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6.

CLOSED LOOP CONTROL
As we have seen, a computer can generate control signals and receive
sensed inputs. When the input is used to determine the control

output, we have 'closed the loop".

D/A Power
—>»Lonversiong——— Driver —*
Processor Process
A/D Sensor
Conversion[*® <

In this chapter we will deal with three closed loop problems: on-off
(thermostat) control, proportional voltage or temperature control,

and speed control.

Voltage and temperature control are essentially similar problems and
will use the same forms of analog to digital input and digital to
analog output. The automatic A/D input function of the Ferranti 425
will be wused to sense the. condition of the external "process", and
output switching or pulse width modulation will be used for control.
In speed control we will determine the speed by a frequency

measurement, and we will try both PWM and the Ferranti D/A conversion

for control.
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6.1 ON-OFF CONTROL

The simplest closed 1loop control system is exemplified Dby the
familiar household thermostat. The temperature is measured, and if
it 1is too low (i.e., below some preset value) the furnace is:turned

on. When "the temperature reaches the desired value the furnace is

turned off.

An on-off control system usuaily has a "dead band" in which the
present condition of the output is not changed - if the furnace is on
it stays on until an upper temperature limit is feached; if it is off

it stays off until a low limit is reached.

Without +the dead band the output will switch on and off too.
frequently, resulting in inefficient operation (and annoying noise in -
the household situation). In a simple thermostat, the dead band is
provided by mechanical hysteresis in the bimetal switch. In more
sophisticated systems the upper and lower limits can .be programmed
independently. It is ‘also possible to let system time constants

provide the dead band, as we shall see in the first exercise.

The interface board includes a Fairchild 2N6121 power transistor
driven by a Monsanto MCT6 optical coupler. This circuit can be used
directly to heat a power resistor, as shown in Figure 6-1. The
thermistor must be coupled to the heater as closely as possible,
since +the heating available is not very great. One way of achieving

close coupling is to wrap the resisitor and thermistor together with

electrical tape.
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Alternately, the power transistor can drive a relay controlling power
to an AC heater, with the thermistor in water that is being heated.

(Note: Exercise 6.1.1 should not be done with a relay, because the

fast switching would damage the relay contacts).

The experiments can be performed without heating anything, but simply

simulating heat by the charge on a capacitor and measuring its

voltage, as shown in Figure 6-2.
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1.1 On-0ff Control Without Deadband

EXERCISE

The on-off control experiment will use subroutines TEMP and FILTR,
ueveloped in Chapter 5. The program of Figure 6-3 accepts a
temperature request (by keyboard entry) and attempts to heat the load
to that temperature as measured by the thermistor. Whenever the
temperature is less than that requested it turns the heater on by
setting Port 1C1 low; when the temperature is greater it sets Port
1C1 high to turn the heater off. The temperature is calculated and
displayed by subroutine TEMP. The measurement and control functions
are contained‘entirely in the RST6 interrupt service, with the main
program performing initialization and then calling ENTWD for a
temperature request. The desired temperature must be entered as
degrees and tenths, to permit comparison with the temperature
returned by TEMP. For instance, enter 315 to request a temperature

of 31.5° C.

Clearly this program does nothing very exciting. Its main purpose is
to demonstrate the effect of'having no deadband. Observe the high
frequency at which it switches the power on and off when the desired .
temperature is reached. This is no problem to the power transistor,
nor to an SCR, but would damage the contacts of a relay. Moreover,
many heating devices are less efficient when being switched on and

off repeatedly, and some may be damaged.
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RST 6 Interrupt - A/D Input

Save Registers

Read A/D Input

Load address for FILTR

Call FILTR (A)-—— Filtered voltage
Call TEMP (DE) «—— Temperature
Display temperature at right

Compare measured temperature with
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i
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TEMPERATURE LOOKUP AND DISPLAY
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TEMPERATURE WITH TWO BYTE DISPLAY (continued)
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CODE

A D D R

V] e | | 3
S NEE N EENERNNER NN NENNMENN @
INERANEE RN 4W NSNS wm RNEAEND :
Ul [N NG [wl e . N . N OINIS N o
SAELARCAILARR S INAENA A SRR R Y &
NS O] DY Q0NN S| O NS QYR Q¢ 08 TG QYN ™S
0ﬂ00¥00£ﬂ0/004/0//0f/00/0?40&2&53
~lN[om|le|vw]|oe|~Nlololg|sfo|0jlw|(w|o|l=|la|m|lalvw]|o|nNnN ®lo|d]|alO|l0|lw(elo|~Nm]| < ©
“ 3 | ,
N m W

133HS ONIAOJ

W3LSAS ONINIVHL H3LNdWOJOHIIW

SWILSAS H31NdWOD Q31VHOILINI

6-17



CLOSED LOOP CONTROL

This page intentionally left blank.

