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7 NKSHAFT LUBRI CATI ON SYSTEM

"centre of the crankshaft.

FIELD OF THE | NVERIPIGDATE

" CRANKSHAFT LUBRICATTON SYSTEM

Thig invention relates to improvements in the
lubrication system of rotating machines, and in particular,
of sealed reciprocating and rotary compressors for

refrigeration and air conditioning.

The lubrication of sealed compressors for cooling
fluids is well 'knbwn in the art. Typicélly, an electric

motor drive is built into a sealed housing or shell, and

has a stator or electric armature affixed therein and a

rotor assembly assembled into the cylindrical péssage of
the stat:of. This rot:or.;. assembly includes a rotor and a
crankshaft which is inserted into the cylind_rica-l passage
of the rotor by interference fit. This crankshaft is
rotationally supported and journalled in a bearirig housing
in either bne or both sides of the rotor. As these

compressors are mounted vertically, i.e., with the rotor

axis wvertical, o0il or ‘lubricant reposes in a sump at the

base of the crankshaft. Lubrication is effected lwhen the
rotéry motion of -the crankshaft drives- the oil by
centrifugation upward from. thé sump through thé hollow '.
| Conventional crankshafts have in
some cases one.or more-axial bores disposed off axis and 1n :
other cases helical shape o0il groove' on the external

surface of the crankshaft to carry oil to the upper portion

of the crankshaft, where oil passes through one oOr more
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This invention relates to inprovenents in the lubrication system of 5

rotating nachi

conpressors for refrlgeratlon and air conditioning.” BACKGRCUND OF
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THE INVENTJCN
fluids is well

nes, and in particular, of sealed reCIprocatlng and rotary

ectri

e art yplca ly;

built into a sgal QPUﬁbg@h parts. shell, and has a stator or electrlc
armature affixed t erein an .a rotor - : Ay
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As temperature rises within the sealed compressors'

after some length of operatzon, the oil pumpzng capaczty of
conventional lubrication system decreases as the viscosity

of the lubricating oil diminishes. U.S. Pat. No. 4,865,527

taught the improvement of using a oil pick up tube ﬁhich'

featured a spring positioned within the oil pick up tube.
The springs took several forms including ring and plate;
the function remain the same: to scoops up the oil in the
sump in ordef to compensate for the loss in viscosity of
the oil. The requirement for the o0il pick up tube and

springs which must be positioned within the shaft

~necessitates additional material and process costs. As

such, this approach raises the the production cost of the

- rotor assembly.

20

25

U.S. Pat. No. 5,007,808 disclosed a slotted rotor

- lubrication system which employed a smaller than usual

rotor shaft. It is claimed that the slotted rotor
lubrication system. would lower the production costs by
reducing the use of shaft material and reducing machining
reguirements. It is unclear whether the corresponding

modifications required on the rotor will reduce the overall

production and manufacturing costs of the rotor assembly of

a sealed compressor.
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a;§b Iy}pssenbled intd the cylindrical passage of the stator: This rotor
asserwl /i ncl udes a rotor and a crankshaft which is inserted into.the
cy1|nd¥ycal passage of the rotor by interference fit. This crankshaft is

15 r@@ati onalfy SUpported and.journaled in a bearing housing in either one -
or g bot k~si-ges—ei~the—Totor—AS TNESE CONpr €ssors ar e nount ed
vertyfally,-i.e., with- the rotor axis vertical, oil or |ubricant

f@eé'in a sunp at the base of the ' crankshaft. Lubrication is

f#fcted when the rotary notion of the crankshaft - drives the oi by

ri fugation upward fromthe sunp through the hol | ow

A crankshaft lubrication system is described ‘For
generating increased oil pumping capacity and oil pressure

20 in a sealed compressor for cooling flulds. _The lower-
portion of an integral crankshaft is cut at a slahted éngle
to increase the inlet area for picking up more oil from a
sump or oil reservoir. By varying the angle.of cut at the
. lower portion of an integfal crankshaft, one achieves oil
25 pumping rates over a wide range of valueélwhiie using a
standard sige crankshaft. This approach. not only
simplifies the manufacture of lubrication system for sealed
compressors, but also lowers the overall production costs
of such Compressors. While the efficiency of sealed

_— T .
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i. 20 centre of the crankshaft.. Conventional crankshaft's have in some cages

:one or nore axial bores disposed off axis and in othef cases helic
.. shape oi l groove on the external surface of "the crankshaft to carr
iz oil to the upper - portion of- the crankshaft, where oil passes throug

2 one or. nore.| uicompxiessgrs is maingadned: ynderr thet prasento inyentipn, the
'Y bearings or-other noving parts. 25 =~ =\ "As tenperature rises within"
%" the seal ed conpods®r semisaiongne framyt puch
- capacity of conventignal |ubrication system , _decreases as the viscosity
of the |ubricafiggificaptd¥mi shes. U.S. Pat. No.

SPMBEESHATSh, A¥R oLPWEERS n¢

A preferred embodiment of the presenﬁ invention

provides a vertical-axis crankshaft for a sealed

compressor with ‘increased pumping capacity and'incfeased

oil pressure.

A further embodiment of the present invention
simplifies the crankshaft lubrication system of sealed

compressors.

Yet a further advantage is that the 1overa11
production cost of sealed compressors is 1owéred by
eliminating the use of o0il pick up tube and spring or oil

plate.

Preferred embodiments of the present invention also

reduce the noise emissions from sealed compressors.

For a better understanding of the present invention
and to show how the same may'_be carried into effect
referénce will now be ﬁade by way of example' to the

accompanying drawings in which:-

—_—
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, 865, 527 taught' the i rrprovefr_éntj’ of using a oil pi ck up tube which

FIG. 1 i'llustrat:es‘a longitudinal"sectional view of a
-sealed comﬁressor of cooling fluids,' in which the

5 improvements is applied according to the present invention.

FIG. 2 illustrates a longitudinal front view of a

‘prior art crankshaft with a oil pick up tube.

10 ' FIG. 3 illustrates a' longitudinal front view of
another prior art crankshaft with an oil pick up tube and a

plate oil supplier.

