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@ Multicylinder swash plate compressors.

@ Each piston head (38) is provided with a diametral
dimension (D172) less than the diametral dimension of its

.respective bore (34) to provide a substantial annular space

therebetween, and a solid seal-support ring (40) of low-
friction material is mounted in a circumferential groove
(170) on each piston head and is sufficiently thick for the

" piston head to be supported thereby with the metal of the

piston head not permitted to touch the metal of its respec-
tive bore throughout reciprocation of the piston (36) in
the bore.

The longitudinal dimension of the rings (40) is made
substantially equal to the longitudinal dimension of the
piston heads, so that the axis of the piston head may angle
slightly with respect to the axis of its bore, thereby reducing
the criticality of alignment of the bores in the cylinder
blocks so that they may be bored individually rather than
as assembled pairs.
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MULTICYLINDER SWASH PLATE COMPRESSORS

This invention: relates to multicylinder swash
plate compressors. , . o
In attempting to arrive at a cempact lightweight- .
multicylinder swash plate compressor for use as a ref—."
rigerant compressor in a vehicle, it has.been found
helpful to employ a pair of aluminum cylinder blocks,
with the cylinder bores in each block axially aligned
with and spaced from those in the other block. Double-

Aﬂende&*pistonSfalsonof:aluminumwafe prpvidéd which have:-= r==r-

piston heads that are con@ected.by a ‘bridge and:slide
in the aligned cylinder bores. The swash plate is '
rotatably mounted and contained between the cylinder a
blocks, and is slidably connected to the doublé—ended T
pistons at their bridge to reciprocafe same in the
conventional manner. ) f

The present invention, in search of the optimum
in compactness and lightness, provides improvement in
these areas in conjunction with a unique piston and piston
ring configuration. , 7 ) .

There is disclosed in the specification of
United States Patent No. 3,885,460 (Park) a multicylindef' -
swash plate compressor having a pair of metallic cylinder
blocks with the bores in each block normally axially
aligned with and spaced from the bores in the other block,
a plurality of metallic pistons each formed as a uﬁitary :
double-ended piston pair by a bridge therebetween and
reciprocable in a respective aligned pair of said bores,
and a swash plate rotatable about an axis parallel to ther
axes of said bores and relatively slidably connected to
the piston pairs-at their bridge for reciprocating the
pistons in their respective bores, with the mass of said
swash plate having the characteristic of dynamically bal-
ancing the reciprocation of said piston pair during rotation
of the swash plate, and the length of said piston pair
having the characteristic of delimiting the minimum length

of the compressor and thus the compactness of the compressor,

’
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and a solid seal ring carried by each said piston to
provide a seal between the piston and the respective
bore. | '

By the present invention there.’ is provided
'5 a'multicylinder swash plate compressor which, in addi-
tioﬁ to possessing such features, is characterised in
_thaf‘a piston head on .each piston has a diametral dimension
less than the diametral dimension of its respective bore
’ to‘pfovide a substantial annular space therebetween, each
-<: X0- ::seal-ring. between a:piston head and its respective bore. ...
comprises. a solid seal-support ring sufficiently thick
for the metal of the piston-head not to touch the metal of
- its respective bore throughout its reciprocation in the
bore, each said piston: head has a-sufficiently short
15 longitudinal dimension along its respective bore to
produce a sufficient circumscribing area on said piston
head in juxtaposition with its respective bore to permit
-the wear resistance'of the-seal-support ring therebetween
to approximate the life of the compressor, so reducing '
20 the length and weight of said piston head and thereby
the length and weight of the compressor, each said piston
- pair has essentially only sufficient bridge material to
'hold'its pistoh heads together during reciprocation so
that the weight of said piston pairs and thus of the comp-
. 25 ressor is even further reduced, the mass of said swash
plate is reduced in proportion to the reduced weight of
said piston pairs while still providing dynamic balancing
of the piston pairs, said seal-support ring is of
: polytetrafluorethylene or other low-friction material and
30 has a thickness dimension at least as great as the width
of the space between the pistbn head and its respective bore
and a longitudinal dimension substantially equal to the
longitudinal dimension 6f the piston head so that the axis
of said piston head may angle slightly with respect to the
35 axis of its bore whereby to reduce significantly the
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criticality of the axial ‘alignment of both bores so that
the cylinder blocks may be bored indi%idually rather
than as‘assembled pairs. . : .

' Preferably each solid (that is, non-split)
seal-supporf ringris mounted in a circumférential groove
that is'formed.in the respective pistoh head and is defined

. omepposite sides by piston’ lands each-having a - longit@dinal * =

dimension (width) substantially less than. that of the

-groove, with the seal-support ring being'made éufficiently

thick for the metal of the piston head at the piston lands

not to touch the metal of the respective cylinder bore

‘throughout reciprocation;of the piston in the bore.

Moreover, the thickneés dimension of the seal-support

‘ring is preferably substantially greater than -the width

of the space between the piston head and its respective
bore so that the axis of the piston head may angle slightly
with respect to the axis of its cylinder bore without -
contact between the piston lands and cylinder bore.

