1 MAGNETI C TRAP FOR FERROUS CONTAM NANTS I N

LUBRI CANT Field of the Invention [0001] The present
invention relates to hernetic conpressors, in
particular the prevention of ferrous |ubricant
contam nants fromcomng into contact with conponents
of the conpressor and damagi hg the conponents, which
eventually leads to stalling of the conpressor.
Background of the Invention F0002] Hernetic
conpressors are used in household refrigerators,
freezers, and air- conditioning units for conpressing
t he MAGNEJACAARAP FOR EERROVS CONTAMEY ANES INELIUHRICANT
system Lubrication of frictional conponents in the
conpressor is provided by a crankshaft, which draws
| ubricant froman oil sunp at the shell bottom and

q“ﬁﬁ%kﬂkﬁﬁv&&%StO the various parts of the

conpressor. 10003] The crankshaft is driven by a
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arious par e conpressor. As bricant 1I's
aifrisubateesstrhimd uigheging thvecopprmniss wbich dventpallydgadgpo stalling of
qﬁgris %Qquarticles in the conpressor generated
f'POM the %ﬁnufacturing process or wear and tear of
parts in the conpressor. As the lubricant is

Clr ulatgd ﬁﬁ%k iqio the conpressor, the debris and
péﬂ“?‘g'g’l“@ of fhedA¥eN"9Br i cant may danmage components of
t[bsdzr CIphaRS &mmadon et hibed h haisthold refdferboss, freezers, and air-
conpressor..[0004] It is ther forethi hlé q€§ir§b|§_. g
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(hereinafter Friedley) where a magnet is
[0063] 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 debrts 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 particies 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 ast
document of US patent US 6,290,479 Bl (hereinafier Friediey) 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 1s



utilized to separate the debris fromthe |ubricant.

[0005] In Friedley, an annul ar magnet 88 is set

within the depression of a |lower shell 80 of the

conpressor 10 to separate ferrous material fromthe

| ubricant. In operation, oil is 2 drawn into an oil

pi ck-up tube 62 by the cemtrifugal action of a drive

shaft 40 and transported to an oil distribution bore
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[0007] The existence of debris and particles in the Iubricant 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] In one aspect, the present invention provides 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.



enhanced net hod of reducing the contam nation of

| ubricant due to debris and particles generated or

are already present in the conpressor and conpressor

parts. Summary of the Invention [00081 In one

aspect, the present invention provides a conpressor

conprising a tubular vertiXxal shaft rotatabl e about

its vertical axis, the tubular vertical shaft further
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rom a ar verti cal aft’,” the
ouilettiennahstrpetedy  having an inlet at a | ower end and an
outl et at the higher end; and b) placing and
securing at | east one magnet at the surface of the
interior path for separating ferrous contam nants
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of the Draw ngs 0010] A preferred enbodi nent of the
present invention will now be nore fully described,

[ootﬂ VRY, 0f][uSK¥ABD Qertibhl frokLl@heRt Sidwoot ecrdll apipgss@iof US
|ch 00111 FIG 1 illustrates a vertica

pateRtddB 038R AVORYl view of a scroll conpressor of US

[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;



patent US 6,290,479 B1l; [0012] FIG 2 illustrates a
vertical cross-sectional view of a conpressor in
accordance wth the present invention; [0013] FIG 3
illustrates a first enbodi ment of the enl arged
cross-sectional view of a tubular vertical shaft in

the conpressor taken along line A- A in FIG 2;

[0014] FIG 4 illustrates a second enbodi ment of the

enl arged cross-sectional viewtof a tubular vertical

shaft in the conpressor taken along line A- A in
FI0og#612F1F. 60 &rates &fowbth drihediment of the enlaiged ceosbergiipahview of a
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conpr essor ong [1’ne A -
A in FIG 2; 4 [0016] FIG 6 |Ilustrates a fourth
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a vertical cross-sectional view of a conpressor in
accordance wth the present invention supported by
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oB¥duyeation.he j nvention. [0019] Referring to FIG 2,
an illustration is shown of a vertical

cross-sectional view of an enbodi ment of a . )
c E19pNeBelonin200 Fit: Zage dhatation igihayn of@ ysrtiegleripss-sectional view of
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ar ver I cal Ich rotates about its
vemmpmabr a0 & 20%n Livag @owpules vertica 3baft 41Q, [vdrich rotates about its

c%czlalsaex?s %05 y’]" oerfrlprgésgrc 50(?%8111;69 rr.:ompnsc:s a cylinder block 220 for
supporting the tubular vertical shaft 210, a rotor 230 for driving the rotation of the
tbular 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 4um 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



