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1. 

This invention relates to servomechanism and 
more particularly to a novel hydraulically oper 
ated servomechanism wherein a controlling ele 
ment when actuated brings about corresponding 
actuation of a controlled element through changes 
in fluid pressure independently: of the viscosity of 
the fluid employed. 

Fluid operated...servomechanisms as heretofore 
constructed have operated satisfactorily under 
certain conditions but not under others, such for 
example as when a change in temperature at the 
like. has affected the viscosity of the Operating 
fluid. 

It is therefore, a principal object of the inven 
tion to provide fluid actuated servomechanism, so 
designed and constructed as to operate. Satisfact. 
torily independently of the viscosity of the opers. 
ating fluid and thus capable of producing. ac 
curate correspondence of positioning of the cons 
trolled element to movements of the controlling: 
element notwithstanding changes which may oc 
cur in the viscosity of said fluid. 
Other objects, purposes and advantages of the 

invention will hereafter more fully appear or will 
be understood from the following description of 
one embodiment of it diagrammatically illustrated 
in the accompanying drawing which shows.in-its 
single figure partly in a transverse section and 
partly in elevation the essential elements thereof, 
In the said drawing, which represents perhaps 

one of the most readily understandable forms of 
the invention, there is illustrated a main housing 
f provided with certain fluid chambers and pass. 
sages as will hereinafter be more fully described 
and it will be understood that means (not shown) 
are normally employed for supplying to the hous 
ing through a port 2 a substantially constant flow 
of operating fluid which is exhausted gr allowed 
to escape therefrom through a second port 3 
passages and chambers in the housing th 
which the fluid flows between these two ports in 
clude a rectilinear passage 5, a fixed throttle 
chamber 6, an intermediate passage 7, variable 
throttle chamber 8, the interior cavity or cham 
ber 9 of a movable piston O. and the exhaust 
port i? of this piston which connects, directly. 
with exhaust port 3 of the Sing. A branch 
passage 4 connecting a chamber 5 in the hous 
ing with passage 5 allows the head pressure of the 
fluid Supply to be maintained against one side 
of a piston 6 in this chamber while an inter 
mediate chamber closed by a plug 8 and in 
terposed between chambers 8 and 5 is connected 
with exhaust port 3 of the housing through a port 
9 to maintain the exhaust. pressure of the fluid 

10 

15 

2) 

2 

30 

45 

50 

55 

in-chamber 7 which also contains controlled ele 
ment 20 of the servomechanism shown as em: 
braced therein by pistons 0 and 6, this element 
being arranged to actuate by suitable means 
hereinafter described the mechanical or other ele 
ment to be influenced by its movements in re 
sponse to... those of the controlling element 25; 
thus for example. element 20 or its equivalent may 
operate a valve to control admission of fluid pres 
sure-to, a cylinder for actuating a piston therein. 

Reference has been made to fixed and movable 
throttles, and these regulate the flow of fluid 
through the mechanism. to assist in causing the 
controlled element to respond accurately to move 
ments of the controlling element and the struc 
tures and functions of these throttles Will now 
be more fully explained. The fixed throttle in 
chamber 6 comprises a collar 26 having a hole 27 
at its center surrounded by a short, thin-walled 
tube 28, or the like projecting into chamber 6 and 
terminating a predetermined distance from the 
end...face 29 of a rod 30 which projects, from the 
inner face of a plug 3 forming a closure for the 
chamber, the edge of the tube and the rod face 
thus defining an annular fixed throttle port 
through which fluid can flow from chamber 6 into 
tube 28 at a rate proportional to the differential 
preSSures and thence through passage 7 to the 
variable throttle chamber 8. The controlling ele. 
ment. 25 projects into the latter and is provided 
with a plane end face 32 lying adjacent the end of 
a thin-walled tube 33 preferably as closely simi 
lar as practical to tube: 28 and providing from 
the annular variable throttleport it defines with 
element 25, a passage 34 into the interior cavity 9 
of piston. 10; the flow of fluid through this port 
is of course correspondingly a function of the 
differential pressures and the spacing of element 
25 from the adjacent end of tube 33 which changes 
momentarily as the former is moved. 

