Radio Control System for 

Servo Operated Live Steam locomotives
INTRODUCTION
I have been asked on several occasions to consider the possibility of developing a servo version of our ‘Electric’ speed controller.  The drawback with radio controlling live steam is trying to accommodate the somewhat bulky conventional component parts in the space available, this has always been best achieved when designed into the original loco, and retro fitting of radio control is harder still. The new radio control unit and batteries are small enough to fit under the coal load of a Tender loco or underneath between the frames. The unit measures just 68mm x 23mm x 10mm, and is sealed to protect against water and fuel.
Radio control systems for live steam locomotives traditionally employ standard Aircraft R/C components and methods, based around the use of servos as actuators. To allow operation of several systems simultaneously, each Transmitter/Receiver pair must use a different channel frequency, which requires a certain amount of co-ordination and co-operation between the individuals concerned to avoid accidents.

With these conventional systems the Transmitter sends out a continuous signal to the Receiver to maintain the servo positions according to each joystick setting. About fifty times a second the Transmitter informs each servo exactly where to position itself and provides instantaneous control at all times, which is clearly essential for aircraft operation where movement of control surfaces is a more or less continuous process just to keep it in the air. As the Transmitter is always transmitting during use, it tends to consume considerable amounts of battery power, most of which is effectively wasted sending redundant information. As a result, Transmitter boxes tend to be relatively large and heavy, normally containing several batteries which require recharging or replacing on a regular basis.

However, when such systems are adapted for use in a model railway environment, especially on layouts with continuous runs, there is little need for continuous control in the same manner. In principle, under most circumstances a locomotive can be simply left to carry on at its current speed until told to do otherwise. This implies a rather different control philosophy can be applied whereby it is only necessary to send speed changes to the locomotive. This means that the Transmitter does not need to be on at all times, only activating itself when a change is requested by the user. In this respect the control becomes more akin to a Command Control system where a coded instruction is sent to the Receiver rather than a signal directly representing the speed required. The receiving circuitry keeps track of the settings as any changes are made without needing to be completely updated every time.

One way to achieve this kind of control is to use inexpensive low power radio control modules, originally designed for such applications as garage door opening, security entrances etc, where a few button presses on a small pocket sized Keyfob are interpreted to provide the signals necessary for the particular application. These Keyfob based systems typically provide two or three separately switched outputs which could be used to control simple devices such as a locomotive controller. Each Keyfob Transmitter has a unique identity, coded into its transmissions, which the associated Receiver module ‘learns’ as part of system initialization. This eliminates the problem of channel frequency allocation during use as a Receiver will only respond to a Transmitter whose identity it has been ‘taught’ beforehand.  Any others will be ignored even though they are all using the same frequency. 

It is a system like this which is described here, which builds on the success of the existing Battery Electric Speed Controller for electrically powered locos. Experience with these since their introduction has shown that considerable benefits can be obtained by re-housing the Keyfob components into a more user-friendly ‘Mini Transmitter’ (or ‘Mini Tx’) design, somewhat larger than the original Keyfob though still comfortably hand held, with greatly increased range, battery life and simplicity of operation. However, operation with the original three-button Keyfob remains possible, but in some cases will entail pressing more than one button simultaneously. On the servo version of the controller, it is the Blower functions and Halt/Resume that utilize the dual-button ‘combinational’ presses. Their operation with the Mini Tx is greatly simplified by having a separate button for each of the six possible combinations of one or two buttons.
THE SYSTEM
The Servo Controller System consists of two main parts:-

1) The ‘Mini Tx’, which has six push buttons, Grey = Halt/Resume, Red = Stop, Black = Blower Decrease (or Reverser), White = Blower Increase (or Reverser), Yellow = Regulator Decrease, Green = Regulator Increase.

