PAGE  
4

Radio Control System for Battery Powered Locomotives

The System

The Controller System consists of two main parts; a combined Receiver/Speed Controller Module and a Transmitter.

The Transmitter is available in two forms; a standard Keyfob which has three push buttons, or the more comprehensive Mini Transmitter (Tx), which has six. Both types of transmitter are capable of controlling all features of the system, but the Keyfob sometimes requires the pressing of two buttons simultaneously to control certain functions.  The Transmitter operates in the license free 433MHz band, set aside for low power remote controls such as these. The manufacturer quotes operational ranges of up to 100m for AM and 150m for the FM modules, though this can be affected considerably by local obstructions and the placing of the receiving Antenna on the locomotive. In this frequency band, control can be considered to be effectively line-of-sight.
The Receiver/Speed Control Module is available in three forms; a ‘Standard Version’ for 8 to 20 volt supply with 2 amp rating, for small locos such as used for shunting & light loads. A ‘Continuous Version’ for 8 to 20 volt power supply with 2.8 amp rating for large main line locos, and is ideal for continuous running with coaches & wagons. And thirdly a ‘Continuous Version’ for 16 to 30 volt power supply with 2.8 amp rating, for higher voltage motors.  The Receiver interprets the button presses and controls the locomotive functions via the pulsed motor drive device. Whilst powered, the Grey & Orange motor wires must not be allowed to make contact with the Red & Black battery supply wires, or each other, otherwise damage may result to the driver device.
A 1.35 or .9 Amp rating resettable fuse is fitted in-line with the positive battery supply to protect against overcurrent conditions. The time it takes for this kind of fuse to trip depends on how much it is overloaded. It will pass the rated current indefinitely, and is guaranteed to trip at twice that current. Other fuse values are available on request.
The Receiver Module is also protected against accidental reverse battery connection.
A Keyfob battery should last about 1 year in normal conditions. When the output voltage drops below about 10 volts the unit will no longer function even though the LED may still work.  The battery must be replaced by unscrewing the 2 small screws on the reverse of the Fob, removing the case and replacing with a new 12 volt (GP23A) battery.

The Mini Tx uses readily available standard AAA batteries. These have a much higher mA/Hour rating than the type used in the Keyfob, and will therefore last considerably longer, potentially several years. The limiting factor is more likely to be battery shelf life than its usage in normal circumstances. Replacement, when required, is achieved by removing the four lid screws of the Mini Tx, and opening the internal battery box by pushing down lightly on the serrated section and sliding the cover back. The AM Mini Tx uses four batteries, and the FM version uses two.
Symptoms of low Transmitter battery state are reduced control range, erratic control, or in the worst case no response at all at the Receiver. Note that similar results may arise when the locomotive battery itself is too low.
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Connections and Installation
The Receiver Module can be mounted inside the locomotive or tender in an appropriate location. Although the module is protected and insulated with clear heat-shrink sleeve, it should not be considered completely waterproof.  The “Continuous Version” should be mounted via the 6BA fixing hole in the heatsink to a suitable bracket soldered to the locomotive or tender metal body, or if a plastic bodied loco then to a large brass or copper metal plate (not supplied).

As with all radio control systems, the receiving Antenna is the trickiest aspect to manage as it needs to be reasonably inconspicuous, yet located in a position where the signal can be received efficiently. This essentially means outside of the loco, and ideally away from metal bodywork. In this respect the optimum position and orientation for the Antenna is likely to vary from loco to loco. The Chip Antenna itself, located at the end of the black coax cable is specifically designed to operate in this frequency band. Experience indicates that this type of Antenna is reasonably immune to orientation issues, but ideally would be used pointing vertically.
The Tail Lamp LED may be trailed to the rear of the locomotive. It is normally illuminated only when the locomotive is set to move forwards. It also doubles as a Mode Indicator when ‘Learn Mode’ is being used. If necessary, the Tail Lamp wires can be extended to suit the particular locomotive so long as the original connection polarity is preserved. Note that the Receiver/Speed Control module also has two LEDs fitted on-board, therefore it would be useful to have these sighted in a position convenient for viewing.
The motor is connected to the Orange and Grey wires (you may need to switch them over later), and the battery to the Red (+) and Black (-) wires (via On/Off switch and Charging Socket – see diagram).

