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DUPLICATE

" 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

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 vertical, oil or ‘lubricant reposes in a sump at the

base of the crankshaft. Lubrication is effected when the

has a stator or electric armature affixed therein and a

rotéry motion of the crankshaft drives the oil by

centrifugation upward frqm. the sump through the hollow '

"centre of the crankshaft. Conventional crankshafts have in

some cases one.or more-axial bores disposed off axis and in -

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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lubricating channels to lubricate and to cool the bearings )

or other moving parts.

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.

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

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
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_ /.. compressors is maintained ynder the present invention, the
noise emissions from such' compressors are lowered :

significantly.

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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FIG. 1 i'llustrat:es‘a longitudinal"sectional view of a

-sealed comﬁressor of cooling fluids,' in which the

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.

FIG. 3 illustrates a' longitudinal front view of

10
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 crankshaft lubrication system: for generating

‘increased oil pumping capacity in a.sealed compressor is

described. In the following description, numerous specific

details are set forth such as specific parts of a

crankshaft in order to provide a thorough understanding 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
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.

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.
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
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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With“reﬁafence 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

-6il"pick up tube 40 is coupled at one end to the axial

bore 38. The other end of_theadil 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 tha 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 plate-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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Pat No. 4,865,527. Another example is tt:;e solid plate aé_q_

[
oy

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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-~ : channel between the ports 66 and 70. -An eccentric

-

'lubrlcatlon duct 72 communlcates among outflow orlflces

: 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 oflthe.sealed compressor
drives the rotor, the crankshaft 30 rotates and the
elliptical opening 62 acts as a scoop to pitk np oil from
the sump continuously by centrifugal action. There the o0il
is drawn upwarés through the slanted lubrisation duct 64
and exits port 66. The.oil then moves further upwards
through the annulus formed by the bearing Qroove 68 and
the interior wall of the bearing housing 18 as shown'in
.EIG. 1. The oil then enters the eccentric lubrication dnct
72 through the port;76. 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 worthwhlle 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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_for the oil pick up rate in FIG;.G also confirm that thg.;

preferred embodiment of the present invention could deliver \
AY

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 o2 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
the .oi_l pumping capacity of lubrication 'sy'stems, 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

accordarice to FIG. 3 versus one using the preferred

‘embodiment of the present invention. 1In each case, 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
preferred embodiment of the present 'im.rention 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 p'refe'rred embodiment of the present
invention achieved noise reduction over one using a prior
art crankshaft at almost every frequency which was tested,

e.g., 200 Hz to 20,000 Hz.

\
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While the present invention has been particularly

.descr1bed w1th reference from FIGS. 1 to 7 with emphasis
on the crankshaft lubrlcatlon system for a sealed
.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 compressors 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 nithout departing
from the spirit ‘and the scope of the invention as

described.
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1. In a 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 with at least one _longitudn...al
.6 lubrication duct ccmmunicatingl 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 rotat:ion 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 crénkshaft,

17 the i.'_npr_ovemenc comprising

18 said lower member being int‘.egrated wit:h, said
19 crankshaft, -éaid conical nose section of said lower member
20 terminating in'an elliptical' 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 seal;_-d 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 a§semb1y including at least one vertical-axis
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crankshaft prov:.ded Wlth at least one interior lubrication

L
t

_ éuct commun:.cat:.ng with po:l.nts on an exter:.or surface of
. said crankshaft and with an upper end of the same
eccentrlcally to the ax:l.s of rotation thereof,

said assembly mcludJ.ng a 1ower member coupled to a

lower end of said interior duct_ of the crankshaft and

comprising a s'ubsténtiai_ly conieal nose section adapted to
12 be eubmerged in said 'oil.reservoir,
13 the upper end of said interior lubrication duct ending
14 in a first substantially conieal section and a second
15 substantially conical section of variable contour depending
16 on. a profile of the upper end of the crankshaft,
17 the improvement comprising
18 said lower member be:.ng :.ntegrated w:Lth said
19 crankshaft, said conical nose section of said lower member
20 terminating in an ell;'.btical opening, the plane parallel
21 with said elliptical opening having an angle of cut ¢ v_vith
22 an imaginary plane, said imaginary plane being
| 23 perpendicular to the vertical-axis of rotation of said

24  crankshaft.

25

1 3. A crankshaft according to claim 2 wherein the

2 longitudinaléaxis" of said linterior' J.ubricat'ion 'duct having
3 an angle 8 with respect to the vertical-axis of said |
4 crankshaft.

13
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4, In a sealed compressor including a sealed cas*ng

in which at leesc one alternatzng motor-driveq compressor
assembly and at least one o*l reservo:.r are disposed
therein, the assembly including at least’ one vertical-axis
. cranksheﬁt.being provided with at least one
1ubr1cation duct ccmmunlcat ing with points on an extorior
surface of saicd crankshafc and wich 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 duet 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:ieble cohtqpr depending
on a profile of the upper end of the crankshaft,
the improvement comprising |
said lower member being integrated with said
cfankshaft, 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 ¢ with
an imaginary plane, said imagiearf prlane being perpeeaicular

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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