B NG METHOD AND APPARATUS This invention relates to a repairing
th wel ding, a welding nethodand a wel di ng apparatus for q;n@tal
This invention can be applied to correct the sizes of naAy Ki*nds of
v sequi pment (hereinafter referred to as a netal nenber), such as neta
fol ds=for plastic jet nolding or blow nolding, netal nolds for rubber
go| di ng, nmetal nolds for die casting, net &l "nol ds for gl ass nol di ng, or
-t al , ol ds for press forming. In addition, this invention can be applied
® repair or nodify a relatively minute collapse or flaw part of such a
jt al nenber. In a general process to manufacture a new netal nold in a
®tal nold factory, there are usual problens as follows: a) The netal
@@ nber is over scrapped in a cutting process by a nunerical control

% machi ne
‘ol , such as a m|ling machiwg.pINg METAGD ARDUipPARETWRKe. It is over scrapped
@ a manual machine tool with & carelress mstake. Tt

I's over scrapped in a
nual process with a file.

This invention relates to a repairing method with

welding, a welding methcod, and a welding apparatus for a

metal member. This invention can be applied to correct the

sizes of many kinds of metal equipment (hereinafter

% referred to as a metal member), such as metal molds for

plastic jet molding or blow molding, metal molds for rubber
molding, metal molds for die casting, mefal molds for glass

mclding, or metal molds for press forming. In addition, this

o ey

invention can be applied to repair or modify a relatively

minute collapse or flaw part of such a metal member.

In a general process to manufacture a new metal mold in a

metal mold factory, there are usual problems as follows:

a) The metal member is over scrapped in a cutting

process by a numerical control machine tool, such as a

milling machine, with an input mistake. It is gver scrapped

by a3 manual machine tool with a careless mistake. It is

over scrapped in a manual process with a file.

b) The metal member is damaged or pitted by secondary

discharae (arc discharamal ...

- ol L~ L. L Y



P#*The net al
ji schar ged)

g tting the

test nol di

T&der to change a scal e thereof.

menber is damaged or pitted by secondary di scharge (are
[err] c) A beaten mark, recession or flaw is caused on the

iet al nmenber by dropping a hammer or a tool to the nmetal nmenber or by

metal menber with the tool. They are caused by a carel ess
d)

stake resulting from conpl ex procedures, busyness,or a |lack of skill.
I's necessary to nodify a thickness of a resin in a product evaluation by
: ng or to nake a thickness of the resin to be thick in order to
@ecvent flash fromappearing. e) An inner corner is curved in order to
[ di fy or change a design, or a height of the netal nenber is increased
There arezfoll owi ng problens in a nolding
NB casting factory using nmetal nol ds for pl astic nol di ng or

c) A beaten mark, recession or flaw is caused on the metal
member by dropping a hammer or a tool to the metal member or
by hitting the metal member with the tool. They are caused
by a careless mistake resulting from complex procedures,

busyness,or a lack of skill.

d) It is necessary to modify a thickness of a resin in a
product evaluation by a test molding or to make a thickness
of the resin to be thick in order to prevent flash from

appearing.

e) An inner corner is curved in order to modify or
change a design, or a height of the metal member is

increased in order tao change a scale thereof.

There are following problems in a molding or casting
factory using metal molds for plastic molding or
rubber molding, metal molds for die casting, or

press metal molds.

f) The resin comes in a parting line aof the metal mold.
Thus, the parting line may become hollow after the forming

process is performed several tens or hundreds of times.

gd) A cavity, core, gnawn portion or the like may be

gnawn or warn out during the forming process. The flaw may



gcr nol di ng, metal nolds for di e castingor press netal nolds.
he resin conmes in a parting line of the netal nold. Thus, the parting
{'i’he may beconme hollow after the form ng process is perfornmed several tens
*6f: hundreds of tinmes. g) A cavity, core, gnawn portion or the |like may be
thgnawn or worn out during the formng process. The flaw may 3 I n other
§wards, it is necessary frequently to repair, correct or nodify the netal
f#menmber relatively finely in the factory s follows: (1) It is necessary to
gr epai r the abrasi on, obtuseness, or coll'apse of the parting line of the
snetal nold. (2) It is necessary to repair the abrasion, obtuseness, or
jcol | apse of dncother wbrda.edge ijpomteices sy o taquwangtd Artporépanr,

correct or modify the metal member relatively finely in the

factory as follows:

(1) It is necessary to repair the abrasion, obtuseness,

or collapse of the parting line of the metal mold.

(2) It is necessary to repair the abrasion, obtuseness,
or collapse of a corner of an edge portion and a triangular

portion.

(3) A gnawn flaw of a sliding portion should be

repaired.
(4) A pin hole should be repaired.

(5) It is necessary to repair an under-cut, flaw, blow

hole, and pit after . argon arc spot welding.

(6) A corner should be modified when it is redesigned tao

be curved.

(7) 1t is needed to repair the gnawn flaw, an edge loss
of a core pin or an ejector pin and to increase a height of

It partly.

(8) It is necessary to repair the gnawn part of the

Metal molds for the rubber moldinag and tha hlnaw malAdin~ ~nd




(3) A gnawn flaw of a sliding portion should be repaired. (4) A pin hole
shoul d be repaired. (5) It is necessary to repair an under-cut, flaw, blow
hol eand pit after . argon arc spot welding. (6) A corner should be

nodi fied when it is redesigned to be curved. (7) It is needed to repair the
gnawn flaw, an edge |l oss of a core pin or an ejector pin and to increase a
hei ght of it partly. (8) It is necessary to repair the gnawn part of the
netal nolds for the rubber nolding and the bl ow nol ding and a flaw of a
driving pin. (9) It is needed to repairH@ gnaw, a pushed cut,and a butt
portion. (10) It is necessary to repair a loss of a raised core

a flaw of a driving pin.

(9) It is needed to repair a gnaw , a pushed cut, and a

butt portion.

(10} It is necessary to repair a loss of a raised core

having a thin thickness.

(11) It is needed to repair a metal mold whose edge is a

sharp knife shape.

The metal molds for the plastic molding or rubber
molding, the metal molds for the die casting,or the press
metal molds are very useful in many kinds of industrial
fields for mass production, high quality, and uniformity of
industrial products. Expensive machine tools and operators
are needed to make the metal molds. Moreover, the metal
mold should be manually ground by skilled workers and
requires many hands. Thus, the metal mold is expensive and
needs many days tao make. For example, a cheap metal mold
may be one million yen and a large metal mold or a precise
metal mold may be fifty million yen. 1In the case of a
manufacturing line of automobiles that needs products formed
by the metal molds, motorcars should be manufactured in
accordance with the schedule and a lot of penalties are
incurred when the manufacturing line stops. If the metal

Mold cannot be used because of small flaw or crash, the

Manufacturing plan may be damamad 1~ --



‘having a thin thickness. (11) It is needed to repair a netal nold whose
‘edge is a sharp knife shape. The netal nolds for the plastic nolding or
rubber holding, the netal nolds for the die casting,or the press netal
holds are very useful in many kinds of industrial fields for mass
production, high quality and uniformty of industrial products. Expensive
machi ne tools and operators are needed to nake the netal nolds. Moreover,
the netal nold should be manually ground by skilled workers and requires
many hands. Thus, the netal nold is expensive and needs many days to nmake.
For example, a cheap netal nold nmay be one mllion yen and a | arge netal
nol d or a pret?SBTREfal FBRISMAY e bight yafasSidiy yigh. repet hengakbeof a
manuf acturing |ine_qf autonobiles that needs products forned by the netal
mol ds, mefdl ofiRdfs shBHPd®Be 3mBRPPAEM Rt iitd e SRR wi t h t he
:schedul e and a | ot of penalties are incurred when the manufacturing |line
eist ops. If the nmetal nold cannot be used because of snmall flaw or crash,

In a prior art, argon arc spot welding is generally

used to repair the over scrapped in the manufacturing

process of the metal mold, to change the design or to modify

it. However, there are following problems in the repair by

the argon arc spot welding. First, since the arc
temperature of the argon arc spot welding is high, such as
6000-8000 degrees C, the welded metal may shrink. Thus, a

shrinkage problem may occur, i.e., a boundary between a heat

affected portion and the welded metal or the bonded
peripheral area becomes hollow. There are many kinds of
*shrinkage" sizes. 1In general, the "shrinkage" is 1-4 mm in
width and 1/100-5/100 mm in depth. Since the metal mold in
the molten pool produces gas by itself and thg argon gas and
" air are captured in the molten pocl, a blow hole and pit may
.occur in the welded metal. In addition, the metal mald may
be changed in shape and color by adding heat to the metal

‘mold. under-cut may occur frequently.

Second, an argon torch occupies a space, sao that it may

%be impossible to weld a small area and build-up welding

. the color changed product is ground, a pattern based on
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manuf acturi ng plan may be damaged and 5 be incurred. There is a high
necessity in repairing the netal nold. This is a problem awaiting solution.
In a prior art, argon arc spot welding is generally used to repair the

over ‘scrapped in the manufacturing process of the netal nold, to change the
design or to nodify it. However, there are followi ng problens in the repair
by the argon arc spot welding. First, since the arc tenperature of the
argon arc spot welding is high, such as 6000-8000 degrees C, the wel ded
metal may shrink. Thus, a shrinkage problem nmay occur, i.e., a boundary

bet ween a heat affected portion and the wdPded netal or the bonded

peri pher al a{ea becomes hol | ow, . There are nan% gigds of "shrinkage" sizes.
In general, tHe "&hFtnREFRAIFE100 phergewidt A9RE tP168esP1GE in dept h.

- Since the ”fééngE%F"fhe formed product looks bad and  product value

is reduced. The argon arc spot welding has many
disadvantages, i.e., this welding is difficult if a worker
is not skilled; a metal mold part., such as the core pin, and
a fine ridge-~line (rib), such as the parting line, melt and
are lost at high temperature; a heat effected portion and a
relieving portion are brittle because of the high
temperature; and the finishing is difficult because an

excessive portion cf the welding is large.

A repair by silver brazing is relatively simple and the

N deposition characteristic is good. However, the silver
brazing cannot be used to deposit the metal mold material.
The silver brazing material is soft, so that a flaw may
occur by hitting. Moreover, it is not durable. When the
whole metal mold should be heated by the gas, the metal mold

may change in shape and color. All the braze may melt when

executing the second brazing.

Build-up plating is proper to repair a large area.
%Bowever. this build-up plating needs a long time and is not
#famucalt Metal mold material cannot be plated. In
:édition, the deposition is weak, and it is easy to separate

"93 plate. The plate liquid corrodes the metal mold and is a

. beater mechaniam ie -~ -
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the nolten pool produces gas by itself and the argon gas and air are
captured in the nolten pool, a blow hole and pit may occur in the wel ded
netal. 1In addition, the nmetal nold may be changed in shape and col or by
addi ng heat to the netal nold. under-cut may occur frequently.
Second, an argon torch occupies a space, so that it nmay be inpossible to
weld a small area and buil d-up welding may be very difficult at the inner
corner. Wen the edge or flaw of the core pin is welded, the heat effect
may bend the whole core pin and the peripheral part having no relation to
the build-up wel ding may be bent or chang@ in color. Even the col or changed
product is ground, a pattern based on the nmetal organi zation change is
added to t hB2pFAREi LiBRoBYcPeatTRE fthemBe tirlodRtd |Widks hahigsl - Flbsict

val ue is reduced. The argon arc spot wel di ng has many di sadvant ages,
this wel di n§2P828i {Fi BAPLULf 34 hiBekdirst step. However, the technique

cannot used again and is not suitable for treating hard

e

i.e.