2) The combined ‘Receiver/Control Module’ which uses a PIC microcontroller to interpret button presses sent from the Mini Tx and controls the locomotive functions accordingly. Two servo channels are provided, one for Regulator control and one for Blower or Reverser control, though each channel can be used for other purposes if so desired. Control is of the form ‘Increase’ or ‘Decrease’ for each channel independently, with a separate ‘Stop’ button to bring both channels to their zero settings immediately.
For each channel, a number of parameters can be defined and stored, using what is known as ‘Learn Mode’. These include Minimum and Maximum (end stop) positions, a Blower ‘Cracked’ position, size of each servo step, etc. Generally, this Learning process will only need to be gone through once for a Loco, though minor adjustments for optimization of control may prove necessary after some operational experience.
CONNECTION
The Receiver/Control module features a number of flying leads, wired ready for use, these are:-
1) An LED indicator, which has been made to look like a tail lamp, is used to indicate activity during radio transmissions and when setting up the system in Learn Mode.  If you do not want to use as tail lamp, it could be placed in the cab or disguised in the coal load.
2) Two standard Futaba three pin servo connector leads, into which the servos themselves are plugged.

3) A standard two pin male JST battery connector provides a power input for a 6V or 7.2V Battery pack.  The battery pack supplied has a built in on/off switch and has simply to be soldered to the 2 pin female JST connector lead supplied, remembering to place pieces of heatshrink tube over the wires prior to soldering.  Alternatively a separate switch can be incorporated, by cutting the red + supply lead and soldering one end to the centre tag and the other end to either of the outer tags.  The battery pack supplied uses 4 x AAA 1.5V non-rechargeable batteries.  An alternative arrangement could also be made using 5 x 1.2V re-chargeable batteries (not supplied).
4) Another two pin female JST connector allows for an Emergency ‘Pull’ connection to be incorporated as a safety measure, akin to the communication cord historically used on real railways.
5) A coaxial Antenna lead, which can be routed to a suitable external location on the Loco for best reception.  The Antenna wire can be shortened if desired by carefully removing the heatshrink tube and un-soldering the “Rainsun Chip”, when re-attaching only the centre wire should contact the Antenna on the end marked with a red dot, and use a minimum quick soldering heat.  You can bend the coax wire to another angle if desired and the outer heatshrink does not need to be replaced, so a slightly smaller profile can be made.  You could also use a very short piece of heatshrink, just enough to cover the joint.
NORMAL OPERATION
Servo positions are adjusted by pressing the ‘Increase’ or ‘Decrease’ Mini Tx buttons for each channel. Each time a button is pressed, the prescribed servo moves a step at a time until the maximum (or minimum) position is reached. Holding a button down causes the position to ramp up (or down) at a set rate. Servo control occupies the four bottom Mini Tx buttons. The red LED tail lamp, which is normally illuminated at all times, flashes off briefly whenever a command is received from the transmitter.
A fifth Red button is used to command ‘Stop’. Pressing this will cause the Regulator servo to move immediately to its defined zero (Regulator closed) position, and if selected, the Blower servo to move to the ‘Blower Crack’ position at the same time.
The sixth button applies to the ‘Halt and Resume’ function. This allows a Loco already running at a set speed (i.e. not at zero) to be brought to a ‘Halt’ on the Regulator in a set time with a single button press. If you are uncertain that the command was received the Halt button can be repeat pressed any number of times, but once the minimum regulator position is reached (even if the loco is still moving), pressing the same button again will ‘Resume’ the Loco back up to the original speed setting. A ‘Halt’ or ‘Resume’ already in progress can be stopped by pressing either of the Regulator Increase/Decrease (Green/Yellow) buttons before completion. The Loco will continue, using the setting it had reached by that time. The main use for this feature is for station stops, and practice may be required to use it to its best effect. Three time periods are selectable from ‘Learn mode 12’, these are:- ASAP, 3 seconds, 6 seconds (Timings are approximate). If the Blower Crack lock is set (Learn mode 8), the blower will adopt a cracked position when Halt reaches zero, and will close again when Resume reaches speed.
Pulling the ‘Emergency’ link out of its connector will have the same effect as a Stop command, including Blower Crack operation if enabled. The controller will ignore any button presses until the Emergency link is restored.
CHOOSING THE BEST SETTINGS

As supplied, the servo stop positions are pre-defined to be located symmetrically around the nominal centre of servo motion, with a relatively limited swing angle.