6-18



TABLE OF REPETITIONS AND SLOPES (continued)
CODE

D D R

A

N

N

N

’..

NE 3
™ N N N N ¢
,7 ) AN A M o

AN Ny \ N

9¢ NN ki 3 2

) N WO INNS [N 3
Q Q Q R N Q| "
/3,/50/7é/7J/J7F00
SE N ER N EE RN RN EENNNEE
N ol | wlo | ~Mojlo|gd|djo|0jlwluw]|lol~raa]®o|as|w|{o]l~ RO Aajlw|lnw|o|~| M| < -]
4 Q
) oy
N @ hod

133HS ONIA0D

W3LSAS ONINIVHL H31NdWODOHIIW

SW31SAS H31NdWOD A3LVHOILNI

6-19



CLOSED LOOP CONTROL

RST6 Interrupt - A/D Input

Save Regilsters

Read A/D Input

Load Address for FILTR

Call FILTR

Call TEMP (DE)-—— temperature

\

(HL)<¢—— (8306, 07) Lower Limit
(A) <«—— (PORTI1C) Control Bit
Mask for heater control

Heater Off

‘Heater On

(BC) -—— (HL) Lower Limit
(HL)~— (8308, 09) Deadband
(HL)<e—— (HL) + (BC) Upper Limit

reg
Y

Compare measured temperature with
upper or lower limit

Measured<Limit

6-20

Measured > Limit

/\
v

Set Port 1C1 Low
to turn heater on

Set Port 1C1l High
to turn heater off

Copy Port 1Cl into Port 1Al for display
Enable A/D Interrupt, Reset Counter
Restore registers, EI, RET

Thermostat with Deadband - RST 6

Figure 6-5
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6.1.2 On-0ff Control With Deadband
EXERCISE

Modify the program of the preceeding Section (6.1.1) to provide a
deadband. You can do this either by entering upper and lower
temperature limits or by entering a value for the deadband which is
always added to the lower temperature limit to obtain the upper

limit. (The latter approach is used in the given solution.)

The main program is identical to that of figure 6-4a except that
instead of storing data entered through ENTWD it calls a subroutine
(STORE, at 82F0) which stores a deadband value at 8308,09 if the STEP
key was used, or a lower temperature limit at 8306, 07 if the RUN key
was used. NEXT stores the data entered as a lower temperature limit

and also enters a default deadband of 2 degrees.

Figures 6-5 and ©6-6 show interrupt service for the deadband
thermostat. The present state of the control is tested to determine
whether power is on or off. If it is off, the temperature is
compared with the lower limit. If the power is on, the deadband is
added to the lower limit before the comparison is made. Now power is
turned on if the temperature is less than the selected limit, or off

if the temperature is greater.
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(continued)

THERMOSTAT - RST 6
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6.1.3 Thermostat with Alarm Limits

OPTIONAL EXERCISE:

A very common requirement in process control systems is to test a
temperature for certain limits and give an alarm if the limits are
exceeded. This 1is 1likely to be wused in conjunction with a
temperature control, either thermostatic or proportional, so there

may be as many as five limits:

Highest - Danger to equipment or personnel.

Probably indicates an equipment failure.

Next Highest

Process is out of control. May result

in degraded product.

Normal High - Heater should be turned off to maintain

normal process temperature.

Normal Low - Heater should be turned on to maintain

normal process temperature.

Lowest - Process is out of control. May result

in degraded product.

