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2,242,358 

2,242,358 

oFFICE 
TENSIoMETER conTRo, 

Gerhard P. Lessmann, Forest Bills, Pa., assignor 
to Westinghouse . Electric & Manufacturing 
(Company, East Pittsburgh, Pa., a 
of Pennsylvania 

corporation 

Application August 13, 1938, Serial No. 224,724 
10 Claims. (C1,80-35) 

Ray invention relates, generally, to devices for 
tensioning a length of material as it passes ber 
tween adjacent work devices and, more particu 

which shall function to accurately regulate the 
tension. On 8 strip of material as it passes be 
tween two adjacent work devices and which shal 

larly, to a control system for a fluid-pressure ac 
tuated strip tensioning device. 

In the Emanufacture of sheet steel, it has be 
come the practice to pass the steel in the form 
of a strip through a series of sets of reducing rolls 
saultaneously and to subject the strip to ten 
sion as it passes between adjacent roll stands by 
causes an idling roller to bear against the strip. 
to defect the strip from the normal 
between adjacent roll Stands. 
Fluid-pressure operated pistons have been used 

for actuating strip tensioning devices and have 

pass line 

O 

5. 
been very successful because of the low inertia, 
flexibility, ease of regulation and wide range of 
regulation of the systems using fluid pressure as 
an operating medium. Such a fluid-pressure op 
erated tensioning device is described in detail 
in my copending application Serial No. 133,419, 
filed March 27, 1937, now Patent No. 2,189,.609, 
issued Feb. 6, 1940. In this application, an ad 
justable pressure-regulating reducing Wave, have 
ing an electromagnetic adjustment, controls the 
fluid pressure applied to the actuating piston of 
the tensioning device. 
The electromagnetically controlled pressure 

regulating valves used heretofore to regulate the 
pressure intensioning systems, such as that de 
scribed in detail in my copending application, 
above referred to, have had the disadvantage that 
occasional sticking of the control Solenoid core 
hindered the proper operation of the valve. An 
other defect in these valves has been that the 
valve faces have been damaged by the Sudden 
closing of the valve under the great force applied 
by the control magnet. 
In the operation of such fluid-pressure actu 

ated strip tensioning systems as I have described 
in my heretofore referred to copending patent 
application, it has been found that unusually 

2) 
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function to reduce the amount of strip break 
age by relieving tension surges on the strip. 
Another object of the invention is to provide 

an improved electromagnetically adjustable 
fluid-pressure-regulating reducing valve which 
shall function-to accurately and eficiently main 
tain a predetermined fluid pressure in a fluid 
pressure actuated strip tensioning system. 
A further object of the invention is to provide 

a fluid valve which shall be so constructed as to 
automatically protect its valve surfaces from 
damage due to sudden closure of the valve with 
great force. 

Still another object of the invention is to pro 
vide a relief valve system for a fluid-pressure ac 
tuated strip tensioning device which shall funct 
tion to relieve excess pressures in the system re 
gardless of the value of the norms pressure act. 
ing in the system. 
These and other objects and advantages of the . 

invention will be apparent from the following die 
tailed description taken in connection with the 
accompanying drawings, in which: 
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Figure i is a diagrammatic representation of 
a strip tension control systern embodying the 
principal features of my invention. 

Fig. 2 is an elevational view in section of the 
pressure regulating valve of Fig. . 

Fig. 3 is an elevational view in section of the 
relief valve of Fig. 1; and 

Fig. 4 is a view of a section of a modification 
of the core structure of the solenoid of the reg 
ulating valve of Fig. 2. 

high tension surges sometimes occur, particular 
ly during the periods of acceleration and decel 
eration of the mill. These high tension surges 
are due to the sudden take-up of the slack in the 
strip between roll stands which tends to force 
the fluid-pressure operated piston back in the cyl 
inder. It will be seen that, if the pressure in the 
cylinder could be lessened when these tension 
surges occur, the severity of the surges would be 
lessened and breakage of the strip due to these 
tension surges could be eliminated. 
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An object of my invention, therefore, is to pro 
vide a fluid-pressure operated tensioning system 55 

limits. 