During installation, the servo arms (or ‘horns’) should be removed, and the System powered up to ensure the servos are at their initial positions, near to the centre of travel. Thereafter, the arms and linkage can be fitted, with the control valves also set to their approximate central positions for the time being.

The eventual servo Maximum and Minimum stop positions are essentially predetermined by the mechanics of the valve levers and linkages to them from the servo arms. As such, there is no ‘best’ setting for these, other than ensuring that the span of operation matches the ability of the servo to rotate through that range of motion. It is anticipated that the User will already be reasonably familiar with the lever positions required, having operated the Loco manually beforehand.

There is no specific direction to the servo movement as such; you just set the Minimum and Maximum positions where you need them to be for each channel, and the controller sorts out the rest. Put another way, it makes no difference whether the Maximum is more or less clockwise than the Minimum, the control works either way round using the same button presses.
With the Maximum and Minimum positions defined, Step Size can be set to the User’s preference. This might be typically somewhere between four and ten steps. The exact number of steps available will be determined by how many steps of the chosen size fit between the stop positions. 

‘LEARN MODE’

Each locomotive is likely to respond in its own unique manner to the controls provided, given the wide variations of mechanism and valve lever motions typically used. Because of this, several operating parameters can be adjusted or ‘Learnt’ to optimize the response for a particular locomotive. Generally this optimization process will only need to be performed on the first occasion the loco is operated. The adjusted settings are permanently stored in the Receiver/Control Module, becoming ready for use immediately each time the locomotive is powered up. 

Learn Mode is entered by pressing and holding the ‘Halt/Resume’ and ‘Stop’ buttons simultaneously for several seconds, until the Tail Lamp red LED and on-board Mode Indicator red LED start to flash. Note; there is a different on-board green LED to that which flashes to indicate normal Receiver activity. The Tail Lamp LED simply duplicates the Mode Indicator during Learn Mode, for convenient external viewing. Reference to one or the other in the descriptions below applies to both equally.

Whilst in Learn mode, the Tail Lamp LED will flash on in a set pattern, depending on the position in the Learn sequence. 

For each of the parameters listed above, the LED will flash the number of times prescribed by the paragraph number, i.e. when the red LED flashes just once; it is the Regulator Minimum Position parameter which is being established. Two flashes, Regulator Maximum Position, etc. The flashing pattern is performed cyclically to give a continuous indication with a clear gap between cycles. If you are unsure what parameter is being set at any time, wait for the next flash cycle to complete and count the flashes again.  There is no time limit in ‘Learn Mode’, so there is no need to hurry.  If you make a mistake, just turn the Receiver off, then on again and go back into ‘Learn Mode’.
For each parameter, the Regulator ‘Increase’ and ‘Decrease’ (Green & Yellow) buttons are used to increment or decrement the setting until the desired value is reached.  Note; this also applies when adjusting the Blower/Reverser channel, when in Learn Mode only. Having selected the desired setting, the red ‘Stop’ button is pressed to store the new setting and move on to the next parameter. If any parameter does not require changing, it is skipped by pressing the ‘Stop’ button without touching any other buttons.
Certain parameters, specifically 4, 5, 8 & 9, have alternative but similar uses depending on the operating mode selected. These are shown separately as a. and b. alternatives for each mode where applicable.
1.
Regulator Minimum Position
The zero position for the Regulator control lever (Regulator fully closed).  Use the ‘Green’ and ‘Yellow’ buttons to adjust.
2.
Regulator Maximum Position

The ‘full on’ position for the Regulator control lever (Regulator fully open).  Use the ‘Green’ and ‘Yellow’ buttons to adjust.
3.
Regulator Step Size