FIG. 4 illustrates a longitudinal front view of the

15 preferred embodiment of the present invention. -

FIG. 5 'illustrates a longitudinal s_ide view of the

preferred embodiment of the present invention.

20 FIG. 6 illustrates the o0il pick up characteristics of
a sealed compressor using a prior art crankshaft versus one

using the preferred embodiment of the present invention.

FIG. 7 illustrates the noise emissions from a sealed
25 compressor using the prior art crankshaft versus one using

the preferred embodiment of the present invention.
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a spring -positioned within t.he oil pick up tube. The s'pri ngs took sevekal

forns including ring and plate; the function remain the sanme: to
scoops up the oil in ‘the sunp in order to conpensate for the |oss i
viscosity of the oil. The "5 requirenent for the oil pick up tube and
springs which nust be positioned =~ - within the shaft’ necessitates

addi tional materiala anskgleskast Cotubribatdlon, systehhlﬁoﬁppééﬁﬁﬁ‘dﬁﬁs
t he production cost of the rotor assenbly.
5,007, 808 di sdnryshsed| @il cgumping kapaicdayi dn syssealed cwhips:les@a@ aved a

sma_ller t han usual rotor shaft. It is clained that the slotted

described. In the following description, numerous specific

5 details are set forth such as specific parts of a
.crankshaft -in' order to provide a thorough und‘erStanding of

the present invention. 1In other instances, well known

elements such as the rotor and the stator of the electric

motor drive are not described in detail in oz:d'er not to

- 10 unnedes"s'arily ‘obscure the present invention. It should be-
understood by one skilled in the art that a sealed

compressor referred to both the reciprocating and rotary

types.

i5 Referring to FIG. 1 , a sealed compressor 10 includes
a seaied casing 12 with an electric motor-driven assembly
14; housed in the interiof thereof. The assembly 14
includes a bearing housing 16, a rotor assembly hax'iing
upper rotor ring 18, rotor 20 and lower rotor ring 22.
20 The rotor .assembly fits into_é. ¢cylindrical passage in the
stator 24 and.coil 26. A. sump or oil reservoir 28 is
located at the lower end of the electric motor-driven
assembly 14. The rotor assembly further includes a
crankshaft 30 that is rotationally supported and
25 journalled in the bearing housing 16. The lower portion of
said crér.tkshaft 30 reposes in the sump 28. Lubrication is
effected when the 'r'otary motion of the crankshaft .30
drives the oil by centrifugation upward from the sump 28

through the hollow centre (not shown) of the crankshaft.
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Jﬁrlcatlon systen1mou|d | over.: the productlon costs by reducing the

of shaft material and reduci'ng machi ning requirements. It is

agff whet her
- Fduce“t-he -overal |- production and nanufacturlng costs of the
) ssenbly of a sealed 15. conpressor. -, -

10

15

20

25

the correspondi ng nodifications required on the rotor

With’ reference to FIG. 2 is a drawing of a prior art

‘crankshaft 32. The crankshaft 32 featured a crank 34 in

‘the upper portion, a shaft 36 in the centre, an axial bore

38, and an'o0il pick up tube 40 in the lower po;tion. The

-eil"pick up tube 40 is coupled at one end to the axial

bore 38. The other end of_theedil pick up tube 40 is
dipped into a. sump 6f-a'sea1ed'compressor, both of which
are not shown. ©Oil within the sumﬁ is drawn upwards by
centrifugation via the oil ‘pick up tube 40 and the axial
bore 38 to oil groove 41 where the bearing housing is
lubricated and .cooled. The disadvantage of the prior art
crankshaft illustrated in FIG. 2 is its limited oil
pumping capacity because the area for picking up oil is

limited. Furthermore, as the temperature rises after some

- length of operation, the viscosity of o0il decreases. As
‘result, the oil pumping capacity of the lubrication system

-is reduced.

'_ FIG. 3 illustrates another prior art crankshaft 44
for improving the oil pumping. capacity of sealed
compressors. The crankshaft 44 has a crank 46; a shaft 48
having an interior lubricating Quct 50, an oil pick up
tube 52 featuring a pla’.t:e-olil supplier 54 positioned
therein. Here, the plete-oil supplier 54 refers
generically to a broad class of devices which are inserted
into the oil pick up tube for increasing the oil pumping

capacity of the crankshaft lubricating system. An example

'Qf_the plate-oil supplier 54 is the spring taught in U.S.

7
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i 3
Jinvention to provide a vertical-axis
~conpressor with increased punping capacity and

Pati Noa 4uB6Be523hj e@thﬁhqmeeifﬁMtls ntket sokidopiabegl ak_:

5
. the crankshaft

OBJECT OF THE | NVENTI ON It is an objeét of the prl

4

10
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erankshaft for a seal ed
i ncreased o0il presst

shown .'in_ FIG 3.. The crankshaft 44 operates on _the same

principle as crankshaft 32 except that the plate-oil’

supplier 54 provided_ a greater surface area for picking up
0oil from the sump. Whi.le the probiem of o0il pumping
capacity was .partially addressed by l_ub_z"icating systems
featuring crankshaft 44, the production costs of

manufacturing such a crankshaft is high.

- Referring to FIGS.4 and 5, the preferred embodiment
of the present inveni:ion is illuét;'ated in alternate views.
The improved lubrication system of_.'the present invention
features an improved crarikshaft 30 having an integral body
including a crank 56, a shaft 58 and a lower portion 60.
Tpe lower portion 60 of the crankshaft 30 has a
substantially coﬁical section submerged in the sump (not
shown) and terminating with an elliptical opening 62.
Referring to FIG.5, the plane of the elliptical openiné 62
has an angle of cut @ with an imaginary horizontal-axis
63. The imaginafy-axis--'és is perpendicular to an

imaginary vertical-axis 61 of the crankshaft 30.

