in the range of 2000 to 6000 Jlcm -,

said heat input value J being calculated by: J 60 xI x E/v where: J is -

heat input value (J/cm; Eis arc voltage (V); I is welding current (A); v |
is welding speed (cmimn) and limting the interpass tenperature to be not.-
hi gher than [err] at all times so that a %arge nunber of fine cracks = .5.
are evenly and dispersedly produced on a bead of deposited netal ina

direction pe Péndvsﬂw ah@ Iﬁﬁpﬁ&'sh&d@{y prodEd If o Hedd bf dipssitdd O

| ayers of -we d|n are superinposed iefe able that an n_arc fuIIy
aut omat.ic WePﬂ'EF n 3 °ntP%¥P%n¢}ﬁ£ Eﬁré‘a ﬁ?@*@s '5}%&’?%"%
used in this melder and that a high speed.-wre feeding. deV|ce -capabl e of -
feedi ng nore than 60 and u e 0 the .
e he procesn™ g Braenabyd(h By aifR0, 5 Tulyete BY Yflalhe' e

overl ayi ng psnpersmpoSeds preferabl e that its hardness is over 600Hv.: Not -
only is the nunber of-over-laying |ayers not Ilntted but .al so the thlckness
thereof is permtted to be freely established. "To satisf hese

requi renents, a sati ItadSoPreferphia Jfhat anspRen. arco “é@ﬂb Wﬁt¥§ 3 0

to 7.0%, Siyefaért QsZeQﬂﬁloXed 0. thdto & fax Q‘:gr&d Wire i @iﬁplo?ﬂd R
east one copponen :
whi ch. s ad ugeé/i gﬁﬁlga?’fegaﬁgt’ :\/ggahg'a\én& &119; sg dﬁé\%"rﬁ Ifoeﬁf%tﬂﬂ)osed
of C. 3.0 device capable of- feeding more than 600 cm/min and up to =
3000 cm/min is . employed in the welding process.; - A\

With regard to the hard metal used in . the. |
'foverlaying process, it is preferable that its hardness 1sf -
over 600HV. " Not only is the numher of over-laying layers

not 1imited but also the thickness thereof is permitted to
be freely established. To satisfy these requirements, _
_ satisfactory hard metal is a steel alloy composed of c. 3.0
to 7 0%, Si. 0 S to 2. 0%, Mn 0 5 to 4. 0% Cr..20 0 to
'35 0%; and at least one component selected among Ho, W V,-_
zr, Ti B,_Nb, Cd, CO, Al which is added to 2%. An
_ Malternative hard metal is a steel alloy composed of c. 3 0
to 7.0%, si: 0. 5 to 2. O%, Mn' 0.5 to 4. 0%, V' 10 0 to
20. 0% W: 3.0 to 10. 0%, and at 1east one component selected 'f"
among Mo, Zr,_Ti,_B,“Nb, Ccd, Co, Al which is added in the '

ratio of nbftQZ%_- ”

_ In performing the process of the above arrangement_._-
according to the invention, it has been found that fine-
cracks are dispersed or distributed evenly and in large"
number in the direction perpendicular to welding stress on';__*
a deposit, whereby stress around the cracks is reduced to

~ the extent that reSidual welding stress on the entire bead
is substantially ignorable.

- ’.
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fo_?,O%; Si: 0.5to02.0% M: 0.05to 4.0% V: 10.0 to 20.0% W 3.0 to .
10§Q@6 and at’ | east one conponent selected anong Mo, Zr, Ti, B, Nb, Cd, Co,
Al which is added in the ratio of up to 2% In perform ng the process of

t he above arrangenent according to the invention, it has . been found that
fine cracks are dispersed or distributed evenly and in large nunber in the
direction perpendicular to welding stress on a deposit, whereby stress
around the cracks is reduced to the extent éhat resi dual wel ding stress on

the entire bead is substantially ignorable. 6 The wel ding stress has
been heret.obefqre. one t o) _
0 The' UR1ATH, LErBE0 N Deck HINEAETEEP THd U, the

wel di ng portion ggnerates shrin . I .
sol i-di fi cati onS8R¥oRFe T ohleng cnherapee ¢he cdepesitpdiwelding pporddones
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i n hard-facing Pe stress is concentrajed at the boupdary, between said
deposit and sat® bﬁggiﬁﬁf‘gf’narﬂf‘fhi ereodtR @ | BEPRYKRBLRS XANGS in

