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1. V¥arranty Statement

This Chessell product is varranted against defects in wmaterials and vorkmanship
for tvelve months from the daste of shipwment. During the varranty period
Chessell Corporastion vill, at its option, either repair or replace products

vhich prove to be defective.

Within sreas designated for service trasvel by Chessell or its representstives,
varranty service will be provided at the buyer’s facility st no charge. Outside
the service areas varranty service at the buyer’s facility can be provided only
upon prior agreement by Chessell or its representative, and the buyer may be

required to pay round-trip travel expenses.

In all ceses the buyer has the option of returning the product for varrenty ser-
vice to a facility designated by Chessell or its representatives. The buyer
shall prepay shipping chargee for products returned to a service facility, and
Chessell or its representatives shall pay for return of the products to the

buyer.

Limitation of Warranty

The foregoing varranty shall not apply to defects arising from:
Improper or inasdequate maintenance by ﬁhe user
Improper or inadequate site preparation
Unauthorized modification or misuse

Operation of the product in unfavoreble environments, especially
high temperature, high humidity, corrosive or other dawmeging
stmospheres

Disclaimer

No other warranty ie expressed or implied. Chessell Corporation specifically
dieclaims the implied varranties of merchantability and fitness for a particular

purpose.
Exclugsive remedies

The remedies provided above are the buyer’s sole sand exclusive rewmedies.
Chessell Corporation shall not be 1liable <for any direct, indirect, special

incidental, or consequential dawmages.

Calibration Accuracy

This Chessell product vas thoroughly tested to ensure compliance vith published
specifications. All instruments used in production and final test are regulsrly
inspected to maintain accuracy of calibration, traceable to the National Buresu
of Standards. The user should be satisfied that the performance of the product
es received meets expectations and, s part of a program of planned maintenance,
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should periodically check calibration sccuracy sgainst relisble standards.

AUTION

The product cover(s) should not be removed by other than qualified service per-
sonnel. High or lethal voltages masy be present st exposed points on the chassis
if pover is applied. Chessell Corporation shall not be lisble <for personsal
injury or property damage suffered in servicing the product. The product should
not be modified or repsired in s manner at variance vith procedures established

by Chessell.
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£- Use of This Manuasl
This manual applies to optional functions availsble for the Circuler Chart
Recorder. The reader should be familiar vith the specifications, operation, and
maintenance of the basic recorder before asttempting to use this manual.
The optional functions described in this wmanual are:

Retransmitted Signsals

PID Controllers

Setpoint Generator
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3. Installstion

See figure 1.

3.1. Loop Installstion

Use the folloving procedure to install a control loop:

1. Install loop inputs

loop 1 process variable - channel 1
loop 2 process variable - channel 2

loop 1 remote setpoint -~ channel 3
loop 2 remote setpoint - channel 4

loop 1 feedforvard signal - channel 3 or 4
loop 2 feedforvard signal - channel 3 or 4

configure channelg asg outlined in main manual
2. Install contact closure loop controle ( A/M, R/L )
3. Install loop output(s)

loop 1 primary output ( heat if duplex ) - output 1 A
loop 2 primery output ( heat if duplex ) - output 2 A

loop 1 cool output ( if duplex ) - output 1 B
loop 2 cool output ( if duplex ) - output 2 B

CAUTION - it is not sdvised that the outputs be connected
to live end- elements until completion of installation
and checkout.

4. Configure loop output(s) ( see section 8.1 )

S. Test loop output(s) using wmanual adjustment
NOTE: - Durstion adjusting type outputs need no cali-
bretion. Current adjusting type outputs are calibrated
at the factory, and should need no calibrstion. If,
hovever, the 4 - 20 mA. signal is out of specification,
use the procedure outlined in section 3.3.

6. Configure loop ( see section 8.1 )

7. Connect loop output(s) to process end elements

8. Tune loop ( see section 9 )
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3.2. Retransmitted Signal Installaetion
Use the folloving procedure to install a retransmitted signal:

1. Configure source of retransmission signal for each
output to be used. Any source can be assigned to any

output.

NOTE: - 1f control loops are installed,
the loops vwill take control of sny outputs needed per
their configuration. Retransmission can only be done

on unused instslled outputs.

ex: 1 dusl CAT output card in position 1.
1 single CAT output card in position 2.

1 loop ie installed, and is configured as a8 single
output.

2 retransmitted signals have been installed.

output 1A vill be taken over by the loocp.
outputs 1B and 2A sre available for retransmission.

if the loop is subsequently configured as duplex,
output 1B will aleo be tsken over by the loop, end’
vill not be available for retransmission use.

2. Configure span of retransmitted output ( see section 8.3 )

3. Test output sgainst retransmitted signal source ! ex. chan 1 )

NOTE: Outputs are calibrated at the factory. If output is not
in specification, use cslibration procedure in mection 3. 3.
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3 3 libration

The only calibration points vhich might be necessary for the option configure-
tion are the CAT ( 4 - 20 mA. ) outputs used for retransmission and control.
These are calibrated st the factory, but can be recalibrated in the field. Use

the folloving procedure for each output:

1. Move link LK17 to the bottom & middle posts position.
LK17 is at the bottom of the main board.

2. Connect the output concerned to J21 on the main board, using
a 0.1%, 250 ohm shunt resistor. Polarities are marked on output

and J21.

3. In configuration mode, scroll to "CALIBRATE INST.°.
( see recorder manual )

4. Press up arrov to enter cslibration wmode. GO SLOWLY! AVOID
RECALIBRATING INPUT CHANNELS!

S. Scroll to *CALIBRATE OUTPUT®.
6. Press enter. Scroll to desired output.
7. Prese enter and vait until calibration completed.

8. Clear out of calibration mode, and restore LK17 to
middle & top posts position.

NOTE: Thie calibration depends upon the accuracy of the
cold junction voltage calibration done on J21. If
all instrument calibration has been lost, keep in
mind that CJ must be calibrated before this
procedure can be performed.
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Technical Specifications
1. Input Specifications

.1.1. Analog Inputs

The process variables, remote setpoints, and feedforvard signals
used by the loopes sre scquired by the recorder input channels. These
inputs are specified in the wmain circular chart recorder manual.

4.1.2. Contect Inputs

The folloving contact closure inputs sre available:

ANl -
RL! -

AN2
RL2

RESET
HOLD -
EXT -

force manual on loop 1
force locel on loop |

force wmanual on loop 2
force local on loop 2

reset the setpoint generator
hold the setpoint generator
not used at this time

The reset contact input ie edge sensitive. Reset vill occur

if a contact

closure exists for T > 5 wSec. The setpoint generator

vill remain in reset until the contact is opened.

o

s

.2.1. Current

.2. Qutput Specifications

Adjusting Type

Output Resolution: 0.1 % of full scsle

Output Range: 4 mA. - 20 wmA.

Compliance Voltage: 12 Vdc. ( 600 ohms )

4.2.2. Durstion Adjusting Type

Output Resolution: 0.1 X of cycle rate

Cycle Rate Range: 2 sec. - 250 sec.

Output Types: Relay ( 2 A. @ 115 V RMS )

Triac ( 2 A., zero-crossing fired, 264 VAC )
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4.3. Explanation of Operation

The controllers, setpoint generator, and retransmitted signals are mansged by an
independent microprocessor located on the option card. This processor obtains
measurements and operator changes vis an interface to the basic recorder proces-
gor locasted on the main card. Configuration and opersting data for the controll-
ers, setpoint generstor, and retransmission is kept mostly in the option card,
vith the main card storing some information related to operstor entries.

The basic operation of the system occurs at s frequency of 2 Hz. The wain card
initiates the cycle by transferring s block of data to the option card every
half second. The option card reacts to this transfer by processing the data to
produce nev retransmitted outputs, PID control outputs, and incrementing the
setpoint generator timebase. The option card then trensfers to the main card a
block of data for the mein card to display on the operator interface. This com-
plete cycle occure in less than 250 mSec.

The interim period of time, ( background ), is used by the option card to ser-
vice items such as seriasl communicetions.

For purposes of examining control sampling rates, it should be noted that the
time from sensing the value of the process variable until the production of a
nev control output is one half second. The reading on the operator interface
repreesenting output wmay lag the physical output by one half second. If the tvo
loops are cascaded, it should be noted that the output of loop 1 is produced
before processing loop 2.

The setpoint generator output values are updated every 2 seconds. Duration
entries of O seconds, ( step changes ), cannot occur in succession faster than
every 2 seconds.

The time from sensing the value of an input, until producing 8 nev retransmitted
output is one half second.

Separation of data betveen the wmain card and the option card is as follovs. The
main card maintaine the vealues of manual output, local setpoint, ratio, and
bias. These are items vhich chenge frequently snd quickly via operstor entries.
The option card passes back to the main card the values of controller output,
actual setpoint ( the option card must choose setpoint from several sources
based on various conditiones ), snd setpoint generator outputs, both event and
trsce. The main card choosee to display either sutometic or manual output. Con-
trol of the loops ( suto/msnual, remote/local ), is managed in concert by both
cards. For instance, the main cerd scans the keys and sets the states but the
option card executes bumpless transfers.

when replacing the option card assembly or the main cerd assembly, it is dimpor-
tent to keep in mind that each card keepe a battery backed up set of dete. It is
possible for the option card, or main card, to default its data due to a wemory
fault, vithout the other card changing any dsata.

when the instrument is turned on, the main card checks to see if an option card
ghould be installed, based upon vhich options have been installed. If an option
cerd should be inetalled, the main card vill attempt +to synchronize execution
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vith the option cerd. If there im no response from the option card, the main
card vill remain in the synchronization .loop. Therfore, if the option card is
not present, or faulty, the display vill remain blank, and the instrument vill

appear to be off.

