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I. This invention has for its object improvements 
in Such valves which comprise an apertured re 
ciprocable, gate or slide plate, and more especially 
relates to multiple-nozzle valves of that type 
which are described in United States application 
Serial No. 600,390, filed June 19, 1945, now Patent 
Number 2,576,848, based on the French patent 
filed by: the applicants on September 12, 1942, 
entitled “Improvements in Free-Piston Genera 
tors' and in the related Certificate of Addition 
dated November 30, 1942. . . . . . . . . 
The multiple-nozzle valves referred to are de 

signed for use in all sorts of conventional or free 
piston fluid-operated machines, gas, hot air or 
steam-engines, and compressors of every descrip 
tion. They comprise a pair of complementary 
grates made up of streamlined bars in such a 
manner that the section of the free space be 
tween the corresponding faces of any two succes 
sive bars has exactly the shape of a converging 
diverging nozzle. A slotted gate or slide plate is 
innovably mounted between the grates for the 
purpose of closing or opening the throats of the 
nozzles. 

Valves of that kind may be controlled with dif 
ferent operating mechanisms. This invention 
consists, in One of its applications, in providing 
the gates or slide plates of Such valves with a dia 
phragm whose faces are influenced by the work 
ing fluids, the slide plate being connected to the 
central portion of the diaphragm to move for 
Wardly and reversely between predetermined 
positions upon flexure of the diaphragm, these 
predetermined positions corresponding to the 
closed and open positions of the slide plate. Such 
Valves may operate under the same or similar 
conditions, as ordinary, relief valves. " . . . . . . 

Another feature of this invention consists in 
combining such a diaphragm with a Spring where 
by the movement of the valve can set in earlier 
than at the moment of operation as determined 
by the pressures on the diaphragm. Such 'lead 
in’ action is controlled by the stressing of the 
spring and the diaphragm itself can constitute. 

- 45, the machine instead of the body of the valve this Spring. . . . . . . . . . . . . 

Further features of the invention will appear 
from the following description of one particular 
embodiment thereof which is given for the pur 
pose of exemplification and by no means of limit 
tation, reference being had to the appended draw 
ing in which: . . . . . . . . . . 
...Figure 1 is a horizontal section. . . . . . . . . . . . . 

Figure 2 is a sectional view taken online II-II 
in Fig.1. ... . . . . . . . . . . . . . 

Figure 3 is a front view of the diaphragm. 

(C. 13-53) 
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The apertured gate or side plate. , shown in 
its open position at the end of its stroke towards 
the left, is slidably mounted between the bars of 
the stationary lower grate 2 and those of the 
stationary upper grate 3. The bars may be cut 
out e.g. from sectional cast iron or steel and held 
in position by a cast iron ring, or they may also 
be loose bars arranged side by side and suitably 
pressed together. In both cases they rest on a 

10 circular seat 4 provided in the valve body extend 
ing about the axis thereof. A ring 5 with an ex 
ternal thread engaging a corresponding thread in 
the body allows both grates to be clamped in 
position. 

ls The grates are spaced from each other by a dis 
tance ring, not shown, and passages in the form 
of converging-diverging nozzles are left between 
the grate bars for the gas flow. 
The valve body 7 has cylindrical inner and 
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20 outer walls which, however, are eccentric with re 
spect to each other. All the machining work to 
be performed on parts of the valve and body 
thereof can be carried out on the lathe. 
The rod 8 for the control of the valve actuates 

25 the gate i through the medium of a pin 9. The 
gate or slide plate is freely movable lengthwise 
of pin 9 by such fraction of a millimeter as will 
allow it unrestrained to come into engagement 
with either.thebars of the lower grate 2 or those 

30 of the upper grate 3. 
Secured by a nut 10 on the right end of the 

actuating rod 8 is a diaphragm . 
This diaphragm is supported at its periphery so 

that its central portion is movable in a chamber 
352 provided. Within the thicker portion of the 

valve body 7, the diaphragm dividing the cham 
ber in two portions the left one of which com 
municates with the fluid present above the valve 
in Fig. 2 through one or several channels 3 

40 while the right portion similarly is set into com 
munication with the fluid present below the valve 
through one or more channels 4. 
The channels 4 in this particular embodiment 

are assumed to be provided within the casing of 

itself. 
It will be appreciated that under such condi 

tions the diaphragm is subjected to the action of 
the fluids to allow it to operate in the manner 

50 of an ordinary relief valve and it controls the 
gate and ensures the desired automaticity in the 
action of the Valve. - . . . . . . 
However, the valve thus designed can be im 

proved very materially and thus enabled to re 
55 spond without the least delay and even. if de 
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sired, to begin its movement a certain amount of 
time earlier than the moment of starting nove 
ment Which Would be determined by the preSSure 
difference upon the diaphragm, which is useful 
notably in regard of the lap of the gate on its 
Seat in the closed position of the Sane. 

