separators and nore particularly to centrifugal separators of the i
sel f™- pOMBred type that can be used for renoving con- tamnants from\a 7~
liqui d.system such as the lubricatingoil 5 systemof internal conbustion’

engi pEs™ I n order to obtain long operating Ijfe for machinery sucg A5 i A
|nter nal combustion engines, it is extrenely inpor- tant to provi ff&l??
hi ghest level of filtration capacity and ability in the systemto
confinually remove polluting materi- 10 als such as 'particulates, as they
beconme present or enter into the lTubricating oil. Generally, these filters
can be classified as one of tw types, either full flow or bypass filters.
In the full flow filter, a porousCENTRIFUGAL | SEPRRAWTORt is used, and it is
‘placed directly between the oil 15 punp and the remai nder of the _
lTubricating systemso that all of the oil passes through the filter. Such
filters generally tend to have filtering elements of relatively large
‘porosity, not only because they nmust pass-a reIatlver hi gh vol une of oi
‘with a mnimumof pressure drop across the filter, but 20 al so because as.
‘#he. contam nants are filtered -out of the oil and remain on-the filter
‘el'enment, they tend to reduce the size of the pores, which further limts -
‘the fllterlng action and increases the problenms of rate of oil flow through
Fhe filter. Wth such full flow filters, it may be necessary to 25 provide

‘a bypass. passage-so t he{j g\pRvéneionl tﬁlﬁ@ﬁ@eﬁeaamycwsimmmapf
restriction, oil flowis allcwed to pass rect around the filter
~such. oil r eCRERREALOTS taéré ngore f’aa'cf‘t’r‘ﬂ(fj}%\f& enggifngat (2€ p%’é%gﬂ’ég
of the rel atofethel Bbg.tf-mr@étéﬂ elypehaadd teanebemasbs ftdre e el mg nCober
of _ taminants from a ligquid system such as the lubricating oil
5 system of internal combustion engines. )
' In order to obtain long cperat1ng 11fe for machinery
such as internal combustion engines, it is extremely impor-
tant to provide the highest level of filtration capacity and
| ability in the system to sontihualiy remove .polluting materi-
10 . ais such as'partiéﬁlates, as they become present or enter
intb.thé 1ubri¢ating-oi1. Generally, these filters can be
classified as one of two types, either full flow or bypass
filters. In the'full flow filter, a porous type filtering
| element is used, and it is placed directly between the oil
15 pump and the remainder of the lubricating system so that all
of the o©il passes through the filter. Such filters generally
tend to have filtering elements of relatively large porosity,
L " not only because they must pass a re1at1ve1y high volume of
|  ©0il with a minimum of pressure drop across the filter, but
20 also because as the contaminants are:filtered out of the oil
| and remain on the filter -element, they tend to'reduce the
.size.of the pores, which further limits the filtering action
and increases the problems of rate of 0il flow through the
filter. With such full flow filters, it may be necessary to
25 provide a bypass passage so that when the filter produces an
excessive amount of restriction,_dil“flow is allowed to pass
directly around the filter'ana such oil_receives no filtering

CENTRTFUGALCSEPARATOR This invention relates generally to centrlfugjzjz>tw
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fi nesgrai ned particulate materials which are not filtered out’ of the oil

nee they are too small to be retained on the filter elenment. The other

erdfoil filter is the bypass type in which a certain .anmount of oil as

aves the oil punp is diverted-into a filter fromwhich it returns to

t h&=0i-l sunp to be recircul ated through tHe oil punp<w t hout *passi ng 10

t hrough the renmi nder of the lubricating system \Wile such bypass filterts,

filter only a portion of the oil being punped, they can be very eff|C|eth§,J

in terns of renmoving very snall particul ates because they operate under a .

hi gh pressure drog?between t he si“_pg ressure and the oil sunp "

Wi | e bypass f BFELPR whakeperof RUté Fré’b (P&F‘t’ﬁ)e"fhéﬂ’nﬁ“:f‘ﬁ&f’b’ﬁs filter

el ement, centrlhugelparpsétyi of by fidtemiclemedbant thpseuate aisguben fuch -

- appli cati ons. Ai hyRiraiine8 Updr €dillaick Ugatedid)scWhich tate AGE £3heuked BuBeazl ey

- patent No. 3432 Bl opbeDaddlf|ehdgSape Uld QagRSLd e LY thebh et 20
rotatably gounted rQt or Temen avi ng an 1 nternal and an outer

wal | . The ca5| gt 'f%’ EIEMERT e di rectly to the sunp or drain, while high

pressure oil is directBdeiathen fypPenofroidr fiftendsy &ber byPars tyRe rig or -

fills with preahiéh 20¢epthain tduudit] opasHr asddenYesvilsy the @ilppuimp Ofs-

diametrically 3§v J&ea&ﬁéods Sﬁﬁacregef96ﬁf4tﬁ%i Q i@&ﬁ»nga!é Nhe? of £SumpCt €d
di ane- ter. A% it.creates a

_reaction force \‘Rh‘?ectfeféﬁggi ?%d %’5?3% %ﬂ °"2 én“'f‘% “ﬁtbﬁ'et FEFSHRY, causing a *
* centrifugal? f ofBEoush the fepainder: RE the o‘r“bt‘HSPth'ﬁ SYstemsoMbAleFuchc es- .
~whi ch then adheypasi) filloetsiSidvairl obhdy e lporeénbrof hal of Hried nghpumgelde r ot or.
is rotating: andnby dBCBaNGEA) ¥FHeseRd Whakrhbeot qte&rwmm&z%s;m\aer the

mehinery SUPPLYL{Egeg! bed et Qaegdofeég tns?ga s MefRdLeE kst om the -

- orifices or jetls 0es a pressu
within the rotB?*Y??“NﬁQF supply ptessure and the oil sump.
' While bypass filters may be of the mechanical type

having a porous filter element, centrifugal tyoe filters ate
quite advanhageously used in such applications. 2 typzcal
such centrifugal filter is the one shown in Seazleg patent
"No. 3,432,091, which includes 2 hollow casing within which is-
20 rotatably mounted a rotor eiemeqt baving an internal chamber
. and an outer wall. The casing is connected directly to the
sump or drain, while high pressure oil is directed into the
intericr of the rotor. As the rotor fills with pressurized -
0il, the oil passes downwardly to a pair of diametrically
25 located discharge orifices or jets having a restricted diame-
ter. Aas the oil passes out thtough these orifices, it
creates a reaction force which causes the rotor to spin
within the hous{ng. causing a centrifugal force on the wall
of the rotor that attracts solid particles which then adhere
30 to this wall both by centrifugal force when the rotor is
totating and by mechanical cohesion when the-rotor stops
whenever the machxnery supplyxng the oil is stopped As the-
oil is d;scha:ged from the orifices or jets, it undergoes a
pressure d;op from the high pressure within the rotor to what



- .- 3 i,s substantially an atnospheric pressure within the housing f
which it fl'ows back to the oil sunp. Because this type of filter @
hi gh gpeed of rotation of the rotor, very high centrifugal forces ¢ _
resylt, so that even very fine 5 and | i ght wei ght cont am nant partrctes
can burd. d up and-be retained on the wall of the rotor. GCenerally, such

-fllters have been the reusable type where thg housing can be dis- nmantled
and ga-rotor renoved and opened up so that the con- tam nants can be renoved
"as 3 sludge fromthe interior, but 10 it is also recognized that such
filters may be made of a dis- posable type in which the entire unit is
‘renoved and replaced with a new one after a certain predeterm ned period of

tine. Such di SpOSinEEb;iJﬁt‘irailpaﬂ&‘ Jﬁﬁ\%\ﬁﬁb@%ﬂ presbute WitheRtthe\Bdusing
4, 106, 689 and 4, j£6§59in %&hieciplant £lows back! 18LEE Ui A e khése Hisl Yo tYPC

functlon nor - maII |on of

renove a eﬂg ‘5)
tam nants and ke®§ Ehktes;pllousi hishispeefo o‘e?tgl"i‘ Pa®h fhe FARRE - \'ﬂﬁ@h such
filters are used highnotmur ifegrl| £erdemyicag km.dapytmnsivﬂimv fingan

easily be di Ssov%rn@dlié'ﬂwefﬂght S6ntfilindh€api i cQles! &t aag 0B NIp AnAUbel be
done at certain rggnged tetua §1*2&%ﬁ£ } le I Egtemiybeg‘;}:g Y3gkiLNi ng

inits intended manner, m)untxhq;c ccumul at ed

.sludge in the fi PaF ?%R'brthe Fﬁb\ﬁ/‘é‘r’ tWREN ‘é’tfc?nt i PRAYHEE F8h B “¢feaning
_ #s done and the oaptitedcrdnpuretof Ehmaveddamd jopensd PR AR that tthe €8RDr, it
-must be assuned tdaat nhie: fdant 88 Fésoved abegns Tudvet £ooh rhei mnt&naarrathuMed

manner. This py e%‘ér@plX%Jéa?gkkén?iéchetrhaﬁ:rQﬂalé]rﬁlrtgi:grmﬂptberﬂwldlgat@?s-
-intended operati r.0 % t at _pe hans 2l cea
certain tines thé’%Fﬁglﬁ RS A8t a‘éb%htg‘ﬁ ﬁﬁf’n ar % is qq™ é/tﬂ”f unctions of
‘this type have bedghkmowy tcmeoséter fa mﬁawmaemwéageyﬁ? Eh&Einempl y
|l i ne or damage t Guchedispesable filters have been shown in U.S. patents Nos.
4,106,689 and 4,165,032. | |
15 ' When centrifugal filters of this type function nor-
mally, they will remove a very high proportzon of the con-
taminants and keep the lubricating oil from deter;orat;ng.
. Thus, when such filters are used in motor vehzcle; having
_ known duty conditions, it can easily”be discovered that £il-
20 ter cleaning or replacement should be done at certain regular
intervals, and if the filter has been functioning in its
intended manner, there should be a predictable amount of
" accumulated sludge in the filter rotor. However, when such °
an-inspection or cleaning is done and the expected amount of
25 .sludge is not found in the rotor, it must be assumed that the.
filter has not been functiohing in the intended manner. This
presumably results either from the rotor not reaching the
intended operating speed of rotation or by the fact that per-
haps at certain times the rotor was not even sp;nnxng at .
30 all. Malfunctions of this type ‘have been known to occur from
unexpected blockages of the supply line or damage to the
-rotor bearings, as well as posszble clogg1ng of the ori-
' fices. A more commocn cause of improoe: operat:on, however,
has been found to result from improper drainage of the outer

N
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r ot o'r:' bear i ngs, as well as possible clogging of the ori- fices. A nore
ron cause- of inproper operation, however, has been found to result from
Drer dr aj nage of the outer 4 -

®iG chanber or return line, which causes dlscharge 0|I to back up in
Ne Bottomof the filter. |If this occurs, 4the |owest portion of the
whi ch may include the portions haV|ng the jet orifices, wll a%gp
subnerged in the excess oil and cause a frictional drag on the rotor th

will great- 5 |y reduce its speed, and thereby virtually elininate its -
filtering efficiency. To overcone this problem it has been recognized.
that it is necRusips;ehanher # EeERTH ddpel crRirtycapses Hischaree ol ke
sunp, and whi | edadkdspl iy thehibottem of thendibyed) TSukbisgperkest itteer on the

osunp, this is Usdikiskypofiidd ! the bt deQl wHDSK daySiaéladd Qns. p&&@n&esult E
instal l ations Wﬁat&%fﬂé %&igﬁﬁssemum hQ@&M%uﬁ&lQﬁ&% ﬁq%é Cxcldgs use of

arelatively lar | anmet'er ose_connect ed

bet ween t he bot? Bf ¢anse @ fEicHRAY, §rap°n e 5ot es € hatngill great-
Furt her nore3,  tiy reduce rigsoispends me:hnusbybamélnmlmzoatefmsl y to

"avoi d any poss|M1Itutyng:)feﬁ1aﬁ_anb¢nds or conplicated paths that could

restrict the flow path. i-d: t'hé
possi bility of "8}? ti ng %%%ggkcgﬁtotflﬁé %‘ogﬂﬁrgéﬁi eréék‘%gc&&nﬁ\é?s recog- e

