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My' invention relates to control apparatus 
adapted to govern the speed of hydraulic Or 
steam turbines or to control any other charac 
teristic of apparatus to maintain it constant 

5 within close limits. 
The speed control of certain types of appara 

tus, of which hydraulic turbines may be Con 
sidered as an example, has been a difficult prob 
lem, but the art has finally adopted almost ex 

0 clusively for such purposes an apparatus in 
which a servo-motor controls the gate of the 
turbine, or equivalent member, and is controlled 
or governed in turn by a pilot element or valve 
actuated primarily by a centrifugal type gover 

i5 nor, the governor operating thru a lever On a 
control member in the line for supplying energy 
to the motor. 

It has been found desirable in Such apparatus 
to provide an "inherent speed drop'; that is, the 

20 turbine speed is somewhat lower under higher 
loads and at larger gate openings than under 
lower loads and at smaller gate openings. Such 
inherent speed drop has come to be generally 
considered a necessary evil without which it is 

25 impracticable to obtain sensitive and stable gov 
erning. In order to maintain a constant speed 
at all loads, a supplementary mechanism, usually 
in the form of a synchronizing motor, is pro 
vided which acts thru Suitable mechanism on the 
lever to which the ball governor is connected, 
such motor being regulated by electrical devices 
sensitive to the frequency changes of the electric 
generator which ordinarily forms the load of the 
turbine. 
An additional difficulty which has been en 

countered in systems of the type above mentioned 
is that in many cases there is a considerable 
time lag between the movement of the lever 
caused by the centrifugal governor and the re 

40 sponse of the system which carries such lever 
back to its normal position. In the type of Sys 
tem under consideration, an appreciable time 
lag in the response by the turbine to the move 
ment of the gate will result in an Over-travel 

45 and so-called "hunting' of the governor, there 
by causing a constant Oscillation of the appara 
tus around the desired position of equilibrium. 
This evil is usually lessened by the addition of 
compensating devices consisting of Springs and 

50 a dash pot connected to the fulcrum of the gov 
ernor operated lever. Such compensating dash 
pot mechanism reduces the time required for 
the governing mechanism to reach its position 
of equilibrium, but the springs used therewith 

55 tend to give a slow additional Opening of the 
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gate if the speed is not restored to normal. 
When the time lag is a matter of a fraction of a 
Second only, such compensating devices work 
Satisfactorily, but when the time lag is of the or 
der of minutes as happens in certain systems, 60 
for instance in combustion control for steam 
boilers, the compenSating devices are not Sufi 
cient to eliminate the hunting. Moreover, in 
the case of large time lag, a device providing 
sufficient compensation will reduce the sensi- 65 
tiveness of the governor. The problem is com 
plicated by the fact also that the correctness of 
the regulation is proportional to the inherent 
speed drop. This results that, in case of large 
time lag, the speed fluctuations due to a given 70 
change in load will be relatively large and that, 
if the load fluctuations are quicker than the time 
lag, the turbine will be hunting and out of 
control. 

It is the principal object of my invention to 75 
provide a governing or regulating apparatus 
adapted to minimize the above mentioned diff 
culties. 
The novel features of my invention are pointed 

out in the appended claims. In order, however, 80 
that my invention, together with its objects and 
advantages, may be readily and fully understood, 
I will now describe in detail and in connection) 
with the accompanying drawings, several forms 
of governing or controlling apparatus in accord- 85 
ance with my invention and which have been 
selected by way of example from a number of 
possible embodiments thereof. In the drawings, 

Fig. 1 is a diagrammatic view of an apparatus 
in accordance with my invention and adapted to 90 
control a turbine gate by fluid actuated Servo 
motors, the parts being shown in the position of 
equilibrium assumed at constant speed. 

Fig. 1a is a detail Sectional view taken. On a 
line 1a-1a of a pair of motors and associated 95 
gearing appearing in Fig. 1 and looking in the 
direction of the arrows. 

Fig. 2 is a fragmentary view of a portion of a 
system similar to that shown in Fig. 1, but con 
taining compensating devices. 

Fig. 3 is a view of a system similar to that 
shown in Fig. 1, but modified to employ a single 
reciprocating servo-motor. 

Fig. 3a is a detail sectional view taken. On a 05 
line 3a-3a of a pair of motors and associated 
gearing appearing in Fig. 3 and looking in the 
direction of the arrows. 

Fig. 4 is a diagrammatic view of a system in 
accordance with my invention employing an elec- 0 

100 



2 
trical servo-motor and designed for fuel con 
trol or like purposes. . 

Fig. 5 is a sectional view, parts being broken 
away, of one of the differential drives appearing 
in Fig. 1. 

Referring more particularly to Fig. 1, 10 is a 
governor of the centrifugal type whose weights 
change their position in response to changes in 
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ZOntal arms 45, 45. 

speed of a water turbine or like prime mover 11 
whose speed it is desired to regulate. The collar 
12 of governor 10 Operates a pilot member 14 
shown as being formed by a rod and which is 
moved by governor 10 in either direction from a 

- neutral position in response to changes in Speed 
of the turbine. In the arrangement illustrated, 
the governor acts on rod 14 thru a lever 16, one 
end of which is pivoted to a nut 18 on a worm 
spindle 20 which is operated thru suitable gear 
ing by an adjusting notor 22, whereby the neu 
tral point of the governor 10 and member 14 
may be adjusted as desired. Such motors are 
commonly known to users of governing appara 
tus as "Synchronizing' motors because they are 
used chiefly when Synchronizing. However, 
Spindle 20 may be hand operated if desired. The 
purpose of the Spindle 20 when associated with 
gearing for changing the fulcrum of the lever 16 
Will appear hereinbelow, but it will be understood 
that such arrangements are not new in the art 
and that I do not limit myself thereto. On the 
pilot member 14 is a primary pilot valve 28 while 
the lower end of the rod 14 is pivotally linked 
to a lever 30 having a fulcrum at 32 which is now 
able in the plane of lever 30 in either direction 
from a neutral position. Pivoted to lever 30 also 
is a rod 34 which carries two auxiliary pilot valves 
36 and 38 which physically may be considered 
as One valve having two control grooves for actu 
ating fluid. 
The gate 39 of turbine 11, or other main mem 

ber which it is desired to control is shown as 
operatively connected to a shaft 40. For main 
taining Such gate in its desired normal position, 
means are provided for rotating shaft 40 in one 
direction or the other, depending on whether the 
speed is above or below normal. For this pur 
poSe I have illustrated two servo-motors 42 and 
44 coupled to the shaft 40 thru suitable gearing 
46 which is of known type and includes a cross 
41 fixed to the upper end of shaft 40 and having 
a pair of vertical arms 43, 43 and a pair of hori 

