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(57) ABSTRACT 

A method for speed control for a motor of a locomotive of 
a model electric train is presented. A method in accordance 
With the present invention includes sensing an operating 
velocity of the motor and the operating current provided to 
the motor, and then producing a signal corresponding to the 
operating velocity and a signal corresponding to the oper 
ating current. A method in accordance With the present 
invention further includes providing the operating velocity 
signal and operating current signal to a controller and 
establishing a target motor velocity. Amethod in accordance 
With the present invention still further includes calculating a 
target current con?gured so that the motor reaches the target 
motor velocity, and then changing the operating current to 
the target motor current to achieve the target motor velocity. 
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TRAIN SPEED CONTROL USING CURRENT AND 
VELOCITY SENSING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a speed control system 
and, in particular, to a current and velocity sensing speed 
control system using current and velocity sensing on board 
a model electric train locomotive engine. 

[0003] 2. Description of the Related Art 

[0004] In electric model toy trains, as in actual trains, a 
locomotive engine typically pulls a consist, Which is the full 
set of cars Which make up a train. The setup typically 
includes a user control boX electrically connected to one or 
more of the train track rails having one or more levers, dials, 
or buttons that are manually adjustable by the user. The 
control boX enables the user to control the speed and 
direction of the electric train by manually controlling the 
voltage levels supplied to the electronic systems and motor 
of the locomotive. HoWever, only limited speed control is 
incorporated into the on-board control system and motor. 

[0005] One problem With eXisting speed control systems 
arises When the user changes the setting of, and thus the 
voltage supplied to, the locomotive to speed it up or sloW it 
doWn. With limited speed control, it is dif?cult for the user 
to ?nely control the speed of the electric train. Another 
problem occurs as a result of ?uctuations or spikes in the 
electrical supply. These spikes can result in undesired 
increases or decreases in the speed of the electric train that 
occasionally lead to train derailments, especially on curved 
sections of track When a train is traveling at faster speeds. 

[0006] Further, dif?culties occur When coupling tWo or 
more locomotives together, so-called “lashup,” and When 
one or more locomotives are added to the middle or end of 
a consist. Although each locomotive draWs on a common 
electrical supply, each can run at a slightly different speed 
than the other(s). When the speed is not constant betWeen 
locomotives, the locomotives can ?ght each other. 

SUMMARY OF THE INVENTION 

[0007] A method for speed control for a motor of a 
locomotive of a model electric train is presented. A method 
in accordance With the present invention includes sensing an 
operating velocity of the motor and the operating current 
provided to the motor, and then producing a signal corre 
sponding to the operating velocity and a signal correspond 
ing to the operating current. A method in accordance With 
the present invention further includes providing the operat 
ing velocity signal and operating current signal to a con 
troller and establishing a target motor velocity. A method in 
accordance With the present invention still further includes 
calculating a target current con?gured so that the motor 
reaches the target motor velocity, and then changing the 
operating current to the target motor current to achieve the 
target motor velocity. 

[0008] An apparatus for carrying out the inventive speed 
control method is also presented. An apparatus in accor 
dance With the present invention includes an electric motor 
and a current sensor for sensing the operating current 
provided to the motor. An apparatus in accordance With the 
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present invention further includes a velocity sensor for 
sensing the operating velocity of the motor, and a controller 
connected to the motor. The controller is operative to 
calculate a target current for a target motor velocity and to 
adjust the operating current to the electric motor to achieve 
the target current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The folloWing features, advantages and other uses 
of the present invention Will become more apparent by 
referring to the folloWing detailed description and draWings 
in Which: 

[0010] FIG. 1 is a perspective draWing illustrating the 
basic components of a model electric train; 

[0011] FIGS. 2a-2b are partial schematic vieWs of a 
circuit diagram of one eXample of a control system for a 
locomotive in Which the speed control system of the present 
invention can be incorporated; 

[0012] FIG. 3 is a simpli?ed schematic block diagram of 
a speed control system for a locomotive according to one 
embodiment of the present invention; 

[0013] FIG. 4 is a How diagram of a speed control system 
for a locomotive according to one embodiment of the 
present invention; and 

[0014] FIG. 5 is a perspective draWing illustrating tWo 
locomotives coupled together in a lashup con?guration. 