There is also a service advantage in the re-
duced criticality achieved with this invention'in that
cylinder blocks may be replaced separately instead of in
matched pairs.




10

15

20

25

30

-4

- In the drawings: ‘ -
Figure 1 is a longitudinal sectional view

takén'along the lineZ-1in Figure 2 of a swash platg type-
muliticylinder refrigerant compressor for vehicle use

embodying the present invention;

Figure 2
in Figqure 1, in the
two of the cylinder

' - Figure 3
and taken along the
of the arrows;

' Figﬁre 4
and taken along the
of the arrows; -

Figure 5

and taken along the
of the .arrows;

' Figure 6
and taken along the
of the arrows; '

Figure 7

Figure 4, in the direction of

Figure 8

Figure 6, in the direction of

Figure 9

taken along the line 9-9 in Figure 1, in the direction of

the arrows;

Figure 10 is a view oriented like Figure 2 and

taken along the line 10-10 in Figure 1, in the direction of

the arrows;

0040911

is'é view taken along the line 2-2
direction of the arrows, with the upper
boreéroriented parallél to each' other;

is a view oriented
line 3-3 in Figﬁfe
. - , :
is a view oriented
line 4-4 in Figure
is a view oriented
line 5-5 in Figure

.is a view oriented

line 6-6 in Figure
is a view
is a view

is a view oriented

like Figure 2
1, in the direction

‘like Figure 2

'l,rin thé-direction

like Figure 2

1, in the direction

like Figure 2

1, in the direction

taken alowy the line 7-7 in
the arrows:; o
taken along .the line 8-8 in

the arrows:

like Figure 2 and

Figqré 11 is a view oriented like Figure 2 and

taken along the line 11-11 in Figure 1, in-the direction of

t he:arrows;
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. - FlgureJZisaview onented like Figure 2 and taken along
the h.ne 12-12 in Figure' 1, in the ‘direction of the arrows;
. _ _ FlguJ:elBisawanonentedhkeFlgu:ceZandtaJmalmg
' ~ the-line 13-13 in Figure.l,in the direction of the arrows; _
5 Figure 14 is an -enlarged fragmentary view illéstrating a
plstcn head shown in F:Lgu::e l, and the assenbly of a r:mg thereon;
L " Flgurelsmme:plodedmanofmeofﬂmeplstmsand
its rings from'the refrlgerant campressor of Figure l; and
. Flgure 16 is an exploded view of the refrlgerant Campressor
10 of Flguxe l excluding the plSth
; “In the drawings, there is shown a swash plate type refnge— |
‘rant catpressor intended for wehicle use ‘and constituting the pre-
ferred enbod:mnent of the present invention. '.[he ccnpressor assetbly
includes a plurahty of die cast aluminum parts namely a front
15 head 10, a front cylinder block 12 with integral cylindrical case
. or shell 14, a rear cylmaer block 16 with integral cylindrical case
or sheli. 18, and a rear head.20. Ascanbeseen:mFlgures 1and
16, the front head 10 has a cylindrical collar 21 which telescoplcally
~ fits over the front end of the front cylinder hlock shell 14 with
20 both a rigid circular front valve plate 22 of steel and a circular
s+ srmzree ma - wrncfront-valve -disk- 23 -of-spring: steel sandwiched therebetween and withw:=: - =
' an O-ring seal 24 provided at their cammon juncture. Similarly, the
rear head 20 has a cylindrical collar 25 which telescopically fits
over the rear end of the rear cylinder block shell 18 with both a
+-neeooms 2250 rigid ‘civcular rear valve plate 26 of steel and a circular reay -:--i-im-ies —
 valve disk 27 of spring steel sandwiched therebetween and with an
O-ring seal 28 providing sealing at their common juncture. Then at
the juncture of the cylinder blocks, the rear cylinder block shell 18
has a cylindrical collar 29 at its front end whig¢h telescopically fits
30 over therréar.end of the front cylinder block shell 14 and there is
provided an O-ring seal 30 to seal this joint in the transversely
split two-piece cylinder block thus fommed.
All the above metal parts are clamped together and held by
six (6) bolts 31 at final assembly after the assembly therein of the
intermmal campressor parts later described. The bolts 31 extend
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through aligned holes in the front head 10, valve plates 22, 26 ang
valve disks 23,27 and eitl_ier aligment bores and/or passages in the
cylinder blocks 12, 16 (as described in more detail later) and are
threaded to bosses 19 formed cn the rear head 20. The heads 10 and 20
and cylinder block shells 14 and 18 have generally cylinderical
profiles and cooperately provide the ‘oarpressor with a generally

- cylinderical proflle or outline of campact size characterized: by its

short length as pexmltted by the plston and plstm r:mg structm:e
desc:r:lbed in detail later.

