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ABSTRACT OF THE DISCLOSURE 

A flow metering valve adapted for use in an automotive 
crankcase ventilating system comprising a generally elon 
gated valve housing having an inlet end, an outlet end, 
and a bore provided with a restricted portion intermediate 
its ends to form a metering orifice. A generally elongated 
metering plunger is provided in the bore of said housing 
and a sealing member is disposed adjacent the inlet end 
of said housing, said plunger and said sealing member 
being magnetically attracted to prevent flow through said 
valve until a predetermined flow pressure is attained. A 
spring is movably mounted in said housing and yieldably 
supports the plunger after the predetermined flow pressure 
has been attained to permit axial movement of Said plun 
ger relative to said orifice in response to changes in pres 
sure in said valve housing. 

This invention is a continuation-in-part of application 
Serial No. 436,439 filed March 2, 1965, now abandoned. 
This invention relates to fluid flow control and more 

particularly to metering valves adapted for use in positive 
crankcase ventiating systems for engine operated vehicles 
so as to materially reduce discharge into the atmosphere 
of smog inducing blow-by accumulating in the crankcase. 
One system of attaining positive crankcase ventilating 

involves the use of a conduit communicating the crank 
case with the intake manifold so that the manifold vacuum 
will draw air and the blow-by through the conduit from 
the crankcase and deliver the blow-by laden air back to 
the cylinders. However, the performance of the engine 
will not be satisfactory unless the prescribed amount of 
air for the selected carburetor setting can be controlled 
in a continuous flow. 

Accordingly, it is necessary to provide some means to 
precisely meter the flow. One type of device which has 
been found generally suitable for positive crankcase ven 
tilation is a spring loaded valve having a plunger of a 
varying cross section along its length cooperating with a 
metering orifice provided in the bore of the valve housing. 
This plunger moves axially in the bore in response to 
changes in pressure in the manifold and the movement of 
the plunger varies the size of the effective flow metering 
orifice. 
A metering valve of the type described above must be 

capable of permitting delivery of a prescribed amount 
of the blow-by laden air in a continuous manner without 
interfering with proper engine performance, and must 
maintain this capability despite the fact many different 
types of engines are to be served. Thus, it is the practice 
of engine manufacturers, to assure as little interference as 
possible with proper engine performance, to require that 
these valves produce a smooth flow curve when tested to 
determine the fiuid flow under various pressure differen 
tials across the valve, and it is required that the valves do 
so with the limits of the flow curves by the manufacturer 
for each of its engines. 

It was found that one of the problems with spring 
loaded valves of the type having a free floating pin, par 
ticularly those designed to center the pin to prevent the 
pin from contacting the valve housing and the walls, was 
axial oscillation or jiggling of the metering plunger under 

5 

0. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
operating conditions caused by pressure fluctuations. 
Such oscillations created such instability of the metering 
pin or plunger as to cause irregular rather than smooth 
flow curves. To solve this problem, the spring which sur 
rounded the plunger was arranged so as to cock the plun 
ger in the bore of valve housing so that the pin would 
rub against wall portions of the metering orifice, and thus 
dampen out the instability of the plunger during metering 
of the flow. In arranging the spring so as to cant the 
plunger in the axial bore of the valve housing, one means 
found satisfactory was to laterally offset the innermost 
coil of the spring and to make this coil of a size so that 
it would embrace the plunger about the pin adjacent the 
head portion in a press fit. 
A problem that occurred with valves of the type de 

scribed above was the build-up on the metering plunger 
of sludge or gunk present in the blow-by passing through 
the valve body. If too much gunk became deposited on 
the plunger this would also interfere with proper engine 
performance due to a decrease of the flow through the 
valve. 

Accordingly, the primary aim of the present invention 
is to provide means to prevent an undesirable build-up of 
gunk on those portions of the canted plunger which do 
not ordinarily rub against the wall portion of the meter 
ing orifice. 
A further problem occurred in the starting of an engine 

utilizing valves of the type described above. It is well 
known that a large volume of air flow is required when 
the intake manifold vacuum is low during maximum 
throttle conditions. However, during starting of the en 
gine, when the intake manifold vacuum is also low, an 
excessive amount of air passes through the valve from 
the crankcase causing a leaning out of the air-fuel ratio, 
and therefore, poor starting conditions. 

It is, therefore, another aim of the present invention to 
provide a means which shuts off the flow of air through 
the valve when starting the engine and, thereafter, per 
mits the air to attain a normal flow. 

