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@ METHOD AND DEVICE FOR MACHINING INNER SURFACE OF MOLDED CYLINDRICAL ARTICLE.

Method and device for pressurizing the inner surface of a
w= molded cylindrical article by the step of pressurizing and
< forming the inner surface of the article while rotating a pres-

sing unit {6a) of pressurizing means (6) relative to a molded
article (2) during a period of time which begins immediately
n after completion of solidification of the article ready for pres-
¢O surizing and forming, and which continues until the transition
temperature of the article has been reached the temperature
00 at which the tensile strength and elongation of the article
@\ undergo an abrupt charge. This is performed in order to pres-
© surize and cause the collapse of blowholes and air bubbles in
the molded article, and to harden the inner surface thereof. S

.
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TITLE MODBIRED

TU3ULAR CAGST PIZC:Z INNER SURFACE

YWORKING McTHOD AND AFPARATUS THEREOF

Technical Field

5 CZ) This invention relates to a tubular cast piece
inner surface working method and apparatus thereof,
for pressure-compacting the tubular cast piece inner

surface in a predetermined temperature range.

Background Art

—~

10 Tubular cast pieces are manufactured generally

z)
bv centrifugal casting method or by casting method
employing core means. With such method, it is known
that there svpear shrinkage cavities or pores on the
tubular inﬁer surface as the tubular cast piece coo0ls

15 down. Consegquently, it is clear that such shrinkage

czavities or pores lower the strength and gastightness
of the tubular cast pileces.

o) In order to eliminate the drawbacks merntioned
above, there has conventionally been protosed the

2C nm=thod, in manufacturing the tubular cast pleces by

centrifugal casting ma2thod, of pouring melt into the

metal nmold for centrifugal casting and pressing the

tubular inner surface employing rollers or the like

BAD ORIGINAL Q)



vrior to conpletion of solidification of the melt, to

’ thereby pressure-sealing the shrinkage cavities or

pores.

~

A In case of using the tubular cast pieces as
5 fluid vpipe-line and the like, it has on the other hand

been reauired to ranufacture the products such that
the strength and gastightness of the pipes themselves
are excelleht in the matter of course'and that the
products have the pipe inner surface excellent 1in

1C abrzsion resistance and corrosion resistance and at
the same time low in fluid resistance as is realized

by enhancing the hardness of the pipe inner face.

However, with the conventional methods for

(' lrl:}

pressure-demolishing and sealing the shrinkage cavities

15 or pores it may all right have been possible to crush
down the shrinkage cavities or pores but it has not
been possible to harden the tubular inner surface,
since thersbv one gives tressure onrtbe tubuler inner
surface in its soft state prior to completion of the

20 melt solidificstion.

’E\ On the other hani, vracticed generally and
widely with *the inteniion of hardzning the cast piece
surface is & nezhod of pressure-working the surféce at
nermal temoeretﬁré, namely of applying the so-called

25 cold werking. However, an'aﬁparétus is raquired to

generate tra2mendous heavy pressure when to crush down

BAD ORIGINAL Q)



at the same time the shrinkage cavities or pores with
such a method, and there is a drawback such as causing
distortior in the tubular bodv by applyving such heavy

pressure, and so such a2 method has not actually been

5 practiced.

Disclosure of Invention
(%) In view of the limitation of the prior art as
nentioned above, this invention has as its object to
provide a tubular cast pilece inner surface working
10 method and an apparatus thereof, satisfying the two
requirements in contradiction to each other.
'@D For attaining the object, the tubular cast
pisce inner surface working method according to this
invention is characterized by¥: positioning a pressing
15 head of pressing means in inner hollow space of a
tubular cést piece formed by casting; and pressure-
compacting the said tubular cast piece inner surface,
within a temperature range starting from that immediately
after conopletion of the said tubular caest piece solid-
2C ification to the transition tenperature, by means of
the said pressing head while bringing the saild pressing
head and *the said tubuliar cast piece in relative rotation.
(é) The invention took notice of the mechanical
properties of metals in general, especially that the

o5 "elongation" as will facilitate the working gets sucddenly

-3 - -
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better above the transition teaperature, and have
confirmed through experiments that by pressure-comvacting
the metal surface while bringing the metal and the
pressing element in relative rotation, eveﬁ izmediately
after the metal solidification, hardness of the worked
surface is enhanced. The transition temperature as is
referred to in this invention means the temperature

where the mechanical proverties (tensile strength and

elongation) show abrupt changes.

e This invention thus intends to attain at a

single stroke both pressure—seaiing of the shrinkage
cavities or pores and surface-hardening treatment of
the tubular cast piece inner surface, as have conven-
tionally been considered different working processes.

