SPECI F CAEHQN Title of the Invention 5 Met hod of Fabricating Shaft
fromMtal Plate Field of the Invention The present invention relates to a
met-hod of formng froma netallic plate a shaft that nmakes a singl e-piece
construction 10 with the foregoing netallic plate. Background of the

I nventi on When a shaft is provided on a netallic plate, it has been a usual
practice to fix a shaft prepared separately on a netallic 15 plate by
caul ki ng, spot welding and the like. An explanation will be nade bel ow on
the prior art nmethods for forgpEgIPIcARIONON a netallic plate. Fig. 17
shows a prior art method for formng a shaft on 20 a netallic plate by
caul king. A hole is forned on a netallic plate 10, on which a shaft 11 is
to be attached, and the shaft 11 prepared separately is fixed on the
metal | ic Prhle 26 BYeciBYRPRY®™Fig. 18 shows another prior art nethod for
formng a shaft on a 25 netallic plate by spot welding. A shaft 13
prepared according to a separate process is fixed by spot welding on a
nmetal I§ ¢ pl at e j@thea ©hi Elibtbeatind t SHAFt sf1om hide bali@kate 30 The
Japanese patent gazette Heisei 6(1994)-26737 descri bes a met hod for
form ng an shaft as shown in Fig. 19, whereby, after

Field of the Invention
The present invention relates to a method of forming from a
metallic plate a shaft that makes a single-piece construction

10 with the foregoing metallic plate.

Background of the Invention
When a shaft is provided on a metallic plate, it has been a
usual practice to fix a shaft prepared separately on a metallic
15 plate by caulking, spot welding and the like.
An explanation will be made below on the prior art methods for

forming a shaft on a metallic plate.

Fig. 17 shows a prior art method for forming a shaft on
20 a metallic plate by caulking.
A hole is formed on a metallic plate 10, on which a shaft 11 is
to be attached, and the shaft 11 prepared separately is fixed on
the metallic plate 10 by caulking.
Fig. 18 shows another prior art method for forming a shaft on a
256 metallic plate by spot welding.
A shaft 13 prepared according to a separate process is fixed by
spot welding on a metallic plate 12, on which the shaft 13 is to

be mounted.

30 The Japanese patent gazette Heisei 6(1994)-26737 describes



a-hole has been forned on one surface of a plate material 21 and a
projection 24 on the other surface thereof by pressing force- fully a first
tool 22 against the surface of the plate material 5 21 a bottom surface 23a
of a second tool 23 is pressed forcefully against the foregoing hole,
thereby a certain anount of material being pushed out to make the
projection 24 further protrude and then the first tool 22 is again pressed
agai nst the hole to increase the height of the projection 24, thus

conpl eti ngat methodmibrofioohidg am stefft .ad rshandi tiroFig.t 1% kiheaetyhatafter

there are a forward extrusion nethod as shown in Fig. 20 and a backward
extrusi on ARehRég Bassheqn fermed omong sWLaRg Il MIattamaterifhgst iandn

axi al 15 hape.. e he [ t d r.formn ts b
caul ki ng of BgIeRBIarnGabRGEBe  hadt | slEHESK poftrcdh Y REEhL A Yprogy
preparing $Rafysasenscat eby1apd hhetnét XY sherabaléf Ofe apIBta! haterfal
plate with a resulting increase in cost. Furthernore, in the case of
caul ki ng, Rheanbbiltbmcspriaeei 2%a| vk isedomsb|todlo A8 ik froresskdlfornaeividy
pressure applied b%qcaulking and _also it is rather difficult_ to achieve

n

squar eness 2FELREEC AN EORBIQINY Lodeat ENEFRPY RCHAYD aRaENEQE PateEiphibeing

ene: _ _ @ i
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rather a sehieo4s rigtokbem 2bnikhagadnepPéssbe aBaNNEt achadens1ébed ifctBEase
Japanese 30 patent gazette Heisei 6(1994)-26737, since a pushing down
force 2 the height of the projection 24, thus completing the formation of

10 a shaft.

In addition, it is known that there are a forward extrusion
method as shown in Fig. 20 and a backward extrusion method as
shown in Fig. 21 as the methods for making things in an axial

15 shape.

However, the prior art method for forming shafts by caulking
or spot welding as described in the above comprises the steps of
preparing shafts separately and then £fixing the shafts on a metallic

20 plate with a resulting increase in cost.
Furthermore, in the case of caulking, the metallic plate involved
is liable to be deformed due to the pressure applied by caulking
and also it is rather difficult to achieve squareness between
the metallic plate and the shaft that are to be put together, and
25 in the case of spot welding, sufficient strength is unable to
be gained due to a relatively small welding area, thus presenting

rather a serious problem.