DETAILED DESCRIPTION 

[0015] The present invention is a speed control system for 
a model electric train locomotive engine using current and 
velocity sensing and is described With reference to FIG. 1-5. 
FIG. 1 is a perspective draWing of the basic components of 
a model electric train. In model train systems, a train 
controller, such as the simple user control boX 18 shoWn in 
FIG. 1, supplies voltages to the track 14 upon Which one or 
more locomotives 12 ride. Contacts on the bottom of each 
locomotive 12, or metallic Wheels of the locomotive 12, pick 
up the poWer from the supply voltage signal applied to the 
track 14 and supply it to an internal electrical motor of the 
locomotive 12. AuXiliary loads can be supplied from another 
rail of the track 14. In an HO system, the supply signal to the 
track is a direct current (DC) signal. In the electrical train 
con?guration described herein and shoWn in FIG. 1, the user 
control boX 18 provides an alternating current (AC) electric 
poWer supply signal to the track 14. 

[0016] Atransformer, not necessarily incorporated into the 
user control boX 18 but shoWn so in FIG. 1, provides input 
poWer to the user control boX 18. The control boX 18 
controls both the amplitude and polarity of the supply 
voltage signal applied to the track 14 in response to actions 
by the user. The amplitude and polarity of the supply voltage 
signal controls, for eXample, the speed and direction of the 
locomotive 12. In FIG. 1, a knob 20 rotatably mounted on 
a housing of the user control boX 18 alloWs a user to control 
the desired root-mean-squared average poWer supplied to 
the track 14, and thus the desired speed of a track-mounted 
locomotive 12, by movement of the knob 20. Of course, a 
knob 20 is used for exemplary purposes only. Any means 
that alloWs the user to select a desired steady state train 
velocity, referred to herein as a set point, is acceptable. 
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[0017] The AC track signal supplied by the transformer of 
the user control box 18 can be offset by a DC signal used to 
enable various train accessories, such as a horn, bell or 
Whistle, through relays or other sWitching devices mounted 
on the train. In the user control box 18 shoWn in FIG. 1, 
pushbuttons 24 are mounted in the surface of the user control 
box 18 to enable the user to indicate, for example, a desire 
to change the direction of trains, to sound a Whistle and to 
sound a bell. The transformer of the user control box 18 is 
electrically connected to a plug 22, Which can be connected 
to a standard electrical Wall socket (not shoWn). 

[0018] Mounted Within the locomotive 12 is a speed 
control system in accordance With one embodiment of the 
invention. While the present invention is shoWn incorpo 
rated into the locomotive 12, it can be incorporated into any 
type of motoriZed model electric train car or other model 
electric vehicle. The speed control system is associated With 
on-board electronics 10 that control the motor of the loco 
motive. One example of such on-board electronics 10 is 
shoWn in detail in FIGS. 2a-2b. 

[0019] With reference to FIGS. 2a-2b, on-board electron 
ics 10 includes at least a controller 34 and an H-bridge 36 
electrically connected to controller 34 to control the direc 
tion of rotation of motor 30. Controller 34 can be a micro 
processor unit (MPU) 34 con?gured to receive inputs relat 
ing to, for example, sound features, lighting features, smoke 
features and speed adjustment for the train, and to generate 
outputs, and may further include peripheral memory chips, 
etc. HoWever, a microcontroller unit (MCU) can be used in 
place of a microprocessor. Further, although the use of an 
MPU or MCU is preferred, the functions herein described 
With respect to the controller 34 can be performed in Whole 
or in part by equivalent analog and/or digital circuitry. 
Although many equivalents can be used as the controller 34, 
the description herein refers to the controller 34 as the MPU 
34 to more easily distinguish the controller 34 from the user 
control box 18. 

