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3,220,356 
MODEL TRAIN CONTROL SYSTEM 

Donald J. Leslie, 267 S. Fair Oaks Ave., Pasadena, Calif. 
Filed Dec. 3, 1962, Ser. No. 242,579 

16 Claims. (Cl. 104-151) 

This application is a continuation-in-part of my prior 
application Serial No. 145,349, ?led October 16, 1961, 
now abandoned, and entitled “Model Train Control Sys 
tem.” This invention relates to a control system for a 
plurality of model or toy trains operating on the same 
track, and particularly to a system wherein each train 
may be separately controlled as to direction as well as 
speed. 

Patents to Ozanne and Mostek, No. 1,778,465 and 
2,754,432 suggest use of (+) and (—~) halves of alter 
nating current excitation for use in providing separately 
adjusted power for two trains operating on the same track. 
Thus each half of the AC. supply is recti?ed and sepa 
rately controlled. The respective trains are provided 
with recti?ers so that they respond only to the respective 
halves of the A.C. supply. An object of this invention 
is to make it possible to reverse the trains individually 
as well as to control their speed. Use is made of a relay 
for switching the ?eld connections or ?eld windings, the 
relay sensing a critical change in the excitation appro 
priately to provide the requisite connections. 
Another object of this invention is to provide a system 

of this character that utilizes simple circuit design to 
accomplish effective non-chatter operation of the revers 
ing relays. 
Another object of this invention is to provide improved 

power supply systems for use in separately controlling 
opposite phases of an alternating current waveform. 

This invention possesses many other advantages, and 
has other objects which may be made more clearly ap— 
parent from a consideration of several embodiments of 
the invention. For this purpose, there are shown a few 
forms in the drawings accompanying and forming part 
of the present speci?cation. These forms will now be 
described in detail, illustrating the general principles of 
the invention; but it is to be understood that this detailed 
description is not to be taken in a limiting sense, since the 
scope of the invention is best de?ned by the appended 
claims. 

Referring to the drawings: 
FIGURE 1 is a diagrammatic view of a control system 

incorporating the ‘present invention; 
FIG. 2 is a diagrammatic view of a modi?ed control 

system incorporating the present invention; 
FIGS. 3, 4 and 5 are diagrammatic views illustrating 

modi?ed excitation control systems for use in the forms 
of FIG. 1 or FIG 2; 
FIG. 6 is a diagrammatic view of a typical relay for 

use in the present control system; and 
FIG. 7 is a diagrammatic view of a system similar to 

FIG. 1 but showing the incorporation of means for pre 
venting relay chatter. 

In FIG. 1 there is diagrammatically illustrated at 10 
and 11 power plants of two toy or model locomotives. 
The power plant 10 comprises a direct current motor, 

having an armature 12 and a series ?eld winding 13. The 
?eld winding 13 has a center tap 14 connected to one of 
the armature terminals 15, as by the aid of a lead 16. 
The motor is adapted to be excited by one phase of 

an alternating current supply applied between rails 17 
and 18 of the track system. A brush or pick-up wheel 19 
forming a part of the toy or model locomotive thus es 
tablishes an electrical connection to one of the rails 17. 
The pick-up wheel 19 is connected to the other armature 
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terminal 20 via a unidirectionally conductive device or 
rectifying diode 21. v , 

A switch arm 22 connects one of the two end terminals 
23 or 24 of the ?eld winding 13 to a second brush or 
wheel pick-up 25 cooperating with the other track rail 18. 

Either one part or the other of the motor ?eld winding 
13 is operative, depending upon which terminal 23 or 24 
is operative. The winding parts are so polarized that the 
direction of motor torque reverses in accordance with the 
operation of the contacts 23 or 24. 
The power plant for locomotive 11 is identical except 

that the recti?er 21’ is oppositely arranged wherebythe 
power plant responds to the opposite phase of the alter 
nating current excitation applied to rails 17 and 18. 
The excitation for the rails is provided by a step down 

transformer 26, the primary winding 27 of which is co 
operable with a commercial power source. The sec 
ondary winding 28 is designed to deliver a voltage con 
sistent with the rating of the motor structures for the 
locomotives. 
One terminal of secondary winding is grounded at 29 

as is the rail 18. The other terminal of secondary wind 
ing 28 is connected to the rail 17, thus connected in paral 
lel to the secondary winding 28 are two potentiometer 
resistors 31 and 32. Sliders 33 and 34 cooperable with 
the resistors 31 and 32 connect respectively to two op 
positely polarized unidirectionally conductive devices or 
rectifying diodes 35 and 36. The diodes 35 and 36 are 
joined at a terminal 37. The terminal 37 connects to the 
rail 17 via two normally closed switches 38 and 39 of a 
reversing circuit to be hereinafter described. 
When the sliders 33 and 34 are at corresponding pot-v 

sition-s along their respective resistors 31 and 32, the po 
sitive and negative half cycles of the voltage applied to 
the rail 17 are equal in amplitude. However, the sliders 
33 and 34 are separately adjustable and, accordingly, the 
positive half cycle of the supply may be of quite dif 
ferent amplitude from the negative half cycle of the sup 
ply. Since the locomotive power plants 10 and 11 re 
spectively sense the positive and negative half cycles of 
the supply, the average voltage applied to the motors is 
determined and the speeds are accordingly separately 
controlled. 