S

supporting the tubular vertical shaft 210, a rotor
230 for driving the rotation of the tubular vertica
shaft 210, and a stator 240 affixed to the cylinder
bl ock 220. The cylinder block 220 and the tubul ar
vertical shaft 210 can be made of cast iron or |ow
carbon steel. J [0020] The cylinder block 220 has a
cylindrical bore 280 in which the tubular vertica
shaft 210 is supported. The radi al clearance bet ween
the cylindrical bore 280 and the bul ar verblca

s Frapw 7 doted Lingh i KiGre) éripn B Wit theypylar ytical shaft
Pa{d é;ﬁloﬁﬁﬂatotzgpa?@luﬂebﬁm Bibrichie teWatiae iafebs theednpt&8or 200
and the tubular vertical shaft 210 will danage the
surfaces of the cylindrical bore 280 and the tubul ar
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vt the deverstndfaf q@ntcze@math POy ompinicating #Ha wer end of the
! EEP]IAF %ca?%}ha}t% l ﬁ%ﬂtlwo% Mﬁmh&%ﬁlﬂﬁléﬂ\@ Eltdafealai the higher
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t ubul ar vertlcal shaft 210 and out through an outl et
2 I he vario -
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e st St tiferion e Bhbisian g 40 B8 vkl axis 205 of
2 3 rubie verdbdi 8hatP 7. The 4rfgRe 3 10tiesdpaoxipaelR 22860 3.5°.

situated at the higher end of the interior path 260,
comuni cating between the circunferential surface of

t Edm | %@ﬁ R Ve AR 2t MR, Bindfipd dobas@enied will draw
tubul ar vertical shaft 210. 0023] Referring to

FFiG lulgicanrthisngta thydalet 2sandsceadycy the) lubrican gvapqiglong the interior
t g%g h36. '[\ﬁ@ rllIbln‘Eﬁlt 15?’@@1( &smgtltgd 'Etﬁmttﬁaemﬁﬁm (ﬁﬁ"%ﬂ:r tul?tﬁzg' vertical shaft

n al ong 1 ne - i's shown.
c @ toadther parts of the compressor 2{}0

[0025]1 At least one magnet 320 is disposed along the interior path 260 such that flow of
tubricant 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

contarninants 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 imterior 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



| ongi tudi nal axis 300 of the interior path 260 is at
anangle 310 to the vertical axis 205 of the tubul ar
vertical shaft 210. The angle 310 is approxi mtely

2.5 to 3.5. [0024] Wen 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

c Brigviag §dhropgiphole.dlypugh which libueant gy Hayn de Quter qugumterence of

disPesas AARBO TG reicald fith Rtk ffxhEs B B dlitidt! 290/ such that
of lubricant through the outlet 270 is unobstructed

bibetehruizranpgact 339 ds fithingly disprred wabip thequilect s ferrous
materials and particles such as burs in the |ubricant
before the lubricant is distributed out of the
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oFsG FraRt e RS AT REE ARGt Ia et fa bpe et 320 i
3dispdred whgin ke 43 26t ghe caliigposed at the circunferenti al
surface of the interior path 260 opposite the outl et

