Solid State Load Switches
and
Signal Monitors

March 1999

EBERLE DESIGN INC. ‘ E DI

3819 E. La Salle Street Phoenix, AZ 85040
ph (480) 968-6407 www. editraffic.com



Solid State Load Switches and Signal Monitors
Eberle Design Inc

[) Signal Monitor Field Sensing Basics

a) Signal monitors are voltage sensing devices and measure the voltage between the load
and AC neutral.

b) Typical system circuit equivalent:

Load Switch
a/c o
AC Monitor
120V ~
- load
;ﬁ?n}; 12-200
ohms
v v

The signal monitor is actually a load of very high resistance in parallel with the signal
lamp and field wiring.

c) NEMA TS1-1989 and TS2-1998 Standards require the monitor to respond to field
terminal voltages as follows:

Green / Yellow / Walk Red

ON = 70 Vrms or higher

ON or OFF

OFF =50 Vrms or lower

ON = 25 Vrms or higher

ON or OFF

OFF =15 Vrms or lower

d) For a monitor to respond to a fault condition, it must exist for a minimum amount of time:
Conflict: 200 ms to 450 ms
Red Fail: 700 ms to 1000 ms

Red Fail fault is defined as the absence of voltage on all inputs of a channel (i.e. Red < 50
Vrms and Green, Yellow, Walk <15 Vrms).

II) Load Switches
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a) Typical circuit equivalent:

AC Bus
I
Load Switch
10 ohms
SZ
o+ Opto Zero | A
DC Input Input [ [Cross _'_0.1 uF
O AC Output

b) Pertinent NEMA specifications:

1) The switch shall turn ON and OFF within 5 degrees of the zero voltage point of
the alternating current sinusoid.

2) The output current through the load switch when the load switch is in the OFF
state shall not exceed 20 milliamperes peak at 135 VAC (TS-2 requirements are
10 milliamperes peak maximum).

3) Each load switch output shall have a dv/dt (rate of change of voltage vs time)
rating of at least 100 volts per microsecond.

c) Load Switch Leakage Current

This current as specified in item #11-b2 above is the current supplied to the load
when the switch is OFF (an ideal switch would not allow any current to flow). A very
small portion of this leakage current actually comes through the triac device. The
majority of the current comes through the resistor - capacitor "snubber” circuit
across the triac device. This snubber circuit is required in order to meet item #11-b3
above.

Because of the capacitor, only AC current can flow. The impedance (equivalent ac
resistance) of a capacitor is approximately 1/&C, where w=2*3*f=377. Typical
values for the snubber capacitor range from 0.1 uf to 0.047 uf depending on the
manufacturer. Therefore, typical impedance values may range from 26.5K ohms to
56.4K ohms respectively.

When the signal load is removed from the circuit in #I-b the monitor becomes the

only load. The equivalent circuit using the snubber impedance in place of the load
switch (switch is OFF) can be modeled as:
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Load Switch
Rz=26K to
56K ohms

J)

(€
Monitor load
Rz=150K to 12-200
200K ohms ohms

A voltage divider calculation shows that approximately 85% to 73% of the AC line
voltage (102V to 87V) appears across the "monitor load". Since these input voltages
exceed the specified levels in #l-c, the monitor senses them as ON. This
demonstrates why a monitor senses a no load condition as active ON.

If the no load condition occurs on a Green, Yellow, or Walk signal, a Conflict will
result when the next conflicting phase becomes active. If Dual Indication monitoring
is active, the no-load condition will be detected when the next color becomes active
on that channel. If the no load condition occurs on a Red, a Red Fail fault will not
occur on that channel since the red input will be always sensed ON.

To prevent a no load condition from being detected in this way, a load resistor can
be wired in parallel with the monitor inside the cabinet. If the signal load is removed
(all lamps burn out or field wiring opens) the load resistor becomes the new load. To
calculate a worst case value for this resistor, specification #11-b2 should be used:

a) convert peak current to rms:
20 mA = 14.1 mArms (assume full wave sinusoid)
V2
b) To prevent a monitor from sensing an input as ON the voltage generated by
this 14.1 mArms of leakage should be less than 15 Vrms:
For green, yellow, or walk inputs:
R *14.1 mArms < 15 Vrms
R <1060 ohms (20 Watt @ 1060 ohms)

For red inputs:
R * 14.1mArms < 50Vrms
R <3530 ohms (10 Watt @ 3530 ohms)
Some other considerations are important:
1) These calculations assume worse conditions. A typical value for load switch

leakage is more in the 5 mArms range. The typical threshold of a monitor will be
centered in the allowed range (20 Vrms). So a less conservative resistor value
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for Green, Yellow, and Walk might be in the 1.5K-2K ohm range. This also
keeps the wattage below 10 watts.

2) The leakage current is actually out of phase with the AC line zero crossing. It also
is not generally a clean sinusoidal waveform. Its amplitude and phase can be
affected by temperature, capacitor type and tolerance, time aging, AC line
voltage, etc. This can affect the actual detection threshold of a monitor.

3) To reduce power consumption capacitors may also be used as parallel loads
instead of the resistors. The calculation is similar and uses the impedance of
the capacitor. For the worst case value of 1060 ohms, the equivalent capacitive
load is approximately C = 1/(w*1060) = 2.5 uf. Problems can occur using
capacitors because of the discharge time involved when a signal changes from
ON to OFF. A larger capacitor value yields a lower off-state voltage, but
requires a longer time to discharge when the signal changes from On to Off.

Some experimentation should be used to arrive at the proper value but
capacitors in the range of 1.2uF to 1.5uF have been shown to work under most
conditions.

Ill) Conclusions

a) Loss of a load on a Red input will not be detected as a Red Failure. The monitor will
sense it as an active signal. Red Failure occurs when there is no voltage on the red,
yellow, green, and walk inputs of a channel. A monitor which detects dual
indications will detect an open Red load fault when the phase goes to green (G and
R).

b) High impedance loads can cause improper sensing or loss of system noise margin due
to the effects of the load switch leakage current detailed above. This can arise from
dimmers, low power pedestrian heads, Xmas bulbs (7 watt = 2000 ohm) on load
boards, etc..

c¢) Dual Indication monitoring can help detect no load conditions (without load resistors),
anticipate conflicts before they occur (G and Y), and sense controller and load
switch malfunctions.

d) Other common sensing problems are due to load switch malfunctions such as phase
firing (violating item #l1-b1 above), flickering, improper dimming schemes,
intermittent wiring or terminations, loose or poor AC neutral return, or other current
leakage paths such as a wet splice.

e) Some Clearance faults may be related to a spurious detection of the red input during

green or yellow clearance time. This could be caused by some of the conditions
described above.
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