In order to move the switch arm 22, a latching relay’ 
structure 40 is provided, of which the switch arm 22 
forms a part. The latching relay requires for its opera 
tion a current substantially greater than normally pro 
vided by the power supply. Hence, the relay is normally 
inactive. The manner in which extra current for operat 
ing the relay is provided will be hereinafter described. 
While any relay of the latching type may be used, the‘ 

latching relay 40 disclosed herein by way of example in 
FIG. 6 incorporates an operating push rod 41 movable 
upwardly along a path or axis a in response to a pulse of 
current applied to the relay coil 42. A retracting spring 
43 pulls the push rod 41 downwardly. 
The push rod 41 is pivotally connected to the lower 

end of a rocker 44 as by the aid of a pin 45. The rocker 
44 has a lower end that engages centering bars 46 on 
opposite sides of axis a under‘the in?uence of retracting’ 
spring 43. The centering bars cause the rocker to be 
aligned with the push rod 41. 
As the rocker 44 moves upwardly along line a, its up 

per end engages one of two contiguous symmetrical 
recesses 47 or 48 formed on the surface of the switch 
arm 22 that is Opposed to the rocker 44. The switch arm 
22 is pivoted on a pin 49 spaced symmetrically above the 
recesses 47 and 48 and on the line of movement a. When 
the arm is in one asymmetrical angular position, the 
recess 47 intersects the line a. Thus, as the rocker 44 
advances, it enters recess 47 and moves the arm 22 to 
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the phantom-line position, the rocker pivoting about its 
pin 45 in the process. When the rocker retracts, it passes 
easily along the recess 47 without shifting the arm. In 
the phantom-line position, the opposite recess 48 is now 
over center, and it will be engaged on the next advance 
ment of the rocker 44. Accordingly, the arm 22 is moved 
alternately on succeeding pulses applied to relay coil 42. 

In order to operate the latching relay 40 and provide 
an adequate pulse to its coil 42, a reversing circuit is inter 
posed between the rail 17 and the power supply. The 
reversing circuit includes a capacitor 51 that normally 
stores a charge derived from a charging battery 52. The 
charge stored by the capacitor 51 is adequate to operate 
the coil 42 of the latching relay. In place of the battery 
52 and capacitor 51, a small power supply could be sub 
stituted, comprising, for example, a diode in series with 
an A.C. source. 
One terminal 53 of capacitor 51 connects to one of 

two arms 54 of the switch 38 by the aid of which the 
capacitor receives its charge from the battery or passes 
its charge to the rail 17. The other terminal of the ca 
pacitor is grounded. The switch arm 54 normally en 
gages contact 55 that connects with the positive terminal 
of the battery 52, but is movable to engage instead a 
contact 56 connected by a lead 57 to the output terminal 
58 of the reversing circuit and thence to rail 17. In 
order to move the switch arm 54, the switch 38 has an 
operating button 59 that is normally returned by a spring 
60 to a position in which the battery contact 55 is en 
gaged by the arm 54. 
The switch 38 also operates to disconnect the power 

supply when the capacitor 51 is applied to the rail 17. 
For this purpose, use is made of the second arm 61 of 
the switch 38. This arm 61 is connected to power sup 
ply terminal 37 and normally engages a contact 62 that, 
in dependence upon switch 39, connects to output ter 
minal 58. Thus, contact 62 of switch 38 connects to 
a contact 63 normally engaged by an arm 64 of switch 
39. The arm 64 is connected to the output terminal 58 
of the reversing circuit and to the rail 17 . 
The positive pulse provided by capacitor 51 on de 

pression of button 59 ?nds its way via diode 21 to latch 
ing relay coil 42 to reverse the locomotive 10. The pulse 
is blocked by diode 21’ and hence only the ?rst loco 
motive is reversed. 

In order to operate the reversing relay 40', a second 
condenser 51' is provided. This condenser has a terminal 
53' normally connected to the negative terminal of a 
battery 52’ via the second arm 54' and contact 55’ of 
switch 39. On depression of button 59', the arm 54' en 
gages contact 56' and a negative pulse is applied to latch 
ing relay 40'. 
By virtue of the system just described, the direction of 

movement and the speed of the toy or model locomotives 
operating on the same track are therefore separately 
controlled. 

