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SELF-SYNCHRONOUS AUTOMATIC PILOT 
Frederick S. Hodgman, Glen Rock, N.J., assignor 
to Sperry Gyroscope Company, Inc., Brooklyn, 
N.Y., a corporation of New York 

Application October 22, 1931, Serial No. 571,475 
Claims. 

This invention relates to improvements in auto 
matic steering devices for ships wherein the course 
controller is automatically maintained self 
Synchronous with the gyro compass. In the 

5 present automatic steering devices the controller 
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is geared up to rotate many times for one rotation 
of the compass or ship in order to obtain ac 
curate control. In case, however, there is a ten 
porary circuit interruption between the controller 
and compass, or in case the controller is turned 
faster by hand than the ship can follow, syn 
chronism may be lost and may only be reestab 
lished by hand setting, if the ship's heading be 
comes displaced more than about 10° on either 
Side of the indicated course. According to my 
present systern, the controller is made Self 
Synchronous so that no matter in what relative 
positions the controller and compass are at the 
time the circuit is thrown in, automatic Syn 
chronization is established and the rudder brought 
to the proper position to steer the ship on the 
predetermined course. Viy self-synchronous Sys 
tem, of course, has broader application than to 
the steering of ships and is adapted for any Self 
Synchronous remote control system of a power 
motor. According to my invention, prefer to 
insert an auxiliary controller or controllers and 
a, Small Sensitive power notor oetween the corn 
pass coitolled repeater notors and the main 
steering motor. By this means a nuch quicker 
and sensitive control of the ship is obtained for 
the reasons Outlined in any prior application Serial 
No. 529,939 filed April 14, 1931 for Sensitive re. 
incte control system and automatic pilot. 

Referring to the drawings, 
Fig. i shows in diagrammatic form inny systern 

as applied to automatic steering for ships. 
Fig. 2 is an elementary wiring diagrar of the 

S36. 
Fig. 3 is a detailed plan view of the car in Switches 

used to operate the (main Steering Saoto'. 
Fig. 3-A is a side elevatics of the S3Ene. 
Fig. 4 is a section takes agp30::iiiately on line. 

6-3 of Fig. 3-A. 
:Fig. 5 is a vertical section through the prix2y 

differential $3d lost 20&id2 devices in the cogs. 
ircle. 

Fig. 3 is a vertical Section of the secondity 
differential. 

Fig. 7 is a detailed Sectic; oil the lost, 23.10tion 
device for introducing tie telegacios adjustment. 

Fig. 8 is 3 plain Viety of One of tie annular coil 
tastors use in the controller. 

Fig. 9 is a vertical section of the sane also 
showing the brushes or trolleys. 

(C. 172-282) 
Fig. i0 is a wiring diagram of a modified form 

of control for the steering motor. 
In Fig. 2 the sending instrument, in this case a, 

master compaSS, is represented at and as usual 
in Self-Synchronous remote control systems the 
compaSS is provided with a course transmitter 2 
connected at a 1 to 1 speed to the compass, and a 
fine transmitter 3 connected at multiple speed, 
Such as a 36 to 1 to the compass. The course 
transmitter drives the coarse repeater motor 4 
and the fine transmitter drives the fine repeater 
motor 5 at the controller. Each motor may be 
provided with a repeater card S and if desired 
(Fig. 1). The motors and transmitters are 
preferably of the alternating current Self 
Synchronous type (See Fig. 2) wherein the fields 
are continuously excited from an A. C. Source S 
and the arnatures are electrically connected. 

It is Well known that such notors are accurate 
Only When little or no load is placed thereon. 
Therefore, Inount the power notor control con 

tacts directly on the shaft of the motor. Also, 
instead of employing only a contactor on the fine 
2notor, I prefer one or each motor in order to 
Secure Self-synchronisin as hereinafter described. 
The course 2notor carries the trolley arm 8 and 
the fine Inotor the trolley arm 9, both arms being 
shown as having a trolley at each end. The fine 
controllier Rinay be of the usual for; in Which two 
trolleys bear respectively on upper ring and 
lower slip ring d, (Figs. 8 and 9), Said rings 
are shown in Fig. 2 as of different diameter for 
the sake of clearness. The upper ring is divided 
into two parts 8-0 by narrow strips of in 
SulaiiO2 and 2, lead-in brushi 2 bears on the slip 
ring to lead current into the trolleys. If, there 
fore, the trolleys 3 in Fig. 2 are turned clockwise 
Or if the contact, rings are turned counter-clock. 
Wise, the circuit will be cognpleted fron the tolleys 
to Segnent, G. Since no brush is in contact with 
the segment G' at the time, the circuit, will, there 
fire, he cornpleted through the brush G3 which 
actually bears or a slip ring (not shown) in Fig. 
2, and through one field winding fig on the double 
Wou'd field of the gower notor 5 2nd thence 
ack to he line through the arrature. The 

