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[0002] Hermetic compressors are used in household refrigerators, freezers, and air-

conditioning units for compressing the refrigerant in a closed-looped refrigeration
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system. Lubrication of frictional components in the compressor is provided by a

crankshaft, which draws lubricant from an oil sump at the shell bottom and circulates it

to the various parts of the compressor.

[0003] The crankshaft is driven by a rotating drive and the rotation of the crankshaft
draws the lubricant and circulates the lubricant to various parts of the compressor. As the
lubricant is circulated throughout the compressor, it picks up debris and particles in the
compressor generated from the manufacturing process or wear and tear of parts in the
compressor. As the lubricant is circulated back into the compressor, the debris and
particles in the lubricant may damage components of the compressor and result in failure

of the compressor.

[0004] It is therefore highly desirable to minimize the presence of debris and particles in
the lubricant before the lubricant gets circulated throughout the compressor. Magnets
have been used to separate the debris from the lubricant. FIG. 1 shows a prior art
document of US patent US 6,290,479 B1 (hereinafter Friedley) where a magnet is

utilized to separate the debris from the lubricant.

[0005] In Friedley, an annular magnet 88 is set within the depression of a lower shell 80

of the compressor 10 to separate ferrous material from the lubricant. In operation, oil is




utilized to separate the debris fromthe lubricant. [0005] In Friedl ey, an
annul ar magnet 88 is set within the depression of a |ower shell 80 of the
conpressor 10 to separate ferrous material fromthe lubricant. In
operation, oil is 2 drawn into an oil pick-up tube 62 by the centrifugal
action of a drive shaft 40 and transported to an oil distribution bore 66
formed through drive shaft 40. The lubrqcant is then distributed to
different parts of the conpressor 10 for lubrication of the different
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debris an
from the manufacturing process of the drive shaft 40, will not be filtered away. The

debris and particles from within the shaft will be distributed with the lubricant
throughout parts of the compressor 10 and cause damage to the bearings and other
critical moving components. For the annular magnet 88 to work well, it has to be placed
close to the end 94 of the oil pick-up tube 62, since the debris and particles in the oil are

in constant motion caused by the rotating motion of the oil pick-up tube 62.

[0007] The existence of debris and particles in the lubricant is a chronic problem in
compressors that needs to be addressed. Therefore, a need clearly exists for an enhanced
method of reducing the contamination of lubricant due to debris and particles generated

or are already present in the compressor and compressor parts.

Summary of the Invention

[0008] The present invention seeks to provide a compressor comprising a tubular
vertical shaft rotatable about its vertical axis, the tubular vertical shaft further comprises
an interior path extending upwardly for channelling lubricant drawn in from a lower end
of the tubular vertical shaft and at least one magnet disposed within the interior path for
separating ferrous contaminants from the lubricant before the lubricant leaves the interior

path.



or are already present in the conpressor and conpressor parts. Sunmary of
the I nvention [0008] The present invention seeks to provide a conpressor
conprising a tubular vertical shaft rotatable about its vertical axis, the
tubul ar vertical shaft further conprises an interior path extending
upwardly for channelling lubricant drawn in froma |ower end of the
tubul ar vertical shaft and at |east oneymagnet disposed within the interior
path for separating ferrous contam nants fromthe |ubricant before the

l'ubri cant I[\dO%?]"?\%CBLQI rgl%r hilo de e%?ttﬂe Rx%a&rﬁ?x@@e]rm@ﬁ' ég%l Yethb® 0P8 @ﬁ?ecj{ ’

t he present I'nventio a met trap errous materiafs in a
conpr essofferrdidsematetisle dn a(msmprsug THeemesthed sombnal)lg []Ith siepls ofja)pproviting @ssor

havi ng a tubul ar vertlca aft ro its vertical he
tubul ar  GEFPFESSOr hay %‘ié’ref‘tf@irgh TR itaihid PH; it XgTHcRlakis, %al’bt}%war dly
for channgll{dng shéﬂt‘l}ﬁhﬁé&”%oxﬂbﬁm hﬂexfléxogétﬁ éﬂ&ﬁm?l\gv&frd Phﬁ)rtdlﬁﬁh@lhn% an

vertical shaft, the interior path havin ower end an
outl et at lutmisahi dyhen irefrdm aalosveb pn bhibie tgbrdardestalistiafiy thetinterienpath bagngagnet

from the. POBTEL S 4 oha Shan il st 1RE5E E8Y: A8 DIRERNE 50 ARG  of n
the at |eagkt @rﬂ?maﬁ&% @?ﬁhe' s%rﬂﬁb@@?ﬁleQHﬁrl%?ﬁ%%r Wpahtting tthRoh N ddRinamat h,

such that the outlet unobstructed. Brief Description of the Draw ngs
[0010] A frost éxerlébrl@nbb@ﬁomeﬂw lnbrlqanélepV@stbmntewamh ovhaxgin|the @we@eé ongr e

full d bed f.
ni ch: [ obvereprertieet oo BT Rpin M P SR6E Aot P REF
scrol | com&m@@tred,of US patent US 6,290,479 B 1;