+ ot g X 8

material and hardening material. The beater mechanism

limits a part to be processed and depends on

skill.

personal

The part hit by the chisel becomes thin and it
is not durable.

A repair method by inserting die is reliable and has an

advantage that a material can be changed when needing

strength. However, it takes a long time to repair. When a

flaw is made on a cavity (or the product surface), a

boundary of the inset die material appears on the product

surface. Thus, it may not be used.

It would therefore be desirable to be able to

provide a repair method with welding wherein welding

.. ‘Power is strong and a repaired part is durable and is

wdifficult to be separated. The durability should

equal tao or better thanu that of the metal member.

It would also be desirable to be able to provide

repair method with welding and a welding method that

¢ Shrinkage, color change or the like in the portion

"ﬁirEd by the welding.

The walded partion is
L



Is not skilled; a netal nold part, such as the core pin, and a fine
ridge-line (rib), such as the parting line, nelt and are | ost at high
tenper-ature; a heat effected portion and a relieving portion are brittle
because of the high tenperature; and the finishing is difficult because an
excessive portion of the welding is large. A repair by silver brazing is
relatively sinple and the deposition characteristic is good. However, the
silver brazing cannot be used to deposit the netal nold material. The
silver brazing material is soft, so thag a flaw may occur by hitting.
Moreover, it is not durable. Wen the whole netal nold should be heated by
the gas, the mabald amid beayesirange tonvshape wnd color. All the braze nay
melt when executing the second brazing. Build-up plating is proper to
repair gitdov pee ad epepiibrenethohivs thui | dewpiphating Jeeds iqd g Hddre and
IS not practical. Metal nold material cannot be plated. |In addition, the
deposi titimat scawakeldnini & rsleasyel9 sapatatadnishe dqueat evotThe J adred | | qui d
corrodes the netal nold and is a

lose a metal member, needs less unnecessary welding metal,

is simple in finishing, and allows manual finishing.

It would also be desirable to be able to

i

provide a repair method with welding and a welding methaod

that is simple in process, 1is easy to start the welding, and

does not require a skilled worker.
preferably . anybody can weld and does not require know-how,
such as a remaining heat process, that the skilled worker

can do. Ideally, one can repair a cavity (or a surface of

a formed product) with the welding without a repaired

mark.

It would alsoc be desirable to be able to provide
.. a primary electrode for a welding that can attach welding
:Powder of a necessary volume to a portion to be repaired
ith the welding and facilitates the welding process.

his  would impraove the efficiency of the welding

Yocess.

3,
“;ding,of this lnvention a aa-med.-
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S H-t-s—err” ~partI g TTHeE by T T
peating the netal nmold with a chisel. This manner is useful at the first
tep. - However, the techni que cannot used again and is not suitable for

' eati.ng hard material and hardening material. The beater nechanismlimts
®:part to be processed and depends on personal skill. t he part
#hit by the chisel becones thin and it is not durable. A repair nethod by
serting die is reliable and has an advantage that a material can be
1anged when needing strength. However, it takes a long tinme to repair.

ien a flaw is nade on a cavity (or thegproduct surface), a boundary of the
iset die material appears on the product surface. Thus, it may not be

ed. |t whddaktdered otge beetlesi nakbert eobBeakkpatided. A thin sheet

type welding material (e.g. about 0.1 - 0.2 mm thick) or a

fine welding powder of a proper volume is provided on a part
of the metal member to be repaired. A primary electrode
presses the welding material or the welding powder at a spot
or a line to the metal member so as to electrically conduct
to the metal member. A large current pulse (e.g. 300 - 1500
ampereé}flows through the minute conductive portion (e.g. for
1,/1000 - 4/1000 secondﬁ)to form a minute line or spot nugget
on the metal member. By repeating the welding operation
that the primary electrode is pressed to the welding
material and the current is intermittently applied, the
plural nuggets are arranged in sequence or coverlapped for
the spot, line or plane type build-up welding at the
necessary area of the part to be repaired. After that, the

" build-up welded part (padded part) is ground or polished to

r accomplish a desired plane or shape.

'.In a welding method proper to the repair method with the
;"iglding, a secondary electrode is connected to a metal
‘Ajﬁmber to be welded. A thin sheet type welding material
8. 0.1 - 0.2 mm thick) or fine welding powder of a
lfffper volume is provided on a part of the metal member to
B “elded. A primary electrode presses the welding material
1he welding powder at a spot or a line to the metal

rmér SO0 as to electrically conduct to the metal member. A

B o

Lourrent pulse (e.g. 300 - 1500 amperes) flows through the
%

\ B
[ - B
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provide a repair method with wefdrig wherein  wel ding power is strong

and a repaired part is durable and is difficult to be separated. The

durability should Ideally be equal to or better than that of the netal

menber. It would al so be desirable to be able to provide a repair nethod

wi th wel ding and a wel ding nmethod that do not affect a portion of a netal

menber adj acent to a wel ded portion by heat. There is no blow hole, pit,

under- shrinkage, color change or the like in the portion paired by the

wel di ng. The wel ded portion is It would also be desirable to be

able to provide a repair nethod with meﬂ ing or a welding nethod that

can weld in a relatively short tine, does not nelt and | ose a netal nenber,

ds | |l
e P 0B L B ol o 1ot O

addition,

the primary electrode is pressed to the welding
material and a pulse current is applied intermittentfy. The

primary electrode is moved slightly toward the welding

direction. The necessary welding material or the welding

powder is supplied and the plural nuggets are arranged in

sequence or overlapped for the spot, line or plane type

build-up we}ding at the necessary area.

A welding apparatus, which is proper to the welding

repair method and the welding method, comprises a secondary

electrode electrically connected to a metal member to be

L welded, a thin sheet type welding material (e.g. 0.1 - 0.2

. mm thick) or fine welding powder of a proper volume that

is provided on a part of a metal member to be welded, a

ifprimary electrode of pressing a welding material or welding

X

:owder at a spot or a line to the metal member so as to

{}ectrically conduct to the metal member, and a power supply

gor flowing a large current pulse (e.g. 300 - 1500 amperes)
,tween the secondary and primary electrodes(e.g- for 1/1000 -

W 000 secondé}

s

4%?C0rdiru; to a preferred method using a welding powder, of

pPresent invention, a secondary electrode is connected to

gPetal member to be welded. A fine welding powder of a

'?F Volume is heaped up on a part of the metal member to

‘tded- One pole of a taper magnet appraaches tho



Dr ovi de._.Aa anal e e L ed - AN I <IN S
PPESS, |S easy to start the we olng —and does not require a skilled
wor ker. preferably, anybody can wel d and does not require know how, such as
a remai ning heat process, that the skilled worker can do. Ideally, one
can repair a cavity (or a surface of a formed product) wth the wel ding
without a repaired mark. It would also be desirable to be able to provide a
primary electrode for a welding that can attach wel ding powder of a
necessary volume to a portion to be repaired with the wel ding and
facilitates the wel ding process. This would | nprove the efficiency of

t he wel di ng process. According to a repal{lnethod for a netal nenber with
L meldlng of this invention [err] ’

powder stands up along a focused magnetic line of force

DIMMERITL L

based on the magnet. The stood welding powder is pressed
along a fine spot or a line to the metal member by a primary
electrode so as to electrically conduct to the metal member.
A large current pulse of 300 - 1500 amperes flows through
the conductive portion during a short time of 1/1000 -
4/1000 seconds to form a minute line or spot nugget on the
metal member. In addition, the primary electrode is pressed
to the welding powder and the pulse current is applied
intermittently. The primary electrode and the magnet are
moved slightly toward the welding direction. The necessary
welding powder is supplied and the plural nuggets are
arranged in sequence or overlapped for the spot, line or
plane type build-up welding at the necessary area.
*  In the primary electrode proper to the repair method, the
Qelding method, or the welding apparatus using the welding
QPGWder according to the present invention, a permanent
"agnet or an electromagnet is provided at a portion to be
elded with the welding powder. Non-magnetic material
used except for the portion of the primary electrode for
» Wélding with the welding powder.

ﬁ;
-QACCOrding to a welding theary of the present invention,
*g following may be conjectured. When the large pulse
QifEHt flows instantaneocusly through the welding material

\he welding powdar nrnvid.d
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9. connected to the netal member to be repaired. A thin sheet type wel ding
aberial (e.g. about 0.1 - 0.2 mmthick) or a fine welding powder of a
®iper volume is provided on a part of the netal nenber to be repaired. A
mary el ectrode presses the welding nmaterial or the welding powder at a
t or aline to the netal nmenber so as to electrically conduct to the
al nmenber. A large current pulse (e.g. 300 - 1500 anperes) flows
frough the m nute conductive portion (e.g. for 1/1000 - 4/1000 seconds)to
ma mnute |line or spot nugget on the nmetal nenber. By repeating the
di ng operation that the primary electﬁ de is pressed to the wel ding
erial and the current is intermttently applied, the plural nuggets are
anged i gesegatadebyr tbeel happedufrgrntheoswotct idmeshmrclpl@fhethe peigh
d-up welding at the necessary area of the part to be repaired. After
t he Banbdtup wELBedtpARPPUSPHIdddeupsr Neats gy arrwstedhol i shed to
nplish a desired plane or shape. In_a welding nethod proper to the
ir net hodtaptaneREsly to melt locally the welding material or the

welding powder and only the fine conductive welding material
or the welding powder of the metal of the metal member
touching the primary electrode. Thus, the nugget (melt and
solidified portion = small build-up welded portion) is
strongly attached to the metal member by the coupling of
atoms of the metal. In other words, when . resistance heat
is generated at a location of the metal member and the
welding material or the welding powder instantaneously and
the temperature of the welding material or the welding
powder reaches the melting point of the metal, the nugget may

be formed by the atom coupling as the full-fusion pressure
welding with the discharge phenomenon. We cannot find
another thecry of wélding the different metals. A fine spot
type nugget (having 0.2 - 1.0 mm diameter) is formed by a

; Single short pulse of 1/1000 - 4/1000 seconds. The heat
;Produced locally at this time is a very high temperature but
1t is instantaneous. Moreover, the heat capacity of
Whole mass of the metal member is very large and can be taken

0 be infinite but the produced heat at the welding spot is

swall as to be negligible. Thus, the peripheral
.rea is not affected by the heat and the color aof the metal

mber does not change.

Welded metal (nugget) e.g.0.6 - 1.0 mm diameter and

bv'} 0‘2 mm l'hl':-\r.-. ~



wel di ng, a secondary el ectrode is connected to a metal menber to be wel ded.

PFn sheet type welding material (e.g. 0.1 - 0.2 nmmthick) or fine
ng powder of a proper volune is provided on a part of the netal nenber
el ded. A primary el ectrode presses the welding material the welding
fler at a spot or aline to the metal nenber so as to electrically
uct to the netal nenber. A current pulse (e.g. 300 - 1500 anperes)
ws t hrough the forma mnute |ine or spot nugget on the netal

In addition, the primary el ectrode is pressed to the wel ding

al and a pulse current is applied infermttently. The primary
ode is noved slightly toward the wd I ng direction. The necessary
ng rra;n,gu 2hgOspbbes Wehdi pgipavder1 bersURR! aad 3t RaaRhunRlgqataget s
arranged 1 n Sequerice or overl apped for the spot, line or plané type
d-up weldi agrahgéieinegeg§tah¥eab@aoverlapped as multi-layer.

