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This invention relates to crankcase ventilation systems 
for internal combustion engines and, more particularly, 
to a crankcase ventilation valve for controlling the flow 
of vapors from the crankcase to the induction system of 
an internal combustion engine. 

It is old in the art to provide an internal combustion 
engine with a crankcase ventilation system wherein crank 
case vapors are carried from the engine crankcase to 
the inlet manifold or some other portion of the engine 
induction system. This type of system provides for the 
removal of blowby and other vapors which tend to col~ 
lect in engine crankcases by drawing them into the in 
duction system with the vacuum naturally formed by the 
operation of the engine. Such a system usually also in 
cludes provision for the addition of fresh air to the 
crankcase which mixes with the crankcase vapors and is 
carried into the induction system therewith. 

Because of the wide variation in induction system 
vacuum over the range of engine operating conditions, 
the incorporation of a crankcase ventilation ?ow con 
trol valve is necessary to adjust the volume of ?ow to 
a desirable level for the various conditions which exist 
during engine operation. 

Prior art construction 

One type of flow control valve which has been ex 
tensively used is shown in McMullen 2,716,398. This 
type of valve includes a generally cylindrical housing 
having an ori?ce therein and carrying a reciprocably 
movable plunger spring biased away from the ori?ce. 
An increase in pressure differential across the valve 
causes the plunger to seat on the ori?ce, stopping flow 
therethrough. However, a bypass passage is provided 
within the plunger through which a controlled amount 
of ?ow is permitted when the plunger is seated on the 
ori?ce. 

Ventilation valves of this type have been found in 
service to be subject to two particular problems; one, the 
central ori?ce in the plunger is subject to plugging by 
deposits from the crankcase vapors which prevent the 
normal ?ow of vapors from passing through the valves 
under conditions of high vacuum such as at engine idle 
and under nearly closed throttle operating conditions; 
two, vibration of the plunger is sometimes quite severe 
to the point where Wear of the ori?ce and plunger seat 
occurs and, in addition, such vibration changes the ?ow 
curve signi?cantly so that the valve tends to pass a 
larger amount of crankcase vapors than is desired under 
certain operating conditions. Such vibration may also 
affect noticeably the operation of the vehicle under cer 
tain load conditions due to changes caused in air-fuel 
ratios. 

In an extensive investigation, ventilation control valves 
of this general type were found to behave in vibration 
essentially as undamped systems such that the natural 
frequency of vibration could be calculated from the 
relationship fn= 16.61(k/ W) ‘A 
wherein 

fn=natural frequency of mass spring system in cycles 
per second 

k=spring rate in ounces per inch 
W=Weight of the plunger plus % the weight of the 

spring in grams. I 
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The variables determining the natural frequencies of 
certain valves made according to the McMullen con 
struction were determined to be 

Spring rate=60 ounces per inch 
Spring weight=.80 gram 
Plunger weight=5-7 grams. 

Substituting these values in the above relationship, the 
natural vibration frequency of these valves was found 
to be in the range of approximately 45-55 cycles per 
second. This compares with engine ?ring frequencies, for 
an idle speed of 450 rpm, of 30 cycles per second for 
an 8-cylinder engine and 225 cycles per second for a 6 
cylinder engine. Thus, it is seen that as engine speed is 
increased slightly above idle, the engine ?ring frequencies 
coincides with the natural frequency of the valve. 

Observations made under actual engine operating con 
ditions revealed that whenever the engine was operated at 
a ?ring frequency near that of the natural frequency of 
Vibration of the valve, the valve plunger was forced into 
vibration sympathetic with the ?ring frequency. The dis 
covery of this connection between engine ?ring frequency 
and excess vibration of the ventilation valve plunger 
marked a signi?cant step toward the solution of this 
problem. 

Improvements of present invention 

In order to prevent this undesirable vibration of the 
valve plunger, the present invention provides for reducing 
the natural frequency of the plunger to a ?gure below that 
of the engine ?ring frequency for all conditions of en 
gine operation which may be critical to any degree, as 
for example light load operation at low speeds or in 
some cases normal idling. With this in mind, ventilation 
valves according to the present invention were designed 
to have natural frequencies in the range of from approxi 
mately 19-25 cycles per second, which is at or below 
engine ?ring frequencies even at idle conditions and well 
below any critical speed of operation under load for most 
vehicle engines. This change was accomplished by de 
signing the valve to have the following pertinent values: 
Spring rate=15 ounces per inch 
Spring weight=.46 gram 
Plunger weight=7-9 grams. 

