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This invention relates to an arrangement for 
limiting the angular travel of a rotating mecha 
nism and more particularly, to a continuously ad 
justable limit switch. 

Electrical servo systems are employed for 
a great many purposes, including the Con 
trol of guns, searchlights and rotatable di 
rective antennas. In certain applications, it 
is desirable to limit the angle of travel of the 
directed object and heretofore, with two-phase 
motors, this has been accomplished with limit 
arrangements of the "jam stop' variety which 
are somewhat crude and not adapted to variable 
limiting. In certain applications for example, it 
has been necessary in the past to provide special 
circuits to permit "backing out' from the lin 
iting position. 

it is an object of my invention to provide sim 
ple, variable and novel means for establishing a 
limit of travel of a moving mechanism. 

It is a further object of my invention to pro 
vide means for controlling the return travel of a 
rotating mechanism from its limiting position. 
Another object of my invention is to provide 

electronic means responsive to polarity variation 
of a single signal, to both effect a positive, non 
jam, limit of output shaft travel on a servo sys 
tem as well as to control the return of the shaft 
from its limiting position. 
The invention will be more fully understood by 

referring now to the accompanying drawings 
wherein: 

Fig. 1 is a schematic diagram of a servo system 
having a variable limit switch in accordance with 
my invention and 

Fig. 2 illustrates the detailed structural em 
bodiment of a portion of Fig. 1. 

For purposes of disclosure, the invention will 
be described as employed in conjunction with a 
system for steering a ship, it being understood 
of course, that the invention has many other ap 
plications. 

Referring to Fig. 1, a reversible electric motor 
connected to gears 2 drives a shaft 3, the angul 

lar position of which may correspond to the an 
gular position of the ship's helm or an instru 
ment indicating this angular position. The mo 
tor f is illustrated as being of the two-phase type 
having a first-phase winding 4 and a second 
phase winding 5. Winding 4 is connected to a 
source of alternating voltage at 6. Winding 5 is 
fed through a relay or solenoid operated switch 
generally indicated at 7 from a servo amplifier 8 
which derives its input signal from the imped 
ance 9 through a tap 0. The impedance 9 may 
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be simply a resistor connected directly across the 
Selsyn, or synchro f which provides a follow-up 
signal F through feedback linkage 2, this signal 
being directly related to the position of output 
shaft 3. Another Selsyn or synchro 3 provides 
a director signal D which is a measure of instance 
taneous heading error and which is counter-bal 
anced in magnitude and polarity by the follow-up 
signal F when the output shaft is at rest and not 
in the limits. In order to alter the angular posi 
tion of shaft 3 as when calling for a change in 
course, the magnitude and polarity of the direc 
tor signal D may be controlled in the pilot house 
by a knob 4 which sets the desired course of the 
ship. When a director signal at D causes a volt 
age to be impressed across the input of the servo 
amplifier 8, motor operates through gear train 
2 to position shaft 3 and feedback linkage 2, 
thus restoring the balance between the follow-up 
signal F and the new director signal D whereupon 
the two voltages cancel each other out complete 
ly, the net voltage applied to the amplifier 8 be 
comes zero, and the motor stops. The output 
shaft 3 will thus be repositioned in accordance 
with the changed director signal D. The ar 
rangement thus far described is well understood 
and is commonly referred to in the art as a servo 
system. 
The manner in which servo operation may be 

limited to restrict the angular travel of shaft 3 
will now be described. From Fig. 1, it will be ob 
served that the director signal D which is applied 
to the servo amplifier 8 may also be applied to the 
limit amplifier 5 through a tap 6 on resistor 9. 
The limit amplifier 5 as well as the servo ampli 
fier 8 is connected to ground. The output from 
the limit amplifier 5 is applied to an electric 
valve 7 by means of a connection to a grid 8. 
The cathode 9 of the valve T is connected to a 
second grid 20 which is also connected to ground 
through a bias source 2. The valve T is of the 
gaseous type known in the art as a thyratron. 
The anode 22 of the valve T is connected to 
cathode 9 through an output circuit 23 compris 
ing a winding 24, in parallel with which is con 
nected a condenser 25, the circuit of a polarity 
reversing Switch generally indicated as 26, power 
Source 6, and the circuit of a limit switch gen 
erally indicated as 27. 