- _-The front -and rear cylinder blocks 12 and 16 each have a
cluster of three equally angularly and radially spaced and parallel
thin-wall cylinders 32(F) and 32(R), respectively (the suffixes F and
R being used herein to denote front and rear counterparts in the
campressor). The thin-wall cylmders '32.(F) and 32(R) in each cluster
are integrally joined along their length with each other both at the
-centre of their respective cylinder block 12 and 16 and at their
.respectlve cylinder block shell 14 and 18 as can be seen in F:Lgu_res
2 and 3. The respective front and rear cylinders 32(F) and 32(R)
each have a cylindrical bore 34(F) and 34(R) all of equal diameter
and the bores in the two cylinder blocks are axially aligned with
each other and closed at their out-board end by the respective front
and rear-valve disk 23 and 27 and valve plate 22 and 26. The
oppositely facing inboard ends of the aligned cylinders 32(F) and

“32(R) are axially spaced fram each other and together with the

remaining inboard end details of the cylinder blocks 12 and 16 and
the interior of their respective integral shell 14 and 18 form a
central crankcase cavity35 in the carpressor,In what will be referred
to as the normal or in-use oriéntation of the campressor, the three
pair of aligned cylinders arelocated as seen in Figures 2 and 3 at or
close to the two, six and ten o'clock positions with ther two adjoining
upper cylinders in each cylinder block designated 32(2) and 32(B) and
the lowermost cylinder designated 32(C).

' A symmetrical . double-ended piston 36 of aluminum is reci-
procally mounted in each pair of axially aligned cylinder bores 34(F),
34(R) with each piston having a short cylindrical frant head 38(F)
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and a short cylindgial” rear head 38(R) of equal diameter which
slides in the respective front cylinder bore 34(F) and rear cylinder
bore 34(R).. The two heads 38(F) and 38(R) of each piston are joined
by a bridge 39 spanning the cavity 35 but are absent any sled runners
and instead are campletely supporbed in each cylinder bore by a single
solid (non-split) seal-support ring 40 mounted in a circumferential
groove cn each plstosn head as described in more detail 1ater _

The three plstons 36 are driven in conventlonal manner

- .,by arotary dr1ve plate 41 located in 'the central cavlty 35. The

10

15,
.. theiwo-piece cylinder block 32, 16 by a bearing arrangement includmg

20

drive plate 41 ccmnonly called a swash plate, drlves the pistons fmn

‘each 51de through a ball 42 which fits in a socket 44’ on the backside

of the respectlve plston head. 38 and in a socket 46 in a.slipper 48 which ’
slidably engages the respective side of the ‘swash plate. The swash

plate 41 is fixed to and driven.by a drive shaft 49 that is rotatably
sSupported and axially contained an opposite sides of the swash plate in

axially alJ.gned front and rear- needle—type Joumal bearings 50(F),-

'50(R) and front and rear needle-type thrust bearings 52 (F) r 52(R).

' The front journal bearing 50(F) and rear joumal bearing
50(R) are mounted respectively in a central bore 54 in the front .
cylinder block 12 and a central bore 56 in the rear cylinder block 16

2eoizmn wwse eand ibedis dmportant-that these bores, like the cylinder bores in the -

- 25

blocks, be closely aligned with each other. The front thrust bearing
52(F) and rear thrust bearings 52(R) are mounted respectively between' .
an annular shoulder 58, 60 in the respective front and rear side of .

= wwneemn o2 s hub=62-of the swash plate 41-and: an annular shoulder-64, 66-on:the:: = smzuz=

35

respective inboard end of the front and rear cylinder blocks 12, 16.

The rear end 68 of the drive shaft 49 terminateswithin the rear

cylinder block shaft bore 56 which is closed by the centre of the

rear valve plate 26. On the other hand, the drive shaft 49 extends

outward of the front cylinder block shaft bore 54 through a central

hhle 70 in the front valve plate 22 and thence on outwardly through

an aligned hole 71 in atubuJar extension 72 which pro:;ects wtwardly

fram and is integral with the front head 10. : B -
- As shown in Figure 1,a rotary seal assanbly 74, including
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‘a stationary seal 75 and a spring biased rotary seal 76 that engages

therewith, provides sealing between the drive shaft 49 and frant head
10 within the tubulafextension 72. Outboard this seal arrangement
the drive shaft 49 i$ adapted to be secured with the aid of a thread
77 on the end thereof to a clutch of canventional type, not shown,

_ which is engagesble to clutch the shaft to a'pulley, also not shown,

which is concentric therewith' and in the case of vehicle ins‘ta:_Llatim‘

~ is belt driven fmq the engine. For momtmg the campressor, three

mounting arms 78 are integrally formed with the front head 10 at the
threey siz-and . n:.neﬂ 'clock positions as seen from the front end-in
Figure 12 so that the force due to the drive tension is transferred .
directly to the mounting bracket to which these ams are to be attached.
This has been found to eliminate the pOSSlblllty of motion between

- the feont head 10 and the “two-piece cyl:mder block 12, 16 which oould-
‘result in shaft seal nusallgrnrent. ' )

Describing now -the refrlgerant flow system within the can-

" pressor, gaseous refrlgerant w:Lth same oil entrained therein enters

through an inlet 80 in the rear head 20 and into a cavity 82 in. the rear
head as can be seen in Figures 8 and 9. The entering refrigerant is .
directed through the rear cavity 82 through a rectangular shaped

aperture 84 in the rear valve plate 26 and a corresponding aperture 85

in the rear valve disk 27 into a refrigerant transfer and oil separa-

tion paséage 90 which extends the length of the two-piece cyl:i.nder
block 12, 16 and opens intermediate its length to the central crank-
case cavity 35. The longitudinally extending refrigerant transfer and
oil separation passage 90 is defined by certain internal structure

" of the compressor so as to induce oil separation fram the passmg

refrigerant. This oil separation structure primarily includes the
adjoining longitudinally extending outer convex surface 91(F), 92(F) and

30 {91)R792(R)of the two adjoining upper cylinder walls 32 (a), 32(B)

35

of the respective front and rear cylinder blocks 12, 16 and by, but :
only secondarily, the longitudinally extending interior concave surface
94(F), 94(R) of the respective front and rear cylinder block shellsl4,
18 as will became more apparent later.