The most signi?cant change was the reduction of the 
spring rate by a factor of four while the plunger weight 
was only slightly increased. Through this method the size 
of the ventilation valve was kept relatively small while 
accomplishing the purpose of bringing the natural fre~ 

_ quency down into a nonsensitive ‘range. 
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In order to make such a substantial reduction in spring 
rate and still obtain a ventilation valve construction giv 
ing a desirable curve of fluid ?ow versus pressure differ 
ential across the valve, it was necessary to increase the 
travel of the plunger over the flow range in direct pro 
portion to‘ the decrease in spring rate. To accomplish 
this, the plunger was formed with a relatively gradual 
taper especially in the critical ?ow control areas. For 
this reason, slight vibration of the valve, if it does occur, 
does not change the flow characteristics as much as oc 
curred with the prior design and this further increases 
the stability of operation of the valve. 
One additional observation from tests of the McMullen 

construction was that when the valve plunger was forced 
into vibration, it would intermittently strike against the 
valve seat and then bounce away from it. This resulted 
in increasing the average ?ow through the valve during 
vibration since the valve was opened excessively wide 
when away from the valve seat but was limited to a ?xed 
closed position upon striking the valve seat. Thus, in 
the valve of the present invention, a non-closing con 
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struction was utilized in which the minimum ?ow area 
is provided by a cylindrical portion of the plunger ad 
jacent the head thereof. This makes additional plunger 
travel available before the head strikes against the stop 
member during which there is no change in the restrictive 
effect of the valve on the ?ow of ?uids therethrough. For 
this reason, even if some slight vibration does occur, 
there will be little or no change in the flow rate due 
to this vibration since, in the control zone, the valve 
is free to move both sides of its ideal location resulting 
in an averaging of the flows over the range of vibration. 
‘Of course, if severe vibration were to be permitted, a 
consequent upsetting of the ?ow would undoubtedly oc 
cur. 
Use of the non-closing construction for the valve also 

permitted the elimination of the bypass ori?ce. In the 
present construction, the plunger controls the ?ow by 
movement into and out of the outlet passage, the edge 
of which comprises a flow restricting ori?ce. The plunger 
is permitted to contact the ori?ce in this movement which 
helps to keep the plunger free of deposits. In addition, 
a part of the plunger adjacent the head acts as a dirt 
storage area and retains, out of the ?ow stream, some of 
the deposits which are scraped from the plunger ?ow 
control surface. These features all combine to assure a 
valve construction which is almost completely free of 
problems caused by internal deposits. 

Features of the invention 

It is, therefore, a feature of this invention that it pro 
vides an engine crankcase ventilation system including 
a crankcase ventilation valve having a reciprocating ?ow 
control plunger biased by resilient means, the combina 
tion having a natural frequency of vibration less than 
the ?ring frequency of the engine at critical operating 
speeds to prevent the plunger from being forced into 
severe vibration. 
A further feature of the invention is that the travel of 

the plunger is increased over prior art devices so that 
limited vibration of the plunger will have less effect on 
the flow curve as compared to prior art devices. 

Another feature of the invention is that provision is 
made for over-travel of the plunger beyond the position 
of minimum ori?ce size such that the plunger is normally 
free to vibrate slightly in both directions from its con 
trol position thereby resulting in a minimum disturbance 
of the ?ow curve due to vibration of the plunger. 

Still another feature of the invention is that the move 
ment of the plunger within the control ori?ce provides 
a self-cleaning action, removing deposits which tend to 
form on the plunger and resisting changes in the ?ow 
curve which would come from plugging of the ori?ce. 
A still further feature of the invention is that a por 

tion of the plunger body is prevented from entering the 
ori?ce, such portion being located out of the ?ow stream 
so as to provide a dirt trapping surface which is adapted 
to retain a substantial volume of the deposits which are 
scraped toward the dirt carrying surface by the work 
ing of the plunger in the ori?ce. 