. Referring again to FIGS. 4 and 5, the crankshaft 30

"is provided with a slanted interior lubrication duct 64

which communicates between the. elliptical opening 62 and
the port 66. The interior lubrication duct 64 has an
angle f with the imaginary vertical-axis 61 of the

crankshaft 30. A bearing groove 68 on the exterior

surface of the crankshaft 30 proxiides the: distribution

8
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on systen1of ‘seal ed conpressors }: It is yet another
f this present invention to Lower:the:overall 10 production cost

¥ of SQQ~ d conpressors by elimnating the use of oil pick up t ube and

i ng#for. ojl.
on reduc
lubrication duct 72 communlcates among outflow orlflces

- 10

15

20

25

h%&ﬁxel ‘between thétﬁo%@.lswnaa@w of . 4RI Se@é@ﬁefic

€ nol se em Sssi ons

: 70, 74 and 75. It should be understood by one skilled in

the art that the longitudinal axis of the lubrication duct
72'may be at an angle with the imaginary vertical-axis 61
of the crankshaft 30. _A.bleeding orifice 76 is provided
for venting air bubﬁles in the oil while it is being picked

up from the sump.

When the electric motor of the sealed compressor

drives the rotor, the crankshaft 30 rotates and the

elliptical opening 62 acts as a scoop to pick np oil from
tha sump continuously by centrifugal action. There the o0il
is drawn upwafés through the slanted lubrisation duct 64
and exits pdrt 66. The.oil then moves further upwards

through the annulus formed by the bearing groove 68 and

the interior wall of the bearing housing 18 as shown in

FIG. 1. The o0il then enters the eccentric lubrication duct
72 through the port 70. Through Outflow orifices 74 and
75 the oil is dispersed into the casing and moving parts

of the sealed compressor.

FIG. 6 is a table summarising the oil pick rate of a

lubrication system us1ng a prlor art crankshaft according

to FIG. 3 versus one us;ng the preferred embodiment of the
present invention. It wo;thwhlle notlng that with an angle
of cut & of more than 15 decrees, the o0il pick up rate
measured in grams per minnte is equivalent to that of a

lubrication system using prior art crankshafts. The data

9
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from seal ed conpressors. 15 SUMVARY OF THE | NVENTI ON
crankshaft lubrication systemis described for generating ‘i ncreas g
oi | punping capacity and oil pressure in a seal ed conpressor for coolhg, 20
fluids. The | ower rtion of an integral crankshaft is cut at ‘a slantég -

angle to forn@%@aqutmﬁqknqn waea iBr FEGekibn kg neonfinm Eham gy N

or oil reservoir. By
preferred embodlment of the present invention could deliver \

as much as 1.5 times the normal "oil pick up rate without
'éhanging the diameter of the crankshaft.:' All one needs to
5 do is to incr'ease the angle of cut o accordingly.
Altérnatively, a combination of angles of cut e and angle
8 fof the interior lubrication duct 64 could increase the
oil pick up rate to suit a large variety of applications.
It follows tha; the present invention not only increases
10 the.oil pumping capacicy of lubrication'systems, but also

simplify the manufacture of such systems.

FIG. 7 is a chart comparihg the noise emissions of

sealed compressor using a pfior art crankshaft in

.15 accordarice to FIG. 3 versus one using the preferred
.embodiment of the present'invention. In each casé, the
noise sensor is placed 10 cm from the exterior of the
sealed casing of an identical compreésor. Over the enéire
range of frequencies, lubrication system using the

20 preferred embodiment of the present'inﬁention emitted less
noise that one using prior art crankshafts. Referring
again to FIG. 7, the noise reduction is at'an maximum -
almost 10 decibel (dB) - at 500 hertz (Hz). Moreover, a
compressor using the preferred embodiment of the present

25 invention achieved noise reduétion over one using a prior
art crankshaft at almoét every frequenéy which was tested,

e.g., 200 Hz to 20,000 Hz.
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7iffe angle of cut at the 1ower portlon of an integral crankshaft,
achi eves oi |l punping rates-over a wide range of values while
- standard si ze crankshaft. This approach not only.sinplifies

f"" sfacture 25 Whilebrieat ppesenst anvent 5ot Be sCBEEES pare idullaxlyso
&/ t he ove[all productlon costs of, such conpressors. VWi | e the

compressor of coollng flulds, it should be understood that

5 the flgures are for 111ustratlon only and should not be
taken as a llmltatlon on the 1nventlon._ In addztlon, 1t is
-‘clear that the. apparatus of the present 1nventlon has
utlllty in many applications where lubrication and cooling

of compreseors bearings and moving parts are'required; It

10 is contemplated that many changes and modifications may be
. made by one of ordinary skill in the art hithout departing
from the spirit ‘and the scope of the invention as

described.
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L 4. BRI EF DESCRI PTI ON OF THE DRA FIG 1 illustrales
i.a longitudinal sectional view of a s ﬂm Mﬂmﬂmg of cooling

i fluids, in mhlcn;aﬂgﬂ mprovenents is to the. 5 pr esent

:invention. “

1. Ina sealed compressor including a sealed casing \

1.

2 in which at least one alterna"tin;motor—driven compressor

3 asse'nbly a.nd at least one oil reservoir are disposed

4 tnere;. . the assembly including at least: one ver":.cal-ax:.s

5 crankshaft being provided w:.t:h at least ome longitudn...al
.6 lubrication duct communicati ng with points on an exterior

7 _surface of said crankshafc and with an upper end of the

8§ same eccentrically t:o the axis of rotetion t:hareof

9 said assembly -ncludi_.ng a lower member coupled to a
10 lower end of said interior duct o.f the crankshaft and
11 comprising a substantially conical nose sect:.on adapted to
12 Dbe submerged in said oil reservoir,

13 the upper end of said interior lubrication duct ending
14 in 3 firse substantially 'conical section and a second
15 substantially conical section of variable contour depending
16 on a profile of the upper end of the crenkshaft,

17 the i.'_npr_ovemenc comprising

18 said lower member being int‘.egrated wit:h, said
19 crankshaft, -eaid conical nose section of said lower member
20 terminating in an elli ptical opening, the .plane parallel

i 21 with said elliptical opening having an angle of cut ? with

an imaginary plane, said imaginary plane being perpendicular

N
N

23 to the vertical-axis of rotation of said crankshaft.