50 nized 1 hat AF \REEeBPEF L TR £ OuREF (RO SFHELHSR FFALE M i (hin
the outer housﬂ??gksheuﬂ!# [sampquand (whideroifertity Shbsseanc beadene yre is no
positive presswoantdhgithe Eitter | od heugbmpheetisain bswa1yChee ladkion to
this problemthah bas Hean 1H§€§:h 12t ks tOAQrQVA%‘%l@“ fxﬁ iEE@f&& V:ﬁgl& val ve
on the upper Slt%e g te:e 1%Uttgzrnote r:lc?ngt g xr»goxvtle requue e ugé o F all OW -
at nospheri c.
' :elatzvely large diameter, and hence rathet-lnflexxble, hose
connected between the bottom of the filter housing and the
15 oil sump. ?ngthetmcre, the routing of this hose must be done
' cuite caiefully_to_e#oid any pessibility of-shatp'bends or
- complicated paths ghat_coﬁld.restrict the flow path. Addi-
tionally, care must be taken toc avoid the possibility of
' get;ing an air bubble in the drain line, since it is recog-
20 nized that'unae:_ncmmal operating conditions, the air pres-
sure within.the 6utet housing should be eQual to atmospheric’
pressure,.end.the:e is no positive pressure forcing the oil
through the drain line.
One scluﬁicn to this problem that has been used is
25 to picviae an atmospheric vent valve on the upper side of the
outer housing to'provide_a bleed that would allow atmospheric
air to enﬁer_the housing. However, such bleed must .include a
reverse flow.check.valve in case the internal housing does
become pressurized because of an unanticipated blockage in
30 the drain paSsages, which particularly may tend to happen
when the engine is fxtst started and the o0il is relatively
- cold, and therefore of hxghet viscosity. Such check valve,
however, can allow other contaminants to enter the filter

T



~ai'r toenter the housing. However, such bleed nust include a reverse flow
“check valve in case the internal housing does becone pressurized becat3g of

y, |

an up@Antici pated bl ockage in 30 the drain passages, which particul "-
~tend to happen when the engine is first started and.the-oil is rel aty'“

col d, “and therefore of higher viscosity. Such check val ve, however, can .-
~al-low other contam nants to enter the filter fromthe exterior, and may,
u '_a' r' some circunstances, pernt the escape f oi | . Anot her proposed

solution to problemis that dis- closed in U S. patent No. 4,046,315, in
-which part of the-5 incomng oil bypasses the centrifugal filter and is

~directed directly back to the sunp through a jet punp arrangenent bel ow the

“housing. This j ULR, | i'n t i . L] y ]

panpi g action | ik e Sxtdiite hEPGY, SadlUolE SR ME LI,
" therein and forceh% °B§ER°t%£ R3l-the sunp. However, the jet punp oil is
_therefore not fil- tered Angihsis Poopesed [soletidrcitenpyobient he thatt disng
~operation and nayclceedi if ¢Je. paeent NMo.hiaghss, NINachiwhidhl pPreoe BnE he

- Jubricating syst o b ol {1uyciRhe s HHASELON ARGLNR11 cdilbng LI TITREE e UCH
'j et punps nay reqyire aover : di arretgr 15 j7et, orifice which 1s easily
- cl ogged, renderi gﬁ’fﬁé }’e‘?a%ijrfﬁ FR® JEPR FHECUITHhE JPESRP ARERARS™SAt provi des
“an inproved arrarRgdovnthe hansipgevcPhisngepoRWrmiis Bhen dinggnéed it graviddd  in

% he filter housingplagitiée Qithamig pumpingr attish dnDuhé cdvidirtatpasitively

_pressure above atjgaphesit dndOngsChRiRnabed MelrBenlidd Forkd ' BUERted DO
..possibility act th]e rotor. .

f1t has been 3{°stc<r}\?'§?léiimﬁl’§;t.wr‘n"éfsﬁ"?h huéfp}gaf%g?%léqiﬁ{ E%-p@eét%?%? Wfefitare two
_“jet streams of oifere8mi WRiul yerehthe efficiency of the filtering operation
. : © ' - and may require the use of a higher capacity oil pump in the
lubricating system of the internal combustien engiﬁe. Fur-
_ thermore, such jet pumps may require a very small diameter
13 Jjet orifice which is easily clogged, rendering the jet pump
 inoperative. : ' '

, The present invention provides an improved arrange-
ment for preventing possible build-up of return oil in the
o filter-housing.by introducing a controlled amount of air at a
20 pressure above atmospheric into a chamber below the filter to
' prevent the possibility of the oil level rising upward until
it may contact the rotor. .
' It has been discovered that when the filter is in.
: operation, there are two jet streams of oil coming out of the
25 jet nozzles, and that these jets naturally impinge. upon. the
inner wall of the outer housing, and break the jet up into a
- fine spray or mist of oil. When this is done, there is a -
certain amount of foaming of the oil which entrains some of

L
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25 et nozzles, and that these jets naturally inpinge. upon. the I nner
'-'of the outer housing, and break the jet up into a fine spray or m st
N\. - Wien this is done, there is a certain amount of foaning of the oil
en‘tral ns some of ° the air present within the housi ng, and this
N ned air passes with the, oil through the return'line to the sunp. As _
thi¥“occurs, there is a continual .small&renoval of air fromthe housi ng,—, -
and if this air is not replaced, the air pressure within the housing 5
drops bel ow at ¥hes ghBr present gEdnin then bgs R i cenfrainnd adr upassepne.
and i npedi ng tmhr eheirilf khvough Qhé ﬂeﬁbui'xlila.iﬁdn% thd hewsip. a&sat!(isl Ecétﬁ%r ai ned
"and passes thr ugs he di S%an% "@ﬂs t he | eyel ten?{g 618Hd I f-
it reaches the efSof P B%er® BFme PStSP' “t‘ﬁ@ ? "
. sl owed, ‘or eveif sthippeilr s chatOreplaceiethef ialir r ptéssure\iwitthio ﬂ}angeusiingke -
pl ace. Accor OLINE; ?!9&% t t a%,ep e t hod
of renoving 520%’?) %1 nant sa ro he Piﬁ’ qu%eﬁggn?r%uw%%sg} é{?\r?htghge idis
suppl i ed underlinecgadr émpeding cthennatum " Howy qfotoéf to tdhensumEnng Thv Iaéaves '

the r?tfr bydve:w qfs enxfaineacan& stah tm aghé Off eBEFR qaaéesmehemot or-
o rotate an ei suppli sur,

assi st drai nagﬁhﬁﬁ' EfelE d&e?’g%ﬁ{f fhﬁ?hg ‘Wg'ugrﬁ gﬁe 8Fd| ng
to anot her aspemt off ﬁxéerotm’enthe)rrotbhewﬁl ‘$e pslonied g dom event sicpped) andl

cl eaner ass%rbé Fe vy ﬂﬂq&ﬁ]%ﬁr}g’eq@f’%aﬁ% %(J:i&? £hanber, a rotor |n. th_.e.'

housi ng,- means tor supplyrng ofl ‘oressure to the

~interior of the rotor, jets.to discharge oil_fromthe rotor into the -
chanber and by r@.esé t §oC 3HE CabPt) WFOTLHeO 1nPbiidn, ABhé¥d 1QUDFEYidear

O o e o SR i Badpaits roheR Eho 1 ool shefngy o o
- further aspectwltéremethm\ﬁMdojs sdmﬁ.tedanmenvpﬂesac}eat@mu&mgﬁomloﬁ‘
©ofilter SyStemgofoi%rngﬁhhnﬁomngn@nl&\)es the rotor by way of a jet such
' 15 that the reaction force causes the rotor to rotate and wherein

air is suppl:.ed under pressure to the housing to ass:Lst drainage

of fluid away from the 1ower end of the housing.

According to another aspect of the invention, there is provided :
a centrifugal oil cleaner assembly comprising a hous:l.ng defining
20 a chamber, a rotor in the housing, means for supplying oil to
be cleaned under pressure to the interior of the rotor, jets to
dis_chérge oil from the rotor into the chamber and by reaction
to cause the rotor to rotate, an oil outlet for draining oil away
from the chamber, and means _communicating with the chamber for

25 connection to a supply of air under pressure.

* According to a further aspect of the invention, there is provid-
ed a centrifugal oil filter system for a machine having an oil
pump for supplying oil under pressure and a sump, said filter
including a casing defining a chamber, a _drain line between said

30 chamber and said sump, an oil pressure line connected between
said oil pump and said casing, a rotor in said casing having an
interior arranged to be supplied with oil under pressure from
said pressure - line, said rotor having jets to discharge oil into
said chamber and by reaction cause said rotor to rotate, and means



.2 punp fer supplying oi I under pressure and a sunp, said filter incluch
‘casing defining a chanber, a drain line between said 30 chamber ang

;_sunpffan oi

a rotor in said casing having an interior arranged to be supplied v

| p

ressure |ine connected bet ween said oil punp and sai ¢

' under pressure fromsaid pressure line, said rotor having jets to discharge
_0|I‘[nto sai d chamber "and by reaction calise said rotor to rotate, and-nmeans

6aito supply a| under pressure to said chamber, pl alr
entrained in t h& %P i%ta&f'n‘f’ﬁﬁ 2ot int §‘8rﬁ)a1 d ?hﬁgtr)éelgy {ﬁr?evg%@'a buis up
~of oil within santrad.hedrtrbr .thac ol drefgrning cto aadd hewmpa &pd c theyeby hprevent

“i'nventi on,

cinternal conbus |on ngi ne

t he

r Qfléﬁhwfuﬁgpggﬂjuﬁghmgll filter systemfor -an

aving an oil punmp for supplying oil under

~.pressure and-a sunp, said filter including a casing defining a chanber, a
.drain line bet weeme%af&h awa etﬁn&lo%ﬁéﬂ gsipget A Ghe pneadios, | theve is

) . . . |
| ntDr Povidef of et ol pif Hagek Sl £o8  §a ekl RS "0
“said pressure |ioe, esgind having hawvieid jpmp for m@wmll'mdw‘opsaﬁjzre :

~hanber and by Eﬁé‘cﬁ' Hﬂr‘#fr QdS@‘ift§zot:ﬁ{cl &Otaatcﬁs Gelr

connected b
havi ng an i

val ve neans in said

0 Su alr pre re to ald chanber to

replace 15 air end:%jméldnpnbeh@em Pﬂ‘%t‘-’bﬁbﬂga{l %%i-idds’%‘!mpa&n%i’- PEEPEHIFe
brevent a bui | d1se OforRiebtell tEtithe& Saidhastheipunp afid éﬁ@oralsmgtcaarotor

preferred e
“housi ng nou
alr valve

~a.

i

15

dlnent f this ven- tion, there i s pr.oyided a
dipi Fetd | 283880 fﬁQtﬁﬂteﬁHﬂ%Fﬁﬁ % Iﬂﬁggt

oil under _ pressure from said pressure l:Lne, sa:Ld rotor hav1ng
Jets to d:Lscharge ‘'oil into said chamber and by reaction cause
said rotor to rotate, and float-operated valve means in said
chamber to. supply air under pressure to said chamber to replace
air entrained in the oil returning to said Sump and thereby prevent
a build-up of oil within said chamber.