Selects the angle through which the Regulator servo moves for each button press. When choosing the Step Size setting for either channel, the effect of the newly selected Step Size can be shown by pressing the ‘Black’ and ‘White’ buttons, bearing in mind that the Maximum and Minimum settings will prevent movement outside of the allowed range.  Each Step Size setting is twice (or half) the next one.
4.
a. Blower Minimum Position (Blower mode)
The zero position for the Blower control lever (Blower fully closed).  Use the ‘Green’ and ‘Yellow’ buttons to adjust.

b. Reverser Position 1 (Reverser Mode)
The position of the Reverser for the first chosen direction (essentially Forward or Reverse – your preference).  Use the ‘Green’ and ‘Yellow’ buttons to adjust.
5.
a. Blower Maximum Position (Blower mode)
The ‘full on’ position for the Blower control lever (Blower fully open).  Use the ‘Green’ and ‘Yellow’ buttons to adjust.

b. Reverser Position 2 (Reverser Mode)
The position of the Reverser for the second chosen direction (essentially Reverse or Forward – your preference).  Use the ‘Green’ and ‘Yellow’ buttons to adjust.
6.
Blower Step Size

Selects the angle through which the servo moves for each button press when Blower mode is selected.  Remember to use the ‘Green’ and ‘Yellow’ buttons to adjust, and if you want to check the effect then use the ‘Black’ & ‘White’ buttons. Parameter 6 is not used if this servo is being used in ‘Reverser’ mode (See Learn mode 11).
7.
Learn New Transmitter

As supplied, the Mini Tx and Receiver/Control module are matched to work as a unique pair.  The ‘Learn New Transmitter’ feature allows additional Mini Transmitters (or the original Keyfob) to be recognized by the same Receiver.  Up to 50 Transmitters can be learnt and remembered by a Receiver. To learn a new transmitter, either press the ‘Green’ button once, this will put the Receiver into its own special mode; which starts by illuminating the Receiver Activity green LED continuously (not the Speed Controller or Tail Lamp red LEDs, which continue to indicate the Learn mode number).  After this, press the ‘Green’ button (Triangle on a Keyfob) on the NEW Transmitter to be learnt, this will cause the Receiver green LED to go out.  Now press the ‘Green’ button again, which will cause the Receiver green LED to flash several times, indicating that the new Mini Tx (or Keyfob) has been successfully recognized.
8.
a. Blower Crack Lock (Blower mode)
This selects whether or not the Blower servo will adopt the ‘Cracked’ position automatically when a ‘Stop’ command is sent. Setting is ‘On’ or ‘Off’. To select the Blower Crack Interlock setting, press the ‘Green’ button to switch the interlock ‘Off’, or ‘Yellow’ button to switch the interlock ‘On’.  The default is ‘On’.

b. Neutral Enable (Reverser Mode)
To enable the use of the optional third Neutral position press the ‘Yellow’ button, to disable press ‘Green’ button.  The Default is ‘Neutral Enabled’.
9.
a. Blower Crack Position (Blower Mode)
The ‘Cracked’ servo position for the Blower control lever, used if the Crack Lock is On. Use the ‘Green’ and ‘Yellow’ buttons to adjust.

b. Neutral Position (Reverser Mode)
The ‘Neutral’ servo position of the Reverser control lever, used if Neutral has been enabled in Learn mode 8. Use the ‘Green’ and ‘Yellow’ buttons to adjust.
10.
Restore Default Settings
If the User loses track of what settings have been applied, the Receiver/Control module can have the settings for all parameters restored to factory defaults.  Press the ‘Green’ or ‘Yellow’ button once to reset.
11.
Blower or Reverser mode

