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FOREWORD

Proportional type temperature control is not a new
concept; the basic techniques have been applied in
laboratories and industrial/production facilities for
many years. Technological advances occurring in both
research and production have placed newer, more
stringent control requirements on these facilities and
proportional-type temperature control is becoming
more applicable.

Correct utilization of any concept begins with a thor-
ough understanding, or review of what it is, how it
works, and how it can best be applied. Technical pub-
lications are available that comprehensively describe
this type of control, but more publications are written
for the more technically astute pupil, and are generally
not easily comprehended by the non-technically or-
iented reader.

The object of this primer is to present the basic
fundamentals of proportional control in a technically
simplified manner and to provide the reader with a
better understanding of how to apply these concepts
to his own applications. This primer advances the
reader from straight proportional control through
fundamentals of more sophisticated rate and reset

control.

1. WHAT IS A PROPORTIONAL

TEMPERATURE CONTROLLER?

Basically, it is a variable high gain amplifier with
a potentiometric measuring circuit on its input. The
potentiometric measuring circuit compares the milli-
voltage output of the control thermocouple with an
adjustable ‘“‘setpoint’” or reference millivoltage. Any
difference or ‘“‘error’” hetween these two millivoltage
sources is amplified by the high gain amplifier to pro-
duce an output signal suitable for driving the other
devices in the closed-lcop system, such as SCR or
IGNITRON-type power controllers. From a functional
standpoint, the temperature controller would appear
as follows:
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where Tg = SETPOINT temp. in MV
Ta = actual T.C. temp. in MV
K = amplifier gain

FIGURE 1

For optimum closed loop temperature control, the
overall system gain must be matched to the system
performance characteristics of each element in the
system, Too much gain will cause system instability
and too little gain will be characterized by sluggish
response. Some of the system elements, such as the
thermocouple sensor, power controller and heating

element, have fixed gain characteristics which can-
not be easily changed after installation. The temper-
ature controller gain, however, can be made adjust-
able.

The GAIN control determines the magnitude of
the minimum error signal required to produce full
output, which — in relationship to sefpoint — varies
with WIDTH of the PROPORTIONAL BAND. The gain
control is empirically set by the operator for the nar-
rowest proportional band (highest gain setting) com-
mensurate with systemn stability; just below the peint
where thermal oscillations occur. When optimumly
set, proportional action begins at the edge of the pro-
portional band where the error signal in microvolts
{(Ts - Ta}) multipled by the new gain setting (K) can
no longer produce a fuil output signal The controller
output becomes the input signal requirement for the
final control device, which changes the media tem-
perature accordingly.

The form of this output signal varies from manu-
facturer to manufacturer and is primarily dependent
upon the input signal requirements of the final con-
trol device used most frequently with them. Whether
this output signal is current rated, voltage rated, bi-
ased or unbiased is immaterial with respect to its fun-
damental operation. This discussion is referenced to
a temperature controiler having a (-5 volt output range.
2. The GAIN of the amplifier determines the amount

of error signal needed to produce full output of the

controller.

Since the temperature controller must at some time
be capable of producing a 5 volt output from the small
microvolt error signal created hetween the set-point
millivoltage and the thermocouple millivoltage, the



maximum GAIN of the amplifier should be between
50,000 and 150,000 — depending upon overall system
gain and sensitivity. An amplifier with a maximum
gain of 50,000 will produce a 5-volt output with a min-
imum error signal of 50’?‘3’00 or 100 microvelts. Thus,
with a maximum gain setting on the controller, any
microvoltage error signal obtained bhetween the de-
sired setpoint millivoltage and the thermocouple milli-
voltage that is equal to or greater than 100 microvolts
will produce full output from the controller. This 100
microvolt minimum difference signal — when plotted
as a locus of points (with respect to time) about the
SETPOINT level — defines the MINIMUM PROPOR-
TIONAL BAND of the controller. See Figure 2. QOut-
side of this PROPORTIONAL BAND, the proportional
controller will produce full output of 5 volts to the fin-
al control element, commanding full power to the heat-
ing media. As the temperature increases, the error
signal becomes smaller and smaller, and soon reaches
the edge of the PROPORTIONAL BAND where the
error signal is no longer sufficient to produce full out-
put. From this point on toward SETPOINT, the output
of the controller is proportional to the error signal,
which reduces the amount of power applied to the heat-
ing media.
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3. PROPORTIONAL BAND, by definition, is the IN-

VERSE FUNCTION OF GAIN.

In the beginning of this discussion, a temperature
controller with a maximum gain setting of 50,000 pro-
duced a full 5-volt output signal with an error signal
of 100 microvolts. Should the gain be reduced to 25,000
a larger, 200-microvolt error signal would be required
to produce full output, which — in terms of time and
temperature — would occur further away from SET-
POINT. Thus, as the GAIN of the controller decreases,
the proportional band of the controller gets larger
and, consequently, a larger deviation from SETPOINT
would be required to produce a corrective signal to
the heating media.
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FIGURES 2 & 4

Example: (Refer to figures 3 & 4)
A. Temperature controller has a gain setting corres-
g‘ogding to 100 microvolts (3"F - IRON/CONSTANTAN
C)
B. The control thermocouple is at 70°F, the SETPOINT
control is turned to 150°F.(Ts - Ty) = (150°F - 70°F } = 80°F".
C. 80°F error signal is greater than the minimum re-
quired error signal; therefore, the output of the tem-
perature controller would go to maximum, driving
full power into the heater.
D. As temperature of the control thermocouple ap-
proached the Proportional Band of Control, or point
where (Ts - Ta)K will not produce full output, PRO-
PORTIONAL TEMPERATURE CONTROL BEGINS.
From this point on in toward the SETPOINT, less and
less output will be produced, and IDEALLY the tem-
perature RATE of rise will gradually diminish and
the temperature/time curve would asymtotically ap-
proach our SETPOINT temperature.
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FIGUAE B
IDEAL PROPORTIONAL TEMPERATURE
CONTROL(NO THERMAL LOSSES

4. WHAT ELSE MUST BE CONSIDERED?

Let’s back up one moment in our control loop.
A. We know that the power controller controls power
in response to a control signal such that no control
signal = no power and full control signal = maximum
power.
B. We know that in a manual control system, in order
to hold an elevated temperature we must initially ap-
ply sufficient power to raise the temperature of our
specimen, then hold enough power to overcome ther-
mal lesses to maintain this temperature.

5. FROM WHERE DOES THIS POWER CONTROLLER
INPUT SIGNAL COME?

A. Looking back at our basic temperature control loop,
one can see that the eonly input signal to the power
controller comes from the temperature controller.
Thus, semehow the temperature controller must pro-
duce this required signal.

Example:

In the previous example, we had an elevated SET-
POINT of 150°F. Since thermal losses must exist, let’s
say that 20% of maximum power is required to over-
come thermal losses which corresponds to a require-
ment of 20% of maximum output from the temperature
controller.

This corresponds to 20% of the minimum input error
signal. Since 100 microvolts (3'F) is the microvoltage
input signal required for full output, 20% of 100 micro-
volts or 20 microvolts (.6'F) error is required to over-
come thermal losses.

B. Thus, with true proportional control, one never
gets to the desired SETPOINT when thermal losses

are present.
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FIGURE 6
IDEAL PROPORTIONAL CONTROL
WITH THERMAL LOSSES

C. For a given SETPOINT temperature, these losses
will remain constant; therefore, the GAIN of the con-
troller determines how much error signal is necessary
to compensate for thermatl losses.

The difference between desired temperature and
the actual temperature obtained is termed PROPOR-
TIONAL DROOP.
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FIGURE 7

6. HOW CAN WE OVERCOME THESE LOSSES

AND GET THE DESIRED TEMPERATURE

WITHOUT DROOP? .

The simplest method is to RESET the SETPOINT
temperature to a higher setting. Doing this will also
raise the resultant conirol point, which can be set to
the desired temperature. Although this method is com-
monly used, it is difficult to set accurately without
some external means of measuring actual control
temperature.

A better method would be to utilize AUTOMATIC
RESET, which automatically compensates for thermal
losses without changing the SETPOINT cornmand.

Add RESET control to the contraller.
Setpoint

L™
BN

Summed Output

Prop »
amp

TC

Reset
amp

FIGURE 8
PROPORTIONAL TEMPERATURE CONTROLLER
WITH RESET ADDED

7. WHAT DOES RESET ACTION DO?

RESET action senses when the controller begins
operating within the proportional band and senses
when the control thermocouple reaches the desired
setpoint temperature. During this period, it adds (bit
by bit) more output to the proportional output. Once
the thermocouple is at setpoint temperature, a suffi-
cient amount of additional output has been added to
the output signal to drive the power controller to the
required power output to overcome thermal losses.
After reaching SETPOINT, the RESET amplifier
will HOLD THE ADDED OUTPUT LEVEL UNTIL CAN-
CELLED BY PROPORTIONAL ACTION.

