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@ Connecting structure for two members.

@ A cylindrical member (1) is fitted into a recess formed in

a surface of a flat member (2) which is placed opposite one
¢nd of said cylindrical member.

Preferably, a plurality of annular grooves (1B} are
formed in the surface of one end portion of the cylindrical
member (1) and the bottom of the grooved portion is
provided with knurled portion (1C). A portion of the flat
portion placed in the vicinity of the grooved portion is
pressed in the axial direction of the cylindrical member (1)
and a portion of the flat member (2) is plastically deformed
into the grooved and knurled portion of the cylindrical
member (1), whereby the cylindrical member (1) is con-
nected to the flat member {2) with a butt joint.
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Title of the Invention

connecting Structure for Two Members

Background of the Invention
(Field of the Invention)

This invention relates to a structure of connecting

two members, and more particularly to a structure of connecting

two members which is suitable for use in connecting a preferably

cylindrical member and a preferably surface-~contact member
to each other with a butt joint,

(Prior Art of the Invention)

Butting a cylindrical member against a flat member and
then plastically deforming some metal interposed there-
between to connect these members together is also known, it
is disclosed in Japarese Patent Laid-open No. 150,761/1979.
According to this prior art, an annular grcove of a'widthr
greater than the wall thnickness of the cvlindrical member
is formed in the butting surface of the fiat member, and
ERRU]lsy XZRXZALIKR gESSU&S 23¥R FR¥med IR E&RR IRREF
circumferential surface of the groove in the flai merber
and the outer cirxcumferential surface oé the joint pofti

of the cvlindrical member. A metal piece which has a
as

‘deformation resistance lower than those of the materizlis of

the two members being connected together is inserted into

. .
the connection grooves, and local deformation pressure is
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applied thereto in the vertical direction to plastically
deform the metal piece and thereby combine the two members.
This kind ©of method increases the strength with which the
members are sealed together, so that a comparatively good
effect can be obtained easily when attaching a base cover,
etc. However, the use of a sﬁpport block holding the outer
circumferential surface of the base cover is necessary, but
this is inconvenient in that it reduces productivity, so

this structure is not suitable for connecting a cylindrical

.part perpendicularly to another member,

Summary of the Invention-

{Object of the Invention)

An object of the present invention is to provide a
structure of connecting. two membeis wnich enables the
£CONOoRY qf mate:ials tec be used and the improvement of the
gastightness bgtween members.

Another obiect of -the present invention is to providas
a structure of connecting two members which enables the
easy and reliable connection of a cylindrical member per-
pendicularly to a flat or cylindrical member.

(Feature of the Invention) S

The present invention is characterized in that a first
member is fitted into a rscess formed in a surface of a

second member which is placed opposite one end of said first
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member, at least one annular groove is formed on a surface

of either of said first member or said second member, and a
portion of said first member or said second member is
plastically deformed into said at least one annular groove

by pressing locally in the axiél direction the connecting
portion of said first and second members, whereby said first
and second members are connacted together by the binding force
generated in that the section of said one of saié members

surrounding said grooved portion.

Brief Description of thas Drawings

The accompanying drawings show embodiments of the present
invention, wherein:

Fig. 1 is a partially-cutaway view of a flat plate and
a bottomed cylindrical part connected together;

Fig. 2A is a section through the parts of Fig. 1,
illustrating the method of their connection;

Fig. 2B is an enlarged view of a principal portion cf
Fig. 23;

Fig. 3 .is a partially-cutaway view of a botiomed

- WAl

4 -
v

cylindrical part used in another embodiment of the present

invention; .-

-~

Fig, 4 is a partially-cutaway view of parts ccnnected
by a third embodiment of the part-connection method of the

present invention;
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Fig. 5 is a section through a crankshaft to which the

-4 - . .
present invention is applied;

Detailed Description of the Preferred Embodiment

Figs. 1 and 2 show an embodiment of the structure of
connecting two members according to the present invention,
by which a bottomed cylindrical part and a flat part are
connected together with a butt joint. -

Referring to the drawings, a first cylindrical part 1
is provided with a bottom 1A and is formed in the shape of a
cup by, for example, cold pressing an iron blank. The first
member 1 is provided with at least one continuous groo&e 1B
annularly around the outer circumferential surface of an
ené portion thereof., . The bottom of the groove is provided
with a pluraliﬁy of continuous bumps and indentations 1C
and the grodves are preferzbly formed tc be positioned in the
portion of the outer circﬁaferential surface of the part 1
which is between the'upper and lower surfaces of the bottom