2. Ina sealed_ compressor including a sealed casing

1

2 in which at least one alternating motor~driven compressor
3 assembly and at least one o0il reservoir are disposed
4

therein, the aesembly including at least one vertical-axis

12 - This Sheet Has Been Re lp
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w of another prior art crankshaft h &n 6il Lplftk Up *t ube

i t.udi nal

ate oil supplier 4 |IIustrates
y IEM/Og 4ﬂk§héﬁFe§W9HBQSFnﬂﬁFh at least one 1nter10r(1é%r1cat10n

duct communlcatlng with p01nts on an exterlor surface of

. said crankshaft and with an upper end of the same

eccentrlcally to the axls of rotation thereof,

said assembly lncludlng a 1ower member coupled to a
lower end of said 1nterlor duct of the crankshaft and
comprising a substantlally conlcal nose section adapted to
be submerged in sald oil reservoir,

the upper end of said interior lubrication duct ending
in a first substantially conieal section and a second
substanﬁially conical section of variebleICOntour depending
on.a profile of the upper end of the crankshaft,

the improvement comprising _

said lower member belng 1ntegrated wzth said
crankshaft, said conical nose section of said lower member
terminating in an ellibtical opening, the plane parallel
with said elliptical opening having an angle of cut ¢ yith
an imaginary plane, said imaginary plane being

perpendicular to the vertical-axis of rotation of said

 crankshaft.

3. A crankshaft according to claim 2 wherein the

longitudinaléaxis:ef'said interior';ubrication duct having

an angle 8 with respect to the vertical-axis of said

crankshaft.

13
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of the present invention. lf |Ilustrates a Iongltud nal

side view of the preferred e i“ w.“lmmlﬁl he present invention. .
‘FIG 6 illustrates the oil pic ardctéristics of a seal ed conpress

20 using a prior art crankshaft versus one using the preferred enbodi

of the - Pprgsent, inveRli QNgealed compressor including a sealed cas*ng
in which at leasc one alternatzng motor-driveq compressor
assembly and at least one oil reservo:.r are disposed
therein, the assembly including at least'ene vertical-axis
. cranksha'ﬁt.being provided with at least one
1ubr1cation duct ccmmunlcat ing with points on an extorior
surface of said crankshafc and wich an upper end of the
same eccentrically to the axis of rotation thereof,
said assenbly.including a lower member coupled to a
lower end of said interior duct of the crankshaft and
comprising a substantially conical nose section adapted to
be submerged in said o0il reservoir, |
the upper end of said interior lubrication duct ending
in a first substantially conical section and a second
substantially conieal section of va:iable cohtqpr depénding
on a profile of the upper end of the crankshaft,
the improvement comprising |
said lower member being integrated with said
cpankshaft, said conical nose section Qf said lower member
terminating in an elliptical opening, the .plane parallel
‘with said elliptical opening having an angle of cut Q‘with
an imaginary plane, said imagiearf prlane being perpepdicular

to the vertical-axis of rotation of said c¢rankshaft.

5. A crankshaft 1lubrication system substantially as

hereinbefore described with reference to or as shown in the

accompanying drawings.
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l ustrates the noi'se enissions froma s

wthe pri art crankshaft versus one using the p eﬁiﬁlf-"r’%H-'.'eiﬁ:)@i;liuhﬁn’ca;rfabhkact
sent t
invention.. | ABSTRACT
i CRANKSHAFT LUBRIECATION SYSTENM ™

A crankshaft lubrication system 1is described for
generating increased o0il pumping capacity and oil pressure

in a sealed compressor (10) for cooling fluids. The lower

portion of an integral crankshaft (30) is cut at a slanted
angle to increase the inlet area for picking up more oil
from a sump or oil reservoir (28). By varying the angle of
cut at the 1lower portion of an integral crankshaft, one
échieves oil pumping rates over a wide range of values while
using e; standard size crankshaft. This approach not only
simplifies the manufacture of lubrication system for sealed
compressors, but also lowers the overall production costs of
such cCompressors. While the efficiency of sealed
| compressors is maintained under. the present invéntioﬁ, the
noise emissions from such compressors are lowered

significantly.

Figure 1.

" 15
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¢ ON OF THE ENBODI MENT OF THE | NENTI

%\['

A crankshaft
sl-ubrication systemfor generating increased oil punping capacity in a
sealaé conpressor is described. In the follow ng description, nuner ous

spec+£ c details are set forth such as specific.parts of.a crankshaft in 5

fto provide a thorough understanding of the present invention. In
i nStances, well khown el enents such as the rotor and the stator

of {'e electric nmotor drive are not described .in detail in order not
the present invention. It

nnecessarily obscure

/4

Rze s

{

rstood by one skilled in the art that a
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to FIG 1 ,*a sealed conpressor lo I ncl udes a seal ed casing

12 mﬁtﬁ’an el ectric notor-driven assenbly 14 housed in the interior

thereg The assenbly 14 includes a bearing housing 16, a rotor

asserl y havi ng upper rotor ng 18, rotor 20 and |lower rotor ring 22.
The t0tor assenbly fits 15 int‘=iacxlleﬁﬂpaj passage in the stator 24 and"®
coil /26. A sunp or oil reservoif 28 is located at the | ower end of the
el egtric notor-driven assenbly g#—Fte—] rotor assenbly further includes
a ¢rankshaft 30 that is rotationglTy gupported - “and journaled in the
bearrng housing 16. The | ower porjtion|of said crankshaft 30 reposes

i@ the sunp 28. Lubrication is efffectdgd when the rotary notion of

4

/ 32

N4

4

4
36
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-
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20 i

g/crankshaft 30 drives the oil &éeﬁrlfugatlon upward fromthe sunp
#/ through the hollow centre (.not s own) of the crankshaft.