The refrigerant transfer and oil separation passage 90 is
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open in the front end of the campressor through a rectangular shaped
aperture 95 in the front valve disk 23 and a corresponding aperture
96 in the front valve plate 22 to an annular front suction chamber 98
in the front head 10. The front suction chanber 98 is formed by the
irboard side of the front head 10 and an extemnal and internal cylin-'

drical wall 99, 100, respectively, extendlng inboard therefram and by
the outhoard side of the front valve plate 22. The front sucticn

_ chaxrber 98 is in turn comnected by a crossover . suctlon passage 101
" extending lcngltudnnally w1thin the campressor between the cylinder
"-walls 32 (A) and 32(C) toa Year suction chamber 102 in the rear head -

20., The front sucticn chamber 98 is open to the crossover suctla} .
passage 101 through an cblong aperture 103 in the front valve plate
22 (see Figures 10 and 16) and a pair of circular- apertures 104 in-the
front valve disk 23 (see Figures 11 and 16). The suctlon crossover

~ passage 101 extends the length of the two-piece cylinder block 12, 16

and is formed by the adjom:mg longitudinally extending outer convex Sar—-
face 105 (F) 106 (F) ad 105(R), 106 (R)of the two adjoining cylinder walls -
32(a), 32(C) of the respective front and rear cylinder blocks 12, 16

and by the longitudinally extending interior concave surface 107(F),

107 (R) of the respective cylinder block shells 18, 14. . The crossover
suction passage 101 at the rear end of the campressor is open to the

‘'rear suction chamber 102 through a pair of circular apertures

108 in the rear valve disk 27 (see Figures 5 and 16) and an cblong
aperture 109 in the rear valve plate 26 (see Figures 4 and 16). As
can be seen in Figures 1, 8 and 9, the rear suction charber 102 is a
partial or split ‘annulus by separation of the inlet cavity 82 and is
formed by the inboard side of the rear head 20 and an extemal and
internal partial cylindrical wall 110, 111, respectively, extending
inboard therefram and by the outboard side of the rear valve plate
26. "

The refrigerant received in the respective front and rear
suction chamber 98, 102 which is primarily from the crankcase cavity

= 35:is -admitted to the pim*-head .end of the IESpeC'tiVe Ci?ljnder -bores.: - - .‘"_". T

34(F) , 34(R) through separate suction ports 112(F), 112(R) in the res-
pective front and rear valve plates 22, 27 (see Figures 4, 5, 10, 11
and 16). Opening of the suction ports 112(F), 112(R) during the
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respective piston suction stroke and closing during the piston dis-
charge stroke i4 effected by separate reed-type suction valve 114(F),

114(R) on the piston side of the valve plates whith ai:e"fonred in the
front valve disk 23 and rear valve disk 27 respectively (see Flgures

: 5andll).

Then ,for.discharge ‘of the refrigerant wpen campression
thereof in the cylinders, there are formed separate discharge ports

. 115(F), 115(R) in the respective valve plates 22, 26 with these dis-

charge ports located at the piston end of the respective cylinder

- bores 3&4(F) ;- 34{R) -and open thereto through dblong apertures 116(F);116:(R)

in the respective valve -disks 23, 27 (see Flgures 4, 5 and 10, 11).
Opening and closing -of the respective discharge ports 115(F), 115(R)
is effected by separate reed-type discharge valves 117(F), 117(R) of
spring steel which are backed up by rigid retainers 118 (F), 118(R):
’Ihe discharge valves 117 ), 117(R) and their respecuve retainers

) 118 (F), 118(R) are each fixed as seen in Flgures 4, 7, 10 and 16 by

an integral pin and blind hole Jnterlock 119 and a rivet 120 to the
outboard side of the front valve plate 22 and rear valve plate 26
respectively and it will be noted that the discharge valves and
retainers for the two upper cylinders in each cylinder block are of

© siamesed construction.