4.4. Electronic Assemblies

4.4.1. Option Card

The option card is mounted to the case of the recorder adjacent to the Main CPU
cerd assembly. This microprocessor based printed ecircuit card subassembly con-
tains the circuitry required to support the folloving options:

2 Loops of PID Control
Serial Communications (RS232 or RS422)
Setpoint Generation
Retranswrission
Refer to figure 2 for the folloving discussion.

Pover Supply:

The pover supply circuit on the option card converts the unregulated motor
voltage into the folloving voltages:

+5.0 V vhich supplies the microprocessor and support logic.

Twvo unregulated pover supplies of +1SV and -15V for the controller output
cards.

Isolated +5.0V for the serisl communicetions circuitry.

The pover supply circuit is s square vave DC to DC converter design. The unregu-
lated motor supply voltage is used to drive transforwmer Tl! with s square vave
via transistors TR3 and TR4. Regulestion of the output voltages is performed by
pulse width wmodulation via svitching regulstor controller Ul. The feedback con-
trol ie performed by monitoring the 5.0 V output from transformer T1 at the
junction of L1 snd CS.

Microprocessor and Digitsl Logic:

The option card uses a standard wmicroprocessor system architecture consist-
ing of an eight bit 6303 CMOS processor vith 32k bytes of program wemory
and 4k bytes of battery backed up CMOS RAM memory. The microprocessor uses
a mwmultiplexed address and date bus to control sll the I1/0 operstions and
wmemory transfers. The address data is demultiplexed by latch Ui4. The out-
put of Ul4 supplies the lover order portion of the address bus to the sye-
tem memory. The high order address decoding logic is decoded by U13 which
generstes the strobes for the peripherial interface circuits.
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The option card microprocessor communicates vith the main CPU card assembly
via tri-state latches U6 and U7. These tvo lstches provide an eight bit
data path betveen the tvo assemblies.

The contact inputs are optically isolated and interfaced to the micropro-
cessor deta bus vie tri-state buffer U17.

The interface to the tvo output cards 4is controlled directly £from the
microprocessor by weans of the 6303 parallel port. The transfer of data to
the output cards is performed in e bit serial mode vias a data signal, clock
signal and load signal.

Serial Communications:

The serial communicastions interface circuit consists of U21 and U23 that
provide the level shifting regquired for RS-232 or RS5-422. The serial com-
munications signal inputs and outputs are opticelly isclsted by isolators
U20 and U24.

The baud rate clock generstion 4is performed by US vhich divides the
microprocessor clock frequency to the required baud rate frequency.

Watchdog Timer:

A vatchdog timer circuit U27 and TRS is used to insure asutomatic restart if
@ fault occurs. To prevent the tiwe out period from expiring and resetting
the microprocessor TR5 must be strobed every 60 milliseconds by the operat-
ing system softvare.

4.4.2. DAT Output Card

The Time Proportioning Output cerd mounts on the option csrd and is connected to
the option card vie an eight pin connection cable. This assembly is available in
tvo output forms, single output or dual output and tvo output types, TRIAC or
relay. Refer to figure 3 for the folloving discussion.

The output contacts sre controlled by flip-flops Ul and U2. The output of the
flip-flops drive transistors TRl and TR2 wvhich sctivate the output contacts
either TRIACs or relsys.

The TRIAC output unite are zeroc-crossing fired by U3 and U4 to prevent genera-
tion of EMI interference. Resistor, capecitor netvork R4, C7 and R8, C8 provide
the required snubbing to prevent false triggering in noisy environments.

4.4.3.

CAT Output Card

The 4-20mA current output card wounts on the option card sand is connected to
this card via an eight pin connection cable. The printed circuit card sssembly
is svailable in tvo forms, single output or dual output. Refer to figure 4 for
the folloving discussion.

The current output cerd usee a 12 bit digital to analog converter U3 to generate
en isolated 4-20mA output signal. The digital to analog converter is optically

11
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isclated from the weasuring circuit by isolators Ul and US. The output data is
transfered from the option card in & bit serial format vie the Data, Shift and
Load signal lines. The current output from U3 is level shifted by amplifiers U4
to provide the required compliance voltage at 20mA.

The second current output operates in the same mode as described sbove. The
difference being that the dats input to U7 ig deleyed by 12 ghifte vie shift
register U6. The first 12 bits in the serial transfer therefore control output B

and the next 12 bits control output A.

Pover supply regulation is provided VR1 and VR2 for both outputs on the card.

14
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5. Controller Description

9.-1. Output Types

There are tvo types of outputs available. They are the current adjusting type
output and the duration adjusting type ocutput. The CAT output is & 4 mA. to 20
mA. signal used to drive continuous end elements such as valves.

The DAT output physically consists of s relay or TRIAC. It ie used to drive such
end elements as heater coils. The percentage output value is converted to a per-
centage of the total period ( cycle rate ). The percentage output velue
representse the amount of time the output is 'on’. For example, » one minute
cycle rate output, vith a current output value of 25%, wvould represent an ‘on’
time of 15 @seconds and an ’o0ff’ time of 45 seconds. Each side of a dual DAT
ocutput way have a unique cycle rate.

Each loop ( 1 or 2 ) cen have a gingle or dual output. Dual outputs wust be
similar types. For example, loop 1 could be a duplex loop with 2 DAT outputs,
one for heat and one for cool, but both must be DAT. Loop 2 could heve a single
or dual output of DAT or CAT, independent of loop 1.

Each loop’'s eingle or dual output is conteined on a deughter cerd mounted above
the option card. The terminations unique to that output(s) is mounted on the
daughter card. The type of daughter card determines the type of output.

The output of each loop is conditioned by several functions. These.are:

- elev rate limiting ( rate of output change )

- output limiting

- deadband ( used for duplex only )
A duplex output involves driving 2 physical outputs vith .1 controller output
value. This output value ranges from -100% to 100%. The A side of the duplex
output is active vhen the output value ies positive, and the B side is active for
negative output valuee. This method allovs the controller to retain 0.1% resolu-

tion of output for the full 200% duplex span. Keep in mind that the B output
vill increase in value as the output becomes more negative. See figure 5.
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S.2. PEID Algorithm

The control algorithm used is the classic three term PID scheme incorporating
the folloving enhancements. Figures € and 7 present the basic structures of the

tvo loops.

Bumpless Transfer - The controller output vill rewain stable after a transfer
from manual to esutomatic control, provided that there is 8 non-zero reset tuning

parameter entered ( the integrator isn’t turned off ).

Anti Reset-Windup - The integration of the I term vill stop anytime the output
value reaches the lov or high programmed output limits. This vill prevent the
integrator from ‘vinding up’. This does not apply to duplex output deadband.

Cutback - Cutback is a mechanism vhich aids in balancing a process at its’
operating point quickly {from startup conditions. It does this by causing the
value of the I term integrator to be set at its’ normal operating level faster
than the rate dicteted by reset tinme.

The sequence in vhich cutback vorks is as follove. First, the basic PID control
settings cause the output value to reach one of the output limits. In startup,
this is normal. For example, if a furnace operates at 1000 degF and starts from
room temperature, it is reasonable to assume that the output vill rise to its’
high limit under automatic control. Second, cutback is sctivated if the value of
devistion exceeds the programmed cutback setting, vhile the output is at an
extreme. Once cutback is activeted, the output is held at the extreme until the
deviation falls belov the cutback setting, even 3if the normal PID control
doesn’t call for extreme output. Third, and most importantly, vhen the cutback
setting is reached, and cutback is de-activated, the controller is put through &
bumpless transfer operation using the extreme output value. This vill cause the
I term to be initialized at a level vhich vwill be:

I = extreme output - nev P term - nev D term

The result of this operation is to set the I term very near the level at which
it normally operates, vithout vaiting for it to ramp there under the constraints
of the programmed reset time. So, you can have a slov reset time to achieve
correct control of a slov process, and still startup quickly.

Another benefit of cutback is that it prevents overshoot during startup. This
is becsuse the controller can be tuned for steady-state conditions, vhich may
involve a long reset time, vithout wvorrying sbout the transient conditions st
startup.

There are tvo cutback settings. One for positive deviations ( cutback high ) snd
one for negative deviations ( cutback lov ). Normelly, the optimum setting for
cutback is:

cutback high = ( ¢+ proportional band / 100 ) ¢ loop span
cutback lov = ( - proportional band/ 100 ) * loop span
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Hovever, cutback settings may be videned when a second time constant is involved
in the process. Cutback can slsc be disabled through programming.

Feedforvard - Each loop may use a recorder input as a feedforvard signal. These
signals must be vired to either channel 3 or channel 4. The feedforvard signal

is applied directly to the output of the PID algorithm. Note that feedforvard is
incorporsted into the bumpless transfer algorithwm. Feedforvard has no effect
during menual control operation.