Polarity reversing switch 26 comprises an arma 
ture 28 having Switch contact members at one 
end and a bearing 29 disposed at the opposite end 
to ride on a cam 30 which is rigidly connected 
to the output shaft 3 adapted to rotate in a 
plane normal thereto. Armature 28 is loaded 
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by a spring 3 so as to exert an upward pressure 
tending to insure its continuous cooperation with 
cam surfaces 32 and 33. In Fig. 1, cam 30 is shown 
as being in a zero or neutral position which is 
that existing when the ship is proceeding along 
a straight course. Cam 30 is so designed that 
armature 28 upon operation will cause the out 
put circuit 23 to be supplied with a voltage from 
source 6 of a predetermined polarity depending 
upon whether roller 29 is riding on cam surface 
32 or on cam surface 33. Thus, when roller 29 
is riding cam surface 32, the armature 28 will 
close the back contacts of switch 26 (upper poSi 
tion) thus providing the anode 22 with a voltage 
of a first polarity, whereas when roller 29 is foll 
lowing cam surface 33, the armature 28 will close 
the front contacts of switch 26 (lower position) 
thus providing the anode 22 with a voltage from 
source 6 of opposite polarity. Assuming that 
the arrow 34 diagrammatically shown as pointing 
to zero on scale 35 represents the neutral position 
of the helm when the ship is following a straight 
heading, it will be apparent that as the helm is 
moved from its neutral position that the action of 
cam 30 and of reversing switch 26 will be such as 
to apply a voltage of a predetermined polarity 
to the anode 22 of output circuit 26. 
Looking now at the diagrammatic representa 

tion of limit switch 27 shown in Fig. 1, it will be 
seen to comprise an adjustable member 36 oper 
able by a knob 37. Member 36 has contacts 38 
mounted thereon which may be bridged by the 
vertical movement of an armature 39 in response 
to the turning action of an eccentric cam 40 
which is rigidly connected to the output shaft 3 
in a plane normal thereto and is adapted to rotate 
therewith within an eye member 4 slidably posi 
tioned within bearings 42 provided to guide the 
movement of the eye member 4. It will be seen 
that the member 36 may be arranged to close con 
tacts 38 at any desired position of output shaft 
rotation by merely adjusting the Spacing between 
the contact carrying member 36 and the armature 
39. When contacts 38 are bridged, the anode cir 
cuit 23 is supplied with a voltage which will cause 
valve to fire, provided that a signal exists on 
the grid 8 which is of a proper polarity and mag 
nitude. 
When the anode circuit 23 is energized, a cur 

rent will flow through winding 24, and the Sole 
noid armature 43 will move to open the back 
(lower) contacts and close the front (upper) 
contacts of Switch. This action will immediately 
interrupt the amplified signal from the Servo 
amplifier 8 to the phase winding 5 of motor 
and will shunt winding 5 acroSS winding 4 through 
the front (upper) contacts so as to immediately 
effect dynamic braking of the motor . 
In Fig. 2, there is shown in more detail, the 