~

A Kamely, by crushing down the shrinkage cavities

—

or pores on a tubular cast plece inner surface with mild
pressure af teczperature within a range for facilitating
the pressure-compacting, and simultaneously by pressure-
conpacting the inner surface while bringing the tubular
cast viece and the pressing head in relative rotation,

it has been made possible to attain at a single stroke

also innér surface headening of the tubular cast piece
subjected to the pressure-compacting, without substantially
causing distortion on to the tubular cast piece.

A?) : it has thereby been made possible to heighten

A

and egqualize metal structure density near the tubular

P,
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cast piece inner surface, thus expecting enhancement

of the strength and gastightness of the overall tubular
cast piece, and simultaneously to harden the inner
surface, thus to obtain the tubular cast piece excellent
in abraslon resistance and corrosion resistance and at

the same time low in resistance in fluid transfer.
\

oy It can therefore be rightly sald that guite

remarkable industrial value accrues therefrom in manu-
facturing the various tubular cast pieces, for instance’
as hvdraulic cvlinder parts, internal combustion engine
cylinder parts, various kinds of cast iron pivpes, vacuum.
vessel parts and various rolls, atomic power station
piping and the like or else high-strength aluminium alloy
castings, cast steel pives and the like, with which
guality enhancement comes more and more in need hence-

forward.
ﬂ.
yl 1

e

A Another object of this invention is to provide

a tubular cast piece inner surface working apparatus for
practicing the method mentioned above.

S Tor attaining such an object, the tubular cast
/

piece inner surface working spparatus of

ct

his invention
is characterized in tha:t it comprises: pressing @means
having a pressing head constructed to be capable of
pressing the tubular cast piece inner surface during
the tine from that immediatelv after completion of the

solidification to the transition temperature; and driving
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means for brlnglng the said tubular éést ﬁiece and
pressing head stage in relatlve rotatlon.
g&j ~ Namely, since onerwgrks durlng the tlme from
imnediately afterrcompletisnro}rthe tubular castrp;ece
5. solidification to ﬁhe'transitibn fémﬁerétﬁre apdrwhile
giving pressure oﬁ the tubular castwbieée inher surface
with the Dréééing héad 7the inhér Surfabeibyibringing
the D“ess’ng head and the tubular cast p1°ce in relatlve
rotation with dr1v1ng means 1t has been made possible
10 to crush down the shrinkagé cavities or pores as may

have been Caused in the tubular’CaStrDieée'thus for

;r

eighte nlng metal svructure cenQ1ty of the tubular cast

‘d

iece in 1ts wallrthlckness,dlreCtlon and at the same
time to harden the inner surface.
15 v It bas hereby made possible to provide a tubular

s

cast piece eicellent in strength of the bﬁérall,fubular
cast piece'andlébrasion reswstance ‘as well as corrosion
resistance of the inner'qu*face therbof.r
S Eoreovef, since QneVCrusbeg'down the shfinkage

2C 7 cavitieé or pores_onlthe tpbuléf'cést;pieéeriﬁnerisurface
and heightens metal sfrﬁbturé'densitj—ih itsrwallithick—
ness dire;tioh, it has:beep ﬁéde:pbssibié fdrelininéte
gas;communicatiﬁg hbles to'thé dﬁtéiderasimight be formed
b¥ successive céntinuationrof th° ;ﬁnef'shrface Uores'

25 or shrinkage cavities, hhlch results in advanta e of this

cast piece, when used as a member,with,which gastightness



is reguired as is the case of vacuvum vessel parts and
the like, of giving full play of its qguite excellent
gastightness.

T

Y

L Further objects and advantages of this invention

5 will becomz clear from the explanation now to follow.