Desirably the effective area of piston O is about 
twice as great as that of piston f6 although this 
precise relation is not essential provided piston 
0 is always the larger in area, and when the 
mechanism is in operation with fluid being sup 
plied under predetermined constant pressure 
through port. 2, piston f6 is normally subjected 
to a Smaller pressure differential per unit area 
tending to move it toward piston 6 than is the 
latter in being urged toward piston 0. 

Thus, if the effective area of the larger piston 
0 is F. Surface units and that of smaller piston 
6 is. XXF surface units where X has any positive 

Value less than unity, when full fluid pressure P. 
is applied to the mechanism through port 2 a. 
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force of XXFXP force units is exerted through 
passage 4 and against piston f6 in chamber 5. 
This force is opposed by fluid pressure in chan 
ber 8 tending to move piston and controlled 
element 29 in opposition to piston 6 so that 
when these parts are in equilibrium the effect of 
the throttles on the flow of fluid through the 
mechanism is such that the force exerted against 
piston G opposing that exerted in chamber 5 
against piston 6 may be expressed as FXP' force 
units. Disregarding the relatively negligible ef 
fects on the pistons of the pressure in chamber 
7, to maintain equilibrium FXP must equal 
XXFXP and consequently P’ =XXP which den 
onstrates that the ratio of the effective areas of 
pistons and 6 is an index of the ratio of the 
pressures on opposite sides of the fixed throttle 
during equilibrium conditions in the Systern and 
that P' is less tha: F. 
The line pressure P exerted back of piston 6 

is as noted desirably relatively constant; conse 
quently when for any reason the pressure in 
chamber 8 falls below the lower value P, pistol 
f6 can move under the influence of pressure P 
to correspondingly move controlled element 20 
and piston is in a direction to restrict flow of 
fiuid through the variable throttle from chamber 

into piston f. When the pistons are SO pro 
portioned that their effective areas have the re 
lation mentioned, as when the effective area of 
piston () is twice as great as that of piston 6, 
the said movement of both pistons and the con 
trolled element as a unit continues until the 
rate of fuid flow through the variable throttle 
has been sufficiently restricted to build up pres- : 
sure in chamber 8 equivalent to the arithmetic 
mean of the line pressure in passage 3 and the 
exhaust, pressure at port 3, re-establishing a con 
dition of equilibrium wherein the flow of the 
fluid through both throttles is equalized, regard 
less of its viscosity, and P' again equals XXP. 
Conversely when the pressure in chamber 8 

becomes greater than said lower value P, Since 
the effective area of pistoia 8 is larger than that 
of piston 6 the former can move the latter and 
the controlled element 2 in the opposite direc 
tion until through the accompanying Widening 
of the annular port of the variable throttle the 
excess pressure is relieved, the pistons and Con 
trolled element stopping when the pressure in 
the chamber reaches the value of XXP as equi 
librium conditions are again restored. 

It is thus evident motion of controlled element 
2 results from changes in pressuire conditions 
in chamber 8 relatively to those in passage 5 and 
at port 3 and that in the mechanism here being 
described equilibrium conditions obtain. When the 
fluid pressure in the former corresponds to the 
arithmetic mean of the pressures in the latter 
whatever se the viscosity of the fluid employed. 
Consequently, assuming equilibrium conditions 
to obtain with the controlling and controllied 
elements stationary, if controlling element 25 is 
now moved to a new position thereby either to 
enlarge or restrict the variable throttle port the 
pressure in chamber 8 is immediately corre 
spondingly either decreased or increased as more 
or less fluid than is admitted to it from the fixed 
throttle can flow through the variable one; there 
upon the unit consisting of pistons 0 and 6 and 
controlled element 20 under the influence of the 
pressure differential on the pistons immediately 
moves correspondingly to the movement of Con 
trolling element 25 and promptly restores equi 
ibrium conditions with the controlled element in 
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4. 
a new position spaced from its former one the 
same distance and direction as the new position 
of the controlling element is spaced from its 
former One. 