Brief Description of the Drawings
[0010] A preferred embodiment of the present invention will now be more fully

described, by way of example, with reference to the drawings of which:

[0011] FIG. 1 illustrates a vertical cross-sectional view of a scroll compressor of US
patent US 6,290,479 B1;

[0012] FIG. 2 illustrates a vertical cross-sectional view of a compressor in accordance

with the present invention;

[0013] FIG. 3 illustrates a first embodiment of the enlarged cross-sectional view of a

tubular vertical shaft in the compressor taken along line A — A’ in FIG. 2;

[0014] FIG. 4 illustrates a second embodiment of the enlarged cross-sectional view of a

tubular vertical shaft in the compressor taken along line A — A’ in FIG. 2;

[0015] FIG. 5 illustrates a third embodiment of the enlarged cross-sectional view of a

tubular vertical shaft in the compressor taken along line A — A’ in FIG. 2;
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shaft in the conpressor taken along line A- A in FIG 2; [0014]
FIG 4 illustrates a second enbodi nent of the enlarged cross-sectional
of a tubular vertical shaft in the conpr essor taken along line A- A in

0015] FIG 5 illustrates a third enbodi mrent of the enlarged
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[0019] Referring to FIG. 2, an illustration is shown of a vertical cross-sectional view of
an embodiment of a compressor 200 in accordance with the present invention. The
compressor 200 is shown having a tubular vertical shaft 210, which rotates about its
vertical axis 205. The compressor 200 further comprises a cylinder block 220 for
supporting the tubular vertical shaft 210, a rotor 230 for driving the rotation of the
tubular vertical shaft 210, and a stator 240 affixed to the cylinder block 220. The
cylinder block 220 and the tubular vertical shaft 210 can be made of cast iron or low

carbon steel.

[0020] The cylinder block 220 has a cylindrical bore 280 in which the tubular vertical
shaft 210 is supported. The radial clearance between the cylindrical bore 280 and the
tubular vertical shaft 210 is approximately 4pum to 12um. Any debris or particles trapped
between the cylindrical bore 280 and the tubular vertical shaft 210 will damage the
surfaces of the cylindrical bore 280 and the tubular vertical shaft 210, thereby generating

more debris and particles.

[0021] During rotation of the tubular vertical shaft 210, centrifugal force draws the
lubricant at the lower end of the tubular vertical shaft 210 through an inlet 250 and

conducts the lubricant upwards. The lubricant is channelled through an interior path 260

for driving the

axi s



tubul ar vertical shaft 210, and a stator 240 affixed to the cylinder bl ock
220. The cylinder block 220 and the tubular vertical shaft 210 can be made
of cast iron or low carbon steel. [0020] The cylinder block 220 has a
cylindrical bore 280 in which the tubular vertical shaft 210 is supported.
The radi al clearance between the cylindrical bore 280 and the tubular
vertical shaft 210 is approximately 4mgo 12m Any debris or particles
trapped between the cylindrical bore 0 and the tubular vertical shaf t
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Referring to FIG 3, an enlarged cross-sectional view of the tubular
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the tubular vertical shaft 210. The angle 310 is approximately 2.5° to 3.5°.

[0024] When the tubular vertical shaft 210 rotates, centrifugal force generated will draw
the lubricant through the inlet 250 and conduct the lubricant upwards along the interior
path 260. The lubricant is then distributed from the outlet 270 of the tubular vertical shaft
210 to other parts of the compressor 200.

[0025] At least one magnet 320 is disposed along the interior path 260 such that flow of
lubricant through the outlet 270 is unobstructed by the magnet 320. The magnet 320
attracts ferrous materials and particles such as burs in the lubricant before the lubricant is
distributed out of the interior path 260. In this way, the magnet 320 traps the ferrous
contaminants, which damage parts of the compressor 200, and separates the ferrous

contaminants from the lubricant before the lubricant is released into the compressor.