Brief Description of Drawings
Drawings show, by way of example, the best
enbodiment of the tubular cast pilece inner surface
working method and apparatus thereof acéording to this
10 invention, wherein:
Fig. 1 is a vertical section of an essential
portion of a centrifugal casting machine
with rough overall side elevation of a
tubular cast piece inner surface working
15 epparatus,
Fig. 2 is 2n enlzrged end view of pressing .
means as viewed according to arrows
II-IT in Figt 1,
Fig. 3 is an enlarged side elevation, partly
20 in section, of an essential portion of
préssing Eeans,
Fig. &4 is a photographic picture of an aluminium
alloy tubular cast piece section showing
the status worked by the method of this

25 invention and the unworked stestus,

- 7 - s paic T o SN
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Fig. 5 is a vertical sectional view showing
a tubular cast piepe to apply the method
of this invention on, having its section
in round shape,

5 Fig. 6 is an end view of the tubular cast piece

shown in Fig. 5, and

Fig. 7 is a vertical_sectional #iew showing a
tubular cast piece to apply the method
of this invention on, having its section

10 of uneven diameter. -

Best Mode for Carrying Out the Invention
This invention is now exﬁlained in more detail
hereunder with reference to the accompanying érawings.
(29 Fig. 1 shows a vertical section of an essential
15 portion of a centrifugal cesting machine with rough
overall side elevation of a tubular cast piece inner
surface working apvaratus. In this embodiment; one
casts and forms the tubular cast piece by centrifugal
casting method and apparatus thereof, but one may as
20 __ well form same by any other casting method. Shown at
é4“ LT T T o T ,”_"'“f“i“—“¢ .
— (1) is a metal mold for centrifugal casting, and at (2)
is a tubular cast piece as is cast in the said metal
mold (1). The tubular cast piece (2) is equipped et an

end portion, as is illustrated, with a.flange (2a).

25 At (3) are driving rollers which support the said metal

-8 -
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moléd (1) and also drive same into rotation. These
driving rollers (3) are connected to an electric motor
(4) via suitable means, both of these members together
with the said metal mold (1) constituting driving means
(5). However, one may as well adopt substitute driving
construction for driving rollers (3), in case that one

obtains the tubular cast piece by any other casting

method than centrifugal casting method.

62;7 At (6) is pressing means, and it is constructed

with: a pressing head (5a) to be inserted and positioned
in inner hollow space of the said tubular cast piece (2);
a pressing effort generating unit (6b) to generate the
pressing effort of the pressing head (6a); and a travel-
causing apparatus (6c) to move the pressing effort
generating unit (6b) and the pressing head (6a) along

the axial direction of the said tubular cast piece (2).

ﬁ;;} Thé said travel-causing apparatus (6c¢) is

constructed with an oil hydraulic cylinder (19) fixed
in a stationary position and a well-known oil hydraulic
pump svstem (not illustrated) to supply oil pressure
therefo, and a piston rod (20) of the said o0il hydraulic
cvlinder (19) is connected to the said pressing effort
cenerating unit (6b) proper. The pressing effort
generating unit (6b) is constructed with a holder (10)
to sustain the said, pressine head (6a), an oil hydraulic

cvlinder (9), a piston rod (11) thereof (see Fig. 3)

- g _ oo
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and an oil hydraulic pump system (not illustrated) to
drive the oil hydraulic cylinder (9). Here, the
pressing effort generating uﬂit (6b) is comstructed to
be movable in running travel on rail means (7), and it
is tkereby made possible to smoothly move the said
pressing head (6a) along the axial direction of the
said tubular cast piece (2) by actuation of the said

travel causing apparatus (6c).

éZ) The said holder (10) is provided to extend out
(g

from the said pressing effort generating unit (6b)
machine irame, for sustéining the said pressing head
(6a). The said piston rod (11) is provided to pass
through the inside of the said holder (10) for free
advancing towards the said pressing head (6a)'and retiring,
and on the tip end thereof there is forméd a taper
portion (11la). At (12) are three pressing rollers,

and they afe disposed at equal intervals in the circum-
ferential direction of the said pressing head (6a),

with each of them hav1ng the rotary ax1s in Darallel
with the axis of thersald piston rod (11). However,
the pressure-compacting object may anyhow Be é%tainéd
if there is at least one préssing roller.