4 
a plurality of generally parallel paths, a valve 
supported in said valve structure for reciprocat 

Such a result is attained because the dia 
phragm is allowed to function as a Spring which 
is stressed by the pressure of the gases and which 
will begin to recoil and to actuate the valve ber 
fore the pressures at either side of the valve bal 
ance each other exactly. 
In order that the diaphragm which has a cir 

cular shape may possess the elasticity exactly 
necessary for the performance of that duty, it is 
composed of a pair of discs fitting each other ex 
actly at their inner or contacting faces. The 
outer faces of said discs are So machined that the 
thickness of the latter in the central portion ad 
jacent to the nut O may be, say, 1 mm. while de 
creasing towards the edge down to, say, 0.2 mm. 
Moreover, each disc has narrow equally spaced 
slits 6, 7 cut radially therein as shown in Fig. 3. 
The slits 6 in the one disc are offset angularly 
with respect to the slits 7 in the other disc. With 
Such an arrangement the diaphragm acquires the 
desired flexibility while retaining its fluid-tight 
ness in both directions. 
The diaphragm as shown in FigS. 1 and 2 is 

deflected into its end position to the left. It Will 
be seen that the diaphragm is limited in its de 
flection by a fixed suitably designed abutment 9 
at its rim portion and by ring abutments 20 and 
2 respectively at the right and the left sides 
thereof and that in addition, a stroke-limiting 
abutment is provided at 8. 
The abutments 20 and 2 are adjustable and 

for that purpose each of them is embodied as a 
ring With a fine Screw thread engaging respec 
tively a fixed concentric thread in the body 7 and 
a thread in a spider 25 supporting the ring 20. 

Displacing the abutmentS 20 and 2 in the Suit 
able direction allows to adjust the value of the 
force necessary to deflect the diaphragm into its 
final right or left position. The higher this 
force, the earlier the diaphragm will begin to re 
Spond before the point of balance between the 
fluid pressures at opposite sides of the diaphragm 
is reached. 

Besides, different adjustments are necessary for 
the opening and the closing strokes. 
A further Substantial advantage of the above 

described Spring device is that it will absorb the 
Shocks that would be set up by the movable sys 
tem at the completion of either stroke, which 
Shocks are one of the Weaknesses proper to re 
lief Waves. 
The preceding arrangements, which have been 

described as applied to a valve circular in sec 
tion, can also be applied generally to valves of 
any desired rectangular, oval or like shape. 

Likewise, the diaphragm which has been de 
Scribed as having a circular outline can be given 
any desired rectangular, oval or like shape. Con 
Versely, the circular valve described above as 
provided with a diaphragm designed to make it 
automatic in its action can also be used without 
a diaphragm and provided with any desired con 
trol System. 
What We claim as our invention and desire to 

Secure by Letters Patent is: 
1. A valve structure comprising means provid 

ing a plurality of spaced valve openings within 
Said structure for flow of a fluid therethrough in 

lo 

ing movement thereof transversely of the direc 
tion of flow through said valve openings between 
two predetermined positions, said valve having a 
plurality of apertures therein in spaced relation 
so as to register respectively with said openings 
to unclose said openings when said valve is in a 
given one of said predetermined positions and co 
operating with said means providing said valve 
openings to close said valve openings when Said 
valve is in said other predetermined position, a 
flexible diaphragm supported in Said valve struc 

... ture and operatively connected to said valve for 
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reciprocating movement therewith upon flexure 
of said diaphragm, said diaphragm cooperating 
with said valve structure to form a fluid pressure 
chamber communicating with the fluid pressure 
space at a given side of said valve so that Said 
diaphragm is subjected at least at a given face 
thereof to the fluid pressure at Said side of Said 
valve, and stop means supported in Said valve 
structure so as to engage and disengage Said dia 
phragm at said given face thereof at a point in 
the movement of said valve adjacent one of Said 
predetermined positions and cooperating with 
said valve structure and with Said diaphragm to 
change the effective area of said diaphragm Sub 
jected to said fluid pressure upon Such engage 
ment and disengagement of said diaphragm with 
said stop means, bias means acting upon said 
diaphragm upon engagement of Said stop neans 
by said diaphragm to bias said diaphragm in the 
direction toward disengagement of Said dia 
phragm from Said stop means. 