Briefly summarized, the present invention provides a 
flow metering device utilizing a spring loaded plunger. 
The spring is a compression spring provided with a 
laterally offset coil so as to cock or cant the plunger to 
dampen oscillations by reason of the plunger rubbing 
against adjacent wall portions of a metering orifice pro 
vided in the bore of the valve housing. Means are provided 
on the plunger to frictionally receive the laterally offset 
coil of the compression spring yet to permit free rotation 
of the plunger relative to the laterally offset coil. As a 
consequence, in operation, the plunger will rotate in the 
valve housing and metering orifice and substantially all 
portions of the periphery of plunger that cooperate with 
the orifice in metering the flow will rub against wall por 
tions of the orifice and prevent any material depositing 
of gunk on the corresponding portions of the plunger. 
As a further aid in the prevention of build-up of gunk 

on the valve assembly, the metering orifice may be made 
of a plastic material and the plunger may be chrome 
plated. 

Further, a magnetic backfire washer may be provided 
adjacent the inlet end of the valve structure, the magnetic 
properties of the washer being such that the steel plunger 
is held fast against the washer to shut off air flow until a 
predetermined manifold vacuum is obtained, at which 
time the plunger will lift off the washer and assume its 
normal flow position. 

70 

Reference is now made to the accompanying drawings 
for a better understanding of the nature and objects of 
the present invention, these drawings being but an illus 
tration of the best mode contemplated by the applicants 
for carrying out the invention, but not to be taken as 
restrictions or limitations on its scope. 
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FIG. 1 is a skeleton elevation of a typical installation 
of a positive crankcase ventilation system; 

FIG. 2 is a vertical sectional view, with portions in 
'elevation for purposes of illustration, showing a valve 
structure incorporating the present invention with the 
metering plunger and spring assembly disposed in the 
position it assumes when the automotive engine is being 
accelerated; 

FIG. 3 is a view like FIG. 2, showing the position of 
the metering plunger and spring assembly when the en 
gine is idling; 

FIG. 4 is also a vertical sectional view like FIG. 2, 
showing the position of the plunger and spring assembly 
in the event of backfire in the engine; 

FIG. 5 is an elevational view of the metering plunger 
for the valve structure shown in FIGS. 2, 3 and 4; 

FIG. 6 is an end elevational view of the valve struc 
ture shown in FIGS. 2, 3 and 4 taken from the inlet end 
of the device; 

F.G. 7 is a cross section on line 7-7 of FIG. 2; 
FIG. 8 is a cross section on line 8-8 of FIG. 3; and 
FIG. 9 is a graphical representation of two flow curves 

obtained for this type engine utilizing the present in 
vention. 

Reference is now made to the details of the invention 
wherein, it will be noted as shown in FIG. 1, the valve, 
generally indicated by reference numeral 10, may be 
Suitably attached to the rocker arm cover 12 of the en 
gine with the outlet end 18 up. A flexible tube or hose 
4 may be coupled at one of its ends to the outlet end 
i8 of the valve structure and at its other end to the 
intake manifold 16 of the engine. However, these means 
for interconnecting the parts of the positive crankcase 
ventilating System form no part of this invention since 
these essentially plumbing details are well known to those 
skilled in the art. 
The inlet end 20 of the valve structure is provided with 

a countersink 22 in the axial bore of a generally cylindri 
cal housing 24 to receive a back-fire washer 26 fitted into 
the countersink. Washer 26 may be permanently fixed in 
countersink 22 or the latter may be provided with an 
annular groove 28 to receive a generally C-shaped re 
tainer clip 30. The clip 30 seats in the groove 28 abutting 
adjacent portions of the back-fire washer 26 disposed in 
wardly of the retainer clip 30. The retainer clip 30 may 
be provided with means to facilitate removal of the clip 
with a suitable prying tool such as laterally extending 
fingers 32. 
The bore of the housing 24 is reduced in cross section 

intermediate the inlet and outlet ends of the valve struc 
ture as best shown in FIGS. 2, 3 and 4. The junction of 
the reduced portion of the bore of the housing with the 
portion of larger cross section defines a metering orifice 
34 provided for cooperation with a generally elongated 
solid metering plunger 36 to meter the flow of crank 
case blow-by through the bore of housing 24. 
The metering plunger 36 has an end portion 38 of re 

duced cross section which as it extends inwardly joins 
with an intermediate portion 40 of the body of the 
plunger. The portion 40 progressively increases in cross 
section in the direction of the opposite or inlet end of 
the metering plunger and merges with another interime 
diate portion 42 which may progressively increase in cross 
Section in the direction of the inlet end of the plunger, 
as shown in the drawings, or which may be of a uniform 
diameter. 