These and other features of the invention will be more 
apparent from the following description and drawings 
which disclose one embodiment of an engine having a 
crankcase ventilation system and a crankcase ventilation 
valve according to the invention and wherein: 
FIGURE 1 is a front elevational view of an engine 

having a crankcase ventilation system including a flow 
control valve according to the invention; 
FIGURE 2 is a cross-sectional view of the flow con 

trol valve of FIGURE 1 showing the plunger in the 
position of least ?ow restriction; 
FIGURE 3 is a cross-sectional view of the valve of 

FIGURE 2 but with the plunger in the position of greatest 
restriction to flow from the crankcase to the induction 
system; 
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FIGURE 4 is a cross-sectional view of the valve of 
FIGURE 2 taken along the line '4-—4; and 
FIGURE 5 is a graphic presentation of a desired ?ow 

curve. 
General description 

Referring now to the drawings, FIGURE 1 illustrates 
an internal combustion engine generally indicated by 
numeral 10 having a plurality of cylinders 12 arranged 
in a pair of banks angularly displaced ‘with respect to 
one another. Cylinders 12 include pistons 20 arranged 
for reciprocation therein and connected by connecting 
rods 22 with the respective throws of crankshaft 24. The 
throws of the crankshaft are arranged in the usual man 
ner to reciprocate pistons 20 successively between upper 
and lower positions in a predetermined sequence. 
The engine includes conventional cylinder heads 26 

closing the tops of the cylinders and forming, in coop 
eration with the pistons, combustion chambers 28. An 
induction system is provided for introducing a combustible 
mixture into the combustion chambers and includes in 
let ports 30 formed in the cylinder heads, an inlet mani 
fold 32 connecting with the inlet ports, a carburetor 34 
mounted on the inlet manifold and an inlet air cleaner 
36 carried by the carburetor. 

In the cycle of engine operation a combustible mix 
ture is inducted into each cylinder and is ignited when 
the piston is near the upper end of its stroke, burning 
the mixture and causing the crankshaft to rotate. The 
rate at which the cobustible mixture in the various cylin 
ders is ignited in sequence is known as the ?ring fre 
quency of the engine. 

/ Engine 10 further includes a crankcase ventilation sys 
tem including a conduit 38 extending between the inlet 
manifold 32 and one of the engine rocker covers 40, 
the interior of which communicates through internal pas 
sages, not shown, with the crankcase 12. A crankcase 
ventilation ?ow control valve 42 is mounted on the rocker 
cover and connects with one end of the conduit 38 there 
by providing a ?ow path for crankcase vapors through 
valve ‘42 and conduit 38 into inlet manifold 32 in which 
they are mixed with the combustible mixture to be in 
troduced into the cylinders. 
On the other rocker cover 44, a conventional breather 

cap 46 is located for the purpose of permitting the induc 
tion of fresh air through the rocker compartment and 
into the crankcase, as is commonly done, to assist in re 
moval of the crankcase vapors. 

In FIGURE 2 is shown the construction of the crank 
case ventilation ?ow control valve 42 of FIGURE 1. The 
valve is shown to include a housing 48 having a cylindri 
cal internal wall portion 50 partially de?ning a generally 
cylindrical cavity 52 in which is disposed a plunger 54. 
At one end of cavity 52 is formed an annular seat 56 
which is adjacent an inlet connecting portion 58. This 
portion is adapted for connection with a resilient cou 
pling and includes a central passage 60 extending from 
cavity 52 and coaxial therewith. At the other end of the 
cavity, the housing is crimped over and retains an insert 
portion 62 which includes an outlet connecting portion 
64 having a central passage 66 connecting with cavity 52 
and also coaxial therewith. Adjacent the inner end of pas 
sage 66, an annular spring seat 68 is provided from which 
projects a cylindrical extension 70, terminating in an an 
nular stop portion 72. 

Plunger 54 comprises an elongated body portion 74 
having an axis lying generally along the axis of the hous 
ing and is provided at the inlet end with a radially ex 
tending head 76 adapted to bear against the cylindrical 
wall 50 of cavity 52. As shown in FIGURE 4, the head 
76 is provided with cutout areas 78 around its periphery 
to permit unrestricted flow of crankcase vapors past the 
head. 