Remote Setpoint - The instrument vill accept a remote setpoint value for each
loop. This =mignal wmay come from the built-in setpoint generator, a recorder
channel, or ( in the case of loop 2 ) the loop 1 output, vhich makes a cascade

configuration.

I1f the setpoint generstor is used, trace 1 vill feed the remote setpoint of loop
1, and trace 2 vill feed the remote setpoint of loop 2. Both loops do not have
to use the setpoint generstor. Loop ! could be using trace 1, while loop 2 could
be wusing e channel. The remote setpoint function way be turned off, vhich hes
the effect of disabling the R/L key for that loop.

If 8 chennel is used as the remote setpoint source, channel 3 wmust be used for
loop 1, and chennel 4 must be used for loop 2. The units of the channel used
must match the units of the loop involved.

Cascade - If the remote setpoint source of loop 2 is selected to be loop 1, then
a cascade configuration takes effect. There are some built-in conveniences vhich
only activate vhen cascade is programmed. First, the suto/manual controls of the
loope are interlocked. If loop 2 ( vhich is the inner loop ) is put into wmanusl,
the outer loop ( loop 1 ) is forced into manual also. This makes sense, since
loop 2 represente the control element for loop 1. Secondly, during the time
that loop 2 ie in manual, the output of loop 1 ie forced to be equivalent to the
procees variasble of loop 2. This mechanism keeps the deviation of loop 2 et zero
during manual operstion, because the output of loop 1 is driving the setpoint of
loop 2. Why is this helpful? When the inner loop is returned to automatic, a
bumpless transfer vill take place st balanced conditions, vhich 1is the least
disturbing vay for the controlled inner loop to transfer to sutomatic control.
When the inner loop stabilizes, the outer loop can then be placed in sutomatic,
and the loop 1 controller can sgain begin wmaking changes to the loop 2 setpoint.

Take note that an initislly confusing situstion arises from this scheme. If both
loope are in wanual, ( and loop 1 wust be in manual if loop 2 is in manual ),
then the loop 1 ocutput cannot be manually adjusted. This is true even though
loop 1 is in the wmanual wode. The reason is that the loop 1 output is busy fol-
loving the procees veriable of loop 2. The only time that the loop 1 output can
be adjusted wenually, vhen cascade is in effect, is vhen loop ! ie in wanual,
and loop 2 ie in automatic mode.

See figure 8.
Setpoint Tracking - Trecking can be independently enabled for each 1loop. This
mechanigm causes the local esetpoint of s loop to follov the process variable of

thet loop vhen the loop is in manual. The local setpoint cen only be adjusted
vhen the loop 18 in automatic wode. Setpoint tracking insures that the
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transition from manual to suto is done at balanced conditions.

Rate Source Selection - The rate term may selectively be applied to either the
process variesble or the deviation. Teking the derivative of the process veriable
inetead of the devistion has the advantage of avoiding large rate terms on set-
point changes. On the other hand, the derivative of the deviation might be use-
ful vhen uging 8 setpoint generator as remote setpoint.

Adjustable Loop Span - The span of esch loop is progranmable.‘This feature makes
the loop span independent of the chart span, as vith older circuler

chert/controller combinstions. The advantage of this feature ig thet changes to
the chart span do not affect the tuning of the loop. The loop span is slso
independent of the recorder input chennel programming.
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5.3. Tuning Parameters
Definitions - The folloving definitions apply to the tuning constants used:

Proportional Band - the percentage of loop span vhich the deviation
must equal for the proportional term to reach
100% output.

Reset Time - if a deviation equsl to the proportional band
exists for this smount of minutes, the output
due to the integral terwm vill reach 100%. The
reset time is usually set at the value of the
proceas’s fundamental time constant.

Rate Tiwe - 4f the rate of cheange of the deviation ( or
process variable ) equals

proportional band / rate time

then the derivative term vill reach 100%. The
derivative term aide in compensating for the
secondary dominant time constaent of the
process. It vill initially oppose the ection
of P and I.

Control Direction - The deviation value is defined to be PV - SP. A direct act-
ing controller vill tend to incresse output vith a positive devistion, and
decrease it vith e negative deviation. Reverse acting controllers do the oppo-
site. Direct acting controllers are used vith exothermic processes and reverse
acting controllers sre used vith endothermic processes.

Secondsry Tuning - Each loop can be programmed vith 2 sets of tuning constants.
Each set of tuning constants contasins the folloving:

proportional band

- reset time

rate time

control direction

Esch loop uses its primary set of tuning constants vhen secondary tuning is dis-
abled, by selecting ’off’ in the proper configurstion entry. ( See section 8.1 )
1f this is the case, the secondary tuning set need never be adjusted or exam-
ined. Hovever, if svitching to the secondary set is desirable, it can be done in
several vays.

23



Options Manual

There are tvo basic entries vhich must be wade. The first is to choose a
variable vwhich vill determine the set of tuning constants to use. This can

be:
- procees varisble
- setpoint

- deviation

output

This varisble vill be compared to tvo entries defining the tuning band. Ineide
the bend, the primary tuning is active, and outeide the band, the secondary tun-
ing is active. If a single boundary is desired, one of the band entries is made

extremely large. See figure 9.

If output is chosen as the tuning trip variable, then the band entries have no
effect. The tuning vill svitch vhen the sign of the output changes. Primary
tuning ie active vhen the output is positive, and secondary tuning i active
vhen the output is negative. Thie might be useful in a duplex output loop, such
ss heat/cool. The process dynamice mey be vastly different vhen the cooling sys-
tem is on, than vhen the heating system is on.

¥hen the tuning sete ere svitched, the loop is automatically put through a bump-
less transfer sequence, preventing a process bump vhen a difference in gains is

required.
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6. Setpoint Generator Description

The setpoint generator built into the recorder provides a precise, digital
replacement for cem driven programmers used vith older circular chart recorders.
The generator produces 2 analog traces, vith a single tiwmebase, and 4 event ocut-
puts. The traces wmsy be initialized on the value of sany recorder channel and
used by the control loops. They wmay also be retransmitted. ( See gection 7 )

6.1. Organization

The basgic unit in the setpoint generstor is the segment. The segment contains
target values for the traces, durstion, event states, etc. One segment is in
effect at any given time. Any change to the operation of the generator necessi-

tates a transition to another segment.

A recipe consists of a set of segments, and specificstions for initializing the
trace values. The wmaximum number of segments in each recipe is 127. There ie
only one recipe active at any time.

The setpoint generator can store 4 recipes in its’ bsttery backed-up memory.
Therefore, a wmaximum of 127 x 4 or 508 segments may be stored in the wemory.
There are 3 types of segments, as defined belov.

Target Segments - A target segment consists of a target value ( in engineering
unite ) for each trace, a duration for the segment, and states for each event to

hold vhile this segment is sctive. The target values are the values the traces
should equal at the end of the segment duration. There are no ramp rate or soak
time entries, just tergets and durations.

Target segmente can have durations from zero to 999 minutes. A 2ero duration
segment definee a aztep change in a trace. It might alsoc be used to insert an
event change vithout effecting the traces or recipe length.

NOTE - The events drive the states of the 4 alarm releys on the main card. All
of the releys need not be installed. Keep im mind that conflicts can occur
betveen events and recorder and controller alarms. A relay vill turn on if
either its’ setpoint generator event or an assigned alarm are active. It doesn’t
turn off until both are inactive. Therefore, to allocate some relsys to salarms
end sowe to events, avoid setting the events corresponding to slarm relays into
the active state in any segment of any recipe. Siwmilarly, svoid assigning alarms
to relays used for event output purposes.

Cycle Segments - A cycle segment is placed at a point in the recipe vhere it is
desired to repeat a portion of the recipe. These segments contain s cycle count
and & cycle destination segment number. Cycles can be defined from 1 to 999
counts. If more cycles are needed, then cycle segments can be placed in series.
A cycle muet alvays be done backvards, or to a segment number less than the
cycle segment’s. Cycles can also be nested, up to S5 deep. For example, a cycle
may be defined from segment 10 to segment 2. Inside this area, a cycle segment
could be placed at segment 8 vith a destination of segment 4. Then, all of the
inner loop’s cycles vill be completed for each of the outer loop’s cycles.
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End Segment - Each recipe has an end point, an end segment. The end segment
defines vhether the recipe vill end ( "DONE®" ) or vill cycle back to s defined
segment number. If the recipe ends, the traces vill sosk forever at their last
target values. The events vill hold the states defined in the last target seg-

ment.

If s repeating end is chosen, the recipe vill start over st the defined segment
number. The difference betveen s cycle segment and s repeating end segment is
that vith the end segment, the elapsed tiwer for the recipe is reset to zero.
Also, 8 repeating end segment defines a recipe vhich vill run forever, not for

specified counts.
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€.2. Operation

Qverviev - The setpoint generator vorks very much like a cam. There are 2 pro-
grammable vheels on the cam to produce 2 traces, vhich are on s common timebase.
Holding the cam holds both traces in soaks, resetting the cam resets both.