2?\ In Fig. 3, spacing interval between the two

——

pressing rollers is shortened for easier drawing con-

Tuction and for clearer view.

st
(/E\ £t (18) is a guide member, with one end thereof
43

- 10 -
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fixed on to the tip end of the said pressing head (6a)
by means of a nut and with the other end thereof
inserted into a hole bored in the said taper portion

(11a), and it functions as a guide when the taper

5 portion (1la) is operated to advance or retire.
(zi> The said pressing rollers (12) are mounted to

be idly rotatable on supporting shafts (14) fixed on
the respective supporter members (13). Eachk of the
supporter members (13) is held to be slidable in the

10  radial direction of the said piston rod (11) or the
said tubular cast piece (2) relative to the said pressing
head (5a) proper, and has a cam surface (135) formed on

~the side of the axis thereof./&It is so made that by
2 —— 7

the movement of the said piston rod (11) the taper
15 portion (1la) thereof comes to abut against the said
car surfaces (13%a), thus to urge and push the said
supporter members (13) and to cause the pressing rollers
(12) provided thereon to urge and push against the inner
surface of the said tubular cast piece (2). Thus, cam
20 means (15) is constructed with the taper portion (1lla)
of the piston roéd (11) and the cam surface (13a) of the
said supporter member (13). The said pressing roller
(12) is constructed in a shape having 2 plain surface
(12a) of narrow width in the central portion thereof and,
25 on both sides thereof, slant-surfaces (12b). By the use

of the said flat surface (12a) of narrow width, there

A
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are advantages accruing hereto in that one can heighten
the urging pressure force against the inner surface of

the said tubular cast piece (2) and further that one

gga can work out the innerrsurface smootﬁ;jﬁﬁowever, as the
shape of the pressing rollers, one may otherwise as well
suitably use beer-barrel shape of smooth gradual bulging,
those having various shapes of bulging, or else cylindrical
body and the like, and one may further adopt such con-

struction as to forcibly drive the pressing rollers into

10~ rotation./_At (16) are compression springs which are
f 30 e ___/' °
\ interposed between the said pressing head (6a) proper

and the said supporter members (13) and function to
compress the said supporter members (13) when the same
are moved as urgec and pressed by the action of said

15 cam means (15) and to cause the said supporter members
(13) to restore to the original positions, namely to the
non-compaction-acting position, when the cam action has
been released. Fig. % shows such state that the can
action by said cam means (15) has been released, thus

20 with the compression springs (16) extended énd with the
supporter members (13) in the non-compaction-acting
position. | 7 |

<§E> At (17), as shown in Figs. 1 and 2,'is a cutting

tool for scraping off the inner surface ofrthe said

25 tubular cast piece (2) and is mounted at the tip end of

the said pressing head (6a).

- 12 -
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Fig. 3 is drawn in such state that this cutting

tool (17) has been removed.

L

2 Now, the method of this invention is explained

_hereunder using the metal moid (1) for centrifugal

casting as well as driving means (6) as mentioned above.

@ED First, one pours aluminium alloy melt for casting
into the metal mold (1) and forms the tubular cast piece
(2) by centrifugal casting ﬁethod. Subsecuently, one
inserts the pressing head (6a) of pressing means (6) in
inner hollow space of the tubular cast piece (2) and
positions same therein.

é;) Immediately after completion of the said tubular
cast piece (2) solidification, the oil hydresulic cylinder
(9) of the pressing effort generating unit (6b) is
actuated, thus the piston rod (11) thereof is drawn and
the taper portion (1la) at the tip end thereof causes
the supporter members (13) of the pressing rollers (12)
to move towards the inner surface of the said tubular
cast piece (2).

BE\ Tach of the pressing rollers (12) functions

—~——-

thereby for pressure-compacting the tubular cast piece

(2) inner surface.

o A1l this while, the said metal mold (1) is
~—"
continuously rotated and the said pressing rollers (12)

w

I

. are made to effect the pressure compacting while idly

rotating.

- 13 - BAD ORIGINAL @(@
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éig) Here, by the said pressing effort generating
unit (6b) being movz%’on rail means (7) by the travel-
causing apparatus (l?), one causes the said pressing
head (6a2) to move along thé axial diréction of the
tubular cast piece (2) and thus effects the pressure
compacting all over the tubular inner surface.