sctual construction of this contactor is quite 
signilar to course contactor 8-23-3E ShoWI is: 
detail in Figs. 82nd 9 and hereinafter described. 
If, or the other hand, Gine trolleys are rotated 
counter-clockwise, the circuit is coxapieted 
through the segment 3' to the other isld Windirag 
SS of the Yaotor, thus driving tie EI2Otoi" ii.). £ae 
Opposite disectio33. 
The Yotor 65 gay ae Rats of Stafficie: it size 
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2 
to turn the rudder directly or through an aux 
iliary steering engine, but I prefer to make the 
motor 5 very small so as to respond very quickly 
to the controller and to use said motor only to 
operate additional cam-operated contacts 40 
41-42, which in turn control the main steering 
motor 43, and to place a lost motion device be 
tween said motor and its controller as hereinafter 
described. 

Except for this feature the system so far de 
Scribed is quite similar to the Systems, at present 
in use; but without a connection from the coarse 
or Self-synchronous motor 4 the device would not 
be completely self-synchronous. I, therefore, also 
provide the controller 8 on motor 4 with means 
for causing the same to assume control of motor 
5 when the ship is off course more than the angle 

of self-synchronism of controller 9, which, with 
a 36:1 ratio, would be about 5. In order to effect 
this purpose, the lead-in current to the trolley 9 
is led first to the trolley arm 8 and from thence, 
in order to reach the trolley 9, current must pass 
from the lower trolley 8' through the short con 
tact segment 25 and thence through the annular 
external slip ring 26 connected to segment 25 
and thence through the brush 27 to the trolley 
arm 9 (for actual construction see Figs, 8 and 9). 
It will be seen, however, that if the trolley 8 
is rotated either to the right or left through an 
angle greater than the width of the segment 25, 
the current to the trolley 9 will be interrupted 
and the fine controller rendered inoperative. Un 
der these conditions, however, the upper trolley 
8 is moved off the insulated sector 3 which is 
of about the same angular width as 25, bringing 
8' into contact with one of the live segments 29 
or 30 which are connected through the slip rings 
29' and 30' (Fig. 9) and brushes 2' and 3' 
to said field windings 4 and 6 respectively. 
Therefore, when the ship is of its course by an 
angle sufficient to move the trolley 8' off the 
insulated segment 3 and the trolley 8' off the 
corresponding live segment 25, the coarse con 
troller operates the motor to bring the ship 
around to within the predetermined degree of 
Synchronism, i. e., within the limits of self-syn 
chronism of the fine controller. At this point, 
however, the coarse controller becomes inop 
erative by engagement of the trolley 8' with the 
dead section 3 and the fine controller becomes 
operative so that the fine controller alone will 
bring the ship on to exactly the right course. 
There is, of course, provided a follow-back con 

nection between the motor 5 and the controller 
contacts. The gear connections are diagram 
natically shown in Fig. 1. Motor 5 is shown 
as connected to double reduction gearing 50 to a 
shaft 5 on which is mounted a gear 58 turning 
a gear 59 on shaft 60. In this shaft is interposed 
a lost notion device 6 for the purpose, among 
others, of eliminating the yaw of the ship. This 
device is shown as consisting of a sleeve 62 (see 
Fig. 7) having a pair of triangular slots 63 and 
64 therein. The shaft 60 has a pin 65 thereon 
engaging slot 64, while a complementary shaft 
66 has a pin 67 engaging slot 63. Sleeve 62, there 
fore, furnishes a loose adjustable lost motion 
connection between the shafts 60 and 66, the 
amount of lost motion being varied by adjusting 
the sleeve longitudinally on the Shafts. This ad 
justment, as shown, is effected from a pinion 68, 
the teeth of which mesh with annular rack teeth 
69 on the exterior of the sleeve, the pinion being 
adjustable from a knob TO in accordance with 
the readings of cooperating pointer and Scale T. 