The generstor also produces 4 event states, vhich vould be analogous to tabs
sticking out of the cam. ( Think of s vashing wmachine.) When the cam ie held the

events stop changing state.

To begin a recipe, the recipe is activated, choosing from one of the four stored
recipes. Then, the recipe can be placed in the RUN state. When a recipe is
activated, it is sutomatically reset. This means that the trace outputs sre set
to their progremmed initial values, either constants or the value of one of the
recorder channels. The events are turned off. The elepsed timer is cleared.
After the recipe ig reset, the segments, starting vith number !, sre processed.
The durationes of the target segments, and the cycle counts, determine the length
of the recipe.

¥haet Happens at 8 Cycle? - When a cycle segment is encountered, and the cycle
count has not reached zero, the current segment number vill change to the cycle
destination. The traces vill ramp to the nev segment’s targets from vherever
they vere before the cycle. In other vords, there is no pre-determined starting
value for the traces, just end values. They do not ‘bump’, except for zero dure-
tion target segments. If this cycle segment is nested inside another cycle, the
nev cycle segment, ( the innermost ) will drive the displayed cycle count wuntil
it 4is <finished, vhen the next cuter cycle vill be replace it vith its’ current
count.

What Happens &8t 8 Hold? - When the recipe is held, the time left in the current
gsegment, and the elapsed time in the recipe stop changing. The traces stop try-
ing to reach ther targets, and enter soake. The events hold their states.

¥hat Heppenes st &8 Jump? - 1f the user chooses to skip over some segments (
jumpe cannot be backvards ) he can use the controls described in section 8.2 to
execute a recipe jump. The current segment number will take on the destination
value of the jump, and the recipe vill automatically be placed in hold. The
tracee vill take on the values of the target segmente immedistely preceding the
nev segment number. For example, suppose the recipe is currently executing seg-
ment 10. At this time, trace 1 has s value of 1050 degF. The user jumps to seg-
ment 20. The current segment becomes number 20. The last target segment before
segment 20 is 18 ( suppose segment 19 is a cycle segment ). The target value of
segment 18 1is 2000 degF. Then, trsce ! immediastely takes on a value of 2000
degF. It vill then begin to spprosch the target of segment 20.

It ie possible to jump out of a looping cycle. If this happens, that cycle is
automatically un-nested, as if it had counted dovn to zero.

Normal / 60X - There is a test mode in the setpoint generator vhich allove the
user to execute a8 recipe at 60 times normal speed. Displayed values of time
remain based in wminutes, but they update in seconds. The only displayed differ-
ence betveen 60x mode and normal mode is that estep changes ( zero duration tar-
get segments ) occupy vhat sppears to be 2 minute time &lots. Also, time is
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updated in increments of 2 minutes, since in real time, the setpoint generator
runs every 2 seconds. The setpoint generator vill only svitch Irom normal to

fast, or vice-versa, during a reset of the recipe.

Trace Engineering Unite - The setpoint generator operates as an independent dev-
ice. Traces are not necessarily tied to any loop or recorder channel. Therefore,

the traces must have their engineering units defined by the user. These unite
apply globally to all 4 recipes. If a trace is to be initialized from a recorder
channel, then that trace should have the ssme units ss the channel. 1f a trace
is feeding the remote setpoint of a loop then it should have the same unite es

the loop process variable.
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7. Retransmission Description

It is possible to retransmit all four of the recorder input channels. This cen
be done using the CAT outpute described for the controller above. Any output can
be driven from any channel. One channel can drive all outputs. The possible

variables to retransmit include:

- channels 1 to 4

- setpoint of loops 1 or 2
- deviation of loops 1 or 2
- output of loops 1 or 2

- setpoint generstor traces 1 or 2

The number of retransmiegsions possible depend upon the control loops installed.
Control loops alvays vill take over the outputs necessary to accomplish control.
If an output is not being used by a controller, then it it available for
retransmission purposes. For example, if one loop is installed, and it is @
duplex loop, then both output 1A and output 1B are unavailable for retransmis-
sion. On the other hand, if tvo loops are installed, but are cascaded, loop 1
needs no physical output, and both output 1A end 1B are svailasble.

Each retrangmitted variable can be independently spanned in engineering units on
each output.
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8. User Interface

The folloving section describeg the user interfece for the options of the
recorder. For each option, there are tvo basic sections. The first is opere-
tional displays and controls, snd the second is configuration. The reader should
reviev the basic recorder manual if he is not familisr vith the operation of the
begic recorder keypad.

Configuration entries for a function can generally be found ®under" the opera-
tional display for that function. For instance, to configure a loop, prees the
side arrov vhile the scroll is frozen on one of the loop displays. Siwmilarly, to
configure the setpoint generstor, press the side arrov vhile the scroll is
frozen on any of the four setpoint generator operation displays. Retranamigsion
of signals involves no operational display, therefore configuration of
retransmigsion can be found by scrolling through the w®ain configuration tree
under any of the channel displays.

8.1. Controllers

This section describes procedures for operating and configuring ¢the controller
option.

8.1.1. Controller Operation

Operation of the controllers can be accomplished vie specielized keys on the
face of the instrument. The folloving sections describe hov to viev eand control

the loop operation.

8.1.1.1. Loop Display snd Indicators

—

When 8 control loop is installed, s loop displsy ie asutomatically sdded to the
run-mode scroll. The loop 1 display appears after the channel 1 displey, and the
loop 2 display appeare after the channel 2 display.

This loop display containe the folloving:

- loop process variable *PVn*

- locp sctusl setpoint *SPn*

- loop output ( opposite the setpoint in percent )
- loop engineering units

If a loop is instelled, a column of LED indicators vill appear salong the left
hand side of the display vindov. The top 2 indicatore apply to loop 1 and the
bottom 2 indicstors apply to loop 2. There is an "R* indicator, lighting vwhen
the loop is using remote setpcoint, and an "M" indicetor, lighting vhen the loop
ie in manuel wode.

Loop Procesgs Varisble -~ The process variable of loop i ie alvays the value of
the recorder channel 1 input. Loop 2 PV is slvays recorder channel 2. Therefore,
es the scroll increments, you should see the value of channel 1, then see it
repeated in the loop 1 display ss PV. It is repeated so that it can be easily

compared to the loop setpoint.
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Loop Actusl Setpoint - The source of a loop’s setpoint can change vith confi-
guration and operating conditions. The setpoint displayed in the loop display is
alvays the actual value being used, no watter vhat source is active. For
instance, vhen the R/L key is pressed, a svitch is made betveen remote and local
setpoint. The display vwill reflect this change.

Loop Qutput - This displayed value is the desired position or level for the end
element. The physical output value ( CAT or DAT ) wmay vary from this displayed
output due to the action of slev rate limiting or, in the case of duplex loops,
deadband. Duplex outputs can also be negative. Reviev figure 5.

Loop Engineering Units - The engineering units of the loop’s PV, locsl SP,
remote SP, span, etc., sutomatically are presented in the units configured on

recorder channel 1 or 2. ( Ch. 1 for loop i, Ch. 2 for loop 2 ).

8.1.1.2. Loop Control Keys

If a loop is installed, the left hand side of the wembrane svitch psnel vill be
filled vith 12 keys vhich do not appear on non-controller models. The top rov of
keys applies to loop 1, and the bottom rov applies to loop 2. Both sets are
installed even i1if 1 1loop is installed. Preseing any key in the top rov vill
csuse the loop 1 displey to appear, and the scroll to freeze. Preassing any key
in the bottom rov will ceuse the loop 2 display to appear, and the scroll to
freeze. The folloving descriptions apply to both loops.

R/L - The remote / local key is s "push-push" type control vhich svitches the
setpoint for the loop from local to remote, or back asgein. The "R" light for the
loop vill turn on if the loop is in remote wmode. This key vwill have no effect if
the remote setpoint source is configured as "off",

EP inc/dec - The leftmost set of up/dovn arrov keys wmanipulate the value of
local setpoint for each loop. These keys vill change the displayed setpoint
value if the loop ie in locel wode. They vill have no effect if the loop is in
remote mode. The keye vill operate on the least significant digit for 10 counts,
and then vill shift to the next more significant digit. In this wey, the set-
point change cen be sccelerated by holding the key longer. The local setpoint
vill stop increasing/decreasing at the programmed values for setpoint limits.

These keys are designed for implementing swmall changes in local setpoint. Large
chenges in local setpoint can be accowmplished faster by digital entry. The
local setpoint entry is eccessed by pressing the side arrov key vhile frozen on
a loop display. The local setpoint can be entered digitally even vhen the loop
i in rewote mode.

A special limitation is imposed on the setpoint keys vhen setpoint tracking is
enabled. With setpoint tracking, the locel setpoint tracks the process varisble
of the loop vhenever the loop is in manual. Therefore, vith setpoint tracking,
the inc/dec keys vill only vork if the loop is both in local and sutomatic.

A/M - The suto/manual key for each loop is 8 "push-push” type key vhich svitches
the loop from manual to sutomatic mode, and back sgain. The "M" indicetor will
light vhen the loop is in manual mode. Svitching from wanual to automatic is

"bumpless"”.