{§E> By the way, explanation of the stage of the

tubular cast piece (2) inner surface scraping off by

the cutting tool (iﬁj has been omitted, but if one

effects the scraping-off stage prior to the said pressure- :

compacting stage, one can then ﬁnify the ihner diameter
of the tubular cast piece (2), thus enabling to make
subseguent urging pressure force by the pressing rollers
(12) all over the tubular éast piece (2) inner surface
approximately uniform and making it possible to obtain

the tubulsr cast piece of more excellent quality.

?15) On the other hand, if one effects the scraping-

off stage after the said pressure-compacting stage, one
can then produce the inner diameter of the tubular cast

piece (2) at the value as is desired.

-
ﬂéo Furthermore, by first effecting the scraping-off

stage and subsequently performing the inner surface
pressure-compacting stage and thereafter performing once
again the scraping-off stage, one can obtain both of

the 22vantages of the said two methods.
I.’ﬁ\
V4

\-/V

: It still further is possible to obtain the

- 14 - e
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tubular cast pieces of the gualities as are suited for
the various uses, by supplementing a stage of appl¥ying
certain special surface hardening treatment or the like

after the final scraping-off stage is over.

5 %é) How, this invention mentioned above is explained

10

15

20

25

hereunder with reference to Field Example 1:
{Field Example 1)
One took Al - 4.5%Mg alloy, cast saxze by metal
mold centrifugal casting to a wall thickness of 35 mm,
kept the tubular cast piece at 200°C after completion of
the solidification, retaining same as integral with the
casting mold, and put the inner surface thereof to a
pressure by the pressing rollers at the urging pressure
force of 200 kg/cmg, and caused same to make two recipro-
cations over the frll length on the inner surface, thus
to cause reduction of C.5 mm in the cast wall thickness.
Q{é> A bhotographic vpicture taken of the section of
the thusly obtained tubular cast piece, after applring
dyeing color penetration flaw detection thereon, is Fig. 4.
Central portion of the tubular cast piece of Fig. 4 is
the porticn the pressﬁre—compacting mentioned above has
been applied'on, while both lateral sides thereof are
left in the state just as formed by the conventional
centrifuzal casting method.
Qg;) As is clear from Fig. 4, it can be recognized

that the portion on which the inner surface working has

- 15 -
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been applied in accordance with the method of this

invention appears to be white, namely that it has been

changed to have dense structure, while both lateral

sides thereof appear to be black (~actually, fhey are
5 dyed in red color,f) on accounf of shrinkage cavities

or pores as generated.

QE) ‘Shown in Table 1 are differences between
mechanical properties of the inner diameter periphery

portion of this cast plece and mechanical properties

10 by the conventional method:
Table 1 .
‘ Tensile strength|Elongation
(ig/mn”) (%)
Conventional method 20.0 5.2
15 Method of this invention 28.5 20.6
C{Q Note that these result are with respect to each

test piece cut out in size of 14 mm outer diameter with
its center located at 10 mm from the inner diameter
periphery of the tubular cast piece.

20 f;;) Néxt,ﬂfield Example 2 for demonstrating the

~—

surface hardening ensuing on pressure—compaétiné the
tubular cast piece inner surface as is the objecf of
this invention, is now described hereunder: 7

{Field Example 2>
" 25 Qéa Shown in Table 2 are temperatvures during the

pressure-compacting when one cast the tubular cast pieces

- 16 -
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using aluminium alloy substantially the same as in the

said Field Example 1 with the pressure-compacting with

urging pressure force of the pressing rollers set at

400 kg/cmE, with showing of the relation with the hardness,

at room temperature, of the inner surface and the unworked

outer surface of the tubular cast piece as pressure-

compacted at such temperature, as well as of the relation

with the elongation and the tensile strength of the said

aluminium alloy at such temperature of effecting the

pressure-compacting:

Table 2

Relation between pressure- Mechanical properties

coopacting temperature and at each temperature

hardness

Pressure- Brinell hardness || Elongation | Tensile

compacting Inner Outer (%) strength

temp. (°C) surface| surface (kg/mmg)
500 76 4 40 1.0
450 78 4 41 1.2
400 80 75 4y 2.0
350 81 75 45 3.5
300 84 4 45 6.0
250 85 75 45 9.1
200 87 4 40 14.8
150 88 74 25 22.5
100 88 74 8 28.1