In a batch process, of course, the initial and final temperatures are
likely to be lower than the lowest control temperature, so the alarm
corresponding to that temperature should not be given until after the
normal low temperature has been reached, nor after the process has

been turned off.
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There may also be time limits imposed on the process. In Section
4.2,9 an optional exercise was suggested in which a heater was
controlled according to a schedule of times, with an upper limit for
off-time and a lower limit for on-time. We will impose such limits
here. In addition, we will place an upper limit for on-time, because
if the heater stays on too long it may indicate a failure in the
température sensor such that the highest temperature limit could be

reached without being detected.

Develop your .own flow charts and program for this problem. Select

limits that can be reached by the heater you are using, and force the
alarm conditions to occur by connecting MOTOR CONTROL - to ground so

that the heater will stay on.

6-27



CLOSED LOOP CONTROL

+5 Volts +5 Volts
Controlled
" ] rn
Motor '-’lKHe ating
Supply B
- Motor
Drive
POjT 1C1 Motor
Same connections Retum
as Figure 6-1 to
control power
transistor
GND | 10K
UnconfTolled
"Heat Loss"

10K 1K OPTO OUT

Vcc-———-N@;;;T ANV @a¢
Unco olled

"Heatipg' PORT 1A0 1K

———

Controlled
"Cooling"

ANﬁé%Q IN

Circuit Connections for Simulation

Figure 6-7
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6.1.4 Two-Way Control
OPTIONAL EXERCISE:

In the simple thermostat problem it was assumed that only heating
would be needed to maintain a required temperature; incidental heat
loss would provide for cooling. In many temperature control problems
that is not the case - both heating and cooling are required. The
building with both furnace and air conditioner 1is the obvious
example, but chemical processes also may require both. We cannot
readily provide a realistic exercise with a heater and cooler, but
the functions are easily simulated by charging and discharging a
capacitor. Figure 6-7 shows connections to the interface board, and

Figure 6-8 shows a circuit diagram for such a simulation.

Vece Vee
Current
Currenc }" l represents
represents 9 uncontrolled
l controlled heat input
heating

1

Current > Current

l represents lrepresents
controlled uncontrolled
cooling heat loss

Capacitor ;Epresents
material being heated

Heating and Cooling Simulation

Figure 6-8
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HEATER | BOTH COOLER BOTH | HEATER
ON OFF ON OFF ON

COOLER UPPER LIMIT

COOLER LOWER LIMIT

\\\ HEATER UPPER LIMIT

N 4 HEATER LOWER LIMIT
P

Normal Inner Limits

HEATER BOTH COOLER BOTH| HEATER
ON OFF ON OFF | ON
//\\ COOLER UPPER LIMIT
: / ‘ HEATER UPPER LIMIT
COOLER LOWER LIMIT

/ / HEATER LOWER LIMIT

Inverted Inner Limits

Heating and Cooling Limits

Figure 6-9



CLOSED LOOP CONTROL

We use the SENSE pot to simulate a variable heat input that cannot be
controlled by the program and a 10K resistor to simulate heat loss.
(An external 10K pot can be used instead, but is not necessary). The
power transistor and Port 1A0, each with a series 1K resistor,

represent the controlled heating and cooling.

Figure 6-9 depicts the <control process. In Figure 6-9a a normal
situation is shown. As the process temperature rises with the heater
on, it crosses the heater lower limit and reaches the heater upper
limit, where the heater is turned off. If either thermal inertia or
uncontrolled heating causes the temperature to reach the_dooler upper
limit the cooler is turned on to return the process toward the
desired temperature, and it rumns until the temperature drops to the
cooler lower limit. if the temperature does not reach the cooler
pper 1limit the cooler remains off (dashed line). Obviously in the
case of temperature control of a building (rather than a chemical
process) there are many days when only the heater is turned on or

only the cooler is turned on.

In process control however, it is often the case that the cooler
involves greater thermal inertia than the heater. Heating can
usually begin very quickly after a control signal and also stop very
quickly. Cooling is likely to involve significant delay, since cold
water must be pumped through pipes that are full of water heated by
the process, and when the cooler is turned off the remaining cold
water in the pipes will still absorb heat. In such a case the heater
upper limit may be above the cooler lower limit, as shown in Figure

6-9b. In an extreme case, both cooler limits might be between the
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two heater limits. This implies that sometimes both the heater and
cooler would be in operation at the same time. The conclusion is
that independent upper and lower limits should be provided for both
the heater and the cooler. (These may of course be expressed as lower

limit and deadband).