32



Options Manuel

Qutput inc/dec - The rightmost up/dovn arrov keys for each loop mwanipulate the
manual output value. These keys vill change the displayed output value only 1if
the loop is in manual mode. They operate on tenths of percent for 10 counts,
then shift 1 significent digit every 10 counts. The output value vill stop

incressing/decresasing at the programmed output limits.

A special limitstion is placed on the loop 1 output keys vhen a cascade confi-
guration is in effect. Since the loop 1 output is forced to proportionally track
the loop 2 process variable vhen loop 2 is in wanual, the loop ! manusl output
cannot be wmanipulated unless loop 1 is in manual and loop 2 is in sutomatic
mode. Also, loop | is forced into manual vhen loop 2 is placed in wanual, vhen

cascade is in effect.

8.1.2. Setpoint, Ratio, and Bies

Most of the loop configurstion entries, including tuning, cennot be manipulated
vhen the instrument’s programming lock svitch is set in the DI position. This
prevents modifications by unsuthorized individuals. Hovever, a fev values are
changeble even if the lock is set. These valuee are commonly set by operators
vhile a loop is on-line. To access them, freeze the scroll on the loop’s display
by scrolling to thast display and pressing *enter®, or simply by pressing sny key
in thet loop’s rov. Then, press the side arrov key. The values are defined belov

in the order in wvhich they appesr.
Locel Setpoint - At this point, the local setpoint way be entered digitslly.
Entry way be wmade even if the loop is in remote setpoint wmode. If the value

entered exceeds the programmed setpoint 1limits, the 1limit value will be
displayed as the entry.

R.S.P. Ratio - The remote setpoint ratio is applied to remote setpoints from the
recorder channels or from the setpoint generstor. It is not spplied to the loop
2 setpoint in caecade vith loop 1.

sctual rewmote sp = ratio x remote sp input

units: none

limits: 0.00 -> 10.00
R.S.P. Biss - The remote setpoint bias is applied to remote setpoints from the
recorder channels or from the setpoint generator. It is not applied to the loop
2 setpoint in cescede vith loop 1.

actual remote sp = remote sp input ¢ bias

units: same as PV channel

limite: none
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8.1.3. Tuning 8 Loop

The tuning constant entries for each loop are segregasted from other loop confi-
guration entries in order to simplify their frequent wmodificetion. There are 2
seteg of entries, primary and secondary. Each set has identical units and limits.
For an explanation of secondary usage, see section 5.3. The primary and secon-
dary tuning constants can be accessed after scrolling past the BIAS entry. This
can only be done if the program lock svitch is in the EN mode. When the correct

set is displayed, press "enter"® to sccess that set.

Explanations of the function of each tuning entry sre contained in sections 5.3
and 9.

Prop. Band - Proportional Band
unitse: percent

limite: 0.1 -> 200.0

Reset - Reset Time

units: minutes / repeat

limite: 0.0 -> 999.9 ( O turns off reset action, disabling
bumpless transfer wechanism )

Rate - Rate Time

units: minutes

limits: 0.00 -> 99.99 ( O turns off rste action )

Pirection - Control Direction

choices: reverse acting
direct acting
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R.S5.P. RATIO

PRIM. PROP. BAND
PRIMARY RESET
PRIMARY RATE

PRIM. DIRECTION

SP. LOW

OUTPUT LOW

INPUT RANGE LOW
CUTBACK LOW

SEC. TUN. TRIP LOW

FEEDFORWARD LOW

OUTPUT DEADBAND
CYCLE RATE A
OUTPUT TYPE

OUTPUT SLEW RATE

REM. SP SOURCE
SELECT RATE
SP TRACKING
SEC. TUNING

FEEDFWD SOURCE

DEV. ALARM LOW

ALARM HYSTERESIS

R.S.P. BIAS *

PRCNT  SEC. PROP. BAND PRCNT

MIN/R  SECONDARY RESET MIN/R

MIN SECONDARY RATE MIN
REV. : DIR. SEC. DIRECTION REV. : DIR.

* SP. HIGH *

PRONT  OUTPUT HIGH PRCNT

* INPUT RANGE HIGH *

* CUTBACK HIGH *

* SEC. TUN. TRIP HIGH *

* FEEDFORWARD HIGH *

PRCNT  SLEW RATE LIMIT P/MIN

SEC. CYCLE RATE B SEC.

SINGLE 1 DUPLEX

ON AUTO : ON MAN & AUIO

OFF : CH. 3 ¢ SP GEN 1

ON DEV. : ON PV

OFF : ON

OFF = PV T SP T DEV : OUIPUT

OFF : CH. 3 : CH. &

* - Units vary with input.

DEV. ALARM HIGH

»

RELAY NONE :

1 2

#0082G/1

LOOP 1 CONFIGURATION WORKSHEET
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R.S.P. RATIO

PRIM. PROP. BAND
PRIMARY RESET
PRIMARY RATE

PRIM. DIRECTION

SP. LOW
OUTPUT LOW
INPUT RANGE LOW

CUTBACK LOW

SEC. TUN. TRIP LOW

FEEDFORWARD LOW

OUTPUT DEADBAND
CYCLE RATIE A
OUTPUT TYPE

OUTPUT SLEW RATE

REM. SP SOURCE
SELECT RATE
SP TRACKING
SEC. TUNING

FEEDFWD SOURCE

DEV. ALARM LOW

ALARM HYSTERESIS

* « Units vary with input.

PRCNT
SEC.

NGL

R.S.P. BIAS

SEC. PROP. BAND
SECONDARY RESET
SECONDARY RATE

SEC. DIRECTION

SP. HIGH

OUTPUT HIGH
INPUT RANGE HIGH
CUTBACK HIGH

SEC. TUN. TRIP HIGH

FEEDFORWARD HIGH

SLEW RATE LIMIT
CYCLE RATE B

DU

ON AUTO : ON MAN & AUTO

PRCNT

MIN/R

]

MIN

REV. ¢ DIR.

PRCNT

P/MIN
SEC.

OFF

CH. & : SP GEN 2

L00P 1 (CASCADE)

ON DEV. : ON PV

OFF T ON
OFF : PV t 5P : DEV : OUIPUT
“OFF :t CH. 3 ¢ CH.

* DEV. ALARM HIGH ®
» RELAY NONE : 1 : 2 : 3 : &

#0082G/2
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§.1.4. Configuring a Loop

8.1.4.1. Limits

The folloving configuration entries set spans, boundaries, and scaling for vari-
ous functions of each control loop. They are accessed by:

1. freeze on loop 1 or loop 2 display ( sll entries apply to
loop displayed )

2. press "enter'

scroll to *Configure Loop?® ( must have program lockout off )

w

4. press "enter"
S. *Config. Limite?" - press "enter"

6. enter values in sequence

wn
1o
r
IS
3
(VS
’4

Lov - Local and Remote setpoint lov limit

imit High - Loceal and Remote setpoint high limit

»
o
-

units: same as PV channel

limits: none

Qutput Lov - Output lov limit
Qutput High - Output high Limit
unite: percent
limite: -100.0 -> 100.0

( lov limit should be 0.0 or wmore if single loop type,
lov limit should be -100 -> 0.0 if duplex loop type )

Input Renge Lov - Loop span lov endpoint

Input Range High - Loop span high endpoint

Esch loop hss an independent span. This span cen differ from both the recorder
channel span vhich measures PV, and the chart span vhich records PV. This loop
span is used in the computstion of proportional band. Therfore, the tuning of
loope is not effected by changes in chart span.
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units: seme as PV channel
limits: none ( hovever, it shouldn’t exceed recorder channel

span measuring PY, vhich is channel 1 for loop
1 and channel 2 for loop 2. )

Cutback Lov - Negative devistion cutback setting

Cutback High - Positive deviation cutback setting

These settings define the values of deviation vhich influence cutback operation.
See section 5.2 for s detailed explanation of cutback.

units: same as PY channel
limits: lov cutback: must be negative or zero
high cutback : must be positive or zero

( Zero entry disables cutback. Can have high
cutback disabled, lov enabled, both enabled, etc )

Sec. Tun. Trip Lov - Secondary Tuning Lov Trip Point
Sec. Tun. Trip High - Secondery Tuning High Trip Point

These 2 settings define the band vhich determines vhether the primary or secon-

dary tuning constant set vill be used by the loop. Inside the band, the primary

set is used, vhile outgide the band the secondary set is used. In conjunction

vith these settings, the secondsry tuning trip variesble must be selected. ( See

belov ). If the secondary tuning trip variable selection is "off®, then these

settings have no effect, and only primary tuning vill be used. See section 5.3.
units: same as PY channel

limite: none

Feedforvard Lov - Feedforvard signal lov span endpoint

Feedforvard High - Feedforvard signal high span endpoint

The feedforvard signal applied directly to the output of the controller can be
selected from recorder channel 3, 4 or "off®. ( See belov ). These 2 settings
define hov the eignal vill be scaled into 0.0% to 100.0X of output. Lov span =
0%, and high span = 100.% in the units of the source channel.

units: same as feedforvard source channel

limite: none
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8.1.4.2. Output

The folloving entries determine the characteristics of the physical output of
each loop. They are accessed by:

1. freeze on loop 1 or loop 2 display ( all entriee apply to
loop displayed )

2. préas ‘enter’

3. scroll to "Configure Loop?" ( must have program lockout off )
4. press "enter"

S. mcroll to ®Config. Output?*

6. press "enter"

7. enter items in sequence

Qutput Type - see section 5.1

Use the scroll key to change selection, then press "enter”.
Choices: single ( heat only )

duplex ( heat / cool )

Qutput Deadband - The symmetric deadband value used vith a duplex output.
This entry has no effect for single outputs. See section 5.1
unite: percent

limits: 0.0 =-> 100.0

Cycle Rate A - DAT cycle rate for *A" output of this loop.