In a general aspect, the invention comprises . 
a tensioning device it which acts to apply a 
tension to a strip of material, such as sheet steel 
2, as it passes between adjacent reducing roll 

stands or similar work devices 4 and 6 in the . 
direction indicated by the arrow. A regulator 
f, responsive to the degree of deflection of the 
strip 2, controls the speed of the driving motor 

for the rolls of roll stand 6 to maintain the 
deflections of the strip within predetermined 
The tensioning device fe is actuated by a fluid 

pressure operated piston and cylinder device 20, 
the tension applied to the strip 2 by the ten. 
Sioning device to being a function of the fluid 
pressure acting on the piston and cylinder device 
20. An adjustable pressure regulating reduction 
valve 22 is connected between any suitable fluid 
pressure source, as indicated, and the cylinder 



2 
and piston device 20 to maintain the desired strip 
tension through the regulation of the fluid pres 
sure acting on the tensioning device . 
A check valve 24 is connected in the conduit. 

between the regulating valve 22 and the piston 
and cylinder device 2 to prevent reverse flow of 
pressure fluid from the piston and cylinder device 
2 to the regulating valve 22 upon the occurrence 
of sudden tension surges which tend to cause the 
piston to compress the pressure fluid in the cylin-. 
der. A compensated relief valve 2 having a dia 
phragm actuated valve is connected to permit its 
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detailed description of the structure and oper 
ation of the fluid-pressure regulating valve 22, 

O 

diaphragm to be affected by the regulated fluid - 
92 is secured to the upper diaphragm clamp . pressure on one side and the fluid pressure acting 

on the piston on the other side so that the re 
lief valve will open to relieve tension surges when 
such surges cause a predetermined increase of 
pressure in the cylinder over the rgulated pres 
Se 
As shown in Fig. 2, the pressure regulating 

valve 22 comprises a valve 28 disposed between 
inlet and outlet ports 30 and 82 respectively. 
The valve 28 is connected to be actuated by a 
diaphragm 34, on which the regulated pressure 
acts to close the valve through a Spring 36, a 
regulatable biasing spring 38, which tends to 
move the valve to open position, and a Solenoid 
40 which partially counteracts the pressure of 
the spring 38. The air gap 4f of the solenoid is 
Constructed to provide a self-centering action' On 
the solenoid cores to prevent sluggish action of 
the valve due to the sticking of the core. An 
alternative form of self-centering core is shown 
in Fig. 4. . 
As shown in Fig. 3, the relief valve 26 com 

prises a valve 42 disposed between inlet and out 
let ports 44 and 46, respectively, and actuated by 
a diaphragm, 48. The diaphragm is acted upon 
On One side by the pressure existing in the cylin 
der of the tensioning device actuating means and 
on the other side by a spring 50 and the regu 
lated pressure from the regulating valve 26 which 
is introduced into the chamber 52 through the 
orifice 54. . . 

- Referring to the drawings for a more detailed 
description of the invention, in Fig. 1, the ten 
sioning device O comprises a bell crank 53 piv 
otally mounted upon a support 56 and having an 
arm 58 upon which there is rotatably mounted 
andling roller 60. Another arm 62 of the bell 
crank 53 is acted upon by a piston 64, which is 
actuated by fluid pressure in a cylinder 66. This 
general arrangement of fluid-pressure operated 
tensioning device will maintain a tension upon 
the strip 12 dependent upon the fluid pressure 
acting in the cylinder 66 and will govern the 
speed of the motor IT which drives the producing 
roll G by means of a regulator 8 which acts 
to control the current in the field winding 68 
of the motor IT to maintain the deflection of 
the strip f2 within predetermined limits. This 
general arrangement of the tensioning device 
and regulator is disclosed in my above referred 
to patent, to which reference is made for a more 
detailed description of the apparatus and its op 
eration. 
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the valve comprises a valve chamber 7 having 
openings 32, 80 and 82. A valve support 4 is 
inserted into the opening 82 and secured to the 
valve chamber 78 in any suitable manner, such 
as by screw threads as shown. A valve seat it 
is screw threaded into the valve support 4 and 
has the valve 28 cooperating therewith. The 
diaphragm, 34 is secured between upper and low 
er diaphragm clamps 88 and 9 in any suitable 
manner as by screw threaded engagement be 
tween these two members, and a spring cage 

The valve stem 94 extends from the valve 28 
through an opening in the valve cage 92 and has 

20 

Screw threaded engagement with the valve nut 
96. The spring 36 is disposed between the valve 
nut 96 and the spring cage 92. 
The diaphragm 34 has its Outer edge clamped 

between the valve chamber 8 and a spring 
housing 98. An adjustable spring support sleeve 
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O) is screw threaded into the spring housing 
98 and a spring 38 is disposed between the sleeve 

and the lower diaphragm clamp 90 to bias 
the valve 28 toward open position. 
The housing O2 of the solenoid 40 is secured 

to an extension of the spring housing 98 and 
comprises upper and lower portions which are 
suitably clamped together, as shown. A fixed 
central solenoid core member 06 is secured to 

adjacent the core member 

O 
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the lower section of the Solenoid housing and a 
movable solenoid core member foe is disposed 