[0026] In an embodiment of the present invention as shown in FIG. 3, the magnet 320 is
disposed at the circumferential surface of the interior path 260 opposite the outlet 270. In
another embodiment of the present invention as shown in FIG. 4, the magnet 320 is
disposed at the surface of the higher end of the interior path 260 on the central
longitudinal axis 300. In yet another embodiment of the present invention as shown in

FIG. 5, an annular magnet 320 is disposed within the outlet 270. The annular magnet 320



[ 0024] When the tubul ar vertical shaft 210 rotates, centrifugal force
generated will draw the lubricant through the inlet 250 and conduct the

| ubri cant upwards along the interior path 260. The lubricant is then
distributed fromthe outlet 270 of the tubular vertical shaft 210 to other
parts of the conpressor 200. [0025] At |east one nagnet 320 is disposed
along the interior path 260 such that w of lubricant through the outlet
270 is unobstructed by the nagnet 320. The magnet 320 attracts ferrous
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outlet. [0027] In yet another errbodl ment of the present invention as shown

in FIG 6, at least one nmagnet 320 is disposed at various |ocations al ong
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to be located, and having the magnet 320 fittingly disposed within the cavity 330. The
magnet 320 is thus secured in place by its own magnetic force. The dimensions of the
cavity 330 correspond with the dimension of the magnet 320. To ensure long-term
reliability and performance, rare earth permanent magnet Neodymium-Iron-Boron (Nd-

Fe-B) may be used.

[0029] Referring to FIG. 7, in the preferred embodiment of the invention, the
compressor 200 is supported by suspension springs 710 due to vertical and horizontal
displacements of the compressor during operation. Lubricant 720 is contained at a
bottom sump 740 of the compressor 200. As such, a significant clearing between the
inlet 250 is necessary so that the lower end of the tubular vertical shaft 210 will not be
hitting against the bottom sump 740. Placing a magnet at the bottom sump 740 of the
compressor 200 is thus ineffective due to the significant clearance between the inlet 250
and the bottom sump 740. Ferrous debris and contaminants will enter the tubular vertical
shaft 210 undetected by the magnet as the magnet is placed at a distance away from the

inlet 250.

[0030] It will be appreciated that although one preferred embodiment has been described
in detail, various modifications and improvements can be made by a person skilled in the

art without departing from the scope of the present invention.




di sposed within the at | east one cavity. [0028] An exanple of a way to
secure the nmagnet to the interior path 260 is to provide a cavity 330 on
the surface of the interior path 260 at the |ocation where the nagnet 320
is to be located, and having the magnet 320 fittingly disposed within the
cavity 330. The magnet 320 is thus secured in place by its own magnetic
force. The dinensions of the cavity 3 correspond with the dinension of
t he magnet 320. To ensure long-term reliability and perfornmance, rare
earth permanent nmagnet Neodym umlron-Boron (Nd- Fe-B) may be used. [0029]
Referring to FIG 7, in the preferred enbodi nent of the invention, the
conpressorClaings i s supported by suspension springs 710 due to vertical and
hori zontal displacenents of the conpressor during operation. Lubricant 720
is contained at a bottom sunp 740 of the conpressor 200. As such, a

significant C|§@%&ﬁ@f§%}@&ﬁﬁﬁﬁﬂ' inlet 250 is necessary so that the |ower
end of the tubular vertical shaft 210 will not be hitting against the
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invention. 7 Clainms 1. A conpressor conprising:

2. The compressor of claim 1, wherein the longitudinal axis of the interior path is at

an angle with the vertical axis of the tubular vertical shaft.

3. The compressor of claim 2, wherein the interior path is each having an inlet at a

lower end and an outlet at a higher end.

4, The compressor of claim 3, wherein the inlet is at the lower end of the tubular
vertical shaft and the outlet communicates between the circumferential surface of the

interior path and the exterior surface of the tubular vertical shaft.
5. The compressor of claim 2, wherein the angle is between 2.5° and 3.5°.

6. The compressor of claim 3, wherein the at least one magnet is located at the

circumferential surface of the interior path opposite the outlet.

7. The compressor of claim 3, wherein the at least one magnet is located at the

surface of the higher end of the interior path on its central longitudinal axis.

8. The compressor of claim 3, wherein the at least one magnet is an annular magnet
disposed within the outlet, the annular magnet is having a through hole through which

lubricant flows.



a tubul ar vertical shaft rotatable about its vertical axis, the tubular
vertical shaft further conprises an interior path extending upwardly for
channelling lubricant drawn in froma |lower end of the tubular verti cal
shaft; and at | east one magnet di sposed within the interior path for
separating ferrous contam nants fromthe |ubricant before the |ubricant

| eaves the interior path. 2. The conprggsor of claim1l, wherein the

| ongi tudinal axis of the interior path is at an angle with the vertical
axis of the tu t T rein
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| ower end of the tub vertical shaft and the outlet conmmunicates

bet ween tﬁémﬁﬁﬁdﬂﬂﬁéﬂ@ﬁﬂﬁﬁi surface of the interior path and the exterior
surface of the tubular vertical shaft. 5. The conpressor of claim 2,
wherein the angle is between 2.5 and 3.5. 6. The conpressor of claim 3,
wher ei n t 6. at Theasmpossorrdgieim 3, swhem:iattlmchtdtast biee magnet innfoeated af wdriovsir f ace
of the in rlorzgath OpEOSIte t?e og@ % The conpressor of claim 3,
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end of the interior path on its central |ongitudinal axis. 8. The
conpressor of claim3, wherein the at | east one magnet is an annul ar nagnet
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t hr ough mh bﬁ)glcant flows. 8 9. The conpressor of claim@8, wherein
outer ciré dé’F ¢& of the annul ar magnet corresponds with the
circunference of the outlet, such that the annular nmagnet is fittingly

di sposed within the outlet.
The compressor of claim 1, wherein the rotation of the tubular vertical shaft is

driven by a rotor.