- 17 -



(25) As is clear from Table 2 above, it is seen that

the inner surface hardness of the tubular cast piece

on which one effected the inner surface pressure working

at 500°C is greater than the unworked tubular cast piece
5 outer surface hardness. It is further éeen that the

inner surface hardness gets increased as the pressure-

compacting work temperature lowers, to a?proximately

reach the limit at about 150°C - 100°C.

. ,
o On the contrary, it is seen that the elongation,

10 as a mechanical property, of the said aluminium alloy
shows remarkable increase as fhe temperature goes up
higher, with a clear border line of about 100°C, namely
the transition temperature. 7

;ga From this, it is understo&d fhat by practicing

15 the method of this invention in the range from the
temperature immediately after completion of fhe casting
object metal solidification to the tranéition temperature
of that metal it is then possible to crush déwn with mild
pressure force the shrinkage cavities or pores at the

20 state of mild steel propertj of that metal; thus enabling
to obtain the metal ;tructure dense in the wall thickness
direction of the tubular cast piece and uniform approxi-
mately, and at the same time to enhance the worked
surface hardness.

25 <§9 Since it is further noted from the said Table 2

that the tensile strength shows remarkable lowering as

- 18 -
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the temperature goes up higher with a clear border line
of about EOOOC, it is seen that when one practices the
pressure-conmpacting work further preferably in the range
from 450°C to about 200°C it is then possible to perform
the inner surface compacting work to provide comparativély

high value of hardness with milder pressure force.

<:> By the way, showing in regard to the transition

tenperatures of other metals is, by way of example,
BOOOC with respect to steel and cast iron, 600°C with
respect to 18-8 stainless steel and QSOOC with respect
to a copper alloy (70% copper, 30% zinc). As described
above in detail, it is made possible according to this
invention to work the tubular cast piece inner surface
and to enhance the quality thereof, and it is further
noted that by enlarging partially the pressure force at
the earlier stége of the pressure-compacting work,
namely at ﬁigh temperature state, it is possible even
to work out the pressure compacting for causing the

stepped profile in the tubular inner surface, as shown

in Fig. 5.

i g It should further be noted that the method of

this invention may as well be applied on tubular cast
pieces having tapered section as shown in Fig. 7 and on

tubular cast pieces of polygonal outer shape as shown

in Fig. 6.
(%EB By the way, though it has been made to construct

- 19 -
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pressing means (6) in thisrinvention7usihg 0il hydrauvlic
pressure, but such may as well be any bonstruction'only
if the construction can pfess the tubular cast piece (2)

inner surface.

5 (gZ} Furthermore, with respect to the method of

10

15

20

25

bringing the tubular cast piece (2) andrtne pressing
head (6a) of pfessing'means (6)'inrrelatiﬁé,rotation,
it is as well possible, even in the same case of u51ng
the metal mold for centrlfugal castlng machlne, as
mentioned above, to cause the-51ae of the Dr8551ngrheéd
(6a) to rotate or to cause same and the metal mold (1)

supporting the tubular cast piece (2) to rotate in

directions opposite to each othe;.

@ Still further, it is also possible to make both

of the said two in one end the same direction but with
different circumferential speeds of both of them at the

abutment portioms. -

.%;X Such methods for the relative rotation:méy be .

all the same also in case that_one caété the tubular
cast piece by using otbher casting méthod,énd'pérforms

the pressure-compacting while'su§fainihg'tbe casf ﬁiece
by any other chuck means Qr the like, anarén thefbther
hand it is also,ﬁossible to use any Suitable'consfruction
as driving neans (5) to cause pfééSiné meéné*(6) and

the tubular cast piece in therrelative'rotatioﬂ;

- 20 -
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Industrial Applicability
£3, As is clear from the above description, the
tubular cast piece inner surface working method and
avparatus thereof according to this invention may be
utilized for the various uses since strength and gas-
tightness of the tubular cast piece as well as abrasion
resistance and corrosion resistance of the inner surface

thereof can thereby be enhanced, thus to the tremendous

advantage in the industrial application thereof.

