Temperature is controlled
electronically using a thermocouple
(T/C) or thermoresistance (RTD)
connected to an ESM temperature
controller with an output which turns
on and off either a contactor or other
power switching device which, in
turn, allows electric currents to be
supplied to heating elements or
coolers. In some applications,
electromagnetic valves are operated
by the controller to allow refrigerant to heat or cool the process.

Control Types
ON/OFF

This is the simplest and least accurate form of control action. This type is
widely used in commercial and household applications. Thermostats are a
good example. Here, a set point is dialed or programmed. If heat is
required, the output from the thermostat is switched on which in turn
ignites the furnace or heating elements. When the ambient temperature
reaches the set
point, the output
is switched off
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100% don't go stone
cold because
they've been
turned off. In
fact, the
temperature continues to rise because elements are still giving off heat as
they gradually cool. In essence, the actual temperature reached by the time
it begins to drop is a few degrees higher than the set point. When the
temperature falls below the set point, the heating elements are again
solicited but the temperature continues to fall until the elements are
sufficiently hot as to begin heating the ambient air. The exact opposite is
true when cooling is preferred. In either case, over and under shooting
occurs. Most industrial applications require a more precise method of
control.

Proportional, Integral and Derivative (PID)

Now that you know why this method was abbreviated to PID, here's how
these three parameters operate to achieve very precise temperature control:
P action is responsible for avoiding the overshooting mentioned earlier by
modifying the on/off switching pattern. When the process temperature is
lower than the proportional band within which the set point is located, the
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output is fully on. As the process value enters the proportional band, the
output is decreased gradually in proportion to the deviation. In other
words, the set point sits in a zone which the temperature controller uses
as an area
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m o r e
attention.
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band or zone, the output is switched on and off in proportion to how
quickly the temperature is rising. So, depending on this rate, the
controller will decide how long to keep the output on before turning it
off and then on again to achieve a 'soft landing' if you will, thus
achieving the set point and remaining there. This sounds as if P is all
youreally need, so, why 7 and D?
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Integral or I is necessary because P by itself causes an offset. It'll get the
temperature to the set point, but to smooth out the peaks and troughs of
this offset, it's important to introduce time into the formula. When the
set value is achieved, getting rid of the offset which is inherent to P is
achieved by controlling the output in proportion to the time integral.
Used together,
P and I will
maintain the|
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provides an
immediate
shift in output 100%
level if there is
a rapid change
in the
measured
temperature. Suppose the oven door is opened; simply relying on P and
I would get the process value back to the set value, but slowly. D
controls the output in proportion to the slope of temperature change. A
sudden decrease in temperature gets this parameter to affect the output
by the same rate, thus getting the temperature back to where it was in a
much shorter time than would otherwise be possible. As you've
guessed by now, both I and D are time based. The first eliminates the
offset and the latter works against sudden changes.
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When I buy an ESM controller, do I get an engineer to determine the P, I
and D values?

YES! Well in a manner of speaking. One of the Operator's Parameters is
'tunn'. Setting this to 'Stun' or 'At.St' summons the on board 'engineer'.
When the ESM is first energized, it compares the actual value to the set
point. It then turns on the output until the half way point is reached
between the starting and set values. It then analyses the amount of time it
takes for the temperature to begin falling. At this point, PID coefficients
are calculated

ey P conTcent are deermined and saved to
Process Set / memory. The
Value (P5EE) \J4 output is then
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is different from
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Tunning' or
'Auto Tune' which can be chosen at any time by accessing this parameter in
the 'Run List'. In essence, though, operator intervention isn't necessary as
our on board engineer can determine if this operation is necessary.
Suppose the set value is changed and the difference between the new and
former set values falls outside the proportional band, the controller
automatically starts this function at the end of which, new PID parameters
are saved to memory.

Ramp and Soak
In some processes, Time must be the controlling factor. When only one
temperature setting must be reached in a predetermined interval, the
ESM's 'StrA' parameter is programmable up to 99h59m.

Other process require the temperature rise in steps (ramping) and remain at
these various settings for a predetermined interval (soaking) before going
onto the next setting. The ESM xx50 has 8 R&S steps which can be split
into two groups of four, if need

Additional Programming Notes

The xx30 and 50 series have the ability to work with any Thermocouple or
PT 100 two or three wire type of RTD. They can also accept an analog
input. Simply connect the input to the corresponding terminals on the
controller and choose the corresponding code from a list provided in the
User's Manual and enter it into the tCSL', 'rtdS' or 'uASL' parameter.

Many of the parameters function as a percentage of the full scale. The
accuracy of the controllers is 0.25% of the full scale. T/Cs and RTDs have
wide ranges of operation; but most processes operate within a relatively
narrow segment of these ranges. For instance, a J thermocouple has a
sensing range of -199.9°C to +900.0 °C. The process values might be 250
to 450 °C. Entering these values in the Genn ConF parameters SU-L and
SU-U will increase the accuracy from + 2.75 °Cto + 0.5 °C.

Programming the controller to operate a motorized valve is quite simple.
First, make certain that an EMO 400 relay module is inserted into the
module 1 slot. Then, in the RUN List, select HEAt or CooL in the ULSL
parameter. The parameter, ULtt, has to be adjusted. Begin with the valve in
the fully closed position. Now , measure the time it takes to open the valve.
Add 5% and enter this as the time interval to a maximum of 600 seconds.
The other value to adjust is ULHy. If the valve oscillates during opening or
closing, increase the value.

By now, you’ve noticed these controllers are quite versatile. Another
feature which is obtained through the software is having one of the outputs
latch in case the temperature achieves an alarm value. The AoF1, 2 and 3
parameters (outputs 1, 2 and 3 respectively) can be programmed either to
automatically reset once the fault has been cleared or to remain in the fault
condition until the operator manually resets it. The time can be adjusted up
to 9998 seconds for automatic reset from fault. By setting the parameter to
9999, manual reset will be necessary. This is commonly referred to as
HIGH LIMIT control or alarm.
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