The respective discharge ports 115 (F), 115(R) are opened
by their discharge valves 117(F), 117(R) to an annular discharge
chamber 121, 122 in the respective front and rear heads 10 and 20.
The front discharge chamber 121 is formed by the inboard side 6f the
front head 10 and the interior cylindrical wall 100 and an inboard
projecting extensicn 124 of the tubular portion 72 of the front
head and.by the outboard side of the front valve plate 22. The
inwardly projecting annular extension 124 on the front head 10
engages and thereby braces the center of the front valve plate 22
about the drive shaft 49. 2An O-ring seal 126 is mounted in a
circular groove in the outboard side of the front valve plate 22

- -and is_engaged by the flat annular radial face of the interior . _

cylindrical wall 100 of the front head to provide sealing between
the front suction chamber 98 and front discharge chamber 121.
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At the cpposite ‘'Or rear end of the canpressor, the rear dlscharge
chanber 122 is fonnedkythe:i.nboard side of the rear head 20, the
“interior cylindxical . wall 111 of the rear head and a central boss
l30extendmgfrantheinboard51deoftherearheadandbytbeout—
board 51de of the rear valve plate 26. An O-ring seal 132 is mounted
in a circular groove in the outboard side -of the rear valve plate and
is engaged by the flat annuldr radJ.al face of the mterlor wall 111
ofﬂlerearheadtoprovideseahngbetweentherearsuctlondmarber
102 and rear discharge chamber 122 ‘The central boss 130 engages
and thereby braoes theoenter of “the rear valve plate 26 and in addition
has a ,oonventlonal hlgh pressu_re relief valve 136 threaded thereto.

‘The relief 'vaive 136 is open- o the disbharge chanber 122 through a

central ax:.al bore 137 and a radial port 138 in the boss 130 to prov1de
h:Lgh pressure relief operation. In addltlon,, there is formed a port.
1391ntherearhe&x120that is: open to the rear discharge chamber
122 and is adapted to receive a oonvent.umal pressure sw1tch, not
shmm : . '
The discharge chanbers 121 and 122 in the opposite ends of
the campressor are connected to del:i:ver the compressed refrigerant in

a pulse attenuated state to an outlet 140 in the rear head 20 which
opens directly to therear:dlscharge chamber 122. This pulse attenuated
state i accamplished by connection of the two discharge chambers 121
122 through two large-volume attenuation chambers 148 and 150 which

are formed in the outboard end of the respective cylinder blocks 12 -
and 16 between their. cylinder walls 32(B) and 32(C) and are inter-
connected by albng, small-flow-area attenuation passage 152 formed by
a matching bore 154 (F), 154(R) in these respective cylinder blocks

(see Figures 1-5, 10,11 and 16). As best seen in Figures 1-3 and

16, two radially and longitudinally extending partitions 155F (B),

155 F (C) and 150 Rk (B),,155 R (C) in the respective front and rear
cylinder blocks 12, 16 together with the respective integral shells

14 and 18 define the peripherat wall of the respective attenuation

- :- chambers ‘148,150 and separsite ‘them from the two bolts 31 which extend

through the cylinder blocks between their cylinder walls 32(B) and
32(C). Connection is then provided directly between the discharge
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chambers 121, 122 and the respective attenuation chambers 148, 150
by a transferport 156(F), 156(R) in the respective valve plates 22,
26 and a corzespcmd.mg aperture 157(F), 157(R) in the respective
valve disks 23, 27 (see Figures 4, 5 and 10, 11). As a result, the
discharge gas -pulses fram each of the cylinders at the opposite ends
of the ocmpressor first experience a large chamber (i.e. their res-
pectlve dJ.scharge chamber 121 or 122) and are theh pennltted to be
transmitted in restricted manner through a small port (i.e. port
156 (F) or 156 (R)) to a first attenuation chamber (i.e. chamber 148
or 150) and thereafter through a long passage of restricted size
(i.e. passage. 152) and. thence into a second attenuaticn chamber
(i.e. chamber 150 or 148) and eventually to the other discharge chamber
(i.e. discharge chamber 122 or 121). The three discharge pulses.
enltted fram the cyiinders at each end of the campressor are out of
phase with each other but in phase with those at the opposite end and
it has been found that by presc:ribing a certain relatio;nship between
the volume and length of the attenuation chambers and the flow area
and length of the passage connecting them, the above internal gas
discharge network in the campressor operates to substantially atten—
uate the gas pulses issuing fram the compressor at the outlet 140 to
the extent that no external or awxiliary muffler is required. For
example, in an actual oconstruction of the campressor disclosed herein
having a total displacement of about 164 and, it was found that with
the volume and length of each attenuation chamber 148, 150 made about
12.3 on’ and 30 mm.respectively, and the flow avea and length of the =
comnecting attenuation passage 152 made about 40m3 and 49 mm,
respectively, no objectionable vibrations were observed at a convent-
ional condenser and/or evaporator served by the campressor.

In addition, it has-been found that the attenuation bores
154 (F), 154(R) which align with each other to form. the passage 152
interconnecting the attenuation chambers 148 and 150 can be made to
cmtribute significantly in simplifying the manufacture of the two
cylinder blocks 12 and 16 by permitting their prooessing as separate ™ -
pieces on an assembly line rather than perfecting marriage between
two particular cylinder blocks and having to then process both an down
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“the line. Thif is accamplished by first locating and boring the bore
154(F), 154(R) in each cylinder block on the assenbly line and then
locating off-' this bore at ‘the. varlous work stat.lons, sach as with a
locator pin, for all fu:rther processing of this part. As a result, .
it is possible to accuratdly locate and then machine the cylinder and
shaft bores and other critical details in each cylinder block piece
with automatic equlpment so that they have the required close align—
ment with their comter—parl:(s) or other associated structural detalls in .
an)é'other cylinder block piece. This, accurate cylinder block alignment
is then pOSItIVG‘lY established and maintained a% final assembly by two
of the six bolts 31 des:.gnated as 31 (A) and 31 (B) whlch are located