resulting in spatérial gropetties hesxmmhiseﬁqtmv;cm! hai:a?_msts_sl ’leaughh@%e)
i Shersi o of Ppceasl BRTN° dePeRi®and M8 Rk in BREG2EBR Mo Bine <
desired functi®kressaisencentrated ¢t Ithe bougdary betweeas satidndepasite
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i nterpass t enfRYeRtRAlYY, regulkdnge|in RPPEbings | Tomsalve the problem,

. ‘ several attempts have been proposed as mentioned above in

o order to achieve an intentionally even dispersion of the

' cracks. ' The present invention has accomplished this

‘desired function by a novel concept of limiting the

interpass temperature to be not higher than 300°C and

limiting the heat input J to be in the range of 2000 to

6000 J/cm. |

It has been generally understood that .a higher
interpass temperature during the welding process is more
desirable, as this provides poor toughness to prevent
occurrence of large cracks. For this reason, the fact is
that rather difficult steps have been forced to be taken,
such as performing preheating at high temperature and
keeping the welding temperature high during the welding
‘process. .

The - invention differs from this conventional
conception. Moreover, with respect to the heat input J,
the following formula is a known principle:

J=60x1Ix E/vV .
- where: J is heat input value (J/cm): E is arc voltage (V);
I is welding current (A); v is welding speed (cm/min)

' It is certain that the heat input calculated by
the above formula varies depending upon the manner of



desirable, as this provides poor toughness to prevent occurrence of |arge —~
cracks. For this reason, the fact is that rather difficult steps have" beem’n
forced to be taken, such as perform ng preheating at high tenperature and’
keepi ng the wel ding tenperature high during the wel ding process. The
invention differs fromthis conventional conception. -Mreover, with respect
to the heat input J, the following formula is a known principle— J = 60.x |
X E/v where: J is heat input value (J/cny: Eis arc voltage (V); is
wel ding current (A); v is welding speed (cmmn) It is certain that t he

heat i nput Wl‘dirﬁj &k tyh&he i\xbo'l'ﬁbiér m,“ @hiehl %&@%&%éﬁ%ib@ugﬁ“her
of 7 wel di shown' i.n Eggi 1, which show§ ggta for _vari ous grlor o
proposed welPH pPB'B%g§%§ 109, RFOTRRSSS: LOUTs AL PR -tihe Yabvesare

| argel y dlennﬂniJﬁrthukhtabeeuaredlangeky(dﬂﬁﬂetenﬁOﬂﬁoﬂ/tné réqubred

Hoat I mput (o Y8 OB '3/&55%%%9@%’5%‘2“5%% em ()

(V) (cm mn) Covered el ectrode 4. O[err] 170
18, 000 Sem - Solid wire 1. 5[err] 40 L 15L000 auto
Flux cored weld wire 3 2[err] 206 ' 40 - 16,000
Subnerged apc welding - 500 30 . -. qn rmn — "
R o . Weldlng ponditions;-,_t _ |
| Welding Process = . | . . _g; .| Heat Input|
(¢ = mm/dia) .. . | furrent |[Voltage |Speed| - (J/cm) R
- @ | e
| Covered. electrode 4. 06 :_a110=],Q,¥37A{, iS.f;-ﬂIé}OOd-_'i _
 Semi- | Solid wire 1.5¢ | 400.{ 25| 40|:. 15,000 |
‘auto | Flux cored _ ' : . '
weld | wire 3.2% 400 26 40| 16,000 -
$ubmerqed arc_weldingi L Sog o _3om} -_30L§-1f39;000'
”__Surfacinq_with_strip-i L T EPS T N : '_: -
electrode y I _QOO.:.;~'25r' 18 . . 675000-"- _"
A

The heat input according to the invention has a
lower limit of 2000 J/cm because 1t becomes effectively
1mp0551b1e to carry out. overlay1ng if the heat 1nput 1s_7
_less -than thls, due . to the poor meltlng rate of the metal"
melted by the arc. On the other: hand, 'if heat input 1s_
over 6000 J/cm, the thlckness per bead given by overlaylng o