actual structural features of the limit Switch 27 
together with the armature linkage which is cam 
operated from Shaft 3. Elements of Fig. 2 which 
correspond to elements schematically illustrated 
in Fig. 1, are represented by like reference numer 
als. Eccentric cam 40 is secured, by means of a pin 
44, to an annular table 45 which is in a plane 
normal to and forms a part of shaft 3. The up 
per surface of table 45 acts as a support for the 
eye member 4. Connected to eye member 4 
is a tube 46 which is disposed within a cylindrical 
housing 47 having at one end, a collar 48 adapted 
to securely clamp the housing 47 to tube 46. A 
rod 49 is Supported at one end by a bearing 50 
and is adapted at its other end to slide within 
the housing 47 and the tube 46, The rod 49 is 
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4. 
constructed with a shoulder to prevent its exist 
through the right opening of the housing 7, 
which is smaller in diameter, and to act as a stop 
for one end of a spring 52 which is concentrically 
disposed between the housing 4 and the rod 49. 
Spring 52 exerts a compression force between the 
tube 46 and shoulder 5 tending to keep rod 49 
yieldably extended from the eye member 4. The 
right end of rod 49 is adapted to engage the arma 
ture 39 of a switch 53 having two contacts brought 
out through terminals (not shown). The hous 
ing of the switch 53 is mounted on a J-shaped 
bracket 54 by bolts 55. The bracket 54 is adapted 
to turn about a pivot 56 which is fixed with re 
spect to a Support (not shown). The member 
54 may be positioned to vary the gap between 
the right end of rod 49 and the armature 39 by 
means of cam member 57 which is disposed be- . 
tween the legs of the J member and in the same 
plane. Cam 57 is rigidly fixed and adapted to 
be rotated by a shaft 58 by means of a knob 37. 
The angular travel of shaft 58 from a neutral 
position is limited by a member 59 keyed to shaft 
58 and operating between two stops 60. A scale 
6 which remains stationary is calibrated to in 
dicate how many degrees shaft 3 may be displaced 
from a neutral position before armature 39 bridges 
the contacts of Switch 53. It will be seen there 
fore that the above-described arrangement makes 
it possible by merely adjusting knob 37 to variably 
Set the point at which circuit 23 will be closed with 
respect to any angular position of shaft 3. 
With the foregoing understanding of the ele 

ments and their organization, the operation of 
the complete system described in Fig. 1 will now 
be explained. Let us take an actual example 
wherein a ship has been following a straight 
course and it is now desired to effect a 90° change 
in heading but to place a 20 limit on the angle 
through which the rudder may be turned. 
Rudder limit knob 37 is first set to adjust the 

rudder limit Switch contacts 35 to a position 
whereby they will be bridged by armature 39 
when the helm has turned 20°. A director signal 
D is now produced at 3, by turning the knob 4, 
thus calling for servo operation to move the rud 
der to the right from its neutral position. 
The angular position of knob f4 corresponds 

at all times to the angular heading which the ship 
is to follow. In the present example, let us as 
Sume that the knob is set say at 90 degrees, and 
the ship has been traveling a straight course and 
is headed due east. Now, in order to change the 
course heading 90 degrees, say to south, the knob 
is turned to a position corresponding to 180 de 
grees (due south) and the system will then oper 
ate to effect turning of the ship until it heads 
South. As the turning of the ship progresses, the 
'departure between its actual instantaneous head 
ing and the desired heading, as set by knob 4, 
will continuously decrease so that there will be 
a continuing reduction in heading error. When 
the ship eventually reaches its on-course position, 
the heading error will have been reduced to zero 
land therefore the director signal D will again 
become zero. 
Servo operation per se is well understood. 

Briefly, Selsyn 3 produces a director signal D, 
which is transmitted to the amplifier 8 to drive 
two-phase motor in a direction depending upon 
the polarity of the director signal D which, in the 
instant case, is chosen such as to effect right 
helmi. Motor f will cause rotation of shaft 3 
and, in addition, will drive feedback linkage 2 
So as to reduce the voltage unbalance created by 
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the change in director signal D with respect to 
the follow-up signal F. Helm 34 will continue 
to turn until the initial signal demand is satisfied 
or until servo operation is otherwise interrupted. 
As the output shaft 3 rotates, cam 30 will be ro 
tated so that roller 29 will ride on can Surface 
32 and the back contacts of switch 26 will be 
closed thus insuring that the voltage from source 
6 to be supplied to anode 22 will be of the Sane 
polarity as the director signal D. At the instant 
that voltage y initiates servo operation, a voltage 
ac, also taken from resistor 9 will be transmitted 
to the limit amplifier 5 and applied to the grid 
8 of valve. 
As the shaft 3 rotates, eccentric can 40 is also 