In the case of the method as described in the Japanese

30 patent gazette Heiseil 6(1994)-26737, since a pushing down force



of tool is always applied to the boundary between a plate material and a
projection, it is difficult to obtain a sufficient height of the projection
and also it is difficult for the projection to achi eve squareness agai nst
the plate material and accuracy in the 5 outer dianmeter thereof with an
addi tional problemof requiring many steps in processing. Also, both the
forward extrusion nmethod and backward extru- sion nethod are the nethods

i ntended for producing things in an 10 axial shape froma material in

pel | et forof awblndis hdwalysr appdiedt €gr theé yoeumsthafy Hatwodn udiplgter menterfibat
plate. Summary of the Inventjion The present invention deals with the

probl ens i@Rdb|a REUWIGFEHUIN ¢ hiet pk§ cﬁlgfﬂt%u]a?s ehtaiay 3 sufeleirie and

di scl oses .a met.ho r formng. a shaft.co I.Si first_.st of _pr.essi.n
2 metar s HeELGOAE HBE R A P ARRTE o PdFRark T it S pabatEt IO
SEPO”d St & ‘&Eh@]&%’e}’ 5§HaPEnEYE U A i thhﬁ_léﬁ’é QME&QLEPI %in%cacéhﬁacj} NirfRkhe
axi al shape by pushing a punch into the projection of 20 the foregol ng

net al | b¢c platexr chtametsz ftleerdde withstarstaidbnconsl digbkeniet and by :
rear-squeezing, the foregoing projection in the direction opposite to the
di recti on, T¢I RG T f%‘i%@gi%'fjg PRRRESF N Pushed. 25 Further, the
present invention is characterized by formng shafts of the sanme hei ght

| ocated at a plurality of places sinul- taneously. Still further, the

present inventi idce, BHHRHRS i FAdN Hk RIS IONTmE hod SR thia Rk walT@C @SEirg
In the second step to have .
sion method are the methods intended for producing things in an
10 axial shape from a material in pellet form and not for forming

integrally a shaft by extruding from a flat plate.

Summary of the Invention
The present invention deals with the problems involved with
15 the prior arts as described in the above and discloses a method
" for forming a shaft comprising a first step of pressing a metal-
lic plate to perform half blanking or forward squeezing and
a second step of applying an extension to the foregoing projec-
tion in an axial shape by pushing a punch into the projection of
20 the foregoing metallic plate obtained from the first step and
held by a die and by rear-squeezing the foregoing projection in
the direction opposite to the direction, in which the foregoing

punch is pushed.

25 Further, the present invention is characterized by forming
shafts of the same height located at a plurality of places simul-

taneously.

Still further, the present invention is characterized by

30 performing consecutive processing in the second step to have



3 the direction, in which the projection is extended to forma shaft,
reversed fromthe direction, in which the netallic plate is pressed at a
separate process. 5 Accordingly, since a projection is formed by
applying a pressing process to a netallic plate in forward squeezi ng and
then rear-squeezing is performed on the projection by the use of a punch
and a die, shafts assured of having a |length, accuracy in 10 outer

di aneter, squareness and the like as required can be forned at arbitrary
posi tions tire dinedclidare, piratwhiiclt ddvenldne jedrion tils axdepdedr équformg only a
smal | nunber of processing steps. Al sg, since shafts with the sape height

are fornmed Shafitakevernse lfsrl%m éthea rm%ﬂ%qry 0 whichs thg pehrilicy of

shafts wt the S t ease the hei ght thereof by
rear-sque |ng |lnsa{$r&§§eeg&8n ep a teD Yie netal lic plate is

floating fromthe die surface, it is made p055| ble to reduce variations in
the magni tude of floating and prevent the netallic plate from 20 slanting.
Furt hebnore, sifcediiEnglyectsiomee ian poojeletdophdist fiogmedt bvdapplyingade -
reversed fromthe direction, in which a netallic plate is pressed at

separ at e ;ﬁliﬁr"e%“s“g (RRACESE G %6“%311?5 pll?éﬁvelé’n foryagide sgerZdB9aRt% he
tall t
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in the secon acl I'irtating the pres process I n
st eps. Bflaﬁfplﬁﬁﬂﬁfaﬁlaﬂm:&ﬁ ishafPsaissared of having a length, accuracy in

10 outer diameter, squareness and the like as required can be formed
at arbitrary positions on a metallic plate integrally therewith

and yet requiring only a small number of processing steps.

Also, since shafts with the same height are formed simultane-

15 ously at a plurality of places, a plurality of shafts with the same

height can be made to increase the height thereof by rear-squeezing

in the second step and even if the metallic plate is floating from

the die surface, it is made possible to reduce variations in the
magnitude of floating and prevent the metallic plate from

20 slanting.

Furthermore, since the direction, in which a shaft 1is
extended, is made reversed from the direction, in which a metallic
plate is pressed at a separate process, there exist no gaps

25 between the die surface and the metallic plate when rear-
equeezing is performed in consecutive processing in the second

step, thereby facilitating the pressing processes in other steps.