The RESET circuit is an adjustable rate integrator
which when triggered on (at the edge of the propor-
tional band} will generate an output voltage starting
at zero and increasing at a pre-determined slope rate.
When the thermocouple reaches SETPOINT, the RE-
SET integrator action stops, and it holds its output
at this level, which when set correctly, will corres-
pond to the amount of output signal the power control-
ler requires to overcome droop.

The amount of RESET action that must be used is
dependent upon two basic factors: 1) the time required
for the control thermocouple to reach SETPOINT
temperature once it has entered the proportional band,
and 2) the amount of additional output signal required
from RESET action to overcome thermal losses.

Industry has standardized on a somewhat confusing
method of describing RESET time, or RESET setting.
The amount of RESET action is measured in “repeats
per minute,” or in other words, the number of times
the RESET integrator could integrate between zero
and full output (0-5V) within a time span of one min-
ute. With this definition, one can determine the “‘slope
rate’” of integrating action, which is actually much
more meaningful:

Do not confuse this slope rate definition with the output wave form.

The output of the reset integrator does not repeat itself in a saw-

tooth fashion; it willintegrate upwards only once.
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ADDING RESET TO A PROPORTIONAL
TEMPERATURE CONTROLLER




ane one has determined the approximate time re-
quired for the thermocouple temperature to advance
from the edge of the proportional band to the approxi-
mate SETPOINT temperature (as shown on Figure
9), and one knows the approximate power required to
overcome thermal losses, it is possible to determine
the appropriate amount of RESET action required to
overcome droop.

Let's assume that in our earlier example shown in
Figures 6, 7, 8, and 9, we determined that 2 seconds
lapsed between the time the control thermocouple en-
tered the proportional band and when it reached set-
point temperature. We had also determined that a
20% power output level was required to overcome droop.

The RESET integrator must be set so that within
this 2 second time period the integrator output will
add a 20% output signal to the controller. In terms of
“repeats per minute,” or slope rate, 20% in 2 seconds
is the same as 100% in 10 seconds or a slope rate time
of 10 seconds to integrate between 0 and full output
of 100%. Thus, a RESET setting of 1 repeat in 10 sec-
onds, is6 repeats per minute.

This example, of course, is simplified for academic
purposes and one usually discovers that it is quite dif-
ficult to accurately determine the time element and
thermal loss requirement without a few empirical
trials. Usually one can determine the time element
by observing the outpot meter on the temperature
controller for when the indicatoer moves from full out-
put 10 some stabilized point commensurate with ther-
mal losses. The amount of thermal losses can be es-
timated by operating the system in proportional-only
mode at the desired SETPOINT, and reading the QUT-
PUT meter. Since this meter is easily read in percent
of full output, one can interpret this information (a-
long with the time information) in terms of the required
RESET setting. ,

A closed-lcop temperature control system should
always be set for stabilized operation in proportional
mode prior to adding RESET action. '
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8. WHAT CAUSES THERMAL OVERSHOOT?

Up to this point, closed loop temperature control
has been discussed with respect to ideal, instantaneously
responding systems where no thermal lag is present.
In such systems it is possible {o operate as described
with the overall thermal system quickly reacting to
the corrective changes dictated by the temperature
controller. Note, however, that all corrective output
changes from the proportional amplifier occurred
only when the actual temperature (Ta) was within
the proportional band of control. Qutside of this band,
while the thermocouple temperature was approaching
SETPOINT, the input to the proportional amplifier
was saturated, giving full output since the magnitude
of the (Ts - Ta) error signal to the proportional am-
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plifier was greater than that required for full output.
During this period of time, the system is actually out
of control!

In an instantaneocusly responding system this char-
acteristic is not important, since corrective action
can be taken prior to reaching SETPOINT. Consider,
however, the resultant operation of such 4 system
where a time lag exists between application of power
and sensing of power. In the previous example, propor-
tional action began 2 seconds prior to reaching SET-
POINT temperature. Upon passing through the edge
of the proportional band (Tg - T,)K became less than
5 volts, causing less power to be delivered from the
power controller. Even with less power, the tempera-
ture continued to increase, but at a slower rate, until
TA = Ts. \

If a 5-second time lag existed in this system, where
9. seconds would lapse before the thermocouple could
sense a change in power to the heating element, the
system would overshoot the desired SETPOINT! ‘

The system is actually controlling the output to the
power controller with respect to only one bit of infor-
mation from the thermocouple, namely, displacement
from SETPOINT, (Ts - Tp) and- only when this error
is within the proportional band. :

Should this information be delayed with respect.
to corrective action, the thermocouple output will
continue to increase at the same rate for 5 seconds
after entering the proportional band, resulting in a
serious overshoot before the system can respond to
the first correction! :

9. WHAT CAN BE DONE ABOUT OVERSHOOT?

As pointed out above, Proportional type control-
lers utilize only one bit of information received from
the thermocouple sensor. Actually, several bits of
information can be obtained from the thermocouple
Sensor. :

a. Displacement from SETPOINT (Tg - Ta)

b. Edge of proportional band (Tg - To)K = 5v.

¢. Null - (Ts “TA) . .

d. Velocity (or Temperature Rise Rate) -

d(Ts - Ta)
dt -

e. Acceleration/Deceleration (or changes in velocity)

d(Ts - Ta)?
dt 2

The Proportional Controller utilizes displacement
information for control, and the RESET circuit utili-
zes band ¢ above for determining turn-on and turn-off
times for the integrator. :

To prevent thermal overshoot, control action must
occur prior to sensor temperature reaching the fixed
proportional band, which was set by the operator for
stabilized operation about SETPOINT. It is.possible
to anticipate overshoot in a control system by adding
RATE control to the temperature controller.
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RATE action is dynamic since the RATE output
correction factor is dependent only upon rate of change
in thermocouple output. When at SETPOINT, where
small corrective signals exist to maintain a SETPOINT
temperature, effects of RATE action are negligible
since ne large velocity component is generated.

When optimumly set, RATE action corrects for
Thermal lag in the T, displacement error by advanc-
ing the displacement errcr signal to start displace-
ment control action in advance of the fixed propor-
tional band. In effect, it ‘‘widens’” the proportional
band by an amount directly proportional fo the velo-
city & thermal lag time. The result is corrective ac-
tion permitting maximum ailowable rise rates com-
mensurate with the anticipated time lag of the sys-

tem,
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TYPICALTEMPERATURE CONTROLLER
WITH RATE AND RESET

Since velocity information is obtainable from the
feedback sensor and the thermal time lag of the sys-
tem is known, it is possible to develop an instantan-
eous displacement signal which, when properly summed
with the lagging T, displacement signal, corrects for
thermal lag. The rate circuit is functionally shown

in Figure 13. Velocity information @{Ts - Ta) { lied
g y a0 5 app

to the input of the rate amplifier. The gain of the rate
amplifier is directly proportional to thermal lag time

such that d(Ts - Ta) K — dynamic displacement correc-

tion. di m P

10. HOW IS RATE TIME DEFINED AND HOW
ISITEMPLOYED IN A SYSTEM?

RATE time is generally measured in ‘“‘seconds of
anticipation” or its sequel, ‘‘seconds of system lag
time” and should be added only after initial propor-
tional band (gain) & reset adjustments have been made.
Consider the previous example with a 5 second response
lag introduced. Refer to Figure 14.
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FIGUAE 14

RATE ACTION CORRECTS FOR THERMAL OVERSHOQTS
THROUGH THERMAL LAG COMPENSATION

A. As per the previous discussion, the fixed propor-
tional band was assumed set for stabilized operation
with a 100 uv proportional error signal for 5v output.
(Ts - Ta) = 100uv or (150°F - 147F) = 3°F.

B. The system is energized and a 5 second delay is
noted prior to the thermocouple sensing a change in
outlput, therefore 5 seconds is set on the RATE con-
trol.

C. Since Ta lags the actual system temperature by
5 seconds, T, is corrected with respect to this time
lag by RATE circuit action,

D. d.(_g_%_} represents the instantaneous thermocouple
temperature rise as T, approaches Ts.
E. 318 i5 sensed at time t, to be #F/sec; the RATE

circuit multiplies this velocity by the 5 second delay,
producing a 20°F corrective signal.

F.The 20°F corrective signal is summed with the lag-
ging Tp signal which at Time t, = 120°F.

G. The proportionai amplifier looks at the new Tg - Ty, -
RATE correction error signal and amplifies this error
signal accordingly. However (150°F - 120°F - 20°F)
is 10°F, which is greater than the 3°F minimum error
signal for full output.

H. Since the corrected RATE signal did not cause the
resultant error signal te enter the proportional band
of control, no action occurs.

1. At time f, however, d_{%&) is still #'F/sec., which,

when multiplied by the 5 sec. delay time, is still 20°F,
and now ta= 127°F.

J. {Ts - T4 - RATE correction) = (150° - 127° - 20°F)
= JF. NOW corrective RATE action begins to affect
system operation. The corrected error signal now
falls at the edge of the PROPORTIONAL BAND, and
dynamic proportional action will begin slowing the
system thermal rise rate to prevent overshoot.