‘A coil spring 82 extends between plunger 54 and an 
nular seat 68 engaging the plunger at the junction of 
body portion 74 and head 76 and biasing the plunger in 
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the direction of annular seat 56. The spring is formed 
in a generally cylindrical shape except for the last coil 
84 which is formedof smaller diameter to pilot on the 
end of body portion 74 thereby maintaining the spring 
generally concentric with the axis of the housing and 
holding the working coils in non-rubbing relationship 
with both the housing wall 52 and the plunger body 
portion 74. 
The plunger is adapted to be moved into the passage 

66 and to coact with the edge 90 thereof, which acts 
as an ori?ce, to form a restriction of variable area for 
controlling the ?ow of crankcase vapors through the 
valve. To this end, the plunger is formed with its maxi 
mum diameter adjacent the head portion 76 and sufficient 
ly small to allow the plunger to enter into passage 66. The 
cross-sectional area of the body generally decreases as the 
distance away from the head 76 is increased until at the 
opposite end the smallest diameter occurs. 
The particular shape of the plunger may be varied as 

necessary to obtain the desired rate of ?uid ?ow at each 
position of the plunger. However, in the preferred em 
bodiment of FIGURES 2 and 3, the plunger has a cylin 
drical portion adjacent head 76, adjacent to which are 
three tapered portions increasing in the amount of taper 
in the order of their distance away from head 76. At 
the extreme end of the body is a second cylindrical 
portion of relatively small diameter which projects 
through annular edge 90 at all times to prevent the 
plunger from vibrating out of alignment therewith. 

Operation 

In operation, the position of plunger 54 varies with 
the difference in pressure between the engine crankcase 
and the induction system which are connected to ends 
58 and 64 of the housing respectively. At wide open 
throttle, induction system vacuum is relatively low so 
that diiferential pressure is not great and spring 82 holds 
the plunger toward annular seat 56, as shown in FIGURE 
2, thereby opening the controlling restriction to its larg 
est area and permitting relatively free ?ow of crankcase 
vapors through the valve to the induction system. If, 
however, the engine throttle is moved in a closing 
direction, induction system vacuum increases causing in 
creased pressure differential, thereby drawing the plunger 
‘against the bias of the spring away from seat 56 and fur 
ther into passage 66 reducing the cross-sectional area of 
the restriction at edge 90 so that a comparable increase 
in ?ow of crankcase vapors through the valve is prevented 
and the rate of ?ow is controlled in a desired predeter 
mined manner. Should pressure differential increase su?i 
ciently, as might occur under closed throttle conditions 
when a vehicle is coasting and induction system vacuum 
becomes unusually high,-the head 76 of the plunger 
will be drawn against stop portion 72, as shownvin FIG 
iURE 3. This limits the compression of spring 82 so as ' 
‘to permit free ?ow of vapors between the coils as well 
‘as through the cutout areas 78 between portion 96 and 
the spring coils, thereby permitting ?ow to pass through 
the limited controlling restriction at edge 90 at all times. 
During its controlling movement, as above described, 

the head end of the plunger is held relatively centered 
by the guiding action of the head riding against cylin 
drical wall 50 of the plunger body; however, the other 
end of the plunger is unsupported and is thereby free to 
slide against the edge 90 of passage 66. This action tends 
to scrape from the plunger body deposits which tend to 
_form thereon due to the passage of crankcase vapors 
through the valve. Some of these deposits are, of course, 
broken free and carried with the vapors into the engine 
induction system while others tend to cling to the plunger 
and are pushed toward the head 76 collecting upon a 
portion 96 of the plunger body which is prevented from 
entering passage 66 by the engagement of the head with 
stop 72., This portion of the plunger body represents a 
deposit storage area 96 which collects some of the de 
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posits which might otherwise build up around the hous 
ing ori?ce or at other points so as to partially block the 
?ow of crankcase vapors through the valve. Deposits 
collected on portion 96 are retained out of the normal 
?ow path of the crankcase vapors so that ?ow through 
the valve is substantially unalfected by such deposits. 
FIGURE 5 illustrates a typical graph of pressure dif 

ferential versus ?ow rate ‘for a crankcase ventilation valve 
according to the present invention. When the pressure 
dilferential is low, the valve plunger remains at or near 
the wide open position shown in FIGURE 2. Flow through 
the valve increases as the pressure di?erential increases 
up to a desired maximum flow at the control point, where 
further increase of the pressure differential begins to move 
the valve plunger into passage 66 increasing the restric 
tion to ?ow past edge 90. Further increase of the pressure 
differential results, due to the predetermined plunger 
shape, in a controlled decrease in crankcase ventilation 
?ow to a minimum flow rate which is permitted at maxi 
mum pressure differential conditions. 
The investigations, previously mentioned, showed that 