' generally opposite each other relatlve to the copressor oenterh.ne

The two bolts 31(A) and 31(B) are the only bolts that are requlred to

fit, and closely so, with natdung holes 158(F), 158(R) and 159(F),

159 (R) that are accurately located off the respective locatmr bores '

154 (F) ; 154(R) and bored in internal bosses in "the respective cyllnder

blocks 12 and 16 (see Figures 2, 3 and 16). ) '
The campressor has no oil lubrlcat:mg purp mechanism as

such and instead has a passive lubrication system which separates out

and strategically deploys the oil entrained in the entering refrigerant

to lubricate all of -the ocampressor's internal sliding and bearing '

surfaces. The lubrication system utilizes the refrigerant passage

90 andparticularly the external sides 91(F), 92(F), and 91(R), 92(R)

of the two upper cylinder walls 32(A) and 32(B) in each cylinder block

whose heat operates to- separate the oil that is entramed in the re- . .

frigerant, with the oil then draining down into the respective valleys

160(F) , 160(R) formed by these walls (see Figures 2, 3, 8 and 16). |

_'The respective valleys 160‘(F)', 160(R) are dammed at their outboard

end in the respective cylinder blocks by the respective front and
rear valve disks 23 and 27 but would normally be open at their oppo-
site or inboard end to the central cavity 35 in wh.fch the swash plate
41 rotates. However, a dam 162(F), 162(R) is fommed integral with the

~ two upper cylinder walls 32(A) and 32(B) in each cylinder block across

the respective valley 160(F) , 160(R) at its inboard end so as to fomm
an oil catch basin 164(F) and 164(R) in the respective front and rear
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cylinder block that is elevated directly above the respective front
and rear journal bearing 50(F): and 50(R) when the campressor is

' mounted in its normal position or any position rotated in either

direction therefrom in a range of ¥ 45° about the compressor centerline.
The oil catch basins 164(F), 164(R) are connected to drain to the
respective journal bearings H0(F) , 50(R) by a vertical passage 166(F),
166(R) respectively, these oil passages being formed by a vertical

" radial groove 168(F) , 168(R) in the Gutboard face of the respective

cyllnder blocks 12 16 such that the oil is permitted to drain
straight down along the inboard side of the resPect:Lve valve disks 23
27 and into the respective shaft’ accarmodat:lng bores 54, 56 and
thence directly to the outboard end of the respective journal bearings
- 50(F) , 50(R) .
" Thus, 011 is caught in the oil catch basins 164 (F) ; 164(R)

. during ca'lpressor operation and is delivered dur:mg continued operatlcn first

to the respective journal bearings $0(F), 50(R) and thence iellvered
anoard through the respective bores 54, 56 and ‘along the drive shaft
49 to the thrust bearings 52(F), 52(R) from which such oil is event-

_ually flung outward therethrough and onto the opposite sides of .the

swash plate 41 to lubricate the ball and slipper drive connections with
the pistons 36. Furthemmore, the oil catch basins 164(F), 164(R) also
serve to retain a portion of the oil caught therein during campressor
operation for use after each intermittent stop as nr;:@a’lly occurs in
the operation of the campressor in-vehicle use so that oil is immedia—
tely available to be delivered to the bearings in the same sequence
each time canpressor operation is restarted. Thus, continuous oil
wetting of all the bearJ.ngs is assured during intemmittent campressor

operatlon.

As is well known, the mass of the swash plate 41 has the
dlaracten 8tic of dynamically balancing the reciprocation of the
pistons durmg rotation of the swash plate. Furthemmore, the length
of the double-ended pistons 36 has the characteristic of delimiting

. the minimm length of the campressor and thus the carpacl:ness therof.

Normally, a'carme'rcial ‘campressor of the swash plate type has piston '
heads with axially extending sled mumners for taking the side loads
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which result frcm the piston's forced directions of movement by the
C_y.l.l'nder bores an’.l‘e the cmvmumal xings mmnted ihereoriserve to seal
rather than bear any substantial portion of the side loading. Such ‘
sled runners not only contribute to the welght of the pistons and to
the length of the pistons and ‘cylinders, they also substantially limit

the ability of the pistars to tilt to acoamodate any misalignment

.betweenthecylmderbores 'Ibreducethemassreqluredoftheswash

plate 41 and dlso m:mmlze the cr.l.tlcality of axial allgrmmt of the
cy]_mder bores, the heads 38(F), 38(R) .of ‘the pistons 36 are made

: ._'extxenely shortandw:.thom: sled rumers and are prov:Ldedw.lth a dia--
' metrlcal dimension.less than the dlaretrlcal d:l.nerlslm of their,
cylinder bores 34(F), 34(R). to provide a space therebetween enabling

the seal-support ring 40 ‘between each piston head and its respective
bore to be made suff1c1ently thlck for it to pmv:.de full radial
support of the piston head within its cyl:mde.r bore as well as sealing .