Clearly the control algorithm is essentially the same as for the case
of a heater (or cooler) only, but must be processed twice for each
temperature measurement. Once again we leave program development to

the student.
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6.2 PROPORTIONAL Vs. INTEGRAL CONTROL

On - off control is unsuitable for many purposes. Imagine steering a
car with a three position switch allowing only left turn, straight
ahead, or right turn. You might make your way along a sufficiently
broad highway, but the turn radius suitable for high speed driving
would made parking very difficult. Proportional control is a method
of applying a varying control force depending on the magnitude of the

adjustment required.

In steering a car along a straight road you may be able to take your
hands off the steering wheel for several seconds, and continue in a
straight line. Soon, however, the car will drift off the track and a
gentle touch on the wheel will be needed to return to the straight
line. You have observed an "error signal" and applied a "control
force" to correct the error. When the error becomes zero you again

relax the control force.

If a bump in the road caused the car to swing sharply you would apply
a more vigorous control force through the steering wheel. This is the
essence of proportional control: a larger error results in a

stronger restoring force.

When you reach an intersection and want to turn, you have changed the
"setpoint". Suddenly a large error signal appears, because now the
intended direction (i.e. setpoint) is pointed 90 degrees away from
your car's current direction. You apply a large control force to
correct for this large error sjgnal, until once again the error

signal reaches zero. Thus the control force is in direct relation or
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proportional to the error signal. A proportional control system can

be described by:
Control Force = Gain (Desired Value - Measured Value).

The difference between the desired value and the measured value is
called the error signal. It may be temperature, distance, angle,
speed, voltage, or any of a host of other continuous variables. The
control force might be -electric current or gas flow to a heater;
voltage, current or frequency to an electric motor; hydraulic
pressure, etcetera. Note that gain is wusually not a dimensionless
ratio in this abstract form. For instance if a measurement in
degrees 1is to give a control force in pounds, gain would have the
dimensions '"pounds per degree'. In many cases with computer controi
both the measured value and the control force may appear as voltage

analogs of the real variables.

In some. processes it is not enough to provide only a correcting
force. It may be necessary to provide some driving force all the
time. For 1instance, we might operate a heater at some steady
current, but increase or decrease that current in response to a

temperature measurement. Then the control force would be:
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(a) G (E) + S

where control force

gain

Il

error signal as above

n H Q@ = o
I

steady state force

Now if the system is well understood and conditions are constant,

corrective changes are made in the control force only when some

disturbance causes an error signal.

If you were driving a camper or truck on a windy highway you would
not take your hands off the steering wheel. Some force is needed all
the time to keep the truck going in a straight line. This force must
be increased or decreased momentarily to compensate for gusts or
b mps. It is not a constant force, however, but must be adjusted if
the wind force changes. Systems of +this kind, that require a
continuous control force to be adjusted for both momentary and long
term changes, are more common than those where the control force is

usually zero or constant.

The first -kind of control system, with no steady state force, is
called '"proportional control" or "pure proportional control". It is
well suited to processes that are subject to temporary disturbances
or changes 1in setpoint, but will otherwise do what is intended by
themselves. A simple autopilot in an airplane or boat detects any
error between the compass and the setpoint and applies a control
force to reduce the error to zero. Until a wind gust or a wave

disturbs it, the vessel will go in a straight line.
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When some control force is required all the time, as on our windswept
highway, pure proportional control is not satisfactory because it
will deliver a control force only when there is an error signal - as
our camper goes off the road. To provide the continuously adjustable
control, we would use "integral control". This system is named from
its controi equation, which is described below. Integral control can.
prqvide a steady state control force that will maintain a zero error
signal when there are no disturbances. It will correct for
disturbances such as the wind gusts, and it will adjust the steady

state force in response to .changing conditions.

Pure integral control also has a weakness. It is inclined to
overcorrect for momentary disturbances because it cannot immediately
distinguish between (for instance) a gust of wind and a change in the
wind force. When both momentary and long term changes in the
conditions will occur it is best to use a combination of proportional

and integal control.