- 21 -
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CLAIMS

1. Tubular cast piece inner surface working method
characterized by: positioning a pressing head (6a) of
pressing means (6) in inner hollow space of a tubular
cast pieée (2) formed by casting; and pressure-compacting
the said tubular cast piece (2) inner surface, within a
temperature range starting from that immediately after
completion of the said tubular case (2) solidification
to the transition temperature, by means of the said
pressing head (6a) while bringing the said pressing

head (6a) and the said tubular cast piecer(E) in relative

rotation.

2. In a method recited in claim 1; the tubular cast
piece inner surface working method characterized in that
the s&id tubular cast piece (2) casting is done by

centrifugal;casting method.

3. In a method recited in claim 2, the tubular cast

- 22 -
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piece inner surface working method characterized in that
the said tubular cast piece (2) has been cast of an

aluminium alloy.

4. In a method recited in claim 3, the tubular cast
piece inner surface working method characterized in that
the temperature range of the said tubular cast piece (2)
inner surface pressure-compacting is the range from

450°C to 150°cC.

5. In a method recited in claim 2 or 4, the
tubular cast piece inner surface working method charac-
terized in that the said tubular cast piece (2) rotates

with respect to the said pressing head (6a).

6. In a method recited in claim 2 or 4, the

tubular cast piece inner surface working method charac-

- 2% -
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terized in that the said pressing head (6?) rotates with

respect to the said tubular caSt'piece (2).

7. - In arméthod recitéd,in,claim 2 or 4, the
tﬁbular cast'piecé innér sufface'working method charéc-
terized in that the said’tubular’cﬁét piéce (2) and the
said pressing head (6a)rafe rotated in'oﬁe and the saﬁe-;
direction and that'theVrélative,biﬁcumféreﬁtial speeds

of both of them are different.

8. In a method‘recitedrin,c1aim 2 or 4, the

tubular cast piece inner surface working method charac-

terized in that'the,saidrtubular'dast'piege {2) and the
said pressing headr(6é)'are'rotate& in,difectibnsr

opposite to each other.

Q. In a method recited in claim i or 4; the

tubular cast piece inner surface working method charac-

- 24 -



terized by performing, prior to the said tubular cast
piece (2) inner surface pressure-compacting by the

said pressing head (6a), cutting work of the inner

surface.

10. In a method recited in claim 1 or 5, the

tubular cast piece inner surface workxing method charac-
terized by moving the said pressing head (6a) along the
axial direction of the said tubular cast piece (2)
during the tubular cast piece (2) inner surface pressure-

compacting by the said pressing-head (6a).

11. In a method recited in claim 10, the tubular
cast piece inner surface working method characterized
by varying, during the said pressing head (6a) moving
in the axial direction of the said tubular cast piece
(2), the pressing effort as the same generates, thereby

forming up stepped profile on the said tubular cast

piece (2) inner surface.
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12. A tubﬁla:'cas% piece inner surface wdrking
apoaratus characferizéd'in that it co@priées; pressiﬁg 
means (6) having'alpreééingrhead,(6#} éqpstrﬁcted to

be cabable of pressihg'fhé fubular castrpiege (2) inner
surface as is kent within a tempefaturefféngé starting
from that 1mmedlatelv after comoletlon of the solldl-
fication to the tran51tlon temnnrature, and dr1v1ng
means (5) for‘brlng;ng the sald'tubulgr:cgstrplece (é)

and the said piessing head (6&):ih'relative'rbtation.

13. In an appératué'rééiteﬁ'in claim 12,7the~'7
tubular cast piéce ihner,Sﬁifa@érwérking éﬁparatus
characterized in tbat said,ﬁiéésing:méaﬁ§'(6) comprises
a piescing head'(6é) to be ?bsitioned'in iﬁner'hdlloﬁ
space of the sald tubular cast Dlece (2) and a pressing
effort generatlng unlt (6b) to be p051t10ned outside
thereof, where1n the former (oa) 1nc1udes. at least a

pressing roller (12) to come in- abutment agalnst the

- said tubular cast plece (2) inner surface, and cam means

(15) for Dressure—b1a51ng the DI&SSlng roller(s) (12)
agalnst the Scld tubular cast piece (2) 1nner surface-
and the latter (60) 1ncludes an 011 hyd*aullc cvllnde*'

(9) to cause sald cam means (15) to act.