[0020] FIG. 3 shoWs a simpli?ed schematic diagram of 
the speed control system according to one embodiment of 
the invention integrated With certain of the other compo 
nents of the on-board electronics 10 shoWn in FIGS. 2a-2b. 
The operating current of a motor 30 is sensed by a resistance 
Wire 52 that sees a voltage drop proportional to the operating 
motor current, and a signal 53 corresponding to the operat 
ing current is produced. In the on-board electronics accord 
ing to FIGS. 2a-2b, the sense Wire 52 is connected to the 
H-bridge 36 at node 70. The voltage drop is ampli?ed and 
provided as an input to the microprocessor unit (MPU) 34. 
More speci?cally, the operating voltage across the resistance 
Wire 52 is ?ltered by capacitor 50 and sensed through an 
impedance 48 at the non-inverting input of an operational 
ampli?er (op amp) 42. This input voltage is ampli?ed by the 
gain of the op amp 42, Which is determined by resistors 44 
and 46. A resistor 40 protects op amp 42 and the input for 
the MPU 34 from large voltage sWings that could generate 
destructive current spikes. The MPU 34 receives the voltage 
as analog voltage in the form of operating current signal 53 
that it then converts into a digital value representing the 
operating motor current. It should be noted that this circuit 
is by example only and its function is to sense and amplify 
the operating current of the motor 30 as an input to MPU 34, 
and to isolate the voltage. Any circuit Within the level of one 
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of ordinary skill in the art having the necessary functionality 
can be used to perform these functions. 

[0021] With continued reference to FIG. 3, a velocity 
sensor 32 senses the rotational velocity of the motor 30, also 
knoWn as the operating velocity of the motor, through 
knoWn methods, and provides a signal 55 corresponding to 
the operating velocity. The velocity sensor 32 sends the 
sensed operating velocity signal 55 to the MPU 34 through 
the input connector 76. The MPU 34 incorporates a propor 
tional integral control loop utiliZing sensed operating current 
in order to more ?nely control the motor velocity and reduce 
overshoot When changing motor velocity. Accordingly, the 
MPU 34 uses the sensed operating motor current, the sensed 
operating motor velocity, as Well as information relating to 
the motor to gear ratio and Wheel diameter of the particular 
train’s Wheels to calculate a target current for a target 
train/motor velocity. As discussed brie?y above, MPU 34 
includes a peripheral memory into Which the motor to gear 
ration and Wheel diameter is programmed and stored. This 
information is programmed into MPU 34, hoWever, in an 
exemplary embodiment, the information can be altered by a 
user using a control device. This information is necessary 
When performing the current calculation so as to equivocate 
the velocity from one train type to another so that different 
motor to gear ratios and Wheel diameters Will not yield 
different velocities or require PID tuning. It should be noted 
that the rotational velocity of the motor has a direct corre 
lation to and can be equated to the linear velocity of the train, 
as the rotational velocity of the motor is translated into the 
linear velocity of the train by Way of a gear set. This 
correlation, hoWever, does not take into account any poten 
tial slippage in the gear set. 

[0022] Once the target current is calculated, the MPU 34 
then changes the operating current (and the direction of 
motor rotation, if necessary) to the motor 30 through the 
H-bridge 36 using, in one exemplary embodiment, pulse 
Width modulating techniques in order to reach the target 
current for the target motor velocity corresponding to a 
desired locomotive speed. 

[0023] One Way of implementing the speed control system 
is shoWn in FIG. 4. The routine starts at 110, When the user 
selects a set point corresponding to a desired train, and 
therefore motor, velocity using the knob 20. The MPU 34 
reads an operating velocity of the motor, and therefore, the 
locomotive 12 at 112, and produces an operating velocity 
signal. Next, at 114 the MPU 34 determines, based on the 
operating velocity signal, Whether or not the operating 
velocity is at the selected set point. If the operating velocity 
is not at the set point, then the routine returns to 112 Where 
the operating velocity is once again read. 