Thus, the build-up welding of a predetermined height is
possible at a desired area. After the welding, the
unnecessary portion of the padded part is cut and ground to
repair the small flaw of the metal member to the original
condition. A welding power of the welding repaired metal is
strong, durable and cannct be separated. A durable alloy

similar to the metal member can be welded and the repaired

condition may be perfect. All the heat can be absocrbed to

the metal member because of the minute line or spot type
welding, and the heat does not affect the peripheral area of
the welded portion. Thus, the blow hole, pit, under-cut and
shrinkage do not appear at the welding repaired portion.
Since chemicals are not used, the metal member does not

> corrode and change in color and the human body can be

safe. The welded area is small, so that the welding can
be accomplished in a short time. Anyunnécessary welded
Metal is small and the welding is done locally, so that it

3 S easy to grind and finish it. In addition, the manual
ﬁfinishing is easy. The welding preparation is simple and

tthe welding operation can be started soon after the

?‘eparation. This invention does not need the skilled

Worker for the welding and anybody can weld. Know-how,
»&ch 4s the pre-heating of the metal member, that can be
{:ne by the skilled worker is unnecessary. Since this

Bven . ; :
i °Ntion can repair a small default of an expensive mar-’
ld ne~-~ -~



= UM U c V&2 (] NO r epal r- P g 0 3 MR T g

- L OU  dllU
g net hod, conprises a secondary electrode electrically connected to a
menber to be welded, a thin sheet type welding material (e.g. 0.1 -
t hi ck)

or fine welding powder of a proper volune that is provided

-part of a metal nenber to be welded, a primary el ectrode of pressing a

ing material or welding powler at a spot or a line to the netal nenber

;s to electrically conduct to the netal nenber, and a power supply for

+Ng a | arge current pulse (e.g. 300 - 1500 anperes) between the

ydary and prinary el ectrodes(e.g. fag.1/1000 - 1000 seconds). According

“preferred nmethod using a wel ding powder, of present invention, a

ndar y pakedt ppd@apy EdnAecrdd caysest alande i@ tardieresk|mrthl wold ne

ing powder of a volunme is heaped up on a part of the netal nenber to
Oneapobe Bfeg-t PéF ARYREL 18PplSadRes Hensive in an

industrial field and aids daily works.

Assuming that the metal member is magnetic and the
welding powder provided an the position to be welded is
magnetic, when the magnet approaches them from the outside,
the metal member and the welding powder are magnetized by a

mutual magnetic introduction effect. The fine welding

powder is attracted to the surface of the metal member and

stands on the surface of the metal member along the magnetic

line of force based on the magnet. 1In repairing the

obtuseness or the rib of the triangular corner, when the

sharply tapered pole (N pole or S pole) of the magnet
approaches the portion to be repaired, the welding powder

stands along the corner or the rib and the welding powder

does not run out. Thus, it is easy and certain to keep down

the welding powder to the metal member by the primary

electrode. The welding process is effective. It is
accomplished to form the effective nugget and to make the

huggets to be arranged in sequence or be overlapped.

In the welding method and the welding repair method of
the invention using the welding pawder, since the welding

Powder does not contain impurity, the welding power of the

“elded repair metal is strong. Mareaver, it is durable and

£
és Not separated. [t can weld the alloy having a durability

.qual L



der stands up along a focused magnetic |line of force based on the
) The stood wel di ng powder is pressed along a fine spot or aline to
menber by a prinmary el ectrode so as to electrically conduct to
menber. A large current pulse of 300 - 1500 anperes flows through
conductive portion during a short time of 1/1000 - 4/1000 seconds to
a mnute line or spot nugget on the netal nenber. In addition, the
y electrode is pressed to the wel ding powder and the pul se current
led intermttently. The primry eleﬁ¥%ode and the magnet are noved
htly toward the wel ding direction. é necessary wel di ng powder is
i ed apdthhemphbeal maygdpet pearfecar.r amged wal deggepcedor exethdappgd for
spot, line or plane type build-up welding at the necessary area. In the
y el eakr odeupidyercano behaiseghaiso rdtdtod; he heowel €f hgchenrbpdods t he
ng apparatus using the wel ding powder according to the present
ntion, gaocder kige e lddGiFe P reP s tdlasctiroraapiet and previvgbdiag a portion

process can be started soon.

i's

The invention does not require
the skilled worker for the welding and anybody can weld

easily.

In an application of the magnetic operation., assuming
that the welding powder is directly attracted to the primary
electrode and the permanent magnet or the electromagnet is
provided at the portion to be welded, when the primary

electrode approaches the magnetic welding powder, a proper
volume of the welding powder is attracted to the primary
electrade by the magnetic effect. When the primary
electrode is moved to the portion of the metal member to be
repaired by the welding, the metal member can be welded by

the primary electrode. In this instance, it is not

necessary to operate the magnetic to follow the primary

electrode.

When the electromagnet is used as the magnet of the
primary electrode, the magnetic force can be controlled
electrically and the attracted volume of the welding powder
Can be adjusted. All the welding powder can be exfoliated

from the primary electrode by turning off the power to the

~ Magnet,

In the primary electrode havina Fha ==~



wel ded with the wel di ng powder. Non- magnetic material is used except
.for the portion of the primary electrode for welding with the wel di ng

powder-.

According to a welding theory of the present invention, the

foll owi ng may be conjectured. Wien the | arge pul se current flows

I nstant aneously through the welding material the wel ding powder provided
generated by the |l arge current conduction shock of the high density.

Si mul t aneously, Joule heat is produced instantaneously to nelt locally the
wel ding material or the welding powder and only the fine conductive wel ding
mat eri al
the pri

smal |

bui

or the wel ding powder of the metal of the nmetal nenber touching

Yr€l 664 T olered PUSxci N1 RYIBRE bBRIE cANd t3Qlddifdedmortion =
d-up wel ded portion) is Strongly attached to the netal nenber by

the coupliy&pd Dhg apowde Bf féhecABt Ab1al AgOEbak i wer 4%, AV -dRfisdiance heat

A el 14T

material, the welding powder of the necessary volume is
attached only to the portion to be welded and is not
attached to the other portions. Thus, the welding process

is speedy and certain.

When using the primary electrode having the magnet, the
welding is done by adhering the welding powder of the
necessary volume directly to the primary electrode or the
part of the metal member to be welded for the repair. Thus,
the welding process efficiency is improved. The default of

the expensive metal member can be repaired to use again.

The present invention will be understood by

reference to the following detailed description. However,

');the following description will be made only on preferred

& embodiments and it is apparent for those skilled in the art
}that various modifications and changes can be made without

'-'departing from the scope of the present invention.

bt This invention may best be understood by reference to the
91lowing description and the drawings of the embodiments.
’ﬂ?ver, these drawings are used as terms of description and

 0f limitation.
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generated at a | ocation o ' and the wel dimg waterrar or—
< the wel di ng powder instantaneously and the tenperature of the welding
‘material or the wel ding powder reaches the nelting point of the netal, the
nugget may be formed by the atom coupling as the full-fusion pressure
wel ding with the discharge phenonenon. W cannot find another theory of
welding the different netals. A fine spot type nugget (having 0.2 - 1.0 mm
dianeter) is forned by a single short pulse of 1/1000 - 4/1000 seconds. The
heat produced locally at this time is a very high tenperature but it is
I nst ant aneous. Moreover, the heat capgcity of whol e mass of the netal
menber is very |large and can be taken to be infinite but the produced heat
at the wel difignspst Il Goremt | lGsate perspegttgibl giews showifilgus, the
peri pheral area is not affected by the heat and the color of the netal
- menber doesCABESERafgE. TRERIEd neeEal obtuggersse.af @ gorren afnalimeakr and

$£0.2 mmthicker.
. member with welding;

Figure 2 is a perspective view of a method of welding the

obtuseness of the metal member corner by a welding material

of a thin sheet;

Figure 3A through 3D are plane views showing the
processes of welding the obtuseness of the metal member
corner with the thin sheet type welding material;

Figures 4A and 4B are circuit diagrams of a power supply:

Figure 5 is a front view of a primary electrode;

Figure 6 is a perspective view showing a method of
welding a rib of the metal member with the thin sheet type
welding material;

Figures 7A through 7D are plane views showing the
processes of welding the rib of the metal member with the
thin sheet type welding material;

Figures 8A through 8C are front views showing a method of
the welding repair for a pin hole occurred at the metal
member;

Figures 9A through 9D are front views showing a method of
'welding the pin hole or a V-notched flaw of the metal member
Lby using the thin sheet type welding material;

Figures 10A through 10C are front views . showing the
iPr0cesses of a multi-layer build welding by using the thin
ﬁheet tvype welding material;

! Figures l1A through l1C are front views showing

rOP‘:-*-—' -~ =~



#nel ting spotof the primary el ectrode and such small nuggets are arranged in
»sequence or overlapped as nulti-layer. Thus, the build-up welding of a
predeterm ned height is possible at a desired area. After the welding, the
umnecessary portion of the padded part is cut and ground to repair the
‘'smal | flaw of the netal nmenber to the original condition A wel di ng power
of the welding repaired netal is strong, durable and cannot be separated. A
durable alloy simlar to the netal nmenber can be wel ded and the repaired
condition may be perfect. Al the heat can be absorbed to the netal nenber
because of the minute line or spot typk3wel ding, and the heat does not
-af fect tImempemri;pheral area of the welded portion. Thus, the blow hole, pit,
,under-cut and shrinkage do not appear at the wel ding repaired portion.
<Since chemi Ebderer b2 nbs askdontheigwt al sbrabéngdeeweictingoroegdd ;and change

in color and the human body can be safe. The wel ded area is small, so
J:hat themﬁém@ﬁnéoéaﬁn inner corner of the metal member;

3 Figure 13 is a front view showing a method of
1 welding repair for a raised portion of the metal member by

i- using the thin sheet type welding material;

Figure 14 is a perspective view showing a process of

welding an obtuseness of the metal member corner by using

the welding powder;

Figures 15A through 15D are plane views showing

processes of welding the obtuseness of the metal member
corner by using the welding powder;
Figure 16 is a perspective view showing how to weld
the rib of the metal member by using the welding powder;
Figures 17A through 17D are front views explaining

processes of welding the rib of the metal member by using

" the welding powder;

Figure 18 is a side view explaining a method of

welding a pin hole of the metal member by using the welding

powder;

Figure 19 is a front view showing a method of

’ welding repair for an inner corner of the metal member by

‘EPSing the welding powder;

Figure 20 is a front view showing a methaod of

7Welding repair for a rising portion of the metal member by

Fsing the welding powder;

F}gure 21 13 a perspective view of a primary electrode

Ncluding a magnet:




be acconplished in a short tine. Anyunnecessary wel ded netal is smal
. the welding is done locally, so that it is easy to grind and finish i
addition, the manual finishing is easy. The welding preparation is si
and the meldlng operation can be started soon after the preparation
- i'nvention does not need the skilled rker for the wel ding and anybody
wel d. Know how, such as the pre-heating of the netal nenber, that

and
t. In
npl e
Thi s
can
can be

done by the skilled worker is unnecessary. Since this i nventi on can repair
a smal | default of an expensive netaly 14 based on many kinds of causes,
and the repaired netal nold can be used, this invention is | ess expensive

d fiel dal dai.l K h h I
0 o ot Lale 18! i SRR B VTR SRSHILAR,! DR G et

Figure 23 is a cross sectional view of the primary

electrode;

Figures 24A and 24B are front views of another embodiment

L

of the primary electrode, a part of which is cut; and
Figures 25 and 26 are perspective views for explaining
how to weld the corner and the rib of the metal member by

using the primary electrode including the magnet.