Brief Description of the Drawings

30 Fig. 1 is a diagram to show the state before a first step of



30 Fig. 1 is a diagramto show the state before a first step of 4
the method for formng a shaft froma netallic plate in an exem plary
enbodi ment of the present invention. Fig. 2 is a diagramto show the state,
wherein a projection 5 has been forned in the first step. Fig. 3is a
diagramto show the rel ationship between a punch, die and netallic plate in
a second step. 10 Fig. 4 1is a diagramto show the state after the
conpl etion of the second step. Fig. 5(a) is a diagramto show the vol une of
t he proj eaheomethnd for fdrnmgnd(db)shafta Lirenyrame vakhioov pheet e ol mnen oéxdrine
shaft. Fig. 6 is a diagramto show the relationship between an extent of

t he punchP3@sie @mheddmendn ofs ddye RRRSP ofinveid®kmte- rial. 20 Fig. 7 is
a diagramto show the relationship between an extent of the punch pushed in
and an escape ratio of a high ten- sion steel material. 25 Fig. 8is
a diagramto shewd he Hel at iaRgHam R WRW the A4dtle dwvidtean &f gritection
projection of the netallic plate and the inner dianeter of the die. Fig. 9
I s a dbaghas theexhdwnniesl rigl dtheornSingt betewen t he 30 hei ght of the
projection of the netallic plate and the depth of 5

Fig. 3 is a diagram to show the relationship between

a punch, die and metallic plate in a second step.

10 Fig. 4 is a diagram to show the state after the completion

of the second step.
Fig. 5(a) is a diagram to show the volume of the projection.
15 Fig. 5(b) is a diagram to show the volume of the shaft.

Fig. 6 is a diagram to show the relationship between an

extent of the punch pushed in and an escape ratio of a SPCC mate-

rial.
20
Fig. 7 is a diagram to show the relationship between an
extent of the punch pushed in and an escape ratio of a high ten-
sion steel material.
25 Fig. 8 is a diagram to show the relationship between the

outer diameter of the projection of the metallic plate and the

inner diameter of the die.

Fig. 9 is a diagram to show the relationship between the

30 height of the projection of the metallic plate and the depth of



the die. Fig. 10 is a diagramto show the di nmensional relationship between
the punch and the die in the first step. 5 Fig. 11 is a diagramto show the
rel ati onshi p between an extent of the punch pushed in and a height of the
projection in the first step. 10 Fig. 12 is a diagramto show the

di nensi onal relationship between the punch and the die in the second step.
Fig. 13 is a diagramto show an extent of the punch pushed in in the second
step. 15 Fig. 14 is a diagramto show the di nensions of a shaft after
conpl eti ontwé @iecessing. Fig. 15(a) is a diagramto explain the case,
wherein the 20 direction of a shaft extended is the sane as the direction
of pressing process perforned separately in the consecutive processing

Fig. 15(b) is a djagr fo explain the case rein the diyect
shaft extended |I'S i12 3R Rt q'b%w 1}@ 555‘?3&53]?% fpr ocjé%r!"oOHShaip
per formed ﬁé@@ééﬁe{:ﬂe'ﬂuﬁeﬁ SRASERELEYE P OERSSENSst Féﬂep 16 is a diagramto
show the state of a stepped shaft under processing. 30 Fig. 17 is a
di agrarmto show a prior art method for fixing 6
Fig. 11 is a diagram to show the relationship between an
extent of the punch pushed in and a height of the projection in

the first step.

10 Fig. 12 is a diagram to show the dimensional relationship

between the punch and the die in the second step.

Fig. 13 is a diagram to show an extent of the punch pushed
in in the second step.
15
Fig. 14 is a diagram to show the dimensions of a shaft after

completion of processing.

Fig. 15(a) is a diagram to explain the case, wherein the
20 direction of a shaft extended is the same as the direction of

pressing process performed separately in the consecutive processing.
Fig. 15(b) is a diagram to explain the case, wherein the
direction of a shaft extended is opposite to the direction of

25 pressing process performed separately in the consecutive processing.

Fig. 16 is a diagram to show the state of a stepped shaft

under processing.

30 Fig. 17 is a diagram to show a prior art method for fixing



a-shaft by caulking. Fig. 18 is a diagramto show a prior art method for
fixing a shaft by spot welding. 5 Fig. 19 is a diagramto show a prior art
met hod for form ng shafts already publicly known. Fig. 20 is a diagramto
explain a forward extrusion nethod. 10 Fig. 21 is a diagramto explain a
backward extrusion nmethod. Preferred Enbodi nents of the Invention Sonme of
the exenpl ary enbodi nents of the present invention 15 will be expl ai ned
bel ow with reference to drawings. In Fig. 1, the reference nuneral 1 shows
a netal | i capdid®t hadsulkintpft is formed by extrusion, the reference
nuneral 2 shows a punch to performwith the use of a press of a half