L becomes excess1ve1y large,. thereby enlarglng a gap betweenc-'
one crack. and another. : COnsequently, a ‘large and deep
crack is produced at each locatlon,_whlch brings. about an
_increase in the res;dual stress in the bead between cracks.
Such cracks propagate easily, .. eventoally ‘resulting in



§urfaC|ng with strip el ectrode _ 800 25 18 .
675000 The heat input according to the invention has a lower linit of 2000
J/ cm because it becones effectively inpossible to carry out overlaying if
the heat input is less than this, due to the poor nelting rate of the netal
melted by the arc. On the other hand, if heat input is.over 6000 J/cm the
t hi ckness per bead_gi ven by overl ayi ng becones excessively |arge, thereby
enlarging a gap between one crack and another. Consequently, a | arge and
deep crack is produced at each | ocation, which brings about an increase in

he residual th t t
the residual  sba833ng) t heddeadohs YaER 4 cgaaﬁaa%u fage?Ckend’ HiAAIGhed

easily, eventually resulfin avoi

di sadvant age, VA&USerS oﬂ%ﬁabgiﬁﬁe‘ﬂs 18stté'tﬁ i k’ﬂgﬁnf—h"flhésl it RBReXs heat
upper heat inptihputnitimikf. the interpass tenperature is over 300C, the
solidification speed of the deposited metal is reduced thereby enlarging

t he di mension of the crack on the wel ding bead whilst decreasing the nunber
of cracks.. This result3fi rthen interpassi rtenperatnirtiaissiovers deorepn thiee

crack and the %Qﬁiflcatg{gn aé/é%%%erq@ ﬂ?gl O%rlttagae m?{:gp. ]aiit %ﬁ&uﬁ?d

establ i shed as enper open arc
wel der may be %eggbzdea%a:qénwem rdimension of the sm}em the wvelsddng

nai nly becausebaﬁdshﬁﬁhbﬁ'B&ct@a&@h&'ﬁﬂemﬁﬁ ek Gf BPagidl.!i #figf ragdhed
gas, flux or the | nﬁmls needed. Consequently, the equipnent 1s relatively

sinpl e and t helBsRRANCTeA8E imLhe Kesidunl shass hetween onecrask andys

(such as - the other. To avoid this disadvantage, 300°C is
o . established as the upper temperature limit.

An open arc fully automatic welder may be selected
as the welding machine. This selection is made mainly
because of simplicity in welding work, i.e. no addition of
sealed gas, flux or the like is needed. Consequently, the
equipment is relatively simple and the assembling of the
entire equipment including auxiliary 3jigs (such as
manipulator, positioner, etc.) is relatively easy and
furthermore it is also easy to carry the equipment. This

. is a great advantage when it is necessary to go to a remote
- working site (which is difficult to access) where
' rebuilding with wear resistant material is to be performed
for reconditioning.

It is preferable to employ flux cored wire as a

cored wire for use in the open arc fully automatic welder.

. This flux cored wire is composed of a thin strip of steel

plate formed into a pipe; into the hollow part of which a

mixture of fine particles of alloy components, deoxidizer,

gas generating components is inserted to form a wire. The

outer peripheral steel plate portion of this cored wire has

a property of being able to carry a very large current

"~ density as compared with a solid wire, and of which the
© melting speed is very high.



mani pul ator, positioner, etc.) is relatively easy and furthernore it is

al so easy to carry the equipnent. This is a great advantage when'it is N
necessary to go to a renote working site (which is difficult to access)
where rebuilding with wear resistant material is to be perforned for
reconditioning. It is preferable to enploy flux cored wire as a cored wire
for use in the open arc fully automatic welder. This flux cored wire is
conposed of a thin strip of steel plate Jormed into a pipe, into the hollow
part of which a m xture of fine particles.of alloy conponents, deoxidizer,

Gas generating conpeGgnissyl Sth\e1 i féle!thd WfBrendriCionde wugs r%?“ﬂ’ﬂer_a'

steel plate portion o hid cored wire has a: proper€§ 3@1 e|n e to

carry ‘a ver¥s| Brgéerablentodenploy asfoyr¥hegl,drd e of
whi ch the npbbhaag SREeehé Swe2aing Gachind, Fuaphnme 'fdf ufeéamgt hp to

f d b I, hi gh
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~cnimin in péagaiatl the conventional speed- of up: to 600 cm mn. resul t
of selectlng the mentioned flux cored wire, -the alloy elenents to be used
in the hard-facing can be selected froma wide range, and " is possible