Cycle Rete B - DAT cycle rate for "B® output of this loop.

These entries only epply vhen this loop’s output daughter cerd 1is @a Duration
Adjusting Type. They adjust the period over vhich the percentage output vill
operate. For example, if:

cycle rate = 60 seconds

output = 75 %

output circuit ie ®on® for 45 seconds, "off" for 15 seconds
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Cycle rate ®*A®" is used for a single output type, or for the heat side of &
duplex loop ( the eide corresponding to positive output values ). Cycle rate *B"
is used for the cool ( negative ) side of s duplex output.

units: seconds

limits: 2 -> 250

Qutput Slev Rate - Slev rate application selection

This entry determines vhether the slev rate limit vill be applied to sutomatic
control outputs only, or to wmanual changes and automatic control. Use the
scroll key to change selection, then press "enter’.

choices: auto only

manual and auto

Slev Rate Limit

This entry sets the liwmit on the rate st vhich the physical output can change.
This entry has no effect on the displayed value of output. For example, an
instsntaneous manual adjustment of 20X in the displayed output value wmight
result in a physical output change taking 15 seconds.

unite: percent per minute

limits: O -> 9999. ( 8 zero entry disables slev rate limit )

8.1.4.3. Loop Type

The folloving entries determine the characteristics of the control loop. They
cen be accessed by:

1. freeze on loop 1 or loop 2 display ( all entries apply to
loop displayed )

2. press "enter"

3. scroll to *Configure Loop?®' ( wust have program lockout off )
4. press 'enter"®

S. scroll to "Conf. Loop Type?*

€. press "enter"*

7. enter items in sequence
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Ber. S.P. Source - Remote setpoint source selection
The loop can receive a remote setpoint from the folloving sources. Selection of
*loop 1' has no effect if loop 1 is being configured. I1f loop 2 is being config-
ured, and "loop 1' is selected, the loops sre internally cascaded, and some spe-
cial mechanisms become active. See section 5.2.
Use the scroll key to change selection, then press "enter”,
choicee: off - R/L key will be disabled
rec. channel - ch. 3 if loop i, ch. 4 if loop 2
s.p. gen. - trace 1 if loop i, trace 2 if loop 2

loop 1 - see above

Select Rate - derivative source selection

This entry ellove e selection of the variable used to calculate the derivative
needed for the rate sction in the PID control algorithm. If PV is selected, the
derivative of the process varisble is used. If DEV is selected, the derivative
of the loop deviation ( error ) is used. Each has advantages. Choosing PV elim-
inates unvanted rate action on setpoint changes. Deviation wmay be desirable
vhen @ setpoint recipe is feeding the loop remote setpoint, since rate action
vill aid in tracking the profile.

Use the scroll key to change selection, then press "enter®.
choices: on PV

on DEV

S.P. Tracking - setpoint tracking selection

Setpoint tracking causes the loop local setpoint to remain equal to the loop
process variable vhen the loop is in manual mode. This insures transition to
automatic mode at balanced conditions.

Use the scroll key to change selection, then press "enter®.

choices: off

on

Sec. Tuning - secondary tuning trip variable selection

The secondary tuning trip band entered under ®limits® above vill be epplied to
the verisble chosen here. See section 5.3. Use scroll key to change selection,

then press "enter®.
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I1f output is selected, the tuning trip band ims not used. Instead, the =ign of
the output determines vhich tuning set is used. Positive output selects primary
tuning and negative output selects secondary tuning. This mechanism mey be use-
ful 4in hest / cool applications wvhere the difference in end elements effects

process dynamics.

choiceg: off - no secondary tuning
PV - process variable
SP - actual setpoint
DEV - deviation ( error )
OUTPUT - sign of output.

Feedfvd Source - recorder channel used for feedforvard signal.

Each loop can receive its’ feedforvard signasl from either recorder channel 3 or
channel 4. Both loops way use the same channel. Use the scroll key to cheange
selection, then press "enter". Be sure to set feedforvard scaling entries as
explasined in previous section.

choices: off - no feedforvard in effect
ch. 3
ch. 4

8.1.4.4. Deviation Alerm

The folloving entriee are used to set the loop’s devistion ( error ) alerm.
Deviation is defined as: PY - SP. The slarm configuration can be accessed by:

1. freeze on loop 1 or loop 2 display ( all entries apply to
loop displayed )

2. preass ‘enter’

3. scroll to "Configure Loop?® ( must have program lockout off )
4. press "enter"

S. scroll to "Conf. Dev. Alarm?®

€. press "enter"’

7. enter items in sequence
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Dev. Alarm Lov - negative deviation slarm trip point
Dev. Alarm High - positive deviation slarm trip point

Alarm Hysteresis - hysteresis value to use vith both trip points

The devistion alarm band can be set asymmetrically ueing differing high and lov
trip points. If no devistion alarm is desired, set the high and lov trip points

vider than the loop span.
units: same ae PV channel
limits: lov trip: wust be negative or zero
high trip: must be positive or zero

hystereeis: must be positive or zero

Relay? - deviation alarm relay selection

The deviation alarm can be selectively assigned to sny of the 4 possible relays
on the wmain card, or none. If °YES®" is selected, the reley number vill be
requeated. Use the scroll key to select relsy number, then press *enter”. Be
careful in assigning relays, as conflicts can arise betveen recorder alarms,
deviation alarms, and setpoint generstor events.

Keep in mind thet eslarm LEDs 1 and 2 are activated by the loop devietion alarms
regardless of any relay configuretion.
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8.2. Setpoint Generstor

The folloving sections explain procedurés for configuring the setpoint generator
option. A fev clarifying comments might help at thie point.

Recipe and Program - The vords ’‘recipe’ and ’‘progrsm’ are synonomous in this
document.

Active Program - A maximum of four complete recipes, ( programs ) can be stored.
Only one is operated upon by the generator at any time. This is the active pro-
gram. An active program is not necessarily running. It could be in ‘HOLD’ or
de-activated vhen the generator is not in use. This simplifies the scroll. (

see belov ).

8.2.1. Setpoint Generstor Operation Displays

-

There are 4 display vindovs vhich appear automatically in the operating scroll
sequence vhen a setpoint recipe is active. They are described belov. If no set-
point recipe is active, but the setpoint generator option ie instslled, 1 vindov

vill appeer in the scroll. It reads:

PROG. INACTIVE

Display 1 - Recipe Operation

The first setpoint generator display to appear in the scroll shovs the current
condition of the active recipe. It slso shove the current segment no. and the
number of minutes remaining in that segment. The possible conditions for =@

recipe are:

RUN - The generstor is progreseing through
the active recipe.

HOLD - The active recipe is stopped at the
current segment. The hold condition
vas selected via the keypad.

EXT. HOLD = A hold is in effect due to the 'hold’
contact input.

RESET ~ The active recipe is holding in the
reset state due to keypad selection. The
traces vill continuously follov the
channel vhich supplies their initial
value. This state can be changed to hold
or run, in vhich case segment 1 vill
commence.

EXT. RESET - A reset condition is in effect due to
the ’RESET’ contact input.

DONE - The recipe has reached its’' end segment.
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If the recipe is currently performing a cycle, another item vill sppear in the
display. The number of remaining cycles vill sppear in the bottom right side of
the vindov, folloved by a °C’. Note that vhen the last run of a cycle is execut-
ing, the cycles remaining read '0’. If cycles have been nested, the remaining
cycles count vill reflect the state of the innermost cycle. As inner loops are
finished, remaining cycles in outer loops vill pop into viev.

Display 2 - Elapsed Tiwe

Thie display repests the recipe condition, snd slso shove the elapsed time since
the last reset or end segment. The elapsed timer stops during hold. The units
of elapsed time, in order of sppesrance, are:

D - days H - hours K - minutes

Display 3 - Irace Values

This dieplay vindov shovs the current value of the 2 traces, in their programmed
units. Note that if e RESET condition is in effect, these displayed values vill
follov the recorder channels assigned for initial trace values.

Displey 4 - Event States

This vindov shove the current states of the 4 event outputs of the setpoint gen-
erator. The top line is numbered 1 through 4 corresponding to relays 1 through 4
on the main card. Directly belov esch number is the state of that event output.
A zero indicetes ‘cff’ and s 1 indicstes ‘on’. Any ’on’ state corresponds to an
active relsy on the main card.

8.2.2. GSetpoint Generator Controls

The setpoint generator controls can be accessed ‘under’ sny of the 4 vindovs
described above, or the PROG INACTIVE vindov. Freeze the scroll on 1 of the vin-
dovs, and press the side arrov key. Access to the controls is alloved even vith
the program lockout svitch on.