2. A valve structure comprising means provid 
ing a multiport valve seat, a multiport slide valve 
supported in said valve structure for movement 
thereof in sliding engagement with said Seat for 
wardly and reversely transversely of the direc 
tion of flow of fluid through said valve ports be 
tween the open and closed positions of Said slide 
valve, a flexible diaphragm disposed laterally of 
said flow of fluid through said valve ports and 
supported at its periphery in said valve structure 
so as to provide for movement of the central por 
tion of said diaphragm transversely of the Sur 
face extent thereof upon flexure of said dia 
phragm, means operatively connecting Said Cen 
tral portion of said diaphragm to Said slide valve 
for movement of said central portion. With Said 
valve forwardly and reversely upon said flexure 
of said diaphragm, stop means supported in Said 
Valve structure SO as to engage and disengage 
said diaphragm at least at a given face thereof 
at a point in the movement of said slide valve 
adjacent a given one of said positions thereof as 
said diaphragm flexibly moves forwardly and re 
versely transversely of Said Surface extent there 
of, Said stop means being disposed SO as to en 
gage said diaphragm at Said given face thereof 
inWardly of and in Spaced relation to Said Sup 
ported periphery thereof and extending about 
said central portion of Said diaphragm to deters 
nine upon Such engagement an area of Said dia 
phragm within said stop means that is less than 
the greater area of said diaphragm determined 
by said Supported periphery thereof, said dia 
phragm cooperating With said Valve structure to 
form a fluid preSSure chamber at said given face 
of Said diaphragm, and means providing a pas 
sage communicating with the fluid pressure space 
at a given side of Said slide valve and commu 
nicating with said fluid pressure chamber in 
Wardly toward the center of Said diaphragm with 
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respect to Said stop means so that said lesser and 
greater areas of said diaphragm are subjected at 
said, given face thereof to the fluid pressure at 
said, side of said slide valve respectively when 
Said diaphragm is engaged by and is disengaged 
from Said stop means. 

3. A valve structure as defined in claim 2 in 
which said diaphragm is supported in said valve 
Structure With the extent of the diaphragm Sur 
face transverse to the direction of movement of 
said valve and generally symmetrically with re 
spect to said valve, said operative connection act 
ing in the direction parallel to said direction of 
movement of said yalve, said stop means provid 
ing an annular stop element supported in Said 
valve structure substantially symmetrically with 
respect to the extent of the surface of said dia 
phragm and engageable along the annulus there 
of With said diaphragm upon flexure of said dia 
phragm to define an area of said diaphragm less 
than the area, defined Within Said Supported pe 
riphery thereof, Said pressure chamber being de 
fined at one side thereof by Said less and greater 
areas of said diaphragm respectively when said 
diaphragm is in and out of engagement with Said 
Stop element. 

4. A valve structure as defined in claim 2 
which comprises means for adjusting the posi 
tion of Said stop means with respect to Said valve 
structure to vary the position of the valve with 
respect to the valve ports at which said stop 
means is engaged by Said diaphragm. 

5. A valve structure as defined in claim 2 con 
prising an auxiliary stop means Supported in Said 
valve structure so as to engage and disengage 
said diaphragm at the face thereof opposite to 
said given face at a point in the movement of 
said slide valve adjacent the other position there 
of, said auxiliary stop means being disposed So as 
to engage said diaphragm at Said other face 
thereof inwardly of and in spaced relation to 
said supported periphery thereof and extending 
about said central portion of Said diaphragm to 
determine at said opposite face thereof upon said 
engagement of said diaphragm with said auxiliary 
stop means an area of said diaphragm within 
said auxiliary stop means that is less than the 
greater area of Said diaphragm determined by 
said supported periphery thereof, Said diaphragm 
cooperating with said valve structure to form a 
second fluid pressure chamber at said opposite 
face of said diaphragm, and means providing a 
second passage communicating with said second 
fluid pressure chamber inwardly toward the 
center of said diaphragm with respect to said 
auxiliary stop means so that said lesser and 
greater areas of Said diaphragm at Said opposite 
face thereof are subjected to the fluid pressure in 
said second passage respectively when said dia 
phragm is engaged by and is disengaged from 
said auxiliary stop means. 