An Accessory Connector is fitted at one end of the module, and this will allow additional features such as an Uncoupler or a Soundcard horn/whistle to be controlled.

A suitable position for the charging socket and switch should be found.  This could be put under the loco, but is a little awkward for access, or alternatively it could be hidden under the coal load or in the cab.  The round black plastic charge socket requires a 12.5mm (½”) hole, or the alternative metal charge socket requires an 8mm (9/16”) hole.  The switch requires a 5mm (13/64”) hole.  The charge socket is the more modern 2.1mm diameter, but the older style 2.5mm is available on request.  The switch is also available in a tiny slide version upon request.
Using a standard electrician’s soldering iron, prepare wires to length, and include about 12mm (½”) of heat shrink tube on the wires to the charge socket and switch, so that this can be slid back over the terminals to protect them after soldering is complete.
Leave the switch set to the Charge/Off position. Solder the black (-) negative wire from your battery/battery connector and the black wire from the Speed Control Module to the outer terminal of the charge socket. Solder the red wire from the Speed Control Module to one of the outside terminals of the switch, as indicated on the diagram. Solder another red wire from the other outer terminal of the switch to the centre terminal of the charge socket. LASTLY solder a red wire from the centre terminal of the switch to your battery/battery connector (+) positive red terminal. Double check that all the wiring has been installed correctly. Refer to the wiring diagram where necessary. Heat the shrink tube over the terminals.
Install the batteries/connect to battery connector, and switch on, the Tail Lamp should be on.
Normal Operation

Using a Keyfob, speed is adjusted by pressing the ‘Triangle’ and ‘Circle’ buttons for Forward and Reverse directions respectively. The Mini Tx uses the Green (F) and Yellow (R) buttons.
If the motor is found to operate the other way round, simply reverse the Grey and Orange wires at the motor.
Each time the button is pressed, the speed increases a step at a time until the maximum is reached. Holding the button down causes the speed to ramp up (or down) at a rate fixed within the Receiver module. Slowing is achieved by pressing the opposite button, which decreases the speed a step at a time until zero is reached. Continuing to press the same button will then start to increase the speed again, but in the opposite direction.

The principle is the same as that of a conventional centre-off speed control knob, where the speed must go through zero in order for the direction to change. The Tail Lamp state will change as the speed passes through zero. In effect, there are two zeroes – forward zero and reverse zero, which allow the loco to stand stationary, yet have the Tail Lamp illuminated correctly.
On the Keyfob the red ‘Square’ button is used to command ‘Stop’. The Mini Tx button for ‘Stop’ is also red and marked accordingly. Pressing this will cause the speed to be reduced to zero according to the chosen ‘Stop’ setting, with the direction unchanged.
The ‘Halt’ and ‘Resume’ feature allows controlled station stops to be performed using single commands. When commanded to ‘Halt’, the Receiver will remember the current speed, and then ramp down to zero at a rate calculated to bring the loco to a halt in a set period of time. ‘Resume’ ramps the speed up at a similar rate, back to the original speed.
‘Resume’ will always revert to the speed remembered when ‘Halt’ was last pressed, even if the speed is modified between times by pressing the usual ‘Forward’, ‘Reverse’ or ‘Stop’ buttons. This also applies if the direction is changed whilst ‘Halted’ – the loco will ‘Resume’ to the original speed, but in the opposite direction.

Use of the ‘Halt’ and ‘Resume’ feature is much more convenient using the Mini Tx, as a single button press is provided for each function. With the Keyfob, ‘Circle’ and ‘Square’ are pressed simultaneously for ‘Halt’, and ‘Triangle’ and ‘Square’ are pressed simultaneously for ‘Resume’.

