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DESCRIPTION

RECIPROCATING COMPRESSOR

Technical Field

The present invention relates to a relatively
compact reciprocating_compressor employed in a refrigerator
for home use or the like. |
Background Art

Recently, various improvements for more

compactness and facilitation of assembly have been made in

reciprocating compressors and there are users’ demands for
higher efficiency and lower noises.
Reciprocating compressors of this kind are

disclosed in, for e:_:ample, Japanese Patent Laid-Open

Publication No. 4-164174 (1992) and Japanese Patent

Publication No. 5-84837 (1993).

In the known reciprocating compressor disclosed
in Japanese Patent Publication No. 5-84837 (1993), a
compressor body 1 is suspended in a housing 3 by a spring 2
so as to be supported as shown in Fig. 35. A cranl; case 4
include; a mounting portion 4a for mounting a motor stator
5 thereon, a bearing portioﬁ 4b for supporting a crank
shaft 7 and a cylinder 4c for reciprocating a piston 8
therein, which are formed integrally. A motor rotor 6 is
mounted on the crank shaft 7 and the crank shaft 7 includes
an eccentric shaft 7a. | |

A detailed construction of a connecting rod 10

is shown in Fig. 37. The connecting rod 10 includes a
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small end portion 11 and a large end portion 14. The small
end portion 11 includes a cylindrical portion 1ie having a
small hole 1la and a rod portion 11b having a rectangular
cross-sectional shape, which are formed integrally. The
rod portion 1lb extends radially outwardly from the
cylindrical portion l1lle and has a pair of parallel side
faces 11d and a V-shaped distal end 11lc. Meanwhile, the
large end portion 14 includes. a cylindrical portion 14d
having a large hole 14a and a boss 14b projecting radially’
outwardly from the cylindrical portion 14d, which are
formed integrally. A bore l1l4c for fitting the distal end
1llc of the rod portion 1lb of the small end portion 11
thereinto is formed at a central portion of an end face of
the boss 14b.

This known ieciprocating compressor is
assembled as shown in Fig. 36. Namely, the small end
portion 11 of the connecting rod 10 is coupled with the
piston 8 by a piston pin 9 and is fitted :into the cylinder
4c from an outer side, i.e., a right side in Fig. 36.
Then, a valve plate 12 and a cylinder head 13 are fixed to
the cylinder 4c. On the other hand, the eccentric shaft 7a
of the crank shaft 7 is fitted iﬁto the large hole 1l4a of
the large end portion 14 of the connecting rod 10.
Subsequently, the distal end 1lc of the rod portion 11b of
the small end portion 11 is fitted into the bore 14c of the
boss 14b of the large end portion 14 and then, the small
end portion 11 and the large end portion 14 are coupled

with each other by welding, etc.
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Therefore, by cQupling the small end portion 11
and the large end portion 14 of the connecting rod 10 as
described above, rotation of the crank shaft 7 is converted
into reciprocation of the piston 8 so as to compress
refrigerant sucked into the cylinder 4.

| However, in the above described arrangement of
the known reciprocating compressor, the small -end porﬁion
11 and the large diameter portion 14 of the connecting rod
10 are joined to each other by welding, etc. after fitting
of the distal end 11lc of the rod portion 11b of the small
end portion 11 into the bore 1l4c of the large diameter
portion 14. Thus, such an inconvenience is incurred that
the distal end 1lc of the rod portion 1l1b and the bore 1l4c
of the large end portion 14 shbuld be finished to highly
accurate sﬁrface roughness.

Furthermore, even if an axis of the large hole
14a and an axis of the bore l4c deviate from each other
even slightly or parallel of the parallel surfaces 11b of
the rod portion 11b to an axis of fhe small hole 1la is out
of order even slightly, the:e is a risk that the axis of -
the 1a£ge hole 14a and the axis of the small hole 1lla are
subjected to torsion so as to increase rotational load
during compression and suction proceéses upon rotation.of
the crank shaft 7, the:éby resulting in drop of efficiency.

Meanwhile, in the known reciprocating
coﬁpiessor, there is also a risk that vibrations produced
at the piston 8, the piston pin 9 and the small end portion

11 are directly transmitted to the large end portion 14,

.3



10

15

20

25

WO 98/23862 PCTIPY7/04275

thus resulting in production of abnormal noises between the
large end portion 14 and the eccentric shaft 7a.

Moreover, in this known reciprocating
compressor, since the small end portion l1lland the large end
portion 14 of the connecting rod 10 are coupled with each
other by welding or bonding, the number of its assembly
steps increases. In addition, since the smail end porﬁion
11 and the large end portion 14 of the connecting rod 10
are fixed to each other-immovably by welding or bonding,
distortion or torsion of the axes of the small hole 1lla and
the large hole 14a is not absorbed by coupling between the
small end portion 11 and the large end portion 14. As a
result, machining accuracy of the small hole 1la, the large
hole 14a, the distal end 1llc and the bore 1l1l4c¢ should be
raised.

Disclosure of Invention

Accordingly, the present invention has for its
object to provide, with a view to eliminating: the above
mentioned disadvantageé of prior -art, a reciprocating
compressor in which its parts can be machined and assembled
with: high precision easily and rotation#l load caused by
torsion of axes of a large hole and a small hole of a
connecting rod is lessened such that nbt only efficiency of
the reciprocating compressor is raised but _noises and
vibrations of the reciprocating compressor are reduced.

In order to accomplish this object, a
reciprocating compressor according to the present invention

comprises: a connecting rod which includes a small end
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portion and a large end portion coupled with each other;

wherein the small end portion has a small hole and is
coupled with a piston by a piston pin loosely fitted into
the small hole, while thé large end portion has a large
hole such that an eccentric shaft of a crank shaft is

loosely fitted into the large hole; wherein the large end

~portion is formed with a cylind::_'ical bore having an axis

passing through a center of the large hole and a fixing
hole communicating with the cylindrical bore; wherein the
small end portion includes a cylindrical portion having the
small hole and a rod portion extending radially outwardly
from the cylindrical éortion such that the c¢ylindrical
portion and the rod portion are formed integrally;

wherein a cylindrical retaining portion is provided at a
distal end portion of the. rod portion of the swmall end
portion; wherein after the cylindrical retaining portion
has been loosely fitted int;_o or lightly press fitted into
the cylindrical bore, not only the cylindrical retaining
portion is retained in the cylindrical bore by inserting a
locking pin into the fixing hole while a small torsional

degree ‘of freedom about an axis of the rod portion is being

imparted to the rod portion but axes of the small hole and

the large hole of the connecting rod are maintained on an
identical plane.

Therefore, in the reciprocating compressor of
the .present invention, increase of rotational load upon
rotation of the crank shaft during compression and suction

processes and drop of efficiency due to this increase of
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‘rotational load can be obviated. Furthermore, machining
properties of its parts can be upgraded and production and
assembly of the reciprbcating compressor can be
facilitated.

This object and features of the present
invention will become clear from the following description
taken in conjunction with the pfeferred embodiments thereof
with reference to the accompanying drawings throughout
which like parts are designaﬁed by like reference numerals.
Brief Description of Drawings

Fig. 1 is a partly sectional fragmentary view
of a reciprocating compressor according to a first
embodiment of the present invention.

Fig. 2 is a partly sectional exploded view of
the reciprocating compressor of Fig. 1, partiéulérly
shqwing a connecting rod-and-a piston.

Fig. 3 1is a top plan ' view showing the
connecting rod of Fig. 2 prior to its assembly.

Fig. 4 is a partly sectional front elevational
view showing the connecting rod of Fig. 2 during its
assembly.

Fig. 5 is an end view as observed in the
direction of the arrow V in Fig. 4, showing the connecting
rod of Fig. 2 during drive of the reciprocating compressor
of Fig. 1.

Fig. 6 is a top plan view showing a connecting
rod of a reciprocating compressor according to a second

embodiment of the present invention prior to its assembly.
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Fig. 7 is a partly sectional front elevational
view showing the connecting rod of Fig. 6 during iﬁs
assembly.

Fig. 8 is a top plan view showing a connecting
rod of a reciprocating compressor according to a third
embodiment qf the present invention prior to its assembly.

Fig. 9 is a partly sectional front elevational
view showing the connecting rod of Fig. 8 during its
assembly. |

Fig. 10 is a £fragmentary sectional view of a
reciprocating compressor according to a fourth embodiment
of the present invention.

Fig. 11 is a partly sectional exploded view of
the reciprocating compressor of Fig. 10, particularly
showing a connecting rod and a piston.

Fig. 12 is a top plan view showing the.
connecting rod of figt 11 prior to its assembly.