Referring to Figures 1A through 1C, Figure 1A illustrates
a triangle apex corner 3 of a metal member 1 to be repaired
because of abrasion, obtuseness, or ccllapse. Figure 1B
shows a condition where build-up welding 6 is done as a
sufficient mass at the part to be repaired. Figure 1C shows
a2 condition where an excessively padded metal (excessive
part of the build-up welding) is worn away by a tool, such
k. as a grinder or a scraper, and is ground by the grinder or a

file to recover the corner 11 of the triangle apex.

Figure 2 is a perspective view for explaining the build-
gFP welding method at the corner of the triangle apex.
gigures JA through 3D illustrate how to use a primary
fleCtrode 5 of the build-up welding method. A square bar
tPr a flat plana) as shown in Figure 2 is proper to the
;imary electrode S in the build-up welding for the corner

the triangle apax The usrir.

menber

tﬁ‘?gﬁ‘ & P&t J‘to(ﬁ'l be wel ded is




magnetic, when the magnet approaches them fromthe outside,
#* nmenber and the wel ding powder are magnetized by a nutua
~ " introduction effect. The fine welding powder is attracted to the surface
of the metal nenber and stands on the surface of the netal nenber along the
‘magnetic line of force based on the magnet. In repairing the obtuseness or
the rib of the triangular corner, when the sharply tapered pole (N pole or
S pole) of the magnet approaches the portion to be repaired, the wel ding
powder stands along the corner or the rib and the wel di ng powder does not
run out. Thus, it is easy and certaigint o keep down the wel ding powder to
the nmetal nenber by the primary el ectrode. The welding process is
ef fectivediaving is tHoicdmesshed @ &2 fore naddez ebfédthi o8 Bugget Ahdst o nmake the
nuggets to be arranged in sequence or be overlapped. In the welding nethod
and the welding Mm@ i atetdhdd adrahicdéedvamttlom BT hgte heewetdahgegoader
since the wel di ng powder does not contain inpurity, the welding power of
i the wel detP AT Tetidih il st TRy PIVR&w e2 L e G § rode dBir bpkehandthe

welding material 4 along a minute line.

the netal
magneti c

o BT T T
s 3 O N :

First, the primary
electrode 5 temporarily welds (track welding) a spot part A

»%} for the positioning. Second, the primary electrode 5 is

E o moved upward, downward, left-direction and right-direction
as shown in Figures 3A through 3D where a pressure applied

-_g to the welding material 4 may be human power. The minute

line or spot type welding coperation is repeated for the

build-up welding by arranging plural nuggets in sequence and

overlapping the nuggets. If a thickness of the padded part

(the build-up welded part) is not sufficient, the welding

material 4 is bent or another welding material is further

!
applied and the primary electrode 5 pressesthe welding

material to overlap the nuggets.

Figures 4A and 4B illustrate a power supply apparatus

used in the build-up welding. In the lower right part of

Figure 4A, a tapered cone shaped primary electrode S is
shown where the end of the primary electrode 5 is a small
Circle having a semidiameter of 0.2 - 0.5 mm in order to
,{increase a current density at the endof the primary
?Flectrode S, to press the thin sheet type welding material 4
;kO the metal member 1 along the minute line or the small

fPOt and to make a limited current path. The primary

}}ectrode may be, for example, an alloy <of silver and

fingstan - s
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I's not separated. It can weld the alloy having a durability equal to the
nmetal member may be perfect. The wel ding powder excluding the inpurity can
be used, so that the work efficiency is good, the welding preparation is
‘easy, and t he wel di ng process can be started soon. The invention does not

 ’requ|re the skilled worker for the welding and anybody can weld easily. In

XY o

& nmenber to

an application of the magnetic operation, assum ng that the wel di ng powder
is directly attracted to the primary el ectrode and the permanent magnet or
the el ectromagnet is provided at the gﬁrtion to be wel ded, when the primry
el ectrode approaches the nagnetic wel @i'ng powder, a proper volume of the

wel di ng powder |s attracted,to the rlna el ectrod t magneti c
ef fect. eh-the prlﬁg?ygeFeQFrBGeg &d & %b&ﬁzéh?Qﬁ et a

Apghough copper has a characteristic of adhering to and

{ melting with the metal member, copper is not proper for the

e . primary electrode. Since the primary electrode may become

the alloy of the nugget, the material not proper to the

e alloy cannot be used. Figure 5 shows a manual type primary
? electrode 5 wherein the electrode is inserted to an end of

an electrode holder 8 of insulating material, such as hard

rubber, and is fixed by a set screw 9. The end of the

- 28 primary electrode S may be ground by the grinder or the file

before the usage or during the usage in order to form the
useful shape. The primary electrode 5 is connected to a

primary side aof the power supply apparatus through a line 10

and the electrode holder 8.

A secandary electrode 2 is connected to a secondary side
of the power supply apparatus. This secondary electrode is
connected electrically to the metal member 1 by attaching to

the metal member 1 or provided on the laower surface of the

metal member 1.

The material of the thin sheet type welding material 4
Tpepends on the material of the metal member 1. If the metal
jf);f'elt\ber is steel, the welding material may be an alloy of
jF0n and nickel because this alloy has a good welding

haracteristic. If the metal member is steel or stainless

peel welding material of stainless steel may be

per. Thesae waldin~ o~
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‘repaired by the welding, the netal nenber can be wel ded by the primary
f#el ectrode. In this instance, it is not necessary to operate the magnetic
“to follow the primary el ectrode. Wen the el ectromagnet is used as the
"magnet of the primary el ectrode, the magnetic force can be controlled
"electrically and the attracted vol unme of the wel di ng powder can be
adjusted. Al the welding powder can be exfoliated fromthe primary
el ectrode by turning off the power to the magnet. In the prinmary el ectrode
having [err] portions thereof excluding the portion attracting the
wel di ng powder for the welding consist2f a non-magnetic material, the
wel di ng powder of the necessary volune is attached only to the portion to
be wel decndrfd’8aP notThe twehding onaterbrhet psr preraredhby, at Kelvéhdi ng
process

mill by using such material. The welding material may be
% 0.1 - 0.2 mm in thickness and about 5 mm in width. In a
special usage, it may be about 30 mm in width and 100 mm in

length. If the welding material is thin, it can be

effective in usage and welding even if the current is low.
For example, welding material 0.1 mm in thickness can
be used for the welding process when the current value is
about 300 amperes. However, about 0.2 mm thickness may be
prober to obtain the nugget having enocugh thickness by
considering the current value and the welding
characteristic. Copper and aluminum cannot be used for the
welding even if the metal member 1 is conductive.

Beryllium, copper alloy, aluminum alloy, steel, and stainless
steel may be better for a main material. Hard metal can be
.welded to steel having a nitride processed surface and
to hard metal. The part of the metal member 1 to be welded
should be pre-processed by previously removing rust, oil, and

impurities.

In the power supply apparatus in Figure 4A, an AC line of
100 volts is used as a source. When a power switch 13 is
:5ﬁurned on, the welding is available. When a welding
lpperator turns on a foot switch 12 once, one conduction (one
;éulse) welding is done. A welding voltage is adjusted by a
i°ltage adjuster 14 within a range between AC 0 volt and 10
‘§1ts, Whan the foot switch 12 is turned on aonce, a solid

lfate retav 18 ~w-~-



3-S speedy and certain. Wien using the primary el ectrode having the magnet,
¥the wel ding is done by adhering the wel ding powder of the necessary vol une
-directly to the primary electrode or the part of the netal nenber to be
‘wel ded for the repair. Thus, the welding process efficiency is inproved.
"“The default of the expensive netal member can be repaired to use again. The
~present invention will be understood by reference to the foll owi ng detail ed
.gdescription. However, the followi ng description will be made only on
:%preferred enbodi ments and it is apparergZfor those skilled in the art that
Zvarious nodifications and changes can be made w thout departing fromthe
~scope of tHelbredehRYFhFERAEI bRCRTHhIE BAVEHREI Shemd) Sisdsir dee opedatsasod by
Zreference to the follown descrigtion and the drawi ngs of the enbodi ments.

gHovever, t e of abPFGE GPFECBREd( 4901t or kB OBf 2@@EEESt (TR YEnFPFP UGN at i on.

secondary section of a transformer 17 at a low voltage and

it further flows from the primary electrode 5 to the
secondary electrode 2 immediately for the welding. A pulse
current waveform flowing immediately through the primary
electrode 5 is shown in Figure 4A wherein the conduction
period (1/1000 - 4/1000 seconds) and the current value (300
~ 1500 amperes) have an inverse praopaortion relation. When
the foot switch 12 is on continuously, the charge and
discharge operations are done intermittently to execute the
continuous welding. The intermittent period may be adjusted
‘o by a timer 18 within a range of 0.3 - 1.5 seconds. The
reference number 19 in Figure 4A represents a control and
display section of the power supply apparatus. This power
supply apparatus is compact and light. When repairing
- manually the metal member 1 with the welding, the primary
electraode 5 is mounted to the electrode holder 8 as shown in
Figure 5 and the 1line 10 is connected to the power supply
apparatus via a socket 20. The thin sheet type welding
material 4 is provided on the part of the metal member 1 to
be repaired. The worker holds the electrode holder 8 and
presses the end of the primary electrode 5 to the welding
material 4 strongly. Then, the foot switch 12 of the power
supply apparatus is turned on and the large current pulse of
i 300 - 1000 amperes is applied to form the spot type nugget
f On the metal member 1. The primary electrode 5 is moved

iforward by a pitch corresponding to the diamater nf the
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| gures 1A through 1C are perspective views show ng processes for
®spai ring an obtuseness of a corner of a netal nember with welding; Figure

f2" | s.a perspective view of a nmethod of wel ding the obtuseness of the netal

Ly

@anber corner by a welding material of a thin sheet; Figure 3A through 3D
g}e pl ane vi ews showi ng the processes of welding the obtuseness of the
et al nenber corner with the thin sheet type welding material; Figures 4A
bpd 4B are circuit diagrans of a power supply; Figure 5is a front view of
primary electrode; Figure 6 is a perspective view show ng a nmethod of
1ding arib of the metal nember with2khe thin sheet type welding

TR Gino ne HIS R TR e ERC Y SER RS RC B B R ERE NG
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$Rerial; Figwas 8 thrauon BGae. Trela Vi eus show ng;Aemethad aak
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type build-up welding having an encugh thickness is done in
an area or a length necessary to repair the part of the
metal member. When the welding is done by a machine, the
primary electrode 5 is mounted to a robot hand ar the like
and an automatic switch is provided at the power supply
apparatus. In Figure 4B, a round bar having a flat end is
used as the primary electrode 5, and the edge corner thereof
presses the welding material 4 to the welding material aloﬁg
the minute line or spot for the welding. The end of the

primary electrode $ is rounded with a semidiameter of about

) 0.2 - 0.5 mm.

Figure 6 shows the welding method of repairing the rib
{ridge-line) of the metal member 1. The thin sheet type
welding material is attached to the metal member 1 along the
rib to be repaired and the rocund bar of the primary

electrode 5 is rolled for the welding. Figures 7A thraough

70 illustrate the movement and the angle of the primary

electrode S by viewing from a side. About half of the

: thin sheet type welding material 4 is welded to ane surface
% (an upper surface in the drawings) of the rib line and then
.i;the other half of the welding material 4 is welded to the
;Echer surface (left surface of the drawings) by moving the
;{Primary alectrode 5 as shown in Figures 7A through 7D.
ifhus, the build-up welding praocess is completed along the

r1b~ Thae excagsaiva ek ~



gsbe wel ding repair for a pin hole occurred at the netal nenber; Figures 9A
tr ough 9D are front views showi ng a nethod of welding the pin hole or a
V- not ched flaw of the nmetal nenber by using the thin sheet type wel ding
@nat eri-al; Figures 10A through 10C are front views show ng the processes
$of a nulti-layer build welding by using the thin sheet type wel ding
gaterial; Figures 11A through 11C are front views show ng menber
wigure 12 is a front view showi ng a wel ding repair nethod for an inner
®orner of the metal nenber; Figure 13 is a front view show ng a net hod
Bt wel ding repair for a raised portion gf?t he nmetal nenber by using the
Tbin sheet type welding material; Figure 4 is a perspective view showi ng a
Bt ocess of worn away, ground,and finished to recover the rib of the

metal member 1.