O6, 
therewith as a part of the magnetic circuit of 
the solenoid 40. The movable core section 08 
is connected to the valve 28 through a stem do, 
a coupling if 2 and a stem 4, which has screw 
threaded engagement with the lower diaphragm 
clamp 90. A ring member of magnetic material 

S is secured to the stem to and is disposed 
to overlie the opening of the solenoid housing 
02, through which the stem O extends, to 

thus provide a magnetic circuit including the 
fixed solenoid core fo6, the air gap 4, the mov 
able solenoid core section 08, the stem 10, the 
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In Order to maintain a constant pressure in 
the cylinder 66 to thus maintain a constant ten 
sion upon the strip 2, the fluid-pressure regu 
lating valve 22 is provided having an inlet con 
nected by a suitable conduit 70 to a source of 
fluid pressure and its outlet connected by suit 

O 

able conduit 72 through a check valve 24 and a 
conduit 74 to the cylinder 66. 

ring member fis, the air gap between the ring 
member 6 and the housing fo2, and the sole 
noid housing 02. A sleeve 20 of non-mag 
netic material, such as brass, is disposed around 
and spaced from the movable solenoid core sec 
tion 08 and the solenoid core 22 is disposed 
around the sleeve 20. 
The adjacent cooperating faces of the sole 

noid core section fos and foe are cone shaped 
in form so as to provide a concentration of the 
magnetic flux at the apex of the cones to thus 
provide a centering force to keep the movable 
core section foe centered in the sleeve 20, thus 
preventing sluggish operation of the valve due 
to frictional engagement of the movable core 
section 08 with the sleeve 20. 
An alternative form of the cone sections. 

and 08 is shown in Fig. 4 where the oppositely 
disposed faces of the core sections are formed 
in the shape of V-shaped rings having their 
apexes Centered and oppositely disposed. This 
form of COre face will perform the desired center 
ing function, and it will also permit the flow 
of a greater amount of flux through the air gap 

than can be provided by the form of core 
section face shown in Fig. 2. 
The pull of the solenoid 40 will provide a down 

ward force acting against the spring 38, thus 
Referring to Fig.2 of the drawings for a more 5 diminishing the amount of bias tending to move 

COOperating . 



2,242,858 
the valve 28 to open position. The force aps 
pled by the solenoid 40 may be varied by suit 
able adjustment of the rheostat 24, shown in 
Fig. 1. 
The Operation of the regulating valve 22 to 

maintain an adjustable constant pressure in the 
cylinder 66 may be readily understood by refer 
ence to Figs. 1 and 2. It will be seen that the 
pressure acting in the cylinder 66 will also be 
acting in the valve chamber 78 against the 
diaphragm 34 tending to move the valve 28 to 
closed position. At the same time, the com 

3 
the function of cushioning the seating force 
applied to the valve 42, thus protecting the valve 

U 

pression of the spring 3 minus the force exerted 
against the spring 38 by the solenoid 40 will be 
acting to move the valve 28 to open position. 
Thus, the valve 28 will be moved to open position 
to admit pressure fluid from the fluid-pressure 
Source into the cylinder 66 until the pressure in 
the cylinder 66 and in the chamber 8 is such 
that this action on the diaphragm 34 will over 
come the spring pressure upon the diaphragm 
and close the valve 28. It will be seen that any 
decrease in pressure in the cylinder 66 and the 
chamber 8 will again cause the valve 28 to 
open to bring the pressure up to... the desired 
amount. The amout of pressure acting upon 
the cylinder 66 is thus determined by the amount 
of tension applied to the diaphragm 3 by the 
spring 38, and this tension may be adjusted by 
suitable adjustment of the spring support sleeve 