A pair of bevel gears 47 
are Swivelled on vertical arms 43 and another 
Such pair 49. are swivelled on horizontal arms 45. 
Gears 47 and 49 are intermeshed and gears 47 
are connected by irreversible drives including 
Worm wheels 51, 51 one to motor 42 and one to 
motor 44 So that when one motor operates, the 
wheels 49 roll on the gear 47 of the stationary. 
motor and so turn cross 41 and shaft 40. Motors 
42 and 44 turn shaft 40 in opposite directions. 
Motors 42 and 46 are adapted to be operated by 
energy Supplied by pressure fluid from a source 
48. For purposes of convenience, the paths of 

s' preSSure fluid used for operating the main servo 
motors 42 and 44 are shown in relatively heavy 
lines to distinguish from the paths of fluid used 
for other purposes. The path of the fluid from 
Source 48 to motor 42 includes a conduit 50 which 
extends to a main cut-off valve 52. From valve 
52 the liquid is conducted by a pipe 54 to a branch 
point 56 from which point fluid for motor 42 
flows to a valve 58 thru a branch conduit 54a. 
From valve 58 fluid passes thru a conduit 60 
and an auxiliary servo-motor 62 to the motor 42. 

1,977,980 
Fluid discharged from motor 42 is returned by 
line 64 to a sump 66 from which it is pumped 
back to the reservoir 48 thru line 68. 
The path of energy fluid from reservoir 48 for 

Operating motor 44, after passing thru lines 50 
and 54 to the point 56, as previously described, 
instead of passing thru branch 54a, turns at the 
point 56 into branch 54b and passes thru valve 70 
and line 72 to auxiliary motor 74 and thence to 
Servo-motor 44 to operate the shaft 40 in the 
opposite direction from that in which it is turned 
by motor 42. From motor 44 the energy-convey 
ing fluid returns to the reservoir 48 thru line 64, 
sump 66 and line 68. 
The auxiliary motors 62 and 74, when used, 

form part of a restoring mechanism whereby 
the valves 36 and 38 are moved back toward their 
normal position while the servo-motor mecha 
nism is operating on shaft 40. By such restoring 
mechanism, as will hereinafter more clearly ap 
pear, the motion of the shaft 40 is rendered inde 
pendent of the return motion of pilot valve 28 to 
its normal position thereby rendering the appa 
ratus as a whole free from hunting and permit 
ting it to be given an isochronous characteristic 
Without the accompanying disadvantages present 
in previous isochronous governing mechanisms. 
In the arrangement illustrated for this purpose, 
auxiliary motors 62 and 74 are connected thru 
suitable gearing 76 (shown as of the same con 
Struction as gearing 46) to a threaded shaft 78 
On which is a threaded nut 80, the position of 
which affects the position of the lever 30 and the 
rod 34 by an arrangement now to be described. 
AS previously mentioned, one end of lever 30 is 
Connected to the pilot rod 14. The other end of 
lever 30, however, is pivoted on a lever 82 one end 
of which is fulcrumed at 84 and the other end of 
which is pivotally connected thru a link 86 to 
the center of a lever 88 one end of which is piv 
oted on the nut 80. Therefore, whenever the 
Servo-motor means of which motors 42 and 44 
form a part is in operation, one of the motors 62 
and 74 turns the rod 78 thru the gearing 76 to 
move nut 80 and thereby affect ever 30 and valves 
36 and 38. . The parts are so connected also as 
to move the rod 34 in the direction toward its 
neutral position, whichever one of auxiliary no 
tors 62 and 74 happens to be in operation. 

Preferably, the other end of lever 88 is pivotal 
ly connected to the rod 90 of a pistOn 92, the no 
tion of which also necessarily has a restoring ef 
fect on lever 30 and pilot member 34 and the 
valves associated therewith because of the con 
nection between lever 88 and lever 30. The oper 
atting fluid for piston 92 is controlled by the valve 
36. The path for such fluid is shown in light lines 
and the same plan is followed for showing the 
paths of fluid for all auxiliary purposes. The 
path of fluid for piston 92 branches from the line 
50 at the point 94 and flows thru the line 96 to 
the valve 36. Walve 36 controls two ports which 
are connected to opposite ends of the cylinder 
for piston 92 thru lines 98 and 100. When the 
valve rod 34 and valve 36 move in one direction 
due to the movement of pilot valve 14, fluid is 
admitted thru line 98 or 100 so that the piston 
92 is moved and thereby the lever 88 causes a re 
storing movement of the rod 34 toward its neu 
tral position. Preferably, when the restoring 
means of a given apparatus includes both the mo 
tors 62 and 74, or their equivalents, and the pis 
ton 92 or its equivalent, one-half the restoring 
motion is produced by piston 92. While each of 
the two restoring means, One involving piston 
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92 and the other involving differential gearing 
76, produces in general the same effect on the 
lever 30 and the auxiliary pilot valve 38, the use 
of the piston operated restoring means alone is 
not so desirable as the use of the two restoring 
means for the reason that the piston restoring 
means must be either geared up or have a very 
long piston travel if it is to act alone, thereby re 
ducing its sensitiveness. Similarly, the use of a 
geared restoring means alone produces a control 
or regulating mechanism of insufficient sensi 
tiveness and one containing possibilities of stall 
ing under certain conditions. However, I do not 
limit myself to the use of either of the particular 
restoring means above described. In the arrange 
ments shown, such restoring motion renders the 
movement of shaft 40 substantially independent 
of the return movement of the main pilot member 
14, an important feature of my invention. It 
is obtained in the following way: 
The flow of energy to the main servo-motor 