With the Keyfob, pressing the ‘Triangle’ and ‘Circle’ buttons simultaneously will toggle the setting of the optional ‘Coupling’ output. On the Mini Tx a separate blue ‘Coupling’ push button (with three-link symbol) is provided. This feature requires an additional adaptor unit to be plugged into the Accessory connector.
The Coupling output can be set up either to operate at any time, or only if the locomotive speed is set to zero (see ‘Learn’ parameter 8). This is intended to prevent accidental uncoupling on the move.
A Coupling mechanism will typically lift or drop a hook which engages with a bar on the rolling stock. Each time its button is pressed, the Coupling output will change state and remain there until toggled again. This allows the Coupling to be raised before approaching the rolling stock, kept raised for the final approach, and then lowered when the loco has stopped at the coupling position. A similar pattern is applied for uncoupling.
The Accessory output can be used for purposes other than coupling control if desired, provided it is used within the specifications shown.
Configuration
Each locomotive is likely to respond in its own unique manner to the controls provided, given the wide variations of motor, gearing, mechanism etc. typically used in this scale. 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, though it can be repeated or modified at any time. The adjusted settings are remembered and stored in the Receiver/Speed Control Module, becoming ready for use immediately each time the locomotive is powered up.
1. Minimum speed step (first step)

Experience shows that mechanisms are often reluctant to start moving for very low speed steps. This adjustment allows the level of the first speed step to be artificially raised so that the locomotive is on the threshold of starting to move.

2. Maximum speed

Needs no further explanation required.
3. Speed step resolution (number of steps)

The number of speed steps can be adjusted to give a higher or lower resolution. The higher the number, the smoother the transition, from one speed to the next. However, higher numbers need more (or longer) button presses to achieve the same speed or change of speed.

4. Pulse Repetition Frequency (a.k.a. Pulse Width Modulation ‘PWM’ frequency)

The various motor types typically used have mechanical and electrical characteristics which give a different response to different pulse repetition frequencies. Larger motors usually respond better to low pulse rates, whereas precision or coreless types operate best with higher pulse rates. The optimum rate for any particular locomotive is best judged by practical testing. This setting also has an audible effect on the mechanism because the pulse rate is within normal hearing range.

5. Stop setting

Three options are provided to give a choice of Stop reaction times. The fastest setting switches off the motor drive and applies an electronic brake, giving a virtually immediate ‘Dead’ stop. The intermediate setting simply switches off the power to the motor, allowing it to ‘Coast’ to a halt. The slowest setting ‘Ramp’ slows down the motor speed by counting down the current speed step value at a fixed rate until zero is reached. In this way, the time taken to stop will depend on the original speed and step resolution.

6. Halt and Resume Time
The Halt facility attempts to bring the locomotive to a halt within a specified time, independent of its original speed. Resume does the same, but from zero back up to the original speed.  Three options of 5, 10 and 15 seconds are provided. Note that these timings are only approximate, especially when used with low initial speeds and long time settings.
Note also that this time setting does not apply to the time actually spent stationary. It is not intended as a fully automatic station stop from start to finish. The User always decides how long to wait until the Resume command is sent, having previously Halted.

7. Learn New Transmitter
As supplied, the Keyfob (or Mini TX) and Receiver module are matched to work as a unique pair. This feature allows additional transmitters of either type to be recognised by the same Receiver. Up to 50 transmitters can be learnt and remembered by a Receiver.

8. Coupling Zero Speed Lock
Normally, the Coupling controls are disabled unless the locomotive is set to zero speed. This is to prevent inadvertent uncoupling whilst in motion. The zero speed lock can be enabled or disabled with this setting. The disable option is useful if the coupling output is being used for another purpose, such as Horn or Whistle control, where the ability to toggle the output at any time may be preferable.