bl anki ng 20 against the netallic plate 1 or forward squeezi ng, whereby a

novenent of a erial_ constituting the tallic.plate 1 i in t.he
sare it ect i on T4 he oo LA AN D aNBY 2 PEAGT ATt BEEE SO ARG,
shows a di i Lgﬁgktﬁgﬁﬁ- .Wth the punch 2 when the half bl anking
or forwar s%ﬁéi&i%% of the ng?gflic plate 1 is 25 perforned. In Fig. 2,

t he refserence nunmeral 4 shows a projection formed on the netallic plate 1
by a half extrusion or forward squeezing. In Fig. 3, the reference nuneral
5 shows a punch E¥ht 1% dfsad Giagragy Loy fdem &g Bor ddtte Medihash a5 tRATHg

the projectiopn 4 d 30 the reference nuneral 6 shows a die used in
rear-squee§?$€t%fa $ﬁ9&§ p&%fle%eﬁhowﬁ[
Fig. 20 is a diagram to explain a forward extrusion method.

10

Fig. 21 is a diagram to explain a backward extrusion method.

Preferred Embodiments of the Invention
Some of the exemplary embodiments of the present invention

15 will be explained below with reference to drawings.

In Fig. 1, the reference numeral 1 shows a metallic plate,
where a shaft is formed by extrusion, the reference numeral 2
shows a punch to perform with the use of a press of a half blanking
20 against the metallic plate 1 or forward squeezing, whereby a movement
of a material constituting the metallic plate 1 is made in
the same direction as the movement of the punch 2, and the reference
numeral 3 shows a die that is used together with the punch 2 when
the half blanking or forward squeezing of the metallic plate 1 is
25 performed. |
In Fig. 2, the reference numeral 4 shows a projection formed on
the metallic plate 1 by a half extrusion or forward squeezing.
In Fig. 3, the reference numeral 5 shows a punch that is used in
rear-squeezing of a material constituting the projection 4 and

30 the reference numeral 6 shows a die used in rear-squeezing of the



7 projection 4 together with the punch 5. In Fig. 4, the reference
nuneral 7 shows a shaft forned integrally with the netallic plate 1 by
rear-squeezing. 5 Next, an explanation will be made on the steps
designed as described in the above, whereby a shaft forned integrally with
a netallic plate 1 is produced. First, a material in a volune required to
have a shaft 7 forned is half blanked or forward squeezed by a press with
the use of 10 a punch 2. Then, a projection 4 forned on the netallic plate
1 by the hstdjddendn g togé chierrwislyuekei pgnels Sonpressed by the use of a
punch 5 and die 6, and a shaft 7 is produced by rear-squeezing. At this
time, the ¥mtRkdald.ofthehwefeseace pumgrad 7rshewsfarohaif § Camred Hartegraddy
the shaft 7 is %ﬁgande | n thf €ir ction 15 of the, novenment of the punch 5,
t hereby cdEFhERAMYER LT P13HR i QY  FeRE-FA9€R# Y om t he upper surface
of the die 6 as showmn in Fig. 4. In a series of the steps as described in

t he above, the 20 forward squeezing step requires a certain vol unme of

mat eri &l needed Nexi Oran cexspibdriat DoewEXl rbelathdy dortiae dssepeedestgrsd as
shown in Fig. 5(a) and Fig. 5(b). In this forward squeezing step, the,

di anet er clescBibed bhdtheecakRYRnt Vherpb¥sai piakt farEnpdednEegBRUL gWLERt he

LA O § B TRLES Bugle I L BHSagalE, 20, aTeter s tpat of the pin i
First, a material in a volume required to have a shaft 7 formed
is half blanked or forward squeezed by a press with the use of

10 a punch 2. Then, a projection 4 formed on the metallic plate 1 by
the half blanking or forward squeezing is compressed by the use
of a punch 5 and die 6, and a shaft 7 is produced by rear-squeezing.
At this time, the material of the projection 4 is trans-
formed to the shaft 7 and the shaft 7 is expanded in the direction

15 of the movement of the punch 5, thereby causing the metallic.
plate 1 to be lifted from the upper surface of the die 6 as shown

in Fig. 4.

In a series of the steps as described in the above, the
20 fofward squeezing step requires a certain volume of material
needed to form a shaft to be extruded by forward squeezing as
shown in Fig. 5(a) and Fig. 5(b). In this forward squeezing
step, the diameter of a punch and the extent of pressing are
decided according to the height of a pin when a die with the same
25 diameter as that of the pin is used.
At this time, when the height of the pin is small, the wvolume
of extrusion provided by the forward squeezing is ended up with
only a small volume and the diameter of the punch can be the same
as that of the die. This is because the volume of extrusion

30 becomes the same as that of pressing performed by the punch.