‘with the metal of the piston head, which is thus not allowed to touch

the metal of its respept.w_e cylinder bore throughout its reciprocation
therein (see Figures I and 14-16). Each piston head 38(F), 38(R) is
provided with a sufficiently short longitudinal or axial dimension
along its bore to produce a sufficient circumscribing area on the
piston head in jmctapositién with the bore to pemmit the wear resis-
tance of the seal-support rings 40 to approximate the life of the
campressor, while the weight of the piston head is reduced. " In
addition, the pistons have essentially only sufficient material in
their bridge 39 to hold the piston heads together during recipro-
cation so that the weight of the piston is further reduced. With

such piston weight reduction, the mass of the swash plate 41 is then
reduced by thinning thereof in proportion to such reduction in the
piston while still providing dynamic balancing therof. The above
dimensional reductions in turn allow compacting of the campressor
outline in the longitudinal or axal direction. For example, in an
actual oconstructionof the campressor disclosed herein (not including
clutch) having a total displacement of about 164 and, it was found that
its barrel diameter and length could be made as small as about 117 mm
and 160 mm respectively and its weight as little as about 3.6 kg.
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The pistons' solid seal-support rings 40 are made of a
slippery (that is,low-friction) inaterial such as polytetrafluorethylene,
and are each mounted in a circumferential groove 170(F), 170(R) in the
respective piston head 38(F) 38(R) of each piston 36. The piston -
seal-support rings 40 are provided with a naminal unstressed thickness
dimension slightly greater than the width of the radial space between

- the piston head and its respective bore, and are provided with a nomi~-

nal wnstressed longitudinal (axial) dimension slightly less than the

. longitudinal (axial) dimension of the piston head. The two lands

172(¥) , 174(F) and 172(R), 174(R) on each.& the respective piston
heads 38(F), 38(R) that are on opposite sidés of the seal-supporl: r:.ng
40 are extremely thin as permitted by the.l.r relief fram side loading,
and thus each of the pistons 36 is free to tilt or angle slightly w1th

.respect to the paired-cylinder bores therefor. This reduces signifi-

cantly the criticality of the axial aligmment of these bores and

, therebyinc::eases substantially their manufactm'ing tolerance, furl:her
'enabhng individual boring of the front and Year cyl:l.nder blocks ratherr

than as an assarbled pair.

With the pistons 36 thus completely supported in their bores
by the solid (non—-split) seal-support rings 40, it has been found that
without further provision as herein disclosed the pistons may then
move axially and radially relative to their rings and also in a back
and ‘forthtrolling sense about the piston's centerline. As to the re- -

© lative axial movement, this results fram end play between the ring and

its groove vhich cannot normally be avoided except by selective fit

" because of manufacturing tolerances. As to the relative radial move-

ment, this results from the drive engagement between the pistons and
the swash plate. As to the relative rolling movement, this results
fram the clearance between the bridge 39 of the pistons and the peri-
phery of the swash plate 41 as can be seen in Figures 1 and 3.
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This  relative piston groove and seal-support ring movement or
rubbing can wear the ring groove deeper, thereby adversely affecting
sealing, as well as wear the flat annular face of.the groove shoulders
at the piston head lands 172 and 174, thercby adversely affecting ring

retentmn and thus again sealing. Such problems are positively
' . avoided by manufacturing (as by cutting) the rings 40 in the shape

of a sllghtly ooneave washer as shown in Figures 14 and 15 and to a-

- certain s1ze in relation to the dJ.ameter of the cylmder bores and the

bottam of the plston ring grooves, and by forming radially outwardly
extend.mg projections on the bottam of the ring grooves that will
then p051t1ve1y interfere w:Lth relative rJ_ng and piston movement in

 both the longitudinal md roll direction, As to the formation of suit- -
- able projections on the bottam of the ring groove, thls is accanpllshed
-by simply knurling or stencilling the bottom of each groove 170 So as

to form a series of raised X's or crossbars 176 spaced thereabout with -
the raised bars or rJ.dges of each at opposite angles to the plstom{
longitudinal direction or centerline. The inner diameter (I.D.) of
the rings 40 'in the as-manufactured-state (washer shape) is made .
sufficiently small to pass with the concave side first over the end
land 172 of the piston head with the ring under elastic stress across .
substantially the entire width thereof (see Figure 14). This provides
each ring with an expanded fit over the end land 172 across substant~
ially its entire width, after which the ring contracts within the

- piston ring groove 170, with-its opposite annular sides or faces 40(A) -

and 40(B) then assuming inner and outer cylinderical surfaces and
with substantial radial pressure existing between the bottam of the
piston ring groove 170 and the opposing inner cylindrical side or face
40(B) of the ring. With such rings 40 thus assembled on a piston 36,
the rings are then camwpressed radially inwardly, such as by passing
such piston and ring assembly through a cone, so that their outer
diameter at side 40(d) is reduced to a dimension equal to or slightly
less than the diameter of the cylinder bores 34. The piston 36 with
the rings 40 thus squeezed thereon is assenbled in its cylinder bores
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34(F), 34(R) befare the memory of the ring material causes the rings

to recover to their original ﬂﬁg]mess. Then with their manory
recovering in the cylinder bores, the rings 40 théreby expand to effect
tight .sealing engagement therew:.th as well as prevent relative radial
movement between the annuler shoulders of the piston ring grooves 170