Fig. 13 is a partly sectional front elevational
view showing the connecting rod of Fig. 11 during its
assembly.
) Fig. 14 is a top plan view showing a connecting'
rod of a reciprocating compressor according to a £fifth
embodiment of the present invention prior to its assembly.

Fig. 15 is an end view as . ocbserved in the
direction of the arrow XV in Fig. 14, particula:ly showing

a large end portion of the connecting rod of Fig. 14.
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Fig. 16 is a partly sectional front elevational
view showing the connecting rod of Fig. 14 during its
assembly.

Fig. 17 is a partly sectional fragmentary view
of a -reciprocating compressor according to a sixth
embodiment of the present invention, pafticularly showing a
connecting rod and an eccentric shaft during a suction
process.

Fig. 18 is a view similar to Fig. 17,
particularly showing the connecting rod and the eccentric
shaft during a compression process.

- Fig. 19 is a top plan view showing a connecting
rod of a reciprocating compressor according to a seventh
embodiment of the present invention prior to its assembl&.

Fig. 20 is a partly sectional front elevational
view showing the connecting rod of Fig. 19 during its
asseqbly. '
‘ '~ Pig. 21 is a top plan view showing a comnecting
rod of a reciprocating compressor | according to an eighth
embodiment of the present invention prior to its assembly.

" Fig. 22 is a partly sectional front_elevétional
view showing the connecting rod of Fig. 21 during its
assembly.

Fig. 23 is a top plan view showing a connecting
rod of a reciprocating compressor according to a ninth

embodiment of the present invention prior to its assembly.
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Fig. 24 is a partly sectional front elevational
view showing the connecting rod of Fig. 23 during its
aséembly.

Fig. 25 is a partly sectional fragmentary view
of a  reciprocating compressor according to a tenth
embodiment of the present invention.

Fig. 26 is a fragmentary exploded view of the
reciprocating compressor of Fig. 25.

Fig. 27 is a top plan view of a connecting rod
of the reciprocating compressor of Fig. 25.

Fig. 28 is a sectional view taken along the
line XXVIII-XXVIII in Fig. 27.

Fig. 29 is a top plan view of a connecting rod
of a reciprocating compressbr according to an eleventh
embodiment of the present inventionmn..

Fig. 30 is. fragmentary exploded view of a
reciprocating compressor according to a twelfth embodiment
of the present invention.

Fig. 31 is a perspéctive view of an overturned
large end portion of a connecting rod of the reciprocating
compressor of Fig. 30.

Fig. 32 is a side elevational view of the large
end portion of Fig. 31.

Fig. 33 is a perspective view indicative of
coupling between the large end portion and a small end
portion of the connecting rod of the reciprocating

compressor of Fig. 30.
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Fig. 34 is a fragmentary perspective view of a
small end portion of a connecting rod of a reciprocating
compressor according to a thirteenth embodiment of the
present invention. |

Fig. 35 is a partly sectional fragmentary view -
of a prior art reciprocating compressor.

Fig. 36 is a partly sectional exploded view of
the prior art reciprocating compressor of Fig. 35,
particularly showing a connecting rod and a piston.

Fig. 37 is an exploded top plan view of the
connecting rod of Fig. 36.

Best Mode for Carrying Out the Invention

Hereinafter, preferred embodiments of the
present invention are described with reference -to the .
attached drawings. Fig. 1-shows a reciprocating compressor
K1 according to a first embodiment of the present
invention. In the reciproc_ating‘ compressor Kl, a
compressor body 1 is suspende'd-'in a housing 3 so as to be:
supported. A crank case 4 includes a mounting portion 4a
for mounting a motor stator 5 th_ereon, a bearing portion 4b
for supporting a crank shaft 7 and a cylinder. 4c for
reciprocating a piston 24 therein, which are formed
integrally. A motor rotor 6 is mounted on the crank shaft
7 and the crank shaft 7 includes an eccentric shaft 7a. A
valve plate 12 and a cylinder head 13 are secured to the
cylirider 4c.

The reciprocating ‘compressor K1 further

includes a connecting rod 21. The connecting rod 21
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includes a small end portion 22 and a large end portion 25.
The small end portion 22 is coupled with the piston 24 by a
piston pin 23 loosely fitted into a small hole 22a of the
small end portion 22, while the eccentric shaft 7a of the
crank shaft 7 is loosely fitted into a large hole 25a of
the large end portion 25.

Fig. 2 shows an assembly method of -the
reciprocating comfressor K1 in which the piston 24
assembled with the small end portion 22 is inserted into
the cylinder 4c from one side of the cylinder 4c remote
from the crank shaft 7 and the eccentric shaft 7a of the
crank shaft 7 is fitted into the large hole 25a of the
large end portion 25 by lowering the large end portion 25
downwardly from above the eccentric shaft 7a.

| A cylindrical bore .25b.is formed on an end face
of the large end portion 25 such that an axis of the
cylindrical.bore 25b paéses through a center of the large
hole 25a. A fixing hole 25c¢ is formed on the large end
portion 25 so as to pierce through an upper wall of the
cylindrical bore 25b such that the fixing hole 25c opens to
the cyl&ndrical bore 25¢. Meanwhile, ‘the small end portion
22 includes a cylindrical portion 22e having the small hole
22a and a cylindrical rod portion 22b extending radially
outwardly from the cylindrical portion 22e, which are
formed integrally. A retaining hole 224 is formed, as a
blina hole, at a distal end portion of the rod portion 22b
such that the distal end portion of the rod portion 22b

acts as a retaining portion 22c.
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In Figs. 3 and 4, after the retaining portion
22c of the rod portion 22bhof the small end portion 22 has
been inserted into.the cylindrical bore 25b of the large
end portion 25, a locking pin 26 is inserted from the
fixing hole 25¢ into the retaining hole 22d of the small
end portion 22 so as to couple the small end portion 22 and
the large end portion 25 of the connecting rod 21 with each
other.

In the above described ~arrangement of the
reciprocating compressor K1, since both of the bore.25b'of
the large end portion 25 and the retaining.portion 22c of
the small end portion 22, which act as a coupling means
between the large end portion 25 and the small end portion .,
22, are cylindrical, the bore 25b and the retaining portion
22c can be easily machined with high dimensional precision.

Fig. 5 shows a view in the direction of 'the
arrow V in Fig. 4. 1In fig. 5,.a line C repfesents an axis
of the iafge hole 25a, while lines D and E represent'an
axis of the small hole 22a. When the line C has a length
of 100 mm, a deflection from thé line C to the line D or E
is mere' 100 microns or so. As described above, botﬁ of the
bore 25b and the retaining portion 22c¢, which aéts as the
coupling means between the large end portion 25 and the
small end portion 22, are cylindrical. Thus, before the
locking pin 26 is inserted into the retaining hole 22d, the
axis of the small hole 22a can be deflected about an axis
of the rod portion 22b from the line D to the line E or

from the line E to the 1ine D. However, after the locking
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pin 26 has been inserted into the retaining hole 22d, the
axis of the small hole 22a is fixed by elastic force of the
locking pin 26 so as to substantial_ly coincide with the
line C.

Therefore, if the axes of the small hole 22a
and the large hole 25a do not coincide with each other
completely at the line C due to their distortion dﬁring
compression and suction processes of a reciprocating
compressor, abnormal contact between the small hole 22a and
the piston pin 23 or between the large hole 25a and the
eccentric shaft 7a happens and thus, rotational load
increases, thereby resulting in drop of efficiency.

On the contrary,  in the reciprocating
compressor Kil, siﬁce_ the rod portion 22b has slight
torsional degree of freedom. about the axis of the rod
portion 22b and the locking pin 25 has a self-compensating
function of absorbing the minute deflection .of the axis of
the small hole 22a between the lines D and E so as to make
the axes of the small hole 22a and -the large hole 25a
coincident with each other stably, increase of rptational
load. caused by torsion of the axes of the small hole 22a
and the large hole 25a and drop of efficiency due to this
increase of rotational load can be prevented.