In the form illustrated in FIG. 2, a reversing relay 70 
is arranged to be operated by a spring 71 when current 
in the reversing relay coil of 72 drops below a critical 
value. In this instance, a simpler power supply is pro 
vided for achieving this control. 
Two potentiometers 31 and 32 have corresponding 

terminals connected to one side of a secondary winding 
28 remote from the ground connection 29, and the back 
to back rectifying diodes 35 and 36 are provided as be 
fore that connect to output terminal 37 and rail 17. A 
current adequate to hold the coil 72 operative, but inade 
quate to operate the motor, is provided by a holding cir— 
cuit including the resistor 73 and a normally closed switch 
74, together paralleling the potentiometer resistor 31 and 
its slider 33. Thus, if the slider 33 is moved to stop or 
open circuit position, the current on the positive half of 
the A.C. cycle nevertheless passes to the rail 17 via the 
holding circuit. This current is adequate to overpower 
the spring 71. However, by opening the switch 74, when 
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the slider 33 is at a stopped position, the holding current 
for the latching relay 72 is interrupted, and the spring 71 
reverses the motor ?eld. 
A similar holding circuit is provided for the opposite 

or negative half cycle of the supply for use in controlling 
the latching relay 70 for the other locomotive. Thus, the 
holding circuit includes the holding resistance 73’ and the 
normally closed switch 74', together paralleling the po 
tentiometer resistor 32 and its slider 34. 

In order to improve voltage regulation under varied 
load conditions, the arrangement of FIG. 3 may be pro 
vided. In this example, two batteries 81 and 82 are 
provided in place of power transformer 26. The batteries 
have a plurality of series connected cells and voltage taps 
therebetween, whereby sliders or selector switch arms 83 
and 84 may be moved to different voltage positions. 
The taps 83 and 84 connect with opposite contacts 85 

and 86 of a chopper structure. Thus, an arm 87, vi 
brated by an A.C. coil 88, alternately engages the con 
tact 85 and 86 to provide an alternating current, the posi 
tive and negative halves of which are separately controlled 
by taps 83 and 84. 
The chopper connects with a reversing circuit 89, 

which in turn connects to the track rails. 
In FIG. 4, still another power supply system provides 

improved regulation. In the present instance, unidirec 
tionally conductive devices 91 and 92 in the form of con 
trolled recti?ers are utilized. 
The recti?er 91 has a cathode 93 connected to a slider 

94 that cooperates with a secondary Winding 95 of a power 
transformer 96. The controlled recti?er 92 has its anode 
97 connected by a lead 98 to a slider 99 cooperable with 
a secondary winding 100 of a second power transformer 
101. The controlled recti?ers 91 and 92 thus provide 
conduction for the positive and negative halves of the 
A.C. wave, and the taps 94 and 99 separately control 
amplitude. 
The anode 102 of the recti?er 91 and the cathode 103 

of the recti?er 92 are connected together as at 104 to 
form a common output terminal for the power supply as 
in the previous forms. 
The low internal impedance of the transformers 96 and 

101 ensures good voltage regulation for the locomotives 
connected to the track rails 17 and 18. 

In order to prevent a short circuit between the trans 
former secondary windings 94 and 99 via devices 91 and 
92, the gates 105 and 106 of the recti?ers are controlled 
by circuits 107 and 108. These circuits limit conduction 
to the corresponding half cycles. The control circuits 
may be of any suitable design deriving excitation from the 
transformer secondary windings. 
A reversing circuit is interposed between the output 

terminal 94 and track rails to provide separate direction 
control. 

In the form illustrated in FIG. 5, controlled recti?ers 
111 and 112 are connected in back-to-back relationship. 
Thus, the anode 113 of the recti?er 111 and the cathode 
114 of the recti?er 112 are connected to the common 
terminal 115, which by lead 116 connects one terminal 
117 of the transformer secondary winding 118. The other 
terminal of the winding 118 is grounded, as at 119. The 
cathode 120 of the device and the anode 121 of the recti 
?er 112 are connected together at a common output ter 
minal122. 

Cooperable with gate 123 and 124 of the respective 
recti?ers 111 and 112 are control circuits 125 and 126 
used to control the ratio of on-time to oif-time whereby 
energy applied during opposite halves of the A.C. wave 
form. 

In the form illustrated in FIG. 7, locomotives 210 and 
211 are illustrated that each cooperate with track con 
ductors 212 and 213. A power supply 214 and revers 
ing circuits shown in block diagram may be the same as 
illustrated for the form shown in FIG. 1. 
The locomotive 210 has a reversible motor 21.5, a 
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rectifying diode 216, a coil 217 of a reversing relay 218, 
all similar to the arrangement of FIG. 1. However, 
serially associated with the relay coil is a device 219 
having the characteristic that it conducts only on the ap 
plication of a critical voltage. This critical voltage by 
design exceeds any voltage applied to the coil 217 during 
normal running conditions, but is less than the voltage 
that can be applied to the coil 217 by the reversing cir 
cuits, and via diode 216. Accordingly, until a pulse is 
applied for operating the relay coil 217, no current is 
permitted to pass to it, and chattering is avoided. This is 
especially important since the locomotive may be subject 
to vibrations and the like that might, coupled with chat 
tering of the relay, produce spurious operation. 
The device 219 may be a four layer Shockley diode, a 

Zener diode, or any other device, not necessarily uni 
directionally conductive, having the desired critical volt 
age characteristic. 
A similar device 220 is provided for the companion 

locomotive 211, and since the device 220 is unidirection~ 
ally conductive, its polarity is reversed to conform to the 
desired direction of current ?ow. 
The inventor claims: 
1. In a control system for a pair of vehicles both de 

riving energy from a common pair of conductors: a 
pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of an 
alternating current source applied to said conductors; 
said power units each including a motor; each power unit 
including a relay operative to reverse the motor connec 
tions and in response to a polarized signal transmitted 
via the corresponding unidirectionally conductive element; 
and means for separately supplying signals to said con 
ductors of opposite polarities respectively to operate the 
corresponding reversing relay. 