of extrusion provided by the forward squeezing is ended up with only a
smal | volune and the dianeter of the punch can be the sane as that of the
die. This is because the volume of extrusion 30 becones the sane as that
of pressing perforned by the punch. 8 As the height of the pin becones
| arge, the volume of extrusion also becones |arge, thereby requiring the
use of a punch with a |arger dianeter than the dianeter of the die. 5
However, the extent of pressing perfornmed by the punch at this tinme does
not equal he the Bstight of ekérpsn Obecdrkes elaaty@y Stiexiwd bume @8 caxperwdion
material. Fig. 6 shows the anount of escape of material in case of a SPCC
mat eri al wadot becomegsnAarge . FERerebE HerEuinEnGithmtusg @k capeursh 1with a
material ig_case qf a high . tensjon steel. with. t.= 0.8 nm The dianeter of
the die us 6r9§r2%ﬁﬁWeFF%i§£F8a#ﬁ%d§f?9?ﬁﬁﬁv?#oﬁ??ﬁ%ﬁeB that the escape
amount of mate- rial increases as the dianeter of punch becones |arger. It
I s understood that when the dianeter of punch reaches 4 nmm about 15 one
hal f ofs5the anpbuHbwefrernt theaéxperssell pressiaap geerrfortned sy rthedrumgsh ats
far as the same punch having a certain diameter is used, as the anount of
materi al ptidsedime dpeseBgEsednrl ke dhe Mphant &f terisdionge Jhexse 8 1vays

According to.these dat he .dj of a punch and the amount of materi al
pressed ineﬁéé&édaPogngRgf§Fn@%§8%$élaeter- m ned.

Fig. 6 shows the amount of escape of material in case of a SPCC
material with t = 1.2 mm and Fig. 7 shows the amount of escape of
10 material in case of a high tension steel with t = 0.8 mm.
The diameter of the die used is 2 mm.
It is learned to know from Fig. 6 that the escape amount of mate-
rial increases as the diameter of punch becomes larger. It is
understood that when the diameter of punch reaches 4 mm, about
15 one half of the aﬁount of material pressed in escapes to the
surroundings. As far as the same punch having a certain diameter
is used, as the amount of material pressed in increases the escape

amount of material decreases.

20 According to these data, the diameter of a punch and the
amount of material pressed in needed for pin forming are deter-

mined.

Then, the projection 4 of material formed by forward squeezing
26 is inserted into the die 6 and crashed by a pressing force
applied by the punch 5, which forms a rear-squeezing process,

thus the shaft 7 being produced.

At this time, it is preferred that the diameter A of the

30 projection 4 of material is made smaller than the diameter B of



Then, the projection 4 of material formed by forward squeezing 25 is
inserted into the die 6 and crashed by a pressing force applied by the
punch 5, which forns a rear-squeezing process, thus the shaft 7 being
produced. At this time, it is preferred that the dianmeter A of the 30
projection 4 of material .is nmade smaller than the dianeter B of 9 t he
die 6 as showmn in Fig. 8 in order for the projection 4 of nmaterial to be
readily inserted into the die 6 because the dia- nmeter of the die 6 has to
be the sanehasdides dasinstiewn afn tiibg shé&fin 7ordert heri théi progspetioneat oft he
di anet er of the'pquection 5 was made snaller than that of the die for

r ear - squeeRakerigl otobemreadiey cinsertad sirtpgehendiesbnbecauseahe flda-
consecu- tiv rocessing. since a force is needed for,ingertion into.the

di e. \Wen r&?‘lg%gp%fi ﬁé%t‘%%sggéﬁ oY Pl V\*l??l 229y o?ﬁc%?%naf‘ﬁﬁ‘?%ﬁés oérrﬁk‘leer in
di amet er bynQePS My e &ﬁi@&hioexPBEmeﬁﬁ,dtﬁev‘ﬁiaﬂagtégl §£1 End & Bon
snoot hly. Therefore, it is inportant for the dianmeter of forward 'squeezi ng

di e to e wasemadel smalldmnthdmttivdt toie thaf dibyfOrOteamsyuserzdngobgbout

0.1 mm and npost prefera- bly by 0.05 nmwhen pin formng is carried out by
the use of 9a0toRReckR¥EEeR)i cthis aReangemert o1 ssneteSULtAbLEa 0T GOBERRY i s

Lo, ke Dk PpRhodBELRYTEIAERE FGeb0r 12 AARALN ELRIGLAURLSH Hhro tne
die. When an experiment was performed with a projection that was
smaller in diameter by 0.05 mm, the insertion into the die was

10 able to be made so smoothly. Therefore, it is important for the
diameter of forward squeezing die to be made smaller than that
of the shaft by 0.01 mm or more to about 0.1 mm and most prefera-
bly by 0.05 mm when pin forming is carried out by the use of a
consecutive die.

15

The secret of successful rear-squeezing is to make the tip

of the punch tapered for a smooth flow of material.

Further, since the metallic plate is lifted from the upper
20 surface of the die, the material should not be pressed down by

the use of a stripper plate.