means is controlled by relays, the motive fluid, 
or energy, for which is controlled by the po 
sition of valves 28 and 38. In the arrangement 
shown, the main pilot valve 28 receives energy 
carrying fluid from the line 96 and controls two 
ports one of which connects to a line 102, the 
other of which connects to a line 104. Line 102 
runs to the cylinder of a relay piston 106. Fluid 
discharged from cylinder of piston 106 passes 
thru line 108 to line" 110 and thence to the Sump 
66. Fluid passing thru the line 104 flows to the 
cylinder of a relay piston 112. Fluid discharged 
from the cylinder of piston 112 flows thru line 
114 to the line 110 and thence to sump 66. The 
outlets 107 and 113 for fluid from the cylinders 
for pistons 106 and 112 are restricted so that 
pressure builds up quickly in the cylinders to 
operate the pistons whenever valve 28 opens the 
proper ports. Pistons 106 and 112 are both 
single-acting and serve to throw valves 58 and 
70 respectively into position to permit energy 
carrying fluid to flow thru the lines controlled 
thereby. Pistons 106 and 112 being single-act 
ing, valves 58 and 70 are returned to normal 
position in which flow through such valves is cut 
off by means of springs 116, 116. When either 
valve 58 or valve 70 is in open position, energy 
can not flow to the servo-motor means unless 

55 

60 

the valve 52 is also open. The valve 52 is op 
erated by a piston 118, the operating fluid for 
which is controlled thru two auxiliary valves 
120, 120 one of which is on the stem of valve 58 
and the other of which is on the stem of valve 
70. Fluid for operating piston 118 is also con 
trolled by pilot valve 38 in series with the valves 
120. When pilot valve 28 is moved by the gov 
ernor 10 in a given direction so as to operate 
one of the valves 58 or 70, the valve 38 is also 
operated in the same direction and so that fluid. 
passes into one of the lines 122, 122 from One 
of its ports, 
from the line 96 and passes from valve 38 into 
One of lines 122 which lead thru the valves 120 
into a common line 123 which supplies the cylin 
der of piston 118. Piston 118 also is of the 
single-acting type and is returned to its normal 
or inoperative position in which flow through 
such valves is cut off by a spring 116. Its cylin 
der also has a restricted discharge, permitting 
the omission of further control means. Fluid 
discharged from the cylinder of piston 118 flows 
thru line 124 to a line 110. It will appear, there 
fore, that the movement of the pilot valves 28 
and 38 in a given direction will open a path for 

Fluid for this purpose is derived. 

3 
the energy fluid to pass to the servo-motors 42 
and 44 to operate the shaft 40 in the appropriate 
direction. It will be noted, however, that the 
valve 38 has an overlap 39, 39 on both its outlet 
ports, the purpose of which is to prevent the 
motion of the main servo-motor means from 
being affected by the return motion of main pilot 
28, toward normal position after it has initiated 
a movement of the main servo-motors, 

It will be understood that the description of 
function and results given herein, in so far as 
Speed regulation is concerned, applies only to 
cases in which the changes of speed are caused 
by changes in load, as it is considered impos 
sible that a governing mechanism off-set the 
effects of changes in pressure of the medium 
driving the prime mover. 
While the operation of the mechanism above 

described will be obvious to those skilled in the 
art from the foregoing description, it may be 
Inarized for purposes of convenience as foll 

OWS: 
Roughly Speaking, the operation of the govern 

ing or regulating apparatus is divided into three 
periods. 

First period.-Assuming an increase of load 
with consequent decrease in speed of the turbine 
11, the movements are; rod 14 and with it main 
pilot 28 and auxiliary pilots 36 and 38 move down 
Wardly. Thru the lower left hand port of the 
main pilot 28 fluid passes thru line 104 to piston 
112 of valve 70 causing valve 70 to open. Thru 
the right hand lower port of valve 36 the fluid 
3gins to fill the space below the piston 92 of the 

restoring mechanism, thereby moving such piston 
upwardly and also moving up thru links 88, 86 and 
82 One end of the lever 30 and thereby simultane 
Ously moving upwardly the auxiliary pilots 36 
and 38 toward closed or neutral position to there 
by cut off fuid flow therethrough. Thru the low 
er right hand port of auxiliary pilot valve 38, fluid 
paSSes thru one of the valves 120 which was 
opened by the movement of main valve 70, into 
the cylinder of piston 118 thereby opening the 
main power valve 52. Walve 52 and onse of the 
valves 58 or 70 thus being open, the servo-motor 
apparatus is operated. Since valve 70 is assumed 
to be opened, the motor 44 will operate and such 
Operation continues to the extent of oparating 
the shaft 40, and thereby the turbine gate, to 
an extent proportional to the initial displacement 
Of pilot valve 28. 
The turbine gate is moved proportionately to 

the change in speed because the change of speed 
is assumed to be due to a change in load. Hence, 
a proportionately greater gate opening is required 
to carry the new load at the original speed. The 
mechanism illustrated in Fig. 1 causes such pro 
portional movement of the gate for the reason 
that the main Sarvo-motors 42 and 44 run 
throughout the time during which the auxiliary 
pilots 36 and 38 are returning to their new po 
sitions after having been displaced by the move 
ment of the main pilot control valve 28. But 
the mechanism which restores members 36 and 38 to neutral is, throughout such period, being op 
erated by motor 62 or 74, both of which are pro 
pelled by fluid at constant pr2ssure derived from 
reservoir 48 and move therefore at a constant 
rate of speed because the load on such motors 
is obviously constant. The length of time re 
quired for members 36 and 38 to return to the 
neutral position is therefore proportional to ther 
initial displac2ment away from neutral caused 
by movement of member 28. However, motor 42 
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or motor 44 runs until members 36 and 38 reach 
their neutral positions. Motors 42 and 44 also 
are constant speed motors, operating under con 
stant pressure from reservoir 48 and run through 
out the periods the auxiliary pilots 36 and 38 
are returning to their neutral positions. The 
movements of the gate produced by 42 and 44 
are therefore also proportional to the initial dis 
lacement of the main pilot valve 28, movements 