The top line of the control vindov displays the current condition of the set-
point recipe, as described in display 1 above. The second line scrolls vith the
folloving selectione. Select one and press 'ENTER’.

RUN - Remove any hold or reset conditions, and commence progression through the
recipe at the current segwent.

HOLD - Stop the setpoint generator timebase at its’ current value. Hold current
trace valueg and event states.

RESET - Set the current segment to 0. Clear the elapsed tiwmer. Turn off events.
Set the traces equal to their programmed initiasl values or initialization chan-
nels. Continue to run through these steps until RUN or HOLD selected. ( Segment
no. O doeen’t exist, end cannot be programmed. )
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JUMP - When JUMP im selected, the jump destination segment wust be entered.
Enter this value ae you vould any numeric entry. The generator vill be set to

begin executing the selected segment. A HOLD condition wvill automatically be
set. If RESET is in effect, the jump vill have no effect. An error message vill
appear if 8 jump beyond the end of the recipe, or s jump backverds, or s jump to
s cycle segment is attempted. Jumping out of cycling loops is permitted, in
vhich case the cycle is ‘un-nested’, as if it had counted dovn to 2zeroc cycle
counts.

Prog. SP Gen? - This entry provides access to the configuration wenu for the
metpoint generator. This entry cannot be selected if the program lockout svitch

ie set in the DI position.
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§.2.3. Setpoint Generator Configuretion

Accesg to this menu is as follove:

i. freeze scroll on any of 4 setpoint gen. displays

2. press "ENTER®

3. scroll to *Prog. SP Gen?" ( only if program lock in EN pos. )

4. press "ENTER®

There are 2 sections belov. The first deale vith entries vhich are globally
spplied to all recipes. The second deals vith entries vhich modify any specific

recipe, 1 through 4.
8.2.4.

Non-Recipe Entries
Edit Program - See folloving section, for recipe specific entries.

Activate Prog - After selection, enter desired recipe number. The selected
recipe vill sutomatically be placed in the RESET mode, ready for operation. Any
currently sctive recipe vill be de-activated.

This action can only be sccomplished vhen the active program ie in hold.

De-Activate Prg - Selection of this entry vill cause the active recipe to be
de-activated. Then, since no recipes are active, the scroll vill contain only
the message "PROG INACTIVE®. Use this entry vhen the setpoint generator is not
being used, in order to simplify the scroll.

Thie action can only be accomplished vhen the active program is in hold.

Chng Time Base - There are 2 choices under this entry, NORMAL and 60X. If NORMAL
is specified, the setpoint generstor vill execute in real time. If 60X is speci-
fied, the setpoint generator vill run at €0 times normal speed. MNinutes will
represent seconds.

The time base selection is only observed at reset time. Therefore, changing the
timebase vwhile e recipe is running or in hold vill not change its’ speed. The
speed vill change after the next reset.

The setpoint generator firmvare executes every 2 seconds in real time. There-
fore, vhen 60x mode is selected, minutes displayed in the elapsed tiwe and in
the remaining segment time vill update 2 counts at a time. Step changes, ( zero

duration target segments ), vill occupy 8 2 second interval.
Eng. Units - The setpoint generator is an independent option, not necessarily

associated vith any recorder channel or control loop. The units assigned to each
trace must be progrsmmed, and the decimal point position specified.
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For an explenention of the method of entering the units string snd decimal point
position, see the recorder manual under linear inputs, tag strings.

Note that if a setpoint generator trace is to be used as the remote setpoint for
a controller, the units of the trasce should be programmed to match the units of

the loop’e PV channel.

8.2.5. Editing a Recipe

These entries apply to the specified recipe only, not to all recipes. ~Reviev
section 6 for an explanation of segment types and contents.

Editing of recipes is done in a temporary storage sres, sc that editing opera-
tions can later be rejected, or copied to other recipes. When a recipe is
selected under "Edit Progrem®, itse’ current contents sre copied to the temporary
storage area. All changes are made in the temporary ares. Then, under *"Save Pro-
gram®, it can replace sny of the 4 recipes, not necessarily the one vhich vas
selected for editing.

In this vay, recipes may be copied to each other, after minor modification. For
example, recipe 1 is selected for editing. A large setpoint progrem is entered.
The former recipe 1 is replaced by saving recipe 1. Then, recipe 1 4is again
selected for editing. A small number of changes are made to accomodete different
operating conditions. A program save is done to recipe 2. Nov, recipe 1 and
recipe 2 are finished, being the same large recipe vith minor differences. Edit-
ing and saving are independent.

Access to this wmenu ie se described in the previous section. The recipe ( pro-
gram ) number is selected using the scroll ( up arrov ) key.

CSave Program - The epecified program ( recipe ) number wvill be replaced by the
current contents of the temporary storage srea. A simple copy is:

- edit recipe n

- save recipe m
During the save operation, the recipe is checked for certain unacceptable pro-
gram steps. Thege are:

- forvard cycles - a cycle segment jumps to » segment greater
than itself

- cycle - cycles - 8 cycle segment jumps to another cycle
segment

- active program - an attempt is being made to save
the sctive recipe. In order to change @
recipe, it wust be insctive. Changes can be
sade to other recipes vhile one is active.
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When an error messasge is encountered while saving a recipe, press *CLEAR" and
re-enter the recipe editing wenu. The recipe in the tewmporary editing ares has
not been lost, and can be fixed and saved.

Set Init Seg. - The initial conditions for the traces, or the values they
should equal vhen a recipe reset takes place, are defined here. The traces may
be set equal to channels 1 to 4 of the recorder, or a programmed ( other ) con-

stant value. If the traces are initislized on s recorder channel, they vill con-
tinuously follov that channel vhile the recipe is held in reset. It is important
thet the units used for a trace be similar to a channel it uses for initislizea-

tion.

Delete Segment - The specified segment vill be deleted from the recipe. Preced-
ing and folloving segments vill have their numbers adjusted accordingly.

Insert Segment - The segment entered vill be inserted into the recipe just
before the specified number. Folloving segwments vill have their segment numbers

adjusted sccordingly.

The nev segment is entered in the same fashion ss a replaced segment. ( See
belov )

Replace Segment - The specified segment vill be replaced vith the contente
entered as follovs. Segments needed beyond the end of the current recipe, ( such
as in a nev recipe ), should be entered using Replace Segment.

Choose the segment type, then follov correct section for that type. Use scroll
key to select type, then press "ENTER®.

See figure 12 for a graphic representation of a recipe.

'g.g.g.;. Terget Segment

Enter the segment duration, in minutes. This value can be zero to 999 minutes. A
zero entry vill result in s step change in the trace value. The duration is the
amount of time that the segment exists, or the amount of time for the traces to
reach their target values.

Enter the target value for trace 1. The setpoint generator vill begin the seg-
ment wvith the trace at ite’ current value, and remp the trace to the target
value in exactly the duration. 1f a soak segwent is desired, simply repeat the
last target value.

As the recipe ies programmed, the target values vill be carried forvard, as vell
as the event states. Thie vill speed up the programming of a recipe, since nor-
mally, only one item changes in each segment.

Enter the target value for trace 2.
Enter the event states vhich should be in effect during the durstion of this
segment. The events can be changed by using the side arrov key to position the

cursor at one of the 4 events, then using the up srrov key to select 1’ or '0’.
'}’ corresponds to an active alarm relsy on the main card.
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Be careful in using the alarm relays. These relays can be activated by channel
alarms, controller devistion alarms, and setpoint generator events. Allocste
their usage carefully to avoid conflicts. An active ‘1’ event state in a running
recipe wvwill wectivate the corresponding relay. This cannot be disabled. There-
fore, for relays used for alarm purposes, never set the corresponding event to

‘1’ in any recipe.

8.2.5.2. Cycle Segment

Enter the cycle segment number, vhich is the segment to vhich the recipe should
jump vhen this segment is encountered. The cycle segment must be less than this
segment, or backvards. Forvard cycles are not permitted. A forvard cycle vill be

detected vhen the recipe is saved.

Enter the number of times the cycle should occur. Acceptable entries are from 1
to 995 counts.

Cycles may be nested, up to 5 levels deep. A cycle from segment 10 back to S
could exist inside e cycle from 1! back to 4, etc. Also, if wore than 999 cycles
is desired, cycle segmentes may appear in series. For example, to get 1500
cycles, program segment ( N ) for 300 cycles, then program segment (N+1) for 5
cycles, to the same destination ss segment N.

8.2.5.3. nd Segment

Enter the type of end segment, STOP, or REPEAT. A STOP end segment causes the
setpoint recipe to enter an infinite soak condition, vhere the traces hold their
last target values, and the evente hold their last states. The displayed condi-
tion vill reed "DONE".