9. Reserved

10. Restore Defaults

The User can restore all the factory default settings by using this feature.
‘Learn’ Mode
Learn mode is entered by pressing all three Keyfob buttons simultaneously. For the Mini Tx, press ‘Coupling’ and ‘Stop’ simultaneously. These combinations were deliberately chosen as being the most difficult or unlikely to be pressed inadvertently, thus giving the best security against accidental entry into this special mode. For extra security, the buttons need to be pressed continuously for approximately 5 seconds, at which point the Mode Indicator LEDs will start to flash.
Whilst in Learn mode, the green Mode Indicator LED on the Receiver/Speed Control module will flash in a set pattern, depending on the position reached in the Learn sequence. To avoid the need for disassembly of a completed loco to view the on-board Mode Indicator, the Tail Lamp LED duplicates this function externally for convenient viewing.  The yellow LED on the Receiver/ Speed Control module can be viewed at any time to ensure a signal is being received.

For each of the parameters listed above, both LEDs will flash the number of times prescribed by the parameter number, i.e. when the LEDs flash just once; it is the minimum speed parameter which can be adjusted. Two flashes, maximum speed, etc. The flashing pattern is performed repeatedly to give a continuous indication with a clear gap between cycles.

To change parameter settings, the Triangle and Circle buttons (‘F’ and ‘R’ on Mini Tx) are used to increment or decrement the setting until the desired value is reached. Following this, the Square button (‘STOP’ on Mini Tx) is pressed, both to store the new setting and move onto the next parameter. If any parameter does not require changing, it can be skipped by pressing the Square (‘STOP’) button straight away, without touching either the Triangle/Circle (‘F’/’R’) buttons. ‘Reserved’ parameters should also be skipped in the same manner.
For ‘Learn New Transmitter’, either Triangle or Circle (‘F’ or ‘R’ on Mini Tx) may be pressed on the existing Transmitter. This will put the Receiver section of the Controller module into its own special mode which starts by illuminating the green LED continuously. At this point the User should press the Circle button on the new Keyfob (‘R’ on new Mini Tx). This will cause the Receiver LED to extinguish, and the User should then press the Circle button (‘R’ on new Mini Tx) again. This will cause the Receiver LED to flash several times, indicating that the new Transmitter has been successfully recognised and stored. 

It is strongly suggested that the User practices using Learn mode without making any changes to get a feel for press button 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 Square button (‘STOP’ on Mini Tx) to move on to the next parameter. This avoids confusion over the flash count.

When all parameters have been entered (or skipped) and saved, the Mode LED stops its flashing sequence and the module returns to normal operating mode.

Choosing the best settings   (Mini Tx buttons shown in brackets)
Minimum Speed Step (Parameter 1) for this, the locomotive should be placed on a level piece of track without any stock attached. The speed should be stepped up (increased) using the Triangle (‘F’) button until the locomotive starts to move, and then slowly backed off using the Circle (‘R’) button until it becomes stationary again. This is the optimum setting. By doing this, some lower speed steps may be missed out, affecting the apparent Speed Step Resolution, i.e. if resolution setting is 16 steps, and the lowest 4 steps are omitted, the speed will have only 12 usable steps. The same principle applies to the maximum speed setting, i.e. if the maximum speed is set to 50%, only half the steps will be usable. From this, it is evident that in such circumstances a higher resolution setting (more steps) might be more appropriate to maintain a good range of control.

Maximum Speed (Parameter 2) is chosen according to the Users taste or to match the prototype. For a garden layout this would probably be left at 100%, but for operating a loco on an exhibition layout for example, it may be advisable to lower the full speed. The maximum setting available is 100% (full battery voltage).
Speed Step Resolution (Parameter 3) is rather more difficult to judge as an effect immediately, the preferred setting only really becoming clear with use. The only way to demonstrate the difference between step sizes is to change the speed setting. Unfortunately when in Learn mode there is no simple way to do this as the buttons normally used to change speed are already being used to change the resolution setting. Each press of the Triangle (‘F’) button increases the resolution (multiplies the number of steps) by a factor of two, Circle (‘R’) decreases resolution by a factor of two.
Pulse Repetition Frequency (Parameter 4) is best decided through a period of trial and error to establish the effect of each setting on the locomotive. There may be a degree of interaction between this setting and the Minimum Speed Step. In Learn mode, the speed is automatically set to approximately 25% during this phase to allow the effect of each PWM rate on the motor to be judged. The highest setting (16 kHz) should be virtually inaudible to most people.