2,015,188 
The shaft 66 is shown as driving a cross shaft T2 
through spiral gearing 73. Said cross shaft is 
shown as geared through one-to-One Spiral gear 
ing 74 to turn the contact rings O of the fine 
transmitter. The shaft T2 at its other end drives 
corresponding contact rings 26-29 of the coarse 
transmitter through suitable reduction worm 
gearing 75. 
Shaft 5? also drives one arm 52 of a differential 

gear train 53. The central or planetary arm of 10 
said train is shown as revolved from a worm 54 
turning a wormwheel 55 thereon. Said worm in 
turn is adjusted from the handwheel 56 by which 
course changes of corrections are introduced in 
the usual manner. - 5 
As above indicated I prefer to make the motor 
5 very light so as to quickly respond to the 

controller on the repeater motors to actuate the 
main contacts for the main motor 43. The lost 
motion device above described cooperates to this 20 
end by causing motor 5 to turn through a large 
initial angle whenever it is first started, thus 
always closing the contacts on the main con 
troller for a very Small deviation of the ship (on 
the order of 5 minutes or less). For this pur 
pose the third arm 57 of the differential drives 
one arm 76 of the second differential 77 through 
gears 90, 90'. The second arm 79 is driven from 
a follow-back repeater motor T8 actuated from 
a transmitter 80 connected with the motor 43 to 30 
furnish a follow-back connection from motor 43 
to the main controller. A hand Synchronizing 
knob 78' may be employed if the motor is not of 
the self-synchronous type. As shown, the repeat 
er motor T8 is connected through gearing 8i to a 35 
worm 82 driving a wormwheel 83 forming a plan 
etary arm of the gear train. The third arm of 
said train rotates a shaft 84 which rotates 
through suitable gearing 85 a plurality of cams 
86-87-88 which operate the switches to control 40 
the motor. As shown, the cam 86 has a one-to 
one connection to the shaft 84 while the other 
two cams are driven through a step-down gear 
ing 89-90-91 so as to be rotated, say, at 1 to 18 
speed. Cam 86, therefore, controls the fine Con- 45 
tacts 40-40' (Fig. 2) while the other two cams 
control the coarse contacts 4, 42 and 42'. These 
contacts and motor 43 are preferably placed On 
the ship's main D. C. power circuit represented 
at P, while the motor 5 may be actuated from 50 
the lighter single phase circuit used to operate 
the repeater system of the compaSS and Con 
troller. 
The fast and slow cam contacts may control the 

motor synchronously in a manner similar to the 55 
commutator contacts above described. Thus nor 
mally the fast contacts 40 and 40' are in control 
of the motor, the circuit to the same being closed 
by the switch 4?, the roller of said switch resting 
on the raised portion 87 of the cam 87. In case, 60 
however, synchronism is lost, the roller of contact 
4 will ride down on the lower portion of the cam 
87 thus breaking the circuit to the contacts 40 
40'. At the same time one of contacts 42-42 
will be made to operate the motor from the slow 65 
or self-synchronous cam 88. In this case the 

5 

25 

motor is shown as having a double wound ar 
mature with two commutators 43'-43' instead 
of a double wound field as in motor 5, although 
it is obvious that either form of winding may be 70 
employed in either case. The field 9’ is shown 
as excited directly from the line. 92 and 93 are 
limit switches designed to be open when the rud 
der R. approaches the limit of its movement in 
either direction. The rudder is shown diagram- 75 
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2,015, 183 
matically as turned from a rack bar 00 which is 
reciprocated by the rotation of pinion of on 
shaft 02. There is also shown an electro-mag 
netic clutch. 94 between shaft O2 and the shaft 
03 of motor 43. Said clutch remains closed only 

while the electric circuit to the servo motor is 
closed but which is disengaged when this circuit 
is broken, thus freeing the rudder from the load 
of the motor 43 when it is desired to steer by 
hand. - 

In Fig. 1 motor 43 is shown as driving the 
rudder R through the usual telemotor, system, the 
motor being coupled to the main steering wheel 
95 through gear box 96", sprocket and chain 96, 
and clutch 96, the handwheel operating the 
rudder through the telemotor or straight hy 
draulic servo-motor system represented generally 
at 9 and 98. 