-2 -



14. In an apparatus recited in claim 13%, the
tubular cast piece inner surface working apparatus
characterized in that there are disposed three of the
said pressing rollers (12) at equal intervals
circumferentially apout the said pressing head (6a)

and that they are made free to idly rotate.

15. In an apparatus recited in claim 14, the
tubular cast piece inner surface working apparatus

characterized in that said driving means (5) is

constructed to rotate only the said tubular cast = =’

LR
piece (2). 7”*”;“
16. In an apparatus recited in claim 14, the

tubular cast piece inner surface working apparatus
characterized in that said driving means (5) is
constructed to rotate only the pressing head (6a) of

said pressing means (6).

- 27 -
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17. In an apparatUS,recitedVinrélaim 14, the
tubuvlar cast piece 1nner surface worklng apparatus
characterized in that sald dr1v1ng means (5) is
constructed to rotate the sald tubular cast piece (2)
and pressing head (63) of pr8551ng means (6) in

dlrectlons 0D0031te to each other.

i8. in,an'apparétué'recitedriﬁ claimrlé,jfhe
tubular cast piéce inper surfaée working apparatus
characterized in fhatlsaié @rivipg means (5) is
constructed fo’rdtéte'the éaid tﬁbulérrcest piecer(2)'
and pressing head (6a) of presclng means (6) in one and
the same dlrectlon but wlth dlffarent c1rcumferent1a1

speeds ofrboth'of them at the abutment portlons.

19. ~ In an aDDaratus r801ted in. clalﬁ 15, the
tubular cast D*ece 1nn°r surface worklng aonaratus
characterlzed in that sald dr1v1ng means (5) is
constructed wwth rmetal mold (1) for the centrlfugal
casting and w1th at least a dr1v1ng roller (3) and an

electric motor (4) connected thereto.

,:— 28 -



20. In an apparatus recited in claim 19, the
tubular cast piece inner surface working apparatus
characterized in that with respect to the said pressing
roller (12) there are formed: a plain surface (12a)

in the central portion thereof; and, on both sides of

the surface, slant surfaces (12b).

21. In an apparatus recited in claim 19, the
tubular cast piece inner surface working apparatus
characterized in that the said pressing roller (12) is
formed in a beer-barrel shape with central portion

thereof forming smooth, bulging surface.

22. In an apparatus recited in claim 20, the

tubular cast piece'innef surface working apparatus
characterized in that said cam means (15) is constructed
with: & cam surface (13%a) formed on supporter member(s)
(13) supvorting the szid pressing rollers (12); and a
taper portion (1la) formed on tip portion of a piston

rod (11) of the said o0il hydraulic cylinder (9).

- 29 -



0028653

23. In anrapparatus recited in claim 22;,the
tubular cast piece inner surface working apﬁaratus
characterized in thaf ihrthé saié:pressing héadr(6a)
tbere are further prov1ded at least a. compress1on
spring (16) between the supDorter member (13) of the
said pressing rollers (12) and,the pre581ngﬁhead (63)

proper.

24.  In an appratus recited in claim 13 or 23, the
tubular cast pieéé'innerﬂSurface working’aﬁparatus
characterized in that said pressingjﬁeans (6) is further

equipped with a travelfcapéing apparatus (6c),i'

25. In anranbafétﬁs récitéd inrclaim724 rthe
tubular cast piece 1nne* surface worklnb apparatus
charac»erlzed ir that the sald travel cau51ng anparatus
(6c) 1nc1udes an 011 hvdraullc cvllnder (19) and a
piston rod (20) and uhot one - end of the plston rod (20)
is connected to the said pr3351ng ef;ort generatlng

unit (6b).

,; 30 -



. - - - oo -~ s - o @
. o o e % & ¢ oo o
eser we o8 (1]

0028653

26. In an apparatus recited in claim 13%, the
tubular cast piece inner surface working apparatus
characterized in that the said pressing roller(s) (12)

is/are constructed to be forcibly driven into rotation.

- 31 -
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