2. In a control system for a pair of vehicles both de 
riving energy from a common pair of conductors: a 
pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of 
an alternating current source applied to said conductors; 
said power units each including a motor; each power 
unit including a relay operative to reverse the motor 
connections and dependent upon the corresponding uni 
directionally conductive element, each relay being oper 
ative in response to a current pulse; means for applying 
current pulses of opposite polarities to the said con 
ductors for separately reversing said motor. 

3. In a control system for a pair of vehicles both 
deriving energy from a common pair of conductors: 
a pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of an 
alternating current source applied to said conductors; 
said power units each including a motor; each power unit 
including a relay operative to reverse the motor connec 
tions and dependent upon the corresponding unidirec 
tionally conductive element, each relay being operative 
in response to an interruption of current; means normal 
ly maintaining holding currents of both polarities for the 
respective. relays; and means for selectively interrupting 
the said holding currents for separately reversing said 
motors. 

4. In a control system for a pair of vehicles both 
deriving energy from a common pair of conductors: 
a pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of 
an alternating current source applied to said conductors; 
said power units each including a motor; each power 
unit including a relay operative to reverse the motor 
connections and dependent upon the corresponding uni 
directionally conductive element, each relay being oper 
ative inresponse to a_ current pulse; a pair of capacitors; 
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6 
switch means for each capacitor and movable to ?rst 
positions for applying the charge thereof across said con 
ductors, and movable to second positions in which said 
capacitors are isolated from said conductors; and means 
operative upon movement of said switches to said second 
positions for oppositely charging said capacitors. 

5. The combination as set forth in claim 4, together 
with means providing an alternating current the opposite 
phases of which are separately controlled; and means 
applying said alternating current to said conductors and 
dependent upon both said switches being in their said 
?rst positions. ‘ 

6. In a control system for a pair of vehicles both de 
riving energy from a common pair of conductors: a pair 
of power units for the vehicles having oppositely polar 
ized unidirectionally conductive elements whereby the 
units derive excitation from opposite half cycles of an 
alternating current source applied to said conductors; said 
power units each including a motor; each power unit in 
cluding a relay operative to reverse the motor connections 
and dependent upon the corresponding unidirectionally 
conductive element, each relay being operative in re 
sponse to an interruption of current; ?rst means includ 
ing a unidirectionally conductive device and a variable 
impedance for passing current in one direction to said 
conductors; second means including a unidirectionally 
conductive device and a variable impedance for passing 
current in the other direction to said conductors; circuit 
means parallelling one of said variable impedances to 
maintain a minimum average current in one direction; 
circuit means paralleling the other of said variable im 
pedances to maintain a minimum average current in the 
other direction; each of said circuit means including a 
make-and-break switch for separately reversing said 
motors. 

7. In a control system for a pair of vehicles both 
deriving energy from a common pair of conductors: a 
pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of an 
alternating current source applied to said conductors; 
said power units each including a motor; each of said 
motors having a pair of ?eld windings respectively oper 
able to turn the corresponding motor in opposite direc 
tions; each power unit including a relay dependent upon 
the corresponding unidirectionally conductive element and 
of the type that moves to contact stations successively 
upon the application of successive pulses; circuit means, 
completed by each relay for alternately connecting the 
corresponding ?eld windings; and means for separately 
applying pulses of opposite polarities respectively to oper 
ate the corresponding relays. 

8. In a control system for a pair of toy or model 
locomotives: a track system including a pair of con 
ductors; a ?rst locomotive power unit having pickup 
means cooperable with the conductors to derive energy 
therefrom; a motor for each power unit; circuit means in 
cluding a unidirectionally conductive element for each 
motor connecting the motor across the pickup means 
for deriving energy from said conductors, the unidirec 
tionally conductive means for the respective motors be 
ing oppositely polarized; a pair of batteries having ter 
minals of opposite polarities connected to one of said 
conductors, each battery having a series of taps between 
cells thereof whereby voltages of various values can be 
derived therefrom; a movable arm for each battery; 
and chopper means for alternately connecting the arms 
to the other of said conductors. 

9. In a control system for a pair of toy or model loco 
motives: a track system including a pair of conductors; 
a ?rst locomotive power unit having pickup means co 
operable with the conductors to derive energy there 
from; a motor for each power unit; circuit means includ 
ing a unidirectionally conductive element for each motor 
connecting the motor across the pickup means for de 
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riving energy from said conductors, the unidirectionally 
conductive means for the respective motors being op 
positely polarized; a pair of batteries having terminals 
of opposite polarities connected to one of said conduc 
tors, each battery having a series of taps between cells 
thereof whereby voltages of various values can be derived 
therefrom; a movable arm for each battery; chopper 
means for alternately connecting the arms to the other 
of said conductors; each power unit further including a 
relay dependent upon the corresponding unidirectionally 
conductive element and of the type that moves to con 
tact stations successively upon the application of suc 
cessive pulses of magnitude larger than provided by any 
tap of said batteries; circuit means completed by each 
relay for reversing the corresponding motor; and means 
interposed between the chopper means and the said other 
conductor for selectively applying pulses of opposite polar 
ities to said other conductor to reverse the corresponding 
motors. 

