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GA27? STS Syntax~ ’ Technical Referencg

GA2?

Single PID:
¢z ¢ha  cha  cha  che th2  ctha
Prop. Reseat Rate Rate Cycle Dead Calib,

Band Band Time Band Offset

Sample Response:
0048 0012 0034 0003 0029 0021 0012

Dual PID: _

ch2 | Che | Ch2  ©h2  Chz  Ch2 Ch2  Chz  Gh2  ¢chz _ ¢cha chz
Prop. Reset Rate Rata Cycle Dead Caliby. Prop. Reset Rate Rate Cycle
Band Band Time Band Offset Band Band Time
Heat Heat Heat Heat Heat Caool Cocl Cool Cool Cool

Sample'Response:
0048 0012 0034 0003 0029 0021 0012 0058 0021 0043 0000 0020

GA2
-
Single PID:
ch2 che | ¢cha  ch2  ch2  Ch2  chz
Prop. Reset Rate Rate Cydle Dead Calib.
Band Band " Time Band Offset

Sample Command:

GA2 0048 0012 0034 0003 0029 0021 0012
Dual PID:
ch2 Chz  Ch2  ch2  Chz  Chz  Cch2  ¢cha  chz  €Gh2  ¢Chz  ¢Chz
Prop. Reset Rate Rate Cyde Dead Calib. Prop. Reset Aate Rate Cyde
Band Band Time Band Offset Band Band Time
Heat Heat Heat Heat Heat Cool Cool Cool Cool Cool

Sample Command:
GA2 0048 0012 0034 0003 0029 0021 0012 0058 0021 5043 0000 0020
STS? Request the program Run/Halt and End status.

1 = Run, 0 = Halt, 2 = Remote Hold
t = Program ended, 0 = Program not ended

—— —

Run/Halt Program End

Sample Response:
01 00

STS Send Run or Halt to the Serles 1500

1 = Run, 0 = Halt

——

Run/Halt

Sample Transmission:
STS 01

Note: STS = 00 maintains all Event and Control Qutputs at levels existing when the program halts.
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Technical Referenég ALM? ERR? Synta)‘(

ALM? Request current alarm code Information.

' l

Alarm Code

Sample Response:
0018

Note: These alarms are additive and may occur in any combination. To decode, use the following list.
Subtract out the largest possible integer first, then the next largest possible integer, and so on.

The integer 16 is the largest possible integer to subtract out, leaving a remainder of 2.
The integer 2 stands alone. Thus Alarm Codes 16 and 2 are now present inthe system.

Alarm Code
. 1 = LowRAM back-up battery.
. 2 = Powerinterrupt.
. 4 = Ch-1Actuaihas exceeded UP, the upper process alarm vaiue.
. 8 = Ch-1Actualhas exceeded LP, the lower process alarmvalue.
. 16 = Ch-1 Actual has exceeded Ud, the upper deviation alarm value.
. 32 = Ch-1Actual has exceeded Ld, the lower deviation alarm value.
. 64 = Ch-2Actualhas exceeded UP, the upper process alarm value.
« 128 = Ch-2Actualhas exceeded LP, the lowerprocess alarmvalue.
» 256 = Ch-2Actuai has exceeded Ud, the upper deviation alarm value.
« Bi2 = Ch-2 Actual has exceeded Ld, the lower deviation alarm value.
ALM' 00 ‘Clear all alarm conditlons now occurring.
. __________ "~ " ]
Sample Transmission:
ALM 00
NXS —— Put the Series 1500 into Step —— now.
b ]
Sample Transmission:
NXS 25
ERR? Request the last communication error ¢ode and clear the error code register to 0.

Error codes are listed in the Error Code section following this one.

. e e, it

Emror Code

Sample Response:
0111’
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Technical Reference

PDA? PDA Syntax

PDA? Request values for the process and deviation alarm set points.

Ch-1 Uppar Qh-1 Lower Ch-1 Upper Ch-1 Lower Ch-2 Upper Ch-2 Lower Ch-2Upper Ch-2Lower

Process Process Daviation Deviation Process Process Deviation Deviation
Sample Response:

0999 -099 0555 -555 0101 -001 0999 -099 0999 -999

PDA Enter values for the process and deviation alarm set points.

———— et —— — e et e —— i — e i . i —— e —— et e e — —— — — —

Ch-1 Upper Ch-1 Lower Ch-1 Upper Ch-1 Lower Ch-2 Upper Ch-2 Lower Ch-2 Upper Ch-2 Lower
Process Procass Daviation Daviation Process Procass Deviation Deviation
Sample Transmission:

PDA 0999 -099 0555 -555 0101 -001 0999 -099 0999 -999

Where To Go From Here

As soon as you gain an understanding of Series1500 communications, we recommend that you put the
capability to work. You may write computer programs based on this command syntax. You will also be able
to build and store profiles forthe Series 1500.