20 
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42 and its seat 88 from damage which might 
result from too great a seating force being ap 
plied thereto. 
A housing 52 is suitably Secured to the valve 

chamber 30, the diaphragm 48 being clamped 
between said housing and chamber. A spring 
50 bears against the lower valve clamp 42 and 
against the housing 52. The housing 52 has an 
opening 54 to which the fiuid conduit 28 is 
connected. The fluid conduit 26 hereinbefore 
referred to is suitably connected to the opening 
44 in the housing 30 and a suitable conduit GO. 
opening to the atmosphere, is connected with 
the opening 46 in the valve chamber 30, 
In the operation of the relief valve 2S, it will 

be seen that the valve 42 will open when the 
pressure in the chamber 30, acting against the 
diaphragm 48, which is the pressure acting upon 
the piston 64 and the cylinder 66, exceeds the 
regulated pressure applied to the lower side of 
the diaphragm 48 through the conduit f28 plus 
the pressure of the spring 50 on the diaphragm 
48, the check valve 24 preventing any back pres 
sure from the cylinder 66 from being applied 
tó the regulated valve 22. Thus, the relief valve 

3) 
90 and the degree of energization of the Solenoid 

40 by adjustment of the rheostat 24. Since the 
force applied to the valve 28 by the pressure on 
the diaphragm 34 and the pull of the solenoid 
40 is applied to the valve 28 through the spring 
36, the valve 28 will be cushioned against the 
valve seat 86 and the spring 36 to prevent damage 
to the valve 28 and its seat 86 by any pressure 
surge that might occur in the chamber 8 or 
any excess forces that might be applied by the 

35 

40 
solenoid 40 due to surges in the energizing cur 
rent of the solenoid. 

In order to relieve excess tension Surges, in 
the strip 2, which might be caused by sudden 
variations in the speeds of the rolls of the mill 
stands 4 and 6 or sudden variations in the 
hardness of the strip, or any other condition 
that would cause sudden decrease in the amount 
of slack in the strip 2 between the roll stands. 
4 and 6, the relief valve 26 is connected by a 
suitable conduit 28 to the cylinder 68 to relieve 
excess pressures in the cylinder 66 which would 
be caused by sudden decreases in the length of 
the strip 2 between the roll stands i? and 6, 
forcing the pistons 64 upward in the cylinder 66. 
The relief valve 26 is also connected to the valve 
chamber 8 through the opening 88 by means of 
a suitable conduit 28 to provide pressure com 
pensation for the relief waive 28, as hereinafter 
more fully explained... - 

Referring to Fig. 3 for a more detailed-de 
scription of the relief valve 26, the valve chamber. 
39, similar to the valve chamber 8 of the pres 
sure regulating valve 22, has an opening 32 

- closed by any suitable means, such as a cap 
36 and has a valve support SG inserted therein. 
A valve seat 38 is provided in the valve support 
36 and a valve 42 cooperates therewith. A 
diaphragm 68 is secured between 'upper and 
lower diaphragm clamps fég and $2, and a 

45 

26 will not operate at a definite pressure, but 
will operate at a definite excess of pressure over 
the regulated pressure which the regulating valve 
22 is adpusted to deliver to the cylinder 66. If 
it is desired, the relief valve 26 may be so con 
structed as to provide an adjustment for the 
Spring 50 to provide thereby an adjustment of 
the excess pressure to which the relief valve. is 
responsive. . 

In the operation of the system, it will be seen 
that the regulating valve 22 will provide a con 
stant predetermined pressure in the cylinder-6B, 
as determined by the adjustment of the rheostat 
24, and this constant pressure will act through 

the tensioning device fe and the regulating de 
vice for the motor f7 to maintain a constant 
deflection of the strip 2 and the constant tension 
on the strip. 2. If now, for any reason, there 
should be a sudden decrease in the deflection 
of the strip 2 due to a decrease in the amount 
of slack in the strip 2 between the roll stands 
f4 and 6, the piston 64 will be forced up in the 

50 
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cylinder 66 causing a sudden increase in the pres 
sure in cylinder 66 and a sudden increase in the 
tension on the strip 12. This increase in pres 
sure in the cylinder 66 will close the check valve 
2, preventing flow of pressure. fluid in the re 
verse direction toward the regulating valve 22 and 
if this resulting pressure in the cylinder 66 is suf 
ficiently in excess of the regulating pressure 
provided by the regulating valve 22, the relief 
valve 26 will open to allow the pressure fluid to 
flow to atmosphere through the conduit. So, 
thus automatically decreasing the pressure in 
the cylinder 66 and relieving the excess tension 
on the strip 2. 