It will be noted that the metering plunger 36 is of a 
length that the end portion 38, which constitutes the out 
let end of the plunger, is within the confines of the orifice 
34 in all positions of operation. Further, the end portion 
38 and the intermediate portions 40 and 42 constitute 
the effective portions of the plunger for varying the size 
of the orifice for metering purposes as the plunger moves 
axially to and fro in response to the changes in pressure 
in the manifold, 
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4 
Adjacent the intermediate portion 42, in the direction 

of the outlet end of the pin, the metering plunger is pro 
vided with a further portion 44 which is of reduced cross 
section, relative to portion 42, and merges with a portion 
46 of a progressively increasing cross section toward the 
inlet end of the plunger. 
The inlet end of metering plunger 36 is provided with 

an enlarged portion 48 constituting a head portion. In 
wardly of the head portion 48, the metering plunger is 
provided with an annular groove or undercut 50 constitut 
ing a seat to receive a laterally offset coil 52 of a com 
pression spring 54 in the bore of the housing. This con 
struction permits free radial rotation of the plunger rela 
tive to the spring and yet resists axial movement of the 
plunger. Coil 52 of the compression spring may be lateral 
ly offset relative to the intermediate coils 56 and an outer 
most coil 58, the coils 56 and 58 being concentrically dis 
posed relative to each other. Spring 54 normally urges the 
plunger in the direction of the valve inlet 20. 
By providing the metering plunger 36 with the under 

cut 50, between the head portion 48 and the enlarged por 
tion 46, the laterally offset coil 52 fits into the undercut 
and thus cocks the metering plunger so that it is not cen 
tered in the bore. The coil 52 fits in the undercut relatively 
loosely, thus permitting substantially free radial rotation 
of the metering plunger 36 relative to the coils of the com 
pression spring 54. 

It is to be understood that it is not absolutely necessary 
that coil 52 be laterally offset, as long as it performs the 
function of cocking the plunger so that it rubs against a 
portion of the metering orifice. For example, the coil 52 
could be coaxial with the remaining coils, but bent in 
a manner to urge the plunger into the above mentioned 
position. 
The outermost coil 58 of the compression spring while 

coaxial with the intermediate coils 56 is of a lesser di 
ameter. This coil 58, when the valve is in operation, abuts 
a stop shoulder 60 formed at the junction of the restricted 
portion of the bore of the valve housing 24. 

It will be noted that the metering plunger and spring 
assembly and the back-fire washer 26 may be effectively 
and removably retained within the valve housing 24 by 
the C-shaped retaining clip 23, which as stated above can 
itself be removed by a prying tool manipulated against 
the laterally offset fingers 32. 
As a further aid in preventing the build-up of gunk in 

the valve assembly, at least the portion of the bore de 
fiining the metering orifice may be made of a plastic 
such as nylon, this material being utilized due to the fact 
that nylon has a resistance to sludge and varnish that 
tend to form in the valve assembly. For similar reasons, 
the plunger 36 may be chrome-plated in addition, or as 
an alternate, to making the bore of nylon. 

In operation, as best shown in FIGS. 2 and 3, the 
metering plunger is axially displaced to and fro in re 
sponse to pressure changes across the valve, and the de 
sired quantity of flow is metered by variations of the 
effective size of the metering orifice 34 defined by the 
mouth of the restricted portion of the bore of valve 
housing 24. Due to the laterally offset coil 52 seated in the 
undercut 50, the metering plunger 36 is cocked or canted 
so that portions along the length of one side of the plung 
er rub against the adjacent portion of the walls of the 
metering orifice while the side of the plunger opposite 
from the side riding against the wall portion is spaced 
from all wall portions of the orifice to permit fluid flow 
through said space. Inasmuch as the plunger is rotatable 
within the compression spring 54, the rubbing will occur 
throughout the periphery of the effective flow metering 
portions of the metering plunger along its length, thus 
preventing an undue build-up of gunk on such portions 
of the plunger. What is more, there are different rela 
tive motions or movements in the spring and plunger as 
sembly in that not only does the entire assembly rotate 
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with respect to the adjacent walls of the valve housing, 
but the plunger rotates within the spring. 