Figs. 6 and 7 show the connecting rod 21
employed in a reciprocating compressor K2 according to a
secdnd embodiment of the preé'e_nt_ invention. A retaining
through-hole 27 is formed at the retaining portion 22c¢ in

parallel with the small hole 22a. Meanwhile, a fixing
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through-hole 28 is fbrmed on the large end portion 25 so as
to pierce through upper and.lower walls of the cylindrical
bore 25b via the retaining through-hole 27 of the small end
portion 22 when the retaining portion 22¢ of the small end
portion 22 has been inserted into the cylindrical bore 25b
of the large end portion 25. By inserting the locking pin
26 through the fixing through-hole 28 of the large -end
portion 25 wvia the retaining through—hole 27 of the small
end portion 22, the connecting rqd 21 is assembled. Since
other constructions of the reciprocating compressor K2 are
similar tb those of the reciprocating compressor K1, the
description is abbreviated for the sake of brevity.
Therefore, when the small end portion 22 and
the large end portion 25 are coupled with each other during
assembly of the reciprocating compressor K2, the retaining
through-hole 27 of the small end poftion 22 and the fixing
through-hole 28 of the large end portion 25 form a thrdugh-
hole, so that the locking pin 26 can be inserted into the.
fixing through-hole 28 from either one of opposite faces of
the large end portion 25. As a result, not only the
retainiﬁg through-hole 27 and the fixing through-hole 28
can be easily machined with high dimensional accuracy but
assembly of the reciprocating compressor K2 is further
facilitated. Meanwhile, increase of rotational load caused
by torsion of.the axes of the small hole 22a and the large
hole'25a and drop of efficiency due to this increase of

rotational load can be prevented.
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Figs. 8 and 9 show the connecting rod 21
employed in a reciprocating compressor K3 agcording to a
third embodiment of the present invention. A key groove 29
is formed on a side surface of the retaining portion 22¢ of
the rod portion 22b of the small end portion 22 in parallel
with the small hole 22a. Meanwhile, a fixing through-hole
30 is formed on the lérge end portion 25 so as to piérce
through the large end portion 25 at a periphery of the
cylindrical bore 25b such that the fixing through-hole 30
confronts the key groove 29 whén the retaining portion 22c¢
of the small end portion 22 has been inserted into the
cylindrical bore 25b. By inserting the locking pin 26
through the fixing through-hole 30 of the large end portion
25 via the key groove 29 of the small end portion 22, the"
connecting rod 21 is assembled.:.Since other constructions
of the reciprocating compreséor K3 are similar to those of
the reciprocating compressor Kl; the description is
abbreviated for the sake of brevity.

Therefore, when the small end portion 22 and
the large end portion 25 are coupled with each other during
assembfy of the reciprocating compressor K3, the key groove
29 of the small eﬁd portion 22 and the fixing through-hole
30 of the large end portion 25 form a through-hole, so that
the locking pin 26 can be inserted into the fixing through-
hole 30 from either one of opposite faces of the large end
portion 25 and thus, assembly of the reciprocating
compressor K3 is facilitated. 1In addition, since the key

groove 29 can be machined more easily than the ietaining
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hole 22d of the reciprocating compressor Kl and the
retaining through-hole 29 of the reciprocating compressor
K2, machining of the reciprocating compressor K3 is further
facilitated. . It is needless to say that increase of
rotational load caused by torsion of the axes of the small
hole 22a and the large hole 25a and drop of efficiency due
to this increase of rotational load can be prevented.

As is clear from the foregoing dé.scription,

the reciprocating compressors Kl to K3 include the large

end portion formed with the cylindrical bore having the -

axis passing through the center of the large hole and ‘the

fixing hole communicating with the c¢ylindrical bore;

‘wherein the small end portion includes the cylindrical

portion having the small hole and the rod portion extending
radially outwardly from the cylindrical portion such that

the cylindrical portion and the rod portion are formed

~ integrally; wherein the cylindrical retaini‘ng portion is

provided at the distal end portion "of the rod portion of
the small end portion; wherein after the cylindrical
retaining portion has been loosely fitted into or lightly
press fitted into the cylindrical bore, not only the
cylindrical retaining portion is retained in the
cylindrical bore by inserting the locking pin into the
fixing hole while a small torsional degree of freedom about
the axis of the rod pdrtion is being imparted to the rod
portion but the axes of the small hole and the large hole
of the connecting rod are disposed so as to be _maintained

on an identical plane.
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Therefore, in the reciprocating compressors Ki
to K3, increase of rotational load caused by torsion of the
axes of the small hole and the large hole and drop of

efficiency due to this increase of rotational load can be

prevented. Meanwhile, both of the bore of the large end -

portion and the retaining 'portion of the small end portion,
which act as the coupling means between the large ‘end
portion and the small end -portion, are cylindrical, the
bére and the retaining portion éan be e_asily machined with
high dimensional precision and production and assembly of
the reciprocating compressors Kl to K3

Meanwhile, in the reciprocating compressor K2,
after the retaining portion of the small end portion has
been fitted into the cylindrical bore of the large end-
portion, the locking pin is inserted through the fixing -
hole of the cylindrical bore via the retaining hole of .the
retaining portion of the rod pqrtion. Therefore, since the
locking pin can be inserted into the fixing hole from
either one of the opposite faées of the large end portion,
the réciprocating compressor K2 can 5e assembled more
easily.’

Furthermore, in the reciprocating compressor
K3, the key groove is formed on the side surface of the
cylindrical retaining portion of the _small end portion and
the fixing hole is formed on the large end portiori at the
periphery of the cylindrical bore so as to confront the key
groove when the cylindrical retaining portion of the small

end portion has been inserted into the cylindrical groove
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of the large end portibn such that the small end portion
and the large end portion are coupled with each other by.
inserting the locking pin through the fixing hole via the
key groove. The key groove of the reciprocating compressor
K3 can be machined more easily than the retaining hole of
the reciprocating compressors K1 and K2.

Fig. 10 shows a reciprocating compressor' K4
according to a fourth embodiment of the present invention.
In the reciprocating compressor K4, a connecting rod 40
includes a small end portion 50 having a small hole 51 and
a large end portion 52 having a large hole 53. One end of
the connecting rod 40 is coupled with the piston 24 by the
piston pin 23 loosely fitted into:the small hole 51 of the
small end portion 50, while the other end of the connecting
rod 40 is coupled with: the  eccentric shaft 7a by ‘loosely"
fitting the eccentric shaft 7a into the large hole 53 of
the large end portion 52.

In Fig. 11, the piston 24, the piston pin 23
and the small end portion 50 is inserted into the cylinder
4c from one side of the cylinder 4c remote from the crank
shaft 7; while the eccentric shaft 7a is inserted into the
large hole 53 of the iarge end portion 52 by lowering the
iaige end portion 52 from above the eccentric shaft 7a.

As shown in Fig. 12, the large end portion 52
of the connecting rod 40 has a boss 56 and a cylindrical
bore 54 is formed on an end face 57 of the boss 56 such
that an axis of the cylindrical bore 54 passes through an

axis of the large hole 53. A fixing through-hole S5 is
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formed on the large end portion 52 so as to pierce through
the large end portion 52 wvia the cylindrical bore 54. The
cylindrical bore 54 extends orthogonally to the axis of the
large hole 53 to such a depth as.not to open to the large
hole 53. The small end portion 50 includes a rod portion
58 éxtending radially outwardly from the small hole 51 at
right aﬁgles to an axis of the small hole 51. A retaiﬁing
portion 60 is provided at a distal end portion of the rod
portion 58 and a retaining through-hole 59 is formed ét the
retaining portion 60.

In Figs. 12 and 13, a hemispherical or
substantially conical retaining projection 61 having a

rounded retaining tip 62 is provided at a distal end of the

retaining portion 60. A hemispherical or substantially

conical fixing slot 63 having a tip 64 is formed at a
distal end of the cylindrical bore 54. After the retaining
portion éo of the sma;l end portion 50 has been inserted
into the cylindrical bore 54 of the large end portion 52, a
locking pin 65 is inserted through the fixing throﬁgh-hole
55 via the retaining through-hdle 59 and thus, the small
end portion 50 and the large end portion 52 of the
connecting rod 40 are securely coupled with each other.
Hereinafter, operation of the reciprocating
compréssor K4 of the above described arrangement is
described. Both of the cylindrical bore 54 of the large
end pbrtion 52 and the retaining portion 60 of the small
end portion 50, which act as a coupling means between the

large end portion 52 and the small end portion 50, are
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cylindrical and therefore, can be easily machined with high
dimensional accuracy. When the retaining portion 60 is
loosely fitted into or 1lightly press fitted into the

cylindrical bore 54, the retaining projection 61 disposed

at the distal end of the retaining portion 60 is g

hemispherical or substantially conical, so that the
retaining portion 60 is fitted into the cylindrical bore 54
smoothly.

Meanwhile, both of the retaining portion 60 and
the cylindrical bore 54 are cylindrical and therefore, can
be slightly deflected about axes of the retaining portion
60 and the - cylindrical bore 54, respectively.