Wth f' ference to FIG 2 is a drawing of a prior art crankshaft 32. The
-cranlf haft: 32 featured a crank 34 in the upper portion, a shaft 36 in the
25 ¥entre, *an axial bore-38, and an oil pigk up tube 40 in the | ower

portion. The * oil pick up tube 40 is coupled at one end to the axi al
bore 38. The other end of the oil pick u%ube 40 is dipped into a
sufp of a seal ed conpressor bot h of whi dhk QLE,:?t sh%%gi Gl within
the sunp is dravvn;g»a'] )
_,-" - | ' lI i
/ > 56 | =,E!l\-'74'
-1 ey
"W S, | PRSIEN
T ) C : )
1

70 o W
/r/'68 o 30

30
66 ¢4

58/
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601 R\ |~—60
7N - 9/'1
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Yentrifugation via the oil
41 where the bearing.housi

pi ck[}rp

lﬁbe 40 and the axial bore 38 to
g is lubricated and cool ed. The

ra
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the pri rt crankshaft iIIustratéi/\éG 2is its limted oil punping

a

Tapaci t$y because the area for picking up oil is limted. Furthernore,

as they#gf tenperature rises after sonme 1ength of operation, the viscosity
- of oruﬁgf: + decreases. As result, the oil punping capacity of ‘the

| ubrii E#fi on systemis -reduced. , FIG 3 illustrates

anothé? pricor ‘art crankshaft 44 for inproving the oil 10" punping capacity

of seafed conpressors. The crankshaft 44 has .a crank ,46, a shaft 48

having an interior lubricating duct 50, an oil pick up tube 52

featufing a plate-oil supplier 54 positioned therein. Here, the plate-oi
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supplier 54 refers generically to a broad class of devices whi ch?aére‘lzsg =2

I nserted into the oil pick up tube for

I ncreasing the oil

punpi ng

capaeity of the 15 crankshaft lubricating system_An exanple of the.
plate-oil supplier 54 is the spring tdught ‘i REPLREEMENT SHEBLS 58@
Anot her exanple is the solid plate as shown b@ﬁmﬂ'h@agdd&hkt&hﬁkéd
44 operates on the sane principle as cranksh cﬁ&,@ycepbaggaab tbfaged i
pl at e- oi | sUPPRANKSHMAPTAWBRICATION SYSTEM f ace fo dd"" ka0 4,08 s
oil fromthe sunp. Wile the problemof oil punp rm/g p} ﬁ? _
partially addressed by lubricating systens featufing cra sha """ 4?g°d “““

t he production costs of nanufacturi h
P FIELD OF THE INVENTION | 9 SYeh & ¢4

"BATE oF Eﬁ&ﬂm 2410 /%

10

15

20

25

This invention relates to |mprovements in the lubrication system of
rotating machines, and in particular, of sealed reciprocating and rotary

compressors for refrigeration and air conditioning.

BACKGROUND OF THE INVENTION

The lubrication of sealed compressors for cooling fluids is well known
in the art. Typically, an electric motor drive is built into a sealed housing or
shell, and has a stator or electric armature affixed therein and a rotor
assembly assembled into the cylindrical passage of the statbr. This rotor
assembly includes a rotor and a crankshaft which is inserted into the

cylindrical passage of the rotor by interference fit. This crankshaft is

rotationally supported and journaled in a bearing housing in either one o'r-_

both sides of the rotor. As these compressors are mounted vertically, i.e., with
the rotor axis vertical, oil or lubricant reposes in a sump at the base of the
crankshaft. Lubrication is effected when the rotary motion of the crankshaft
drives the oil by centrifugation upward from the sump through the holldw
centre of the crankshaft. Conventional crankshafts have in some cases one
or more axial bores disposed off axis and in other cases helical shape oil
groove on the external surface of the crankshatft to carry oil to the upper
portion of the crankshaft, where oil passes through one or more lubricating

channels to lubricate and to cool the bearings or other moving parts.

" As temperature rises within the sealed compressors after some length
of operation, the oil pumping capacity of conventional lubrication system

decreases as the viscosity of the lubricating oil diminishes. U.S. Pat. No.
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Referring to FIGS.4 and 5, the preferred enbodi nent of the pr esent
invention is illustrated in alternate views. The inproved |ubrication
system of 25 the present invention features an inproved crankshaft 30
havi ng an integral body including a crank 56, a shaft 58 and a | ower
portion 60. The | ower portion 60 of the crankshaft 30 has a
substantially conical section subnerged in the sunp (not shown) and
term nati ng w4i865622 taughti thelimprovement of using a oil pick up tube which featured
' a spring positioned within the oil pick up tube. The springs took several forms
including ring and plate; the function remain the same: to scoops up the oil in
the sump in order to compensate for the loss in viscosity of the oil. The
5 requirement for the oil pick up tube and springs which must be pbsitioned
within the shaft necessitates additional material and process costs. As such,

this approach raises the production cost of the rotor assembly.

U.S. Pat. No. 5,007,808 disclosed a slotted rotor lubrication system

10  which employed a smaller than usual rotor shaft. It is claimed that the slotted
rotor lubrication system would lower the production costs by reducing the use

of shaft material and reducing machining requirements. It is unclear whether

the corresponding modifications required on the rotor will reduce the overall
production and manufacturing costs of the rotor assembly of a sealed

15 compressor.
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7 « opening 62. Referring to FIG5, the plane of the elliptical opening

62 has an

angle of cut [err] with an imaginary horizontal -axis 63. The

i magi nary-axis 63 is perpendi cular to an imagi nary vertical -axis 61 of
t he crankshaft 30. 5 Referring adain to FIGS. 4 and 5, the
crankshaft 30 is provided with a slanted interior lubrication duct 64
whi ch communi cat es between the elliptical opening 62 and the port 66.

The interior OBYECTOFFHEINYEBTIONs an

10

15

20

25

It is an object of the present invention to provide a vertical-axis
crankshaft for a sealed compressor with increased pumping capacity and

increased oil pressure.

It is a further object of the present invention to simplify the crankshaft

jubrication system of sealed compressors.