rotated within the eye member 4 causing the 
armature 39 to descend into closing relationship 
with contacts 38. Closure will be effected when 
the rudder has turned 20° at which instant, the 
anode circuit 23 will become energized, valve 
will fire, armature 43 will open the back contacts 
of switch thereby interrupting the servo ampli 
fier signal to the motor and the front contacts 
of switch will be closed whereby winding 5 will 
be shunted across the Source of alternating volt 
age 6 in parallel with winding 4 thereby dynami 
cally braking the motor . 

It will be appreciated of course that braking 
may be accomplished in any known manner. For 
example, load torques act on the output shaft 3 
when in the limits contacts may be arranged in 
Switch to energize a friction or other type brake 
to insure positive braking. 
At the completion of a change in course, it is 

particularly desired to control the point at which 
the rudder leaves the limiting position in Order 
to shorten the time required to set on a new 
course. To avoid any possible loss of time and 
to obtain a tighter turning circle, the rudder is 
held in the limiting position until the turn is 
nearly completed before it relinquishes control. 
Then the arrangement is adapted to move the 
rudder quickly to neutral or beyond to check the 
turning movement of tine ship. Once the valve 
it has been energized, it can not be de-energized 
until a change in the signal D has caused the 
input to the limit amplifier 5 to be reduced to 
Zero. This signal will become Zero once the ship 
has completed its turn at which time the heading 
error will no longer exist. 
adjusted that valve will cease firing when the 
input to amplifier 5 is zero. When the valve 
ceases firing, Switch will become de-energized 
and armature 43 will drop to its normal position 
to close the back contacts thus connecting the 
director signal D of opposite phase polarity to 
winding 5 whereby the motor will be driven in 
the reverse direction out of the limits. 

It will be apparent that by decreasing the volt 
age fraction c of F, it is possible to cause the limit 
circuits to hold the motor in the braked position 
until D has decreased to Some value Smaller than 
that which drove the motor into the limiting posi 
tion. If ac is made zero, the motor f will be held 
until D is zero whereupon the motor will be driven 
rapidly back to its zero or neutral position. Thus 
a can have any value between 0 and y, though it 
should be restricted to a maximum value slightly 
less than gy to insure that the input to amplifier 
5 will be of the same polarity as D when the 
motor is driving the helm into a particular limit 
ing position. 
While I have shown a particular embodiment 

of my invention, it will be understood, of course, 

Bias Voltage 2 is so i 
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many modifications may be made, and I there 
fore contemplate by the appended claims to cover 
any such modifications as fall within the true 
spirit and scope of my invention. 
What claim is: 
1. An arrangement for variably limiting angu 

lar rotation of an output shaft comprising sig 
nal means, a Servo for rotating said shaft in 
either direction in response to a signal, elec 
tronic means having its input connected to said 
signaling means, said electronic means further 
either direction in response to a signal, elec 
tric valve having an anode circuit, switch means 
adjustable to energize the anode circuit at a pre 
determined limit of shaft rotation, and actuating 
means responsive to anode circuit energization 
for arresting rotation of said shaft. 