Figure 8A illustrates a damaged portion 3, such as a
small V-notched flaw or a pin hole, occurring in the metal
member, Figure 8B illustrates the build-up welding process 6
executed on the part to be repaired, and Figure 8C shows the
recovered condition by wearing away the excessively padded

metal portion.

Figures 9A through 9D illustrate the build-up welding
process for the small pin hole less than 1 mm diameter or
the V-notched flaw in detail. 1In Figure 94, the welding
material 4 is bent similarly to the V shape of the V-shaped
part 3 to be repaired and the bent welding material is
positioned at the part 3 to be repaired. The primary
electrode 5 presses the welding material and welds it. In
Figures 9B through 90, the welding operation is continued
from one side of the V-notched flaw to the other side
therecf by using the welding material. The welding
‘materials are overlapped to obtain the thickness of the
f}build—up welding material necessary to the repair of the V-
.

}nOtched flaw. The mass of the nuggets 6 is struck with a
ihammer to thicken the metal texture. Then, the excessive
'bart is worn away, ground, and finished similarly to the

Bbave discussed embodiment. A mirror surface repair is

P0ssible.
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~wel di ng an obtuseness of the netal nenber corner by using the wel ding
mrowder ; Figures 15A through 15D are pl ane views show ng processes of
el di ng the obtuseness of the metal nenber corner by using the welding
howder; Figure 16 is a perspective view showi ng how to weld the rib of
e netal nenber by using the welding powder; Figures 17A through 17D are
Lront vi ews expl ai ni ng processes of welding the rib of the netal nenber
y using the welding powder; Figure 18 is a side view expl aining a
thod of welding a pin hole of the netal nenber by using the welding
wder; Figure 19 is a front view sQﬂg ng a nethod of welding repair for
I nner corner of the netal nenber by i'ng the wel di ng powder; Figure 20
a front Viigwres didwithgougret iy iofl us mhi g tlepave ldbngarepading portion
~the netal nenber by using the wel ding powder;
method by thé multi-layer of the plates, wherein a full line

shows a small round electrode 5 standing vertically and a
two -dot line shows a round bar electrode 5' that is raolled.
In the welding by the vertical stood small round electrode
5, the end of the electrode 5 repeats to be moved forward by
a small pitch for the welding of the continuous nuggets. In
the welding with the inclined electrode 5', the electrode is
rolled to continue the welding. After completing the
welding of the first layer of the welding material 4, the
second and third layers of the welding material ¢ are
overlapped and welded such that the nuggets are overlapped.
Every time when the welding material 4 is welded, the
irreqular surface therecof is processed to be flat by a

file and then the next layer of the welding material 4 is
overlapped. It is preferred that the first layer is welded
by the small round electrode 5 standing vertically and the
second and after layers are welded by rolling the round bar

electrode 5°'.

Figures 11A through 11C show how to repair by welding a
part of the flat surface that is over cut or ground as shown
in Figure 114, In order to repair the part 3 to be
'fﬁ?epaired, this part is ground by about 0.1 mm (Figure 11B),
2£he welding material 4 is padded thereto, and the part is
gelded by moving the primary electrode 5 (Figure 11C).

ﬁFcher welding material 4' is attached to the boundary to

Korm +3 - o




Lgure 21 is a perspective view of a primary el ectrode including a nmagnet;
g 22 is a magnified view of the nmagnet portion; Figure 23 is a cross
fonal view of the primary electrode; Figures 24A and 24B are front

B of anot her enbodi nent of the primary electrode, a part of which is
gyand Figures 25 and 26 are perspective views for explaining howto weld
georner and the rib of the metal nmenber by using the primary el ectrode

gdi ng the magnet. Referring to Figures 1A through 1C, Figure 1A

rates a triangle apex corner 3 of a netal nenber 1 to be repaired

jse of abrasion, obtusenessor coll @@ke. Figure 1B shows a condition

bui | d- | dj is d fficient t th t tob
e, e SEE, b £ Sl e Vaitalafe E2CEBE SefhvpRiota metal

sive

Figure 12 shows a way how to repair the inner corner of
the metal member 1 by the welding for the radius process.
The welding material 4 is previously.bent to form a
predetermined angle and it is attached to the inner corner.
The end of the primary electrode 5 is sharp and is pressed
to the welding material 4 strongly for the welding. A thin
roqnd line type welding material having a diameter aof 0.2 -

0.5 mm is used to repair with the welding.

Figure 13 illustrates how to repair to increase a height
of a narrow rising wall 1' that is produced sometimes in a
metal mold or the like. The welding material 4 is padded on
the end of the rising wall 1' and the round electrode § is
rolled for the welding. After the welding, the excessive
'pért of the welded portion is worn away, ground, and finished
to complete the repair similarly to the above discussed

embodiments.

Figure 14 is a perspective view to explain the build-up
welding process at the triangle apex of the metal member 1
by using welding powder 40 and a magnet piece 7.
Figuraes 15A through 15D shows how to move and use the
Primary electrode 5 in the build-up welding. The
illustrated round primary electrode 5 is proper to repair

the_corner or the triangle apex. The fine welding powder 40

af the promar snlam~ @ -



———

part of the build-up welding) is worn away by a tool, such as a grinder or
craperand is ground by the grinder or a file to recover the corner 11 of
g triangle apex. Figure 2 is a perspective.-view for explaining the build-
¥wel ding nethod at the corner of the triangle apex. Figures 3A through 3D
Ustrate how to use a primary electrode 5 of the build-up wel ding nethod.
quare bar or a flat plane) as shown in Figure 2 is proper to the primary
ctrode 5 in the build-up welding for the corner the triangle apex.

r | 20 having a thickness of 0.2 nmand a width of 5 nm This wel ding
erial 4 is provided on the part to beggepaired at 45 degrees with it.
rimary el ectrqode 5 touches the welding material 4 along a mnute |ine.

, the pPPRAF§IeRECERBYE 37 &rksirar ild waihen (they e l@i g npgwee s pbt
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and one pole (S or N pole) bf the tapered magnet piece 7

approach the corner of the metal member 1 wherein the magnet
piece is right angles with the corner, the magnetic welding
powder 40 stands at the corner of the metal member 1 along
the magnetic line of force. The primary electrode 5 is
positioned between the magnet piece 7 and the metal member 1
at 45 degrees. This electrode rolls upward, downward, right
and left directions. The welding powder 40 is padded to the
part tg be repaired along the minute line or spots and is
welded repeatedly. The build-up welding is done by arranging
the minute line or spot type nuggets in series and
overlapping them as the multi-layer. If the thickness of
the build-up welded part is not sufficient, additional
welding powder 40 of the proper volume is provided and the

nuggets are overlapped for the welding.

The material of the welding powder 40 may depend on the
material of the metal member 1. If the metal member 1 is
sSteel, powder of iron and nickel alloy has a good
welding characteristic. If the metal member is steel or

Stainless steel, welding powder of stainless steel is

Powder is commercially available and cheap. The grain size
Of the welding powder may be about 150 -~ 320 mesh by grain
hfﬁocessing such a material. The small grain of the welding

jPwder is hatrar ©--



he positioning. Second, the primary electrode 5 is noved upward,

Erd | eft-direction and right-direction as shown in Figures 3A through
-re a pressure applied to the welding naterial 4 nay be hunman power .
xnute |ine or spot type welding operation is repeated for the build-up
g by arrangi ng plural nuggets in sequence and overl appi ng the

;gs. I f a thickness of the padded part (the build-up welded part) is

gif ficient, the welding material 4 is bent or another welding materi al

t her applied and the primary el ectrode 5 pressesthe wel ding nmateri al
rlap the nuggets. Figures 4A and2®B illustrate a power supply

Lus dysedobd 1iae divlg Eriuik bl c d{béé}&é ey fdghingart of Figure

t apered “cone shaped prinary electro I's sho ere the end of the

y elggiricdent ithidkn®dld oF tHe Ay S&'g& AR! 500 mfsK 5£0.5 MM
er to increase a current den5|ty at the endot the primary el ectrode

Pr esshe! Geatifi Bieealayt Hiee prRIgd byl d nde th tife @iAkefEMDEr 1
the mnute line or the snal

value and the welding characteristic. Even if the material

of the metal member is conductive, cooper and aluminum are
not available to be welded. Beryllium, copper alloy,
aluminum alloy, steel, and stainless steel may be better for
a main material. When the metal member is non-~magnetic
stainless steel, the magnet cannot be used. Welding
powder of hard metal can be welded to steel having a
nitride processed surface and to hard metal. The part of
the metal member 1 to be welded should be pre-processed by

previously removing metal, oil, and impurities.

The power supply apparatus shown in Figure 4A can be used
to apply a current to the primary electrode and the |
secondary electrode for the welding method using such a
welding powder. When the welding repair is manually done,
the welding paowder of the proper volume is piled up on the
part of the metal member to be repaired and the worker holds
the electrode holder to press the end of the primary
electrode to the welding powder 40 strongly. The foot
Switch of the power supply apparatus is turned on to initiate
the large current pulse of 300 - 1000 amperes in order to
form the spot type nuggets on the metal member. In another
Case, the primary electrode is moved forward by a pitch
cOrl_:esponding to the diameter of the nugget to arrange the

v Wggets in saries or nvarlsn &k




pal and to make a limted current path. The prinmary el ectrode may be, for
ple, an alloy of silver and di aneter of about 3 mmor 5 nmand a
g1t h of about 50 nm Al though copper has a characteristic of adhering to
g nelting with the netal nenber, copper is not proper for the prinary
iCtrode. Since the primary el ectrode may becone the alloy of the nugget,
g:-mat erial not proper to the alloy cannot be used. Figure 5 shows a
#¢1al type primary electrode 5 wherein the electrode is inserted to an end
el ectrode hol der 8 of insulating material, such as hard rubber, and
xed by a set screw 9. The end of 3B primary el ectrode 5 may be ground

e griatetherspoe, f Lireperopeahbe typagsudh aduy R iiditd e Hd order to
t he useful shape. The primary electrode 5 is connected to a prinmary

i of thecpsserysthptynappasst taet paotghoapki RepaliGeand Wherelwnd r ode
r 8.

welding is done by a machine, the primary electrode is
mounted to a robot hand or the like and an automatic switch

is provided at the power supply apparatus.

Figure 16 illustrates an axample how to repair the rib
line of the metal member 1 with the welding by using the
welding_powdér and the magnet. The fine welding powder 40
of the proper volume is piled up on the rib of the métal
member 1 to be repaired. The magnet piece approaches the
rib so that the welding powder stands up concentrically.