According to another feature of this invention, the 
backfire washer 26 may be of a magnetic material and 
plunger 36 of steel, in order that the plunger may be 
held fast against the washer during engine starting until 
a predetermined vacuum is obtained across the valve. 
As stated earlier, this eliminates the passing of an ex 
cessive amount of air through the valve from the crank 
case during starting which causes an undesirable leaning 
out of the air fuel ratio. Referring to FIG. 9 of the 
drawings, a pair of engine flow curves obtained utilizing 
this magnetic washer are depicted, the solid curve rep 
resenting the flow obtained as the intake manifold vac 
uum increase from a zero vacuum to a positive vacuum, 
and the broken curve representing the flow obtained as 
the vacuum decreases from this positive vacuum to zero 
WaCl. 

As seen from the curves, a large volume of flow from 
the crankcase to the intake manifold is required when 
the intake manifold vacuum is relatively low which nor 
mally occurs during maximum throttle conditions as 
shown by section B-C of the curve. Also, a smaller vol 
ume of emission flow is required when the intake mani 
fold vacuum is high during minimum or idle throttle 
conditions as shown at section C-D of the curve. How 
ever, during the starting conditions shown at section 
A-B of the curve, a problem exists due to the fact that, 
immediately upon a manifold vacuum being created while 
the engine is being started, an excessive air flow results 
which leads to an undesirable leaning out of the air-fuel 
ratio. The applicant has solved this problem by provid 
ing a backfire washer 26 of the proper magnetic proper 
ties so that plunger 26 is held fast against the washer 
during starting of the engine, thus eliminating air flow 
despite the existence of a low manifold vacuum during 
this time. As seen from section A-B of the solid curve 
obtained from this arrangement, the air flow remains at 
zero despite the manifold vacuum increasing from zero 
to a predetermined amount, which may be approximately 
0.5 inch Hg. A vacuum in excess of this amount causes 
a force to be exerted against the plunger which is greater 
than that of the magnetic force, the plunger thus being 
released from the washer to assume its position during 
normal flow conditions as represented by section B-D 
of the curve. As the intake manifold vacuum decreases 
from a positive to a zero value, the gaseous flow follows 
the broken curve as seen in FIG. 9. 

It is to be understood that other variations of the above 
arrangement are possible as long as the above magnetic 
creating hysteresis is present. For example, the plunger 
could be magnetic and the washer of a material that is 
responsive thereto. 

Accordingly, this invention results in a metering valve 
for positive crankcase ventilating system capable of long 
use without becoming clogged and capable of producing 
the desired flow of blow-by at all times without seriously 
affecting proper engine performance. 
What is claimed is: 
1. A flow metering valve adapted for use in an auto 
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6 
motive crankcase ventilating system comprising a gen 
erally elongated valve housing having an inlet end and 
an outlet end, said housing having a bore provided with 
a restricted portion intermediate its ends constituting a 
metering orifice, a generally elongated metering plunger 
in the bore of said housing, one end portion of said 
plunger extending into said orifice, a sealing member 
disposed adjacent the inlet end of said housing, said 
plunger and said sealing member being magnetically at 
tracted to prevent flow through said valve until a pre 
determined flow pressure is attained, and support means 
movably mounted in said housing, engaging said restricted 
portion of said housing, and yieldably supporting said 
plunger after said predetermined flow pressure has been 
attained to permit axial movement of said plunger rela 
tive to said orifice in response to changes in pressure in 
said valve housing, said support means loosely engaging 
said plunger to permit relative movement between said 
support means and said plunger. 

2. The combination defined by claim 1, including re 
taining means removably mounted in the bore of said 
housing to retain said plunger and support means in said 
housing. 

3. The combination defined by claim 1, wherein said 
Support means comprises a compression spring having a 
plurality of coils surrounding said plunger, one of said 
coils being laterally offset relative to the other coils and 
positioned around said plunger so as to cause portions of 
said plunger along its length to rub against portions of the 
wall of said orifice during axial movement of the plunger 
in response to a change of pressure. 

4. The combination defined by claim 3, wherein the 
side of said plunger opposite from the side riding against 
the wall portion is spaced from all wall portions of the 
orifice to permit fluid flow through said space. 

5. The combination defined by claim , wherein said 
sealing member is a magnetic washer, the magnetic field 
of which attracts said plunger thereto. 

6. The combination defined by claim 1, wherein said 
plunger is of a magnetic material, the magnetic field of 
which attracts the plunger to said sealing member. 

7. The combination defined by claim i, wherein at least 
the portion of the bore defining the metering orifice is of 
a plastic material and said plunger is chrome-plated. 
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