In addition, when the projection 4 of the metallic plate 1

is inserted into the die 6 and there is a gap between the upper

25 surface of the die 6 and the metallic plate 1, a step is formed
at the root of the shaft. In order to prevent this, the depth of

the die 6 is made larger than the height of the projection 4 of

material by 0.05 to 0.1 mm as shown in Fig. 9.

30 As a specific example of the above, a projection of 1.99 mm

10



20 surface of the die, the material should not be pressed down by the use
of a stripper plate: In addition, when the projection 4 of the netallic
plate 1 is inserted into the die 6 and there is a gap between the upper 25
surface of the die 6 and the netallic plate 1, a step is forned at the root
of the shaft. In order to prevent this, the depth of the die 6 is nade

| arger than the height of the projection 4 of material by 0.05 to 0.1 mm as
shown in Fig. 9. 30 As a specific exanple of the above, a projection
of 1.99 midMiaméterianttars amd i heDyght was gbh:m\eamhoarmdtammnplatéi1:
plate 1 of an SPCC material with the plate thickness t = 1.2 mm In this
case, as s¢iﬁ)vﬁfn|$i’¢¢ gnaqquqlqévmctrh@zwmhmimm Squded A -had a

di anet er 0 mm and t he die, 3 a ter d3 of. 1.94 .nm

5. di
The i mensibr i AT o D Gr B e 1 (IO 2 Mp o okt

proj ecti O%ﬁlé&%grw@%%%é{@r fr war 4 suHmeahadths ahews hAdaFis. iddedr €
t he extent of punch pressing is 1.°0 ‘mm ‘the di ameter A of the proj ection

4 is 1593 anameret h®, b€ ghvshperr] 10 is 1.87 nm Further in the
rear-squeezing of the projection 4 as shown _in Fig. the di aneter_d[err]
of the purEpe xiimensiong, of Hearinis RAGFeteF EHwe d‘fa‘%%?ﬂr &gt dnclygesn and

the depth h6 of the die 6 I ng _h

of punch 5 ?e%%??lec‘flnorés‘l ;ﬁlomsqlﬂloi"cergnﬁ rhe] %g)gw abd S%ngegéhs s LES&L
in Fig. 11 are the extent h of punch pressing is 1.0 mm, the
diameter A of the projection 4 is 1.93 mm and the height h,

10 is 1.87 mm.

Further, in the rear-squeezing of the projection 4 as shown
in Fig. 12, the diameter 4, of the punch 5 is 1.4 mm, the inner
diameter 4, of the die 6 is 1.99 mm and the depth h, of the die 6

15 is 1.90 mm. In addition, the extent h; of punch 5 pressing in as
shown in Fig. 13 is 1.65 mm.
As a result, the dimensions of various parts of the shaft 7 as
shown in Fig. 14 are the plate thickness t is 1.2 mm, the height
h, ranges from 3.367 to 3.432 mm and the diameter d, ranges from
20 1.983 to 1.992 mm. Variations in height and diameter are 0.07 mm
and 0.01 mm, respectively, and a slant of the tip of shaft ranges

from 0.00 to 0.05 mm.

The secrets of achieving a larger height for the shaft in
25 forward squeezing are to have the material projected in abundance
and to make the thickness of pin's side walls small.
The result of efforts to find out the limitation on the foregoing

-height is as follows:

30 An SPCC material with t = 1.2 mm is used and the diameter of

11



As a result, the dinensions of various parts of the shaft 7 as shown in
Fig. 14 are the plate thickness t is 1.2 mm the height h7 ranges from
3.367 to 3.432 mMmmand the dianeter d[err] ranges from20 1.983 to 1.992
mm Variations in height and dianeter are 0.07 mmand 0.01 mm
respectively, and a slant of the tip of shaft ranges fromO0.00 to 0.05 nm
The secrets of achieving a |larger height for the shaft in 25 forward
squeezing are to have the material projected in abundance and to nake the
t hi ckness dfhepipurscts wdedivdnl foxwalrl. sgheezdnyl iso mfforts to find out the
limtation on the foregoing height is as follows: 30 An SPCC

mat eri al wilse tof a 3 mpndia. u§§&°§né1ﬂﬁysdﬁéﬁﬁﬂ¥rléfgflamoupﬁeoﬁum§¥Qﬁ%§i

amount of iRt SRR hekeRY ceRBy, & Bulikotd BB BEleRenctl, shetatar’ i

root of theHy }RFfddiond Wien an experlnent was perforned with the pin's
side walls nade 0.01 mmin thickness, the pin was broken at the root

t her eof 5duéWHem aamn iexqperfimendnwast pem@bhrmeﬂihwiethorthe phia "sakhdeh walilss madfe
the pin has been increased to 0.2 nm resulting in hei ght of the pin

neasuring P95 MR ifp RACkNgSFy the Rdne¥espbrrkea éﬁbé’&ienﬁﬁp§ 5@%‘@?& iy
in the abo%%séﬂ“ﬁngﬁyffﬁﬁinga§tQ%%BtBQunﬂhgyéfore, the wall thickness of

the pin has been increased to 0.2 mm, resulting in a height of
the pin measuring 5.95 mm.
10
According to the exemplified embodiments as described in the

above, what follows has been found out.