Consequently, such a phenomenon does not happen that it is

difficult to insert the retaining portion 60 into the -

cylindrical bore 54 due to torsion of the axes of the small

hole 51 and the large hole 53.

After the retaining portion 60 has been fitted

into the cylindrical bore 54, a small clearance is defined
between the rounded retaining tip 62 and the tip 64 of the
fixing slot 63. At this time, slight assembly oil is held
in the ¢learance. |
Subsequently, when the 1locking pin 65 is
inserted through the fixing through-hole 55 wvia the
retaining through-hole 59 of the small end portion 50, the
locking pin 65 corrects in an identical axial direction
through deformation of the locking pin 65 small torsion of
the axes of the small hole 51 and the large hole 53

produced at the time of fitting of the retaining portion 60
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into the cylindrical bore 54 so as to fix the retaining
portion 60 in the cylindrical bore 54. |

Furthermore, if torsion of the axes of the
small hole 51 and the large hole 53 is produced due to
compressive load, ete. during operation of the
reciprocating compressor K4, the iocking pin 65 is slightly
deformed by this torsion and thus, the reciprocaﬁing
compressor K4 is well balanced mechanically at a point so
as to be stabilized at the well-balanced point.

Meanwhile, the connecting rod 40 converts
rotation of the crank shaft 7 into reciprocation of the
piston 24. Therefore, during operation of ' the
reciprocéting compressor K4, force is applied from  the
large end portion 52 to the small end Portion 50 through -
the cylindrical bore 54 and the retaining portion 60 in all
directions, i.e., in a longitudinal difection of the arrow-
A and in a lateral direction of the_arrdw B in Fig. 12 as
well as in a vertical direction of the arrow C in Fig. 13 -
but slightly. At this time, since'the'retaining projection
61 of the retaining portion 60 | is hemispherical or
substantially conical, a surface of the retaining
prbjection 61 faces in all directions. Thus, the axes of

the small hole 51 and the large hole 53 are stabilized in

an identical direction during operation of the

reciprocating compressor K4, so that rotational force of
the crank shaft 7 can he transmitted to the piston pin 23

with substantially no loss at the retaining portion 60.
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In the above described reciprocating compressor
K4, the large end portion 52 of the connecting rod 40
includes the boss 56 having the cylindrical bore 54 and the
fixing through-hole 55 communicating with the cylindrical
bore 54, while the bottom of the cylindrical bore 54 has a
hemispherical or substantially conical shape. The
cylindrical bore 54 is formed on the end face 57 of ﬁhe
boss 56 and extends radially inwardly towards the axis of
the large hole 53 to such a depth as not to open to the
large hole 53. The small end portion 50 includes the
cylindrical 1long rod portion 58 extending radially
outwardly from the small hole 51. The retaining portion 60
having the retaining through-hole 59 and the hemispherical
or substantially conical distal end is provided at the end
portion of the rod portion 58. 'By loosely fitting or
lightly press fitting the retaining portion 60 into the
cylindrical bore 54 of the ‘boss 56 "and inserting the
locking pin 65 through the.fixing through-hole 55 wvia the
retaining through-hole 59, the retaining portion 60 is
fixed in the cylindrical bore 54 such that the axes of the
small hole 51 and the large hole 53 of the connecting rod
40 are maintained on an identical plane.

Therefore, the reciprocating compressor K4 can
be.machined and assembled easily with high precision. 1In
addition, it is possible to prevent drop of efficiency due
to increase of rotational load caused by torsion of the
axes of the small hole 51 and the large hole 53 as well as

increase of noises and vibrations due tc abnormal rubbing
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between the small hole 51 and the piston pin 23, between
the large hole 53 and the eccentric shaft 7a and between
the retaining portion 60 and the cylindrical bore 54.

Figs. 14 to 16 show the connecting rod 40.b£ a
reciprocating compressor K5 according to a fifth embodiment
of the present invention. In Figs. 14 to 16, a flat fixing
portion 70 is formed at an periphery of the cylindri-cal'
bore 54 of the large end portion 52 so as to extend in an
axial direction of the cylindrical bore 54. Since the flat
fixing portion 70 is provided on the large end portion'52,
a diameter of a base of the fixing slot 63 is made smaller
than that of the cylindrical bore 54. Meanwhile, a flat
engageable portion 71 is provided on the retaining portion
60 of the small end pprtion 50 so as to extend in an axial
direction of the retaining,pdr;ion 60. Since the flat
engageable portion 71 is provided on the small end portion
50, a diameter of a base of the retaining projection 61 is
made smaller than that of the refaining portion 60. Since
other constructions of the reciprocating compressor K5 are
similar to those of_the reciprocating compressof K4, the
description is abbreviated for the sake of brevity..

When the retaining portion 60 is fitted into
the cylindrical bore 54, the flat engageable portion 71 is
brought into engagement with the flat fixing portion 70 so
as to function as a positioning guide. Therefore, since
the rétaining through-hole 59 and the fixing through-hole
55 which are brought out of alignment with each other

slightly simultaneously with fitting of the retaining
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portion 60 into the cylindrical bore 54 are brought into
alignment with each other highly accurately, the locking
pin 65 can be easily inserted through the fixing through-
hole 55 via the retaining through-hole 59.

Meanwhile, since movement of the retaining
portion 60 about the axis of the cylindrical bore 54 is
regulated by engagement of the flat engageable portion-71
with the flat fixing portion 70, behavior of the connecting
rod 40 is stabilized. “ |

In the reciprocating compressor KS, the flat
engageable porﬁion 71 is provided on the cylindrical
retaining portion 60 of the rod portion 58 and the flat
fixing portion 70 is provided on the cylindrical bore 54-of
the boss 56 as desc:ibed above. Therefore, at the time of
assembly of the connecting rod 40; ‘the fixing through-hole
55 and the retaining through-hole 59 are brought into
alignment with each other highly accurafely simultaneously
with fitting of the retaining K portion 60 -into the
cylindrical bore 54, so that the locking pin 65 can be
easily inserted through the fixing through-hole 55 via the
retaining through-hole 59 and thus, the connecting rod 40
can be assembled easily.

Meanwhile, since movement of the retaining
portion 60 about the axis of the cylindrical bore 54 is
regulated, behavior of the connecting rod 40 can be
stabilized.

Furthermore, in the reciprocating compressor

K5, the retaining through-hole 59 is formed on the flat
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engageable portion 71 and the fixing through-hole 55 is
formed on the flat fixing portion 70. However, it is
needless to say that the flat engageable portion 71 and the
flat fixing portion 70 _méy be arbitrarily positioned
relative to the retaining through-hole 59 and the fixing
through-hole 55, respectively.

Figs. 17 and 18 show the connecting rod 40 6f a
reciprocating compressor Ké éccording to a sixth embodiment
of the present invention. In Figs. 17 and 18, a first
oiling hole 75 is provided in the c¢rank shaft 7 and is
communicated with a second oiling hole 76 provided in the
eccentr;c shaft 7a. The éecond oiling hole 76 opens to an
upper end face of the eccentric shaft 7a. A lateral oil
hole 77 extends radially outwardly from the second oiling-
hole 76 so as to be communicated with an oil groove 78
fo;med on an outer periphery,éf the eccentric shaft 7a..
The lateral oil hole 77 and'the oil groove 78 are disposed
at one side of the eccentric shaft 7a adjacent to an axis
of the crank shaft 7. A_communication oil hole 79 extends
through the boss 56 of the large end portion 52 so as to
communicate the tip 64 of the fixing slot 63 and tﬁe large
hole 53 with.each other. Since other constructions of the
reciprocating compressor K6 are similar to those of the
reciprocating compressor K4, the description is abbreviated
for the sake of brevity.

Hereinafter, operation of the reciprocating
compressor K6 of the above described arrangement is

described. In Figs. 17 and 18, black dots represents oil
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particles and arrows indicates flow of oil. Fig. 17

. corresponds to a suction process of the reciprocating

compressor K6, while Fig. 18 corresponds to a compression
process of the reciprocating compressor K6.

During the suction process of the reciprocating ‘
compressor K6, lubricating oil (not shown) collected at a
bottom of the housing 3 is pushed upwardly to the seéorid
oiling hole 76 by centrifugal pump action of the first
oiling hole 75 of the crank shaft 7 in response to rotation
of the reciprocating compressor K6. Then, the oil
particles are introduced from the second oiling hole 76 to
the oil groove 78 through the lateral oil hole 77 by
‘centrifugal force produced by rotation of the eccentric
shaft 7a. Meanwhile, a portipn of tl'_xe oil particles is
discharged from the upper end face of the eccentric shaft
7a into the housing 3.