[0024] Returning noW to 114, if the operating velocity is 
at the selected set point, then an operating motor current 
provided to motor 30 is read at 116, and an operating current 
signal 53 is produced. Next, the MPU 34 establishes a motor 
velocity target in a velocity WindoW at 118. MPU 34 is 
con?gured With a memory Wherein at least one predeter 
mined velocity WindoW corresponding to the operating 
velocity read at 112 is stored. It should be noted that the 
memory of MPU 34 may include a plurality of velocity 
WindoWs, each of Which corresponds to a different velocity 
of motor 30. The velocity WindoW is a small range betWeen 
an upper velocity limit and a loWer velocity limit, and the 
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motor velocity target selected is the velocity value in the 
WindoW that requires the least amount of current. Accord 
ingly, at 120, the MPU 34 calculates, using the sensed 
operating velocity, operating current, and respective motor 
to gear ratio and Wheel diameter for the train, a target current 
for the velocity target so that the motor reaches the target 
velocity. The MPU 34 then reads the operating motor 
velocity at 122. The routine neXt advances to 124 Where the 
MPU 34 determines if the operating motor velocity read is 
at the motor velocity target. If the operating motor velocity 
is at the motor velocity target, the routine returns to 112, 
Where the operating velocity of the motor 30 is read. 

[0025] Returning noW to 124, if the operating motor 
velocity is not at the velocity target, then the routine 
advances to 126 Where the MPU 34 determines Whether the 
user has selected a neW set point. If the user has selected a 
neW set point, the routine returns to read the operating 
velocity of motor 30 at 112. Returning noW to 126, if the user 
has not selected a neW set point, then the routine advances 
to 128 Where the MPU 34 adjusts the operating current using 
the target current from 120 in a standard proportional loop 
to get to the target motor velocity. In one exemplary embodi 
ment, if the velocity is too loW for a given velocity WindoW, 
the current to motor 30 is decreased. On the other hand, if 
the velocity is too high for a given velocity WindoW, the 
current to motor 30 is increased. The routine then returns to 
read the operating motor velocity at 122. The routine in this 
How diagram is by example only, and its function is to 
control the speed of a locomotive using the sensing of a 
motor current and the sensing of a motor velocity. 

[0026] FIG. 5 shoWs a perspective draWing of tWo loco 
motives 12a, 12b coupled together in lashup. Each locomo 
tive 12a, 12b incorporates its oWn separate and independent 
on-board electronics 10a, 10b, each incorporating the con 
trol electronics of the present invention. As shoWn, the 
locomotives 12a, 12b are connected mechanically only 
using couplers (not shoWn) and are not connected to each 
other electrically. Further, the on-board electronics 10a, 10b 
are not interconnected electrically. Accordingly, the inven 
tive speed control method is used to separately control the 
velocity of each locomotive 12a, 12b independent of each 
other. The present invention is particularly useful When 
operating tWo or more locomotives 12a, 12b in lashup and 
When one or more locomotives 12 are added to the middle 

and/or end of a consist (not shoWn). One advantage of the 
invention in this situation is that the electronics 10a, 10b are 
not required to communicate With each other in order for the 
locomotives 12a, 12b to travel at the same speed, eliminat 
ing a need for electrical connections betWeen locomotives 
12a, 12b. Because both the locomotives 12a, 12b on a single 
track operate on the same poWer source, using the motor 
current sensing in addition to the velocity sensing enables 
each control system on each locomotive 12a, 12b to control 
its velocity to a single common velocity shared by both the 
locomotives 12a, 12b, thereby reducing the ?ghting betWeen 
locomotives 12a, 12b that may result if the locomotives are 
operating at different velocities. 

[0027] While the invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed 
embodiments but, on the contrary, is intended to cover 
various modi?cations and equivalent arrangements included 
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Within the spirit and scope of the appended claims, Which 
scope is to be accorded the broadest interpretation so as to 
encompass all such modi?cations and equivalent structures 
as is permitted under the laW. 