' The concentrated welding powder is pressed to the rib of the

metal member along the minute line or spots by the primary
electrode 5, or the primary electrode is rolled along the
rib for the welding. Figures 17A through 17D illustrate the
movement and the angle of the primary electrode 5 and the
position of the magnet piece 7 by viewing from a side.
Since the welding powder 40 is concentrated along the
magnetic line of force between the magnet piece 7 and the
metal member 1, the welding powder stands up along the rib
portion,and it is attracted to the metal member, the powder
may not drop. Since the welding powder 40 stands up
Concentrically, the build-up welding can be done effectively
dlong the rib by moving the primary electrode 5 as'shown in
Figures 17B through 17D. After that, the excessive part of

%the build-up welded portion 6 is worn away, ground, and

{flnished to recovar the rih lima ~F &b
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A secondary electrode 2 is connected to a secondary side of the power

f apparatus. This secondary electrode is connected electrically to
gt al nenber 1 by attaching to the netal nenber 1 or provided on the
g surface of the nmetal nenber 1. The material of the thin sheet type
g material 4 depends on the material of the nmetal nenber 1. If the
& menber is steel, the welding material may be an alloy of iron and
E because this alloy has a good wel ding characteristic. If the netal
L is steel or stainless eel, wel di ng material of st ai nl ess
& may be Per. These welding [err] and cheap. The welding material 4
pared by a rolling mll. by using é%kh material. The welding materi al
£ 0.1 - Diguren 18 thiekhesteandowbbot rBpmivri the dialll paxrtspeatal
L it may be about 30 nmin width and 100 nmin
the metal member 1 to be repaired, such as a V-notched flaw

or a pin hole, with the welding by using the welding powder
40. The welding powder of the proper volume is piled up on
the small pin hole and the primary electrode 5 is pressed to
it strongly forlapplying the current and welding. If the
thickness of the welding of one time is not sufficient, the
welding powder 4 is further piled up and the welding is
repeated to overlap it. The mass of the nuggets is struck
with a hammer to thicken the metal texture. Then, the
excessive pért is worn away, ground, and finished similarly
to the above discussed embodiment. A mirror surface repair

is possible.

Figure 19 shows a way how to repair with welding the
inner corner of the metal member 1 by using the welding
powder for the
radius process. The waelding powder 40 of the praper volume
is piled up on the inner corner. The sharply tapered
primary electrode 5 is used to press the welding powder 40

for the welding.

Figure 20 illustrates an example how to increase the
height of a narrow rising portion 1' by using the welding
Powder 40 and the magnet, where the rising portion is needed

sometimes in a metal mold or the like. The welding powder

of the proper volume is piled up on the upper surface of the

Ciqinma ~~ovs



h. If the welding material is thin, it can be effective in usage and

¥ng even if the current is |ow. For exanple, wel ding materi al

in thickness can be used for -the wel ding process when the current

B i s about 300 anperes. However, about 0.2 nmmthickness may be proper
ain the nugget having enough thickness by considering the current

and the wel ding characteristic. Copper and al um num cannot be used

e welding even if the nmetal nenber 1 is conductive. Beryllium copper
al umi num al | oy, steel,and stainless steel may be better for a main

al. Hard netal can be welded to steel having a nitride

Bssed surface _and to hard netal . Tﬁg part of the netal menber 1 to be

k. shBBY‘GeBe%Bre pFG@EQSEG’ WWWVW@W%Q‘QW PHIMaBYid

ties Q Q ower g ratus ure 4A, an AC |ine of 100
L 5Lenabd8 BOBFRaSeRlihe Wil aindar e | e Flairg ptRion
g0 13.24dh gbkse nifiGRe? 1 ¥Rl %%fatoorf T B S Aod s Y81 £da 1

§: one“con ion (o e 1s
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g for the welding. After the welding, the excessive part is

worn away, ground, and finished similarly to the above

'discussed embodiment.

Figures 21 through 23 illustrate a primary electrode 50
including a magnet proper for the welding repair by using
the.fine welding powder ¥0. This electrode 50 is a round bar
made of silver and tungsten alloy and itssize is about 5 mm
in diameter and about 30 mm in length. The electrode is
inserted into an end of a conductor 51 and is fixed by set
screws 52. The outer surface of the conductor 51 is covered
by an electrode holder 353 made of an insulating material,
such as hard rubber. The conductor 51 is connected to the
power supply apparatus via a line 10. A magnet 54 is buried
in the end of the round bar type primary electrode 50
where this end portion is used to weld the welding powder
to the metal member. The size of the magnet 54 is determined
S0 that it can attract the magnetic welding powder of the
'IHECesséry volume. For example, the magnet size is 1 mm in
; diameter and 5 mm in length if the diameter of the primary
z electrode is 2 mm. The magnet size may be 2 mm in diameter
f And 5 mm in length if the diameter of the primary electrode
'Eis S mm;and this size may be 2 mm in diameter and 10 mm in

f length if the diameter of the primary electrode is 4 mm.

'HOWQvnr e 2w s



~wel ding is done. A welding voltage is adjusted by a voltage

Er 14 within a range between AC 0 volt and 10 volts. \Wen the foot
k12 is turned on once, a solid ate replay 15 [err] 23. that, a

or (SCR) 16 starts the discharge operation. Then, a |arge current
1500 anperes) flows through a secondary section of a transformer 17
bow voltage and it further flows fromthe primary electrode 5 to the
Fary electrode 2 imediately for the welding. A pulse current waveform
i mmedi ately through the primry ectrode 5 is shown in Figure 4A

t he conduction period (1/1000 - 4000 seconds) and the current

300, ge Y2 ES)bdif e a1 SV LS8 PE ORI beNgLghat{;g. Wpga the

tch 12 is on continuously, the charge and di scharge operations are
erdaddiony Ipodix i EHE ddlition of the magnet 54 are not

limited to the foregoing examples. When using the primary
electrode 50 in which the magnet is mounted, the welding
powder of the proper volume is attracted to the outer |
surface of the electrode if the primary electrode approaches
the welding powder received in a container. When the
primary electrode approaches the welding powder 40 piled up
on the portion 3 of the metal member 1 to be repaired with
the weléing as shown in Figure 25, the powder stands up
concentrically by the magnetic effect and is attached to the
metal member not to scatter. Thus, the welding operation is
efficient, It is not necessary to operate with another

magnet.

Figures 24A and 24B show a primary electrode 60 that is
more proper for repairing the rib of the metal member 1 with
the welding. Thersize of the primary electrode 60 is about 5
mm in diameter and about 70 mm in length; the size of the
magnet 61 is about 3 mm in diameter and about 30 mm in
1e_ngth. This magnet is mounted in the primary electrode 60.
A portion of the primary electrode 60 attracting the welding
POwder for the welding is made of a good magnetic material
62 and the other portion is made of a lining pracessed non-
Magnetic material 63, such as copper, aluminum, or stainlesssted,

1In repairing fhe rib of the metal member with the primary

N

Eeleqtrode 60 as shown in Figure 26, the necessary welding

fPOwder 40 (s attractad tn Anle rw.
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gl 0US Wel ding. The intermittent period nmay be adjusted by a timer 18
# a range of 0.3 - 1.5 seconds. The reference nunber 19 in Figure 4A
gents a control and display section of -the power supply apparatus.
Povwer supply apparatus is conpact and |ight. Wen repairing nanual ly
et al nenber 1 with the welding, the primary electrode 5 is nounted to
j.ectrode hol der 8 as shown in Figure 5 and the Iine 10 is connected to
@mer supply apparatus via a socket 20. The thin sheet type welding
gzal 4 is provided on the part of the netal nenber 1 to be repaired.
‘wrker hol ds the el ectrode hol der 8zpd presses the end of the prinary

Iode 5 to t.he | di terial 4 strongly Then, the foot switch 12
A ﬂMgﬁﬁ |§§tEﬂ?mRPE%raﬁﬂrfﬁEelathhEupPQHFtpulse of

'1000 a”@%ﬁ?ﬁﬁ bachrode et iitector 2BE BePdEhe, Bpwde:"Ts”
?tpon%BanEQJHW%dﬁfgﬂ¥ﬁﬂ'dﬁnéé&ssary portion. Thus, the welding

job can be done certainly and speedily and the work efficiency

can be improved.

Although the magnet 54 or 61 is generally a.: permanent
magnet in each discussed embodiment, the electromagnet
can be used to obtain similar advantages. Especially,
if the electromagnet is used, the volume of the welding
powder attracted to the primary electrode and the attracting
condition can be controlled as desired by electrically
adjusting the magnet power. Moreover, the welding powder

drops and can be received by turning off the power.
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e er. Then, the spot, line, or plane type bUI|d up wel di ng haV|ng

gi ckness is done in an area or a length necessary to repalr t he

B&: he netal nenber. Wien the welding is done

lectrode 5 is nmounted to a robot hand or t'wﬁllujﬂuuumm”m orratic
provi ded at the power supply apparatus.: round

fhg a flat end is used as the pri el ectrode 5, and t he edge

®her eof presses the welding material 4 to the welding material al ong

it e | CRAIME: spot for the welding. The end of the primary el ectrode

ded with a sem dianeter of about 0.2 - 0.5 mm Figure 6 shows the

et hod of repairing the rib (ridge-line) of the netal nmenber 1

Shect UUpGelBbfl B8, TRLAbd 3, BT Sty 5y b g 1

comprising:

connecting a secondary electrode to the metal member
to be repaired;

providing a welding foil, in particular having a
thickness in the range from about 0.1 to about 0.2 mm,
on a part of the metal member to be repaired or piling
up a fine welding powder thereon;

pressing the welding foil or welding powder against
the metal member along a line or at spots, by means of a
primary electrode, to achieve electrically conductive
contact with the primary electrode and with the metal
member;

applying a high current pulse, in particular having
a current in the range from about 300 to about 1500 A
and a duration in the range from about 1 to about 4 ms,
through the conduction path, in order to form line or
spot type nuggets on the metal member;

executing line or spot type build-up welding to a
required thickness in a required area of the part to Dbe
repaired, by repeating the welding operation of pressing
the primary electrode and applying the current pulse
intermittently, to form a continuous nugget or overlap
the nugget; and

removing material from the build-up waelded part to

J—
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pde 5 is rolled for the welding. Figures 7A through 70 illustrate
ement and the angle of the primary el ectrode 5_by-viewngfroma

f; About half of the thin sheet type wel ding nate “!ﬁﬂ“
b face (an upper surface in the draw ngs) of the rlu“ “m‘“m he
fhal f of the weLding material 4 is weldgd to the O r csukf ate ileft
 - of the drawings) by noving the primary el ectrode 5 as shown in

& 7A thropghs £Ds dbyorotngubebbd- 4p Wehdlng process s coml e ed

B he rib.  The excessive [err wor n away, ground,and finished to
g the rib of the netal nenber. 1. Figure 8A illustrates a danmaged

§h 3, such as a small V-notched flaw or a pin hole, occurring in -the
Frenber, i guaem&Bhod| ost watdsngha hRuthll- membelrdi RPmprdsdssy:6 execut ed

' part to be repai red, and Figure 8C shows the
g connecting a secondary electrode to the metal member
to be welded;

providing a welding foil, in particular having a
thickness in the range from about 0.1 to about 0.2 mm,
on a welding position of the metal member or piling up a
fine welding powder thereon;

pressing the welding foil or welding powder against
the metal member along a line or at spots, by means of a
primary electrode, to achieve elecfrically condgctive
contact with the primary electrode and with the metal
member; and

applying a high current pulse, in particular having
‘a current in the range from about 300 to 1500A and a
duration in the range from about 1 to about 4 ms,

through the conduction path, in order to form line or

spot type nuggets on the metal member.