‘to select any conp3semt.reswldy afseleching: +thet mentioped ﬁéu&tQPred
i ndi vi dual gwﬁea ,cend! awm elbhen't% to b g b \the hare fididig dn

har d-faci n been poss maxi mam to HvQOO i.n hardness
and only wiPg §ehﬁ$€Fﬁan5szatW@eI%’é9§' o?nQ\H%EFF'ﬁ %ﬂ'ﬁ tq select |

mm  On theafiyh&jomponent ' and/or the hardness most suitable for the
individual wear conditions. It is to be noted that.in the 55)
prior art, hard-faCing has been poss1b1e, at maximum, only '

- up to Hv600 in hardness,_and only w1th a max1mum of 2 to 3
layers 'of which the height is 6: to- 10 mm.-:On the other_
“hand, in the present invention, when performing ‘the same
~ process. using the aforementioned welding'machine to: satisfy
‘the. same weldinq requirements as’ mentioned ca high hard .
overlaying of HvV600 to 1000 can be formed- at any desired
~ thickness. ' ' '

. As representative comﬁanents for 'the. overlay
. -according to the 1nvention, the following materials can. be
'_adopted._(l) materials of high Cr carbide.such as_c_3”0 to .‘i)
7.0%, Mn:0.5 to 4.0%, Cr:20.0 to 35. 0% ‘and: (2) materials
of high V carbide such as c 3.0 to 7.0%, Mn:0.5 to 4. O%,
- V:10.0 to 20.0%, W:3.0 to._lo [ It may be further
preferable to add one or more elementS'among Mo, W, V, 2r,
Ti, B, Nb, cd, Co, Al to the mentioned two materials up to
2.0% depending upon wear conditions.

It_is_genefally reooénizedgthetpweldinq material

.. for use inshard-facing-is_prepaged-employingtalloy elements
which are eesily carbonized;'andzeVery carbide composed of

such elements has a high hardness. ' The deposit hardness
obtained by overlaying is almost'in;proportion to the total



Y

hand, in the present invention, when perform ng the sanme process using the
afsggenment i onéd wel di ng machine to satisfy the sane wel ding requirenents as
nmenti oned, a high hard overlaying of Hv600 to 1000 can be forned at any
desired thickness. As representative conponents for the overlay
according to the invention, the followng materials can be adopted: (1)
materials of high C carbide such as C.3.0 to 7.0%.. Mh:0.5 to 4. 0%
Cr:20.0 to 35.0% and (2) materials of hi %_rbv carbide such as C.3.0 to
7.0% M1:0.5to 4.0% V:10.0 to 20.0% 0 to 10.0% It may be further

preferabl e to gL tHEY, r‘i{ﬁétss EM&E
Co, Al to the rrentloned tvvoeﬁnterl al's to 2. }%e ﬁ%e &%%%&%eg
condi tions. | ©f jdeRpsidia |in z%‘@leﬁﬁaﬁllmﬁl Sﬂ-ﬁgeﬁﬁﬁer il genexaldy n

hard-facing i %Wdﬁ@rﬁﬁ dﬂ:'ﬂﬁ: aﬂd he laABRALS oM icETBEre diﬁfédy it may
car boni zed, a eveg Cﬁ?lr:)l de conposed of such_el enents has a high
t

har dness. ePd Yndssiaffgei ARG o9Er 1S8Y: sfealgm)s? iGprbon
proportion todohntdnﬁ&lf c:310 ﬁmmwfpéf@smseu tprimciﬂr‘atr theiePieon fomce

ot i o oRGFOEY e et dail Aty 3 B RS, DS ke o
| ar ge amount of carbon (e..g. a carbon content of C. 3.0 to 7.0% perforns a

princi pal function fomeorﬁgcartg%ngﬁﬁghﬁ %Ie@’eéf Oaﬁghgmmweéﬁﬁ 'Hl%h

wel di ng consunabl es o i@ rein are hi 'éx
susceptible t@ W&Wemmr le"emmc@ti:l? kFﬁgcé'éEBﬁ-PSnce iThedigh

l n proporti onfiraguencd ofC AratkiTif BbcurFeméé Ois ahigh! LRE PYrOPpIrtd o T
»J ' ‘solidification speed. 1In prior art processes the number of
occurrences of cracks is decreased with the process of
annealing, and thus occurrence of large cracks is reduced.