What is claimed is: 
1. A method for speed control for a motor of a locomotive 

of a model electric train, comprising: 

sensing an operating velocity of said motor and producing 
an operating motor velocity signal; 

sensing an operating current provided to said motor and 
producing an operating motor current signal; 

providing said operating velocity and current signals to a 
controller; 

establishing a target motor velocity; 

calculating a target motor current con?gured so that said 
motor reaches said target motor velocity; and 

changing said operating current to said target motor 
current to achieve said target motor velocity. 

2. A method in accordance With claim 1 further compris 
ing the step of selecting a velocity set point for said motor. 

3. The method in accordance With claim. 1 Wherein said 
step of sensing said operating motor current further com 
prises: 

sensing an operating voltage proportional to the motor 
current and producing an operating voltage signal; and 

providing said operating voltage signal to said controller. 
4. The method in accordance With claim 1 Wherein said 

step of establishing a target motor velocity further com 
prises: 

selecting a velocity in a velocity WindoW stored in a 
memory of said controller using said sensed motor 
operating current. 

5. The method in accordance With claim 1 Wherein said 
step of calculating said target motor current further com 
prises the substep of: 

calculating said target motor current using said sensed 
operating velocity, said sensed operating current, and 
information relating to the motor to gear ration and 
Wheel diameter for said train. 

6. The method in accordance With claim 1 Wherein said 
step of calculating a target current further comprises: 

determining a minimum current that enables the motor to 
operate at a loWest motor velocity Within a velocity 
WindoW. 

7. The method in accordance With claim 1 Wherein said 
step of changing an operating current to the electric motor 
further comprises: 

decreasing the current if a velocity is too loW for a 
velocity WindoW; and 

increasing the current if the velocity is too high for the 
velocity WindoW. 

8. An apparatus for speed control for a locomotive of a 
model electric train, comprising: 

an electric motor; 

a current sensor for sensing an operating current of said 

motor; 
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a velocity sensor for sensing an operating velocity of said 
motor; and 

a controller connected to the motor Wherein the controller 
is operative to calculate a target motor current for a 
target motor velocity and to adjust the operating current 
to the electric motor to reach the target current. 

9. The apparatus in accordance With claim 8 further 
comprising an H-Bridge connected betWeen said controller 
and said motor con?gured to control the direction and speed 
of said motor in response to a control signal generated by 
said controller. 

10. The apparatus in accordance With claim 8 Wherein the 
controller is con?gured With a standard proportional integral 
loop to control said motor velocity and reduce overshoot 
When changing said motor velocity. 

11. The apparatus in accordance With claim 8 further 
comprising: 

a resistance Wire that senses an operating voltage propor 
tional to the operating motor current; and 

a circuit Whose function is to amplify said operating 
voltage, provide an ampli?ed input to said controller, 
and to isolate said operating voltage. 

12. The apparatus in accordance With claim 11 Wherein 
said circuit includes an operational ampli?er. 

13. The apparatus in accordance With claim 8 further 
comprising a velocity sensor connected to an output shaft of 
said motor. 

Mar. 16, 2006 

14. The apparatus in accordance With claim 8 Wherein the 
controller comprises: 

a microprocessor With peripheral memory chips. 
15. The apparatus in accordance With claim 14 Wherein 

said peripheral memory chips store information regarding 
the motor to gear ratio and Wheel diameter for said train. 

16. The apparatus in accordance With claim 8 Wherein the 
controller comprises: 

a microcontroller. 

17. The apparatus in accordance With claim 8 Wherein tWo 
or more locomotives are coupled together in a lashup 
con?guration. 

18. The apparatus in accordance With claim 8 Wherein at 
least one locomotive is located in the middle of a consist. 

19. The apparatus in accordance With claim 8 Wherein at 
least tWo locomotives are coupled in the middle of a consist. 

20. The apparatus in accordance With claim 8, Wherein 
any number of locomotives are joined in a combination of at 
least tWo of the folloWing coupling con?gurations: 

coupled in lashup; 

coupled in the middle of the consist; and 

coupled at the end of the consist. 