3. A welding method as claimed in claim 2, further
comprising the steps of:

pressing the primary electrode and applying the
current pulse intermittently;

moving the primary electrode step by step in the
welding proceeding direction or supplying welding foil

or powder as nacessary; and

This Sheet Has Been Replaced'
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ged condition by wearing away the excessively padded netal portion.
9A through 9D illustrate the build-up wel r’!ﬂmﬁrocessTor the smal |

__e | ess than 1 mm di aneter or the V-notched M%H

g OA, the welding material 4 is bent simlar of t he
god part 3 to be repaired and the be wel di ng naterlal I'S p05|t|oned
E part 3 to be repaired. The prinary ‘el ectrode 5 presses the wel ding

: d I ds _i.t I n _Fi Bt h 90, .th | di t
ool om oRETEPTETY 2 i AN AE MRy A% HBSIRE ofde thor eof by
Bt h I t bt
flcﬁnggs ggthe EEP? d-up mejgﬁ#buﬁgterla J%%ze iry S%$?E£§€%pg|? o?ln
not chednt! awe ?ﬁ%n@ﬁfﬁ% Huh.h ‘!g%%.teid@:.r{% St T4CKke il Be@ hammer to

1 the netal texfure essive part is worn away,
and ftaigng@sglth@rmédulgégagyggadlscussed enbodinment. A mrror

,”e repair is possible.
4. A method of welding a metal member, comprising:

connecting a secondary electrode to a metal member
to be welded;

piling up a fine welding powder on a welding
position of the metal member;

making one pole of a tapered magnet approach the
welding powder on the metal member in order to make the
welding powder to stand up along focused lines of
magnetic force due to the magnet;

pressing the welding powder against metal member
along a line or at spots, by means of a primary
electrode, to achieve electrically conductive contact
with the primary electrode and with the metal member; and

applying a high current pulse, in particular having
a current in the range from about 300 to 1500 A and a
duration in the range from about 1 to about 4 ms,
through the conduction path, in order to form line or

spot type nuggets on the metal member.

5. A welding method as claimed in claim 4, further
comprising the steps of:

pressing the primary electrode and applying the

THIS SHEET HAS BEEN
REPLACED
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Lgerr o5 10A through 10C TTT ST T e TTE  Hm——

Pl ayer of the plates, wherein a full 1ine shows—a smatt—round

¥ ode 5 standing vertically and a two-dot |ine sEu Rnr

B ode 5 that is rolled. In the welding by the v mgﬂ"mg Em,”

¥ eclectrode 5 the end of the electrode 5 repeats™to®be* ndved fdérward

#smal | pitch for the welding of the confg nuous nuggets. In the welding
it he inclined electrode 5, the electrode is rolled to continue the

1’ . Aft | f d
aI 4, ﬁgrggggngmg {t%?rgpel gl er sq'g’f Itlte;eé:’flé\/\"/}ré:i%cfe nglr‘f% J "o
Fopped and vehded nguehet P@:tmta*i% RYAFeLSD %M%ﬂ@%ﬂeo aptwe when

fel ding material 47is welded, the irregular surfac

fssed to beepl ah Breawbilhe ndngideerdile MdedWH ¥ 5J§pﬂ§iﬁgng

Eial 4 is
ﬁ- welding powder as necessary; and

arranging a plurality of the said nuggets
continuously or overlapping the said nuggets for spot,
line, or plane type build-up welding of a required

thickness in a required area.

6. A primary electrode for pressing the welding powder
against the metal member in a method according to any of
claims 1 to 4, the primary electrode (50; 60{
incorporating a permanent magnet (54; 61) or an
electromagnet for acting on the welding powder to attach

it to the primary electrode.

7. A primary electrode as c¢laimed in claim 6, wherein
the primary electrode (60) has a non-magnetic portion
(63) and a magnetic portion (62), for localizing the

effect of the magnet.

8. Welding apparatus comprising:

a secondary electrode (2) adapted to be connected
electrically to a metal member (1) to be wealded;

a welding foil (4), in particular having a thickness
in the range from 0.1 to about 0.2mm, or a fine welding

powder (40), for application to the metal member (1);

This Sheet Has Been Replaced
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It is preferred that the first layer is_wel ded by the smal |

trolling the round ba[ g:c eﬂ]reolglea?' sulr::‘ ggreef ”mm @ﬁMshow
)ghgmzylﬁeLﬁbzgealgir In order to repair. ﬁgelgg;tL?hgomeldlng
R epch v Ml ke PR A
5I fFPSS?g ﬁcyrlmayhelewelrdagg (o 88hpked cotp ?Oggg*%%e{% Ine
k gl gﬁ{;nflc;}el;r 4 amhgzx}dgire@aifxs{:hEhanﬁ@Ea‘l‘%Q%eQ-f (4he metal
by the vﬁ dl nga f OJ.rnet hc?r r:‘t(:jl su;otF:)sr OCtifsachieve electrically

conductive contact with the primary electrode (5) and

with the metal member (1); and

power supply apparatus for applying a high current

Pulse, in particular having a current in the range from

about 300 to about 1500 A and a duration in the range

from about 1 to about 4 ms, between the primary and

secondary electrodes (s, 2).

This Sheet Has Been Replaced
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f attached to the inner corner. The end of the primary electrode 5 is
pand is pressed to the welding material 4 strongly for the welding. A
gk ound line type welding material having a diameter of 0.2 - 0.5 mmis
gL 0 repair with the wel ding. Figure 13 illustrates how to repair to
iase a height of a narrowrising wall 14%hat is produced sonmetines in
al nold or the like. The welding material 4 is padded on the end of
fsing wall 1' and the round el &cBr 8dF B AT @Al ed for the wel ding.
i t he wel di ng, the excessive part of the welded portion is worn away,
g, and finished to conplete the repair simlarly to the above
Bsed enbodinents. Figure 14 is a perspective V|em/to expl ain the

& up wel ding process at tF METHODo ANDY ABTARS nenber 1 by
wel di ng powder 40 and a nmagnet piece 7. Flgures 15A t hrough 15D
hom/to nove and use the primary electrode 5 in the build-up wel ding.

el ding material 4 is previously bent to forma predeterm ned angle an?f~

For repairing a metal member by welding, a secondary
electrode (2) is connected to the metal member (1) to be
repaired. A welding foil (4), about 0.1 to 0.2 mm
thick, is provided on a part of the metal member or a
fine welding powder (40) of a proper volume is piled up
thereon. The welding foil (4) or powder (40) is pressed
against the metal member (1) along a line or at spots by
means of a primary electrode (5) and an electrical
conduction path is formed. A high current pulse {(about
300 to 1500 amperes for about 1 to 4 ms) is passed
through the conduction path to form line or spot type
nuggets on the metal member (1). Thus, build-up welding
can be done at dots or a line. A part of the build-up
welded portion is ground away to obtain.a desired
surface or shape. A permanent magnet or an

electromagnet may be provided in conjunction with the

primary electrode when magnetic welding powder is used.

(Figure 4A)

- 0
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Fated round prinary electrode 5 1S Proper To TaparT 1o oo e s

f.e apex. The fine welding powder 40 of the proper volune [err]
.1~- as shown in Figure 14. \Wen the wel di ng powder 4 and one pole (S S
ol e) of the tapered nmagnet piece 7 approac,h the corner of the netal

b 1 wherein the magnet piece is right angl "6 with the corner, the

Ei c wel di ng powder 40 stands at the corner of the netal rrenber 1 al ong
ggnetic line of force. The prerFy Gctr de 5 is positioned between
fignet piece 7 and the netal ] 45§degrees. This el ectrode

Fupwar d, downvva<d right and left directions. The welding powler 40

§ded to the part Ao’ be repaired al o@@t)he m nute |ine or¢ ots and is

% repeatedly. The build-up welding is done by arrangi né e mnute

spot type nuggets in series and ov1erl appi ng them as the

d ayer. |f 3he thj ckness of 6




awiti | d-up wel ded part s NoT SuUTT Gl Ent, maar T onan e H. ng poﬁer 40 of

cproper volune is provided and the nuggets are overl apped for the
fi ng. The material of the welding powder 40 may depend on the materi al
he nmetal nmenber 1. If the netal nenber },is steel, powder of iron
F.ni ckel alloy has a good wel ding characteristic. If the nmetal nenber is
gl or stainless steel, wel di ng powder of stainless steel is proper.
e stainless steel is not magnet'(ﬁ)it i s not prop tloGse ge magnet .
. materi of I___ e wel ding pOwder *I's coi)rgerci al |y avai [fasPeand¥ cheap.
Egrain si oM e wel ding powd about 150 - 320 nesh by grain
sessi ng : ' 9R ; ' powder is
i Ezr acteristic $bpéars.|

Fer [err]©_,02'é?t he gobd wel ( Since the

o1 /] 14

AC
100V R1

2

c1| c2

300~1500A
L

%

1,/1000 ~4,/1000




Fl ent thickness of the nugget is required, 200 nmesh of the grain size
P proper by reference to the current val ue and the wel ding

fteristic. Even if the naterial of the metal menmber is conductive,

t and al uminum are not avail able to be | ded. Beryllium copper

al umi num al | oy, steel, and stainless $f'tel may be better for a main
fal . When the netal nenber is non-magnetic stainless steel, the magnet
be used. Vel di ng powder of hard nmetal can be welded to
having a nitride processed surface and to hard netal. The part of the
menber 1 to be wel ded shoul d bi:pi rogessed by previously renoving
bi | ,and inpurities. The power siipp asgppESatus shown in Figure 4A can
bd to apply a current to the primary el ectrode and the secondary

ode for the welding nethod using sugh a wel ding powder. Wen the

g repair is manually done, the weldi powder of the proper volune is
up on the part of the netal nenber 1@pai red and the worker

the el ectrode holder to press the e of the prinmary

8

1
9 ij
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¥ to be repaired. The magnet p ' '
powder stands up concentrically. The concentrated wel din

tb the rib of the metal nenber along the minute line or spots by
jmary el ectrode 5, or the primary electrode is rolled along the rib
wel ding. Figures 17A through 17D illusgpate the novenent and the
f the primary electrode 5 and the position of the nagnet piece 7 by
froma side. Since the welding powder 40 is concentrated al ong the
c line of force between the magnet piece 7 and the nmetal nenber 1,
di ng powder stands up along the rib Portion, and it is attracted to
al nmenber, the powder nmay not drop. Since the welding powder 40

up concentrically, the build-up welding can be done effectively

he rib by noving the primary it ode 5 as shown in Figures 17B

#h 17D. After that, the excessfve t dgf)he build-up wel ded portion
gorn anay, groum@A@nd finished to rfgfver eribline of [err]
i )

N0 RN 5
oy e

(C)




P 18 illustrates how to repal ]

'repai red, such as a V-notched flaw or a pin hole, with the wel ding by

the wel ding powder 40. The welding powder of the proper volune is

up on the small pin hol e and the primary electrode 5 is pressed to it

gl'y for applying the current and wel ding. 6/Wf the thickness of the

g of one tine is not sufficient, the meldlng powder 4 is further

up and the welding is repeated Ezhlwﬁ; ant The mass of the nuggets

uck with a hamer to thicken th t re. Then, the excessive

s worn away, groundand finished S|n1larly to the above di scussed

ment. A mrror surface rgpPW |? possi ble. Figure 19 shows a way how
”]\ \Ng’ of the netal nmenber 1 by using the

g powder for the radius prodes¥. The welding powder 40 of the proper




il up on the inner corner. The sharply tapered prinary electrode 518 =
press the wel ding powder 40 for the welding. Figure 20 illustrates
bl e how to increase the height of a narrow rising portion 1' by
e wel ding powder 40 and the magnet, where the rising portionis
sometinmes in a metal nold or the like. 7/The wel di ng powder of the
olunme is piled up on the upper surface of the rising [err]

stand up concentrically. The round primary el ectrode 5
t he wel di ng powder to the risEg!;@ti;'ﬁ' along the nminute |ine
5 or the electrode is rolled for Th® Wwe g. After the welding, the
e part is worn away, groundand finished simlarly to the above
g-d enbodi ment. Figures 21 t?rough623 Mlustrate a primary
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ne Wel di ng repartr
This electrode 50 is a round bar made
by and its size is about 5 mmin dianmeter and
trode is inserted into an end of a condugt,or
bws 52. The outer surface of the conductorf/81
jer 53 made of an insulating material,
uctor 51 is connected to the power supply apparatus via a |ine 10. A

py usi ng the fine welding
of silver and tungsten
about 30 mMmin |lengths= The

:51 and is fixed by set

is covered by an el ectrode

such as hard rubber. The

nmaglet 54 is buried in the end of t d type primary el ectrode 50
FlG0 8

whegle this end portion is used to
ger. The size of the magnet 54 is determned so that it can attract the
etic wel ding powder of the necessaryrQol une.