of members 36 and 38 away from their neutral 
obviously being proportional to the movements of 
member 28 away from its neutral. However, the 
restoring machanism moves the valves 36 and 38 
back to neutral thereby cutting off the restor 
ing action of piston 92 and also cutting off the 
flow of energy to the piston 118 of main stop valve 
52. The condition at this point, which is as 
sumed to be the end of the first period, is Such 
that the turbine speed is increasing but not yet 
normal due to the time lag, so that the pilot 
valve 28 is not in neutral position. Consequently, 
the valve 70 remains open but there is no flow 
of energy to the servo-motor means because the 
stop valve 52 is shut. 
Second period.-The second period starts when 

the turbine begins to speed up, thus Overlapping 
somewhat the first period. During the Second 
period, the pilot valve 28 begins to move toward 
its neutral due to the governing action, but valves 
36 and 38 having been already moved to neutral 
position by the restoring means are then moved 
into position above nautral, thus supplying actuat 
ing fluid to the space above piston 92 and such 
piston thereupon begins to return the pilot valves 
36 and 38 to neutral. The main stop valve 52, 
however, remains shut because of the overlap 39 
of valve 38 which covers the lower port of Such 
valve and the opened upper port can not paSS 
fluid because the circuit for the piston 118 is 
closed by the auxiliary valve 120 belonging to the 
closed valve 58 and valve 58 is maintained closed 
by the position of pilot 28 which is below the 
neutral. Therefore, during the second period, 
the turbine gradually speeds up, shaft 40 remain 
ing stationary so that the gate remains in tha 
position given it during the first period. The re 
storing piston 92 slightly over-balances the move 
ment of the main pilot 28 in its effect on lever 
30 to bring the pilots 36 and 38 into neutral. 
Such restoration of valves 36 and 38 to neutral 
is important in that it restores the sensitiveness 
of the governing system so that it can respond 
to a further slowing down of the turbine if an 
additional increase in load occurs during the 
Second period. 
Third period.-The third period occurs only 

occasionally and is produced in cases where the 
time lag is considerable and the increase in load 
with consequent decrease in speed is continuous. 
Under such conditions, the amount of opening of 
the gate effected during the first period is in 
sufficient and consequently the governor 10 will 
not be brought back to normal speed and the 
pilot valve 28 will not reach its neutral position. 
The governing system, however, will be inactive 
because the pilot valves 36 and 38 have been re 
stored to their neutral positions. 
There is thus a residual error in the operation 

of the system as heretofore described for condi 
tions stated under the third period, and I prefer 
to provide means for correcting such error. In 
the arrangement shown for this purpose the full 
crum 84 of lever 82 has the form of a cam Surface 
which rests upon a rotating cam member 126. 
The cam member 126 causes a continuous Oscil 

1977,980 
lation of ever 82 which is communicated thru 
pivot 32 and lever 30 to the auxiliary pilots 36 
and 38 as a reciprocating action. Pilot 28 being 
below its neutral, no effect is produced by cam 
126 when it lifts pilots 36 and 38 above their 80 
neutrals, but when the cam permits valves 36 and 
38 to drop below their neutrals there will be a 
slight additional movement of servo-motor 44 
and shaft 40 in the same direction as assumed in 
the first period. If the speed is correct the action 85 
of can 126 will not produce any movement of 
shaft 40 because pilot 28 is shut. 
In the arrangement illustrated in Fig. 1, sepa 

rate motors 62 and 74 are provided as part of the 
restoring means. Such servo-motors 62 and 90 
74 are, however, the equivalent of driving the 
spindle 78 by gearing from the spindle 40, motors 
62 and 74 each operating concurrently with one 
of the motors 42 and 44. 
The system illustrated in Fig. 1 does not con- 95 

tain any means corresponding to the damping 
device usually employed in governor mechanisms. 
Whenever conditions make it advisable to emi 
ploy Such damping means in connection with my 
invention, it may be provided conveniently by 100 
interpOsing such damping device between the 
levers 82 and 88. Such an arrangement is illus 
trated in Fig. 2 in which the link 86 for support 
ing the lever 82a is connected to a lever 87 one 
end of which is connected to a dash pot 128 and 105 
the other end of which is connected to a piston 
13 whose normal position is determined by springs 
132 and 133 acting on its opposite face. Lever 87 
is connected at its center by link 134 to the lever 
88a. Otherwise, the arrangement of Fig. 2 is 
assumed to be the Same as that illustrated in 
Fig. 1, parts having the same function in the two 
arrangements having the same reference char 
acter. 
While the apparatus within my invention can 15 

not altogether prevent variations in speed of 
turbines used to drive generators due to dis 
turbances on the lines, which cause the genera 
tor whose turbine may be governed by my appara 
tus sometimes to become "motorized', as it is 120 
called in the art, even in Such cases, the appara 
tus in accordance with my invention is adapted 
to maintain the turbine load fluctuations within 
more narrow limits than do the governors in 
accordance with the prior art. 
In case rotating motors such as 42 and 44 are 

too slow for the conditions under which the tur 
bine is to operate, the arrangement such as that 
illustrated in Fig. 3 may be substituted and in 
which a piston 134 and its associated cylinder 135 130 
is used instead of motors 42 and 44. In Such an 
arrangement, valves 58 and 70 are substituted by 
two-way valves 58a and 70a, the arrangement oth 
erwise being the same as indicated by the refer 
ence character on Fig. 3, except as to the conduit 135 
arrangement for the energy conveying liquid be 
tween valves 58a and 70a and the Sump 66. As 
shown in Fig. 3 conduit 65 extends from the upper 
high pressure port of valve 58a to a junction point 
61 from which point the operating liquid is con- 40 
veyed by conduit 60a thru reversible Series motor 
62A to one end of the cylinder of piston 134 to 
move such piston in one direction, which will be 
called the forward direction. On the return stroke 
of piston 134, however, liquid flows from the 
cylinder thru motor 62A and conduit 60a to point 
61 and thence thru conduit 63 to the low pres 
sure or return port of valve 70a thru which it 
flows to point 65 where it enters return conduit 
64. The power fluid for the return stroke of pis- 150 
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ton 134 is delivered by valve 70a to conduit 72 
thru which it flows to junction point 3 and thence 
it flows by conduit 72a thru reversible series motor 
74A to the other end of the cylinder of piston 134 