SUMMARY

In summary, proportional temperature control coup-
led with a proportional power controller enables pre-
cision temperature control by ‘‘throttling back™ the
power applied to the workpiece as the workpiece ap-
proaches the desired set point temperature. The tem-
perature contreller compares the desired SET POINT
temperature with the workpiece thermocouple milli-
voltage (Ts - To)K and amplifies this error difference.

The gain of the amplifier (K) determines the amount
of error or difference millivoltage required to pro-
vide full output of the controller; any error signal less



than this produces proportionally less than full output
of the controller. This point determines the outer edge
of the PROPORTIONAL BAND.

As the workpiece approaches closer and closer to
the desired SET POINT temperature, the output of
the controller becomes less and less, until a point is
reached where the error or difference signal produces
sufficient output from the temperature and power
controller to provide sufficient power to overcome
THERMAL LOSSES. Thus, when thermal gain equals
t{}ermal losses, the temperature of the workpiece stab-
ilizes.

Since an error signal is always required to produce
an output on the temperature controller, the point
at which the system stabilizes is slightly less than
the desired SET POINT.* This difference in tempera-
ture is termed PROPORTIONAL DROOP.

Droop can be measured on the null indicator of the
temperature centroller and can be overcome by one
of two means:

1) Resetting the SET POINT to some slightly high-
er setting to achieve the desired control temperature,
or

2) Add automatic reset to the controller.

AUTOMATIC RESET eliminates droop by adding
an additional output signal to the temperature con-
troller to equal the equivalent error signal required
to overcome droop. The amount of RESET signal can
be predetermined by the operator by:

1) Noting the percent of output needed to overcome
droop by reading the percent of output indicator once
the system has stabilized with proportional control,
and

2) Determining the time required for the system
to stabilize once the temperature controller begins
proportional-type control within the proportional band.
The operator can determine this easily by timing the
output indicator between the time the indicator begins
showing less than 100% output, to the time the indicator
stabilizes at some point commensurate with thermal
losses. During this time period, the RESET integrator
must add to the output of the controller the percent of
output shown on the percent of cutput indicator.

*When operating at temperatures above ambient, or in regions
where thermal losses occur. When operating at temperatures be-

low ambient, where thermal gains might occur, the system would
stabilize at some point slightly above set point.

RESET is measured in repeats per minute, or the
number of times the reset integrator can integrate
hetween ¢ and 100% of full output in one minute. As
an example, four (4) repeats per minute would cor-
respond to an integrating rate of 0 to 100% in 15 sec-
onds. If a RESET requirement is 20% in two seconds,
the operator would interpret this requirement as 207%
in two seconds, which is 100% in 10 seconds, or 6 re-
peats per minute.

RATE control corrects for OVERSHOOT by adding
a corrective signal to the lagging Ta signal. RATE
circuitry anticipates an overshoot condition by slow-
ing down the controller action with velocity feedback.
This is accomplished by sensing the rate of tempera-
ture change in the control system and introducing
a corrective signal to the (Tg - Ta) error signal of the
controller. This correction reduces the overall gain

~of the controller which dynamically widens the pro-

portional band of control with respect to rate of tem-
perature change and time lag in the control system.

This dynamic action causes proportional action to
begin earlier from the SET POINT than before, caus-
ing the system to anticipate overshoot by starting
proportional action sooner. RATE action is measured
in seconds of anticipation or seconds of thermal lag
and is set to correspond to the thermal response time
of the overall system.

The operator can easily approximate the thermal
response time of the system prior to closed-loop oper-
ation utilizing a simple manually-controlled test. With
the system power at zero, the operator notes the work-
piece temperature, then applies power to the load.
The time interval between applying power and noting
a change in workpiece temperature is the response
time of the overall system. This response time becomes
the RATE setting required to properly anticipate over-
shoot.

The behavior of every closed-loop system is depen-
dent upon many controllable variables in addition to
the ones described in this primer. Thermocouple place-
ment, thermocouple mass, thermal losses and gains
also become important factors in correctly applying
closed-loop temperature control to a specific appli-
cation.

The intent of this primer is to-acquaint the opera-
tor with the fundamentals of closed-loop temperature
control, clear up vague understandings, and provide
basic control setting guidelines. This information should
benefit the operator of any closed-loop operation,
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SECTION 1 INTRODUCTION

1-1 Scope

This manual describes the Model FGE 5110 DATA-TRAK
programmer, and provides information for its installation, operation
and maintenance,.

FIGURE 1-1 FGE 5110 DATA-TRAK PROGRAMMER

1-2 General Description of DATA-TRAK Operation

The DATA-TRAK Programmer is an electro-mechanical instru-
ment designed to position the shaft of a rotary output device in accordance
with variations in a preplotted program attached to a rotating drum, Several
types of output devices may be utilized with the unit, including potentio-
meters, synchro-transmitters, differential transformers, etc., but,
because of its more frequent use, a potentiometer has been selected as a
representative output device in the information presented in this manual.

To accomplish its function, the DATA-TRAK employs an electro-
static curve-following system which provides the optimum in programming
accuracy and reliability, while enabling the use of easily prepared
programs,

A desired program curve is etched in the metalized surface of a
special program chart with a sharp stylus. The stylus removes a fine
line of metal from along the curve, dividing the surface of the chart into
two electrically isolated conductive planes, The chart is then mounted on
the outer surface of the program drum, which is subsequently installed in
the DATA-TRAK. '

1-1
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FIGURE 1-2 DATA-TRAK - SIMPLIFIED FUNCTIONAL DRAWING

With the drum in position and the DATA-TRAK in operation, the
two isolated planes on the surface of the chart are separately energized
by oppositely phased a-c voltages applied through the insulated hubs of the
program drum. These voltages, designated E] and E; inFigure 1-2,
establish an electro-static voltage gradient across the gap on the chart
created by the program curve, As the drum rotates the chart past the
DATA-TRAK's curve-following probe, the probe is driven by the servo-
system to continually seek the zero-potential existing at the center of the
program curve. The shaft of the output potentiometer is mechanically
coupled to the probe through a system of pulleys, Therefore, as the probe
is driven to follow the program curve, the position of the wiper on the
potentiometer is varied accordingly.

The probe does not actually come in contact with the chart, but
picks up a signal from the electrostatic field, which is utilized for
positional reference., This "error' signal is designated E3 inFigure 1-2,
and indicates, by its phase and magnitude, the direction and extent of
probe displacement from the center of the curve,

When the probe tends to the right of the curve, the error signal
reflects the phase of voltage E;>, which, after amplification, causes the
servo-motor to drive the probe to the left, back to the center of the curve,
Conversely, when the probe tends to the left, the error signal reflects the
phase of voltage E], which causes the probe to be driven to the right, back
to the center of the curve, The speed at which probe corrections are made
is proportional to the magnitude of the error signal of either polarity, which,
in turn, is proportional to the extent of probe deviation from the center of
the curve, Minute deviations cause relatively slow correction rates, which
are increased proportionally to maximum as probe deviations widen to equal
approximately one percent of the program-chart scale,
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1-3 DATA-TRAK SPECIFICATIONS

The DATA-TRAK employs circuitry composed entirely of
solid-state components, thus providing the optimum in extended
troublefree programming operation, A detailed schematic draw-
ing of the instrument is located at the rear of this manual; the

electrical and mechanical specifications are listed in the following
table,

TABLE 1-1 SPECIFICATIONS and CHARACTERISTICS

Input Power - -
Time-Base - - -

- m e e e o

Time-Base Accuracy - - - - - -

Metallized Chart Paper - - - - -

Maximum Follow Rate -

Dead Band

Repeatabilit
Standard Output Potentiometers
Type - - - - - - - - - - -

Resistance - -
Linearity - - - = - - - - -

Quantity - - - - - ~ - -

Dimensions for rack mounting - - -

0.5 Ampere at 115 VAC, 60 HZ
Adjustable from 3/4 inch per hour
to 4 inches per second by gear and/
or motor change, Other speeds
available by special request,

l-percent of elapsed time.
Research # CMS5]

7 inches per second,
0,01% of full scale

0,05% of full scale,

3-Turn Spectrol or Helipot
1000 ohms, * 1%

0,2%

(Other resistances and linearities available)

Provisions have been made for
mounting up to four 3-gang out-
put potentiometers in the DATA-
TRAK, '

10-1/2" high, 19''wide, 15" deep
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SECTION 2 INSTALL.ATION

2-1 General

The DATA-TRAK may either be flush- or face-mounted in an
instrument panel, or enclosed in an instrument case for portability
figure 1-1), Information required for panel-mounting the DATA-
TRAK, and for connecting external wiring to the unit for standard
operation is provided under the following headings,

2-2 Panel-Mounting the DATA-TRAK

Panel-cut-out dimensions and other pertinent information for
either flush- or face-mounting the DATA-TRAK are provided inFigure
2-1, '

“218 OIA. TG HOLES {4)

i

[ %
FOR FLUSH MOUNTING J

g

59— 19.06 — 1 .
2015

PANEL FRONT \‘:(

,—.Il\l DAL (#) MTG. HOLES

10
PANEL CUT-OUT 5
2.50
75

H PANEL CUT-OUT

FOR FACE MOUNTING
o -
1
a8

s} —_— .