16. In a control system for a pair of toy or model 
locomotives: a track system including a pair of conduc 
tors; a ?rst locomotive power unit having pickup means 
cooperable with the conductors to derive energy there 
from; a motor for each power unit; circuit means includ 
ing a unidirectionally conductive element for each motor 
connecting the motor across the pickup means for deriv 
ing energy from said conductors, the unidirectionally 
conductive means for the respective motors being op 
positely polarized; a pair of transformer windings excited 
from a common source; each winding having sliders 
operable to derive voltages of various values therefrom; 
corresponding terminals of said windings being connected 
to one of said conductors; a ?rst controlled recti?er hav 
ing its anode connected to the other terminal of one of 
said windings; a second controlled recti?er having its 
cathode connected to the other terminal of the other of 
said windings; the cathode of the ?rst recti?er and the 
anode of the second recti?er being connected to the other 
of said conductors; and control circuits for the respective 
recti?ers limiting conduction to alternate half cycles of 
the source. 

11. In a control system for a pair of toy or model 
locomotives: a track system including a pair of conduc 
tors; a ?rst locomotive power unit having pickup means 
cooperable with the conductors to derive energy there 
from; a motor for each power unit; circuit means includ 
ing a unidirectionally conductive element for each motor 
connecting the motor across the pickup means for deriv 
ing energy from said conductors, the unidirectionally 
conductive means for the respective motors being op 
positely polarized; a pair of transformer windings excited 
from a common source; each winding having sliders oper 
able to derive voltages of various values therefrom; cor 
responding terminals of said windings being connected 
to one of said conductors; a ?rst controlled recti?er 
having its anode connected to the other terminal of one 
of said windings; a second controlled recti?er having its 
cathode connected to the other terminal of the other of 
said windings; the cathode of the ?rst recti?er and the 
anode of the second recti?er being connected to the other 
of said conductors; control circuits for the respective 
recti?ers limiting conduction to alternate half cycles of 
the source; each power unit further including a relay 
dependent upon the corresponding unidirectionally con 
ductive element and of the type that moves to contact 
stations successively upon the application of successive 
pulses of magnitude larger than provided by windings; 
circuit means completed by each relay for reversing the 
corresponding motor; and means interposed between the 
recti?ers and the said other conductor for selectively 
applying pulses of opposite polarities to said other con 
ductor to reverse the corresponding motors. 

12. In a control system for a pair of toy or model 
locomotives: a track system including a pair of conduc 
tors; a ?rst locomotive power unit having pickup means 
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8 
cooperable with the conductors to derive energy therefrom; 
a motor for each power unit; circuit means including a 
unidirectionally conductive element for each motor con 
necting the motor across the pickup means for deriving 
energy from said conductors, the unidirectionally con 
ductive means for the respective motors being oppositely 
polarized; a pair of controlled recti?ers connected in back 
to-back relationship, the anode of one of the recti?ers and 
the cathode of the other of the recti?ers being connected 
to one of said conductors; means applying alternating cur 
rent excitation between the other of said conductors and 
the cathode of said one recti?er and between the other of 
said conductors and the anode of said other recti?er; and 
means separately controlling the phase angle at which said 
recti?ers are rendered conductive. 

13. In a control system for a pair of toy or model loco 
motives: a track system including a pair of conductors; 
a ?rst locomotive power unit having pickup means co 
operable with the conductors to derive energy therefrom; 
a motor for each power unit; circuit means including a 
unidirectionally conductive element for each motor con 
necting the motor across the pickup means for deriving 
energy from said conductors, the unidirectionally conduc 
tive means for the respective motors being oppositely 
polarized; a pair of controlled recti?ers connected back-to 
back relationship, the anode of one of the recti?ers and 
the cathode of the other of the recti?ers being connected 
to one of said conductors; means applying alternating cur 
rent excitation between the other of said conductors and 
the cathode of said one recti?er and between the other of 
said conductors and the anode of said other recti?er; 
means separately controlling the phase angle at which said 
recti?ers are rendered conductive; each power unit fur 
ther including a relay dependent upon the corresponding 
unidirectionally conductive element and of the type that 
moves to contact stations successively upon the application 
of successive pulses of magnitude larger than provided 
by alternating current excitation applying means; circuit 
means completed by each relay for reversing the cor 
responding motor; and means interposed between the 
recti?ers and the said other conductor for selectively ap 
plying pulses of opposite polarities to said other conductor 
to reverse the corresponding motors. 