is to operate such piston on its return stroke in the 
opposite direction to that in which it is moved by 
fluid reaching its cylinder thru conduit 60a. 
When now the piston 134 has completed a given 

return, stroke and the positions of valves 58a and 
0 70a have been shifted so as to cause a second for 
ward stroke, liquid flows fron cylinder 135 thru 
pipe or conduit 72a to branch point 73 and thence 
thru conduit 75 to the lower port of valve 58a and 
thru such valve to the common return conduit 64 

5 at junction point 65. It will be noted from Figs. 
ia and 3a that the motors 62A and 74A associated 
with the gearing 76 in Fig. 3 are of the same type 
as the motors 62 and 74 associated with the gear 
ing 76 of Fig. 1. The motors 62 and 74 of Fig. 1 
need turn in one direction only, the liquid flow 
through such motors being in One direction Only. 
The motors 62A and 74A, however, must reverse 
in order to permit the operating liquid to flow 
into and out of the opposite ends of the recipro 

5 cating piston motor 135. In order therefore, that 
the motors 62A and 4A shall have the necessary 
action on the adjusting rods 78 and nuts 80, the 
operating shaft of motor 62A is connected to the 
right hand gear of such motor and the operating 
shaft of motor 74A is connected to the left hand 
gear. This distinction between motor 62A and 
motor 74A is indicated in Figs. 1a and 3a by 
crosses (X) on the axes of the gears having the 
notorshafts fixed thereto. It results that, when 
the fluid is passing thru motors 62A and 74A in 
opposite directions, the driving shafts acting on 
the gearing 6 turn in the same direction. The 
differential feature of gearing 76 therefore is not 
so important in Fig. 3 as in Fig. 1 although it is 

, preferred to use a differential gear in Fig. 3 in or 
der to accommodate any slight differences of 
speed between the motors 62A and 4A and/or 
back-lash of liquid in notor 135. 

in some cases of remote control, it is desirable 
to utilize electric energy in place of the liquid 
assumed in the arrangements illustrated in Figs. 
2, 2 and 3. Such an electric system is illustrated 
in Fig. 4. In Fig. 4, it is assumed that the mech 
anism is to be utilized for combustion or pressure 
control instead of for speed control so that a dia 
phragm 13 within a casing 136 supplies the ini 
tial impulse for moving the pilot members from 
their neutral positions. As illustrated, pressure 
differences are set up On each side of the dia 
phragn within casing i36 by fluid entering such 
casing thirt pipes 38 and 140 on opposite sides of 
the diaphragm, pipe 138 being connected, for in 
stance, to a source of variable pressure such as 
boiler and pipe 140 connected to a source of con 
stant pressure produced by any Suitable or known 
means. The diaphragm is connected to a rod 142 
the movements of which are transmitted to the 
lever 16 which connects in turn with the pilot rod 
14. Surrounding rod 142 is a spring 142A which 

'' serves to fix approximately the zero or neutral 
point of the diaphragm. The neutral point of 
the pilot member 14, and the pilot contact 28B 
may, however, be adjusted during operation when 
desired, for any given spring 142A and constant 

iC pressure source attached to pipe 140, by adjusting 
one end of lever 16 by operating adjusting motor 
22. On the pilot rod 14 is fixed a movable con 
tact 28b which is connected thru line 96b with 
one side of an auxiliary circuit 97 for supplying 

75 the electric energy to the contacts and relays of 

which are shown in heavy lines. 

S 
the apparatus. The circuits of all such auxiliary 
apparatus are shown in light lines to distinguish 
them from the circuits for the main servo-motor 

The movable 
contact 28b lies normally between two fixed con 
tacts 96', 96". The upper of contacts 96 connects 
thru line 102b with an operating relay 106b the 
other side of which connects to the circuit 97 
thru line 108b. The lower of the contacts 96" con 
nects thru the line 104b With the relay 112b, the 
other side of which connects to the circuit 97 by 
line 114b. Relays 106b and 112b control the 
Switches 58b and 70b of a reversible servo-motor 
134b for Operating the shaft 40. If the apparatus 
of Fig. 4 is to be used to control the pressure in a 
steam boiler having dampers and/or fuel valves 
(not shown), the shaft 40 of Servo-motor 144 is 
connected to open such dampers and fuel valves 
whenever the shaft turns in One direction and to 
close such dampers and fuel valves when the 
shaft 40 turns in the other direction. In the ill 
lustration of the arrangement of which motor 
134b forms a part, I have shown also arranged in 
series with whichever one of the switches 58b or 
0b is in closed position a main switch 52b having 
a relay 118b the current for which is supplied from 
the circuit 97 thru lead 96b, movable contact 38b. 
on rod 34b and One of the fixed contacts 38', 38'. 

