
2,334,119 P. E. MULHOLLAND 
FLUID FRESSURE DIAPHRAGM 

Nov. 9, 1943. 

3. Sheets-Sheet l Filed Feb. 3, 194 

4? 2ZZZZZZZZZZZZZZZ 
? 

Ø 

Ø 

?2 
ZZZZZZZZZZZ 

Ø ZI-E. 

ZZZZ) 

Jrvuontov 

  

  

  

  

    

  

  

  

  

  

  



2,334,119 D. E. MULHOLLAND 
FLUID PRESSURE DIAPHRAGM 

Nov. 9, 1943. 

3 Sheets-Sheet 2 Filed Feb. 3, 194 

#{SaTTE 

?ZZZZZZZZZZZZZZZZZ 

  



Nov. 9, 1943. 

. ???? ? 

NÒGaGNaN 

2. | ??N% 
N 

A 3) IS 

3. ?2:22 

D. E. MULHOLLAND 2,334,119 
FLUID PRESSURE DIAPHRAGM 

Filed Feb. 3, 1941. 3. Sheets-Sheet 3 

2 {«42 

SLL LLLSS SSS LLLSS LLLLLL SS SLLS SS SLS 

* dwowy 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

    

    

  



Patented Nov. 9, 1943 2,334,119 

UNITED STATES PATENT OFFICE 
h- 2,884,119 | 

FLUID PRESSURE DIAPHRAGM 
David E. Mulholland, Reading, Pa. 

Application February 3, 1941, serial No. 377,273 
4 Claims. (Cl. 137—157) i 

My invention relates to fluid i pressure dia- . 
phragms and more particularly to fluid pressure 
diaphragms arranged to operate sequentially and 
in opposite directions for controlling the move 
ment of a member interposed between and opera 
tively associated with the said diaphragms. 
The principal object of the invention, gener 

ally considered, is to provide a fluid pressure dia 
phragm having a flexible diaphragm member op 
erating between fixed and movable plates. 

* Still another object of the invention is to pro 
vide a diaphragm member operating within a 
housing, the walls of said housing being adapted 
to engage and guide the side portions of the dia 

through the associated diaphragm, and their 
operating parts. 

Figure 3 is a view on a large scale of a single 
diaphragm illustrated in Figure 2. 

Figure 4 is a diagrammatic view of the pipin 
connection employed with the specific diaphragm 
construction illustrated in Figures 1 and 2. 
The grinding machine as illustrated is provided 

with a grinding roll f, a work supporting roll 2 
and a back-up roll 3, the grinding roll having 
an abrasive surface 4 and the work supporting 
roll having a yielding surface 5 to form a friction 
gripping engagement between the back-up roll 
and the work supporting roll. The back-up roll, 

phragm and to provide a plate member overlying: lá: the work supporting roll, and the adjusting work 
the said diaphragm and forming a rigid platform 
movable with the same and in turn guided by 
the sidewalls of the said diaphragm chamber. 

- Still another object of the invention is to pro 
vide a pair of oppositely facing diaphragm cham- 20: - movable toward and away from the work sup 

porting roll 2 by means of the rotating shafts 8, bers and to position in each an oppositely acting 
diaphragm and to provide the two diaphragms 
with fluid pressure connections so that the same 
may operate in sequence. . 

supporting guides or skid tables 6 are all carried 
by a pivoted beam 7, only a fragmentary portion 
of which is illustrated in the accompanying draw 
ings. . . . . 

The work guide members or skid tables s are 

the threaded portions 9 of which engage in corre 
; spondingly threaded portions 9 of blocks if 

Still another object of the invention is to pro- 25 which are rigidly connected to the skid tables or 
vide means whereby the operating face of the dia 
phragm is uniform as to area throughout its 
stroke at all pressures which will operate it. 
Other objects of the invention and the mecha 

nism by which the same are accomplished will 
be pointed out in the specification, the novel fea 
tures thereof being set-forth in the appended 
claims. • . . . . ." • • 
For convenience I have illustrated my inven 

tion in connection with the mechanism disclosed 
in my prior Patent No. 2,187,463. dated January 
16, 1940, and while the present invention may 
be advantageously employed with the construc 
tion illustrated in the accompanying drawings, it 
is to be understood that the invention is not lim 
ited to such application - but may be advan 
tageously utilized in a number of places where 
precision of movement and control of such move 
ment through a limited range is desired. 
Throughout the specification and drawings like 

parts are designated by like reference characters. 
In the drawings: . . . . . . . . - - 
Figure 1 is a vertical longitudinal cross-sec 

of one pair of diaphragms. •." 
Figure. 2 is a cross-sectional view showing the 

back-up roll, the work supporting roll and associ 

guides 3. - 
guides are the chambered members 2 through 

Work supporting roller, 2.... 