Fig. 10 shows a simplified wiring diagram of the 
control of the power motor 43 only. In this case 
the cam driven contacts 40, 40, 4, 42, 42 reverse 
the motor through auxiliary relay contacts 99, 
99', f(0', 08' operated from windings Ol' 
and 92 in circuit with can contacts. In this 
case the motor is reversed by reversing the cur 
rent through the armature while leaving the cur 
rent through the shunt field 3' and series field 
4 unchanged. Dynamic breaking may be pro 

Vided, if desired, by contacts 65, 5’, resistance 
i07 and coil (6 operating switch 06’. 

I also prefer to provide at the controller an 
indication of the rudder movements as well as of 
the ship movements so that the pilot may observe 
promptly whether the helm has noved in re 
Sponse to the controller and also whether the 
ship is following the helm properly. For this 
purpose have shown an upper dial 3 which 
aay be the shape of the ship's hull and is driver 

from shaft de 9 of gear 6, the movements of this 
shaft representing the differential of the compass 
Roverents and the handwheel 36 so that the disi 
83 constitutes a course, change indicator when 
read on the Stationary index G. Beneath the 
indicator 38 is a rotary dial having inde: G 2 
thereon representing the position of the rudder. 
This dial is shown as rotated from a worn 8 G3 
On Shaft, 8 (3 driven in turn frogs: a gear spiral 
SS on differential 79. Indicator G 2, therefore, 
shows the rudder position being 2.ctuated frogs. 
the rudder follow-up notor 3. 
According to Ky present, invention, effect 

the adjusts (22)t in GWh in tins art, as the Weather 
adjustinent in a different, Yaanner than inereto. 
fore accoraplished. This a diastineni, is for the 
purpose of varying the Sensitivity of coitro so 
that in cala weater very accurate steering may 
be obtained While in "ough Weather over-work 
ing of the SteeriSig eigixie Yay be avoiced by 
lessening the sensitivity of the device. Accordi 
ing to say present invention effect his purpose 
by varying the norinai speed of the notor 5 in 
stead of varying the play in a lost notion connec 
tion between the co?p2.SS and controllier as ere. 
tofore generally done. This has the advantage 
that the sensitivity of the coitol is no sacrifices: 
because a deviation of Šine ship frox: its course 
which persists iorage i8, the solinai period of 
Weather yaw will always cause a sudder "esponse. 
sais rotor, although Ogerated fro22 a siggle 
phase A. C. i2he finay be of 2, coE.E.E.232 OR 
WOUind type. prefer to provide the speed core 
trol by placing a resistarice 26 2.cross tra (giin 
iniatator and talking off taps herefox g or E. 
rheostat contacis F, it 8.22d 8. A riches:36, 3E 
it, is connected to 32 side of Ege A. (; 23:23. 

3 
When the weather is bad and a non-sensitive 
control is desired the rheostat R is placed On 
the slow speed contact S. In this position, al 
though the counter E. M. F. in the motor is 
small at slow speed, the major portion of the 
resistance 20 is in series therewith and the short 
end of the resistance in parallel therewith SO 
that the armature current is greatly reduced. 
At the same time the strength of the field is in 
creased on account of the low resistance in Series 
therewith so that ample torque is retained. If 
a greater motor speed is desired, the arm R is 
placed on the contact M and if the most sensitive 

0. 

control is desired for fair weather steering, it is 
placed on contact F. In the latter position it 
will be seen that that portion of the resistance 
in series with the armature is reduced to a mini 
mum, while that portion in shunt With the arma 
ture is increased to a maximum. The use of the 
shunt resistance also serves to steady the motor 
when operated on alternating current and im 
prove the starting torque, especially at low speed. 