1A thereof. The bumps ané indentations 1C are formed by

vz

making annular grooves (of a W-shaped cross section) of an
. . ¥

-

ancle of incidence of about 30° in that portion of ﬁﬁe first
member 1, and then knurling: the crest of the iidgecﬁefined by
the grooves. A second member 2 is made of an aluminum material
{with a deformation resistance of 8-10 kg/mm?) or a copper

material, for example, the deformation resistance of which
P

s
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is less than that of the first member 1 (which has a deforma-
tion resistance of 40-60 kg/mm2?). A recess 2A of a diameter
d, (with a fitting tolerance of 1/100-5/100 mm), substantially
equal to the outer diameter D, of the first part 1, is provided
in an end surface of the second member 2.

The two members of this structure are connected togetﬂer
in the following manner., The bottom 1A of the first member
1 is first fitted into the recess 2A in the second member 2,
as shown in Fig. 2(a). When the members 1, 2 are arranged in
this way the annular grooves 1B face an inner circumferential
surface 2B of the recess 22, so that the outer circumferential
portion of the joint portion of the first member 1 is surrounded
and held by the second member 2.

A cylindrical metal mold 3, which is moved down by a
press (not shown), is then slid down over the outsr circum-
ferential surface of the f£first part 1 so that a male tooth
3A thereof presses into the upper surface of the second member
2 in the vicinity of the inner circumference thereof

shown in Fig. 2(B). Consequently, the second member 2, made

of a softer material, {lows plastically into the spaces

)
'h

formed by the grooves 1B. 1In other words, the bumps provided
on the harder member such as the first member eat
softer member such as the second member, so that thes softer

member is deformed plastically and locally by the bumps, and

is connected with the harder member with a large binding
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force, because of the elastic stresses generated in the softer
member. The metal mold 3 is then removed to compiete the
operation. As shown in Fig. 2(b), the male tooth 3A is so
formed that the inner surface thereof extends linearly along

the outer circumferential surface of the first member, with

the outer surface thereof inclined at an angle 6 of about 6°

with respect to the direction in which the metal mold 3 is
slid along the first member. The outer surfzce of the nale
tooth 3A is inclined at the angle & to enable the easy removal
of the metal mold 3, but this is unnecessarv if the male tooth
is narrow.

As shown in Fig. 2(A), each portion is formed so as to

meet following eguations:

L z2H (1)

0.6W £ b £ W , preferably b = 0.8W (2)

0.8b £ h £ b : (3}

0058 £ 3b (2)

4 :
Wherein
L : width of the bottom portion of the first member
H : depth of the recess formed in the second member
b : width of the recess
W : width oi the groove -
. e

h : depth of the recess
£ : length of the end portion of the groove from the

bottom portion of the first member
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S : distance between the end portion of the groove
and the bottom surface of the recess
The depth "h" over which the second member is pressed
varies with the pressure, but it should preferably be pressed
as far as a position close to the inner edge 2 of the grooves
1B, and it should not be pressed beyvond the ridges.
h = 9
According to a preferred embodiment of the invention,
first and second members are connected in following steps:
Connecting two member wherein a £first cylindrical member
and a second member placed opposite one end of said first
member are connected together, fitting an end portion of
said first member into a recess formed in a surface of said
second member, in such a manner that outsr and inner

circumferential surfaces of said en

2

portion of said first

memnber are substantially held by said r

[
O
(1
[
[}
ot
o]

said second

member or by said first and second members; and pressing
locally in the axial direction a pcrticn of either said first
or second member which is in the vicinity of the joint portion
thereof so that it is plastically deformed into an indented
portion of that part, so that said first and second membe_;

are connected together by the binding force generated in t

N
12T

indented portion.

According to this embodiment, the end portion of a first
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cylindrical part 1 can be easily fitted perpendicularly into

a recess 2A in a second part 2 without the use of a special
support block. This connecting structure isbespecially useful
for connecting members that do not pass through each ot:er,

and enables a highly-accurate hermetic connection of such
members. In this structure the joint portion of the softer
member flows into spaces between projections provided on the
harder member, and is deformed plastically and locally thereby.
Consequently, elastic stresses are generated in the deformed
softer member, so that the softer member is connected with

the harder member with a large binding force, and the connected
product thus obtained has an extremely gocd resistance to
rotary torque and pull-out forces. Since this structure is
obtained at room temperature from beginniné to end, the members

being connected ares not influenced thermally unlike welded

m

or soldered members. This means that the connectad members
can remain in a stably-connected state semi

In the above em
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iron material is gquotsd as
an examplz of a harder material, and aluminum Or copper as

an example of a softer material, but the material of the

* -
3

member which is most pressed can be any scfter material.

ot

i

Hh
Y

Whan both the st and second members being connected are

nade of iron, for example, the first member could be hardened

o

in advance. BAs previously mentioned, the first member couvld

be formed as a cylinder by the cold pressing. In such a case,
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the material is hardened naturally, so that that member need
not be specially hardened.