In the invention, as a result of restricting the
heat input J during welding to be extremely low, and
performing the welding process at high speed at a 1low
interpass temperature, the solidification speed of the
deposit becomes very high. Consequently a large number of
cracks are formed which are evenly distributed so as to
release most of the residual stress existing in the entire
built-up layer and preventing the generation of large

Y, cracks which may result in partial spalling.

In the multi-layer overlaying process with hard
metal according to the invention, it is possible to achieve
an overlaying layer of higher hardness and larger thickness
than the prior art. Accordingly, wear resistance and life
time of the overlaid portion are remarkably improved.
Further, since the welding speed is very high, welding
efficiency is also improved. Moreover, the construction of
the welding machine itself is simple, 'so that the welding
machine may be portable, thereby enabling rebuilding work
to be carried out at a remote site. ' '
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occurrences of cracks is decreased with the process of annealing, ané..t hug~,
occurrence of large cracks is reduced. In the invention, as a resultjoﬁg.}x&
restricting the heat input J during welding to be extrenely | ow, and- -
perform ng the wel ding process at high speed at a | ow . nterpass

tenperature, the solidification speed of the deposit-becones very hlgh
Consequently a | arge nunber -of cracks are fornmed which are evenly

- distributed so as to release nost of thajyesidual stress existing in ‘the
entire built-up layer and preventing the generation of |arge cracks which
may result in partldnfﬁﬁﬂitiuh,|thérmenaing pnoeessvotl&hemﬁnwemt@snmnth

hard netal accor e Lnven | b
. overlaying R&y $ h&FBH&é&“Qn EEF%%r Hécéggggi% %¥ﬁgégr?%r
art. Accor cUilggi )hamhtess,esom dow coneg therebynforminge ao\relrmabﬁipmmfon
are remarka rov : Sl &ﬁ§
wel di ng- eff:i?& ﬁg %21 SO I fr lg?eddF e%d@lﬁ' % q&ee&b Hoable Wuﬂt‘

over . the construct;on of

wel di ng nachmmw|ﬂnu§1ba3§:MQﬁﬂkaoﬁy§Qﬂﬁﬂﬂ3ﬂﬂi\ﬂﬁ(ﬂQR?IﬂQQQQR;%ﬁﬁ HE“t
portabl e, &fs%by ﬁiﬁ@:&aﬁbwblﬁd &, M gD darisor sy atkldl a;s@cnemt e
|

site. t'he” wel di ng roce - of thg inven |on s perforned
by provi di n@'ﬂ'&&i’é’ft"s sty ixgn)o Wikl ng e Woﬂ%’é ﬁg by one, '

‘thereby formng a pIurallty of Iayers The technlque -of t he invention is
D CFor oot o e BrgRe Bk asiﬂ pEERA sy SR8 iR ALY DL
iron) with Mﬂaenshaqﬂﬁnﬁhéyim&eﬁtmmdellh upuebetﬂssqmmqunhyuwem ﬂﬁy be
fore read| | )éxample with reference to the accompanying drawings in -

which: . . .
| . .FIGURE 1 is a front View showing the pos1tions at”
‘which a microphotograph of metal structure in an embodiment_h

according to the present invention was taken;’ o
FIGURE 2. is .a nucrophotograph show1ng themmetal
structure taken along the 1line A-A in Figure 1; - :-‘
| _ FIGURE 3 is a nucrophotograph shoWing theﬂmetal_'
structure taken along the line 'B-B .in Figure 1; and
- FIGURE .4 is .a macrophotograph showing a. metal-
structure of another embodiment.. '

U

In one. example of the present invention, a cylinder.
of 900 mm in diameter made of high cr carbide wear--
resistant casting is overlaid with a high cr carbide flux
cored wire of 3.2 mm in diameter, of which the: base is Fe

'_and containing C:6. 0%, Cr:27% and . other components, by-';
means of . an open arc automatic welder under the following.
conditions° -

‘Welding Conditions
(1) ; Wéid._i_ng current L .. _ 400 Amp

(2) Welding voltage | .. 28V
(3) Travelling speed B 180 cm/min.