Positioned above the work supporting 

which, in the operation of the machine, the 
coolant fiuid passes. 

0. As fully disclosed in my prior patent noted 
above, the pivoted carriage 7 is counter-bal 
anced and operates between limit stops, the lower 
limit stop being shown in Figure 1 and compris 
ing a housing member 3 in which is slidably 
received a block 4 which is suitably recessed 
and threaded so as to engage within the recess 
f 5 the threaded portion. 6 of the screw 7, the 
latter being operated by intermeshing bevel pin 
tions 8 in order that the abutment block 9 car 
ried by the sliding block 4 may be raised or 
lowered as desired, the upper face of the abutment 
9 being adapted to be contacted by the stop 
member 29 carried by the pivoted carriage ... 

; : In Figure 2 I have '-illustrated in full lines 
the back-up roll 3 and the work supporting roll 
2 and the bearing members for these rolls are 
indicated, respectively, by the reference charac 
fers 2i and 22. Housed within the bearing 22 is 

' - - - - - the driving mechanism which operates to drive 
tional view of a fragmentary portion of a grinding 50 
machine, illustrating in full lines the position 

the back-up roller and through the latter the 
The reference numerals 23 indicate the support 

* for the skid or guide tables 6. It will be noted 
that the bearing members 2 and 22 are supported 

ated parts in full lines and across-sectional view 55 on the carriage 7 and hence both rollers 2 and 3 
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are carried by and movable with the member T. 
The numeral 24 designates the base or foundation 
upon which the diaphragms to be described are 
rigidly mounted. 
As indicated above, the diaphragms 25 are ar 

ranged in oppositely directed pairs and since each 
diaphragm is identical the description of one will 
suffice for the description of the entire assembly. 
There is provided a base plate 26 which is se 
cured to a foundation member 27 which may be 
either the base of the machine 24 or the base 
plate of a U-shaped member 28. The plate 26 is 
provided with a plurality of counter-sunk open 
ings 29 leading from the inner face into which 
extend bolts or screw 30 by which the plate 26 
is secured to the foundation member 27. On the 
opposite face of the plate 26 is also provided a 
plurality of counter-sunk openings 3 through 
which extend the screws or bolts 32 by means of 
which the cylindrical collar 33 and the project 
ing portion 34 of the flexible member 35 of the 
diaphragm are rigidly Secured and by means of 
which a fluid tight connection is made between 
the base plate 26 and the flexible portion 35 of 
the diaphragm. - 
The inner cylindrical wall 36 of the collar 33 

is polished so as to permit the free movement 
within the same of a cap member or plate 37, the 
lower face of which contacts the upper face of 
the flexible diaphragm 35. The plate 37 is pref 
erably provided with a boss 38, the purpose and 
object of which will be hereinafter described. 
The diaphragm is provided with one or more 

folds 39 in order that, upon the admission of 
fluid pressure through the port 40 in the base 
plate 26, the diaphragm may expand, Without 
loss of area of the portion that contacts the plate 

.37, forcing the plate 37 upwardly and the upward 
limit of movement is, of course, measured by the 
length of the flexible portion of the diaphragm. 
between the edge of the horizontal portion en 
gaging the plate 37 and the edge formed by the 
inner surface 36 of the collar 33. A plurality 
of holes 36a are provided in the cylindrical wall 
of the collar. 33, preferably spaced around the 

O 

periphery and located so as to be covered by the 
flexible member of the diaphragm. These holes 

i leading through the Wall permit any air trapped 
in the folds 39 of the diaphragm member 35 to 
be expelled as pressure is applied to the dia-3: 
phragm and also provide for the admission of air. 
so as to break the seal between the diaphragm 
member and the wall 36 when the internal pres 
sure on the diaphragm is released. 
The portion of the diaphragm member 35, 