In accordance with the provisions of the pat 
ent statutes, I have herein described the principle 
and operation of my invention, together with the 
apparatus which I now consider to represent 
the best embodiment thereof, but I desire to have 
it understood that the apparatus shown is only 
illustrative and that the invention can be carried 
out by other means. Also, while it is designed 
to use the various features and elements in the 
combination and relations described, some of 
these may be altered and others omitted without 
interfering with the more general results out 
lined, and the invention extends to Such use. 
Having described my invention, what I claim 

and desire to secure by Letters Patent is: 
. In a self-synchronous receiver, the combi 

nation with a repeating device, of coarse and fine 
repeater notors, the former of which is adapted 4 
to be driven from a coarse transmitter having 
2, one-to-one drive with the sending instrument 
and the latter to be driven from a fine trans 
initter having 2, multiple drive from said instruk 
negat, a power notor for driving said device, a 4. 
pair of can surfaces and cooperating contacts 
differentially rotated from said 'epeater Yotors 
and power motor at a one to one ratic, nor?zlally 
open circuit, aneans for driving s2.id power motor 
in one direction or the other as one or another 
of S2 is contacts is closed by. OShe of S2id cairns, 
a third can surface and cooperating contacts dif 
£erentially rotated from said 'epeater Sloto's 
and gover notor at a "nultiple '&ti), 3, circuit 
foetween said last-named contacts &Y.d. tile coil 
tact on the second of the irst Sentioned ca: as 
whereby said contacts are rendered ineperative 
tries tie receiver is out of Sy: chronis: 2 20te 
than 2, predetermined angle, and a circuit, othex" 
Wise normally completed for normally driving 
said gover notor in aither directio; as Orie or 
the other of said contacts is closed. 

2. In 2, self-synchronous power Fleans for 
turning a kheavy object, a, reversible power motor, 
a fair contact device comprising & C2in arid a, 
pair of seversing contacts operated thereby for 
oriaaily operating said notor, a.3) auxiliary CCIl 

tact device driven at a fractional speed of Said 
gain device and at 3, one to one ratio with 8&id 
ofoject, coys prising a, pair of cas: S3'faces, 2, CC22- . 
{Sct, on one surface for breaking tile circuit to 
Said air cit contacts when the 3.gie betWeeri said 
surface 3rd contact exceeds a, predeterania.ed 
trajue, 2.3ad a pair of reversing contacts O2 tae 
ceae. Sixiace aciated to assuze control of S2.i.d. 
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4. 
motor as said circuit is broken, and follow-back 
connections from said motor to said cams and 
contacts. 

3. In an automatic steering device, the combi 
nation with the controller and steering motor, of 
a follow-back connection between said motor and 
controller including a driving shaft, a driven 
shaft, and an adjustable lost motion connection 
between the same comprising a sleeve for con 
necting the ends of said shafts, said sleeve and 
shafts having cooperating pins and triangularly 
shaped slots for said pins, and means for ad 
justing said sleeve longitudinally along said shafts 
to vary the amount of lost motion. 

4. In an automatic steering device, the com 
bination with the controller and steering motor, 
of a follow-back connection between said motor 
and controller including a driving shaft, a driven 
shaft, and an adjustable lost motion connection 
between the same comprising a sleeve for con 
necting the ends of said shafts, a pin on each of 
said shafts taking in a triangularly-shaped slot 
in said sleeve, and means for adjusting said sleeve 
longitudinally along said shafts to vary the 
amount of lost motion. 

5. In an automatic steering device, a master 
compass actuated controller, a relay motor ex 

2,015,188 
cited therefrom, relay contacts actuated by said 
motor, a main steering motor actuated from Said 
contacts, and a weather adjustment for varying 
at will the speed at which said relay motor is ac 
tuated from said controller. 

6. In an automatic steering device, a master 
compass controller, a relay motor excited there 
from, relay contacts actuated by said motor, a 
main steering motor actuated from said contacts, 
and means for varying at will the speed at which. 
said relay motor is actuated from said controller 
as a weather adjustment including a resistance 
shunted across the armature but not the Series 
field thereof, and means for tapping one side of 
the line into variable points therein to vary the 
proportion thereof in series with and in shunt 
with said armature, 

7. In an automatic steering device, a master 
compass actuated controller, a relay motor ex 
cited therefron, a follow-back connection from 
said motor to said controller including a lost no 
tion device, relay contacts actuated by Said motor, 
a main steering motor actuated from said con 
tacts, and a weather adjustment for varying at 
will the speed at which said relay motor is actu 
ated from said controller. 

FREDER(CK S. HOOGMAN. 
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