In connection with falling of the pin, not much falling has
15 been observed this time since a shaft of 2 mm in diameter was
formed on a flat plate of 40 mm by 40 mm. However, in case where
a material with a larger area is used, jumping of the pin may
occur due to the floating of the material at the time of rear-
squeezing, thereby causing the pin to fall down. Therefore,
20 it is needed to arrange shafts at several places in order for

the material to bounce in a good balance.

With regard to the rear-squeezing process, when rear-
squeezing is performed, the material bounces but the extent of
25 bouncing variés according to the height of shafts.
Therefore, during thg same process of rear-squeezing, forming of
shafts with only one height is possible. Further, this process is
unable to accommodate other processes (stamping, bending and the
like) and it is better not to have pilots and the like that may

30 obstruct the bouncing of material.
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In connection with falling of the pin, not nuch falling has 15 been
observed this tinme since a shaft of 2 mmin dianeter was fornmed on a fl at
plate of 40 mmby 40 mm However, in case where a material with a | arger
area is used, junping of the pin may occur due to the floating of the
material at the tinme of rear- squeezing, thereby causing the pin to fal
down. Therefore, 20 it is needed to arrange shafts at several places in
order for the nmaterial to bounce in a good balance. Wth regard to the
rear-squeezi ng process, when rear- squeezing is performed, the material
bounces but the extent of 25 pouncing varies according to the hei ght of
shafts. Theref orEurﬁherm@r@hewamtlmor:%% HUeRHING RIERIPFY, 1§ oP AT RgrBed
shafts with on | S DSSJb| .. Eurth hj ce
acconnndat%oﬁfﬁ VS@%S ?%ﬁ A AR 15%%@?8 %§n85 kée k%?égﬁéﬁ #¥E§Hé%
better not Ihocaegewﬁékeiﬁ é”ﬁ'héf‘@ 30 Kmmaa d%v?ﬁprd’bﬂfé@ﬂlérbelé’mwdﬁ
material. 12 Furthernore, when the rear-squeezing process is perforned
consecws i vehgwnaineEhigi clbfa) | sai gppsksl aredisd detboternnthd Glmfsurfacedse
wherein a shaft 30 with a_downward direction is fornmed as 5 shown in Fig
15(a), a gapdi ther sategipdt ddcherausai EheuhpheEial 3hdPPHBCREL BPFaFd3]

Decas e heeRBLRiNg! i tHR RRERNIYA dr LERURLL O EnbiRoLRETRLT 9T Ghen

en processi ng rusit on an
perforned pbaoaeakhag BE06§%§u§§onCaﬂuetﬁé| Yik#hgReapshabimdd wht Bnaknepwar d

direction process 33. Conversely, when a shaft 34 with an upward direction
10 is formed, no gaps are created between the die surface 32 and the
material 31'since the material 31 is pressed downward as shown in

Fig. 15(b), thereby facilitating the extrusion processing in

another process 35.

15 Moreover, by applying additional processing to the shaft 7 .
produced in the present exemplary embodiment, it is also possible

to form a shaft provided with a step 40 as shown in Fig. 16.

Industrial Applicability

20 As described in the above, the present invention discloses
an extremely effective method for forming a shaft on a metallic
plate integrally therewith atlan arbitrary position on the metal-

| lic plate in such a way as assuring sufficiently the length,

precision of outer diameter, squareness and the like, requiring

25 only a small number of processing steps, since the shaft is formed
by applying rear-squeezing by use of a punch or die to a projec-
tion that has been formed beforehand by pressing the metallic

plate to perform forward squeezing.

30 Also, by simultaneously forming shafts, each having the same

13



10 is forned, no gaps are created between the die surface 32 and the
material 31 since the material 31 is pressed dowmward as shown in Fig.
15(b), thereby facilitating the extrusion processing in another process 35.
15 Mor eover, by applying additional processing to the shaft 7
produced in the present exenplary enbodinent, it is also possible to forma
shaft provided with a step 40 as shown in Fig. 16. Industrial Applicability

20 As described in the above, the present invention discloses an
extrenely effective method for form ng a shaft on a netallic plate
integrally therewith at an arbitrary position on the netal- lic plate in

such a mayh%ésbﬁs@ﬁl¢ﬁb%iﬂf|%¥e@t9¥u¥¢kﬂttwﬂﬁrP°§#¥%QQﬁ4N$hﬁ Hnrality of

br ocessl ngtdt e et raaht tars P %‘éﬂbsqyeaﬁeagrg[%beg@ﬁe%‘%
use of a ptﬁ'&f' SErfhe 49 & HECHRE- S‘Eéj_émof rﬁ’foa@és l’férl‘&g( liﬁ.féiféfﬁrifb by

pressing the netallic plate to performforward squeezi ng
by si mil t arie®usdnyidtoion dgp thef amourtodf Havitigg hadsshantiBng ofhetil'@hmeaalllc
others, at a glurallty of positions, the plurality of the same hei ght

shafts ar ePbxtereneen k| E‘h%t'ﬁeb?l?ﬂbﬁrp%ﬁ'ﬁ%e‘ﬁﬁ’%efﬁaﬁo R& Velf tod A%k ond

step of pr ess e eventing 5 the variation in the anount of
lifting an h?%n%lgfé?geaﬁétalllc plate even if the netallic plate

happens to be lifted away fromthe die surface.