Fig. 3 is a partially-sectioned view of a principal
portion of a cylindrical member which is to be connected by
another embodiment of the method accorcing to the present
invention. The cylindrical member is substantially in the
shape of a cup in the same way as the cylindrical member of
the previous embodiment, but of a plurality of annular grooves
11B are provided in the portion of the outer circumferential
surface thereof which corresponds to the depth of a bottom
11A thereof. The connection structure applied to this member
does not differ in any way from that applied to the cylindrical
member of the previous embodiment, but it is effective when
applied to a member which reguires a higher resistance to
bull—out.forces, this member is connected to another in the
:otational direction by only a frictional engagement.

Fig. 4 is a partiall

H

b

by a third embodiment Of the structure acccrding to the present
invention. The characteristics of this embecdiment reside in
that a collar 12B is formed around the cuter circumferentizl
surface oi the bottom of a cylindrical ﬁem“er
portion 32C is formed in an inner circumferential.gurfzce 32
of a recess 32A in a sscond member 32 wnich faces the collar
12B. The collar 12B is fitted into the rscess 322 in the

second member 32 and is then pregsed axwially by & metal mold,
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so that the material of the collar flows plastically and
locally into the indented portion 32C, connecting the two
member together firmly. Accordingly, the joint portion of
the first member 12 must be made of a material that is softer
than the material of the joint portion of the second member
32, buﬁ the binding force of this material is in no way less
than that of the softer members used in the previous embodi-
ments.

Fig. 5 illustrates the structure according to the pressent
invention when applied tc a crankshaft of an internal-
combustion engine, such as the engine of a motorcycle.
Referring to the drawing, a solid shaft 15 provided with
straight splines 152 and an end thread 158 is attached to

one surface of an iron flange 34 so that the shaft 15 extends

v}

at right_angles to the surface of the flange 34. Another
solid shaft 16 is attached to the other surface of the flange
34 in a stageered manner with respect to the shaft 15. The
connection structure applied to these members is exactly the
same as that used in the pfeviou: embodiments, but the solid
shafts 15, 16 attached to the iron flange 34 arefof hardened
steel. *

According to the emboediment, complexed parts such as

crack shaft are separated intec a plura
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and then each member is

l—a

lagtically deformed each oiher with

.
S

a butt joint, whereby prcductivity is improved.
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Patent Claims

1. A connecting structure for two members comprising a
first member (1) and a second member (2) placed opposite
one end of said first member, said first member being .
fitted into a recess (22A) formed in a surface of said
second member (2), at least one annular groove (1B) is
formed on a surface of either of said first member (1) or
said second member (2), and a portion of said first member
(1) or said second member (2) is plastically deformed into
said at least one annular groove {1B), whereby said first
and second members are connected together by the binding
force generated in the section of said one of said members
surrounding said grooved portion.

2. The connecting structure for two members according to
claim 1, wherein said first member (1) is a bottomed (13)
cylindrical part provided with annular grooves (1B) around
the outer circumferential surface of an end portion
thereof, said grooved end portion thereof is fitted into
said recess (2A) in said second member (2), sald second
member is pressed locally in the axial direction along the
outer circumferential surface of said first member (1) so
that it is deformed plastically into the grooved portion of
said outer circumferential surface of said first member,
whereby said second member is connected with said first
member.

3. The connecting structure for two members according to

claim 1, wherein said firsi{ menber . vising a bottom and
a collar (12B) is fitted into s:zid r=vass {32A) formed in
said second member (27, . :¢ Cee Gy s pressed
locally in the axial direct::: - + » -1t is plastically

deformed into said ¢ivocn e oorowmed in the
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inner circumferential surface of said recess (32a) in said
second member (32), whereby said first member is connected
to said second member.

4. The connecting structure for two members according to
any one of claims 1-3, wherein said grooved portion is
provided with indented portion (1C, 32C) at the bottom
thereof. |
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