If now it is desired to provide an increased ten 
sion on the strip 2 due to change in the dimen 
sions of the strip, or for any other reason, the 
rheostat 2 may be adjusted to cause the regul 

70. 
spring cage 43 is secured to the upper diaphragm . 
clamp 40. A valve nut 66 is secured to the 
valve stem 46 and a spring 48 provides a bias 
ing force between the valve nut 4 and the 
diaphragm clamp 40. The spring 88 performs 

lating valve 22 to provide the desired, constant 
pressure in the cylinder 66. This increase in 
pressure will not operate the relief valve 26 for 
the reason that this regulated pressure is applied 
to the lower side of the diaphragm 48 through 

... the conduit 28 as well as to the upper side of the 

5 
diaphragm 8 through the conduit 26, and the 
relief valve 26 will thus be compensated for any 

  



4. 
regulated changes in fluid pressure, but will still 
relieve excess pressure generated in the cylinder 
66 by sudden decreases in the deflection of the 
strip 2 to thus relieve tension surges in the strip 
2. 
It will be seen that I have provided a control 

system for a fluid-pressure actuated strip tension 
ing device which will function to efficiently and 
accurately maintain a predetermined tension 
upon the strip during normal conditions, which 
will function to relieve excess tensions on the 
strip by means of a relief valve which may be ad 
justed to provide any desired normal tension on 
the strip and which will automatically compen 
sate the relief valves for change in regulated ten 
sion on the strip so that the relief valve will only 
act upon sudden increases of tension above the 
regulated tension on the strip. 

in compliance with the requirements of the 
patent statutes, I have shown and described here 
in the preferred embodiments of my invention. 
It is to be understood, however, that the inven 
tion is not limited to the precise constructions 
shown and described but is capable of modifica 
tion by one skilled in the art, the embodiments 
herein shown being merely illustrative of the 
principles of my invention. 

claim as my invention: 
1. In a control system for a fluid-pressure 

actuated strip tensioning device, an adjustable 
fluid-pressure regulating valve for maintaining 
a predetermined normal fluid pressure on the 
tensioning device, a relief valve connected to re 
lieve excess fluid pressure on the tensioning de 
vice and means for varying the Operating pressure 
of said relief valve in accordance with variations 
in the normal pressure maintained on the ten 
sioning device by said regulating valve. 

2. In a control system for a fluid-pressure ac 
tuated strip tensioning device, an adjustable pres 
sure regulating valve for maintaining a predeter 
mined normal pressure on the tensioning device, 
a pressure actuated relief valve for relieving ex 
cess fluid pressure on the tensioning device and 
means for changing the relief valve operating 
pressure in accordance with changes in the nor 
mal pressure provided by said regulating valve 
for the tensioning device. 

3. In a control system for a fluid-pressure op 
erated piston-actuated strip tensioning device, 
an adjustable pressure regulating valve for main 
taining a predetermined normal pressure on the 
actuating piston, a pressure operated relief valve 
for relieving excess fluid pressure on the piston, 
and means controlled by the regulated normal 
pressure for the actuating piston for varying the 
relief valve operating pressure in accordance with 
the adjusted variations of the regulated normal 
pressure. 

4. In a system for maintaining a predeter 
mined normal tension on a strip of material as 
it passes between adjacent work devices, an idling 
roller, means including a fluid-pressure actuated 
piston for causing said roller to deflect the strip 
from its normal pass line between the work de 
vices to thus tension the strip, an adjustable 
pressure regulating valve for maintaining a pre 

0 
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5. In a cuntrol system for it fluid-pressure ac 

tuated strip tensioning device, a source of pres 
sure fluid, a pressure regulating valve connected 
between said source of pressure fluid and the strip 
tensioning device, said pressure regulating valve 
Comprising a valve control means responsive to 
the pressure acting on the tensioning device bias 
ing said valve to closed position, a continually 
energized electromagnet connected to apply a bias 
to said valve, means for selectively varying the 
energization of said electromagnet to thereby 
vary the fluid pressure applied to the tensioning 
device through said regulating valve thus varying 
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determined normal pressure on the actuating pis 
ton, a pressure operated relief valve for relieving 
excess fluid pressure on the piston, and means 
controlled by the regulated normal pressure for 
the actuating piston for varying the relief valve 
operating pressure in accordance with the ad 
justed variations of the regulated normal pres 
Se. 

70 

75 

the tension applied to the strip by said tensioning 
device; a relief valve connected to relieve excess 
fluid pressure on the tensioning device and means 
for varying the Operating pressure of said relief 
valve in accordance with variations in the normal 
pressure maintained on the tensioning device 
by said regulating valve. 