which contacts the plate 37 is of greater thick 
ness and riigidity" than that portion of the dia 
phragm which constitutes the folds. This addi 
tional thickness serves to limit the stretching un 
der pressure of the folds forming the side walls 
of the diaphragm and in connection with the 
plate 37 acts to apply the selective fluid pressure 
per square inch to a constant number of Square 
inches of the plate 37 throughout the entire stroke. 
or movement of the diaphragm. 
The upper diaphragm is made exactly as de 

scribed and interposed between the boss 38 of 
each of the plates 37 and carried by a yoke mem 
ber 4 is a two-part plunger member generally 
indicated by the reference character 42. The 
upper member 43 of the plunger is provided With 
a reduced shank 44 and a curved head 45. The 
shank 44 of the member 43 is adapted to closely 
fit Within the recess 46 of the co-acting member 
47 and the members 43 and 47 are pin-connected 

riage 7 to move upwardly, rotating 
40 

2,334,119 
by the pin 48. The shoulder 49 formed on the 
member 43 rests upon and engages the upper 
face of a collar 50 formed on the yoke member 
4. Likewise the end 5 of the member 47 en 
gages a similarly formed collar 52 on the oppo 
site face of the yoke member 4. So that when the : 
parts are assembled, as shown in Figure 3, the 
plunger member 42 is rigidly united with the 
yoke 4 so that any movement of the plunger 42 
will impart to the yoke 4f a corresponding move 
ment. The arms 53 of the yoke 4f are rigidly 
secured to the correspondingly formed portions 
54 carried by the member 7. I have, for con 
venience, illustrated these parts 53 and 54 as be 
ing Connected by bolts and nuts 55. 

It will be apparent from the foregoing descrip 
tion that when the valve mechanism hereinafter 
described is operated so as to admit fluid pres 
sure within the upper diaphragm opening 56 the 
flexible diaphragm 35 will be expanded, as illus 
trated in Figure 3, forcing the boss 38 of the plate 

r37 into contact with the curved head 45 of the 
plunger member and forcing the yoke member 
4 and the pivoted carriage 7 to move downward 
ly so as to cause the stop 20 of the latter to en 
gage the bearing block f$. In this position, ow 
ing to the fact that by the weight of the plate 
37 the lower flexible diaphragm 35 has been 
forced into contracted position, the curved head 
6 of the member 4 is spaced from the boss 38 
of the plate 37. When it is desired to reverse 
the movement, the fluid pressure in the dia 

- phragm. opening 56 is released and fluid pressure 
admitted through the pipe 40 to the chamber 
beneath the lower flexible diaphragm, causing 
the same to move upwardly until the boss 38 of 

... this diaphragm member engages the head 57 and 
by this means causing the yoke 4f on the car 

about the piv- . * 
otal axis of the carriage 7. . . . . . . . 
By providing the curved head 45 and 41, the 

... rocking movement imparted to the plunger mem 
ber 42 Will not affect the distribution of pressure 
from the bosses 38 nor will the movement of the 
yoke tend to cant or otherwise change the posi 
tion of the plates 37. By providing the plates 37 
With raised bosses 38 connected at spaced points 
to the side walls thereof by ribs 58 I provide an 
exceedingly rigid plate and thus prevent any dis 
tortion of the upper surface of the diaphragm and 
hence also cause the plates 37 to move as a unit 
within the confining wall 36 of the collar 33. 

s 5 

60 

illustrated in Figure 2. 
In Figure 4 I have illustrated means for oper 

ating in sequence the two pairs of diaphragms 
The numeral 59 desig 

nates a fluid pressure tank fed by means of a pipe. 
60 which leads to a fluid pressure pump, not 
shown. Leading from the tank 59 is a pipe 6 ?. 
which connects to a four-way valve 62 from 
which two pipes 63 and 64 lead respectively to 
the upper and lower diaphragm chambers. These . . . 
pipes are branched, as shown at 65, the branch . . . 
pipes leading to the openings 4 formed in the 
respective base plates 26 of the pairs of diaphragm 
members. . . " 

It will be obvious from the disclosure and this 
description that when the four-way valve is in the 
position illustrated in Figure 4 pressure is ad 
mitted to the two lower diaphragm base plates 
and fluid pressure is exhausted from the two up 
per diaphragm chambers through the pipe 63 and 
the outlet pipe 66 from the four-way valve and 
consequently upon a movement of the four-way 
valve the pipe 64 is connected to the exhaust pipe 