From either of the fixed contacts 38' current 
flows to the relay 118b thru one of the leads 122b. 
Each of leads 122b has in it a switch 120b which 
is fixed to the rod of one of the switches 58b Or 
70b so that one of switches 120b is closed when 
ever either of switches 58b or 70b is closed. Line 
122b joins after passing thru switches 120b in lead 
23b which conducts the current to the relay 18b 
from which it returns to the circuit 97 thru line 
24b. 
Rod 34b has thereon also a second movable 

contact 36b which is adapted to contact with 
either of fixed contacts 36', 36' depending on the 
direction and motion of rod 34b from its neutral 
position. Rod 34b is pivoted to a lever 30 which 
is pivoted in turn at point 32 to a lever 82. One 
end of ever 82 is supported at 84 on a rotating 
cam 126 while the other end of lever 82 is pivot 
ally supported by a link 86, the upper end of 
which is pivoted to the centre of lever 88. One 
end of lever 88 is pivoted to a nut 80 and the other 
end of lever, 88 is pivoted to a nut 90b. Parts 
30, 82, 86 and 88 of the arrangement illustrated 
in Fig. 4 have the same functions as the same 
parts in the apparatus of Fig. 3. The lever 88 
therefore forms part of a restoring means for 
restoring the rod 34b and its associated contacts 
to a neutral position irrespective of the motion 
of the pilot rod 14. To perform this function, 
nut 80 which supports one end of the lever 88 
is threaded on a shaft 78b which is turned in 
one direction or the other by a motor 62b con 
nected in parallel with the motor 134b. The nut 
90b which supports the other end of lever 88 is 
threaded on a shaft 90' which is operated in one 
direction or the other by a motor 92b the circuit 
for which is controlled by two switches 150, 150, 
the relays 152, 152 for which receive operating 
current from the contact 36b and either One or 
the other of contacts 36. Each of contacts 36 
connects with One of the relays 152 thru one of 
the lines 154, 154. The other side of relays 152 
connects with the relay operating circuit thru the 
return leads 156, 156. Switches 150 are connect 
ed in parallel with the power line 50b for the 
main servo-motor 134b and the line 158 for 
the restoring motor 92b. It will be seen there 
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fore that in the arrangement illustrated in Fig. 
4 the restoring motion is given the rod 34b both 
by the motor 62b which Operates at the same 
time as the main servo-motor 134b and also by 
the motor 92b whose action is controlled by the 
position of rod 34b itself. It will be seen there 
fore that the action of the apparatus illustrated 
in Fig. 4 is quite similar to that illustrated in 
Figs. 1 and 3 so that it need not be further 
described. 
In each of the mechanisms shown in Figs. 1, 3, 

and 4, I have illustrated means foreign to the 
regulating system for effecting corrections of per 
formance, and shown as a synchronizing mecha 
nism comprising parts 18, 20 and 22 and con 
nected to the lever 16. Such synchronizing means 
is common in the art and I do not limit myself 
thereto, altho its use is advantageous in making 
final adjustments to compensate for inaccuracies 
in the action of the governor or controlling mech 
anism due to any inaccuracies of construction or 
adjustment as well as to damp the departures 
from normal speed which will be inevitably caused 
by line disturbances, some of which produce con 
ditions which it is impossible for any governing 
mechanism to completely counteract. 
While I have described the structures illus 

trated in Figs. 1, 2 and 3 as arranged to control 
the speed of a turbine or like prime mover and 
have described the structure illustrated in Fig. 4 
as arranged to control the pressure of a boiler 
or the combustion in a furnace, it will be evident 
that the structures of Figs. 1, 2 or 3 may be utilized 
for controlling pressures, rates of combustion, or 
Other functions, while the apparatus illustrated 
in Fig. 4 is adapted to control the speed of a 
prime mover, equally well as the structures of 
Figs. 1, 2 and 3, the rod 142, however, being sub 
stituted in such case by the collar of a ball gover 
nor as in Fig. 1. In general, the electric embodi 
ment of the invention illustrated in Fig. 4 is less 
expensive than the hydraulic apparatuses of Figs. 
1 and 3, but cannot be employed where there is danger of explosion. 
A comparison of the foregoing embodiments of 

my invention with apparatus according to the 
prior art shows that while, in usual governors or 
regulators, the gate, or the like regulated element, 
follows the forward and return motion of the 
ball governor's rod and different gate openings are 
Secured by allowing a so-called inherent speed 
drop, in apparatus in accordance with my inven 
tion, the gate, or the like, does not follow the re 
turn motion of the regulating rod, being pre 
vented from so doing by a combination of valves 
Or members, controlled by an auxiliary pilot valve, 
or member. This allows apparatus in accord 
ance with my invention to operate without the in 
herent speed drop while having at the same time 
a damping effect produced by the restoring mo 
tion. The so-called isochronous governors may 
also operate without an inherent speed drop, but 
they are unstable because of the lack of restor 
ing motion which in turn allows continuous hunt 
ing between the extreme gate positions whenever 
there is the slightest time lag. A governor or 
regulator mechanism in accordance with my in 
vention is inherently isochronous, while the va 
rious gate openings are secured by the action of 

70 
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mechanism which stops the gate movement dur 
ing the return of the ball governor's rod to neu 
tral position. For other purposes than turbine 
Speed regulation, apparatus in accordance with 
my invention achieves a correct correspondence 
between the movement of the regulated element 

and that of the regulating impulse or element 
without following the latter's return action, thus 
making the governor or regulator entirely inde 
pendent of the time lag between the initial in 
pulse and the restoration of normal condition. 8 
This feature has hitherto been unattained in the 
art and is very advantageous in, for instance, 
combustion control apparatus for steam boilers, 
for keeping steam pressure or steam temperature 
constant at various steaming rates, and for regu- 8 
lating other features of steam generation. 
In short, in apparatus in accordance with my 

invention the position of the regulated element is 
always proportional to the algebraical sum of the 
displacements of the governor's collar, or other 90 
regulating element, away from its neutral or nor mal position. 
What claim is: 
1. In a governor or regulating apparatus the 

combination with a pilot element adapted to move 95 
in either of two directions from a neutral po 
sition in response to changes in a condition which 
it is desired to maintain constant, means for mov 
ing Said element in response to the changes in 
Said condition, a Second pilot member auxiliary 100 
to said element and also moved by said means, 
a motor driven means adapted to operate in either 
of two directions for altering said condition, and 
means whereby said first pilot element and said 
auxiliary pilot member control said motor driven 105 
means, said control means comprising a pair of 
energy controlling members in the path of the 
energy supply of the motor of said motor driven 
means, one member of said pair controlling a 
given direction of movement of said motor and 110 
the other controlling the opposite direction of 
movement of Said motor driven means, means 
whereby said pair of members are controlled by 
the position of Said first pilot element, another 
energy controlling member in the path of the 15 
energy Supply of said motor and arranged to act 
in Series with whichever one of said pair of mem 
bers is active, and means whereby said last men 
tioned member is controlled by the position of 
Said auxiliary pilot member. 120 | 