14. In a control system for a pair of vehicles both deriv 
ing energy from a common pair of conductors; a pair of 
power units for the vehicle having oppositely polarized 
unidirectionally conductive elements whereby the units de 
rive excitation from opposite half cycles of an alternating 
current source applied to said conductors; said power units 
each including a motor; each power unit including a 
relay operative to reverse the motor connections and in 
response to a polarized signal transmitted via the cor 
responding unidirectionally conductive element; means for 
separately applying signals to said conductors of opposite 
polarities respectively to operate the corresponding revers 
ing relay; each of said relays having a core; and means 
serially associated with the coils for discriminating against 
the alternating current source for blocking the pulsations 
thereof from said relay coil While passing the reversing 
signals, as determined by the corresponding undirectional 
ly conductive elements. 

15. In a control system for a pair of vehicles both de 
riving energy from a common pair of conductors; a pair of 
power units for the vehicles have oppositely polarized 
unidirectionally conductive elements whereby the units de 
rive excitation from opposite half cycles of an alternating 
current source applied to said conductors; said power units 
each including a motor; each power unit including a re 
lay operative to reverse the motor connections and only 
in response to a relatively high amplitude polarized pulse 
transmitted via the corresponding unidirectionally conduc 
tive element; each relay having a coil; and means for ap 
plying pulses of selected polarity for operating the cor 
responding reversing relays. 

16. In a control system for a pair of vehicles both 



3,220,356 
5 

~rectifying diode 216, a coil 217 of a reversing relay 218, 
all similar to the arrangement of FIG. 1. However, 
serially associated with the relay coil is a device 219 
having the characteristic that it conducts only on the ap 
plication of a critical voltage. This critical voltage by 
design exceeds any voltage applied to the coil 217 during 
normal running conditions, but is less than the voltage 
that can be applied to the coil 217 by the reversing cir 
cuits, and via diode 216. Accordingly, until a pulse is 
applied for operating the relay coil 217, no current is 
permitted to pass to it, and chattering is avoided. This is 
especially important since the locomotive may be subject 
to vibrations and the like that might, coupled with chat 
tering of the relay, produce spurious operation. 
The device 219 may be a four layer Shockley diode, a 

Zener diode, or any other device, not necessarily uni 
directionally conductive, having the desired critical volt 
age characteristic. 
A similar device 220 is provided for the companion 

locomotive 211, and since the device 220 is unidirection 
ally conductive, its polarity is reversed to conform to the 
desired direction of current ?ow. 
The inventor claims: 
1. In a control system for a pair of vehicles both de~ 

riving energy from a common pair of conductors: a 
pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of an 
alternating current source applied to said conductors; 
said power units each including a motor; each power unit 
including a relay operative to reverse the motor connec 
tions and in response to a polarized signal transmitted 
via the corresponding unidirectionally conductive element; 
and means for separately supplying signals to said con 
ductors of opposite polarities respectively to operate the 
corresponding reversing relay. 

2. In a control system for a pair of vehicles both de~ 
riving energy from a common pair of conductors: a 
pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of 
an alternating current source applied to said conductors; 
said power units each including a motor; each power 
unit including a relay operative to reverse the motor 
connections and dependent upon the corresponding uni 
directionally conductive element, each relay being oper-‘ 
ative in response to a current pulse; means for applying 
current pulses of opposite polarities to the said con~ 
ductors for separately reversing said motor. 

3. In a control system for a pair of vehicles both 
deriving energy from a common pair of conductors: 
a pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of an 
alternating current source applied to said conductors; 
said power units each including a motor; each power unit 
including a relay operative to reverse the motor connec 
tions and dependent upon the corresponding unidirec 
tionally conductive element, each relay being operative 
in response to an interruption of current; means normal 
ly maintaining holding currents of both polarities for the 
respective relays; and means for selectively interrupting 
the said holding currents for separately reversing said 
motors. 

4. In a control system for a pair of vehicles both 
deriving energy from a common pair of conductors: 
a pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of 
an alternating current source applied to said conductors; 
said power units each including a motor; each power 
unit including a relay operative to reverse the motor 
connections and dependent upon the corresponding uni 
directionally conductive element, each relay being oper 
ative in response to a current pulse; a pair of capacitors; 
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6 
switch means for each capacitor and movable to ?rst 
positions for applying the charge thereof across said con 
ductors, and movable to second positions in which said 
capacitors are isolated from said conductors; and means 
operative upon movement of said switches to said second 
positions for oppositely charging said capacitors. 

5. The combination as set forth in claim 4, together 
with means providing an alternating current the opposite 
phases of which are separately controlled; and means 
applying said alternating current to said conductors and 
dependent upon both said switches being in their said 
?rst positions. 