It is especially to be noted that Substantial in 
dependence of the viscosity of the fiuid is at 
tained in the operation of the device, in part 
through the construction of the fixed and vari 
able throttles, each of which is formed by a rela 
tively thin Walled tube of appreciable length, Or 
a part of similar shape, cooperative with a plane 
surface and defining therewith an annular port 
having on the side adjacent the tube minimum 
radial width whereby under equilibrium condi 
tions the same volume of fluid flows through both 
throttles per unit of time despite differences in 
absolute pressure conditions, and when the equi 
librium is disturbed by motion of the controlling 
element it is automatically restored, with corre 
sponding motion of the controlled element, ree 
gardless of the viscosity of the fiuid Supplied, 
which therefore may change from time to time 
without noticeably affecting the operation of the 
rechanis. 
As above mentioned the controlled element 

can be adapted to perform any desired appropri 
ate operation, as to open or close a valve or trans 
nit motion to any other mechanical element, 
similarly to the controlled elements of servo 
mechanisms generally as heretofore known. 
Apparatus controlled by the Servomechanism 

may for example include an ordnance gun pro 
vided with auxiliary equipment for moving the 
gun barrel in correspondance to motion of a 
sighting element (not shown) to which the con 
trolling element 25 may be connected for move 
ment With it. The element 25 through Con 
trolled element 2) thus directs a servo piston 35 
novable in a cylinder 36 and having at its outer 
end a cleWis 3 for connection. With the gun to 
supply the force for moving the latter. The cyl 
inder 36 is provided with an inlet, pipe 40 con 
inected. With a Source of fluid Inder preSSure, Con 
veniently the same Source as that which Supplies 

it port 2, and piston 35 therein is proportioned to 
expose to pressure in the cylinder on opposite 
sides of Sealing rings 4 differential Surface areas 
preferably bearing an area, relationship of 2:1. 
The cylinder is connected thru pipes 42, 43 with 
fiuid passages 4, 5 in the main housing and 
further pipes 8, connect these passages with 
ports 48, 49 respectively in a baffle 50 which the 
directed element 2 slidably engages. A by-pass 
receSS 5 in the latter in One position of tie ele 
ment connects ports 48, 49 together and in an 
other position connects the latter of these ports 
with outlet port 52 connected with a pipe 53 
adapted to discharge fluid into chamber and 
thence through port 9. The drawing shows ele 
ment 2 in a neutral position with port 49 dis 
Connected from portS 43 and 52 and when the 
element moves up from that position in response 
to upward movement of element 25 port 49 is 
connected through by-pass 5 with outlet port 
52 thereby allowing the pressure applied through 
inlet 4 to move piston 35 to the left since ele 
ment 2 then obstructs port 48 and prevents es 
cape of fluid from the right hand end of cylinder 
36. Moreover when element, 20 moves down 
from the position illustrated ports 48, 49 are con 
nected together through by-pass 5 and pressure 
in cylinder 36 is immediately equalized on op 
posite sides of piston 35 at about the pressure 
of the Source Supplying fluid through inlet pipe 
40. AS noted the areas of the piston against 
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which this pressure reacts are in a 2:1 ratio 
favoring movement of the piston toward the right 
when the pressure in the left hand end of the 
cylinder is more than half that in the other end 
so the piston quickly responds by moving toward 
the right when the directing element 25 and 
hence controlled element 2 9 moves downward. 
While I have herein diagrammatically shown 

and particularly described one embodiment of the 
invention it will further be understood I do not 
desire or intend thereby to be limited or confined 
in any way, as in the adaptation of the Said or 
other embodiments thereof to particular uses and 
conditions changes and modifications in the 
form, structure and relationship of the Several 
parts and instrumentalities employed will readi 
ly occur to those skilled in the art and may be 
made if desired without departing from the Spirit 
and scope of the invention as defined in the ap 
pended claim. 

Having thus described my invention, I claim. 
and desire to protect by Letters Patent of the 
United States: 
An hydraulic servomechanism to control an 

arbitrary body, which mechanism comprises two 
antagonistic pistons of different areas, and with 
opposite actions, the Smaller being actuated by 
a particular working pressure, and the larger 

5 

10 

5 

20 

2. 5 

6 
being actuated by a pressure resulting betwee. 
two throttles, connected in series, through which 
pressure fluid from said working pressure is 
adapted to flow on its way to an arbitrarily chosen 
lower outlet pressure, one of Said throtties being 
fixed, and the other being responsive to impulses 
from both controlling and controlled elements, 
characterized by the members constituting each 
Of said throttles having the same mechanical de 
sign and adapted to maintain identical flow con 
ditions at both throttles when their positions are 
Similar irrespective of the viscosity of the fluid, 
and by the area of the larger piston being a null 
tiple of that of the Smaller one. 

LENNART PAUL PALSSON. 
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