2. In a governor or regulating apparatus the 
combination as set forth in claim 1 together with 
means whereby the auxiliary pilot member is 
moved toward its neutral position during the op 
eration of the motor driven means, 125 

3. In a motor-operated governor or regulating 
apparatus, the combination of a pilot element ar 
ranged to move in either direction from a neu 
tral position, a lever having a pivot and operated 
by said element, an auxiliary pilot member op- 130 
erated from Said lever, a main governing ele 
ment, and motor means for moving said main 
element in one direction or the other as cir 
cumstances may require and including two en 
ergy controlling members arranged to act in se-135 
ries On the energy Supplied to the motor of said 
motor means, means whereby one of said energy 
controlling members is controlled by said first 
pilot element and the other by said auxiliary pilot 
member, and means for moving said auxiliary 140 
pilot member in the direction toward its neutral 
position independently of said motor means, said 
members and means being constructed and ar 
ranged to prevent disturbance of the energy sup 
ply to said motor means by said restoring action. 

4. The combination in a regulating mechanism 
for keeping constant a certain condition of a 
pilot element responsive to the variations of the 
desired condition in a system to be regulated, of 
a power operated means for effecting changes 15 
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to counteract, said variations, a system of mem 
bers for controlling flow of actuating energy to 
said power means and so associated with said 
element that, when the variation of condition in 
dicated by said element has been corrected, said 
power operated means stands still while the full 
response of the regulated system to the new set 
ting of parts brings said elements back into neu 
tral position whenever there is no additional de 
parture from the desired condition of the regul 
lated apparatus during the return movement of 
said element, a mounting for said pilot element 
adapted to bring it to rest when normal per 
formance of the regulated system is reached, and 
including an auxiliary element mounted to move 
away from its neutral position whenever said pilot 
element is displaced from neutral and means for 
restoring said auxiliary element to neutral while 
said pilot element is still displaced therefrom, 
said means adapted to fix the relation between 
the final amount and direction of the displace 
ments of the power means and the initial amount 
and direction of the corresponding displacements 
of said pilot element away from the latter's neu 

5 tral position. 
5. The combination in a regulating mechanism 

for keeping constant a certain condition of the 
pilot elements responsive to the variation from 
the desired condition, power operated means for 
effecting changes to counteract said variations, a 
System of members having control of the fow of 
actuating energy to said power actuated means 
and so associated with said pilot element that, 
when the variation of condition indicated by said 
pilot element has been corrected, said power op 
erated means stands still while the full response 
of the regulated apparatus to the new setting of 
parts brings said pilot element back into neutral 
position whenever there is no additional depar 
ture from the desired condition of the regulated 
apparatus during the return movement of the 
pio: element, said system of members for con 
roling the actuating energy including a first con 
to member direct connected to said pilot ele 
Erent, a ioating lever one end of which is con 
Rected to the first element and a restoring mech 
alism to which the other end of said lever is 
connected, two other control members connected 
to move together and to be operated by an inter 
Kaediate point or part of said lever, means where 
by the one of said control members connected to 
said lever affects said restoring mechanism, and 
In eans whereby the other of Said control men 
hers connected to said lever indirectly controls the 
flow of energy to said power Operated means. 

6. The combination in a regulating mechanism 
for keeping constant a certain condition in a regul 
lated apparatus of a pilot element responsive to 
the variation from the desired condition in said 
apparatus, a power operated means for effecting 
changes in the regulated apparatus to counteract 
said variations, a system of members for con 
trolling flow of actuating energy to said power 
means and so associated with said pilot element 
that, when the variation of condition indicated 
by said pilot element has been corrected, said 
power operated means stands still while the full 
response of the regulated apparatus to the new 
setting of parts brings said pilot element back 
into neutral position whenever there is no addi 
tional departure from the desired condition of 
the regulated apparatus during the return move 
ment of the pilot element, said system of men 
bers including a first control member direct con 
nected to said pilot element, a floating lever, One 

y 
end of which is connected to said pilot element, 
a restoring mechanism to which the other end of 
said lever is connected, two control members 
connected to move together and to be operated 
by an intermediate part of said lever, means 
whereby one of said two control members con 
nected to said lever affects said restoring mecha 
nism, and means whereby the other of said two 
control members connected to said lever controls 
the flow of energy to the power operated means, 
said last mentioned means including a pair of 
power control members One in the line of the 
power element for forward running and one in the 
line of the power element for reverse running and 
a third power control member in series with both 
said power control members, means whereby the 
control member on said pilot element controls said 
pair of power control members, a pair of addi 
tional members connected to operate simultane 
ously with said pair of power control members 
and adapted to inhibit or permit the operation 
of said series power control member, and con 
nected between the said members so constructed 
and arranged that when the second and third 
control members connected to said lever are 
brought to neutral by said restoring motion and 
then carried beyond neutral by the return motion 
of Said pilot element toward its neutral, the 
energy for the power element is cut off. 

7. A governing or regulating mechanism hav 
ing substantially zero inherent speed drop and 
comprising a pilot element, a regulating element, 
a servo-motor for moving said regulating ele 
ment in One direction or the other depending 
upon the position of said pilot element, a lever 
directly connected to said pilot element, a mov 
able fulcrum for one find of said lever, an auxil 
iary pilot member connected to an intermediate 
point of Said ever, means controlled by the cis 
placement of Said pilot members in a given direc 
tion from their neutral positions for operating 
said servo-motor in One direction or the other, 
and a restoring movement adapted to move said 
pivot of said lever in the direction to restore said 
auxiliary pilot member to a neutral position while 
Said first element is still Out of neutral position. 

8. A regulating mechanism as set forth in claim 
and in which the restoring movement includes 

an auxiliary servo-motor operating in parallel 
with the main servo-motor. 