319 MINUS
.1u-—|}- PANEL THICKNISS (410 DIA,

— 4
[ . Jm |
] 1.38
£ 12
125 awon - |5
—azk-

PANEL CLIP DETAIL

FIGURE 2-1 PANEL-MOUNTING the DATA-TRAK
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2-3 DATA-TRAK External-Wiring Connections

All external wiring connects to terminals on the entrance board,
which is mounted on a flange located at the rear of the DATA-TRAK
assembly (see Figure 2-2), These terminals are accessible from the
rear by remains the rear access panel,

NOTE: Entrance board may
be reversed for front
access,

FIGURE 2-2 DATA-TRAK ENTRANCE BOARD
Standard external-wiring connections are described under the
following headings; wiring for special run-control functions is described

in Section 5.

2-3-1 A-C Input Connections

A 3-wire appliance cord is utilized to energize the DATA-TRAK
with operating voltage, The wires of this cord connect to terminals of
the entrance board as follows:

STANDARD 220VAC 50Hz OPTION
A-C High Terminal B As indicated on entrance
A-C Common Terminal C board
Ground Terminal A

2-3-2 DPotentiometer-Cable Connections

Wiring from up to twelve output potentiome ters may be connected td
the terminals of the entrance board, The numbering sequence of the Qutput
potentiometers, and the system by which their terminals are wired to the
entrance board are shown in Figure 2-3, (If more than one 3-gang

potentiometer is utilized, the additional terminals required are wired in like
manner, )
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FIGURE 2-3 POTENTIOMETER CABLE €ONNECTIONS

2-3-3 PROGRAM FUNCTION SWITCHES Connections (Optional)

Wiring from contacts of relays actuated at selected points in the
program is terminated at terminals of the entrance board as shown in Figure
2-4, The manner in which external wiring is connected to these terminals
to initiate or terminate selected external functions is left to the choice of
the customer, This optional feature is fully described in Section 8,

SCR/Light Source
Assembly

Wiring typical of
all units

FIGURE 2-4 PROGRAM-FUNCTION-SWITGCH RELAY WIRING



SECTION 3 OPERATING CONTROLS and INDICATORS

3-1 General

Operating controls, and indicators for monitoring the status of the
DATA-TRAK are listed and described under the following headings.

3-2 MODE SELECTOR Switch

This 4-position rotary switch (S1 on the DATA-TRAK schematic
drawing) is the only control mounted on the front panel of the DATA-
TRAK. The function of the switch in each of its four positions is as
follows:

1) OFF - Deenergizes all circuits in the DATA-TRAK.

2) REMOTE - Energizes the servo-circuits, but establishes
‘ drum-rotation as a function of external run-
controls (see information inS ection 5),

3) HOLD - With drum initially rotating under either remote
or local control, switching to HOLD position
deenergizes the a-c drum motor, and discharges
a surge of d-c current through its windings
(see note below) to provide instantaneous
braking. (The servo-circuits remain energized
during a HOLD interwval, ).

4) RUN - Energizes the drum-drive motor to initiate a
programming operation, or to restart from
HOLD condition, Also applies power to a half-
wave rectifier circuit which charges a capacitor
with drum-braking current in preparation for a
HOLD initiation,

NOTE

Cramer time - base motors do not require current braking,
therefore, motor-brake-capacitor C5 (see schematic) is not
installed in DATA-TRAK's utilizing these units, ‘

3-3  GAIN Control

This 1 -turn trimpot is mounted on the servo-amplifier printed-
circuit board; it provides a means for adjusting the band-of-proportional-
control by increasing or decreasing the sensitivity of the amplifier (see
informat_;ion under Heading 4-10),
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3-4 DRUM-LIMIT Switch

This microswitch is actuated at any arbitrary point within a
drum-revolution by appropriately attaching a trip-tab to the scaled
edge of the drum, as shown inFigure 4-3,

When actuated, the switch deenergizes the drum-drive motor
and applies d-c braking current to its windings to terminate a programming
operation., (The trip-tab must be manually rotated past the switch by
grasping the edges of the drum and turning it against the slip-clutch before
operation can be resumed,)

3-5 Auxiliary Switch

This microswitch is actuated at arbitrary points within a drum-
revolution by appropriately attaching one or more auxiliary trip-tabs on
the scaled-edge of the drum, as shown in Figure 4-3, Wiring for its
single-pole double-throw contacts is terminated at the entrance board, (sece
DATA-TRAK schematic) to facilitate external connection for such optional
functions as:

1} Energizing or deenergizing external circuits at precise
points in the program.

2) Stepping an external drum-revolution counter during
continuous-rotation applications.

Refer to Section 5 for detailed external-hookup informatien,

3-6 Percent-of-Run Indicator

A pointer is attached to the inner-right-hand frame, adjacent to the
scaled edge of the program drum, and in line with the center of the
program probe. As the drum rotates, a2 coarse percent-of-run time is
indicated by the scale division directly opposite the stationary pointer,

3-7 FPercent-of-Scale Indicator

A pointer attached to the probe-carriage, in conjunction with the
scale provided on the front panel of the DATA-TRAK, is utilized as a
coarse indicator of probe position on the program chart. (Tapped holes
have been provided at either end of the standard scale to enable installation
of special scales.)
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SECTION 4 PRE-OPERATION SET-~-UP PROCEDURES

4-1 General

This section of the manual describes the procedures required to set
up the DATA-TRAK for standard operations. Preparations for special
applications are described in Section 5,

4.2 Program Preparation

In the following information, it is assumed that the system to be pro-
grammed by the DATA-TRAK is capable of controlling variations in a selected
parameter {(load, pressur'xe, temperature, etc,) over a range to be represented
by from zero to 100 percent on the program chart; and further, that the varia-
tions are proportionally controlled in response to a signal which may be varied
from minimum to maximum by the output potentiometer.

4-2-1 Program Sheet Layout

The program sheet (see Figure 4-1) is scaled to provide reference
line for both '"X'" and "Y' coordinates, The "Y' axis is scaled from zero to
100 percent in 1/2% steps, representing the relative range of variability of
a selected parameter,

The "X'" axis has reference lines spaced at 1/4 inch intervals, represent-
ing divisions of time within a selected time~base,

The time-base of a program is arbitrarily determined by selection
among various combinations of change-gears to be utilized with a particular
drum-drive motor and gear train. This must be done before plotting a program
curve to establish the relative value of the time-divisions on the sheet,

For example, if it is desired to plot a program which is to run for
four and one-half hours, each of the 54 time-divisions on the chart will
represent 5 minutes (270 minutes /54 time-divisions),

With the time-base known, and assuming that the desired variations
of the selected parameter have been established with respect to time, the
program curve may be plotted directly on the program sheet as described
under the following Heading,

* For strip-chart and programmable-
function-switch program prepara-
tion, see information in Section 8.
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4-2-2 Plotting the Program Curve

Place the program sheet on a smooth clean surface in 2 manner which
positions the zero-line of the "Y" axis vertically and toward the left hand of
the viewer, as shown in Figure 4-1, A, In this position, the bottom edge of
the chart is the program starting point and the top edge is the ending point,

Y Axis End
- n
& -
L] _’, -
. ) - -
wmie -
v
. x » -
B <. -
H >< M -
. ,’j - B .
:-4 & = -
. =) Start Direction of
A Drum Rotation

FIGURE 4-1 PROGRAM CHART PREPARATION

The program should be plotted in a manner which initiates and
terminates the curve at identical levels on the "Y" axis if continuous rotation
is anticipated (see Figure 4-1, B), The curve is drawn with the aid of
standard drafting triangles, curves, and a needle-point stylus (part #PS53),
progressing time-wise from bottom to top of chart,

4-2-3 Checking the Program Curve

As previously stated, after a program curve has been etched on
the chart, the metallized surfaces on either side of the curve should be
electrically isolated from one another, This can usually be ascertained by
visual inspection; flecks of metal that may not have been removed from the
gap created by the program curve show up quite readily with the pfogram
held to a light sources as the backing is transluscent,

If desired, an ohmmeter may be utilized to check for the necessary
infinite resistance between the two surfaces, However, due to the low
conductivity of the carbon combined with the zinc-oxide coating, a careful
visual inspection is recommended for all programs,
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4-3 Change-Gear Selection

Proper selection of change-gears for a desired chart speed is accomplished
with the aid of the chart in Table 4-1, The chart is divided into two sections
by a relatively heavy vertical line; the right-hand section lists speed-ranges
involving the high-speed gear train, and the left-hand section lists those for the
slow-speed gear train, The double columns for each of the speed-ranges (from
I through XI on the bottom of the chart) are headed by a numbered box which
designates the rpm of an associated motor, With the particular motor and gear-
train installed in the DATA-TRAK known, it is only necessary to go down the
appropriate double-column until the desired chart speed is found, and then trace
directly across the chart to the extreme left-hand column, which lists the
proper change-gear combination for the selected speed, Chart speed is shown
both in time-per-inch, and in time-per-drum-revolution.