Furthermore, by having the direction of shafts extension
10 performed in the second step of processing and the direction of
extrusion processing applied to the metallic plate in another
step of processing reversed from each other, no gaps are created
between the die surface and the metallic plate even at the time
of rear-squeezing performed consecutively, thereby facilitating

15 the punching-through process performed at another step of processing.
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Furthernore, by having the direction of shafts extension 10 performed in
the second step of processing and the direction of ex
applied to the netallic plate in another step of proc sgmgq%ﬁgyenaggLEm
each other, no gaps are created between the die surfage andpihEAmEmall|

pl ate even at mwnﬁm squeezing perforned co —y——{-ﬁefééy
facilitating m mml‘rﬂl through process performed at another step of
processing. 14* ¢Anended®clains finally examined in the prelimnary

exam nation 5 1. (After Amendnent) AcbmtMod of forming a shaft froma
metal- lic plate conprising a first step of providing a half blanking or
forward squeezing by applying a pressing.process to a netallic plate and a

second step eregﬁ £O ection of said tallic E din said
Frret step hnohnmpangg BETESEN1RE 8 3RS FEGR. o, felaliis, BATe GOuBhiAch
pressed into Sah%gP%Pﬁﬁ&%%oﬁtb% b&ep&%ﬁﬁdﬁhbe%th%ﬂfa%l%ﬂﬁlﬂbr%EtEQEwakﬁ

whi ch the half bl anking or forward Squeezi ng has been perforned, thereby
havi ngst he | engtsiuele zdaigd bghapplgihgnaegiredsing @rﬁﬁsmﬁidladmei:almim phate
shaft froma netallic plate accord- ing to Caim1, wherein the inner

di aneter of a did@% RatSeFONGs S& -0 WESIKEHY iEn Dined esddond oft &pids medad 1igr ger
th th t d t t d f
han'he, outr "ol e S Rl YO W 8T8 A

plate accord- gqueezed by having a punch pressed into said prOJectlon

m

in a direction opposite to the direction, in which said
10 punch is pressed in, thereby having the length of said axis

extended.

2. The method of forming an axis from a metallic plate accord-
ing to Claim 1, wherein the inner diameter of a die that
15 holds a projection in the second step is made larger than
the outer diameter of said projection by the magnitude

ranging from 0.01 mm to 0.1 mm.

3. The method of forming an axis from a metallic plate accord-
20 ing to Claim 1, wherein the depth of a die that holds a
projection in the second step is made larger than the height
of said projection by the magnitude ranging from 0.05 mm to

0.1 mm.

25 4. The method of forming an axis from a metallic plate accord-
ing to Claim 1, wherein the rear-squeezing of a projection
in the second step is performed by the use of a punch that

has a tapered tip.

30 5. The method of forming an axis from a metallic plate accord-
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ing to daim1, wherein the depth of a die that holds CEFON-T10_L| nel
second step is nmade | arger than the helght of said proﬂecﬁwdﬁmby ithfye BE i

ngm tn;dg gﬁgglt nﬁ'ﬂlﬂﬁllmﬁallw “ﬁl ate accor d0 |1ngmt 04(:1“ ik nﬁjﬁgrg%ﬁé

rear-squeezing of " a prolectlon in the second step is perforned by the use
of a punch that 30 has a tapered tip. REPLACEMENT SHEET 15 5. The
met hod of formng a shaft froma netallic plate accord- ing to Caim1l,
wher ei n the shafing ssiChaimaieowhleyrefiar the akias psusihil yanéopsBgeSoimméd at
each shaft having the same 5 he| ht. 6. The nethod of formng a
shaft from a methREW e ofc#dAFes W eechi axipehayindctios nsappdeighive
processing is performed in such a way as the direction, in which the |ength
of a 10 projection is extended to forma shaft in the second step,

i's made oppesi e %éﬁnﬁ,dﬂldfeqtdﬁmng MaVhi:efs tAComed ahd ££1 PL &1 614 Se PAREHRS-

in another step. 16
5 ing to Claim 1, wherein processing is performed in such a

way as the direction, in which the length of a projection is
extended to form an axis in the second step, is made oppo-
site to the direction, in which the metallic plate is punched

in another step.
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