75 65' and the pipe. 63 leading to the upper dia   

  



phragm connected to the tank 59, admitting fluid 
pressure to the said pipe and exhausting the fluid 
pressure from the lower diaphragm member. By 
means of pressure gauges usually employed in 
connection. With fluid pressure means it is pos 
sible, knowing the area of the diaphragm cham 
bers 56 and the amount of fluid pressure, to 
closely and accurate regulate the pressure im 
posed upon the yoke if and through the latter 
upon the pivoted carriage 7 so that the degree 
of pressure of the Work supporting roller against 
the Work can be regulated. With great nicety. 
As an example of the results which have been 

obtained. With this System of pressure Control, 
Which entirely eliminates the friction of moving 
parts, when applied to a grinding or polishing set 
up such as is illustrated in Figure 2, I have found 
it possible to surface a sheet of Cellophane whose 
thickness is approximately. Cne-half of one-thou 
sandth of an inch. This surfacing of the Cello 
phane sheet is sufficient to remove the shine, on 
the surface but represented Such a small fraction 
of an inch in the reduction of the thickness of 
the Cellophane sheet as to be incapable of meas 
urement by ordinary methods. I have also found 
it possible to grind the surface of the Cellophane 
sheet so as to materially reduce the thickness of 
the sheet without the destruction of the continuity 
of the sheet. 
While I have described my diaphragm construc 

tion as pointed out above, it will be obvious to 
those skilled in the art, that the diaphragms are 
capable of being utilized in a large number of 
other devices and may be advantageously em 
ployed to regulate pressures upon movable objects 
in connection with any type of mechanism. 

Having thus described my invention what I 
claim and desire to secure by Letters Patent is: 

1. A device of the character described COmpris 
ing a base plate, an open ended collar connected 
thereto, a flexible and expansible diaphragm 
member having a ring-shaped portion interlock 
ingly interposed between said plate and one end 
of said collar, a second plate slidably engaging 
the interior wall of said collar, said second plate 
being movable with the said diaphragm, said dia 
phragm, when expanded being supportingly en 
gaged by the inner wall of said collar, and a 
plunger having a spherical end extending within 
said collar and spaced therefrom, said Spherical 
end being adapted to rockably engage the oppo 
site face of said plate from that engaged by the 
diaphragm. 

2. A device of the character described compris 

2,834,119 
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3 
ing a solid base plate having a centrally disposed 
opening therein and leading to one face thereof, 
an open ended metal collar mounted on said base 
plate and having a cylindrical inner surface, a 
flexible and expansible diaphragm member with 
in said collar, said diaphragm having a ring por 
tion interposed between said base plate and collar 
and forming With the latter a fluid-tight joint, 
the Wall of said diaphragm when expanded being 
supportingly engaged by the cylindrical inner 
surface of said collar, a cylindrical follower plate 
slidably engaging the interior wall of said collar 
and engaging the upper surface of said diaphragm. 

... and nowable thereWith Within said collar, and a 
plunger member engaging the face of said fol 
lower opposite to said diaphragm, said plunger 
having rocking engagement with said follower. 

3. A device of the character described compris 
ing a pair of oppositely disposed base plates each 
Of which is provided With an Opening leading to 
the face adjacent the other base plate, flexible 
and expansible diaphragm members each having 
extending from one edge a ring-shaped portion, 
a pair of metallic collars each of which is adapted 

25 to engage the ring-shaped portion of one dia 
phragm, means for connecting each collar and 
diaphragm to the adjacent base plate, the inner 
wall of each collar supportingly engaging the side 
Wall of the respective diaphragm on the expan 

30 sion thereof, and plunger means interposed be 

35 

40 

tween the said diaphragms and extending within 
the said collars, said means being actuated by 
the movement of either diaphragm from normal 
position. 

4. A device of the character described compris 
ing a pair of oppositely disposed base plates each 
of which is provided with an opening leading to 
the face adjacent the other base plate, flexible 
and expansible diaphragm members each having 
extending from one edge a ring-shaped portion, 
a pair of metallic collars each of which is adapted 
to engage the ring-shaped portion of one dia 
phragm, means for connecting each collar and 
diaphragm to the adjacent base plate, the inner 
Wall of each collar supportingly engaging the 
side wall of the respective diaphragm on the ex 
pansion thereof, a follower member engaging the 
outer surface of each diaphragm and slidably 
mounted within said respective collar, and a 
plunger member interposed between said follow 
ers and normally engaging one of said followers. 
upon the movement of the associated diaphragm 
from closed position. 

DAVID E. MULHOLAND, 
  