270. In another enbodi nent of the present invention

af02d) ONA ek 63 a day TR GRlagdd (o R indHGPRAGETL0AS to provide a
the surface of the higher end of the . .interior path .
2RI AP AR the Rt Reg of thegRIGTIOTRRUHAC o thedoosgin white sy magnet 320 is
apPEhREaERAERBAY tRf mide: PIeSERLly ldRpEsRE vAhiR heTAAWN330. The
in FIG 5, an annul ar magnet 320 is disposed wthin
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c sliniiyomd peviotoanchiararsi eagly pErmanens enaghett Neodguiyretrop-Bogron (Nd-
SHC| e annul ar magnet 320 is fittingly
d?é%&é%%gﬁﬁ%ﬁin the outlet. [0027] In yet another

enbodi nent of the present invention as shown in FIG

poflh 52k ROFHREIch, FROehreTBRRRE S LS eoion
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
hoiton sump 740 of the compressor 200. As such, a significant clearing between the
inlet 2530 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, Terrous 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] Tt 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.



of the interior path 260. At |east one cavity is
provi ded at various |locations along the entire
circunferential surface of the interior path 260.  The
at | east one magnet 320 is disposed within the at

| east one cavity. [0028] An exanple of a way to
secure the magnet to the interior path 260 is to
provide a cavity 330 on the surface of the interior
path 260 at the | ocation wheré the magnet 320 is to
be | ocated, and having the magnet 320 fittingly

di sposed mﬁthin the cavity 330. The nagnet 320 is
tbysmsecured in place by its own magnetic force. The
di nrensions of the cavity 330 correspond with the

di mensi on of the magnet 320. To ensure |long-term

reli abA'cb&%m&BdeoBﬁfnfs& gance, rare earth permanent

magnet m um I'ron"Boron (Nd- Fe-B) may be used.
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necessary so that the | ower end of the tubular
vertical shaft 210 will not be hitting against the
bot t onTisBkhpredér oPLiaki NOwireréth gidbngiudinhlexBalf tienetioipath is at

740 of the_ conpressor 20 s thu ef fective due to
tﬁémgi'egﬁiﬂfﬂ’éé?ﬁmél%%ﬁéé‘&b'&rm‘é‘ﬁﬁ ‘inlet 250 and

the bottom sunp 740. Ferrous debris and contam nants
will enter the tubular vertical _shaft 210 undetected

by t heThpeggmeressps of KiaimagWhersinghinitior pak iseagh Spvdpgan inlet at a
amérf:ﬁcpmdtgg%ﬁtééttggfﬁ ﬁougﬁd[OOSO] It will be

appreci ate one preferred enbodi nent
has been described in detail, various nodifications

anpd i npg o PR dt'he tubul
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p versedh tshafh wed theooutlef/ commmmicates between the c1rcumferentia! 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.



Clainms 1. A conpressor conprising: a tubular vertica
shaft rotatable about its vertical axis, the tubular
vertical shaft further conprises an interior path
extendi ng upwardly for channelling lubricant drawn in
froma |l ower end of the tubular vertical shaft; and

at | east one nagnet disposed within the interior path

for separating ferrous contam nants fromthe

| ubricant before the lubricaft |eaves the interior

path. 2. The conpressor of claim1, wherein_the

Pongi BtIFomPressRy of Stim heVhSHIR OHT CipaHerecefl ‘Qea??n“‘af magnet
3 sttt (RE ciM@drbremtl ofite oullét, $udB tHatHbe bidvulat @icgh& ad fittingly
shaft. 3. The conpressor of claim2, wherein the

idispese srithgethe oitieteach having an inlet at a |ower end

and an outlet at a higher end. 4. The conpressor of
claim3, wherein the inlet is at the ower end of the

ti@bul Ahe corepregsenof ddimsy, Whawin the ablenst ope wagRel i lewtedat various

Cl. k- lis : v&ﬂgﬂ,interior
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shaft. 5. The conpressor of claim2, wherein the

gles between 2.5 and 3 5
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ayliddeeblocid.r cunferential surface of the interior path
opposite the outlet. 7. The conpressor of claim 3,
wherein the at | east one magnet is |located at the
sur f aqge ebmplessoh b bigim enehatintthe ritadoardfakie mbilar esitical shaft is
central longitudinal axis. 8. The conpressor of claim
AvEmeY 21Tt he at | east one nmagnet is an annul ar
magnet di sposed within the outlet, the annul ar
magnet i s having a through hole through which |
113br i daprompreser ofclaim 6 gD, hiepinths gaterr PaibdS havine at least one