Therefore, during the suction process of the _
reciprocating compressor Ké as shown in Fig..17, since the
oil groove 78 is disposed at one side of the eccentric
shaft 7a adjacent to the axis of the crank shaft 7, .the oil
groove 78 is communicated'yv}i{:h the communication oil hole
79 formed on the large end pdrtion 52 of the connecting rod
40. Furthermore, the small end portion S0 is _- pulled
leftwards in Fig. 17, while the large end portion 52 is
pulled rightwards in Fig. 17. As a result, a small gap is
produéed between the retaining projection 61 and the fixing
slot 63.. Therefore,. the oil particles which have reached

the o0il groove 78 by centrifugal force pass through the
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communication oil hole 79 without losing their inertia
force so as to be carried to the small gap between the
retaining projection 61 and the fixing slot 63.

Meanwhile, during the compression process of
Fig. 18, the o0il groove 78 is not communicated with the
communication oil hole 79 and the retaining projection 61
and the fixing slot 63 are subjected to compressive ioad
from the small end portion 50 so as to depress each other.
As a result, the oil particles delivered into fhe small gap
between the retaining projection 61 and the fixing slot 63
during the suction process are squeezed between the
retaining projection 61 and the fixing slot 63 and thus,
flow to the locking pin 65 thrbﬁgh a minute gap or flow
backwardly in the communication ©oil hole 79 so as to be-
discharged €£rom ﬁpper“ and lower end portions of the
eccentric shaft 7a. Meanwhile, the oil pérticles dfawn
into the oil groove 78 via the lateral oil ‘hole 77 act as
lubricating oil between the large hole 53 and the eccentric
shaft 7a.

Consequently, the lubricating Qii is
sufficiently supplied to the retaining projection 61 and
the fixing slot 63, which act as a coupling means of the
connecting rod 40. Furthermore, since the lubricating oil
is circulated, the lubricating oil serves also to cool
vicinity of the coupling means of the connecting rod 40.
Accordingly, sliding' loss of the connecting rod 40 is

lessened and wear of the connecting rod 40 due to metallic
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contact between the retaining projection 61 and the fixing

slot 63 can be reduced.

In the reciprocating compressor K6, since the

communication oil hole 79 is provided so as to communicate
the large hole 53 and the tip 64 of the fixing slot 63 with
each other and is communicated'ﬁith the oil groove 78 of
the eccentric shaft 7a as described above, the lubricating
oil can be sufficiently supplied to the retaining
projection 61 and the fixing slot 63, which act as the
coupling means of the connecting rod 40. Therefore,
sliding loss of the connecting rod 40 is lessened and wear
of the connecting rod 40 due to metallic contact between
the retaining projection 61 and the fixing slot 63 can be
reduced.

Meanwhile, in. the' reciprocating compressor ‘Ke,

- the o0il groove 78 and the communication oil groove 79 are

communicated with each other during the suction process.

However, the oil groove 78 and the. communication o0il groove

79 may also be communicated with each other during other

processes or at all times.
) Figs. 19 and 20 show the connecting rod 40 of a
reciprocating compressor K7 -‘according to a seventh
embodiment of the present inveﬁtion. In Figs. 19 and 20, a
retaining groove 80 is formed on an outer periphery of the
cylindrical retaining portion 60 of the small end portion
S0, while a fixing groove 81 is formed on the boss 56 of

the large end portion 52 so as to be partially communicated

with the cylindrical bore 54. A substantially U-shaped
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fixing plate 82 for fixing the retaining portion 60 to the
cylindrical bore 54 includes a pair of legs and a hook 83
is provided at a distal end of each of the legs. Since
other constructions of the reciprocating compressor K7 are
similar to those of the reqiprocating compressor K4, the
description is abbreviated for the sake of brevity.

Hereinafter, operation of the reciprocaﬁing
compressor K7 of the above described arrangement is
described. When the retaining portion 60 has been fitted
into the cylindrical bore 54, .the retaining groove 80 and
the fixing groove 81 coincide in position with each other.
Then, the fixing plate 82 is inserted from the fixing
groove 81 through the retaining groove 80 such that the _
hooks 83 of the fixing plate 82 embrace the boss 56 of the
large end portion 52. As a result, the retaining portion
So_is depressed against the bottom of the cylindrical bore
54 so as to be secured in position.

Therefore, since loéd otherwise born by the
retaining projection 61 and the fixing slot 63 is almost
born by the fixing plate 82, coupling betwéen the small end
portion” 50 and the large end portion 52 of the connecting
rod 40 can be strengthened, thereby resulting in stable
behavior of the donnecting rod 40.

Accordingly, in the reciprocating compressor
K7, the retaining groove 80 is formed on the outer
periphery of the retaining portion 60 of the small end
portion 50 and the fixing groove 81 is formed on the boss

56 of the large end portion 52 so as to be communicated
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with the cylindrical bore 54. Thus, after the retaining
portion 60 has been fitted into the cylindrical bore 54,
the fixing plate 82 having the hooks 83 formed at the
distal end of each of the legs is inserted from the fixing
groove 81 through the retaining groove 80 so as to securely
couple the small end portion 50 and the large end portion'
52 with each other. Consequently, since the retaining
portion 60 is securely fixed to the cylindrical bore 54,
almost all loads applied to 'thé connecting rod 40 during
operation of the reciprocating compressor K7 are born by
the fixing plate 82 and thus, behavior of the connecting
rod 40 can be stabilized. |

Figs. 21 and 22 show the connecting rod 40 of a
reciprocating compressor K8 according to an eighth
embodiment of the present invention. In Figs. 21 and22, a

holder portion 85 is provided between the rod portion- 58

and the retaining portion 60 of the small end portion 50

and includes an auxiliary flat portion 86 .having a flat
surface confronting the end face 57 of -the boss 56 of the
large end portion 52. Since other constructions of the
reciprocating compressor K8 ére similar to those of the
reciprocating compressor K4, the description is abbreviated
for the sake of brevity.

Hereinafter, operation of the reéiprocating
compressor X8 of the above described arrangement is
described. _When the reciprocating portion 60 has been
fitted into the cylindrical bore’ 54,l the auxiliary flat

portion 86 is brought into contact with the end face 57 of
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the boss 56. As a result, since a distance for fitting the
retaining portion 60 into ﬁhe cylindrical bore 54 can be
determined, the locking pin 65 can be simply inserted
through the fixing through-hole 55 and the retaining
through-hole 59 and thus, the connecting rod 40 can be
assembled. |

Meanwhile, since load applied to the connecﬁing
rod 40 during a compreééion process of the reciprocating
compressor K8 can be born by the auxiliary flat portion 86,
behavior of the connecting rod 40 can be stabilized.

Accordingly, in the reciprocating compressor
K8, since the holder'ﬁortion 85 having the auxiliary flat
portion 86 confronting the end face 57 of the boss 56 is
provided between the retaining portion 60 and the rod
portion.sa; the distance for fitting the retaining portion
60_into the cyliﬂdrical-bore 54 can be determined and thus,
the connecting rod 40 can be assembled simply. In
addition, since load produced. during the. compression
process is born by the auxiliary flat portion 86, behavior
of the connecting rod 40 can be stabilized..

Meanwhile, in the reciprocating compressor K8,
the retaining projection 62 and the fixing slot 63 are
provided but may also be eliminated. |

" Figs. 23 and 24 show the connecting rod 40 of a
reciprocating compressor K9 according to a ninth embodiment
of the present invention. In Figs. 23 and 24, a second
retaining projection 90 is provided between the rod portion

58 and the retaining portion 60 of the small end portion 50
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and -has a pair of retaining end faces 91 extending in
pafallel with the axis of the small hole 51. Meanwhile,
the boss 56 of the large end portion 52 has a pair of
fixing end faces 92 extending in parallel with the axis of
the large hole 53 and confronting the retaining end faces
91, respectively.

Hereinaﬁter, operation of the reciprocating
compressor K9 of the above described arrangement is
described. When the retaining portion 60 has been fitted
into thé cylindrical bore 54, the retaining end faces 91 -
are brought into contact with the fixing end faces 92 so as
to determine a distance for fitting the retaining portion
60 into thé cylindrical bore 54 and lateral position of the
retaining portion 60, so that the fixing through-hole 55

and the retaining through-hole 59 are  brought*” into

.alignment with each other highly accurately. As a result,

since the locking pin 65 can be inserted ﬁhroﬁgh the fixing
through-hole 55. via the rétaining: through-hole 59, the
connecting rod 40 can be assembled easily.