I



»

understood, the invention will now be described by way of exanple with
refgrence. to’the acconpanying drawings in which: FIGURE 1 is a front view
showi ng the positions at which a m crophotograph of nmetal structure in an
enbodi ment according to the present invention was taken; FIGURE 2 is a

m cr ophot ogr aph showi ng the netal structure taken along the line A-Ain
Figure 1; FIGURE 3 is a mcrophotograph showi ng the netal structure taken
along the line B-Bin Figure 1; and FlI GUR 4 is a macrophot ograph show ng a
metal structure of another enbodi nent. e exanpl e of the present

Fosi stant | castily o TR, e ﬁ%\?ﬁ% TRarbi de {1 ux cor cdOR P8R 3. 2
mm i n di amet er(5)of vvhlliﬁat hinputse i s Fe and containing C: 6. 0% 370023%cwnd

Fol Towi ng contii ons. JeT I EnA it (g A ipaEl gy (T Nohl®

400 Anp (2) V\él ding voltage 28 V (3)

Travel l'ing speed The high Cr carbide \J@Qrcfééﬁé‘tant Idadting (cinipgpass
t enper at ur e

3700 J/cm (6) C¥:278), eppioyed, r{ﬁ]eﬁt Hﬂfe a?%ﬁ?ﬁeaﬁq nghe aéﬁ?&ﬁétmeﬂ. gh
Cr carbi de we@xamsliesthntas sestall {shéd 74s Compatativel Exathple a bamed net al

[ n the afor emgyudongde EXRLP' Riabi® L HAPRASDEI02° HOUBH L' Gha0H Bhal

facing was applied by coating arc welding process according

_ to one of the prior art was established as Comparative
-/ Example 2.

Then, the foregoing Example 1, Comparative Examples
1 and 2 were subject to rubber wheel abrasion test (RWAT)
under the same test conditions. Table 2 shows the test
conditions and Table 3 shows test results.

TABLE 2
- (a)| Load on test piece 8.8 Kg
(b) | Revolutions of rubber wheel _ 6000
\ \JI .
(c) | Revolution speed 120 rpm
'{(d) | Abrasive - ' Silica sand No. 6
‘(e) | Abrasive feed amount | . 300 g/min
(£f) | Dimensions of test piece ' 20%20x50 (mm)
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test material having a hardness of Hv600 to whi ch hard- faC|ng was appllegﬁ
by coating arc welding process according to one of the prior art was’ = “4}_
est abl i shed as Conparative Exanple 2. Then, the foregoing Exanple 1, -
Conparative Exanples 1 and 2 were subject to rubber wheel abrasion test

(RWAT) under the same test conditions. Table 2 shows the test conditions
~and Table 3 shows test results. TABLE 2 (a) Load on test piece '
8.8 Kg (b) Revolutions of .rubber wheel 13 6000 (c)
Revol uti on speed ' ' 120 rpm (d) Abrasive
Silica sand No. 6 (e) Abrasive feed, ampunt. .. . 300
g/mn-(f) ‘Dinensions of test piece : 20x20x50 () 3
TABLE 3 Abrasion - Abrasion reS|stanggBkﬁ i pl e- anount: _ (Conparative
exanple 2: 1.00) Example 1 .. 102.9 q o _ .2.44 Conparative
Example 1 |  267.4 g ' r '
251.5 g 1. 0od |%bf§st% er:tood %Qgﬁﬁtﬁ%b¥§tghé@pH%I%1 1ehp|e 1

according t¢ the inventior] haamewnbr asi of COBRAKARI¥R EFRAER1GS2/EN0Q)Y t he
har df aci ng .ccording to tHe prlor arts| Figure 1 shows a position to show -
M cr oscopi ¢ [0 TTECT OSCOPTC PNOL 0gr apng o1 the struc ur% of- Exanple 1.
Figure 2 is EXARR I cbpic {phot®Frdph t pken. along