It is yet another object of this present invention to lower the overall
production cost of sealed compressors by eliminating the use of oil pick up

tube and spring or oil plate.

it is also an object of this present invention reduce the noise emissions

from sealed compressors.
SUMMARY OF THE INVENTION

A crankshaft lubrication system is described for generating increased
oil pumping capacity and oil pressure in a sealed compressor for cooling
fluids. The lower portion of an integral crankshaft is cut at a slanted angle to
increase the inlet area for picking up more oil from a sump or oil reservoir. By
varying the angle of cut at the lower portion of an integral crankshaft, one
achieves oil pumping rates over a wide range of values while using a
standard size crankshaft. This approach not only simplifies the manufacture
of lubrication system for sealed compressors, but also lowers the overall
production costs of such compressors. While the efficiency of sealed
compressors is maintained under the present invention, the noise emissions

from such compressors are lowered significantly.
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angle [err] with the imaginary vertical-axis 61 of the crankshaft 30. A
beari ng groove 68 on the exterior surface of the crankshaft 30
provides the 10 distribution channel between the ports 66 and 70. An
eccentric lubrication duct 72 conmuni ¢htes anmong outflow orifices 70,
74 and 75. 1t should be understood by one skilled in the art that the
| ongi tudi nal axis of the |lubrica ct 72 may be at an angle with

t he i magi nar y BRIFF &ES%IETé@l*beFhIHE DRMW@ﬁaft 30. A bl eedi ng

orifice 76 is provided for venting air bubbles in the 15 oil while it is
bei ng picked up fromthe sunp.

FIG. 1 illustrates a longitudinal sectional view of a sealed compressor
of cooling fluids, in which the improvements is applied according to the

5 present invention.

FIG. 2 illustrates a longitudinal front view of a prior art crankshaft with a

oil pick up tube.

10 FIG. 3 illustrates a longitudinal front view of another prior art crankshaft

with an oil pick up tube and a plate oil supplier.

FIG. 4 illustrates a longitudinal front view of the preferred embodiment
of the present invention.
15
FIG. 5 illustrates a longitudinal side view of the preferred embodiment

of the present invention.

FIG. 6 illustrates the oil pick up characteristics of a sealed compressor
20 using a prior art crankshaft versus one using the preferred embodiment of the

present invention.

FIG. 7 illustrates the noise emissions from a sealed compressor using
the prior art crankshaft versus one using the preferred embodiment of the

25  present invention.
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Whén the electric notor of the seal ed conpressor drives the rotor, the
crankshaft 30 rotates and the elliptical opening 62 acts as a scoop to pick

up oil fromthe sunp continuously by centrifugal action. There the oil
is drawn 20 upwards through the slanted | dbrication duct 64 and exits port
66. The oil t hen noves further upwards through the annulus forned by

t he bearing roove 68 and the interior wall of the bearing housing 18
as shown in FDGSgRlPﬂONTﬁkF oTlﬂEt FMBORIMENTH OR cEHR: IINUENFB&N,&'[IOH duct
72 through the port 70. h Qutflow orifices 74 and 75 the oil is

di spersed into theAc%@F‘Kﬁhﬁfﬁdu@@at syriemufar gegeratiag é‘é‘ﬂ'ﬁ@ﬁe SibPuping

capacity in a sealed compressor is described. In the following description,
numerous specific details are set forth such as specific parts of a crankshatft in
5 order to provide a thorough understanding of the present invention. In other
instances, well known elements such as the rotor and the stator of the electric
motor drive are not described in detail in order not to unnecessarily obscure
the present invention. It should be understood by one skilled in the art that a

sealed compressor referred to both the reciprocating and rotary types.

10

| Referring to FIG. 1, a sealed compressor 10 includes a sealed casing
12 with an electric motor-driven assembly 14 housed in the interior thereof.
The assembly 14 includes a bearing housing 16, a rotor assembly having
upper rotor ring 18, rotor 20 and lower rotor ring 22. The rotor assembly fits
15 into a cylindrical passage in the stator 24 and coil 26. A sump or oil reservoir
28 is located at the lower end of the electric motor-driven assembly 14. The
rotor assembly further includes a crankshaft 30 that is rotationally supported
and journaled in the bearing housing 16. The lower pottion of said crankshaft
30 reposes in the sump 28. Lubrication is effected when the rotary motion of
20 the crankshaft 30 drives the oil by centrifugation upward from the sump 28

through the hollow centre (not shown) of the crankshaft.

With reference to FIG. 2 is a drawing of a prior art crankshaft 32. The

crankshaft 32 featured a crank 34 in the upper pottion, a shaft 36 in the

25 centre, an axial bore 38, and an oil pick up tube 40 in the lower po'rtion. The
oil pick up tube 40 is cpupled at one end to the axial bore 38. The other end

of the oil pick up tube 40 is dipped into a sump of a sealed compressor, both

of which are not shown. Oil within the sump is drawn upwards by
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FIG 6 is a table summarising the oil pick rate of a lubrication éystem
using a prior art crankshaft according to FIG 3 versus one using the
preferred 5

centrifugation via the oil pick up tube 40 and the axial bore 38 to oil groove
41 where the bearing housing is lubricated and cooled. The disadvantage of
the prior art crankshaft illustrated in FIG. 2 is its limited oil pumping capacity
because the area for picking up oil is limited. Furthermore, as the
5 temperature rises after some length of operation, the viscosity of oil
decreases. As result, the oil pumping capacity of the lubrication system is

reduced.

FIG. 3 illustrates another prior art crankshaft 44 for improving the oil

10 pumping capacity of sealed compressors. The crankshaft 44 has a crank 46,
a shaft 48 having an interior lubricating duct 50, an oil pick up tube 52
featuring a plate-oil supplier 54 positioned therein. Here, the plate-oil
supplier 54 ref_ers generically to a broad class of devices which are inserted

into the oil pick up tube for increasing the oil pumping capacity of the

15 crankshaft lubricating system. An example of the plate-oil supplier 54 is the
spring taught in U.S. Pat No. 4,865,527. Another example is the solid plate

as shown in FIG 3. The crankshaft 44 operates on the same principle as
crankshaft 32 except that the plate-oil supplier 54 provided a greater surface

area for picking up oil from the sump. While the problem of oil pumping

20 capacity was partially addressed by lubricating systems featuring crankshaft

44, the production costs of manufacturing such a crankshatft is high.