-mhrch s connected to a suitable source of air’ pressure such 5 as an air
'br?”~~genpressor or other punp. A float is nounted within this regul ator
chrﬁ@ﬁ;'.nd is actuated by the oil level within the chamber. As |ong as

t,hl % level, remains. low, the air valve is closed and no additional air
i §sdpit- ted to the chanber. However,. if the oil Iével begins to 10 rlse '5
as will ‘occur when the entrainnent of r fromthe jets within the return '

oil renmoves air fromthe filter housing;. -the oil level .wll begin to buﬁ?ﬁ
up and raise the float. Wien the float reaches a predetern ned position, it
will open the air valve so that air -fromthe-pressure source enters the 15
- regul ator chanber, and hence, by its direct cgonnection, the interior of the
filter housing. - Because of this posi-tive action, the air pressure within
the filter.housing will rise above atnospheric and increase the force on
the oil within the return line; to increase the rate of return fl ow and 20
I'ower the oil .level within the regul ator chanber. It has been found that,
~regardless of the pressure of the-.air source, it is never necessary to _
increase the pressure within the filter housing by nore than a few psi,; so ..

i: that the pres- - sure drop of oil across the rotor orifices.or jets
~remai ns substantially the sane, to allowthe filter to function in the

nor mal manner.  Hawverdiirg i tonat éﬂ&tr@ﬁéémbbaﬁmﬁhﬁﬂéfthhﬁéfiﬁﬁkhﬂ' oo
{r ous) L e, ERMR L sl SRt FRACY 2ZBbYat ob ik AEVOERE 0Ny s
the sumeldnother Fichtere hﬂushng; nyedt whiicls ihetluaeahaanbaeﬁr fualnee - .
PSSt Ot g 47 cnhediar 105, o AR Lyl (DS, LELU 1408 DEODAIS Adon
gul at¥ ckSt h8 i I 0 IE WBFESSUSR SUF
al lppw ad rae digi brvake- cmipﬁesssrmesenr otisat spuspher X hfboaer el rcureed
of ‘grayi{dhin this regulator chanber and is actuated by the oil’ '
' level w1th1n the chamber.e As long as this oil level remains
‘low, the air valve is closed and no edditional air is admit—i
ted to- the chamber. However, if the 0il level beglns to
10 r1se, as will occur when the entrainment of a1r from the. jets i
within the return oil removes air from the filter housing,
the oil level will begin to build up and raise the float.
When the float reaches a predetermined position, it will cpen’
the air velve'so that air from the pressure source enters the
15 regulator dhamber, and hence, by its éirect connection, the
intericr of the filter hou51ng. Because of this positive
. action, the air pressure within the filter housing will rise . .
~above atmospheric and increase the force on the oil w1th1n -
the return line, to 1ncrease the rate of return flow and -
20 lower the 0il level within the regulator chamber. It has. |
been found that, regardless of the pressure of the air
source, it is never necessary to increase the pressure within
'the-filter housihg by more than a few psi, so that the pres- .



since it was always a procedure to nount the filter substan- tially abgwe=
the oil level in the sunp. Using the regulator of this invention, it i G
possi BT to use a return line 15 that is not much larger than, and maj=€v@pn
‘be equal in size to, the oil supply line fromthe engine oil punp.
Further- nore,. t‘he nounting arrangenent possibilities are greatly
i ncreased, since the use of a smaller drain hose provides greater
flei;gg"'t\)ility for the hose, and therefore nore convo- 20 |uted paths of the
hose, wi thout creating undesirable re- strictions against return or-drain
flow of the oil. Addi- tionally, it is even possible to nount the filter
~.below the level of. oil in the sunp, since there is now a small positive

Phe ol “to the ropee SFEEE cll WEGES the GRN; IOk BIReD R 2E0e HllalnpD O
i n\e/e(rjllt ion is tha%t#fg?r%éf ' 1'}qr'\:g'ce)r gﬁ?g‘?% Fiﬁg"ctéhr?t %ﬁ?gﬁralmf %PF%?%mof"t he
di spos- abl e typ&PSuBRRAL MARREIshRPWevery, &t ifmmnated $hat the 1H®WE9oANd
4,165, 032. The fdigathatyishaddednthcought tha tégulditopots cdlaabvely aakai ner
and so arrangesl tiRaboldme,0na0kort EEpstasU8hlPedith@Namdint’ 3k Vénd fhiaBadi r
supply 1 i ne.conngqlefefled it oln' tfe 13! Bovind el &P 933 kEd I 11 €7
‘Since the air valve can ‘be nmount a I Tectl yoim Phe cas ng, t 'S reans t hat
“when the filter is full AnEdeTHEereRR OF gh%ﬁ ri@yeation i Fhati itk bps and

‘therefore requi r dsepnfqunch@ossibdlel tofgreasly asedugei khe tdiapenaecctfi dhel i nes

;.ars] }[NE‘![|h azo\me ?i:se@mtameomzapdtnecameeghpa&f bth_i’?&rh%:JBGshﬂ. | irRe, Zlod
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.used in this sp&&FiITAMER=IE AFFL b SR B, POARh AorEPR ot 97V EEY on

~'need not take pl géBc@qiriF Mast alwpys - iRnecefure ricamonaht the $idtér cuddtary-

- centrifugal forceiafnphatioventieobil Kevielvent tid soimbl NB¥nRetRe Kegiud@toby

_way of ' of this invention, it is now possible to ,use a return line

15 that is'hot much larger than, and may even be equal in size

' to, the oil sﬁpply line from the engine oil'pump. Further-

- -more, the mounting arrangement possibilities .are greatly
increased, since the use of a smaller drain hose §rovides
greater flexibility for the hose, and therefore more convo-

20 luted paths of the hose, without creating undeéirable':e-
strictions against return or drain flow of the oil. addi-

- tionally, it is even possible to mount the filter below the
level of oil in the sump, since there is now a small positive

. pressure-which can overcome the forces of gravity and pos-

25 sibly force the oil to the return line into the sump.

_ Still another feature of this invention is that it
may be incorporated into centrifugal filters of the dispcs-
able type such as those shown in U.S. patents Nos. 4,106,689
and 4,165,032. The flcat may be mounted within the dispecs-

30 able container and so arranged that it controls the actuation
of an air valve in an air supply line connected directly to
the casing of the dispcsable filter. Since the air valve can
be mounted directly in the casing, this means that when the
filter is full it can be removed and replaced very quickly,

g PO



exapPh® with reference to the drawings in which:- 10 Fig. 1is
“‘.tional cross-sectional view through a centrifugal filter and its
Mg in accordance with a first-enbodi nent of this invention; Fig. 2 is
A €¥ational, cross-sectional viewtérough a second embodi ment of this
|nvent|on ut|I|Z|ng a filter of the disposable type; 15 ' Fi g. 3
is a cross-sectional view taken on line 3-3 of Fig. 2; Fig. 4 is an _
el evational view partially in. cross section of a third embodi nent of th\sr
invention; and Fig. 5 is an elevation, cross-sectional view through a

fourth enboghg@péreioré h&qﬁxﬁé’ﬁaﬁlyoihe rem@vd?%cf%é'd&gxﬁgoin':kﬁcoﬂnéc'?ldﬁrl?ﬁéser

detail, the cent |fu- separ.ator .or filter 10 incCludes a | ower housing
merber ' 11 aff br YitreRG R A8 FegomERHion 4N 3 SHBRl JineatRithal
respectivel yhe \domiquiné of et inachinery nvigh | wisich e fiRke € QBed Gs held to a

rel ationship'1 n’eh Iarrp 16 firmy hol ds the two menbers together and an _
o-ring seal ‘B! prevents any fluid | eakage out of this joint. Between them
the upp2r and | ower Alshoughys the. andmll"qd:Btnxtugaa Hidtes!" ngs- cbsmbem 1fhis whi ch
term nates dly ‘and.
ot 110 < neTnRaliBNCE 690 bl ahedi s RARSRGE ARBIRCRMD (ORI
housi ng chaﬁﬁ‘élthiBSQP?fﬁﬁemcécFO&til@twtieﬁ efipcied byne#mdéggasl footer base ' :

menber 21 having an emmﬁmn%ﬁm mverﬁﬁ:rnl thfrnakw B@'d éribed *&g &9}% a' S0 -
i ncludes a cover, 24 havi ? a top wal 5 and a downwar y ext endi ng, '

peri pheral EFYERA 1""‘2’7’ ’c‘??et'é’r'fhenda’laé"smﬁf"a‘?’i iCht-ar ged flange. 28 adapt ed
to fit Hmver the uppeFigend- daé hheewati&iﬁl,alcrbﬁ-ke&%naﬁndie@ Sﬂirb@éﬂ ea O-ring

oror 20 ouPAFHLES gﬂgrp.-'h.gd Bnd i e gahe UR bt SmBodimenc 51" 7

r ot or
: this invention;

, Fig. 2 is an eievational, cross-sectional View through a second
- embodiment of this invention utili_zing '_a filter oj' the disposable type;
15 -Fig. 3 isa cro;s-settidnal view taken on line 3-3 of Fig. 2;
Fig. 4 is an elevational view partially in cross section of a third .~
embodiment of this invention; and ' '
- Fig. 5 is an elevatlon, cross-sectional view through a fourth
embodxment of the invention.



20. i : In order to nount the rotor 20 for rotation within the égé;
housi ng chanber 18, the rotor is provided with a spindle 34 which at §\

-1 owerr”&nd extends through an aperture .35 in the rotor base 21. On th¥
I owef . side of the base 21 is a thrust mesher 37 which fits against a flange
38 on¢thhe lower 25 end:of the sprndle Li kew se, the spindle 34 extends
upward- |y through an aperture 41 in the rota& cover top wall 25, and above
t h€ =aperture 41 a nut 43 is threadedly engaged with a threaded portion on
.tﬁe“spindle 34 so that, by tightening the nut 43, the rotor cover 24 is _
forced dowmmwardly-to firmy 30 engage the base nenber at the seal 31, and
force the base nenber against the thrust washer 37 and flange 38, so that
“the spindle 34 becones .an intergral part of the rotor 20, to rotate
therewith. . The rotor 20 is nounted. on a pair of bearings sup- ported in-

e or e OFEL oy MEAEFRE Sol By § ;i; -gggﬁﬁ'ﬁc ge¥ay, Bileencrso-
which fits withi ngalbé%ﬁﬂ‘rﬁ"fa or sl ?r#%{‘er‘eh% AngemeRPeRdlin

. projecting boss 4@ngnan H@Pleév\k?u#mmgbﬁe@bﬁhiih hamec fhangdsd 34andhakdan

~put- wardly extendiesgedtimege, Sohidin\fd tt Bogétnas indfnt skt | @edbséoping

agai nst the. fhrugp mx?ﬁ&esﬁuy %%xweetfim,%bm @ - +HS detivRks

Li kew se, the top

_ d t
Formed recess 59 isEipetsann, 88 Exiks BeRE X .Pﬁgrs#%ﬁart P Laakod ok ®
to journal the upPértif] Ioinks Hatreea them, Hhe YBPeRI|aPA3LofREs haupbRes 32 of
uni - form di anet emn8 hEY aelfi neigh, haasingathamteehidr, auttich termimtels eacitsend

-of the spindle 341%& haabeara f&éﬁﬁ%‘i%ﬁﬁ é&saadté?aﬁ.‘; aaaeud%lﬁnssd,o.ﬁnd
"_the t hrust her eq: S ort oc}nk S, e Qt of th (1tor 20 _
I ndependent of any 5?%95 ?5 $§$ ?4 supp %H’%H'a r lf:) Ssure to the
separ at or 10 _ Within the housxng chamber 18 is mounted a rotor 20,
which includes a rotor base member 21 having an upwardly
extending, peripheral wall 22. The rotor also includes a
cover 24 having a top wall 25 and a downwardly extending,
lsp_.pe:ipherai sidewall 27 which terminates in an enlarged flange -
28 adapted to fit over the upper end of the peripheral wall
22, and a suitable O-ring seal 31 is prbvided at this joiht
to prevent leakage of the oil within the rotor 20 outwardly
1nto the housxng chamber 18.
20 In order to mount the rotor 20 for rotation within
the housing chamber 18, the rotor is provided with a'spindle
34 which at its lower end exgends'through an aperture 35 in
the_rotor-base_Zl. On the lower side of the base 21 is a
_ thrust washer 37 which fits against a flange 38 on the lower
25 end of the spindle. Likewise, the spindle 34 extends upward-

:* . 1y through an aperture 41 in the rotor cover top wall 25, and
) above the aperture 41 a nut 43 is threadedly engaged with a
& ) threaded portion on the spindle 34 so that, by tightening. the:

nut 43, the rotor cover 24 is forced downwardly to firmly

30 engage the base member at the seal 31, and force the base
member against tﬁe thrust washer 37 and flange 38, so that
the spindle 34 becomes an inte:gral part of the rotor 20 to
rotate therewith.



jne fromthe oil punp of an internal conbustion engine or other
mach (not. shown) and this line is connected to an 20 inlet bore 62

2§ . the | ower housing nmenber 11. The 0il then. passes through an -
hg val ve 63 and passage 64 to the bearing recess 48, fromwhich it
carf_enter the bore 59 and spindle 34. Thelfsolating valve 63 is '
spring-biased to a closed position under |ow oil pressure conditions, such,
~as at 25 engine idle, so as not to rob oil fromthe engi ne bearings. Thi S
valve is optional and is not used in many applications. Therefore, it does -
not formany part of the present invention. The oil passes upwardly through
the spindl e bore 59 towBhe Xekoty2fecis prpntaddon| b pisyuphidhesrriAe® AP adi al
pas- 30 sages ﬁﬁ-tadj dactbe appizf aodt DéwerlpoGsing Hembers I amdflows over

thle ugper IEdge f@?é%ﬁcm{d CHEc@Zdﬁ-ﬂﬁy' nhe {&e 1F°QLPF fﬁi‘a@@rs:ﬁ%dlﬁ -
cylindrical scr exte coax £ Spi.n Space amay_:-
t her ef-r om bet gﬁq’l‘ﬁe d%?'l"é%asl ftéﬁ% %57 wgtmf’hg "él; éﬁd‘" %ﬁaél ni cal -
baffl e 73 af  t Hember] 47 capyntady ’-“CBnF%%ﬁssoéPff'E‘ Rt BYRieEARAVERSH $%and
outward- |y to dén tthei Lever dhouwmingl aembgoQle 72hé dreurdng 41 asr sb outhase.