Stop Rate (Parameter 5) is chosen to suit the locomotive mechanism, coupled with User preference.

‘Dead Stop’ removes power, then applies an electronic brake to the motor, causing it to stop rotating almost immediately. The reaction of the mechanism beyond the motor will depend on the gearing method employed by the loco. With worm drives the wheels cannot feed their momentum back through the gears, so the wheels are likely to stop dead too. With bevel or spur drives the loco momentum may cause the motor to continue rotating briefly until the energy of motion is lost. If the Stop button is only expected to be used in emergency situations then ‘Dead Stop’ provides the fastest reaction time. 

‘Coast’ only removes power, leaving the mechanism to slow to a halt at its natural rate. This is less stressful to the mechanical components, and generally only adds a small fraction to the stopping time. This setting may find use during shunting activities.

‘Ramp’ is the slowest setting, and speed is reduced at a fixed number of steps per second, so the overall time taken to stop varies with original speed and the speed step resolution setting. This gives a stop time typically within a couple of seconds.

Halt/Resume Time (Parameter 6) can be selected to be either 5, 10 or 15 seconds in duration. Press Triangle (‘F’) to increase the duration time, or Circle (‘R’) to decrease.

Coupler Zero Speed Lock (Parameter 8). Press Triangle (‘F’) to enable zero speed lock, or Circle (‘R’) to disable the lock and allow the coupler output to operate at any speed. 

Restore Defaults (Parameter 10) can be used to re-establish all the original parameter settings as supplied from the factory which are shown in the Settings Table below under ‘Default Setting’. This provides a convenient way out if the User loses track of certain important settings and is unable to regain a sensible combination of values by normal means. Press the ‘Triangle’ and ‘Circle’ buttons simultaneously on a Keyfob or the ‘Coupling’ button on a Mini Tx to restore defaults. These presses have been chosen to be different from the normal parameter adjustment buttons to minimise the chance of inadvertent operation.
Specifications
Dimensions;
Receiver
90 mm (71 mm board size) x 24.5 mm x 12.5 mm (plus 11 mm x 11 mm projection on Continuous Version)

Keyfob
67 mm x 36 mm x 17.5 mm


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

Supply Voltage
8 to 20 volt (16 to 30 volt, high voltage version)
Maximum Currant
2 amp for ‘Standard Version’ (for shunting & light loads) 

2.8 amp ‘Continuous Version’ (for continuous running with coaches & wagons)
Built in fuse
0.9A or 1.35A resettable fuse fitted
Accessory Drive Output
5V logic level @10mA max continuous. 
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:






	Parameter
	Flashes
	Min Setting
	Max Setting
	Default Setting
	My         Setting
	Comment

	Min Speed (first step)
	1
	1.5 %
	98.5 %*
	1.5 %
	
	Percentage relative to Full Speed

	Max Speed
	2
	3 %*
	100 %
	100 %
	
	Percentage relative to Full Speed

	Speed Steps
	3
	8
	64
	16
	
	Settable to 8,16,32,64 steps**

	Pulse Rate
	4
	1kHz
	16kHz
	16kHz
	
	Settable to 1kHz,4kHz,16kHz ***

	Stop Rate
	5
	Dead
	Ramp
	Ramp
	
	Dead , Coast and Ramp options

	Halt/Resume Time
	6
	5 sec.
	15 sec.
	10 sec.
	
	Approximate timings only

	Learn New Transmitter
	7
	N/A
	N/A
	N/A
	
	Up to 50 Keyfobs

	Coupling Zero Speed Lock
	8
	Off
	On
	On
	
	Choose ‘Off’ for operation any time

	Reserved
	9
	-
	-
	-
	-
	Not used

	Restore Defaults
	10
	N/A
	N/A
	N/A
	N/A
	Restore all factory settings


*
Note that it is not possible to set the Min Speed to be greater than the Max speed, or the Max speed to be less than the Min speed. This is prevented automatically.

**
Approximate nominal values, subject to Min and Max Speed settings (see above)

***
Approximate frequencies dictated by internal processor clock.
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