TABLE 4-1 CHANGE-GEAR SELECTION CHART
FGE 5110 CHART SPEEDS

MOT&RPa!;EED Yo Ve Y, I 2 4 10 60 4 10 60
GEAR TRAIN SLOW SPEED HIGH SPEED

CHANGE GEARS:INCH |0AYS |INCH IDAYS |INCH [DAYS|INCH [HRS |INCH |KRS |INCH [HRS [INCH |HRS PINCH | MIN fINCH [ MiN JINGH | MIN INCH]BECS

LETTER
PAIR

a1 12 |2% 6 4% 3 | 3% |36 3|18 [172] 9 3% 3%| ¥ 36| | [3%|2%[5%] % |54
Ye '5/59 g 10 [2%0| 5 [5% 2] %0|30 | %0 | 15 %0 | 724" | 3 [%0| 30 1% [1Va | 3 (2% ]| %aias

TEETH | DAY | REV| DAY| REV| DAY | REV| HR | REV] HR | REV] HR | REV| HR | REV| MIN| REV] MIN| REV| MIN| REV] SEC! REV

b 2ol o| 3 4| 6 2l Ve |27| 1| 13%| 2 16%| 5 2%
K 13%sal2%] 6 %] 3 | 9 |1n| % 181 @ 3 14%|7|%| 74| 18| 2 6%} 5 2% % |27

e P%g| 3 |ak| 6 |2a|12 |ive] 1 [13le] 2 6%] 4 |3%| 10 |Teo| I |13%|2%s|ske|6%sl2 ad % oY
Y 1%%elae| 39 k|18 %1l o | 3 (4] 6 |2%]15 |%o|1Va| 9 | 4 3% 10 || 1 [I3%

e [985,|6% ) 2 (3] | |27| % |2 | 6 |al| 3 | 9 (1% 2% %ol2'| 6 | 6 [2%] 15 (%o|te | o
o 15%0|7%| 1% | 15 | %o | 30 |%a0|2%2|5%s| 5 (2%0| 10 | 170l 25 [Fea 2% [5%0|6%5 |2 %0l16% [Bhoo) 175 |80

%ol 3 4% ] 8 [Mhel 20 Phol 2 6%
7 | 45| %o |4k | 3 |12 1% | 301%0| 3 4%
By 1P%s {15 |%o] 30 %0] 60 %0l 5 [2%0] 10 10| 20 Zhaol 50177, | 5 12% 13| 1%80 ]334 %00t 35 |95
We 1% (18] % |36 % [72] %6 | 6 2] 12 | 1% |24 (%6 | 60/%0| & 2] 16 FRa|207%, [ 4 123,
SPEED RANGE | VI IX X X 1 i i v v VI Vil

9 |t |lis |36 %] 3 |a%| 6 |2k 12 |1¥s]| 30

GEAM TRAIN, GEAR SET
ORDERING INFORMATION: CALL OUT MODEL FGE 5110-55-60-CH

fBRUW MOTOR

As indicated on the chart, each set of change-gears (except LL)} are
utilized to provide two chart speeds with each of the motor/gear-train com-
. binations, This depends on their relative position in the drum-drive assembly,
as described under the following Heading,
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FIGURE 4-2 CHANGE-GEAR ACCESS and MOUNTING POSITIONS

4-4 Installing Change-Cears

The change-gear mounting-shafts are located under the removable cover
on the face of the DATA-TRAK electro-mechanical assembly, as shown in
Figure 4-2,

The two mounting-shafts are vertically aligned, therefore, to provide
easy mounting reference, the combination of change-gears letters for the
various speed selections are also vertically aligned in the right-hand column
of Table 4-1, To illustrate, the gear represented by the upper letter in a
combination must be mounted on the upper change-gear shaft, and the gear
represented by the lower letter must be mounted on the lower shaft to obtain
an indicated speed, (Mounting the smaller of the two gears of any combination
on the upper shaft results in the slower of two possible speeds,)

After removing the thumb-screw which secures the cover to the face
of the DATA-TRAK, installation of change -gears is accomplished as follows:

1) Remove the knurled thumb-nuts from each of the two shafts, and
slip off the change-gears to be replaced.

2) Install the selected change-gears on the upper and lower shafts as
indicated for the desired speed,

3) Secure the gears to the shafts with the thumb-nuts, ensuring that
the teeth of the gears are meshed, and that the keyed hubs on the

shafts are properly engaged with the keyways on the backs of the
gears,

4) Re-cover the assembly to complete the installation,
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4-5 Detaching Program Drum

The program drum must be detached from the DATA-TRAK before
the program chart can be properly attached to its outer surface; this is
accomplished as follows:

1) Unlatch the DATA-TRAK door and swing the hinged
electro-mechanical assembly out of the cabinet.

2) Grasp the left-hand edge of the drum {(as seen from
the rear) with fingertips, and pivot it free from its

latching mechanism,

3) Holding both ends of the drum securely, free it from
the assembly by lifting outward and to the left,

4-6 Mounting Chart on Program Drum

The starting point of the program (refer to Figure 4-1) can be aligned
{approximately) with the zero-percent-of-run indication on the scale inscribed
around one end of the drum. The chart rmust then be wrapped around the
outer gurface of the drum in a direction opposite to drum-rotation, taking
care to properly engage the drum-sprockets with the holes in the edges of the
chart, The elongated holes must be engaged with the sprockets on the scaled
(right-hand) end of the drum,

The chart has been accurately cut to a length of 13, 5 inches, and its
opposite ends will meet squarely, forming a precise butt-joint which must be
taped together to secure the chart to the drum. (The tape does not interfere
with probe signal pickup).

After taping the chart to the drum, six chart-energizing insert pins
must be installed in the drum through the holes at the edges of the chart,
There are three pins for each edge of the chart; two must be inserted, one
on either side of the butt joint, and the third must be inserted approximately
half-way around the circumference of the drum.,

4-7 Attaching Trip-Tabs to Program Drum

The Drum-Limit and Auxiliary microswitches are positioned approxi-
mately 3.5 major drum-scale divisions from the tip of the curve-following
probe, in the direction of drum rotation, Therefore, to properly stop with
a selected point in the program curve directly under the probe, the Drum-
Limit trip~tab must be attached to the drum in a position which leads the
‘selected stopping point by 3,5 major scale-divisions, as shown in Figure
4-3, The same is true for the Auxiliary trip-tab, which must lead the point
in the program where it is desired to initiate special external functions, such
as described in Section 5, -
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FIGURE 4-3 ATTACHING TRIP TABS ON DRUM

The trip-tabs are inserted in the slot on the scaled end of the drum as
shown in 4-3; tightening the screw in the tab assembly provides a compression
fit which locks the unit in place, The straight trip-tab actuates the outer
{(drum-limit) microswitch; the double-angled tab actuates the inner (auxiliary)
microswitch,

4-8 Installing Program Drum in DATA-TRAK

Lift the program drum from the work surface with fingertips, grasping
it securely by the rim at either end, Engage the geared end of the drum in
the DATA-TRAEK first; then pivot the free end into position snapping it in
place. Swing the DATA-TRAK assembly back into its housing, where it will
automatically latch closed,

4-9 Initiating a Programming Operation

With the DATA-TRAK prepared for operation, switch the MODE-SELECTOR
to HOLD position,

After the probe has been driven to the center of the program curve by
the servo circuits, the MODE-SELECTOR may be switched to RUN, The
programming operation will then run to completion, requiring no further
operator intervention unless the conditions described under the following Head-
ing are noted,
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4-10 GAIN Control Adjustment

_ If, after drum-rotation is initiated, the probe appears sluggish in
following the program curve, or, if oscillation is apparent, maladjustment

of the GAIN control is indicated, The setting of the GAIN control establishes

the width of the band-of-proportional-control, This control band may be
defined as that distance the probe may deviate from the center of the program-
curve before maximum corrective torque is produced by the servo-motor,

Since mechanical circuitry cannot respond as rapidly as its electronic
counterpart, setting the GAIN control too high will cause probe-overshoot,
which, if pronounced, will result in oscillation, Setting the control too low
decreases overall system response, causing the probe to lag behind the curve
during program intervals demanding rapid follow rates,

Proper setting of the GAIN control matches the electronic response to
the mechanical response of the system, resulting in smooth, precise curve-
following within the design limits of the instrument,

To adjust the response of the DATA-TRAK, swing out the electro-
mechanical assembly from its housing, Then, with the unit in operation,
turn the GAIN adjusting trimpot clockwise until probe oscillation is
noted; then turn the screw counter-clockwise just enough to damp out the
ascillations,

After this adjustment has been accomplished for an individual DATA-
TRAK, the GAIN control should require no further attention unless the
mechanical load on the servo-system is altered by eithe r the addition of one
or more potentiometers, or by slippage in the pulley-drive system, (See
information under Heading 6-4 for drivecable retensioning procedures),

NOTE

If oscillations cannot be induced

by adjustment of the GAIN trimpot,
and hence, the response of the
DATA-TRAK cannot be adjusted for
optimum performance, improper
spacing of the DATA-TRAK probe
is indicated, Refer to Heading 6-8
for probe-spacing procedure,



SECTION 5 STANDAR D and SPECIAL RUN-CONTROL WIRING

5-1 General

To enable a variety of special run-control applications, all control
wiring is connected to the CONTROLS section of the entrance board where
jumper-wires may be added or removed, and external wires connected as
required for particular special functions,

Standard wiring of the terminals and two alternate wiring methods
are shown in Figure 5-1 and described under the following headings.