menber 21.  Wieparddl9 eotoaisp#I8hgb 50 vl tBE idesst b d2r@Aged &Pf the
inwardly f1ow ng, qi SSQH%: %Oféﬁt:ﬁit Doty 39'+ﬁ ‘%3& r&‘l‘ gefgk%e} rygar d

through the screenm ? e con Ical ows into
a a pair of vertle ‘@&P‘pas‘s‘d‘@é@s% tRe hap \Wn’%l#tﬁe"l’af’orh"&ééég MEPEEF 21. ¢ -
At their |oyer Ehds, ptheidedadshgest Itndd recnss 53 whiahgmweiigksya ext endi ng
jet orifices 78;aézmrrbmmy t9ye afi| thSudtobetdifg!lss 16 mrﬁllyea& dppeat i vely

high velooity |0 shNge "alslaig shamﬁﬂsﬁmgffs 259" ELAVsopilasal i oh

vel ocity throu he_ Jet or| |ces reactron fQrces, causes
the rotor 20 tof‘?tB‘t digmetentheceERERR ¢ (Font ﬁ% theu By AE2 WS EF o3 2tand |

each end of the spindle 34 at the bea:xng recesses 48 and 53
~ are balanced, and the thrust washer 37 needs support only the
~ weight of the rotor 20 independent of any préssu:é'forces.- '
0il is subplied_under.pressure to the separator 10
by 2 line from the oil pump of an internal combustion engine
_er other machine (not shown) and this line is connected to an
.2¢ inlet bore 62 formed in the lower housing member 11. The cil
then. passes through an isolating valve 63 and péssage 64 to
‘the bearing recess 48, from which it can enter the bore 59
and spindle 34. The isolating valve 63 is spring-biased to a
closed position under low oil pressure conditions, such as at
2 engine idle, so as not to rob oil from thé engine bearings.
This valve is optional and is not used in many applzcaticns.
Therefore, it doces not form any part of the present invention.
. The oil passes upwardly through the spindle bore 59
toward the upper end, and flows outward'through.radial.pas-
30  sages 66 adjacent a deflector cué 67. The oil then flows
over the upper edge 68 of deflector cup 67 and.ihgo the rotor~
. chamber €9. A cylindrical screen 71 extends coaxzaily with
the spindle 34 and spaced away therefrom between the deflec-
'tor cup 67 at the upper end in a conical baffle 73 at the : -

1
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thé centrifugal force that results fromsuch high rotational 15 speeds
causes_any particulate material to nove toward the rotor wall 81, mhe--frg,
'this_ﬁg?ticulate material tends to build up as a |layer and, under t "qms-
gravi‘tational forces, this particulate mtter tends to congeal to a Tlbbe
‘mass trhat can be scraped out and renoved when the separator is disas- 20 -
.senbt-ed.- The separator 10 nust be mount ed Iﬂ a generally ver- tica

pos™ion for optinum performance, so that t tre is a m ni mrum of unbal anced
forces acting on the rotor 20. Accord- ingly, the |ower housing nenber is
-secured to the nmounting 25 bracket 90, which in turn is secured to a franme-
rail indi- cated at 92 of a notor vehicle or other support by nmeans of

~suitabl e bolts P Ln cor&%Q gln%%g%hgap%ﬁtomd%r Bm?w :r&éy outt c5__e_turn

flow of oil from Rousi N ernar
conbustion engi \Tvas Pery ‘By"ﬁﬁ‘l‘ﬁrﬂwﬁguafg{ﬂ“!"aﬂl"e“’?t‘t‘?‘r‘?g

.connected to théusleammtpussage WBers &hieh st ohechainibec 069 di st okl peS iy a
sui tabl e flexi blehehpeeshiiredidte the irm:eu.b fl6Ping JilleéaudasNBbme WEdiehé ONS,

Lhi's return Ling, ﬁaqot%& Alasaf1 o Rl Y LA AIELE o9 e W00

_opt| mum speed of the no 0| cou accumu
wi thin the housith§ ERRifRY BASELR 3 wherp o}ty st ARt P @i PALGIQE WAFEIT nay
.enter through firaldpassrdesndsb§oomathmithinvtiie gratoncbasmpenbeh\2lneadt of an

air bleed val ve thellk Choleér ndsQnNENese Qasagss W RebhfndtecifnNtandeatnbinn. 5

: Si th b
T8'and the of) Siacratd Fe & ﬁj;f‘?w 1ofpR S PE .“v*%:gg:*é?*g%%?ﬁﬁetiﬁ

!
‘t o prevent f1 ui d’afna%"bﬁl‘] \r/h%'tgguﬁe}ﬁ%‘%&ﬂ:ﬂ gt ng chagRer, e | f
.the level does Bl dThe %fewaé tfﬂeo'buqf o4k athight Helwe\ken thfoughe thet it base

o:zfzces 78 then, by the reaction forces, causes the rotor 20
to rotate at high speed within the housing chamber 18, and
the centrifugal force that results from such high rotational -
15 speeds causes any particulaté material to move toward the
rotor wall 81, where this particulate material tends to build
up as'a-laYer and, under the. high gravitational forces, this
partxculate matter tends to congeal ‘to a rubbery mass that
can be’ sc:aped out and removed when the separator is disas~
20 sembled -

The separator 10 must be mounted in a generally ver-
tical position for optimum perfcrmance, so that there is a

_ mlnimum of unbalanced forces acting on the totor 20. Accord-
ingly, the lower housing member is secured to the mounting
35 bracket ‘90, which in turn is secured to a frame rail indi-
B cated at 92 of a motor vehicle or cther support by means of
S suitable bolts 93. In accordance with the pricc art teach-

: ings, the return flow of oil from the housing chamber 18 to
fe ’ " the sump of the inte:nal combusticn. engine was pe:fcmmed by

30 provzdxng a suitable Eittxng connected to the drain passage
" 19 so that the oil could then pass by a suitable ‘flexible
‘hese or pipe to the oil pump. Unde: normal ccndxtzons, this
return line had to be of :elatzvely large diameter because.
for optimum speed of the rotor, no oil could be allowed to
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10 nEnber 21, the frictional drag wll cause the rotor to rotate at a nuch
; peed, thereby greatly decreasing the cen- trifugal forces reqU|red
be the effective filtering action of these separators, and
itly little or no particulate matter will be renmoved fromthe
xating oil. 15 According to the princi‘ples of the present
I nven- tion, it has been determ ned that tiwe build up of oil within the - ~
- housi ng chanber 18 can readi | y occur under a nunber of circunstances, angs
t herefore such centrifugal filters will tend to lose their efficiency.
Since in nost applications it 20 is not readily possible to determ ne the
speed of rotation of the rotor within the separator, the loss of this
efficiency i s sédumulaee w@itkin abedhoosing idhantepalsy ebhich ik asssemy ed for °

cl eaning and af‘n‘i'}%XD?Eix egiy Jﬂ\&hbuh#dem:o“:h%ﬁ?ﬁ Céﬂeahﬁa{’ﬁ?tﬁﬁé gy scovered.
O course, when ten

t ccu beca he Qi | has
been highly coRt é‘%’ﬁgggﬂ éé% tlt?ﬁn&‘%gs%rr f"\/\é‘&f’“ﬁfg{ e Pht :ag?ﬁg WiSust i on .
engi ne has al reti@R 48cEP riengemaegpired Withashe PrAsent énquen has been
di scovered 0 $imcehehésetis mibsthatially moppressusd dropshsypeehecthe)r ocess

for remving aidusing Mebsh i J%dwenhouﬁé r1511t13<};ﬁ BanDd rhurn ASinehBudtelss of o 3
pass outwardlyg £ oci y
can be quite hlfarﬁ g}e’gg‘ﬁsg qﬂo#atr?? #?& rﬁ pg?%#lee%rz'essure %rop l\é’t

the supply |ine® ¥igbhpntRe hausing ek d8xcPBcauss d £oFhe |16§93784‘!°L5he 0| I
i mpi nges upon b4iddi ppewhere \&he odl cam reach3 thewkevelowsi the wekberbake.
Under this actidibert BE, ] Ghe Afrivith chsl ML WiUD Eajde Enbi ﬂ&&p&ay:&fate '

dropl ots, whi cfy eRded O S0 Aol Pheslly FrhdEf deck L o L ne-d's'

act ual solu- tlon or
air passes backK¥gseh egg‘iﬁﬁf ’iegl“ﬁéﬁ‘és%%rﬁq"f"f’énﬁ? o5 feghtye filtering

action of these separators, and consequently little or no
particulate matter will be removed from ‘the 1ubr1cat1ng oil.
15 Acccrd;ng to the principles of the ‘present inven-
ticn, 1t has been determined that the build up of oil within
the housing chamber 18 can readxly occu: under a nnmber of
cxrcumstances, and therefcre such centrxfugal f;lters will
tend to lose their effzciency. since in most applications it
20 is not readily possible to determine the speed'cf_rotaticn of
the rotor within the separator, the loss of this efficiency '
is often not discovered until the separator is disassembled
for cleaning and an unexpectedly lcw build up of partxculate
' matter discovered. Of course, when this occurs, it is often
25 teco late because the cil has been highly conraminated; and
unnecessary wear of the internal combustion engine has
‘already occurred. The primary reason for this action has
been discovered to be the fact that there is a prev1ously
unsuspected process for temovzng air from withxn the housing
30 chamber 18. As the jets of oil pass outwardly atlh;gh
velocity through the orifice 78--and this velocity can be
quite high because substantially all of the pressure drop
between the supply line and atncspbere takes place'across the -
orifice 78--the oil impinges upon the_interior wall of the




* S " the pressure within the housing chanber 18 to drop S0,
t hat ;?:LQ oil level will rise upwardly within the drain passage 19.
"Accordi ngly, the present .invention solves this problemby admtting

. addltlonal air. into the housing chanber 18 to 10 replace the air re
by thél entraining action of the oil, to positively prevent the oil |eve
fro.mrlsmg to contact the rotor base menber321. To adnit the air into the
howsi n ng chamber 18, there is provided a regul ator housing 95 having a
bottomwall 96 15 and sidewal |s 97 defining a chanber 99. The regul ator
“hous- ing 95 is positioned below the nounting bracket 90, and has a top
surface 101 Wmch I s ¢l anped agai nst _a géisket 104 to the | ower side of the
mounti ng bracket YfET BPREIRG MemUEE 11p,-Undarothis Ackiohe WIS Brokhe
upper side of thts rhnnkgnngpmtd)raaékee spraysiofigdcopjetiset wiith tedd toy
extending bolts éakraifr otiodiddtivieOsRe At UnegeiRTithet, by M cHRUNESNG
pracket 20, and thgn 20U 3 Glndil'S) Be 2 acd§sC0Ad 11250800 e EAD: Dehes

.cl anped toget her at i onsh drain 3ﬁen| n'% OVI ded
Tn U he. regul 3 or 35 BAASEE, Bat 501 She (BWTP bt BREERRTLRT oL RS, SF-Eey

Feturn |ine to t ke gwgsaere wikbinhshe cepusimgr chamhsd89to Arnp snctlmj:es an
air i B: et fittinghd i1t Devdl Gén'us :eﬁerwmlgnwﬁim:supplq:&:jmgaﬁmja a -
suitable source,yguc ayeYolysely t

&bove the inlet %E Iﬂcg&%ﬁ cggaﬂia&et Qt%%Qﬁg Tsﬁfvégkﬁ, Dbi J%I ch
is mounted a val affé h 3&”8 65?\)‘3‘ izfm This

.valve may be BonstRlacecthe mitméem%rbbftb&n%#{ﬂirmm getion, @ty the \iloh | s
normal |y cl osed so gdsdtivély Preventt tite icllelle®dl framneisims ol Bonvadeve.