In the remainder of this chapter we will develop a '"proportional plus
integral" control system, working up by steps from an open loop
system of pulse width modulation, to a pure integral control system,
and finally to the combined system. Much of the description, the
program, and the experiments will be devoted to observing the
behavior of the system. First we will develop the control equation

for an integral contfol system to see why it is so named.
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In pure integral control we adjust the control force whenever an
error signal occurs, and maintain that new control force until

another error signal is measured.

(b) F = GE1 + GE2 + GE3 -———-

As long as repeated measurements indicate a positive error (desired
value greater than measured value) the control force will be
increased. Eventually it will be enough to make the error negative,
and the force will be reduced. After a time, if the control system
is stable, the force will reach just the right value to maintain a
-.ero error under the existing conditions. The sum of a series of
measurements of a variable is the integral of that variable, so if

equation (b) is expressed as:

or
(¢) F,=6 [ E
the derivation of the name "integral control'" is apparent.

In the following experiments we require both analog output for the
Control Force and analog input to determine the error signal. Since
the interface board uses the D/A converter for A/D conversion we will
use pulse width modulation to generate a voltage onm a capacitor for
the digital to analog output and measure that voltage with the
automatic A/D input. Clearly, in any of these exercises the output
voltage or the pulses could be driving some other load such as a

heater or a motor, and the voltage input could be obtained from a
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thermistor for heat, a linear potentiometer for position, or some
other sensor with a voltage output. It is important here that
control” is exerciseéd so as to force a measurable end result to be

equal to a desired value.

In the first exercise we will develop some of the program modules
necessary for the Pulse Width Modulation Control System:
Initialization, Data Entry via Keyboard, Digital Data Filter, Digital
Voltmeter Display, Interrupt ‘Service for 'PWM and the Main Loop.
However, we will not yet develop the modules responsible for Error
Signal generation until section 6.2.4. This will allow the
opportunity to experiment with an Open Loop PWM Control System since
the system cannot perform error detection and correction. We can
thus demonstrate how the system output is dependent on external
factors (in this case, the setting of the OPTO_SENSE pot). In the
second exercise (section 6.2.3) we will observe the system's response
time characteristics wvia data logging, and an oscilloscope if

available.
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In the third exercise (section 6.2.4) we will develop the program
modules necessary to close the loop: Error Signal Calculation and
Display, Control Force Calculation and Modification. We will also
enable additional command keys to select either Open Loop or Closed
Loop control. We can thus demonstrate how Closed Loop Control

eliminates the system output's dependence on external factors.

Then, in section 6.2.6, we will experiment with various aspects of
Closed Loop Control. Access to an inexpensive oscilloscope will be

helpful.
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6.2.1 Voltage Control Circuit

The circuit of Figure 6-10 is similar to that used in Section 4.2 for
pulse width modulation, except that a capacitor is 1included to
average the PWM signal. It is charged through the OPTO SENSE pot to
introduce an external variable not controllable by the program. If
this were to drive a load, an external amplifier would be needed, but
we will not be concerned with that here. The capacitor voltage is

measured both by the A/D converter and the voltmeter.

When Port 1A7 is high (output turned off) the capacitor is charged
through the SENSE pot (Rp) the internal resistor R1, and. the external
resistor R2. It charges toward the Vec (5 volt) supply, with a time

constant of RsC,
where Rs = Rp + R1 + R2.

When Port 1A7 is set low, the capacitor discharges through R2, with a
time constant (RZ)C. With the resistances shown the charging time
constant ranges from 11 to 21 milliseconds, according to the pot
setting; the discharge time constant is ten milliseconds. 1f we
operate pulse width modulation with a cycle time of a few hundred
microseconds +the capacitor voltage will change only slightly during

each cycle.
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Using a linear approximation, the voltage increases during charging

by:

CO T A
s
where te = charging time
RsC = charging time constant
Ve = supply voltage (5 volts)
v = capacitor voltage

When Port 1A7 is low the capacitor discharges by:

t

(b) Avy = ﬁ R
2
where td = discharging time
R2C = discharging time constant
Vg = voltage drop across the open collector buffer

(0.2 volts)

Provided the pulse sequence is maintained for a time greater than
several time constants, a steady state will be reached where the
charging and discharging are equal in each cycle. Then:

tc td
RsC (Vc -v) = i;a—— (V—Vg)