6. A valve structure as defined in claim 2 in 
which said diaphragm is formed of resilient ma 
terial and cooperates with said stop means to 
develop upon engagement of said diaphragm with 
said stop means a bias in Said diaphragm acting 
in the same direction of movement of Said dia 
phragm and said slide valve connected thereto 
as that produced by said fluid pressure in said 
chamber acting on said diaphragm at Said given 
face thereof. 

7. A valve structure as defined in claim 6 in 
which said diaphragm is composed of a plurality 
of diaphragm elements having Continuous Sur 
faces thereof in face to face contact with each 
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6 
other, at least one of said diaphragm elements 
being provided with a plurality of slits therein 
extending generally outwardly toward the pe 
riphery of said diaphragm, said slits being spaced 
in the peripheral direction to provide a plurality 
of Sectors separated from each other by said slits, 
said diaphragm elements cooperating with each 
other at said contacting surfaces to close said 
slits against flow of fluid therethrough, 

8. A Wave structure as defined in claim 7 in 
which at least two of said diaphragm elements 
are provided with Said slits and are positioned 
relative to each other with said slits thereof in 
staggered relation and with the sectors of one 
diaphragm element covering the slits in another 
of Said diaphragm elements to close said slits 
against flow of said fluid therethrough. 

9. An Operator for a multiport slide valve com 
prising a flexible diaphragm, a body supporting 
Said diaphragm at its periphery So as to provide 
for movement of the central portion thereof 
transversely of the Surface extent thereof upon 
flexure of said diaphragm, means connected to 
said central portion and formed to be connectible 
to a slide member of a slide valve for movement 
of Said slide member upon Said flexure of Said 
diaphragm, said body forming with said dia 
phragm a fluid pressure chamber at least at a 
given face of Said diaphragm, stop means Sup 
ported by said body SO as to engage and disengage 
said diaphragm at said given face thereof as said 
diaphragm flexibly moves respectively forwardly 
and reversely transversely of said surface extent 
thereof, said stop means being disposed so as to 
engage said diaphragm inwardly of and in 
spaced relation to said periphery thereof and ex 
tending about Said central portion of Said dia 
phragm to determine upon such engagement an 
area of Said diaphragm less than the greater area 
thereof determined by said Supported periphery 
thereof, and means providing a fluid conveying 
passage communicating with said fluid pressure 
chamber inwardly toward the center of the dia 
phragm with respect to said stop means so that 
Said lesser and greater areas of the diaphragm re 
spectively are subjected to the pressure of a fluid 
conveyed through said passage when said dia 
phragm is engaged by and is disengaged from 
Said stop means. 

10. An Operator for a multiport slide valve com 
prising a resilient flexible diaphragm, a body sup 
porting said diaphragm at its periphery so as 
to provide for movement of the central portion 
thereof transversely of the surface extent thereof 
upon flexure of said diaphragm, means connected 
to said central portion and formed to be con 
nectible to a slide member of a slide valve for 
movement of said slide member upon said flexure 
of said diaphragm, said body forming with said 
diaphragm a fluid pressure chamber at least at 
One face of Said diaphragm, stop means Sup 
ported by said body so as to engage and disen 
gage said diaphragm at a given face thereof as 
said diaphragm flexibly moves respectively for 
wardly and reversely transversely of said surface 
extent thereof, said stop means being disposed 
so as to engage said diaphragm in Wardly of and 
in spaced relation to Said periphery thereof and 
extending about said central portion of Said dia 
phragm to determine a circumference of contact 
of said stop means with said diaphragm at Said 
given face less than the supported periphery of 
said diaphragm to provide for continued forward 
movement of said central portion after Said en 
gagement by said stop means upon bending of 
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Said resilient flexible diaphragm upon said stop Number 
means to develop in said diaphragm a bias for 643,519 
reverse movement thereof. 670,539 

ERNEST MERCIER. 749,942 
MARCEL, EHLINGER. 5 938,574 
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