6. In a fluid-pressure regulating reduction 
valve for maintaining a predetermined selectively. 
adjustable fluid pressure on a fluid-pressure ac 
tuated strip tensioning device, a valve, pressure 
responsive means for biasing said valve toward . 
the closed position, means for biasing said valve 
toward open position and a selectively adjustable 
continuously energized solenoid having its core 
connected to continuously bias said valve to the 
closed position with a selectively adjustable force 
to thereby provide a selectively adjustable net 
valve biasing force, said solenoid comprising a 
fixed core and an axially movable core disposed 
in cooperative relationship as a part of the mag 
netic circuit of the solenoid, said cores having 
opposing faces of such contour as to concentrate . 
the magnetic flux flowing therebetween substan 
tially in the line of movement of the movable 
core to thereby confine the movement of the 
movable core to the desired axial movement. 

7. In fluid-pressure regulating reduction valve 
for maintaining a predetermined selectively ad 
justable fluid pressure on a fluid-pressure actu 
ated strip tensioning device, a valve, pressure re 
Sponsive means for biasing said valve toward the 
closed position, means for biasing said valve to 
Ward open position and a selectively adjustable 
continuously energized solenoid having its core 
connected to continuously bias said valve to the 
closed position with a selectively adjustable force 
to thereby provide a selectively adjustable net 
valve biasing force, said solenoid comprising a 
Winding disposed upon a sleeve, a fixed core and 
a movable core disposed in cooperative relation 
ship within said sleeve as a part of the magnetic 
circuit of the solenoid, said cores having opposing 
faces so shaped as to cause a concentration of 
the magnetic flux flowing therebetween substan 
tially in the line of movement of the movable 
core to thereby confine the movement of the mov 
able core to the desired axial movement and pre 
venting contact of the movable core with said 
sleeve. 

8. In a fluid-pressure regulating reduction 
valve for maintaining a predetermined adjust 
able fluid pressure on a fluid-pressure actuated 
strip tensioning device, a valve, pressure respon 
Sive means for biasing said valve toward the 
closed position, means for biasing said valve to 
Ward open position and a continuously ener 
gized solenoid having its core connected to bias 
said valve to the closed position, said Solenoid 
comprising a winding disposed upon a sleeve, a 
yoke of magnetic material disposed about said 
coll and having an opening coaxial with said 
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sleeve, a fixed core disposed within said sleeve 
and secured to said yoke, a movable core disposed 
Within said sleeve in cooperative relation with 
Said fixed core, said movable core being slidable 
axially of but spaced from said sleeve, a stem 
of magnetic material secured to said movable 
core and extending through said opening in said 
yoke, a plate of magnetic material secured to said 
stem. Overlying the opening in said yoke and so 
disposed with respect to said yoke as to forin a 
part of the magnetic path of said solenoid, said 
fixed and movable cores having opposed faces 
So shaped as to cause a concentration of the mag 
netic flux flowing therebetween substantially in 
the axial line of said Solenoid to thereby confine 
the movement of the movable core to the desired 
axial movement and preventing contact of the 
movable core with said sleeve. 

9. In a control system for a fluid-pressure ac 
tuated strip tensioning device, an adjustable 
pressure regulating valve for maintaining a pre 
determined normal pressure on the tensioning 
device, a pressure relief valve for relieving ex 
cess fluid pressure on the tensioning device, said 
relief valve comprising a valve member, a first 
aneans biasing said valve member toward closed 
position, a second means biasing said valve mem 

5 
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S 
ber toward closed position with a force propor 
tional to the regulated pressure provided by said . . 
regulating valve, and means biasing, said valve 
member toward open position with a force pro 
portional to the fluid pressure acting on the 
tensioning device. 

10. In a control System for a fluid-pressure 
operated piston-actuated tensioning device, an 
adjustable fluid-pressure regulating valve for 
providing a predetermined selectable fluid pres 
Sure for the actuating piston, a check valve for 
preventing fluid flow from the piston toward said 
regulating valve, a pressure relief valve for re 
lieving excess fluid pressure on the tensioning 
device, said relief valve comprising a first cham 
ber, a valve member controlling an outlet from 
Said first chamber, a second chamber, an im 
perforate flexible diaphragm forming a common 
wall between said first and second chambers, 
means connecting said valve member for Opera- . 
tion by said diaphragm, means biasing said valve 
toward closed position, means connecting said 
first chamber to be affected by the fluid pressure 
acting on the piston and means connecting said 
second chamber to be affected by the fluid pres 
Sure provided by said regulating valve. 

GERHARD P. ESSMANN. 

  