A REPEAT end segment causmes the recipe to jump to a specified segment number, to
repeat part or all of the recipe. The elapsed timer vill be cleared before exe-
cution begins at the repeat segment number. The traces vill ramp from their
values at the end segment.
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8.3. Retrensmission Confijguration

The configuration of a retransmitted signal is very simple. The 3 items identi-
fied belov can be accessed in the folloving wmanner:

1. freeze the scroll on any channel display

2. press side srrov to enter main configuration wenu
( can only be sccomplished vhen program lock disabled )

3. scroll to *"Config. Retrens?*

4. press ‘ENTER’

S. use scroll key to select physical output concerned
6. press 'ENTER’

7. use scroll key to select signal to retransmit

8. preas 'ENTER’

9. enter scaling values in normal fashion

Physical Output Selection

A waximum of 4 current adj. type outputs ( 4 to 20 ) can be installed in the
unit. Each output can be assigned to a different retransmission signal, or the
gsame signal, or any desired combination. The limitastion on available outpute is
determined by the number of outputs instelled and the number of controllers

installed. See section 7.

Keep in mind that entries wvill be sccepted for retransmission on unavailable
outputs. These entries wvill be used if and vhen the output becomes available
through controller reconfiguration.

Retransmitted Signal

The folloving signals can be selected for retransmission:

- channel wmeasured value ( channeles 1 to 4 )

- SPG1, SPG2 ( setpoint generator trace i, 2 )

- SP LOOP 1, 2 ( sctual setpoint of loop 1, 2 )

- DEV LOOP 31,2 ( loop error ( PV - SP ) loop 1, 2 )
- OUTPUT 1, 2 ( current output of loop 1, 2
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Retransmission Scaling

Eaech selected retransmission signal can be scaled independently. The LOW UNITS
entry defines the value of 4 mA., and the HIGH UNITS entry defines the value of

20 mA..
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9. Control Tutorisl
9.1. PID Controllers

The contrcller implemented in this instrument ie a full featured PID controller
providing adjustable proportional, reset (integral) and rate (derivative) con-
trol sctions. The proper spplication and tuning of PID controllere requires a
basic understanding of the operetion of the three controller output actiens.

Proportionsl Control

The basic control strategy in conventional feedback control is to cowpare the
measured value (process variable input) to a desired control value of thst vari-
sble (setpoint) and if a difference exists, sdjust the controller output to
bring the measured variable back to the desired setpoint. The wmain objective is
to provide proportional corrective action that vill weintain the process at the
control setpoint.

The controller adjustment that determines the sensitivity of the controller out-
put to & change in the difference betveen the measured variable and the control
setpoint is called Proportioneal Band (PB). The Proportional Band setting is
expressed as the difference in percent of input spen betveen the measured vari-
eble and the setpoint that vill cause a 100 percent change in the controller
output. A small value for the Proportional Band setting means thet a small
change in the difference betveen the meagured varisble and the setpoint will
make @ large change in the output of the controller.

For exsmple, essume 8 controller was setup vith an input span of 0 to 200 Deg.
F. A Proportionel Band setting of 10% means that s difference of 20 Deg. F. (10%
of input span) betveen the measured variable and the setpoint vill cause 8 100%
_output change. Similarly s Proportional Band setting of 100% would require a 200
Deg. F. difference for a 100% output change. The relationship betveen the con-
troller output and the PB setting is illustrated graphically in figure

13.

The Proportional Band setting therefore controls the gain of the controller per

the folloving equsation:
Gain = 100% / PB

Proportionsl control assumes that the process load being controlled does not
change. I1f there asre load changes, then the controller vill not be sble to main-
tain the procese at the desired setpoint. The reason for this is that there is
only one velue of output position for each value of process verisble given con-
gtant process conditions. A change in the process losd may require a different
controller output to meintein the process at the same setpoint. The only vay a
proportional controller can compensste for a change in process load is to add &
manually adjusted biass signal to the controller output. This adjustment is com-
monly referred to as manual reset.

Proportional plus Reset Control

The sddition of sutomatic reset control sction to the controller allovs the con-
troller to automatically compensate for changes in the process load. Reset
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action senses that an error, or offset, is present after proportional action hes
taken place and continues to change the output further in an attempt to elim-
inste the error completely. The rate at vhich the output moves due to reset
action 48 proportional to size of the error (difference betveen the measured
process variable and the degired setpoint) and the Reset Time adjustwment.

The Reset Time adjustment allovs the setting of the rate at vhich the controller
vill wmove the output to correct for an offset of weasured variable from set-
point. Reset Time is entered in winutes per repeat. The ¢term °‘*wminutes per
repeat® refers to amount of time for reset action to ramp the controller output
by an amount equivalent to the output change csused by proportional aection.
Given a constant difference betveen wmeasured variable and setpoint, & large
value for Reset Time vill cause the output to ramp slovly. A small value of
Reset Time cause the output to ramp quickly.

The relationships betveen the Reset Time adjustment, proportional action and
reset action is illustrated in figure 14. The time graph shove the output of the
controller that results from s step change in the error signal. When the error
signal is detected the controller immediately steps the output per proportional
action. Assuming the error persists, reset action vill cause the controller out-
put to ramp at the rate required so that the ocutput change due to proportional
action vill be repeated exactly once after a time period equal to the Reset Time

has expired.

Proportional Plus Reset and Rate

The need for rate action is not as easily understood as proportional sand reset
actions. The need {for rate action arises wvhen the closed loop response of the
process varisble under proportional plus reset control is analyzed for load
changes. The change in load requires the reset sction to move to a nev output
value. To achieve fast corrective action a short Reset Time wvould be desirable.
Hovever if the process variable does not respond quickly, the reset sction vill
cause the output of the controller to overshoot the correct output value and
therefore the process variable vill also overshoot the setpoint. The controller
vill eventually bring the process back to setpoint but only after the process
variable has overghot the setpoint since excess output accumulated by the reset
action can only be "undone® by a change in sign of the error signal. The closed
loop response can be improved by the addition of rate action. The function of
rate action is to start cutting back controller output as the process varisble
starts to respond to the proportional and reset actions and therefore reduce the
amount of process variable overshoot.

The amount of rate action that is spplied to the output of the controller is
determined by the rate of change st vhich the error (difference betveen the
measured process variable and the control setpoint) is changing and the Rate
Time setting. The faster the ramp rete of the error signal the larger the
effect vill be on the output due to rste action.

The Rete Time setting is entered in minutes. The Rete Time is the time period
in vhich the error signal wmust repeat itself for the output due to rate action
to be equivalent to proportional sction. Assuming & constant ramp rate on the
error signal, larger velues of Rate Time cause larger changes in the output of
the controller due rate action. Decreasing the Rate Time decreases the effect of
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rete ection on the controller output.

The effect of the sddition of rate action on the closed loop response is illue-
treted in figure 15. Curve 1 is the response to s load change ueing only propor-
tional and reset sctions. Curve 2 is the response vhen rate saction is added.
Note that with the sddition of rate sction the smplitude of the deviation from
setpoint and the time period for the loop to return setpoint due to a setpoint

change are reduced.
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g.2. Tuning Procedures

Good control performance requires the controller to be tuned to the process by
adjusting the Proportional Band, reset and rate control sctions. The definition
of good control performance wmay Vvary vith the process under control and overall
system deesign goals but in general the basic goals should be:

1. Kinimum devistion folloving 8 process disturbance.

2. Minimum time interval before return to setpoint.

3. Minimum offset due to changes in operating conditions.
There are diverse methods for finding the controller settings that vill satisfy
these goels. Some are more precise than others, hovever all result in good
approximations that may be fine tuned for final optimizing. The tvo mwethods

presented here sre the ultimate-cycle method (Ziegler & Nichols) and the process
reaction curve method (Cohen & Coon).

Ultimate-Cycle Method
The ultimate-cycle tuning procedure is:

1. Set the controller Reset Time adjustment to 99.99 Min./Repest. Set the
Rate Time to 0.0. Set the Proportional Band to 100.0.

2. With the controller on automatic control decrease the Proportional Band
setting slovly until the measured process veriable begins to oscillate.
Write dovn the Proportional Band setting that resulte in continuous oscil-
letion. This value is called the ultimate Proportional Band (PBu).

3. Measure the time period of the oscillation, by monitoring the time that
elapses betveen the peaks. This called the ultimate period (Pu).

4. Compute the proportional, reset and rate actions as follovs:
Controller Type Tuning Settings
Prop. plus Reset PB = 2.22 PBu

Reset = Pu / 1.2

Prop. plus Reset L Rate PB = 1.66 PBu
Reset = Pu / 2

Rate = Pu / 8

Process Reaction Curve Method
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The Process Reaction Curve procedure is:

1. Place the controller into manual and step change the output by & fixed
amount (Md). ¥Write dovn the change used.

2. Monitor the step response of the measured process variable to determine
the times for the process varisble to reach 28% (Td) and 63.2% (Tr) of the
final steady state value. Write dowvn the change in stesdy state value of
the measured procees varisble (Cd) per figure 16.

3. Compute the process gein, time constant and dead time per the <folloving
equations:

Kp = Cd 7/ nd

Tp = 1.5 (Tr - Td)

Od = 1.5 (Td - 0.33 Tr)

a=0d"/Tp

The value of the tuning settings can be calculated as follovs:

Controller Type Tuning Settings
Prop. plus Reset PB = Kp/(0.9/a + 0.082)

Reset = Tp ((3.33a + 0.333a%2)/(1+2.2a))
Prop. plus Reset & Rate PB = Kp/(1.35/8 + 0.270)

Reset = Tp((2.5a + 0.5a%2)/(1+0.68))

Rate = Tp(0.37a8/(1+0.2a))
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