‘comparative | . - |.
Example 1 |  267.49g [ . . - .0.94 o
_ | _ o . _ _ .&-)_
Comparative _
 Example 2 . | 251.5 g -z]u'lw.-:. 1.00
| It 1s understood from the Table 3 that Example 1
according to the 1nvention has an abra51on re51stance tw1ce
as much as the hardfacing according to the prior arts.
Figure 1 shows a pos1tion to show microscopic and
macroscopic photographs of the structure of Example 1.
Figure 2 is a microscoplc photograph taken along ;.i;ﬁ

the line A-A 1n Figure 1 and from which 1t 1s seen that:
carbides—like needles are growing toward one direction.j'
" Figure 3 is- a microscopic photograph taken along the line
B-B in Figure 1 and from which it is seen that carbide-like '_
needles are densely grow1ngn Figure 4 1s a macroscopic o
'photograph of a’ metal structure of another example in which
a vertical roller was overlaid w1th a thickness of 30 mm -
and_ put into use, and from which it is seen that fine
cracks are evenly distributed on the surface w1th a

-

distance of about 5 mm.
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the line AAin Figure 1 and fromwhich it is seen that carbides-Iike
needl es are growi ng toward one direction. Figure 3 is a mcroscopic

phot ograph taken along the line B-Bin Figure 1 and fromwhich it is seen
that carbide-like needles are densely growing.. Figure.4 is a nacroscopic
phot ograph of a netal structure of another exanple in which a vertical
roller was overlaid with a thickness of 30 nmand put into use, and from
which it is seen that fine cracks are eveply distributed on the surface
with a distance of about 5 mm 14 The S ef erred enbodi nent of the

I nvention prevents a 0Lt 1 riial

under bead cracki ng mﬂg§¥S§%€¥%Pge&a§%g§§iéé§?; gn%hgu% aggk%ﬁghgg %Bts
The pref err ecBBr ce¥eElayinge pav&ionon faesh| @anhiakl spablingf ﬂﬂ#d #Qta
of whi ch the‘@ﬁﬁéﬂﬁé&d'ér@éﬁﬂﬂé wheR ﬁPQvtﬁznéOab@eifrfngs{96t|éﬁffﬁcgay
have an optio @ th| kness and there nmay~ be any nunb

overlays, intHhihak Betalt he conventional number of overlays, mhlch i s
usual |y Iin1ted to two or three layers. In carrying out the preferred

f th t t t h
D choating at hi gh t cHiSr ARSSeTIAd, BERERAS rPhq iR GDYERELCR,. SReBIRAg o
hi gh inter pasplumber]atym:s dofi rl@rtd]emetail awﬂgwpniohesthearlﬁmhi%eisf
dual | g h T d h
resi dual we C.{%x% aééé‘rmfr 6‘11;<9V§£ d?%hﬂ&dk hghgr %géi-é mA OCE@ {: the

i nvention is bel ng I ng appara

which only a 9Rkional . wghm..sa »@pl ewmmutbanyaaxecnmer of
. overlays, in contrast with the conventional number of
—/ overlays, which is usually limited to two or three layers.

In carrying out the preferred process of the
invention it is not necessary to perform steps such as:
preheating at high temperature before performing the

" overlaying, keeping a high interpass temperature during the
overlaying process, and release of residual welding stress
after the overlaying.

The preferred process of the invention is capable

of being performed by a known welding apparatus to which

~ only a partial improvement is applied, without any specific

work, additional device, particular technique or
cpmplicated welding control means being necessary.



wor K, addi
wel di ng cont

tional devi ce, particul ar technique or conplicated..
rol nmeans bei ng necessary. 15 CLAIMS: 1. A weldlng

>

A’Q._r_
\h.gf‘,

process with hard netal conprising the steps of applying at | east one Iayer

of. wel ding of hard netal onto a surface of base netal, which linmits the.

heat input value .J to be in the range of 2000 to 6000 J/cm said heat

| nput val ue
value (J/cm;

300C at al
di spersedly

perpendicul ar to the axis of 'the bead. 2.

J being cal cul ated by: J =60 x | x E/v-where: J is heat input

Eis arc voltage (V); |slgeld|ng current (A); v is welding
speed (cmmn) and limting the |nterpass tenperature to be not higher than

times so that a l.arge nunmber of fine cracks are evenly and
produced on a bead of dep05|ted 'netal in a direction

to daiml wpagMB:a plurality of |ayers of'meldlng are superinposed. .3.