is 1 mmin diameter and 5 nmin len
elegtrode is 2 mm The nagnet size may;

rre B
mag;
Siz
| eng
be 3
ele@rode is 4 nm

mm i n di aneter

\ V40

di ng powder to the netal

For exanpl e, the magnet

h if the dianmeter of the primary
b in diameter and 5 nmin

h if the dianeter of the primaryvel

and 10 mMmin Iength t he di

s 5 mmand this size my
aneter of the primry




r, [err] 33. the above described exanples and It nmay D€ Z4-nmm

How

cube.@® The setting position and condition of the nagnet 54 are not linited
to thy foregoi ng exanples. Wen using the prinary el ectrode 50 in which the
magned i s nmounted, the wel ding powder of the prq er volune is attracted to

the ofter surface of the electrode if the pri mary'el ect rode approaches the
| #g powder received in a container. Wien the prinmary el ectrode

ches the wel ding powder 40 piled up on the portion 3 of the netal

1 to be repaired with the wel diP EGShOZrljn Fi gure 25, the powder
up concentrically by the nagnet ect Is attached to the
menber not to scatter. Thus, the welding operation is efifcient.

It is¥not necessary to operate with anot her magnet.




-F es 24A and 24B show a primary el ectrode 60 that k&
repajring the rib of the netal nenber 1 with the wel di

prinpry electrode 60 is about 5 nmin dianmeter and about :#
t he size of the nmagnet 61 is about 3 MM in d?Zheter and &%

| ength. This nmagnet is nounted in the prinmary el ectrode 60.
the primary el ectrode 60 attracting the welding Powder for th

madejof a good nagnetic material 62 angrthe other th i  '
| ini ig processed non- nmgnetic materi 4f 63,J0such aﬁt’pgr, m"

stai?less steel. Inrepairing the ritf df the metal nenber with the pf

el ecfrode 60 as shown in Figure 26g ggecessary wel di ng powder 40.is
attricted to [err] magneti c np 62 at the outer surface of the
magngt nounted in the primry el ec The wel di ng powder is not
attaghed to the unnecessary porti t he wel di ng

3

53

62
63

62



be done certainly and speedilyand the work efficiency cam Do e
d. Although the nmagnet 54 or 61 is generally a permanent magnet in
« di scussed enbodi nent, the el ectromagnet can be used to obtain
advant ages. Especially, if the electromagnet is used, the vol une
wel di ng powder attracted to the primary el'ettrode and the attracting
on can be controlled as desired by electrically adjusting the magnet
Mor eover, the wel ding powder drops and can be received by turning
P power . 35 CLAIMS: - 1. A nethod of building up a |ocalized
gh of a netal nenber, conprising: (a) connecting a secondary el ectrode
& netal nenber;

FIG. 25




F60 87

b provi ding a wetding—raterial in the formof a welding foil, in //7176
partlqumMHmzﬂlﬂlmrnMness of 0. 1 to 0.2 mMm or a fine wel d| ng powder;
(c) pre mat eri al agai nst the said portion of the netal
menber along a'life dr 'at a spot, by neans 8 a primary el ectrode, to
achieve electrically conductive direct contact of the welding material with
the primary elé&ct rapasatcug fort heib@iag upnbelocilli zefpbprbodoa €a@)r et
pul se, having a current in the range from about 300 to about 1500A and a
duration in the mnetalke fembenbdll intacabovdandenwithhtbeghethodcofiducti on
path, in order to briefly nmelt the welding material locally and thereby
forma |ine orckpior lypeompyieingn the nmetal menber; and (e) repeating
steps (c) and (d) so as to forma plurality of nuggets 2. A et hod
as clainmed in cIa|%18?1?ﬂr%m?¥ﬁ°FﬁnguF?ént pul se i s applied repeatedly

while the primry gl eell088rySePb88258e208) "2bnh8381d R the n2RY, ™VEd

member (1);

a welding material in the form of a welding foil
(4), in particular having a thickness of 0.1 to 0.2 mnm,
or a fine welding powder (40);

means for repeatedly pressing the welding'material
(4; 40) against the said portion (3) of the metal member
(1) along a line or at a spot, by means of the primary
electrode (5), to achieve electrically éonductive direct
contact of the weldihg material (4; 40) with the primary
electrode (5) and with the metal member (1); and

a power supply for applying a current pulse, having
a current in the range from about 300 to about 1500A and
a duration in the range from about 1 to about 4 ms,
through the conduction path, in order to briefly melt
the welding material (4; 40) locally and thereby form a

line or spot type nugget on the metal member (1).
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36 relative to the metal member. 3. A nethod as claimed in clai mﬂ@c@&‘zi/"’iﬁ.jo
I n “whi ch further meldlng material is provided after step (e), and steps '

to (e) are 3 ' eated. 4 A nmethod as clainmed in any preceding claim
further conprm’ i@@j m! terial fromthe built-uj 7ed 4
, f ﬂm shape. 5. A nethod as c a"{‘mcinHﬁySHEETvT

to obtain a

preceding claim in “whi'ch® t he wel'ding material is a fihpejwel di ng powd
which is magnetic, the method i ncl uding i ng one pol £ ¢f 1o tRUG nagpet
approach the wel ding powder on the netal nber in order{to nmake the
wel di ng powder stand up along focused |ines of magnetifp force dué t0 The

magnet . 6. ASEMMSd -as clainmed in any of clains 1 to 4i__in which the
primary el ectrode (50; 60) incorporates a

1. A method of building up a2 localized portion of a

metal member, comprising:

(a) connecting a secondary electrode to the metal

member;

(b) providing a welding material in the form of a
welding foil, in particular having a thickness of 0.1 to
0.2 mnm, or a fine welding powder;

(c) pressing the welding material against the said
portion of the metal member along a line or at a spot,
by means of a primﬁry.elect:ode, to achieve electrically
qonductive direct contact of tﬁe welding material with
the primary electrode and with the Qetal member;

ﬁd) applying a cur:ent'yglse, having a current in :
'the':angg from about 360 fo about 1500A and a-auration
in the range from about 1 to about 4 ms, through the
' conduction path, in order to briefly melt the welding

. material locally and thereby form a line or spot type
nugget on the metal member; and

(e) repeating steps (¢) and (d) so as to form a

Plurality of nuggets.

2. A mwettod as claimed in claim 1, in which the
current pulse is applied repe;ﬁedly while the primary

electrode is pressed against the said portion and moved



per mmnent magnet (54; 61) or an electronagnet for acting on the welding

powder to at

and a magnet

tach—+t—+te-the primary electrode. 7. A nmethod as clainmed in

claim6, wherei ectrode (60) has a non-nagpetic partion (63)
i cmﬂmmﬁgﬂm @hr | ocal i zing the effect of tH@LUWN'E'NT SHE’E@"
L

M *|
met al nmenber

primary electrode (5); a secondary el ectrode (2) connectabl ¢

menber (1);

37 8. fppar buil ding up a localized port ’
(1) -in accordance with the nethod of claim1l} do ARG,
h Fuesied

a wel ding material in the formd®f a welding foi

relative to the metal member.

3. A method as claimed in claim 1 or 2, in which
‘further welding material is provided after step (e), and

steps (c) to (e) are then repeated.

4. A method as claimed inlény preceding claim, further
comprising, removing material from the built-up

localized portion to obtain a desired surface or shape.

5. A method as claimed in any preceding claim, in which
the welding material is a fine welding powder which is
magnetxc, the method. including making one pole of a
tapered magnet approach the welding powder on the metal
membe: in order to makg the welding powder.stand up

along focused lines of magnetic force due to the magnet.

6. A method as claimed in any of claims 1 to 4, in
which the primary electrode (50; 60) incorporates a
permanent magnet (54; 61) or an electromagnet for acting

on the welding powder to attach it to the primary

electrode.

7. A method as claimed in claim 6, wherein the primary
electrode (60) has a non-magnétic portion (63) and a

magnetic portion (62), for localizing the effect of the

magnet.



(4), in particular having a thickness of 0. 1 to 0. 2 pR—o—a—F+ae—wetd Nng

powder (40); neans for repeatedly pressing the welding WEFQACEWtNﬂE%ﬁﬁT

agai nst the said portion (3) of the netal menber (1) alopg—a—+ne—ot—at B
spot , ri y el ectrode (5), to achieyejel,gCti 5@
conduche@WﬂHE‘"ﬂﬂ HB:” “the welding material (4; 40 i T H fi @Efé ?V ety
el ectrode ( tal nmenber (1); and a power -stppty—for

appl ying a current pul se, haV|ng a current in the rangg from about 300 t¢

about 1500A and a duration in the range from about 1 toabout—2 15,
the conduction path, in order to briefly mght the welding nmateri al

|l ocally and thereby forma |ine or spot type nugget on the netal

(1). 8.

a metal member (l) in accordance with the method of

claim 1, comprising:

2 primary electzode (5);

a secondary electrode (2) connectable to the metal

member (1);

a welding material in the form of a welding foil

or a fine welding powder (40);

means for repeatedly pressing the welding material

Through

(4; 40)
nmenmber
Apparatus for building up a localized portion (3) of

(4), in particular having a thickness of 0.1 to 0.2 mm,

(4; 40) against the said portion (3) of the metal member

(1) along a lime or at a spot, by means of the primary

electrode (5), to achieve electrically conductive direct

contact of fhe welding material (4; 40) with the primary

electrode (5) and with the metal memher (1); and

a power supply for applying a current pulse, having

NP a current in the range from about 300 to about 1S500A and

a duration in the range from about 1 to about 4 ms,

through the conductior path, in order to briefly melt

the welding material (4; 40) locally and thereby form a

- line or spot type nugget on the metal member (1).
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WELDING METHOD AND APPARATUS

For repairing a metal member by welding, a secondary
electrode (2) is connected to the metal member (1) to be
repaired.. A welding foi; (4), about 0.1 to 0.2 mm
thick,‘is provided on a part of the metal member or a
fine welding powder (40) of ; proper volumg is piled up
thereon. The welding foil (4) or powder (40) is pressed
against the metal member (1) along a line or at spots by
means of a primary electrode (5) and an electrical
conduction path is formed. A high current pul;e (about
300 to 1500 amperes for about 1 to 4 ms) is passed
through the conduction path to forﬁ line or spot type
nuggets on the metal member (1). Thus, build-up welding
can be done at dots or a line. A part of the build-up
welded portion is ground away to obtain a desired
surface or shape. 2 perﬁanent magnet or an
electromagnet may be provided in conjunction with the

Primary electrode when magnetic welding powder is used.
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(Figure 4a)
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