6. In a control system for a pair of vehicles both de 
riving energy from a common pair of conductors: a pair 
of power units for the vehicles having oppositely polar 
ized unidirectionally conductive elements whereby the 
units derive excitation from opposite half cycles of an 
alternating current source applied to said conductors; said 
power units each including a motor; each power unit in— 
cluding a relay operative to reverse the motor connections 
and dependent upon the corresponding unidirectionally 
conductive element, each relay being operative in re~ 
sponse to an interruption of current; ?rst means includ 
ing a unidirectionally conductive device and a variable 
impedance for passing current in one direction to said 
conductors; second means including a unidirectionally 
conductive device and a variable impedance for passing 
current in the other direction to said conductors; circuit 
means parallelling one of said variable impedances to 
maintain a minimum average current in one direction; 
circuit means paralleling the ‘other of said variable im~ 
pedances to maintain a minimum average current in the 
other direction; each of said circuit means including a 
make-and-break switch for separately reversing said 
motors. 

7. In a control system for a pair of vehicles both 
deriving energy from a common pair of conductors: a 
pair of power units for the vehicles having oppositely 
polarized unidirectionally conductive elements whereby 
the units derive excitation from opposite half cycles of an 
alternating current source applied to said conductors; 
said power units each including a motor; each of said 
motors having a pair of ?eld windings respectively oper 
able to turn the corresponding motor in opposite direc 
tions; each power unit including a relay dependent upon 
the corresponding unidirectionally conductive element and 
of the type that moves to contact stations successively 
upon the application of successive pulses; circuit means, 
completed by each relay for alternately connecting the 
corresponding ?eld windings; and means for separately 
applying pulses of opposite polarities respectively to oper 
ate t-he corresponding relays. 

8. In a control system for a pair of toy or model 
locomotives: a track system including a pair of con 
ductors; a ?rst locomotive power unit having pickup 
means cooperable with the conductors to derive energy 
therefrom; a motor for each power unit; circuit means in 
cluding a unidirectionally conductive element for each 
motor connecting the motor across the pickup means 
for deriving energy from said conductors, the unidirec 
tionally conductive means for the respective motors be 
ing oppositely .polarized; a .pair of batteries having ter 
minals of opposite polarities connected to one of said 
conductors, each battery having a series of taps between 
cells thereof whereby voltages of various values can be 
derived therefrom; a movable arm for each battery; 
and chopper means for alternately connecting the arms 
to the other of said conductors. 

9. In a control system for a pair of toy or model loco 
motives: a track system including a pair of conductors; 
a ?rst locomotive power unit having pickup means co~ 
operable with the conductors to derive energy there 
from; a motor for each power unit; circuit means includ 
ing a unidirectionally conductive element for each motor 
connecting the motor across the pickup means for de 
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riving energy from said conductors, the unidirectionally 
conductive means for the respective motors being op 
positely polarized; a pair of batteries having terminals 
of opposite polarities connected to one of said conduc 
tors, each battery having a series of taps between cells 
thereof whereby voltages of various values can be derived 
therefrom; a movable arm for each battery; chopper 
means for alternately connecting the arms to the other 
of said conductors; each power unit further including a 
relay dependent upon the corresponding unidirectionally 
conductive element and of the type that moves to con 
tact stations successively upon the application of suc 
cessive pulses of magnitude larger than provided by any 
tap of said batteries; circuit means completed by each 
relay for reversing the corresponding motor; and means 
interposed between the chopper means and the said other 
conductor for selectively applying pulses of opposite polar 
ities to said other conductor to reverse the corresponding 
motors. 

10. In a control system for a pair of toy or model 
locomotives: a track system including a pair of conduc 
tors; a ?rst locomotive power unit having pickup means 
cooperable with the conductors to derive energy there 
from; a motor for each power unit; circuit means includ 
ing a unidirectionally conductive element for each motor 
connecting the motor across the pickup means for deriv 
ing energy from said conductors, the unidirectionally 
conductive means for the respective motors being op 
positely polarized; a pair of transformer windings excited 
from a common source; each winding having sliders 
operable to derive voltages of various values therefrom; 
corresponding terminals of said windings being connected 
to one of said conductors; a ?rst controlled recti?er hav 
ing its anode connected to the other terminal of one of 
said windings; a second controlled recti?er having its 
cathode connected to the other terminal of the other of 
said windings; the cathode of the ?rst recti?er and the 
anode of the second recti?er being connected to the other 
of said conductors; and control circuits for the respective 
recti?ers limiting conduction to alternate half cycles of 
the source. 

11. In a control system for a pair of toy or model 
locomotives: a track system including a pair of conduc 
tors; a ?rst locomotive power unit having pickup means 
cooperable with the conductors to derive energy there 
from; a motor for each power unit; circuit means includ 
ing a unidirectionally conductive element for each motor 
connecting the motor across the pickup means for deriv 
ing energy from said conductors, the unidirectionally 
conductive means for the respective motors being op 
positely polarized; a pair of transformer windings excited 
from a common source; each winding having sliders oper 
able to derive voltages of various values therefrom; cor 
responding terminals of said windings being connected 
to one of said conductors; a ?rst controlled recti?er 
having its anode connected to the other terminal of one 
of said windings; a second controlled recti?er having its 
cathode connected to the other terminal of the other of 
said windings; the cathode of the ?rst recti?er and the 
anode of the second recti?er being connected to the other 
of said conductors; control circuits for the respective 
recti?ers limiting conduction to alternate half cycles of 
the source; each power unit further including a relay 
dependent upon the corresponding unidirectionally con 
ductive element and of the type that moves to contact 
stations successively upon the application of successive 
pulses of magnitude larger than provided by windings; 
circuit means completed by each relay for reversing the 
corresponding motor; and means interposed between the 
recti?ers and the said other conductor for selectively 
applying pulses of opposite polarities to said other con 
ductor to reverse the corresponding motors. 