A wel ding process with hard netal according to Cla|n11 or 2, -wherein an-

open ar cful

y automatic wel di ng process is enployed . 4. * A wel di ng

A wel di ng process" accordlng

process withihard. neﬁalweﬂdinghmocesﬂ wiith? hard mehalecomplrdsmgr ekhevi r e

S or 5, uher5ePS SERUBLELAY, off ?“’%}?‘né”’%%v?ég%g"éﬁ'“@f‘?f%ﬂe%g’nt’p‘ﬁ .

i s enpl oyed
t han 600 cnt

nor e

Behat,ong P SHRFRGSQR PasS chetalegvhich limiks,the

process W thifipat RRllde a:p,cowl ne tin atili/eof‘&n@é Td@ mweebnso@oalmm
harsnﬁaatoantpn 943y B LRAadiefdyier el 15 over 600

wherein the
Hv.

3. _ A weldimg process w1th hand metal according to-_

: . . J=60xXx I X E/v _
where' J is- heat 1nput value (J/cm); E is arc voltage (V),_
I is welding current (A); v is welding speed (cm/min) andf

limiting the 1nterpass temperature to .be not higher than"
_300°C at all times 80 that a large number of fine. cracks
are evenly and dispersedly produced on a. bead: of depos1ted;
~metal in a_direction_perpendicular_to the axis of the bead.

2. A weldiug'process accordiug_to claiﬁ.irgherein a
plurality of-layers_of welding'are'superimposed.

Claim 1 or 2, wherein an open arc. fully antomatic weldings
process is employed.,"

4. a weldmg _'p'rolc'es_s w1th hard 'metal accordji_ng to
Claim 2 or 3,'wherein flux cored wire is employed. '

5. A welding ‘process with hard metal according to.

Claim 3 or 4,_wherein a high speed wire feeding dev1ce"

capable of feeding more than 600 cm/min and up to.3000'
cm/min is employed. '

6. - A welding process with hard metal according to any

one of the preceding Claims, wherein the hardness of the :

overlaying hard metal used herein is over 600 Hv.

™



16 7. A wel ding process with hard netal according to any one of the
preceding Clains, wherein the overlaying hard netal is conposed of (1)
C3.0to7.0% Si: 0.5to0 2.0% M: 0.5t0 4.0% Cr: 20.0 to 35.0% or (2)
at | east one conponent selected anong Mo, W V, Zr, Ti, B, Nb, Cd, Co, A
which is added in the ratio up to 2% 8. A wel di ng process with hard
metal according to any one of Clains 1 to 6, wherein the gverlaying hard
nmetal is conposed of (1) C 3.0to 7.0% Si: 0.5to 2.0% WM: 0.5 to 4.0%
V: -10.0 to 20.0% W 3.0 to 10.0% or (2)1§t | east one conponent sel ected
anong My, Zr,, Ti, B, No Co._ Al which Js added in.the ratio up to 2%
9. A wel di ng prd@b@%fgﬁﬁgteﬁﬁ?%f?ywﬁghﬁ@?ﬁﬂﬁmﬁég%r?ﬁﬁﬁré}Pﬁ ggfﬁ?gnce
to the acconpangiof #thawipreseding Claims, wherein the overlaying hard
metal is composed of (1) C:3.0 to 7.0%, Si: 0.5 to 2.0%,
Mn: 0.5 to 4.0%, Cr: 20.0 to 35.0%; or (2) at least one
‘component selected among Mo, W, V, 2r, Ti, B, Nb, C€d, Co,

Al which is added in the ratio up to 2%.

8. A welding process with hard metal according to any
one of Claims 1 to 6, wherein the overlaying hard metal is
composed of (1) C: 3.0 to 7.0%, Si: 0.5 to 2.0%, Mn: 0.5 to

\ 4.0%, V: 10.0 to 20.0%, W: 3.0 to 10.0%; or (2) at least
one component selected among Mo, 2Zr, Ti, B, Nb, ¢4, Co, Al
which is added in the ratio up to 2%.

9. A welding process substantially as herein described
with reference to the accompanying drawings.