5-2 Standard Wiring

For clarity, the terminals are not shown in their normal sequential
order in Figure 5-1, Also, the internal DATA-TRAK wiring and components
are shown but once since it is identical in each of the two additional examples,

It can be seen from the wiring illustrated in example A, that the servo-
circuits are energized when the MODE-SELECTOR switch is in"any position
except OFF, but, to energize the Drum-Drive Motor, it is necessary that the
MODE-SELECTOR be in RUN position, and the Drum-~Limit switch be in
normally closed condition, With the Drum-Drive motor energized, power
is also applied to the half-wave rectifier circuit, where d-c¢ current is stored
in capacitor C5 * in preparation for dynamic braking of the motor at a subsequent
stop, A stop may be initiated by either of the following means:

1) Manually switching the MODE-SELECTOR from RUN to HOLD,
This action disrupts a-c voltage to the motor, and connects
capacitor C5 into the circuit, The d-c¢ current stored in the
capacitor during a RUN is discharged through the motor windings,
causing it to instantly stop., {Note that servo-circuits remain
energized during a HOLD),

2)  Actuation of the Drum-Limit switch by a trip-tab mounted on the
program drum; this action causes results identical to those caused
by manually switching the MODE-SELECTOR for RUN to HOLD,
The significance of the Drum-Limit switch is that a2 run may be
automatically terminated by its actuation at an arbitrary point in
the program, thereby eliminating the necessity of operator inter-
vertion. Normally, the trip-tab is positioned on the drum to
terminate operation after one complete program cycle,

External wiring of the Auxiliary switch, which is optional with the
customer, is discussed under Heading 5-4,

*Capacitor C5 is not used
with Cramer motors

5-1
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53 Remote Run-Control Switch

Example B in Figure 5-1 illustrates the manner in which an
external remote-control switch may be connected to the DATA-TRAK, No
changes in the standard wiring of the terminals are required for this applica-
tion; just connect three wires from the external switch to the terminals as
shown in the figure, The remote-control switch will be enabled to initiate
a RUN or HOLD only when the MODE-SELECTOR is switched to REMOTE;
either drum-motor a-c energizing current or d-c braking current will then
be allowed to pass through the remote switch, through the REMOTE contacts
of the MODE-SELECTOR, and on through the Drum«Limit switch to the
drum-drive motor,

The function of the Drum-Limit switch in this application is
identical to that described under Heading 5-2,

5-4 Remote Program - Cycle Control

For applications requiring continucus drume-rotation for a
predetermined number of program cycles, the run-control circuits of the
DATA-TRAK may be connected to an external predetermining counter as
shown in example C in Figure 5-1,

During operation, the program drum will continuously rotate until
the counter has been stepped to zero from an arbitrary number set up in its
register, At this time, a single-pole double~throw switch (or series of switches)
will be actuated to deenergize the drum-drive motor, and discharge the d-c
braking current through its windings, The stepping of the counter is accom-
plished by means of the Auxiliary switch, which is actuated by its trip-tab to
energize the stepping coil of the counter once for each drum revolution,

5-5 Summary

The examples shown in Figure 5-1 are not intended to represent all
possible external connections for special functions, but are merely presented
as a basis for a clear understanding of the circuitry involved, A number of
additional optional applications of the run-control circuitry are listed below
and on the following page,

l) A remote run-control switch may be connected to the
circuitry of example C exactly as shown in example B,
This will enable both remote run- and program-cycle
control,



2)

3)

4)

to enable unlimited, continuous drum revolution,
no rewiring is required; simply remove the drum-
limit trip-tab from the program drum,

Any timing device capable of operating a single~pole
double-throw switch may be substituted for the pre-
determining counter shown in example C, freeing
the auxiliary switch for other functions such as
energizing or deenergizing various external circuits
at precise points in the program.

If two auxiliary switches are required for an operation
in unlimited or predetermined program;cycle applications,
the Drum-Limit switch may be utilized along with the
standard Auxiliary switch for this purpose, Three
jumpers must be removed from the entrance board
{from "S'" to '"M", from ""P'" to "K', and from "L" to
"R'") as they are in example C of Figure 5-1, External
wiring may then be connected to terminals ""M", "L",
and "K" in a manner appropriate for the particular
function desired, If this is done, a jumper must be
installed between terminals '"S' and '"R' to enable the
drum=drive circuits,



SECTION 6 MAINTENANCE and ADJUSTMENTS

6~1 General

Although minimum maintenance is required for the DATA-TRAK, it
must be accomplished at regular intervals to ensure trouble-free operation,
The frequency at which the following procedures are to be performed will be
determined by the environmental conditions under which the unit is operated.

6-2 Cleaning

The entire unit must be periodically vacuum-cleaned to prevent accumu-
lations of dust. (Since the door of the DATA-TRAK housing is equipped with
a dust-seal, keeping it closed as much as possible will minimize dust pene«
tration), '

6-3 Lubrication

6-3-1 Gear Train

With the exception of the change-gears, which require only to be kept
free of dust, all gears in the gear-train must be wiped clean and lightly regreased
at regular intervals,

6-3-2 Motors

Bodine, Cramer, and Globe motors are utilized with the DATA-TRAK
for probe- and drum-drive, All motors are sealed units, requiring no
additional lubrication.

6-4 Drive-Cable Adjustments and Restringing Procedures

6-4-1 Tension Adjustment

Under normal conditions, the drive-cable will remain serviceable
indefinitely, requiring only retensioning from time to time if slippage is
" indicated by the necessity of frequent potentiometer alignment (see Heading
6-5). Retensioning is accomplished by loosening the lock-screw on the tension-
adjust pulley (see Figure 6-1), and sliding the unit to left (as seen from rear
of chassis) just enough to take up excessive slack, and then relocking it in
position, ‘

6-4-2 Restringing the Drive-Cable

e————

If it becomes necessary to replace the drive-cable refer to Figure
6-1, and proceed as follows:

1. Loosen the two set-screws in the potentiometer pulley and
remove the unit from the potentiometer shaft,

6-1
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10,

11,

Insert one end of the new 90-inch* length of ""cat-gut' cable
(Research part #PC 5110-90) through the crossover holes in
the pulley,

Draw the cable through the crossover holes in a manner which
leaves a 30-inch length extending from the top crossover hole
{nearest the pulley mounting cellar),

Wrap the 30-inch length counterclockwise around the pulley one
ful) turn; then,- holding the looped end in position with left thumb,
wrap the opposite end clockwise around the pulley four full turns,
The cable is now wound on the pulley as shown in Figure 6-1B
and may be secured in this position, for the present, with a
strip of masking tape, If more than one potentiometer pulley

is used, each pulley will be wrapped in like manner,

Turn t.he- shaft of the potentiometer fully counterclockwise, then
remount the pulley with crossover holes facing to the rear of the
chassis (toward the viewer). '

Loosen the cable-fastening screws on the probe carriage and
slide the unit to its zero-position against the ''"C" ring stops on
the carriage shaft, and secure it in this position with a strip of
masking tape.

Loosen the lock-screw in the tension-adjust pulley and slide the
unit fully to the right (inward), leaving it unlocked for the present,

Loop the shortest end of the cable from the potentiometer pulley
one half-turn arcund the tension adjust pulley; then secure the
end of the cable under the left-hand cable-fastening screw on the
probe carriage as shown in Figure 6-1C,

Loop the opposite end of the cable one full turn around the motor
pulley, and then a half-turn around the idler pulley before securing
it under the right-hand cable-fastening screw on the probe carriage,
as shown in Figure 6-1C,

Cut off excess cable extending from the probe carriage and remove
the tape from the potentiometer pulley and the probe carriage, If
a small amount of slack exists in the pulley system, proper cable
tension may be obtained by sliding the previously loosened tension-
adjust pulley outward, toward the left, and locking it in position,

If the potentiometer shaft inadvertently shifted from its full counter-
clockwise position during the stringing procedure, it may be re-
oriented with the probe-zero position as described under the

following Heading.