(c)

This equation can be solved for the steady state average voltage:

tc td
v + \'
(d) _ RsC ¢ RZC g
v -
tc N td
R C R.C
s 2
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The value of the capacitor factors out of equation (d), showing that
the steady state average voltage is independent of the capacitor. The
equations above neglect the voltmeter, which drains a little current

to ground. Accounting for the voltmeter resistance (Rm) leads to

equation (e):

tV t.V
cc dg
R R
(e) - s 2
1 1 1 1
te =t * % x R
s m 2 m

This equation is plotted in Figure 6-11 for a fixed total period of
500 microseconds and varying charging time, for three different
values of potentiometer resistance. Note that with zero resistance
in the potentiometer the voltage is nearly linear with charging time.
The voltage is only moderately sensitive to the pot setting because
of the fairly large value (10K) of R2, but the pot does cause a
substantial departure from linearity. Figure 6-11 also shows

experimental results generated with the program to be developed.
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With constant total period tp = tc + td we can solve equation (e) for
the ratio of charging time to total period required for any desired

voltage. Rm v
vV - T TR 8
t
c , . R2+Rm

(£) % *a N v, R v )
RR cx® - s8*\! )V
] S

If the pot is set to zero resistance we have the following values:

i - 20K = 0.90

R, + R 10K + 90K o

m
2 e = 0.91
R 10K + 1K T
v = 5.0
Cc
Ve = 0.2
Then:
(9) ‘e _ v _- _0.18
tp 3.91 + 0,08v
Since the .08v term in the denominator is quite small the

relationship is nearly linear when the pot 1is set to zero, as shown

in Figure 6-11. We will use this linear relationship in our pulse

width modulation scheme.
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Timer O will be loaded with a count for the total period; at each
interrupt from this counter Port 1A7 will be set high to start
charging. Timer 1 will be loaded with a count for charging time,
derived from the desired voltage. Timer 1 will Dbe started when
charging starts, and its interrupt will set Port 1A7 low to stop

charging.

We will enter a desired voltage in hexadecimal with the least
significant bit representing 10 millivolts, just as the A/D converter
represents a voltage. Subtract 12 (representing 0.18 volts). This
value will be used to determine the charging time in microseconds, so
double it to account for two system clocks per microsecond, and load
the result to Timer 1. The total period, loaded to Timer 0, should
correspond to 3.91 volts or 391 microseconds. This is given by a
hexadecimal value of 30E (= decimal 782). This value must be
adjusted to compensate for resistor and voltage tolerances and the
error caused by neglecting .08 v. The program provides for keyboard
input of the total period so that the adjustment can be made while

the program is running.
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Program Ports and Timers

Set Automatic A/D Input

Initialize memory for FILTR

Set initial values for period and voltage
RST5, RST6 to enable timer interrupts

Test keyboard

No Key

CALL KYTIM to accept and process keyboard input

CALL VOLTM to measure voltage
(A)<«——voltage, or FF if not ready

Closed Loop Control (omit initially)

PUSH PSW Save Voltage
CALL CLOSL Close the Loop
CALL DWORD Display Error
POP PSW Restore Voltage

Filter voltage and display
(HL) <-— 83A0
CALL FILTR
(DE) <«———83FF
CALL DWD2

PWM Voltage Control - Main Loop

Figure 6-12
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6.2.2 Voltage Control by PWM
EXERCISE:

In the program of Figure 6-12 we repetitively measure and display the
voltage at the analog input, and test the keyboard for data entry.
The voltage is determined by pulse width modulation under interrupt
control; this 1is discussed in Section 6.2.2.4. The main loop in
Figure 6-12 includes a call to a closed loop control subroutine that
will be developed in Section 6.2.4. For developing the open loop
program you can enter eight NOP instructions. The following sections

discuss the three subroutines KYTIM, VOLTM, and FILTR.