2. An arrangement for variably limiting angul 
lar rotation of an output shaft comprising direc 
tional Signaling means, a Servo for rotating said 
shaft in response to a signal, an amplifier hav 
ing its input connected to said signaling means 
and further comprising an output circuit, means 
responsive to shaft position for determining the 
polarity of the voltage applied to Said circuit, 
means adjustable to close the output circuit at a 
predetermined limit of shaft rotation, and means 
responsive to circuit closure for arresting rota 
tion of said shaft. Y 

3. An arrangement for variably limiting angul 
lar rotation of an output shaft comprising, di 
rectional signaling means, a servo for rotating 
Said shaft in respouse to a signal, an electric 
Valve fed from Said signaling means and further 
comprising an anode output circuit, a switch op 
erable to open and close said circuit in depend 
ence upon said shaft position, and a relay re 
Sponsive to circuit closure for arresting rota 
tion of Said shaft. 

4. An arrangement for variably limiting angu 
lar rotation of an output shaft comprising, direc 
tional signaling means, a servo for rotating said 
shaft in response to a signal, an electric valve 
fed from said signaling means and further com 
prising an anode output circuit, a cam integral 
With and adapted to move with said shaft, a link 
age adapted to ride on said cam, contact means 
adjustable to energize said circuit upon a pre 
determined travel of said linkage, and actuating 
means responsive to anode circuit energization 
for arresting rotation of said shaft. 

5. An arrangement for variably limiting angu 
lar rotation of an output shaft comprising, di 
rectional signaling means, a servo for rotating 
Said shaft in response to a signal comprising a 
reversible motor having two windings, an ampli 
fier having its input connected to said signaling 
means and Comprising an output circuit, a switch 
operable to open and close said circuit in de 
pendence upon said shaft position, a relay re 
Sponsive to circuit energization, and means ace 
tuated by said relay for opening one of said 
Windings. 

6. An arrangement for variably limiting angu 
lar rotation of an output shaft comprising, di 
rectional signaling means, a servo comprising a 
motor having two phase windings for rotating 
Said shaft in response to a signal, an amplifier 
having its input connected to said signal means 
and comprising an output circuit, connections 
for connecting a source of voltage to said circuit 
and a first phase winding, means adjustable to 
close Said circuit at a predetermined angle of 
shaft rotation, relay means responsive to ener 

that I do not wish to be limited thereto since 75 gization of said circuit, and switch means for 
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connecting the other phase winding in parallel 
with said first winding to effect dynamic brak 
ing of the motor. 

7. An arrangement for variably limiting angul 
lar rotation of an output shaft comprising, means 
for producing a polarized signal, a servo for ro 
tating said shaft in response to Said signal, an 
amplifier having its input connected to said sig 
naling means, an output circuit connected to said 
amplifier, a means adjustable to close said cir 
cuit at a predetermined angle of shaft rotation, 
means responsive to circuit closure for braking 
said shaft, said braking means being adapted to 
release said shaft only upon receipt of a signal 
having a polarity opposite to that effecting Said 
braking. 

8. An arrangement for variably limiting angul 
lar rotation of an output shaft comprising, means 
for receiving a signal of alternating polarity, a 
follow-up circuit for effecting shaft rotation in 
response to said received signal, means for inter 
rupting said follow-up circuit, a limit amplifier 
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responsive to said receiving Ineans further come 
prising an electric valve having an anode cir 
cuit, contact means movable to Open and close 
said anode circuit in dependence upon a prede 
termined limit of shaft rotation, a reversible 
switch for applying to said anode circuit, a volt 
age of a polarity dependent upon the direction 

25 

8 
of shaft rotation from a normal position, and a 
relay energized by anode circuit closure for op 
erating said interrupting means whereby rota 
tion of said shaft is arrested. 

9. An arrangement for variably limiting angu 
lar rotation of an output shaft comprising, means 
for generating an alternating signal of Selective 
polarity, a servo for rotating Said shaft in re 
sponse to a signal, an electric valve having its 
input connected to said generating means and 
further comprising, a cam integral with said 
shaft, a reversible switch operable by Said can 
to apply to said output circuit, a voltage of the 
polarity selected, a limit switch variable to close 
said output circuit upon reaching a predeter 
mined angular travel of said shaft, and solenoid 
means for braking said shaft upon closure of said 
output circuit. - 
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