Referring to FIGS.4 and 5, the preferred embodiment of the present

invention is illustrated in alternate views. The improved lubrication system of

25 the present invention features an improved crankshaft 30 having an integral
body including a crank 56, a shaft 58 and a lower portion 60. The lower
portion 60 of the crankshaft 30 has a substantially conical section

submerged in the sump (not shown) and terminating with an elliptical
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enbodi nent of the present invention. It worthwhile noting that wth an

angl e ~of cut [err] of nore than 15 decrees, the oil pick up rate
nmeasured in grans per mnute is equivalent to that of a lubrication
systemusing prior art crankshafts. THe data for the oil pick up rate

nventi on could del Lver ag mich hs L5 LimES the o onarml oLl P ok P
it e e o vt Sk tmslEnitistoelli S abam il .
;:lcj)gir): QZE : 82 iﬂéﬁg .é’é't Hf‘gmta"[ 'M‘”%MJ‘JJWQPE??’[“%‘ % _?é'f JPAetJ ﬁéglﬁ%'};yr'%ﬁ 6%s

| arge vari et yp%Pegélﬁwagépfagﬁkgaélﬁg@g\?érﬁgép%&g'6![1h<§f[tﬁF k#éa%véﬁée%ln?ﬁi fl\ljle';lt ?on

not only increases the oil punping capacity

5 Referring again to FIGS. 4 and 5, the crankshaft 30 is provided with a
slanted interior lubrication duct 64 which communicates between the
elliptical opening 62 and the port 66. The interior lubrication duct 64 has an
angle B with the imaginary vertical-axis 61 of the crankshaft 30. A bearing
groove 68 on the exterior surface of the crankshaft 30 provides the

10 distribution channel between the ports 66 and 70. An eccentric lubrication
duct 72 communicates among outflow orifices 70, 74 and 75. [t should be
understood by one skilled in the art that the longitudinal axis of the lubrication
duct 72 may be at an angle with the imaginary vertical-axis 61 of the
crankshaft 30. A bleeding orifice 76 is provided for venting air bubbles in the

15 oil while it is being picked up from the sump.

When the electric motor of the sealed compressor drives the rotor, the
crankshaft 30 rotates and the elliptical opening 62 acts as a scoop to pick up
oil from the sump continuously by centrifugal action. There the oil is drawn

20 upwards through the slanted lubrication duct 64 and exits port 66. The oil
then moves further upwards through the annulus formed by the bearing
groove 68 and the interior wall of the bearing housing 18 as shown in FIG. 1.
The oil then enters the eccentric lubrication duct 72 through the port 70.
Through Outflow orifices 74 and 75 the oil is dispersed into the casing and

25 mayving parts of the sealed compressor.

FIG. 6 is a table summarising the oil pick rate of a lubrication system

using a prior art crankshaft according to FIG. 3 versus one using the preferred
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of 'lubrication systens, but also sinplify the manufacture of such systens.
FIG 7 is a chart conparing the noise em ssions of seal ed conpressor
using a prior art crankshaft in accordance to FIG 3 versus one using the
15 preferred enbodi ment of the present inwkention. In each case, the noise
sensor is placed 10 cmfromthe exterior of the seal ed casing of an
| dent i cal conpressor. Over the entire raggg ot..f.requenci es
| ubrication sgEbosimentgf the preseat fiventiene dt werbwhile moting that wWithean gngle
invention emtjed | ess noi se that one sin rior _art crankshafts.
Ref erring agaphc't'balq @org ﬁﬁﬁ'e{]ggp‘s‘@eﬁem,%?#ﬂpkig ‘é&é?te measured grams per
minute is equivalent to that of a lubrication system using prior art crankshafts.
The data for the oil pick up rate in FIG. 6 also confirm that the preferred
5 embodiment of the present invention could deliver as much as 1.5 times the
normal oil pick up rate without changing the diameter of the crankshaft. All
one needs to do is to increase the angle of cut @ accordingly. Alternatively, a
combination of angles of cut @ and angle B for the interior lubrication duct 64
could increase the oil pick up rate to suit a large variety of applications. It
10 follows that the present invention not only increases the oil pumping capacity

of lubrication systems, but also simplify the manufacture of such systems.

FIG. 7 is a chart comparing the noise emissions of sealed compressor

using a prior art crankshaft in accordance to FIG. 3 versus one using the

15 preferred embodiment of the present invention. In each case, the noise
sensor is placed 10 cm from the exterior of the sealed casing of an identical
compressor. Over the entire range of frequencies, lubrication system using

the preferred embodiment of the present invention emitted less noise that one
using prior art crankshafts. Referring again to FIG. 7, the noise reduction is at

20 an maximum - almost 10 decibel (dB) - at 500 hertz (Hz). Moreover, a
compressor using the preferred embodiment of the present invention
achieved noise reduction over one using a prior art crankshaft at almbst

every frequency which was tested, e.g., 200 Hz to 20,000 Hz.

25 While the present invention has been particularly described with
reference from FIGS. 1 to 7 with emphasis on the crankshaft lubrication
system for a sealed compressor of cooling fluids, it should be understood that

the figures are for illustration only and should not be taken as a limitation on
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20 an maximum - al nost 10 decibel (dB) - at 500 hertz (Hz). Moreover,
conpressor using the preferred enbodi nent of the present invention

achi eved noi se reduction over one using a prior art crankshaft at al nost
every frequency which was tested, e.g., 200Hz to 20, 000 Hz. 25

VWil e the present invention has been particularly described with
reference fromFIGS. 1 to 7 wi.th enphasis on the crankshaft |ubrication

system for a $Reliavertinmr eB"s@Iddﬂfo"hdbllis rfiear @h%tsthq @ppacaiug ot the dresesbd

t hat thefl%res are ? |IIustrat‘on onl shoul d not be taken_as
a limtation gyention has utility in many applications here lubrication and cooling of

compressors bearings and moving parts are required. It is contemplated that
many changes and modifications may be made by one of ordinary skill in the
5 ant without departing from the spirit and the scope of the invention as

described.
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ntion. In addition, it is clear that the apparatus of the
present mﬁr

mm" Uwﬂ tility in many applications where |ubrication
and cool i n ors bearings and noving parts are required. It
i's contenpl at ed tLhat 10