* See NOTE on following page,
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NOTE

If a DATA-TRAK is equipped with
more than a single 3-gang potentio-
meter, each additional pulley will
require the length of the cable to be
increased by 21-1/4 inches, When
ordering replacement cable, specify
complete length,

6-5 Potentiometer Alignment

To provide agreement beiween a desired program and the relative
position of the wiper on the ocutput potentiometer, the potentiometer shaft
must be at its counterclockwise limit when the probe is at zero position on
the program chart,

Misalignmen{: {(or a faulty potentiometer) is indicated if an chmmeter
reading of more than 2, 5ohms is obtained between the wiper and the counter-
clockwise terminal of a standardld00 ochms potentiometer when the probe is
positioned at zero on the program chart,

CAUTION

Use only high impedance ohmmeter
to check potentiometer resistance;
low impedance meters can cause
potentiometer burn-out.

Re-alignment is accomplished as follows:

1. Set the probe at zero position on the chart,

2, Loosen the set-screws in the potentiometer pulley, and
holding the unit securely, rotate the potentiometer shaft
fully counterclockwise with a screwdriver inserted in its
slotted end; then resecure the pulley, taking care not to

disturb the position of the shaft,

6«6 Removal of Gear-Train and Time~Base~-Motor Assembly

The gear-train and time-base-motor assembly may be removed
from the DATA-TRAK for replacement by first removing the change-gears

under the front cover, and then loosening the three retaining screws pointed
out in Figure 6-2,
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FIGURE 6-2 VIEW OF PROGRAM CARRIAGE WITH PROGRAM DRUM
REMOVED

6-17 Probe Guide-Rod Maintenance

To assure the optimum in performance from the DATA-TRAKs
curve-following probe, the probe guide-rod to which the probe is affixed
and upon which it travels, should be inspected regularly for accumulation
of oil deposited by the OILITE bearing, '

If accumulations of oil are present, clean the rod with a high
grade cleaning solvent and wipe thoroughly clean.

NOTE
DO NOT use any form of petroleum product
as a lubricant,

6-8 Probe Spacing

For optimum performance from the DATA-TRAK, the spacing
between the probe and the drum must be such that optimum accuracy may
be obtained by adjustment of the GAIN control (See Heading 4-10), Due to
differences inherent in the electronics of the amplifiers, an exact spacing
specification cannot be obtained and the best spacing will vary from unit
to unit, In most cases, optimum performance is obtained with a spacing
of ,04 to .06 inches, Therefore, to readjust the spacing, a combination of
readjustment of spacing followed by GAIN adjustment is necessary,

The spacing of the probe is adjusted by the teflon screw located near
the base of the probe, slightly above and centered between the “wo screws
visible in Figure 6-2 above, This screw is either a self-locking type or is
held in place by a locking nut, Clockwise rotation of the screw decreases
the spacing.
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7-1 GENERAL

SECTION 7: TRQUBLESHOOTING

The DATA-TRAK has been designed to provide the optimum in trouble~free programming operation,
The electronic circuitry is simple and straight-forward, and with the aid of the DATA-TRAK schematic diagram
on’which pertinent quiescent voltage-levels are noted, little difficulty should be experienced in isolating any

trouble that may develop. Some of the more common troubles are listed below:

readings follow,
TROUBLE

1, Drum does not rotate
when switched to run,

2, Probe deoes not follow
program curve,

SYMPTOMS

a, Probe remains stationary
regardless of position on
chart,

b. Probe drifts in area to

left (right} of program line

¢, FProbe drives to, and
remains at left (right) edge

PROBABLE CAUSE

a. Drum not properly seated {drive gears

not engaged).

b. Change gears loose, or cocked on keys

of drive shafts,

¢. Drum-limit switch is actuated by
trip-tab,

a. Shorted program curve,

b, Left~(right) hand chart-energizing
circuit shorted fo ground,

¢, Left-(right-) hand chart-energizing
circuit open,

Waveforms, voltage and resistance
REMEDY OR CHECK

a. Reseat drum,ensuring proper meshing
ing of gears,

b. Ensure that teeth of gears are meshed
and keyed hubs on shafts are properly
engaged with keyways in backs of gears;
then tighten thumb-nuts securely,

c. Manually rotate drum to position trip-
tab past drum-limit switch,

_a, Check for short in curve as described

under Heading 4-2-3; re-etch faulty por-
tion of curve,

b, Trace out left-(right-} hand chart
energizing circuit and eliminate shorted
condition,

¢, Ensure that chart energizing insert
pins are installed in the left (right) edge

of program drum, and that they are making
proper contact with the chart-energizing
hub clips,



d. Probe drifts erratically
over entire surface of chart,
irrespective of program line,

3.

4,

TROUBLE

Dead Prgbe

Prohe Erratic

d.

PROBABLE CAUSE

Loss of energizing voltage to both

sides of program chart,

=

Shorted Program

No AC power to the chart,

Probe shorted,

Probe open,

Bad servo amplifier,

Bad servo motor

Bad power supply,

Ungrounded probe head,

REMEDY OR CHECK

d, Ensure that chart-energizing insert
pins have been installed in both edges of
the program drum, and are making proper
contact with the metallized surface of the
program chart,

a, Chart resistance (left to right) should
be 1 meg ohm minimum, Redraw the
curve if less,

b, Check for 40 VAC present at the power
supply, Transformer Tl secondary, cur-
rent limiting resistors R2 & R3, and
capacitor C4,

¢, Check the resistance between the shield
and conductor of the microdot cable, Should
be 10 meg ohm minimum, If less, replace
cable,

d, Check the microdot cable for an open,
replace if bad,

e, Check transistors, Replace the ampli-
fier board if bad,

f. Check for open or short in the motor
windings, Replace motor if bad,

g. Check voltage levels of power supply.
a, Resistance of the probe head to the

cable connector shield should be less than
0,1 ohm, Replace if bad,



TROUBLE

5. Probe Oscillates

6. Probe drives to one end
of the -chart,

2,

PROBABLE CAUSE

Bad servo amp,

Probe is too close to the chart,

Gain on servo amplifier is too high,

AC open to one side of the chart,

Shorted program

REMEDY OR CHECK

b. Check transistors, Replace the board
if bad,

a. Check for a ,030' to , 050" gap.,
Readjust if necessary and reset the gain
control,

b, Adjust the gain control for the best
sensitivity without oscillations,

a, Check for proper voltages at the chart,
current limiting resistors R2 & R3, or the
power supply transformer TI1,

b, Check the chart resistance left to right,
Should be 1 meg ohm minimum, Redraw
the curve if less,



T=2 RESISTANCE AND VOLTAGE CHECKS

Reference Schematic KD33568B for the following resistance
measurements to ground. Equipment needed VOM (Triplett} or equivalent
20, 000 ochms/volt meter,
T-2-1 RESISTANCE CHECKS

For the following readings adjust the gain control for maximum
{fully clockwise), Select the meter scale of X 1K ohins.

Minus lead on Ground Positive Lead on Ground
Probe Reading Probe Reading
Base Q1 Base Ql 40 K
Base Q3 - 3400 Base Q3 50 K

Q4 4000 Q4 20 K

Q5 15 K Q5 12 K

Q6 6 K Qb 35 K

Q7 20 K Q7 TK

Q8 1.2 K Q8 1.2 K

09 1.2 K Q9 1.2 K

PlA Short V1A Short

L L 9 K

X 200 X : 200

Y 15 K Y 17 K

Z 15 K Z 15 K-
Cathode CR1 4,2 K Cathode CR1 3K

722 VOLTAGE CHECEKS
From To
Junction CR 12 & 13 (-) Junction CR10 & 11 {1} = 32 VDC
Cathode CR1 {+} Ground (-) = 15 VDC
Drum Feed DI Ground = 40 VAC
Drum Feed D2 Ground = 40 VAC

Drum Feed Dl Drum Feed D2 88 VAC



The following measurements are to common at NULL

LOCATION READING
Base Q3 +1.2 VDC
Emitter Q3 0  vDC
Base Q4 +2.0 VDC
R14 to R17 : +14.5 VDC to 15.5 VDC
Emitter Q4 +1.5 VvDC
Collector Q5 0 vDC
Base Q5 +25.0 VvDC
CR1 +15 VDC
C9 +20 to 25 VDC
Base Qb +1 VDC
Base Q7 -1 vDC
Collector Q8 +16 VDC
Base Q8 +0.4 VDC
Base Q9 -0.4 VDC
Collector Q9 -16 VDC

The following illustrations reference the above ¢component locations

MASTER BOARD ASSEMBLY

MICRODOT CABLE

PHOTO FUNCTION ,
SWITCH (2)—— e ©
(OPTION)

PROBE AMPLIFIER BOARD

Fig. 7-1: MASTER BOARD ASSEMBLY
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7-3 WAVEFORMS

The following amplifier voltage waveforms were taken using
a 5 millisecond per centimeter time base, Oscilloscope set up instructions
j are given below each waveform.,

1 v/CM 1v/CM
Collector Q3 Null Collector Q3 Probe Offset

5 V/CM 5 V/CM
Collector Q5 Null Collector Q5 Probe Offset

l1v/CM 1v/CM
Collector Q4 Null Collector Q4 Probe Offset
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5V/CM 5V/CM
Collector Q8 Null Collector Q8 Probe Offset

7-4 MOTOR WINDINGS

Shown in the figures below are the various motor winding layouts
and respective resistance (DC).