12. In a control system for a pair of toy or model 
locomotives: a track system including a pair of conduc 
tors; a ?rst locomotive power unit having pickup means 
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cooperable with the conductors to derive energy therefrom; 
a motor for each power unit; circuit means including a 
unidirectionally conductive element for each motor con— 
necting the motor across the pickup means for deriving 
energy from said conductors, the unidirectionally con 
ductive means for the respective motors being oppositely 
polarized; a pair of controlled recti?ers connected in back 
to-back relationship, the anode of one of the recti?ers and 
the cathode of the other of the recti?ers being connected 
to one of said conductors; means applying alternating cur 
rent excitation between the other of said conductors and 
the cathode of said one recti?er and between the other of 
said conductors and the anode of said other recti?er; and 
means separately controlling the phase angle at which said 
recti?ers are rendered conductive. 

13. In a control system for a pair of toy or model loco 
motives: a track system including a pair of conductors; 
a ?rst locomotive power unit having pickup means co 
operable with the conductors to derive energy therefrom; 
a motor for each power unit; circuit means including a 
unidirectionally conductive element for each motor con 
necting the motor across the pickup means for deriving 
energy from said conductors, the unidirectionally conduc 
tive means for the respective motors being oppositely 
polarized; a pair of controlled recti?ers connected back-to~ 
back relationship, the anode of one of the recti?ers and 
the cathode of the other of the recti?ers being connected 
to one of said conductors; means applying alternating cur 
rent excitation between the other of said conductors and 
the cathode of said one recti?er and between the other of 
said conductors and the anode of said other recti?er; 
means separately controlling the phase angle at which said 
recti?ers are rendered conductive; each power unit fur 
ther including a relay dependent upon the corresponding 
unidirectionally conductive element and of the type that 
moves to contact stations successively upon the application 
of successive pulses of magnitude larger than provided 
by alternating current excitation applying means; circuit 
means completed by each relay for reversing the cor 
responding motor; and means interposed between the 
recti?ers and the said other conductor for selectively ap 
plying pulses of opposite polarities to said other conductor 
to reverse the corresponding motors. 

14. In a control system for a pair of vehicles both deriv 
ing energy from a common pair of conductors; a pair of 
power units for the vehicle having oppositely polarized 
unidirectionally conductive elements whereby the units de 
rive excitation from opposite half cycles of an alternating 
current source applied to said conductors; said power units 
each including a motor; each power unit including a 
relay operative to reverse the motor connections and- in 
response to a polarized signal transmitted via the cor 
responding unidirectionally conductive element; means for 
separately applying signals to said conductors of opposite 
polarities respectively to operate the corresponding revers 
ing relay; each of said relays having a core; and means 
serially associated with the coils for discriminating against 
the alternating current source for blocking the pulsations 
thereof from said relay coil while passing the reversing 
signals, as determined by the corresponding undirectional 
ly conductive elements. 

15. In a control system for a pair of vehicles both de 
riving energy from a common pair of conductors; a pair of 
power units for the vehicles have oppositely polarized 
unidirectionally conductive elements whereby the units de 
rive excitation from opposite half cycles of an alternating 
current source applied to said conductors; said power units 
each including a motor; each power unit including a re 
lay operative to reverse the motor connections and only 
in response to a relatively high amplitude polarized pulse 
transmitted via the corresponding unidirectionally conduc 
tive element; each relay having a coil; and means for ap 
plying pulses of selected polarity for operating the cor 
responding reversing relays. 

16. In a control system for a pair of vehicles both 
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deriving energy from a common pair of conductors; a pair 
of power units for the vehicles having oppositely polarized 
uni'directionally conductive elements whereby the units 
derive excitation from opposite half cycles of an alternat 
ing current source applied to said conductors; said power 
units each including a motor; each power unit including a 
relay operative to reverse the motor connections and only 
in response to a relatively high amplitude polarized pulse 
transmitted via the corresponding unidirectionally conduc 
tive element; each relay having a coil; means for applying 
pulses of selected polarity for obtaining the corresponding 
reversing relays; and a device serially associated with each 
relay coil for permitting conduction only upon the appli~ 
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cation of a critical voltage for preventing chattering of 
the relays. 

References Cited by the Examiner 

UNITED STATES PATENTS 
1,778,465 10/1930 Ozanne ___________ __ 104—149 

2,221,963 11/1940 Case et a1 _________ __ 104——151 
2,754,432 ‘ 7/1956 Mostek _______ __ 104-149 X 

3,070,732 12/1962 Crandall et a1 _______ __ 318-~55 

ARTHUR L. LA POINT, Primary Examiner. 

LEO QUACKENBUSH, EUGENE G. BOTZ, Examiners. 