‘However, whenevegpd t}gtggegggelgehger 2314 depr essed the val ve is opened to
_-faI | ow the passage of air

To admit the air into the housxng chamber 18, there
. is ptcv;ded a regulatoz housing 95 having a bottom wall 96
15 and sidewalls 97 defxnzng a chamber 99. The regulator hous-

'1ng 95 is positioned below the mounting bracket 90, and has a
top surface 101 which is clamped against a gasket 104 to the
lowet side of the mounting bracket 90. Likewise, the sepa-
_ -rator 10 can be mounted on the upper side of the mounting
20 bracket 90 using a gasket 103 and, by extending bolts 106
' through the lower housing member 11, the mounting bracket 90,
and the regulator hous:ng 95, the entire assembly can be
clamped together in a unitary :elatzonship..-
' A drain opening 108 is provided in the regulator
25 housing bottom wall 96, and to this is connected a return
line to the engine sump. The regulator housing 95 also
includes an air inlet fitting 111 to which is connected an
air supgly line_frcm.a suitable source, such as an air brake
‘compressor or the like. Directly above the inlet 1liis a
L€ 30 reduced-diameter'threaded;bqﬁg-llz within which is mounted a
valve 113 baving an upwardly projec;ing_vélve stem 114. This
valve may be conStrubtgd ;n,the_manne; of an ordinary tire
valve, which is no:mallylélcséd so that the air at the inlet -
111 cannot pass the valve. However, whenever the stem 114 is




D reéily above the valve stem 14 is a bore 116 within which i s mounted a

vaf¥nrod 118

having a smaller dianmeter than-that of bore 116, to allom/the

pdexidde -of air between the 5 valve rod and bore:upwardly into the
rqgdl At or chanber 99. Wthin the chanber 99 i's mounted a float arm 12

{fed by a pivot pin 122 secured in thegegul ator’

upper end of valve rod 118. At the one end, the float arm 121 is con

to a hollowf
the arm 121 p

| oat 124, which is free to nove 10 within'the chanmber 99
i vots about the pivot pin 122. The float arm al so has an

1

housi ng “adj acent the

necI
as

actuating end 126 which extends in t'he opposite direction fromthe pivot

pin 122 to a péépressieayecthéicvaliley @sl Oplereld toAS1EW Whel Passiigedotiding in FI G

1, when there
normal ly is i
arm 121 is sp
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. downward on,
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float 124 may mteabpvevﬂlejlgalandtdi)mmml y to admt the amount of air
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flow of the,d
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25

u&rll Qﬁtbh?xq 9!&4 ‘regulator chamber 99, the float 124 normally
is in a lowered posxtion so that the actuat1n9 end 126 of
float atm 121 is spaced above the valve rod 118. Since the
valve stem 114 is in a closed position, no air enters the
chamber through the inlet 111.. When the filter is ope:atzng
so that oil is discharged into the housing chamber 18 to flow
downwardly through the drain passage 19, oil may build up
within the regulator chamber 99, and if the oil level begins
to rise because of insufficient flow rate through the drain
opening 108, the float may rise to the position shown in
phantom lines at 128. When the oil reaches this level, the
actuating end’126_bf'£lcat arm 121 then pteéses downward on-
the valve armllls_to depress the valve stem 114. When this

- is done, air enters through the inlet 111, past the valve 113
and valve rod'lls, into the chamber 99. The presence of this

30

air in the chamber 99, and hence 1n chamber 18, wxll assist

" the return filow of the oil and the float 124 may cycle up-

wa:dly and downwardly to admit the amount of a1r required to

‘make up for the air removed by entraxnment through the return

flos of the lubrxcatxng oil.
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ft'wll:-be understood that if the return Iine con- nected to the drain
opening 108 is of quite large dianmeter, the pressure within the reg
- chanber: 99 -and housing chanber 118 will still be at substantially
.%atnnspherlc 5 pressure. . On the other hand, it has been found poss
"~ greatlly reduce the diameter of the return I|ne connected to drain ope
-108,Lg per haps one-fourth the diameter previlSously used, and in sone cases
noslarger dianmeter than that of the supply lihe to the filter. Li'kew se,

the separator 10 10 may be | ocated below the oil level. in the engine sunp,
so that there may.be a tendency for reverse flow of the oil drain line. In -
either case, the regulator of this invention will then adnmit air into the

“housi ng chanber 18 and t k& Wil besyndeggyoed fhatoif the resuem hime con-
-at nospheri c pr essested copthe drfaithiopehliing Eoedsaf Quitesimegé cliametén, cause

a suffi.cient rataa@fpztkew&émimnsum bOG Q1 brt BRahBEr gy Rh@hduzikgep the
_ oil level in the k;%qalil a%ﬁas %I‘leiggghﬁ t%%&laagggliao'agos het:' oned bel ow

t he phantom | [ ne posi g out -t hat this
-arrangement ndw BYSSSHE®s hePRFhe 1otber Band, dfuRBEdPe FRUPAPUIFIPIP SR and
Wwhen the engi ne gseatdy reducehbhet dédabetencef el oetwmn lhipeacdnraicltyd cruse

.tﬂe gntl e hOUSIm&ha{sbs{ngl&daO&ep&M SHe-Ro@ktn Bhe' @l midtdr prediv Oﬁ?h-
the drain i 1ne. {a!fiy Laka’ 231“;1%%{; é? %“gh&éé?? a;%hg?rﬁ-l% ghﬂr&

del ay in the operatiron o ne I'S

though the housi TR GHERLE 1‘1‘5’ ey the fhﬁ‘%‘f GitkewiEer the §?@’ﬁ§°§t%\?ts
_the float w10 eay et hocagrsb bedowi thenoihdeviel Wil the emgiinatsimp,cnder
Jithrough the inl ethakl thef@tndie Hec ai BeAdéidy [FVIS r@fetd@ieh 8 thellBiE t hen

drives the oil |gugl, dop. and, W‘i‘iﬂet é&drggs :Qghméﬁ%fl eVEl 1QbebfEod Ot OF

E L O VUL RN ICE LR TIRUCR Lo A
' ' sure may tend to build up above atmospheric pressure to pro-
. 15 duce the necessary pressure forces to cause a sufficient rate
of flow to the sump through the return line to keep the oil
" level. in the regulator housing so that the float is:posi- '
ticned below the phaﬁtom-ling position shown at 128. 1t
) should. be poiﬁted.oht that this arrangement now allows the
-20 filter to be mounted below the sump level and when the engine
is not running, the balance of forces may actually cause the -
_ entire housing chamber 18 to be filled with oil by return
flow through the drain line. This causes no undesirable
condition, but merely a slight delay in the operation of the
25 filter when the engine is started. Thus, though the housing
chamber 18 may be full of oil when the engine starts, the
float will be in the upper position and air will immediately
enter through the inlet 111, and hence into the housing
_ ' chamber 18. This then drives the o0il level down and when it
o 30 drops below the level of the rotor base member 21, the rotor
; may then begin to ;otaﬁe in the custamary manner and the oil .
level will continue downward until stabilized by the position
"~ of float 124 in the manner previously described.
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'of float 124 in the manner previously descrlbed 16 It shoul d be
poi ptéd out that the source of air con- nected to the air inlet 111 need
.have_;ﬁpressure only a smal|l differential above that required within the

hoyi‘Ag\chanber 18. Thus, if the nmaxi num pressure expected within the hous-
5 iing g, either because of :a |low position of the filter or"a relatively
S gfain line, may be in the range of 36to 10 psi, a pressure source:i n.

the TTange of 15 to 20 psi may be sufficient, although higher pressures, .
such as 'those of air brake conpressors, may al so be used so |long as such .
pressures 10 are within the capacity of the valve 113. In any case, it
shoul d be pointed out that the volune of air required is relatively snall
because the vol ume of I& sbevddi bedpointen put Hetatn bhel oxburcemak caisp chor - t he

?: r rtehrmvedhbheeﬁa ewlramt alip ihPe®illl nébatndve at bees/sﬂzunanﬁ; @Is&.aihatfrray
ow t hrou e r nmE me of -

oil flow ng térougﬁ ’{éf%ea&sgbgﬁ?itgéﬁi) %’éﬁémﬁhﬁﬁ %%ursgﬁé &d“i%ﬁg drain

openi ng 108. ?’hu% hys e if Bﬁe’“‘b’F"’%ﬂ“’r BISEEURR*XRESFE! TiTRERet R MOMA - f | ow

except .to rﬁakenmplﬂ-oreittmreh@ca\lmohfaﬂr lgwdposiftdent ffitthecfiber ior S
necessary to geklawively fshadl dPairdilme,pRsyidein thelfangecse ﬂt% yol ve 113

can close, sigge the, f;%w eaférddish (BLVEaifh GhOSE &) 2 BLANLG RAIN' would

result in.an excess, alr e's not onIy

to pressurize® 't"ir;t"g1 E%“gmn’csﬁ’ EFﬁZ?‘O‘;ﬁﬁCes?% 35, Itf“éfe s°fe1‘F'FC| ency
because t he oPraks mmresapsp» AR AL5Ss behusesd ispi teng @s\suck pressudesed and
thereby redigceré heisrdacthencapscy afuth8gviha 1280 SId @ngpedse bUt al so

because such ERGERP uzl botheld &@ysaaaftomnaoﬂﬁnef 6Pl diGeghitl® Qi | in the
sunp, whi ch coy *1 ANG 28511 L ESlsd MRe! YOI IR W01 O rdle o8 £ W3y
combust i on en§fHe ¥ g 24
that needed- to make up for the air removed by entrainment in
the o0il. That is, the volume of air that may flow through
15 the filter is relatively small compared to the volume of oil
| flowing through the separator between the inlet bore 62 and
the drain opening 108. Thus, the vclume of air does not
assist in the return flow except to make up for the entrained.
_ air and,rfoi that reason; it is neceSsary7to allow the flcat
20 124 to position itself where the valve 113 can close, since
. the failure of this valve to close at a stable point would
result in an excess flow of air into the system, which would
tend not only to pressurize the chamber 118, which would
- reduce the filter’s efficiency because the oil pressure drop
25 acress the orifice 78 would be reduced and thereby reduce the
reaction forces causing the rotors to spin, but alsc because
such excess air might cause foaming or ftothing of the oil in
the sump, which could adversely affect the lubrication of the .
internal combustion engine.
30 " as shown in FIGS. 2 and 3, the invention is also
applicable not only to the centrifugal separétors of the
"pgrmanent-type; which are intended to be disassembie65
cleaned, and thereafter reassembled, but also to centrifugal -
separators of the disposable type, such as those shown in

L3



- 30. . As shown in FIGS. 2 and 3, the invention is also applicab
conly to the centrifugal separators. of the permanent type, which are
“intenfed to be disassenbl ed,- cl eaned, and thereafter reassenbl ed,
-to centrifugal separators of the disposable type, such as those shq
.17 U..S~ patents Nos. 4,106,689 and 4, 165, 03¢y, both of which patents
|ncorporated by reference herein in the|r entire- ty. The centrifugal
filtd& shown in FIGS. 2 and 3 generally conforms to that shown in the above
patents except for the 5 additional structure for - admitting air into the
housing and for the elimnation of the air bleed valve shown in those

_- gateﬂt s, Wwhi c{] i, snoi, I dw V\htfbst Qggpgﬁe‘\hgsnugﬁ; Imhhéﬁ Wwhiewn inFl G
- 2,. the separator ncl udes n|n
b 958 "Snn botpbraged; i haf¥idloe B0 %*3‘1 e

la shel I chanber en z o] hed
“the shell 141 al®hg ahem%ﬁé“svarﬁii&sr eevR i G%o\PeP“'izx% qepe "r’r‘bu d
-support di sc 14X%onfickhe tdahatyshovninakbe above @atemtsaexcedt fRrakheig

-gasket 147. an aaaiﬂiaa‘.ai tgeRtctdfe i forC8BkE Otind YaiFDUREE Eh@Nhéa ngURRDT t

-disc 145 to eng he Ul ahl tin e bl ock
450 agai nst -whi c ee %11[5 "t"gfgl'fgseflaﬁ: ewﬁgr ﬁeeefd(s)ggg?ea?%ow iﬁ%?lgﬁstal | ed

;in place. The i rﬂaé‘te“Fﬁt‘f‘?ﬁ"‘l&B Bpt Feguiged Y%"S&Bgoﬁes&% PRAnEi98o  the
_lower- end of which-is ress|shernl ynmoﬂbeﬁh@yswewtélmcbhﬂ%@ #n spring
- 454 abutting at drie SneetMbtdl. RO iy shBLl | DAL deifing asphell ehdfiBennd at