13.  The compressor of claim 6 or 10, wherein the interior path is having at least one
cavity on the circumferential surface of the interior path, the at least one magnet fittingly

disposed therein.

14.  The compressor of claim 7, wherein the interior path is having one of the at least
one cavity at the surface of the higher end of the interior path on its central longitudinal

axis, the at least one magnet fittingly disposed therein.

15.  The compressor of claim 1, wherein the at least one magnet is a rare earth

permanent magnet Neodymium-Iron-Boron.

16. A method of trapping ferrous materials in a compressor, the method comprising
the steps of:

a) providing a compressor having a tubular vertical shaft rotatable about its
vertical axis, the tubular vertical shaft further comprises interior path extending upwardly
for channelling lubricant drawn in from a lower end of the tubular vertical shaft, the

interior path having an inlet at a lower end and an outlet at the higher end; and



10. The conpressor of claim 3, wherein the at |east one magnet is | ocated
at various locations along the entire circunferential surface of the
interior path. 11. The conpressor of claim1, wherein the tubular verti cal
shaft is supported by a cylinder block. 12. The conpressor of claiml,
wherein the rotation of the tubular vertical shaft is driven by a rotor.
13. The conpressor of claim®6 or 10, querei n the interior path is having at
| east one <cavity on the circunferenti surface of the interior path, the
at | east one re of
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The corrpr@%@or of claim1, wherein the at | east one magnet is a rare earth
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end and an outlet at the higher end pl aci ng and securihng at

| east one semmgingtat &ast dre maglteaaeﬂmfcmchmfarnmtmi |smfaq9mﬂthé orterserattapppRgite er r ous
cont am na ts fﬂr omthe lubricant before the lubricant |eaves the interior
pat h,

18.  The method of claim 16, wherein the step b) further comprises placing and
securing at least one magnet at the surface of the higher end of the interior path on its

central longitudinal axis.

19.  The method of claim 16, wherein the step b) further comprises placing and
securing an annular magnet within the outlet, the annular magnet is having a through

hole through which lubricant flows.

20.  The method of claim 19, wherein outer circumference of the annular magnet
corresponds with the circumference of the outlet, such that the annular magnet is fittingly

disposed within the outlet.

21.  The method of claim 16, wherein the step b) further comprises placing and
securing at least one magnet at various locations along the entire circumferential surface

of the interior path.

22.  The method of claim 17 or 21, wherein the method further comprises providing at
least one cavity on the circumferential surface of the interior path for fittingly disposing

the at least one magnet therein.



wherein the at | east one magnet is placed and secured within the interior
path, such that the outlet is unobstructed. 17. The nethod of claim 16,
wherein the step b) further conprises placing and securing at |east one
magnet at the circunferential surface of the interior path opposite the
outlet. 18. The nmethod of claim 16, wherein the step b) further conprises
pl aci ng and securing at |east one magygt at the surface of the higher end
of the interior path on its central |ongitudinal axis. 19. The nethod of
cl ai m 16, ;yher Gr'hQ &ﬁocﬁf a&l@ § %ﬁe?(ﬁﬁ ﬂ?eOﬁHB hod ?&n}?ér%%l:aﬁs%}%wﬁ %QE an
annul ar nagnet e annu ar “magnet Vi rough
hol e thr Onig:hat\llbasc bnd: gdvrityCatrthe furéass .of 2k higher dl‘idtdf(lﬂe oftertdrgjath 6191’[5 mbmraial n
outer circunference of the annul ar ghet _corresponds with the

ci r cunf er &eneaudinak axds fogfitngly dispoping, ¢ oneaf te ahlcant ORg grEnettReTEiny ¢ j ngl y

di sposed within the outlet. 21. The nethod of claim 16, wherein the step b)
further conprises placing and securing at | east one nagnet at various

| ocations along the entire circunferential surface of the interior path.
22. The nethod of claim 17 or 21, wherein the nmethod further conprises
providing at |east one cavity on the circunferential surface of the
interior path for fittingly disposing the at |east one magnet therein. 10
23. The nmethod of claim 18, wherein the nethod further conprises providing
one of the at |east one cavity at the surface of the higher end of the
interior path on its central longitudinal axis for fittingly disposing the
one of the at |east one magnet therein.