Press the ‘Green’ button to select ‘Blower mode’ and ‘Yellow’ button to select ‘Reverser mode’, to operate a Reversing lever, or any other function other than a Blower.  
‘Blower’ mode is where the Blower Increase/Decrease (White & Black) buttons move the servo normally at the resolution set in Learn mode 6.  
‘Reverser’ mode is where the White button selects the servo to move fully in one direction and the Black button selects the opposite direction, you can choose which button is ‘Forward’ and which is ‘Reverse’ (see Learn modes 4b, 5b).  The optional ‘Neutral’ position can be selected in Learn mode 8. The servo position for neutral is defined using Learn mode 9.  When at speed (i.e. not zero), the Reverser buttons will be ignored to prevent inadvertent operation.  To change Reverser direction, use the White/Black buttons when stationary. If the Neutral option is enabled, the first press of the White or Black button moves the servo to the Neutral position, and the second press of same button moves servo to the new direction.  Whilst at the Neutral position, pressing either White or Black will move directly to the desired direction.  
Default setting is ‘Blower’ mode.
12.
Halt/Resume period
There are three selectable times – ASAP, 3 seconds, 6 seconds (Timings are approximate).  Use the ‘Yellow’ button to increase the period, ‘Green’ button to decrease the period.  The Default setting is 3 seconds.
When all parameters have been adjusted (or skipped) and saved, the Mode red LED stops its flashing sequence, the Tail Lamp returns to a constant ‘On’ and the module resumes normal operation.  It is recommended that the User practices using Learn Mode prior to making any changes to get a feel for button press timing.  If the button is held too long, a double (or more) skip may result.  However, it is always possible to go around the sequence again if a setting is inadvertently missed out.  The LED flash number is always available to indicate which parameter is currently being set.  It is advisable to wait until just after the end of a flashing sequence before pressing the ‘Stop’ button to move on to the next parameter, this avoids confusion over the flash count.
Specifications

Dimensions
Receiver
68mm  x 23mm x 10mm


Mini Tx
117mm overall (88mm excluding Antenna) x 59mm wide x 32mm

Supply Voltage
6 to 8.4 volts

Radio Components
RF Solutions standard modules.


433MHz FM (or AM optionally). CE Compliant for use in Europe.
License Exemption
Europe: The transmitter encoders use ECM compliant radio transmitter modules and comply with ETSI330-220 and ETSI300-683.

Settings Table
The blank spaces in the table can be filled in as a record of the settings you apply.

	Settings for Loco:-



              If lost please return to:-

	To enter learn mode press ‘Grey’ & ‘Red’ buttons, adjust using ‘Green’ or ‘Yellow’ buttons, view using ‘Black’ & ‘White’ buttons, store using ‘Red’ button

	Parameter
	Flashes
	Button Selection
	Default
	My Setting

	Regulator Fully Closed Position
	1
	Adjust - Green & Yellow
	N/A
	

	Regulator Fully Open Position
	2
	Adjust - Green & Yellow
	N/A
	

	Regulator Step Size
	3
	Adjust - Green & Yellow.  View - Black & White
	About 8 steps
	

	Blower Fully Closed Position (Blower Mode)
	4
	Adjust - Green & Yellow
	N/A
	

	Reverser Position 1 (Reverser Mode)
	
	
	
	

	Blower Fully Open (Blower Mode)
	5
	Adjust - Green & Yellow
	N/A
	

	Reverser Position 2 (Reverser Mode)
	
	
	
	

	Blower Step Size
	6
	Adjust - Green & Yellow.  View - Black & White
	About 8 steps
	

	Learn New Transmitter
	7
	Press Green.  Press Green on new Transmitter twice
	N/A
	

	Crack Lock (Blower Mode)
	8
	Press Green = Off, Yellow = On
	Crack = On
	

	Neutral Enable (Reverser Mode)
	
	Press Green = Off (disabled), Yellow = On (enabled)
	Neutral = On
	

	Crack Position (Blower Mode)
	9
	Adjust - Green & Yellow
	N/A
	

	Reverser Neutral Position (Reverser Mode)
	
	
	
	

	Restore Defaults Settings
	10
	Press Green or Yellow once
	N/A
	

	Select Blower Or Reverser Mode
	11
	Green = Blower Mode, or Yellow = Reverser Mode
	Blower Mode
	

	Halt/Resume Time - ASAP, 3 seconds, 6 seconds
	12
	Green to decrease, Yellow to increase
	3 seconds
	