~the other end,againg af.fa&il&y Sk b (a0 3600 oF Wotde 4 BR1 Ak ROt Lom

- end of the holih der st oo k the au
“fitting 156 is dctal atone pospifetignies? 4k oR! E&ﬁ g OB E g
. manner.. 25 2 righdnsupbonit: Bisc t14S sHbile ctharisoren 443 310 qargieg Ap
' annula:z sealing gasket 147. An inlet £itting 148 is central-
ly mounted on the support disc 145 to engage a suitable fit-
15 ting 149 formed on the engine block 150 against which the
gasket 147 seals when the separato: 140 is installed in place.
| . The inlet fitting 148 also serves to support a
spzndle 152, the lower end of whxch is resiliently suppor ted
by a helical compression sp:ing 154 abutting at the one end
20. aGainst the lower end of spzndle 152 and at the other end
' against an outlet fitting 156 secured in the closed bottom '
end of the housxng shell 141. It will be understood that the
outlet fitting 156 is connected back to the sump of the en-
gine in the usual manner.
25 Mounted within the shell chamber 142 is a rotor 158
having. a central tube 159 rotatably journaled on bearings 160
: and 161 at the upper and lower ends, respectively, of the
:ﬂ spindle 152. The rotor 158 has a shell 164 which, in combi-
- nation with the rotor tube 159, forms a sealed enclcsed rotor
- 30 chamber 165 which, in operation, will be pressurized with
- respect to the shell chamber 142. The rotor 158 includes a
- lower wall 166 adjacent the lower bearing 161 which is pro-
v;ded with a pair of downwardly extendxng, hollow pro;ections



havi ng-a éentral tube 159 rotatably journal ed on beari 'ngé 160 and 161 at

t he and | ower ends, respectively, of the spindle 152. The rotor 158
has-gysHgl | 164 which, in conbi- nation with the-rotor tube 159, forns a
sealgd?eNcl osed rotor 30 chamber 165 which, in operatlon will be '

pressurized with respect to the shell changgr 142. “The rotor 158 i ncl udes
a lower wall 166 adjacent the |ower bearing 161 which is pro- vided wth,a;
pair of downwardly extending, hollow projections =~ 167 which carry the M
openings 168 to rotatably drive the rotor 158 within the separator .as a
result of the pressure admtted through the inlet fitting 148. It will -be

seen thai ht Pedqeatauﬁwdazsgpeaat?& %peqkeagyié?itabeaﬁam?tﬁa?ﬁ%al | K the
same as tha , at_ as.shown "
in FIG 2, the ou3| UltHFF Eﬂ% ﬁ%’mmeg er r\gerg% %%ce_ Bht® arf& the
support spri ng 298t 'F%"gl"rl‘lfg\ﬁﬂget%m’g"é’r‘ g d48e the space available =

wi t hi n the housi ng: shellit: ¥411pbe oseerhthast she 1@!!:58@9#'11 lsPpat&ticr space is
mount ed a fboaaeeém&aoahbvshimutB&mciemf tthel Bakle dd exbb| @i £1a8ka

A ts other odf, g ‘?’ﬁéﬁ% Qsc"g%"i“""“es*a&? SEnfl IS ahB 030 'nglé‘ﬁ E

each side of tHe ¥ 32‘3 sgﬁ'eﬁﬁfr‘eﬂ”a“ﬁéfllﬁﬁi@ Pl”ﬂat 175.

~ Anot her inlet Fh%t#'-!RyOEF?SPSiBQcLﬁ‘edSI Aikmeisodangen) [tofncheasrokdeng shel |

141 adj acent tBpadd @vaianblé7diehih ithephousinf shield Pa1vdey6w St roBdr 178
wi thin the s@ehsachmﬁ&nléﬁis £p§éﬂ ts%bh.%ux ¥ ﬁ@@f %8370%5&*& Phaf

. nol ded pi ece of rubpe r th oat_.arm acent g
-+ val ve seat 178;’ A’Pﬂﬁf 8F Pnré{? u%ﬁ%} §h55?1ﬂ?5féﬁa]t (?"Fagi?ﬁ”t eRg 1% and
- through a suit &8Feresh&ek the| VESHQB af taesb'av%le’%ﬁhall l4dderApridss otber Wt h

-~ this arrangenessq, IdheWIEh.babEaseerﬂd Ihals whpa#id RE fork arms 173 passing on -

. each_szde of the sprxng 154 and to which is’ secured a hollow
15 float 175. Ancther inlet fitting 177 is secured in the lower
wall of the housing shell 141 adjacent the flocat arm 171 and
is provided with a valve seat end 178 within the shell -
chamber 142. A suitable valve member 180, such as a molded
piece of rubber, is: secured to the flocat arm 170 adﬁacehtfthe
20 valve seat 178. Another inlet tube 182 is connected to the
" fitting 177 and through a suitable check valve 183 to a
source of air under pressure, - : : :
With this arrangement, it will be seen that when theé
separator 140 is operating normally and is located in an up-
25 right orientation as shown in FIG. 2, as long as there is no
oil in the lower end of the shell chamber 142, the float arm
170 will assume the position shown in FIG. 2, with the flocat
175 at the lowermost position and the valve member 180 in
contact with.the valve seat 178, so that no air is admitted
Sq into the shell chamber 142. In the event that the oil does
not drain to the sump through the outlet fitting 156 as fast
as it is supplied through the inlet fitting 148, the oil
level will tend to move upwardly within the shell chamber 142
until the hollow float 175 moves upward toward the rotor



‘separator 140 is operatlng normal |y and is located in an up- 25 right -
orientation as shown in FIG 2, as long as there is no oil in the | owgr.-.

of the™shell chanber, 142, the float arm 170 will assune the position a-~
in FIG 2, with the float 175 at the | owernost position and the val ves>._~
menbey - 180 I n contact witth the val ve seat 178 so that no air is admtted

30_inte the shell chanber 142. In the event 9that the oil does not drain to
-the%unp through the outlet fitting 156 as fast as it is supplied through
‘t he“i nl et fitting 148, the oil level will tend to nove upwardly within the .

sHel | chamber 142-until the hollow float 175 noves upward toward the rotor
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to make up for tNalyersemt A8 sockhatqiaicdis radmitted Ii"|§as§¥mg§ﬂ5&ék°¥§n§qﬁe
sunp.: 5 172 Téthroughhehdi sposiaigl 277y > abké aig [Eokutid adepabiewrisshown
enbodi ment of | Fl G e o b e e ot oconms 1l
.of sediment whthin the ré'%'o ng%e’d’tsp?g% P%vce%%ﬁﬁ 5583 évT\;/?eth a -
‘gew one 10 by un&BP¥RiiRy the FFB‘P#’EW‘f PELF -149’%\‘? t%ﬁ“ﬂ?%‘c‘ﬁﬁnéét Eb® t ubes
fromthe outl et Saheéimipneés6asnthé¢ amtaidiment aif FIGLilng TUFthexmebraf,twera new
-Zepalr ator is attesbeétd&ﬂ:hgailénm %Qomés1%|§1tybest$a§{nend eat:mshac%l? the
A gughomrrznlnﬁr FI G Q%SJ fs’%OQrL_I m na tﬁ mgvesdglrga?e r??:lene |hon *’ ‘%rh °
‘outlet fittintp 18% 'b‘fs‘?%é'iéﬁbﬁ'éllm the ﬁ'@“gzlﬁﬁdf&" ﬂss%"}'i’&\ﬁ/ﬁt MFRG 4,
-t he separ at or- 20tubeg |firdes the houtslety fdttime 1562883 Whechit sirjeefitting
ccylindrical in shapp el aftes! @50dl Reparsovieris?@Ecaihelneo Ot ERdLis@CUr ed
ftolthe 149, these tubes are reattached in the usual manner.
Another embodiment of a disposable cgnt:;fugal fil-
15 ter is shown in FIG. 4, which elimindtes'the separate con-
nection for the outlet fitting 156 of the embodiment of FIGS.
2 and 3. &s shown in FIG. 4, the separator 201 includes a
housing or shell 203 which is generally cylindiical in shape
and is clcsea_by a cover 205 at the one end, secured to the
20 shell 203 along a seam 206. An outer support disc 208 is
secured inside the shell 203 adjacent the cover 205, while
_the latter also mounts an annular gasket 209. An inlet fit-
ting 210 is mounted in the support disc 208 at the center
_ thereof for engagement with a fitting 212 carried on an
25 ‘engine block 213. The bléck 213 also has an annular boss 214
against which the gasket 209 makes sealing engagement. An
- inlet fitting 210 is fully threaded in the fitting 212. Also
g provided in the engine block 213 are drain passages 216 lead-
f ing to the-sdmp of the engine and communicating with the
I 30 annular space between the fitting 212 and the annular boss
' 214. Likewise, apertures 217 are formed in the outer support
- disc 208, as will be explained in greater detail hereinafter.




20 sheII 203 al ong a seam 206. An outer support disc 208 is secured inside
heh| 203 adj acent the cover 205, while the latter also nmounts an
Wlgasket 209. An inlet f it- ting 210 is nounted in the support disc

8 lfhe center thereof f or engagenent with a fitting 212 carried on an
wagi'ne bl ock 213. The bl ock 213 also h an annul’ar boss 214 agai nst -
whi ch the gasket 209 makes seal i ng engagenent. An inlet fitting 210 is . '%.
_fully threaded in the fitting 212. Al so provided in the engine bl ock 213ﬁyn
are drain passages 216 |lead- ing to the sunp of the engine and R
- communi cating with the 30 annul ar space between the fitting 212 and the

e 208 as wil]. he Aontafier ‘*rte%‘w 385 14 B ddheedu U LR PO
support disc 2 91* <L 8o SRASRT é q"’?o%'l’%l CFEE RS Fance

i nwar dly fronPise 208 end_sappam!._um ssmsléndpmlésau bRegstaer aThey ipaeanl | el
t her et o. Theshme ViBRORLS Ghskes’ B alikgs eAgaddnegtcapy e Nihaylt 208 he

. shell 203, t 2 f
3r 2. | 208 maer %?osai% £né Neni et %:f:&h&' B0 2% tﬁgrég}eggf%/r#d%s' 2|e| a

en L wWo' su di scs ‘
Chanber "295 bafatp dhanpar 228 182" 598 SomedE $ars:"Re WRERA (0 the °
chanber 222 i kbe gheidnehamber hqicvhéhenﬁmrrréﬁppsmmsmzﬁ-e A2 and
since the strpetor 223sikomesntsd il Ithet kbagber 232 zha&mmbeﬁnmhow in

?rgbﬁlt Ld' |nnF| ﬁ;n“the ém&%ﬁﬂﬂéﬁt ﬁég{dg?gli??é&' ng) %nli Qzﬁghlpﬁ.git&t ‘émf'g?‘l%zéson
t he upper éh SSi(ﬁggaé?g FRL é??ﬁﬂ 2% % % §°£ §§§ spgg dﬁkfﬁb ??%h1mall
227 of the shétl ’2@3’PP°Atd¥%‘?5rF9ctﬁ?§ fé"é%ﬂ’n%ﬁke%’@@é?ﬁ&f éﬁgh%ﬁe nt wth
~ the outl et fiaoented360khhe bowexnemndsiofictbe Shello20dated RE, agmichsextheads
al ong the suria@& @23t BR €he!dpp3 endVahd! ¥gd v dntb@tmgrmlb.lgoehs 213,
where at its pppels §RdeRebddeciPUAiy! 359 LPCuY And1EhA08. a aratn. tube
' 15 228 makes sealing engagement with the outlet f;ttmg 226'on
the J.auer 'side, of bottom wall 227, and extends along ‘the
surface of the shell 203 upwardly towazd the engtne biock
213, where: at its uppe: end 229 it ooens into the drain cham-
ber 220. ' :
20 . Thus, as with the embodiment of FIG. 2, the oil.
ente:s the £ilter assembly through the inlet fittxng 210.
passes into the rotor 223, and, on discharge through the
jets, enters the éhell chamber 222. The 0il then flows from .
the outlet f:.tting 226 through the drain tube 228, upwardly
25 into the drain chamber 220, where it passes through the aper-
tures 217 and outer support disc 208, to return to the engine
through the drain passages 216.
The mechanism for admitting aiz into the shell cham-
ber 222 is substantially the same as’ that shown in the embod-
30 iment of FIG. 2. A float arm 231 is mounted in the lower
_ pottion of the shell chamber 222 and carries a float 232 at
the free end. At the other end of flocat arm 231 is mounted a-
valve member 234 adapted to make sealing contact against the .
valve seat 235 carried on air inlet fitting 237. Air is



“.enters the filter assenbly through the inlet fitting 210. passes i
- rotor~223, and, on djscharge through the jets, enters the shell c

- ber 220. 2d ' ’ Thus, as, with the enbodinment of FIG 2, the oil -
nt---

.-_222/ The oil then flows fromthe outlet fitting 226 through the & “ube
- 228, ,upwardly 25:into the drain chanber 220, where it passes throug -the

7ape{r - tures 217 and outer support disc 208,,¢0 return to the engine through

" thg $rain passages 216. The nechani sm for a mtting air into the shell

: ch ber 222 is substantially the sane as that shown in the enbod- 30
“iment of FIG 2. A float arm231 is nmounted in the [ower portion of the"
“shell chanber 222 and carries a float 232 at the free end. At the other

- endt of t f1 oat ar Bupplies BP M ?ngtVﬂBéezﬁgrﬂ}ﬁrouaﬁ“a %1!%![&3:96':1& rnlog sez! I g
“contact agai ns Y e ip.qn ris
21 suppli gd by a'%‘rl%nl %X‘? g ﬂ@ ?ﬁ; g"gﬁ@gkgf’/%tlé% 5&5“%52 ;Z)revents

-any possible f1 ISE Spbe 239 4 hr ough the air inlet tube 239. Wth t he.