VGERI O bk Sm e R ThBlc8 BE fheQhteliioat) Bl aRlealtREO Blbgnet 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 furthe:r comprises interior path extending upwardiy
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
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corresponds with the circunference of the outlet,

such that the annular magnet is fittingly disposed
within the outlet. 10. The conpressor of claim 3,

wherein the at | east one nmagnet is |ocated at various

| ocations along the entire circunferential surface of

the interior path. 11. The conpressor of claiml,

wherein the tubular vertical shaft is supported by a
cylinder block. 12. The conp?essor of claim1,

wherein the rotation of the tubular vertical  ,shaft is
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cavity on the circunferential surface of the interior
pabh, "the at |east one magnet fittingly disposed
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interior path 1s having one of the at |east one

guphithay thetoutieids unpbsanctedof t he hi gher end of the

interior path on its central longitudinal axis, the

at | east one magnet fittingly disposed therein. 15. :
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theroutiets materials in a conpressor, the nethod
conprising the steps of: a) providing a conpressor
havi ng a tubul ar vertical shaft rotatable about its

Verti T maiod, oft dikini UK UNRreid ahé istpl b)siethdr domigriser placing and

conprises interior path extending .upwar dl f.or . .
EFeHTIRERY [PasY OPS BIAERSS At T ei@% e s & gv% fhedigrig path on its
béal MRsthAmav@nd.i cal shaft, the interior path having

an inlet at a lower end and an outl et at the higher

end; and 9 b) placing and securing at |east one

TRINethAlnetidd SHULILAF 86, 00ndrdiR hLRD! ) fuRBednYrises placing and
securing an annular magpet 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.



separating ferrous contam nants fromthe | ubricant

before the lubricant | eaves the interior path,

wherein the at | east one magnet is placed and secured
within the interior path, such that the outlet is
unobstructed. |IT 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 tbe outlet. 18. The

met hod of claim 16, wherein the step b) further

&8npr iThe siephod of nigima 8l Whsesin thermgethed E@ésrt cognpeisgsapprading one of

rfac ' Is [
Bhe btSes?Bht @A08y &]  aila 30 e 1040 B P Bl ol P8 contral
dbmgitiihs), axistfer ftingly dspesirgthb pnef ofithdws deastorme magasy therein.
pl aci ng and securing an annul ar nmagnet within the
outlet, the annular magnet is having a through hole
t hrough which lubricant flows. 20. The nethod of
claim 19, wherein outer circunference of the annul ar
magnet corresponds with the circunference of the
outlet, such that the annular magnet is fittingly
di sposed within the outlet. 21. The nethod of claim
16, wherein the step b) further conprises placing and
securing at |east one magnet at various |ocations
along the entire circunferential surface of the
interior path. 22. The nmethod of claim17 or 21,
wherein the method 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 |ongitudina

axis for fittingly disposing the one of the at | east

one magnet therein. 11 MAGNETIC TRAP FOR FERROUS

CONTAM NANTS | N LUBRI CANT Abstract [0031] A

conpressor is having a tubular vertical shaft, which
rotates about its vertical axis, a cylinder block

for supporting the tubular veytical shaft, a rotor

for driving the rotation of the tubular vertical

shaft, and a stator affixed to the cylinder bl ock.

Lubr nRENETIS THI ROR EERROUS C¢ORTAMENANTS INLUBRICANT
tubul ar vertical shaft through an inlet of its

interior path to the outlet. A magnet is disposed
WiAhstmctt he interior path to trap ferrous

c m.nants in.the.lubrji t IC ' .
T BURB ot ot A R PR e St ol MM B b verdca
FlaGs, 3 cgtdenilack &8 shpymriddpsthe aattular vertical shaft, a rotor for driving the

rotation of the tubular vertical shaft, and a stator affixed to the cylinder block. Lubricant
is channelled from the lower end of the tubular vertical shaft through an inlet of its
interior path to the outlet. A magnet is disposed within the interior path to trap ferrous
contaminanis in the lubricant before the lubricant is distributed to other parts of.the

COMPressor.

[9e32] FIG. 3 accompanies the abstract.



