Applications Note:  Implementing Fail-Safe Grade Crossings

This applications note examines techniques for implementing automated grade crossings.

At first glance, a grade crossing seems rather straightforward.  Just put a sensor on either side of the crossing and write a few lines of TCL code to activate the gate and flashers when the train reaches the first sensor and deactivate them once it passes the second sensor.

However, once we examine the problem in more detail, and endeavor to account for all possible cases (e.g. trains entering from either direction, trains entering the crossing and then backing out, very short vs. very long trains, etc), the problem becomes a bit more daunting.

In the following discussion, we’ll examine solutions to each of these complexities.

The Basic Crossing:

Figure 1 shows one method (there are many ways to tackle this problem) of implementing a grade crossing.  Here we’ll use two sensors: a current sensor to detect the approach of a train toward the crossing, and an IR sensor to detect the safe passage of the train past the crossing.
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Figure 1.  A Basic Grade Crossing

Our current sensor monitors an insulated track block surrounding the crossing.  This block should be wide enough to allow ample warning of a train’s approach to the crossing from either side.  The infrared sensor’s emitter/detector pair straddles the crossing diagonally, so that the IR beam will remain broken until a train has fully cleared the siding in either direction.

With that in mind, here’s some TCL code to control our crossing.  (We’ll assume that the crossing gates are controlled using a Train Brain control relay, and that the flashers on the crossbucks are controlled using two Signalman transistor outputs.)

Controls: Crossing_Gate

Sensors:  Outer_Sensor#, Inner_Sensor*

Signals:  Flasher(2)

Actions:

    When Outer_Sensor = True Do Crossing_Gate = On

    When Inner_Sensor = True Do Crossing_Gate = Off

    While Crossing_Gate = On Do

         Flasher = “*-“, Wait 1,

         Flasher = “-*”, Wait 1

That’s all there is to it!!!

The first When-Do statement lowers the crossing gate when the head of an approaching train enters the insulated track block, and is detected by the current sensor “Outer_Sensor”.  (This works for the approach of a train from either direction.)  Once the crossing gate is activated, the third While-Do statement begins alternately blinking the crossbuck’s two flashers.

Eventually the train reaches the siding, and breaks the infrared sensor’s beam (setting Inner_Sensor to False).  Once the train has completely cleared the crossing, the infrared light beam is re-established, and the value of Inner_Sensor returns to True.  At that point our second When-Do statement fires, turning off the crossing gate.  Once that occurs, the third While-Do deactivates, and the crossbuck’s flashers cease blinking.

What about trains traveling backwards?

This implementation of the crossing employs a current sensor to detect the approach of a train toward the crossing.  That’s fine for a train with an engine at its head, since the engine’s metal wheels will always be detected.  But for a train backing into a crossing, or being pushed from behind, by the time the engine reaches the insulated track block, it may be too late, since the train’s rolling stock may have already reached the crossing.

If that’s a situation likely to occur on your layout, insulating wheel sets may be used on the final car of the train (e.g. on a caboose) to form an “end-of-train” device, allowing entry of the back end of the train into the insulated track block to be detected.

Alternatively, and IR sensor may be used at each end of the region surrounding the crossing (in lieu of the current sensor) as the means to detect the approach of a train toward the crossing.

Handling Some Pathological Cases:

The implementation of our basic crossing is nearly foolproof.  It handles trains of arbitrary length traveling in either direction.  However, it fails to handle a few pathological cases.

One situation it isn’t equipped to handle occurs when a train enters the region of the crossing, but backs out again on the same side from which it entered before ever reaching the crossing itself.  (Such a situation might occur at a crossing in an industrial area where switching operations occur.)  In that case, the gate would be activated by When-Do #1, but would remain lowered forever, since the condition needed to trigger When-Do #2 never occurs.

Fortunately, it’s a situation that’s easy to account for.  Consider:

    When Outer_Sensor = True Do Crossing_Gate = On

    When Inner_Sensor = True Do Crossing_Gate = Off

    While Crossing_Gate = On Do

       Flasher = “*-“, Wait 1,

       Flasher = “-*”, Wait 1

    When Outer_Sensor = False And Inner_Sensor = True Do

      Crossing_Gate = Off
Here we’ve added a fourth When-Do that turns off the crossing gate when an engine leaves the insulated track block and the crossing is not blocked. This solves the problem described above.  (Of course, this When-Do will trigger in normal operation as well, but in that case the its action is redundant, since the gate will have already been turned off by When-Do #2.)

A second pathological case that requires a bit of failsafe logic occurs when a train clears the crossing, thereby raising the gate, but then backs into the crossing again before exiting and reentering the insulted track block.  In that case, there is no opportunity for When-Do #1 to execute again to re-lower the crossing gate.

We can add yet another When-Do to handle this case.

      When Inner_Sensor = False Do Crossing_Gate = On

This When-Do will catch a train reentering the crossing any number of times while still in the track block.  Admittedly, our little drivers won’t get much warning in this case, but presumably the train will be moving very, very slowly at that point, since it has just reversed direction a few feet away!

With that bit of logic added, our crossing is now 100% foolproof.  We leave it to the user to decide if the final two When-Do’s to handle the pathological cases are warranted on their layout.  

In summary, here’s the complete crossing gate TCL program:

Controls: Crossing_Gate

Sensors:  Outer_Sensor#, Inner_Sensor*

Signals:  Flasher(2)

Actions:

  { The basic grade crossing logic }

    When Outer_Sensor = True Do Crossing_Gate = On

    When Inner_Sensor = True Do Crossing_Gate = Off

    While Crossing_Gate = On Do

         Flasher = “*-“, Wait 1,

         Flasher = “-*“, Wait 1

  { These When-Do’s handle pathological cases of train travel }

    When Outer_Sensor = False And Inner_Sensor = True Do

      Crossing_Gate = Off
      When Inner_Sensor = False Do Crossing_Gate = On










































































