ventilation valves of this general construction were in 
herently stable in the portion of their ?ow range in which 
the ?ow increased with increasing pressure differential. 
However, during the major portion of the flow curve, the 
?ow decreases with increasing pressure dilferential and 
an unstable condition results in which any dislocation of 
the plunger position is magni?ed to produce a condition 
of vibration. For instance, if the plunger is jarred toward 
a more restrictive position than is called for, ?ow is re 
duced resulting in a momentary increase in pressure on 
the upstream side and a decrease on the downstream side 
which tends to further dislocate the plunger from its de 
sired position. This dislocation builds up excessive force 
in the spring, returning the plunger to its normal position; 
but the inertia involved carries the plunger past this posi 
tion resulting in an excessive ?ow and ‘further overtravel 
of the plunger in this direction and so on. For this reason, 
the increased travel required to upset the ?ow and the 
reduced spring rate of valves, according to the present 
invention, aid substantially in the stability of the system. 

Although the herein described valve construction has 
been found to be very satisfactory in the applications to 
which it has been applied, it should be obvious that, if 
desired, the natural frequency could be further reduced 
by increasing plunger weight or, alternatively, reducing 
spring rate. Changes in the spring rate would, of course, 
require equivalent changes in the con?guration and allow 
able travel of the plunger in order to obtain the same ?ow 
curve for a given set of conditions. 

Additional modi?cations within the scope of the pres 
ent invention will be apparent to those skilled in the art 
and the invention is, therefore, to be limited only by the 
language of the following claims. 
What is claimed is: 
1. A crankcase ventilation valve for use in an internal 

combustion engine having an induction system and a 
crankcase, said crankcase ventilation valve being adapted 
for connection between the crankcase and the induction 
system to control ?uid ?ow therebetween and comprising 

a housing having an ori?ce therein to restrict fluid ?ow 
therethrough, 

a valve element in said housing and having a generally 
tapered body portion and a head at one end thereof, 
said head extending radially outboard of said body 
portion into close proximity with said housing to 
center said body portion end in said housing, said 
tapered body portion being of smaller diameter 
throughout its length than said ori?ce and movable 
thereinto in response to an increase in pressure dif 
ferential between the crankcase and the induction 
system so as to increase the restriction to ?uid ?ow 
through said ori?ce, 

coil spring means between said head and said housing 
and biasing said valve element away from the ori?ce 
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and in the direction of decreased restriction, said 
spring means having at least one coil adjacent said 
head and ?tted closely around said body portion and 

. a plurality of additional coils being of substantially 
equal diameter and arranged to clear both said body 
portion and the housing ‘walls whereby said spring, 
said body portion and said head cooperate to main 
tain said spring coils in nonrubbing relationship with 
said housing and said body portion thereby reducing 
wear of said spring coils and 

stop means in said housing and adapted to be engaged 
by said valve element head, said stop means prevent 
ing the closing of said spring coils below a prede 
termined clearance to permit the free passage of 
crankcase vapors therebetween at all times and to 
prevent part of said body portion from entering said 
ori?ce whereby a limited volume of deposits is en 
abled to collect upon said body portion part within 
the clearance between said part and said spring coils 
without substantially blocking ?uid ?ow through the 
ori?ce. 

2. In combination, an internal combustion engine hav 
ing a crankcase, an induction system and a plurality of 
cylinders and normally operable under load above a pre 
determined cylinder ?ring frequency and a crankcase » 
ventilation valve connected with said crankcase and said 
induction system and including a spring biased plunger 
reciprocably movable to control the ?ow of crankcase 
vapors therethrough, said plunger and spring having a 
natural frequency of vibration below said predetermined 
cylinder ?ring frequency. 

3. In combination, an internal combustion engine hav 
ing a crankcase and an induction system and normally 
operable under load at a cylinder ?ring frequency of not 
less than 25 cycles per second and a crankcase ventila 
tion valve connected between the crankcase and the in 
duction system and including a spring biased plunger 
reciprocably movable to control the flow of crankcase 
vapors therethrough, said plunger and spring having a 
natural frequency of vibration below approximately 25 
cycles per second. 