“tfilter of the embodi neEntWith @ £Alten ofi the mabodikentt @SAFIGatd i fitt vl

-8ince there is

filter is nount ask endePstoeEthalt SONEHES EiDEer i@ ABuitEd bhcagniteenas shut
- down, there ray Qﬁb@s@?&q ngr&f akgetlﬁ;h%k '}bﬁ ug?&u}xo éiaue Wa&th'J

- 210.
- Since the drai nn'[ﬂ‘sdé"g 8’\73& %@“Pfft% 5 {'g; ',._P,I? :b\blﬂ('l' %Ihgg be a

- gormal tendency ¥heresdaenaflengeroapy tincening %ktt‘m'&.‘i’gﬁh? hEnkata £HtT ube
2228 in a reverserifigr 220l onsivice lthe drwisy phbesgesCané i dbowesthe Hldxeer, such
caction will then é‘é‘i%e i@e\uf&ﬂatthgﬁzbé Q %ﬁa@a#&%égﬁé& Qe NBURe X el Ve
?nenber 234 away f{ gayh bacfs%ggoégi tge draidakabe 228 in a reverse
) d;tectzon of flo+s under these conditions. However, such
action will then cause the flocat 232 to rise upwardly to move
the valve member 234 away from the valve seat 235 and if air
15 is still being supplied through the inlet tube 239, this air
" will tend to pressurize the shell chamber 222 a slight amount
to force sufficient oil outwardly through the drain tube 228
until the valve again recedes. On the other hand, if the
supply of air is discontinued at'the_same time, there would
20 be a tendency for the oil in the chamber 222 to flow outward-
' 1y through the air inlet gitting 237 if the float 232 is in a
raised position because of the oil level inside the chamber
In this case, the check valve 240 positively prevents any
‘reverse flow of oil through the air inigt line 239, and when
25 the engine is restarted and the air supply turned on, the air.
. will immediately enter through the inlet fitting 237 until -
conditions até stabilized in the manner discussed previously.

W)



* 15 i's sti-ll being supplied through the-inlet tube 239, this air will tend

te pressurlze t he shell chanber 222 a slight anount to force sufficient oi
g y through the drain tube 228 til the valve again recedes. On the

\and, if the supply of air is diScontinued at the same tinme, there

be a tendency for the oil in the chanber 222 to flow outward- ly =
gh the air inlet fitting 237 if the float 232 is in a raised’ posi tijoty.
because of the oil level inside the chamber In this case, the check val Vee =

240 positively prevents any reverse flow of oil through the air inlet line- -
239, and when 25 thEngangl siows a eentrifugdl asparakbsr ahichs ipgiyilauinadasn, the .

air wll |m"red| 4] hthelnlet fitting 237 until conditions - =
are stablllrfﬁp(fc%g?ﬁggﬁé ws 1 F : 2 :

nner dIS ussed previ ously. - 22 - Fig. 5 shows a
centrifugal separ at hevsngnifugak separator 310y a dewyrschousing meroberhdhh i n

Fi | "Th o )
pger hous M8 PR pGRRR Hethnd 312708 LS £¥itg!ifh TRIGEmE a8 A0
at 313 3and sawvwam:ﬁg? aqd pnf-singsea) HScheine @"Q‘Gdﬁ 0 prevesd cssepe st gilk | The

housi ng - MerfierRoudihp mekrbélel31Ng A 2heuiiens rﬁhﬁﬁ&%haﬁﬂaeg m\ﬂa{wn addx%'u'i‘ -
passage 319 whi chlsgxte ds, t hrou h menber 311. chanber

he. h
318 i s mouPdsipss PAPowhish 6t |HE"°H§ "Ef"?'??(opw‘ove 't§*4”4 'Wéﬁmer _
321 provi dichgmbeb 318 i8Roantedndirbeay mﬁfhlaeﬁxchﬁee & AStoF ceou:eaze%dw has w.

t 1 325 327 | C
P over eRambaLgE pYSYIAL §has 2 o HofiSl SRR 25, SRt cide 44 "
| eakagel®f hasla topowall B@Srancba domardtyocxteoqhnya:lehpBEEal Isidevell) B27 edhicls pac ed

adially OEng EPhEs 95 witiOYind ekl 31 hehg Bcdlnei? o Bavehe! o

324 is secured In position a screw portion

o5 i leakage Gl from the oetarpOThe rotaratapowalldAmbasdeight £quispeged pi ndl e

334 which ghdialiy éa&%ﬁxrﬁ‘é’@eb&éﬁn@v‘ﬁ@o' St QhicHare s§&5n i soscy THedFdrel
menber 336 _ntegral wth upstandl ng froma bridge extending across the
base of 324 is Secured in. posxtxon by a nut 328 on a screw threaded upper portion of

15 . the shaft 323.  The rotor 320 is rotatably_ mounted on a fixed spindle 334
‘which at its lower end is screwed into a bore 335 in a cylindrical member

336 integral with and upstanding from a bridge extending across the base of
the Jower housing_ ‘member 311. At its upper end the spindle 334 is
- screwthreaded and passes t_hrougﬁ an opening 337 in the uj)per housing
20 member 312. Mounted in the opening 337 is a cap nut 338 which is held
- captive by a circlip 3.3_9 in an annular groove at its lower end with a washer
340 interposed. The nut 338 holds the housing members 311, 312 together'
and. the housing member 312 may be removed by simply unscrewing the nut
338 from the spindle 334.- To permit manual tightening and removal without _
25 a spanner a rod 341 may be included in the nut 338. The spindle 33% has a &
. Jower journal portion 345 on which is rotatably mounted a bearing bush 347 '
fitted in a counterbore 348 in the shaft 323. The bush 347 extends from the . >
counterbore 348 to p_rovidé a thrust bearing. The spindle also has an upper.
journal portion 352 on which is rotatably mounted a flanged bearing bush 354
30 fitted in the shaft 323. In j:ractice the diameter of lower journal portion
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the | ewer housi'ng member 311. At its upper end the spindle 334 is
screw hreaded and passes through an opening 337 in the upper housing-20- )
~menber, 312. Mounted in the .opening ?27 is a cap nut 338 which is held- @
- captive by a circlip 339 in an annufar groove at its lower end with a N
. washer-, 340 i nterposed. The nut 338 hol ds the housing nenmbers 311, 312 -~

B toget her and the housi ng nenber 312 may be renoved by sinply unscrew ng the

nt>338 frod#dHe skightiy greaser. than ﬂsrdmtnemqnqiihpmrghnml pgrtaoni 32 soehat :
whrhout 25 v 1Gko 300 % Fd-wilVoRt Splfichrdsste) inddaSs BUkenddicy HiiCuppi ndl &
TS fotatably e

- 334 has a | ower Aourna ortlon nount’ed a_ bearing
bush 347 fi few 39@88&#&‘51’5&%5 W@ﬁetfﬁstgﬁaﬁtttm%fusfmamsH’"Qil?“‘@xtends

fromthe 'Coumagébeﬁeba% ssu pwvesﬂe:@ fedbest flieaen Ng. 1hbersiel Ndbe Akeo has
an uppey jour ortlorlNg %'F |ch is rotatably nounted a fl anged
- bearing” busfY 59! ﬁy o FeMUtP8shaft 323. In practice the dianeter of

- | ower j ournal port i OThe spindl@ 334343 4 dord Bgﬁbkwnubmtcﬂémbfétmmhawoql‘et er
~~ of upper jour or i i en t 20,10 s fed t h |I -
. under - pressdf ghﬁ? 'Rn‘éé%atri‘g% \3‘7'& ?rﬁeﬁ% oo %ﬁﬁg"‘?}) MSPPTT 6d soo as to
Jeduce fri ctis supplied hmderhpressuteeto bore 339. fromea fradiagdooe 3625h tBEsbridgeves to
'reducefrlc q;&{n:gzg | £yt ut -
338. The sp?ﬁﬁﬁeé%?ﬁﬁ' T 5538,%3%13m %‘ﬁ h?%nﬁaeﬂ#tigr et rou%ﬁ ){/th ch
#s in déhmuePpesite Porty h%t &epHids JPpper neraq/mm%eﬁh%rmleﬂmamta the 5

. supplied- un@ﬁrcumr%ﬂ&ezwbmée&aﬁ %ﬁlﬁmeaazzaéh@kh@eﬁm% | ThE Rl BRdrdge .
| nmenber in | housi n rrenbe 311. The s If&% 334 has a pair of radially
10 opposi E’“ffo 'E°§“§6‘g bsintg e ’éﬁg #PoXigHe RRirHf Eﬁq‘a’H SRRS1ft 0 .t he

- circul ar sppoets3865 hﬁtmaeshihenml nAl gefledronneug 1367 siRattie PoYdr a\erosza then
HEE iy vt e et ik Sl
di r ect st% he {oot sltmmdrbdswelee deppessigrar329f At tdindyical peploratedomgtalisceesgpaces
18l AR SRRy G301 0 R el sl G R
end to the 3bp mﬂanmﬁt iitsslawsreend tel a goracebhatiés 3paisuck tBFBcUR3R7 ¢ hat
cup 367, screen 371 and baffle 373 form a unit which can be dropped into position on
o rotor member 321. The baffle 373 extends downwardly and éutwardly to fit
20 in an annular g'rooﬁe 374 in the rotor base 322. Wh_en the rotor chamber 369
" is full of oil, the pressure of inwardly flowing oil causes oil to pass radially
inward t'hn.'ough the screen 371, below the baffle 373 and into a pair of
vertical passages 376 formed within rotor base 322. At their lower ends
these passages 376 terminate in tangentially 'extending_ jet orifices 378
25 which oper_afe to rotate.the rotor 320 as'in the Fig. 1 embodiment.
_ To' admit air into the housing chamber 318 there is_provided a
regulator housing 395 having a bottom wall 396 and sideiwa_-lls 397 deﬁrﬁng a

r

chamber 399. The regulator housing 395 constitutes a moﬁnting bracket for
the separator 310 which is bolted thereto by bolts (not shown) with a gasket-
30 . 403 interposed. ' '

o)

- A drain opening 408 is prov;ded in the regulator housing bottom
“wall 396 and to this is connected a return line to the engine sump. The
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"screen 371 and baffle 373 fdrm a unit. sphich can be dropped-i nto position

ont rat 6r menber 321. The baffle 373 extends downwardly and outwardly to fit

20773\ an annul ar groove 374 in the rotor base 322. Wen the rotor chanber
BSZBL full of oil, the pressure of inwardly flow ng oil causes oil to pass
r ad\ ay/l

y s t 5594, mg,,gg{ GA"hiP ihtet B 10¥5 Ui‘u‘?crﬁﬁf &ngggi éﬁ“iﬁﬂ ﬂké’l o %

pai'r- of vertic passages rned W thin rotor base

“ends these ’b%‘@aghﬁs igleg $ b} s rﬂafed'#qedt diameter Ahreaded: bergi #d2 jint whichf isces
378 25 V"f}h&lihtgaei tire valve %13 ﬁxthtgﬁr&ﬁéﬁ'hﬁ%aﬂh' NA tsfiRitd But ﬂnverted

- to which is conne

PN

~ separat or shown In Fig

enbodi nent. To admit air-into housi n anber 8 there i s provided a:

regul ator NG r‘fé539§“ﬂﬁm?1’g"h‘%tbl°6?nWI ?e‘géﬁf"amf inlgbftdf | and3the dé\“’ienl ng a

chanmbar 39%13%&%5&@&@%0@&9&&%3@&&5@0& Liﬁolﬂﬁilfaﬁxket for

gacker 30- 403 i nt SYSBIL RS RrhFReh 3Rk rtartd oé”‘“ A Brritl By 3

regul at or pdwssti pgm #22 tsecured [in 356 regulator hbusing ad;ammecthedahrerabm #ld.ine to

the engine gu I{l"iae ﬂoat%r? aﬁ?‘@xﬁ s%gl%]lgcl\f‘%fdea?‘i}ﬁdﬁ% ey étHeP P 411 | :

IS are
di anet er t HR6dcarranged 10 depresshthe valvensiem 4d% avhen the gil\in chamber 13992

Pr oj €§pi NG reSBHYE a &éaé{emﬁnéwieueﬂverﬁeep&nvm/g Mxédsbf@%iregf ikhe

bore 412 between the inlet 411 and the val ve 413 t o act -as a check

val ve to erSaFketsiidy -‘tﬁ"F“’&Sé?%hW“&nto the air line. Wthin the chanb'er'

399 is nounted a fl qne o %Cﬁf&hedcéi&rﬂughlvﬂpaﬁaﬁM&?d sedstagﬁi;a&dt he

lator h i d.th 421
Carrios o MEPRBH R B iy i RstenUEe g 10 3Rt oPariaT Rt Fipr eos
t he val ve dtembddinerten the oil in chanber 399 10- r| ses above a

predeygrm ned |evel h%fﬁk'rh‘%ﬁaifé §|1 ek 3 F 9fwﬁf‘grlo?g~.[ rus;c ts 47

screwed to the hou5|ng e centri gal separ and its
associ at ed mewediverticaliyrbutrs Flight B\dlmasmslsenﬂf rassibles| Imtiqmrétse toltbe:

operation Qhpdfgofishowh ‘?ﬁﬁﬂg rﬁ;g?hﬁeajtée %ie a fixed spindig ﬁfsnf)éért liga:#d to
facilitate bearmg alignment and thus permit a reliably high rotor speed. '

Electncal or other level detectors can be used in place of the

20 float if desired. This might be desirable if the air valve needed to be

remote from the oil awaiting drainage. In effect the air valve maintains a

constant low air pressure in the separator casing and it is a surprising

- feature of the invention that this air pressure substantially facilitates

drainage without materially increasing air entrainment in the oil (which

25  could lead to undesirable foaming in the surﬁp). In effect, drainage
generally takes place in the _n'atuial ‘'way with a vortex; the air pEessu're used

_: ( ' is not normally _suff_icient to blast the oil out of the casing (except in the .