Meanwhile, since  the second retaining
projectibh 90 prevents the small end portion 50 énd the
large end portion 52 from deviating laterally or about the
axis of the retaining portion 60, coupling between the
small end portion 50 and the large end portion 52 of the
connecting rod 40 can be strengthened and thus, behavior of
the connecting rod 40 can be stabilized.

Accordingly, in thé reciprocating compressor

K9, the second retaining projection 90 having the retaining
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end faces 91 extending in parallel with the axis of the
small hole 51 is provided between the retaining portion 60
and the rod portion 58 of the small end portion 50, while
the fixing end faces 92 extending in parallel with the axis
of the large hole 53 are provided on the boss 56 of the
large end portion 52. .Therefore, when the retaining
portion 60 has been fitted into the cylindrical bore-54,
the retaining end faces 91 are brought into contact with
the fixing end faces 92, 'respectively, so that the
retaining through-hole 59 and the fixiﬁg through-hole 55
can be brought into alignment with each other highly
accurately and thus, the connecting rod 40 can be assembled
easily. Meanwhile, since the small end portion 50 and the
large end portion 52 can be securely fixed laterally or
about the axis of the retaining portion 60, behavior of the
copnecting rod 40 can be stabilized.

Meanwhile, in the reciprocating compressor K9,
the retaining projection 60 and the fixing slot 63  are
provided but may also be eliminated. -

As is clear from the foiegoing, the
reciprocating compressors K4 to K6 comprise: the connecting
rod which includes the small end portion and the large end
portion; wherein the small end portion has the small hole
and is coupled with the piston at the small hole by the
piston pin, while the large end portion has the large hole
and is coupled with the eccentric shaft of the crank shaft
at the large hole; wherein thellarge end portion includes

the boss having the cylindriéal bore and the fixing hole
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communicating with the cylindrical bore and the cylindrical
bore has the hemispherical or substantially conical bottom;
wherein the cylindrical bore extends from the end face of
the boss towards the center of the large hole to such a
depth as not to open to the large hole; wherein the small
end portion includes the cylindrical rod portion extending
radially outwardly from the small hole and the rod portion
is provided, at its one end portion, with the retaining

hole and the retaining portion having the hemispherical or

‘substantially conical distal end; wherein when the

rétaining portion is loosely fitted into or lightly press
fitted into the cylindrical bore of the boss and the
locking pin is inserted through the fixing hole and the
retaining hole, the retaining . portion is fixed in  the
cylindrical bore and the :axes: of: the small hole of the
small end portion and the large hole of the large end
portion are disposed as to be maintained on an identica]_.'
plane. '

Therefore, in the reciprocating compressors K4
to K6, since not only machining and assembly can be
performed easily with high precision but torsion of the
small hole and the sn'tall .hole and abnormal rubbing of the
fitting members against the small hole and the large hole
can be prevented, it is possible to prevent drop of
efficiency due to increase of rotational load as well as
increase of noises and vibrations.

Meanwhile, in the reciprocating compressor K5,

since the flat engageable portion and the f£lat £ixing
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portion are, respectively, provided on the cylindrical
retaining portion of the rod portion and the cylindrical
bore of the boss, the retaining portion can be positioned
when the retaining portion is fitted into the cylindrical
bore and thus, the connecting rod can be assembled highly
accurately. In addition, rotation of the retaining portion
is prevented through engagement of the flat engageable
portion with the flat fixing portion. Therefore, in the
reciprocating compressor K5, it is possible tb prevent drop
of efficiency due to.increase of rotational load as well as
increase of noises and vibrations.

Furthermore, in the reciprocating compressor
K6, since the oil hole for communicating the tip of the
bottom of the cylindrical bore and the large hole with each
other is fdrmed on the . large  end portion and is
communicated with the oil groove of the eccentric shaft of
the crank shaft, lubricating oil can be sufficiently
supplied to the retaining portion and the cylindrical bore,
so that wear of the retaining portion and the cylindrical
bore due to metallic contact therebetween can be ;educed,
thereby resulting in improvementlof reliability.

Meanwhile, in the reciprocating compressor X7,
the retaining groove and the fixing groove are,
respectively, provided on the cylindriéal,retaiping portion
of the rod portion and the boss. Therefore, when the
retaining groove of the rod portion is loosely fitted into
or lightly press fitted into the cylindrical bore of the

boss and the fixing plate is fitted from the fixing groove
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through the retaining groove, the retaining portion is
retained in the cylindrical bore. Furthermore, - by
maintaining the axes of the small hole and the large hole
on an identical plane, coupling between the retaining
portion and the cylindrical bore can be strengthened by the

fixing plate and thus, behavior of the connecting rod can

- be stabilized. As a result, in the reciprocating

compressor K7, it is possible ﬁo reduce drop of efficiency
caused by increase of rotational load of the reciprocating
compressor K7 due to loosening of coupling between the
retaining portion and the cylindrical portion as well as
increase of noises and vibrations.

Meanwhile, in the reciprocating compressor X8,
the holder portion is provided between the rod portion and
the retaining portion and the auxiliary flat portion:of the
holder portion is brought into contact with the end face of
the boss at the time the retainipg pqrtion'is fitted into -
the cylindrical bore. Therefore, in the reciprocating
compressor K8, the retaining portion 60 can be coupled with
the cylindrical bore efficiently. Furthermore, sigce-load
produceé during compression can be scattered by the
auxiliary flat portion and the end face of the boss,
behavior of the connecting rod can be stabilized. As a
result, in the reciprocating compressor K8, it is possible
ﬁo reduce drop of efficiency due to increase of rotational
load 6f the reciprocating compressor K8 as well as increase

of noises and vibrations.
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Moreovgr, in the reciprocating compressor K9,
the second retaining projection having the retaining end
faces extending in parallel with the axis of the small hole
is provided between the rod portion and the retaining
portion and the fixing end faces :extending in parallel with
the large hole are provided on the boss of the large end
portion. Therefore, when the small end portion and the
largé end portion are coupied with each other, the
retaining end faces 91 are brought into contact with the
fixing end faces 92 so as to determine fitting position
between the small end portion and the large end portion.
Consequently, since the —retaining portion and the
cylindrical bore can be coupled with each other highly
accurately, assembly of the connecting rod is improved.
Furthermore, -since the connecting rod is prevented from
deviating laterally or about the axis of the retaining
portion of the connecting rod, behavior of the connecting
rod is stabilized. As a result, in the reciprocating
compressor K9, it is possible to reduce drop of efficiency
due to increase of rotational load as well as inci:ease of
noises and vibrations.

Figs. 25 to 28 show a reciprocating compressor
K10 according to a tenth embodiment of the present
invention. In Fig. 25, a connecting rod 95 includes a
small end portion 100 disposed at its one end and a large
end portion 102 disposed at the other end. The small end
portion 100 has a small hole 101 and is coupled with the

piston 24 by the piston pin 23 loosely fitted into the

37



10

i5

20

25

WO 98/23862 : PCT/IP97/04275

small hole 101, while the large end portion 102 has a large
hole 103 and is coupled with the crank shaft 7a -of the
crank shaft 7, which is loosely fitted into the large hole
103. A dovetail 104 is provided at one end of a rod 106 of
the small end portion 100, while a dovetail groove 105 is
formed on the large end porﬁion 102 so as to receive the
dovetail 104. |

A clamp 107 for preventing vertical movement of
the small end portion 100 and the large end portion 102 in
Fig. 25 is horizontally inserted into engageable slots 109
formed on upper and lower faces of the large end portion
102 and engageable recesses 108 formed on upper and lower
faces of the dovetail 104 of the small end portion 100 so
as to stretch over the large end portion 102 and the
dovetail 104 of the small end portion 100 as shown ‘in Fig.
27. When the clamp 107 has been fitted into the engageable
slots 109 and the engageable recesses 108 as shown in Fig.
28, the engageable slots 109 and the engageable recesses
108 have different depths so as to form a step 110. In
this embodiment, the engageable slot 109 is made shallower
than the engageable recess 108 as shown in Fig. 28.

The clamp 107 has a substantially U-shaped
configuration and includes a pair of retaining. iegs 111.
An oblique portion 112 and a flat portion 113 are
sequentially formed on each of opposed edges of the
retaining legs 111 so as ‘to not only prevent the clamp 107

by the step 110 from being detached from the large end
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portion 102 but prevent vertical movement of the large end
portion 102 and the small end pertion 100.