'and the annular edges of the rings in support of the piston head in
- its cylinder bore. In addltlon, this piston ring groove and rlng

relat.lonsh.lp and assembly in the cyllnder bores causes the raised
projections 176 on the bottom of each p:.ston ring groove 170 to bite
or embed into the imner cylindrical face 40(B) of the_rmgs 40 mounted
thereon under the contractural force of the ring and the retained

’ ccnpressim thereof by its respective cylinder bore. This bite or

‘embedment is detemined to a degree sufficient to anchor the piston

_ against both rotational and longlttxlmal sliding movement relative

to the ring,as maintained by the radlal containment, of the ring by the
cylinder bore in which it slides. Thus , the pistons 36 and their n.ngs
40 are p051t1ve1y prevented fram rotating or slldz.ng relative to-each
other, and thereby causing rubbing wear therebetween for the life oﬁ ;
the cawpressor. For example, in an actual construction of the com-
pressor disclosed herein, it was found that the above improved results
were cbtained with cylinder bores of about 38.1 mm when the piston ring
groove bottom diameter 1‘3170 and land diameter D, ), Were made about
36.6 mm and 37.9 mm, respectively, the projections 176 were provided
with a height of 0.05-0.10 mm max., and the seal-support rings 40 in
the pre-assembly state (washer shape) were then provided with a thick-
ness of about 5.8 mm and an inner and outer diameter of about 28.5 mm
and 40.1 mm, respectively.
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Claims:

1. A muiticylindef swash plate compressor
having a pair of metallic cylinder blocks (12, 16) with
the bores (34) in each block normally axially aligned‘

with and spaced from the bores in the other block, a

plurality. of metallic pistons (36) each formed as a

unitary double-ended piston pair by a bridge (39)
therebetween and reciprbcable in a respective aligned

pair of said bores, and a swash plate(41l) rotatable about.
an axis parallel to the axes of “said bores and_felatively
slidably connected to the pistoﬂ pairs at their -bridge

for reciprocating the pistons in their reSpective~boreS{
with the mass of said swash plate having the characteristic
of dynamically balancing the reciprocation of said piston
pair during rotation of the swash plate, and the length of
said piston pair having thé characteristic of delimiting
the minimum length of the compressor and thus the'compactF
ness of the compressor, and a solid seal ring (40) carried
by each said piston to provide a seal between the piston-
and the respective bore, characterized in that a piston
head (38) on each piston has a diametral dimension less than
the diametral dimension of its respective bore (34) to
provide a substantial annular space therebetween, each
seal ring between a piston head and its respective bore
comprises a solid seal-support ring (40) sufficiently
thick for the metal of the piston head not to touch the
metal of its respective bore throughout its reciprocation
in the bore, each said piston head has a sufficiently
short longitudinal dimension along its respective bore
to produce a sufficient circumscribing area on said piston .
head in juxtaposition with its respective bore to permit '
the wear resistance of the seal-support ring therebetween
to approximate the life of the compressor, so reducing the
length and weight of said piston head and thereby the
length and weight of the compressor, each said piston

pair has essentially only sufficient bridge material to

hold its piston heads together during reciprocation so
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that the weight of said piston pairs and thus of the
compressor is even further reduced, the mass of said
swash plate is reduced in proportion to the reduced
weight of said piston pairs while still providing
dynamic balancing of the piston pairs, said seal-support

ring is of poly*tetrafluorethylene or other low-friction

.Jmaterial and has a thickness dimension at least as great

as the width of the space between the piston head and -

its ‘respective bore and a'longituainél dimension subStaﬂtially

equal to the longitudnal dimension of the piston head so
that the axis of said piston head may angle slightly with

‘respect to the axis of its bore whereby to reduce sign-
ificantly the criticality of the axial alignment of bothfbﬁres

so that the cylinder blocks may be boredindividually
rather than as assembled pairs. :

2. A multicylinder swash plate compressor
according to claim 1, characterized in that each of the
seal-support rings (40) is mounted in a respective
circumferential groove (170) in the respective pistbn head
(38) ,and that each of the seal-support rings has a thick-
ness dimension substantially greater than the width of the
space between the piston head and its respective bore
(34), and has a longifudinal dimension slightly less than
the longitudinal dimension of the piston head.

3. A multicylinder swash plate compressor
according to claim 1 or 2, characterized in that each of
the seal-support rings (40) is mounted in a respective
circumferential groove (170) in the respective piston-
head (38) defined on opposite sides by piston lands
(172, 174) each having a longitudinal dimension substant-
ially less than that of said groove, and that said seal-
suppokt rings are sufficiently thick for the metal of the
piston head at said piston lands not to touch the metal
of its respective bore throughout iﬁs reciprocation in
the bore, and are dimensioned such that the axis of said

piston head may angle élightly with respect to the axis
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of its bore without contact between the piston lands

and the bore.
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