Fig. & embodiment):. In some cases a carefully regulated constant pressure

air supply could be .directly__.conneéte_d. to the separator casing without a -‘
30 ﬂ‘oat-operated air valve -but_.p_rovision would have to be made to prevént air.

entering the sump when the engine was stopped and oil was not cifcuiating.
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.mounted vertically but a slight inclination is permssible. In contrast.to

-the separator shown in Fig. 1, the use of a fixed spindle has been found to
facilitate bearing alignnment. and thus permit a reliably high rotor speed. :
El ectrical or other |evel detectors €@% be used in_place of the 20 " flbat -

I f desirted. This ‘m ght be desirable if the.air valve needed t ' te
fromthe oil awaiting drainage. In effect the air vamm'mllm Hiﬂo
-co’@-ant | ow air pressure in the separator casing ant s in
e

feature of the invention that this air *pressure substantlcallly facilitat
driai nage without materially increasing @a rainment in the oil (which 25
could l'ead to undesirable foam ng in thETU%. In effect, drainage
- generally takes place in the natural way with a vortex; the air pressure
~used is not nprmally saffinetigd bP ReAdVirghCcdtithmPitnt®f sidie G2SHGQ (5xcept
inthe Fig. 4 errb,%dl,m::nt‘%)‘_.l I n sonme cases a carefully regul ated constant
pressure air SETPIpHYBIGa themsin ghe Jlyid is sypplied uRder: Rresttire stoptheainterion of ig
‘Wi thout a 30 rotbt ma_-msiﬁg_add aésvesadm&ﬁbut byoway iofiz0jet bk dram% .tefalcaen made
to prevent ai ntering,,the su en t ngi. ne. was st opped. and oil was
" got circul at-i{r%.se cause -hed%"ﬁ/'ggf\.g@ate a"dewﬁ\e'%h%Pﬁda suppliqd-yRder Ryessure to
-cont ani nant s theohousing | 16 @sbist cdrainageugf rilyidnaeayifrommhehd llower iehdsupprhe ed
under pressurgaishot he interior of a rotor .in a housing and | eaves the rotor
By way of a jet such that the reaction force causes the rotor to rotate and
wherein air is supplied under pressure to the housing to.assist drainage of

fluid away framthe | yghefitd &dcdrlfhgElaild- 1, avherein a su&tﬁﬁ{igﬁ? Rh&RLE Ng

‘to claiml1, wherein a substantially Constant air pressure I1s malntarned in
‘the housi ng. 3T pressure Is\malptiped Bt HePORFINS claim 1 or 2, wherein air is
suppl i ed substantially only when the level of the fluid waiting to drain

away fromthe, housing Jise %ﬁ\ove a,.predeternned level]. 4. .~ A nethod
accor di ng to%é precedi“{]g""g?'& W&nmm a'f"sqsﬁ‘brﬂ'iﬂ rein air is supplied
substantially only when the level of the fluid waiting to drain away from the

housing rises above a predetermined level.

4 A ri_te_thdd according to a preceding claim, wherein air is supplied
‘via a float valve. ' : '

J5. A centrifugal oil cleaner assembly cémprising a housing defining
a chamber, a rotor in the housihg, means for supplying oil to be cleaned -
under pressure to the interior of the rotor, jets to diécharge oil from the
rotor into thé chamber and by reaction to cause the rotor to rotate, an oil
outlet for draining oil away from the chamber, and means communicating

with the chamber for connection to a supply of air under pressure.

6. - An assembly according to claim 5, wherein said means includes #
valve arranged to admit air to the chamber when the level of the oil waiting
to drain away from the chamber is above a predetermined level.
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t valve. 5.. A centrifugal'OL%_ELEQDEL_§§§EHDL¥_conprising
defining a chanber, a rotor in the™housing, neans_ f supplyin -
cl eaned under pressure to e interi “l ﬂw ﬂ‘ “myoets to L
oil fromthe rotor into Fh chanber X“u u cause the

otate, an oil outlet for draining 0|I*améy ron1the chanber,

and

Y

sure. 6. - .An assenbly according to claim5, wherein sai d
means i ncl @des a vaAweassembiyatcordiag riot claim 60wheeeinthebaivevica fide | eveI
fﬁwtlng to drain away fromthe chanber is above a predeterm ned

An assenbly according to claim®6, wherein the valve is _
| ve. 8. ' An assenbly according to claim 7, wherein the

.1 ncl Udeﬁnaagé?ﬁﬁlysﬁe%ﬁﬂné Ogo? dﬁ&\‘a@b} yv)?iﬁw%eﬂwé | 9G4t 3aie 9

y accordlng to claim8

ern oat I'S ocat in a second

dn¢lpdena mmm ﬂ?ﬁ‘“@l’i’b)ﬁﬂ!ﬂ““&?ﬂjﬂ?ﬂbaﬂm outlet is provided

ond chanber. 10.- An assenbly according to claim$8, wherein

|9s | ocat eg in th chanb
a nmachin

sald casin

o Akt RBE ROGTaine, 1 claim &y nF P s, HBat, slocatad e, o

and a sunpa smoddfcﬂamrerlpvsiudmgbelmashagmiefchamh@raarmhﬂidaen outletr B n | i ne
| &Qgg?’eghgg&oﬁl%am an oi l pressure | i ne connected between .

arotor in said casing having an interior -
o be supplied with oil under pressure fromsaid pressure l'i ne,

16aving | ?JnsasEQmﬂlys 9@@6 ré”t& cldihPs Séh&e‘i#'i’ﬁ@ﬁba@f@lo@héoeﬂ\“ il on

rotor to rotate,

event a bUI|d up of oil:wthin said chanber. A

supply air under pressure to said
the shamber entralned in the oil returning to sai d sunp and

oil fil set forth.in cla 1 vyherel said air
ATLENRERN G SVE A T ISR rPasigE EaVIDg APl SRR oy
in said chaabeu;;plgmg 8ilviarider priessreeshdr afhgl iéxﬂaﬁhaﬂdnﬂomlﬁgci athsirg a -

deﬁmng a chamber, a drain line between said chamber and’ said sump, an oil

‘pressure line connected between said oil pump and said casing, a rotor in

- said casing having an imerior arranged to be supplied with oil under pressure -

from said pressure line, said rotor having jets to discharge oil into said

chamber and by reaction cause said rotor to rotate, and means to supply air

under pressure to said chamber to replace air entrained in the oil returning
to said sump and thereby prevent a build up of oil within said chamber.

12. A centrifugal oil filter system as set forth in claim 1}, wherein
said air supply means includes a float member movable in réspon’se- to the oil

level in said chamber, and a valve operated by said float and connected to a.

source of pressurized air. ot

P

Ve

)



source_of pressuri zed-air. 27 13. A centrifugal oil filter system -
- for an internal conbustion engine having an oit—pumnp for supplying oil

unde "rr ssure and a sunp, said filter including ' g a.,.-. -
: chan{;?’r), a drain |line between said chanber and summmuﬂnmunmpr essu :
| i ne~tonnected between said oil -punp and zgai d castngt ardtorf ih said
cast-ng-having-an interior arranged to be“supplied with oil under presst
fromsaid pressure line, said rotor having-jets to discharge oil into s3a
ch er and by reaction cause said roter to-rotate, and float- operated
~valve neans in said chanber to supply air under pressure to said chanber to
“replace air ddtrai nedA pentrifugial ollcfiiltensystermioraani internal membustios lepgineev ent -
- acbuild-up ofhaQide Wi ' cg]?ﬁ)@ oiff unde séureeid 4 f kd ghikdet er
. system accor éxlanngi 0 t(?Iha "r_'nﬁ'?Bporj ncl u f‘ﬁg -_rrlojﬂn?ri %3: rreaﬁés?{df ors“ d.ns??né sari d
Cfilter casindngjHding 8 e3png defining a chambery o drainulins bstyesn saigy charmberm
accordi ng to ahd3aid démp)\ER bRl pressiire IIfRUEGNStEPBetveenBaid 8RSputng BhE 38R
- fitting interconnect mg sai d.(i;muntl Fg neans, and sai d casi ng an sa& d,?‘l I
" pressure | i n&35'R8s BFORRL AN SR CAIING hEYiNg AN ipgerior arranged to Pe;spppligd ¥ith
il ter systemihosder@regsure febmisaid pressiner Hne) said cotob havingGjere ox gistharge
"™ ncludes said. in_lj 7 rl . 40l dltrer. syst _
- accordi ng to%alﬂwgnsea,'%% EF%‘*nsa"fs‘?Y fé%&\(/?\#er‘%{'én@%flcr ok?r](c)g %‘% é?’a?neogﬁ\?% Ve
. reans i ncl udepepatiedovalvermeansaindsdid ochiamhertp sepply @dr nodempressereoto saidd
float arm a I e’ as eﬂ?ﬁﬁﬁé‘t@' iAhe2bfl fdt8Atina" 9
s centrifugal O%Fﬁ#ﬁtgdra syst emaacc'or I ng tlo claim ﬁ??m\kﬂgrfg} ﬁixgalsucin\)/aafn\?é

' menber coopertheeebyprenent 8 huild-upaf odwithinsaid chagbehd said val ve seat is
car_ri ed by a fitting connected to a source of pressurized air. - 28-

i 14, A centriiugal. oil filter system according to claim 13, including
N ‘mounting means for mounting said filter casing on said en'gine.

15. A centrifugal oil filter system according to claim 14, wherein
said mounting means comprises a threaded fitting interconnecting said
mounting means and said casing and said oil pressure line passes through said
fitting. | | | | S

16. A centrifugal oil filter system according to claim 15, wherein
said mounting means also includes said drain line.

17. A centrifugal oil filter system acc0rding to any one of claims 13-
L 16, wherein said float-operated valve means includes a float arm, said float
being secured to one end of said float arm, and a valve member is mounted

on said float arm.

[ L9

18. A centrifugal oil filter system acéording to claim 17, wherein
said valve member cooperates with a valve seat on said casing and said
valve seat is carried by a fitting connected to a source of pressurized air.



'19. A centrifugal oil filter system aCCOMV\hEI‘EI n
sai’/d:fl’oat armis flexible and the ot hepgend of m | S secured
t o“saigcasi ng. 20. A met hod according tol HE{'W ially as

ed with reference to Fig. 1; Figs. 2 and 3, Figt 5 of the

21. A centri fugal oi | cl eaner assenbl Y, substant ially as.

ed with reference to Fig. 1, Figs. 2 and 3, Fig. 4 or |‘g
drawi ngs. 19. ' A centrifugal oil filter system accord’mg t0 claim 18, herex

said float arm is flexible and the other end of said float arm is secured to
said casing.

20 & method according to claim 1, substantlally as descrlbed
with reference to Fig. 1, Figs. 2 and 3 F1g. 4 or FJ.g. 5 of the
drawings. ' . '

‘21, A centrifugal oil cleaner assembly, sﬁbs'tantia11y asidescribed
with reference to Fig. 1, Figs. 2 and 3, Fig. 4 or Fig. 5 of the drawings.
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