SERVO MOTORS DRIVE MOTORS

Control

Globe Bodine

4 ohms 350 3 900 ohms 900 ohms
ohms
Ref,

Honeywell Kramer
5(@}5 {{Qh‘:s I_/vvvvvvv\._l
900 ohms
Fig, -4



7-5 OPTIONAL FEATURES VOLTAGE AND RESISTANCE CHECKS

W—

The following voltage and resistance checks are for the PHOTO
FUNCTION SWITCH (PFS) option. Both sets of checks are to be made with
the relays pulled out of the card.

VOLTAGE CHECKS

These checks are to be made with the negative probe on common,

LOCATION (+) READING
Junction CR9 & CR10 23 VDC
Junction CR6 & CR7 32 VDC
Junction CR5 & CRS 25 VDC
Junction CR3 & R1 20 VDC

RESISTANCE CHECKS

Pull the PFS card out. Common is Pin A and S on the card

LOCATION READING

{- to common) {(+ to commuon)
B 30K F4
C 20K Infinity
D 30K 2K
E Infinity Infinity
P Infinity Infinity
H Infinity Infinity
J 20K 40K
L NC NC
M Infinity Infinity
N Infinity Infinity
P Infinity Infinity
R 20K Infinity
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SECTION 8 OPTIONAL FEATURES

NOTE

The following text and illustrations
describe the optional features which
may be installed on the instrument for
which this instructional manual is

_provided,



Option PPFS
Page 1 of 3

"PROGRAMMABLE PHOTO FUNCTION SWITCH

The programmable photo function switch (PPFS) option enables the
Model 5110 DATA-TRAK Programmer capabilities to be extended to include
programmed on/off control of customer-selected external functions, The
DATA-TRAK may be equipped with up to four (4) function switches. The num-
ber of switches supplied is indicated on the cover of the switch assembly.

Light Source
and SCR Assy,

The PPFS is comprised of two assemblies: (1) light-activated SCR and
light-source assembly, and (2} an amplifier and relay assembly. In opera-
_ tion, light from the light source is reflected by the program sheet and sensed
by the light-activated SCR, The SCR is held just below conduction level by
the gate resistance, When the photocell senses an increase in reflected light,
the corresponding relay is actuated, Programming of the function switch
consists of brightening the portion of the program which passes under the
SCR. The brightened area (PPFS actuation period) must be as wide as
jllustrated on the cover of the SCR and light-source assembly and at least



Option PPFS
Page 2 of 3

1/32 inch in length, * A roll of aluminized tape at the correct width is initially
supplied with the unit for programming, The tape is the most convenient
method of programming as it is easily applied and removed.,

The SCR and light-source assembly is located one inch above (oppo-
site direction of drum rotation) the probe tip, Therefore, when preparing
the program, the initiation and termination points of the PPFS "on" period
must be offset one inch to compensate for this physical configuration, That
is, when plotting the program curve as outlined in the manual, *% the PPFS '"on"
period must begin and end one inch above the actual '"on'" and "off" points
(in time) on the program curve, To aid in accurately programming the PPFS,
each channel's SCR gate resistor may be adjusted individually by utilizing the
alignment screw at each channel,

The photocell and light-source assembly is factory adjusted for opti-
mum sensitivity, It should not require readjustment in the field unless a
component is replaced on the assembly or the assembly is removed or its
mounting is physically disturbed, I readjustment is necessary, proceed
as outlined on the following page.

FUNCTIONAL DIAGRAM

Programmable Photo Function Switch

See schematic diagram
for exact circuit details,

. — —

*16 On/Off functions per inch- **NQTE-If tape crosses program line,
Maximum, aluminized surface of tape must also
be etched to maintain isolation of planes,



Option PPFS

Page 3 of 3
PPFS ALIGNMENT PROCEDURES
Mechanical and electrical alignment is accomplished as follows:
Mechanical
Loosen
Bracket
i, Remove change gears and
loosen bracket,
ql 2, Position unit as low as possible

Rotate
Drum

Mount Vertically and Allow
Clearance for Pins,

Electrical

Remove change gears and
PPFS cover, Energize
DATA-TRAK,

. Program "on'' time of 1/32"
width, Set all trimpots to
maximum ccw, :

Monitor PPFS contacts
with chmmeter, Increase
setting cw until actuated
by "on'' strip.

Repeat at each channel,

but allow clearance for pins on
drum (Rotate drum to assure
clearance),

3. Align unit vertically and re-
tighten bracket,

4, Realign electrically after
mechanical realignment,

Program
Tan!! 1/ 321

.
Trimpots for

Sensitivity.




Option - 5197
Page lof 1

TB5197 TIME~BASE OPTION

The DATA-TRAK programmer may be equipped with a special Model
5197 -~ time base, If designated 5197 in the model number, please disregard
all information in the manual pertaining to the standard time-base gear train
and change gears,

The specific speed of the special time-base, in inches/hour and hour/
revolution, can be found on the tables below:

TIME BASE MODELS

PROGRAM MODEL PROGRAM

. SPEED NO. SPEED

in, /hr hr/rev
' 5197-22 13-1/2 1

5197-23 11-1/4 1-1/6

5197-24 9 1-1/2
5197-25 6-3/4 2

5197-5 9/40 60 5197-26 5-5/8 2-2/5
5197-6 3/16 72 : 5197-27 4-1/2 3
5197-7 3/20 Q0 5197-28 3-3/8 4

5197-8 9/80 120 5197-29 3 4-1/2

5197-9 3/40 180 5197-30 2-13/16f 4-8/10
5197-10 3/64 288 5197-31 2-1/4 6
5197-11 3/80 360 5197-32 1-1/2 9
in. /min | min/rev 5197-33 1-1/8 12
5197-12 1-1/2 9 5197-34 3/4 18
5197-13 i-1/8 12 5197-35 9/16 24
5197-14 9/10 15 5197-36 3/8 36
5197-15 3/4 18 5197-37 9/32 | 48
5197-16 6/10 22-1/2 5197-38 1/4 54

5197-17 9/16 24 in. fday | day/rev

5197-18 . 9/20 30 5197-39 4-1/2 3
5197-19 3/8 36 5197-40 2-1/4 ()
5197-20 3/10 45 5197~41 1-1/2 9
5197-21 9/32 48 5197-42 1-1/8 12




REMOTE RUN-CONTROL OPTION

Option - RDB
Pagelofl

The DATA-TRAK may (generally in system applications) be equipped

with a remote run-control relay,

This option functions identically to the

rermote run-control switch described under Heading 5-3 and illustrated by

example "B" in Figure 5-1,
the DATA-TRAK's MODE switch must be in the REMOTE position,

To operate under the control of the relay,

Under

these conditions, the DATA-TRAK will go into run when 115 VAC is applied
to terminal "T'" of the entrance board,

Remote
Run Veoltage

HTH

Run Kl f:
Relay

Ilcll

A.C, Com,

’ 115 VAC |

3

E; lINH

»

I!P!l

NOTE
MODE switch
must be in
REMOTE posi-
tion, See
Schematic,




Option RPS
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REGULATED POWER SUPPLY OPTION

The DATA-TRAK may be equipped with an optional REGULATED
POWER SUPPLY output. This option provides a linear output voltage
ranging from zero to +10 VDC (other ranges available). The output of the
RPS is wired to the normal output connections of the DATA-TRAK; as
shown below,

As the curve-following probe of the DATA-TRAK tracks back and
forth to follow the program, the wiper of the 1K output potentiometer is
varied accordingly; delivering to the load from zero to 100% of the veoltage
applied to the cutput potentiometer,

1K ohm Regulated Power Supply
Qutput g
Potentiometer 88 a O E
m OO
w O + O < <
7

| 5 ?@@@TTA

:
OUTPUT



Option - AS51-X
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ALARM SWITCH OPTION

The AS51 option expands the DATA-TRAK!' s capabilities to allow the operator
to program momentary contact-transfer of a switch at a preselected level of
programmed output. A notched cam and switch assembly is mounted on the
DATA-TRAK's swing-out assembly. This assembly is installed in the same
fashion as the output device and the cams are pulley-driven by the probe
cable (see photo),

FIGURE 1 AS51-X ASSEMBLY MOUNTED

As the probe tracks back and forth to follow the program curve, the cams are
rotated accordingly. As previously mentioned, the cams are notched, and when
the notch passes beneath the actuating arm of the switch, the contacts of the
switch transfer. The cam may be set (by loosening a set screw on the cam
assembly and rotating the cam) to actuate the switch at any desired level of
programmed output (probe position),

The contacts of the switches are wired to the terminals designated LIMIT
ALARM SWITCH on the DATA-TRAK entrance board. Maximum c