9. The mechanism as set forth in claim to 
gether With a continuously rotating member ar 
ranged to produce an oscillation of the lever to 
which the auxiliary pilot member is connected. 

0. The combination in a governing mechanism 
of main and auxiliary pilot members, means for 
moving said main member in either direction 
from a given position in response to changes in a 
condition which it is desired to maintain as con 
stant as possible, means whereby said auxiliary 
pilot member is moved one way or the other from 
a neutral position at the same time said main 
pilot member is moved away from its said posi 
tion, a servo-motor, means for conducting energy 
to said motor, means whereby initiation of the 
flow of energy to said motor through Said means 
is controlled by said main pilot member, means 
for restoring said auxiliary pilot member to its 
neutral position ahead of the return of the said 
main pilot member to its original position, and 
means whereby the flow of energy through said 
conducting means is interrupted when said aux 
iliary pilot member is substantially in neutral 
position. 

11. The combination as set forth in claim 10 
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S 
and in which the means for restoring the auxil 
iary pilot member is adapted and arranged to re 
store such auxiliary member substantially to its 
neutral position prior to the beginning of the re 
turn movement of the main pilot member toward 
its given position. 

12. The combination as set forth in claim 10 
and in which the parts are so arranged that the 
movement of the auxiliary pilot member toward 
its neutral position has substantially no effect in 
assisting the movement of the main pilot men 
ber to its given position. 

13. The combination in a governing mechanism 
of the servo-motor type of a main pilot member 
and an auxiliary pilot member both having neu 
tral positions, a servo-motor, means including 
said main pilot member, for supplying energy to 
said motor, and means for interrupting the action 
of said means when said auxiliary pilot member 
is in its neutral position irrespective of the posi 
tion of said main pilot member. 

14. The combination in a governing or regul 
lating mechanism of the servo-motor type, of a 
servo-motor means, a source of Supply of energy 
therefor, means for conducting energy from said 
source to said motor means including a line lead 
ing from said source and having two branches 
extending from a branch point to said motor 
means, a means individual to each of said 
branches for controlling the passage of energy 
therethrough, a means individual to the porticn 
of said line intermediate said source and said 
branch point for controlling the flow of energy 
through such portion, a main pilot element, 
means whereby the motion of said pilot element 
causes the energy controlling means in one or the 
other of said branches, depending on the direc 
tion of said motion, to assume a position to pass 
energy to said servo-motor means, an auxiliary 
pilot member, means whereby said auxiliary pi 
lot member moves at the same time as said main 
pilot element whenever the main pilot initiates 
a movement which is to cause the energy control 
ling means in one of said branches to assume a 
position to pass energy, energy using means 
whereby said auxiliary pilot member causes the 
energy controlling means in said portion of said 
line between said source and said branch point to 
pass energy whenever such auxiliary pilot moves 
together with said main pilot and irrespective of 
the direction of motion of the auxiliary pilot, and 
means individual to each of the energy control 
ling means in said branches and adapted to in 
terrupt the action of said energy using means to 
permit the interruption of flow of energy to said 
servo-motor means. 

15. The combination in a regulating mecha 
nism of a main pilot member and an auxiliary 
pilot member connected together, a servo-motor 
means, means whereby simultaneous motion of 
said pilot members in-directions away from given 
positions inaugurates flow of energy to said servo 
motor means, and means for restoring Said aux 
iliary pilot member to its given position ahead of 
said main pilot, said restoring means including 
means whereby the auxiliary pilot is moved to 
ward its own given position to compensate for 
the return movement of the main pilot member 
toward its own given position, said energy inau 

of energy to said servo-motor means. 
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gurating means including means whereby an 
overrunning of said auxiliary pilot on its return 
movement due to the return motion of said main 
pilot member is ineffective to inaugurate a flow 80 

16. The combination in a governing or regul 
lating apparatus for keeping constant a certain 
condition in a system controlled thereby and 
having an arrangement producing a substan 
tially zero inherent speed drop of a pilot ele 
ment having a neutral position, a servo-motor 
means, and mechanism including parts for Cons 
trolling the flow of energy to said servo-motor 
means whereby such means is caused to operate 
in one direction or the other depending On the 
displacement of said pilot element from its neu 
tral position, Said mechanism adapted to remain 
unaffected by movements of said element in the 
direction toward its neutral position irrespective 
of the speed of response of the said controlled 95 System. 

17. The combination in an apparatus as set 
forth in claim 16 and in which the parts are 
constructed and arranged so that the net regul 
lating action is proportional to the algebraic sum 
of the movements of the pilot element away from 
its neutral position. 

18. The combination in an apparatus for gov 
erning or regulating a given condition in a system 
controlled thereby and adapted to act Substan 
tially without inherent speed drop of a pilot ele 
ment having a neutral position and adapted to 
move either way therefrom, and means includ 
ing a servo-motor and an energy supply there 
for whereby the net governing or regulating action 
is proportional to the algebraic sum of displace 
ments of Said pilot member away from its said 
neutral position independently of the speed of 
response of Said controlled system, said means 
including parts for isolating said servo motor 115 
from its energy Supply during movements of said 
pilot member toward its neutral. 

19. A regulating apparatus for keeping sub 
stantially constant a desired condition in a sys 
tem controlled thereby, said apparatus having 120 
a pilot element responsive to the variations from 
Said desired condition and having a neutral po 
sition, a power operated means for effecting 
changes to counteract said variations, members 
for controlling the flow of actuating energy to 
said power means and so associated with said 
pilot element that, when the variation of condi 
tions indicated by Said pilot element has been 
corrected said power operated means stands still 
while the full response of the regulated system 
to the new position brings said pilot element back 
into its neutral position whenever there is no ad 
ditional departure from the desired condition of 
the regulated System during the return move 
ment of the pilot element and independently of 135 
the speed of response of the regulated system. 

20. A regulating apparatus as set forth in 
claim 19 and in which the members for control 
ling flow of actuating energy to the power oper 
ated means are arranged to remain inoperative 40 
when the pilot element returns to its neutral position, 
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