Hereinafter, assembly steps of the
reciprocating compressor K10 of the above described
arrangement are described with reference to Fig. 26. The
crank shaft 7 is preliminarily mounted in the crank case 4
and an assembly in which- the small end portion 100 is
coupled with the piston 24 by the piston pin 23 is inserted
into the cylinder 4c as shoﬁn. Then, the crank shaft 7a of
the crank shaft 7 is inserted into the large hoie 103 and
the dovetail 104 is inserted into the dovetail groove 105.
Subsequently, the clamp 107 is press fitted into the
engageable slots 109 and the engageable recesses 108
horizontally and ‘thus, assembly of the reciprocating
compressor K10 is qqmpleted:_:

In the'.above described arrangement of the
reciprocating compressor K10, the small end portion 100 and

the large end portion 102 are positively coupled with each

-other securely in a stroke direction of the piston 24

through engagement of the dovetail 104 with the dovetail
groove 105 and are prevented by the clamp 107 from being
moved vertically. Furthermore, since a clearance of, for
example, about 5 to 20 pms for permitting the dovetail 104
to be fitted into the dovetail groove i05 is proﬁided
between the dovetail 104 and the dovetail groove 105, error
not only in parallelism between the small hole 101 and the
large hole 103 but in orthogonality between the eccentric

shaft 7a and the cylinder 4c is reduced, so that extremely
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high dimensional accuracy is not required and abnormal
rubbing between the components can be prevented. As a
result, loss in mechanical slide and rotational loss can be
reduced. .

Fig. 29 shows the connécting rod 95 of a
reciprocating compressor K11 according to an eleventh
embodiment of the present invention. A pin hole 115- is
formed at a boundary between the do.vetail 104 and the
dovetail groove 105. A press fitting pin 114 having a C-
shaped or spiral cross section is press fitted into the pin
hole 115. In this embodiment, a center of the pin hole 115
is positioned substantially at the boundary between the
dovetail 104 and the dovetail groove 105. However, the
center of the pin hole 115 may also be positioned so as to
sightly deviate from the bounddry between the dovetail 104
and the dovetail groove 105 such that the press fitting pin
114 presses one of the .dovetail 104 and the large end
portion 102 against the other of the dovetail 104 and the
large end portion 102. Since other constructions of the
reciprocating compressor K11l aré _ similar to those of the
reciproéat ing compressor K10, the description is
abbreviated for the sake of brevity.

In the abové mentioned arrangement of the
reciprocating compressor Kll, the press fitting pin 114
functions to elastically reduce a clearance between the

dovetail 104 and the dovetail groove .105. = Furthermore,

since a function of preventing abnormal rubbing between the

components is secured by elasticity of the press fitting
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pin 114, machining accuracy can be further lowered and
thus, productivity can be raised. In addition, since
self-alignment between the dovetail 104 and the dovetail
groove 105 is performed elastically by press fitting the
press fitting pin 114 into the pin hole 115, vibrations are .
damped in the minute clearance betwéen the dovetail 104 and
the dovetail groove 105 and noises can be reduced.

In the reciprocating 'compressors K10 and Ki1,
the small end portion and the large end portion of the
éonnecting rod are coupled with each other by the dovetail

and the dovetail groove and vertical movement of the small

" end portion and the large end portion is prevented by the

clamp. Since machining errors can be eliminated by the
minute clearance between the dovetail and the dovetail-
groove, machining is fac_ilitated and abnormal rubbing
between the components is reduced during operation, so that
loss in rotation and slide can be lessened.

In the reciprocating compressors K10 and K11,
the step is formed between the small end portion and the
large end portion at the engageable slots and the
engageable recesses. Therefore,_. by inserting the clamp
into the engageable slots and the engageable recesses, the
clamp is prevented by the step from being detached from the
large end portion so as to be supported positively, thereby
resulting in improvement of assembly.

In addition, in the reciprocating compressor
K11, by press fitting the press fitting pin into the pin

hole formed at the boundary between the dovetail and the
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d-ovetail groove, self-alignment between the dovetail and
the dovetail groove is performed such that the dovetail is
held in close contact with the dovetail groove, so that
minute vibrations can be restrained and noises can. be
reduced.

Fig. 30 shows a reciprocating compreséor Ki2
according to a twelfth embodiment of the present invention.
The reciprocating compressor K12 includes a connecting rod
120. As shown in Figs. 31 and 32, a recessed portion 123
is formed on the lower face of the large end portion 102 of
the connecting rod 120 along two sides or one side of a
periphery of the dovetail groove 105 so as to form
retaining faces 124 acting aé ‘positioning faces for
assembly. Since other constructions of the reciprocating
'compressor'Klz are-similar-to those of the reciprocating

compressor K10, the description is abbreviated for the sake

- of brevity.

Hereinafter, assembly steps . of the
reciprocating compressor Kiz. of the above described
arrangement are described with reference to Fig. 30. The
crank shaft 7 is preliminarily mounted in the crank case 4
and an assembly in which the small end portion 100 is
coupled with the piston 24 by the piston pin 23 is inserted
into the cylinder 4c as shown. Then, the crank shaft 7a of

the crank shaft 7 is inserted into the large hole 103 and

- the dovetail 104 is inserted into the dovetail -groove 105.

At this time, the dovetail 104 of the small end portion 100

has degrees of freedom of movement in a sliding direction S
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of the piston 24, in a pivotal direction B8 of the
connecting rod 120 and a rotational direction { about aﬁ
axis of the cylinder 4c as shown in Fig. 33. On the other
hand, the large end portion 102 has degrees of freedom .of
movement in a rotational direction o of the crank shaft 7
and in é rotational direction ¢ about the eccentric shaft
7a. Therefore, when the dovetail 104 is fitted into.the
dovetail groove 105, the recessed portion 123 of the large
end portion 102 and an upper face 125 of the dovetail 104
are initially brought into contact with each other so as to
restiain movement in the rotational direction {. Then, two
neighboring sides of the dovetail 104 are regulated by the
retaining face 124 such that the sliding direction S of the
small end portion 100, the: pivotal direction B8, the
rotational direction a and the rotational direction 6 are
defined. Thus, by displacing the large end portion.loz
axially to a predetermined position, the dovetail 104 is
fitted into the dovetail groove 105. Subsequently, by
press.fitting the clamp 107 into the engageable slots 109
and the engageable recesses 108 horizontally, assembly of
the reéiprocating compressor K12 is completed.

In the reciprocating compressor K12 of the
above described arrangement, the dovetail 104 and the
dovetail groove 105 can be easily positioned and assembled.
FUfthermore, the small end portion 100 and the large end
portion 102 are positively coupled with each other securely
in the sliding direction S of the piston 24 by the dovetail

104 and the dovetail groove 105. Meanwhile, vertical
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movement of the small end portion 100 and the large end
portion 102 is prevented by the clamp 107. Furthermore,
since a clearance of, for example, about 5 to 20 ums for
permitting the dovetail 104 fo be fitted into the dovetail
groove 105 is provided between the dovetail 104 and the
dovetail groove 105, error not only in parallelism between
the small hole 101 and the 1large hole 103 but .in
orthogonality between the eccentric éhaft 7a and the
cylinder 4c is reduced, so that extremely high dimensional
accuracy is not required and abnormal rubbing between the
components can be prevented. - As a result, loss in
mechanical slide and rotational loss can be reduced. '
Fig. 34 shows the small end portion 100 of a
reciprocating compressor K13 according to a thirteenth

embodiment of the present: invention. In Fig. 34, “at one

- vertex portion of the dovetail 104 of the small end portion

100 of the reciprocating compressor K13, a projecting
retaining portion i26 having two sides continuous with
those of the dovetail 104 of the reciprocating compressor
K13 projects upwardly slightly from an upper face.of the
dovetail 104. By bringing the two sides of the projecting
retaining portion 126 with those of the dovetail groove
105, the dovetail 104 can be positioned relative to the
dovetail groove 105'éuite easily.

By the above described arrangements of the
reciprocating compressors K12 and K13, the dovetail groove
and the dovetail each héving the sévéral degrees of freedom

of movement can be positioned easily and positively and the
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small end portion and the large end portion of the

connecting rod are coupled with each other by the dovetail

and the dovetail groove such that vertical movement of the

small end portion and the large ‘end portion is prevented by
the clamp. However, since the minute clearance is provided
between the dovetail and the dovetail groove, this
clearance reduces machining errors of the components of .the
recii)rocating compressors K12 ;and K13 so as to facilitate
machining of the components and lessens abnormal rubbing
between the components during operation so as to reduce
loss in rotation and slide.

Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that wvarious. changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.
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CLAIMS
1. ' A reciprocating compressor (K1-K3) comprising:
a connecting rod (21) which includes a small
end portion (22) and a large end portion (25) coupled with
each other;
wherein the small end portion (22) has a small
hole (22a) and is coupled with a piston (24) by a piéton
pin (23) loosely fitted into the small hole (22a), while
the large end portion (25) has a large hole (25a) such that
an eccentric shaft (7a) of a crank shaft (7) is loosely
fitted into the large hole (25a);
wherein the large end portion (25) is formed
‘with a cylindrical bore (25b) having an axis passing

through a center of the large hole (25a) and a fixing hole

(25c, 28, 30) communicating -with the cylindrical bore

(25b) ;

wherein the small end portion (22) includes a
cylindrical portion (22e) having the small hole (22a) and a
rod portion (22b) éxtending radially outwardly from the
cy.lindrical portion (22e) such that the cylindrical portion
(22e) aq.nd the rod portion (22b) are formed integrally;

wherein a c¢ylindrical retaining portion (22¢)
is provided at a distal end portion of the rod portion
(22b) of the small end portion (22);

wherein after the cyiindrical retaining portion
(22¢c) has been loosely fitted into or lightly press fitted
into the cylindriéal bore (25b), not only the cylindrical

retaining portion (22c) is fixed in the cylindrical bore
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(25b) by inserting a locking pin (26) into the fixing hole
(25¢c, 28, 30) while a small torsional degree of freedom
about an axis of the rod portion (22b) is being imparted to
the rod portion (22b) but axes of the small hole (22a) and
the large hole (25a) of the connecting rod (21) are
disposed so as to be maintained on an identical plane. .
2. A reciprocating compressor (X3) as claimed in
Claim 1, wherein a key groove (23) is formed on a side
surface of the cylindrical re;aining portion (22c);

wherein when the cylindrical retaining portion
(22c) of the rod portion (22) is loosely fitted into or
lightly press fitted into the c¢ylindrical bore (25b) . and .
the locking pin (26) is inserted into the fixing hole (30)
so as to extend through the key groove (29), the-
cylindrical retaining portion (22c) is fixed. in the
cylindrical bore (25b) while the small torsional degree of.
freedom about the axis of the rod portion (22b) is being
imparted to the rod portion (22b). '
3. A réciprocating compressoi (K4-K6) comprising:

a connecting rod (40) which includes a small .
end portion (50) and a large end portion (52);

wherein the small end portion (50) has a small
hole (51) and is coupled with a piston (24) at the small
hole (51) by a piston pin (23), while the large end portion
(52) has a large hole (53) and is coupled with an eccentric
shaft (7a) of a crank shaft (7) at the large hole (53);

wherein the large end portion (52) includes a

boss (56) having a‘cylindrical bore (54) and a fixing hole
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(55) communicating with the cylindrical bore (54) and the
cylindrical bore (54) has a hemispherical or substantially
conical bottom (63); |
wherein the cylindrical bore (54) extends from
an end face (57) of the bc_:'ss (56) towards a center of the
large hole (53) to such a depth as not to open to the large
hole (53); |
wherein the small end portion (50) includes a
cylindrical rod portion (58) extending radially outwafdly
from the small hole (51) and the rod portion (58) is

provided, at its one end portion, with a retaining hole

{59) and a retaining portion (60) having a hemispherical or

substantially conical distal end (61);
wherein when the retaining portion (60) is

loosely fitted into or 1lightly press fitted into the

- cylindrical bore (54) of the boss (56) and a locking pin

(65) is inserted through the €fixing hole (55) and the
retaining hole (59), the retaining portion (60) is fixed in
the cylindrical bore (54) and axes of the small hole (51)
of the small end portion (50) ‘and the large hole (53) of
the large end portion (52) are disposed so0 as to be
maintained on an identical plane.

4, A reciprocating compressor (K6) as claimed in
Claim 3, wherein an oil hole (79) for communicating a tip
(64) of the bottom (63) of the éylindrical bore (54) and
the large hole (53) with each other is formed on the large
end portion (52) and is communicated with an oil groove

(78) of the eccentric shaft (7a) of the crank shaft (7).
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5. A reciprocating compressor (K10) comprising:
a connecting rod (95) which includes a small
end portion (100) and a large end portion (102);

' wherein the small end portion (100) has a small
hole.(lol) and is coupled with a piston (24) at the small
hole (101) by a piston pin (23), while the large end
portion (102) has a large hole (103) and is coupled with an
eccentric shaft (7a) of a crank shaft (7) at the large hole
(103);

wherein a dovetail groove (105) is formed on
one (102) of the small end portion (100) and the large end

portion (102) and a dovetail (104) is formed on the other

.(100) of the small end portion (100) and the large end

portion (102); and

a substantially. U-shaped clamp (107) which is
engaged with the dovetail (104) so as to limit vertiecal
movement of the large end portion (102) and the small end
portion (100).
6. _ A réciprocating compressor (K10) comprising:

a connecting rod (95) which includes a small
end portion (100) and a large end portion (102);

wherein the small end portion (100) has a small

_hole (101) and is coupled with a piston (24) at the small

hole (101) by a piston pin (23), while the large end
portion (102) has a large hole (103) and is coupled with an
eccentric shaft (7a) of a crank shaft (7) at the large hole

(103);

R
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wherein a dovetail groove (105) is formed on
one (102) of the small end portion (100) and the large end
portion (102) and a dovetail (104) is formed on the other
(100) of the small end portion (100) and the large end
portion (102);

wherein an engageable slot (109) and an
engageable recess (108) are, respectively, formed on .the
one (102) of the small .énd portion (100) and the large end
portion (102) and the dovetail (104); and

a substantially U-shaped clamp (107) which is
fitted into the engageable slot (109) and the engageable
recess (108).
7. _ A reciprocating compressor (Klo) as'.claimed in
Claim 6, wherein depths of the engageable slot (109) and
the engageable recess (108) are determined such that the
engageable slot (109) and the engageable recess (108) form
a step (110) when the small end portion {(100) and the large
end portion (102) have beén set in place;

wherein the clamp (107) is retained by the step
(110) so as to be prevented from being detached from the
one (10§)lof the small end portion (100) and the large end
portion (102). |
8. A reciprocatirig compressor (K1l) comprising:

a connecting rod (95) which includes a small
end portion (100) and a large end portion (102);

| wherein the small end portion (100) has a small

hole (101) and is éoupled with a piston (24) at the small

hole (101) by a piston pin (23), while the large end
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portion (102) has a large hole (103) and is coupled with an
eccentric shaft (7a) of a crank shaft (7) at the large hole
(103);

whetein a dovetail groove (105) is formed on
one (102) of the small end portion (100) and the large end
portion (102) and a dovetail (104) is formed on the other
(100) of the small end portion (100) and the 1ar§e.end
portion (102); and

a press fitting pin (114) which is press fitted
into a pin hole (115) formed at a boundary between the
dovetail groove (105) and the dovetail (104) so as to
secure the .small end portion (100) and the large end
portion (102) to each other. |
9. _ A reciprocating compressor (K12) comprising:

~ a connecting. rod (120) which includes a small

en@ portion (100) and a large end portion (102); |

wherein thé'sméll end portion (100) has a small
hole (101) and is coupled with a piston (24) at the small

hole (101) by a piston pin (23), while the large end

- portion (102) has a large hole (103) and is coupled with an

eccentric shaft (7a) of a crank shaft (7) at the large hole
(103) ;

wherein a dovetail groove (105) is formed on
one (102) of the small end portion (100) and the iarge end
portion (102) and a dovetail (104) is formed on the other
(100) of the sméll end portion (100) and the large end

portion (102);
_—
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wherein two retaining faces (124) acting as
positioning faces for assembly are formed at one vertex
portion of the dovetail groove (105) such that only two
neighboring sides of the dovetail (104) are brought into
engagement with the retaining faces (124).

10. A reciprocating cbmpressor (K13) comp:ising:

é connecting rod (120) which includes a sﬁall
end portion (100) and a large end portion (102);

.wherein the small end portioh (100) has a small
hole (101) and is coupled with a piston (24) at the small
hole (101) by a piston pin (23), while the large end
‘portion (102) has a large hole (103) and is coupléd with an
eccentric shaft (7a) of a crank shaft (7) at the large hole
(103);

wherein a dovetail -grobve (105) is formed on
one (102) of the small end portion (100) and the large end
portion (102) and a dovetail (104) is formed on the other
(100) of the small end portion (100) and the large end
portion (102);

wherein a contact face (126) acting as a
positio;ning face for ésseﬁ\bly is formed on the doveté.il
(104) so as to be brought into engagement with only two

neighboring sides of the dovetail groove (105).
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