As always, it is recommended that you study the problem and develop
your own solution for each program module. Follow the flow charts
given here closely, because a number of revisions will be made as we
develop the closed 1loop system. With various modifications and
additions we will use this program through the remainder of Chapter

6.
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( ENTER ) Key Pressed

CALL ENTWD
(A) <€—— command
(HL)«—— total period or voltage

(DE ) <——— (HL)

(HL) «—=Dispatch table address
~10 + command

(HL) -«—~ Dispatch address

(ST) «— Dispatch address

| -

Set Port 1A6 for scope trigger
DI
Road Port 1A
Set bit 6
EI
Out Port 1A

i

Clear (A) and (CY)
2-NOP's

RET to dispatch address

(Dispatch to STEP, RUN or NEXT)
See Figure 6 - 14

PWM Voltage - Subroutine KYTIM

Figure 6-13




CLOSED LOOP CONTROL

6.2.2.1 Data Entry Subroutine KYTIM

Subroutine KYTIM (Figure 6-13) is called for data entry when the main
loop detects a key depression. KYTIM calls ENTWD (0346) to accept up

to four hex keys (returned in HL) and a command (returned in A).

A dispatch table is used for distinguishing among the keys. Although
it is not necessary to treat all keys differently at present, we will
add some functions later. One of the main purposes of this exercise
is to observe the effects of different control algorithms. The
program includes a data logging facility, and also provides for
oscilliscope observations. Immediately after looking up the dispatch
address and before jumping to the process, Port 1A6 is switched high
to give a scope trigger for use in observing the response time after
a new voltage is keyed in. This output is available at a tie block,
but must be pulled up through a resistor since it 1is an open
collector Dbuffer. Using any undefined key will generate the scope
trigger without changing the pulse width or total period; the ADDR

key will be reserved for this function.

Since both KYTIM and interrupt service alter data at Port 14,
interrupts should be disabled while KYTIM is manipulating the port.
To maintain good control, however, the time during which interrupts

are disabled should be as short as possible.
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{ NEXT }

Y

Set CY to mark entry as NEXT

( STEP }*

I

Store data log address
(8000)«——00 or
(82EQ0) «——EQ for short log
Store desired voltage
(8346, A7) -«——(DE)

( RSTV F:f

No CY

RETURN
STEP or CLR

Load desired voltage
(HL) «—(83A6, A7)

Calculate Pulse Width
(HL) <«——(HL) — 0012
(HL) ~¢—— (HL) + (HL)

l

Store Pulse Width
(8344, AS)-e— (HL)

CALL LDT1
to test pulse width
and load Timer 1

RETURN

Cm

¥

Load Timer 0 for total period
Timer O-e——(DE)

RETURN

PWM KYTIM - Set Pulse Widths

Figure 6-14
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During debugging you may want to place a breakpoint at the RET
instruction that dispatches to the command processing module. Recall
that the monitor interrupt cannot occur until an instruction haé been
excuted with two or more machine cycles after EI. To overcome this
limitation, place the EI before OUT PORT1A, which requires three
machine cycles. No interrupt can occur until the OUT instruction has
been executed; then either of the hardware interupts or the monitor

interrupt can occur.

The key processing modules are described below and shown in Figure

6-14.

If the command is NEXT or STEP the input data represents a desired
voltage. Before storing and processing this value, memory location
8000 1is cleared to initiate a new data log. The desired voltage is
then stored at (83A6, A7). For the data logging function it is

important that these steps occur in the sequence indicated.

The STEP key calls for the same processing as NEXT up to this point,
but the following steps are omitted by a conditional return if carry
is clear, indicating that the command was STEP. The STEP key is
‘useless in the open loop system but 1is needed for closed loop
control . The RSTV ("restore voltage'") entry also reaches this
conditional return. In a later modification of the program the BRK
and CLR keys will jump to this entry after performing their other
functions, and the conditional return will be executed for CLR but

not for BRK.

6-53



CLOSED LOOP CONTROL

Now the required pulse width is calculated. This is done in response
to NEXT, and it will be done in response to BRK. Because of this
alternate entry ‘'the desired voltage is loaded into (HL) from the
location (83A6, A7) where NEXT or STEP has stored it. Subtract 0012
to allow for the zero offset voltage Vg (0.18 volt) and double the
result to give two clocks (one microsecond) for each ten millivolts.
Then the calculated pulse width is stored at (83A4, A5). Finally,

subroutine LDT1 is called to load Timer 1 with the new pulse width.
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