CLAIMS

1. In a sealed compressor including a sealed casing in which at
least one alternating motor-driven compressor assembly and at least one oil
reservoir are disposed therein, the assembly including at least one vertical-
axis crankshaft being provided with at least one longitudinal lubrication duct
communicating with points on an exterior surface of said crankshaft and with
an upper end of the same eccentrically to the axis of rotation thereof,

said assembly including a lower member coupled to a lower end of

said interior duct of the crankshaft and comprising a substantially conical

w 00 N0 R W N

nose section adapted to be submerged in said oil reservoir,

the upper end of said interior lubrication duct ending in a first

e
B o

substantially conical section and a second substantially conical section of

=
[ .8}

variable contour depending on a profile of the upper end of the crankshaft,

[
w

the improvement comprising

Y
>

said lower member being integrated with said crankshatft, said conical

=
wn

nose section of said lower member terminating in an elliptical opening, the

R
()}

plane parallel with said elliptical opening having an angle of cut  with an

[
~J

imaginary plane, said vertical-axis of rotation of said crankshaft.

2. In a sealed compressor including a sealed casing in which at least
one alternating motor-driven compressor assembly and at least one oil
reservoir are disposed therein, the assembly including at least one vertical-
axis crankshaft provided with at least one interior lubrication duct
communicating with points on an exterior surface of said crankshaft and with
an upper end of the same eccentrically to the axis of rotation thereof,

said assembly including a lower member coupled to a lower end of

said interior duct of the crankshaft and comprising a substantially conical

o 0w N o e W R

nose section adapted to be submerged in said oil reservoir,
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5 art mﬁmﬁﬁmﬁ, Ifl i'i!af o e spirit and the scope of the invention aq
11

describ

10 the upper efil of said interior lubrication duct ending in a first
11  substantially conical section and a second substantially conical section of
12  variable contour depending on a profile of the upper end of the crankshaft,
13 the improvement comprising
14 said lower member being integrated with said crankshatft, said conical
15 nose section of said lower member terminating in an elliptical opening, the
16 plane parallel with said elliptical opening having an angle of cut ¢ with an
17 imaginary plane, said imaginary plane being perpendicular to the vertical-
18 axis of rotation of said crankshaft.
1 3. A crankshaft according to claim 2 wherein the longitudinal-axis
2 of said interior lubrication duct having an angle B with respect to the vertical-

3 axis of said crankshaft.
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CLAI M5 1 1. In a sealedfcdﬁpfeSSOr I ncluding a seal ed casing

in which'at 2 least one al t er natt rig::npt'or.-dri ven conpressor assenbly and
at |east one oil 3 reservoir are disposed therein, the assenbly
including at |east one vertical- 4 axis tRankshaft being provided with at

| east one longitudinal |ubrication duct 5 comunicating with points on an
exterior surface of said crankshaft and with 6 an upper end of the sane
eccentrically to the axis of rotation ABSTBACT 7 said assenbly

i ncluding a | ower nenber coupl ed t
J P £ 0aR T UBRIGRTIS sysTEM

A crankshaft lubrication system is described for generating increased oil
pumping capacity and oil pressure in a sealed compressor for cooling fluids.
5 The lower portion of an integral crankshaft is cut at a slanted angle to
increase the inlet area for picking up more oil from a sump or oil reservoir. By
varying the angle of cut at the lower portion of an integral crankshaft, one
achieves oil pumping rates over a wide range of values while using a
standard size crankshaft. This approach not only simplifies the manufacture
10  of lubrication system for sealed compressors, but aiso lowers the overall
production costs of such compressors. While the efficiency of sealed
compressors is maintained under the present invention, the noise emissions

from such compressors are lowered significantly.

15 Figure 5.
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8« said interior duct of the crankshaft and .conprising a substantially
conical 9 nose section adapted to besubnetrged in said oil reservoir,
10 t he upper end of said interior lubrication duct ending in a
first . 11 substantially conical section and a second substantially coni cal
section of 12  variable contour dependigﬂ%on a profile of the upper end
of the crankshaft, 13 the i nprov nt conprising 14 sai d
| ower menber being integrated with said crankshaft,’ said conical 15 nose
section of said |ower nenber terminating in an elliptical opening, the 16
pl ane parallel wth said elliptical opening having an angle of cut [err]
with an 17 imaginary plane, said vertical-axis of rotation of said
crankshaft. 1 2. In a seal ed conpressor including a seal ed casing
in which at | east
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2- one:alternating notor-driven conpressor assenbly and at |east one oil 3
reservoir are disposed therein, the assenbly including at |east one
vertical- 4 axis crankshaft provided with at |east one interior

| ubrication duct 5 conmunicating with points on an exterior surface of
said crankshaft and with 6 an upper e f the sane eccentrically to the
axis of rotation thereof, 7 sai ssenbly including a | ower nmenber
coupled to a | ower end of 8 said interior duct of the crankshaft and
conprising a substantially conical 9 nose section adapted to be subnerged
in said oil reservoir, 3

41
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10 ' t he upper end of said interior lubrication duct ending in a first
11 substantially conical section and a second substantially conical
section of 12 wvariable contour depending on a profile of the upper end of
t he crankshaft, 13 the i nprovenent conprising 14 said | ower
menber being integrated with said cranksh?ﬂ%, sai d coni cal

T5
Ny TR

N
o
N

60

60
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15 nose section of said |ower nmenber termnating in an elliptical opening,
the 16 pl ane parallel with said elliptical opening having an angle of cut
[err] with an 17 imaginary plane, said imaginary plane being perpendicul ar
to the vertical- 18 axis of rotation of said crankshaft. 1 3. A
crankshaft according to claim-2 wherei he | ongitudinal -axis 2 of said
interior |ubrication duct having an angv [err] with respect to the
vertical- 3 axis of said crankshaft.
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