4. In combination, a crankcase ventilation valve and 
an internal combustion engine normally operable under 
load above a predetermined cylinder ?ring frequency and 
having a plurality of cylinders, an induction system con 
necting with the cylinders and a crankcase, said crankcase 
ventilation valve being connected between the crankcase 
and the induction system to control ?uid ?ow therebe 
tween and comprising 

a housing having an ori?ce therein to restrict ?uid ?ow 
therethrough, 

a valve element in said housing having a generally 
tapered body portion and movable in said ori?ce in 
response to an increase in pressure differential be 
tween the crankcase and the induction system so as 
to increase the restriction to ?uid ?ow through the 

ori?ce, 
spring means having a predetermined rate and biasing 

the valve element away from the ori?ce and away 
from the direction of increased restriction, 

said valve element and said spring means comprising a 
mass-spring system having a predetermined inertia, 

the inertia of the system and the rate of the spring 
means being such that the natural frequency of the 
system is less than said predetermined cylinder ?ring 
frequency whereby forced vibration of the valve ele 
ment due to engine ?ring is substantially prevented. 

5. In combination, a crankcase ventilation valve and 
an internal combustion engine normally operable at or .. . 
above a prescribed idle ?ring frequency and having a 
plurality of cylinders, an induction system connecting with 
the cylinders and a crankcase, said crankcase ventilation 
valve being conducted between the crankcase and the in 
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8 
duction system to control ?uid ?ow therebetween and 
comprising 

valve means movable in response to an increase in pres 
sure differential between the crankcase and the in 
duction system so as to increasingly restrict ?uid ?ow 
and 

resilient means having a predetermined rate and bias 
ing the valve means away from the direction of in 
creased restriction, 

said valve means and said resilient means comprising 
a mass-spring system having a predetermined inertia, 

the inertia of the system and the rate of the resilient 
means being such that the natural frequency of the 
system is not substantially greater than the normal 
engine idle ?ring frequency whereby forced vibration 
of the valve means due to engine ?ring during above 
idle engine operating speeds is substantially pre 
vented. 

6. The combination of claim 5 wherein the inertia of 
the mass-spring system and the rate of the resilient means 
are such that the natural frequency of the system is less 
than the normal idle ?ring frequency whereby forced vi 
bration of the valve means due to engine ?ring is sub 
stantially prevented. 

'7. In combination with an internal combustion engine 
having an induction system and a crankcase, a crankcase 
ventilation valve connected between the crankcase and 
the induction system to control ?uid ?ow therebetween 
and comprising ' 

a housing having an ori?ce therein to restrict ?uid ?ow 
therethrough, 

a valve element in said housing and having a generally 
tapered body portion and a head at one end thereof, 
said head extending radially outboard of said body 
portion into close proximity with said housing to 
center said body portion end in said housing, said 
tapered body portion being of smaller diameter 
throughout its length than said ori?ce and movable 
thereinto in response to an increase in pressure dif 
ferential between the crankcase and the induction 
system so as to increase the restriction to ?uid ?ow 
through said ori?ce, 

coil spring means between said head and said housing 
and biasing said valve element away from the ori?ce 
and in the direction of decreased restriction, said 
spring means having at least one coil adjacent said 
head and ?tted closely around said body portion and 
a plurality of additional coils being of substantially 
equal diameter and arranged to clear both said body 
portion and the housing walls whereby said spring, 
said body portion and said head cooperate to 
maintain said spring coils in nonrubbing relationship 
with said housing and said body portion thereby re 
ducing wear of said spring coils, ' 

stop means in said housing and adapted‘ to be engaged 
by said valve element head, said stop means prevent 
ing the closing of said spring coils below a prede 
termined clearance to permit the free passage of 
crankcase vapors therebetween at all times and to 
prevent part of said body portion from entering said 
ori?ce whereby a limited volume of deposits is en 
abled to collect upon said body portion part within 
the clearance between said part and said spring coils 
without substantially blocking ?uid ?ow through the 
ori?ce, and 

said internal combustion engine being normally oper 
able under load above a predetermined cylinder ?ring 
frequency, said coil spring means having a prede 
termined rate and said valve element and said spring 
means comprising a mass-spring system having a 
predetermined inertia, the inertia of the ‘system and 
the rate of the spring means being such that the nat 
ural frequency of the system is less than said pre~ 
dct?grrnincd cylinder ?ring frequency whereby forced 
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