¢
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Technical Reference . Data Comm EI’I’OF

Data Communication Error Codes

When you query "ERR?" using the correct protocol, a Series 1500 linked to a computer will respond with
these 3-digit data communications error codes. The code will appear on your computer screen. A
definition listing for each code is in the right-hand columns below.

116 Ch-2 Lower Limit is out of limit

1 Parity error
2 Framing error 117 Proportional Band for Ch-1is out of limit
3 Overrun error 118 Reset for Ch-1 is out of limit
' 119 Rate for Ch-1 is out of limit
10 Talking while shouid be listening 120 Cycle time for Ch-1 is out of limit
11 Transmit buffer overflow 121 Dead Band for Ch-1 is out of limit
12 Receive buffer overflow
122 Proportional Band for Ch-2 is out of limit
50 No command word match 123 Reset for Ch-2 is out of limit
51 Invalid character ortoo few command 124 Rate for Ch-2 is out of limit
parameters; not recognizable 125 Cycle time for Ch-2 is out of limit

126 Dead Band for Ch-2 is out of limit
20 LOC value out of limit

127 Run/Halt command is out of limit
128 Aijarm ¢lear command is out of limit
129 Step # being forced to is out of limit

100 Step # or step type entered was out of limit
101 Ch-1 Set Point for any step was out of limit

102 Ch-2 Set Point for any step was out of fimit 1 . o
103 Ch-1 Event Cutput for any step is out of limit 30 Recycle command is out of limit
104  Ch-2 Event Cutput for any step is out of limit 131 Rate Band for Gh-1 s out of limit
158 L o any step was out ot it 132 Rate Bandfor Ch-2 is out of limit
6 orany step was out of limi 133 Calibration adjustable for Ch-1 is out of limit

107 SCforany step was out of limit 134 Calibration adjustable for Ch-2 is out of limit

108 JSforany step was out of I'.m'.t 135 Lower deviation for Ch-1 is out of limit
109 JCfor any step was out of limit 136 Upperdeviation for Ch-1 is out of limit
- . 137 Lower process for Ch-1 is out of limit
110 Real time hqurs are outof I|m_|t . 138 Upper process for Ch-1 is out of limit
111 Realtime minutes are out of limit 139  Lower deviation for Ch-2 is out of limit
112 Realtime seconds are out of limit 140 Upper deviation for Ch-2 is out of limit

! 113 Ch-1 Upper Limit is out of limit
: 114 Ch-1 Lower Limit is out of limit
115 Ch-2 Upper Limit is out of limit

141 Lower process for Ch-2 is out of limit
142 Upper process for Ch-2 is out of limit

L :m; R i
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Bad Sensor o Technical Reference

®

CAUTION:

Use National
Electric Code
standard safety
procedures when
troubleshooting an
electronic
controller, Use
grounded test
equipment, non-
conductive tocls
and floor safety
mats.

Bad Sensor Indication and Troubleshooting

Indication -

When abad (open or shorted) sensor occurs for Ch-1 or Ch-2, the ACTUAL display
will show “----". The Series 1500 control outputs in bath channels de-energize

when a bad sensoroccurs. The events outputs remain energized. Bad sensor on Ch-
1 will produce alarm codes A2 and A4. Bad sensor on Ch-2 will produce alarm codes
AB and A8. '

Troubleshooting

Follow this procedure to troubleshoot a suspected bad sensor:

&

1. Remove power from the unit.

2. Check each sensor input with an ohmmeter at the terminals with the sensor
installed. Usethe Connection Label pasted on the right side of the Series
1500 case to locate the corract terminals. With an open sensor, the resistance will
read greater than 330 ohms. A shorted sensorwill have a resistance lessthan 70
ohms.

3. Replacethe bad sensor.

4.  Apply powerto the Series 1500,
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Technical Reference _ - . .
| s Field Calibration

Field Calibration Procedure

-— RTD Calibration —

The Series 1500 is shipped totaily calibrated from the factory; it does not need field
calibration, and will not except in unusual circumstances. This calibration procedure
will enable you to calibrate the Series 1500 low voltage analog input and output —
signals for accuracy.

1

Equipment Needed

1. Two 100 ohim decade boxes.
2. Two board connectors, Watlow P/N 2100 0285-0000.
3. Digital voltmeter,

Wiring

1. Remove the Series 1500 from its case and attach the two Watlow board
conneciors to the power supply board (A007-1313 or AQ07-1714) and the
signal conditioner board (A007-1316 or A007-1719).

= Power supply board is on the right looking at the rear of the unit.
» Signal conditioner board is on the left looking at the rear of the unit,

D .
2. Wire correct line voltage per wiring diagrams on page 37.

3. Connect decade box for Channel 1: S1to Term. 5, S2 1o Term. 6, and S3to
Term. 7. Short S2 to $3 at decade box.

4, Connect decade box for Channel 2: S1to Term. 8, S2 1o Term. 9, and S3 1o
Term. 10. Short S2 to S3 at decade box.

Calibration J

1.  Document DIP Switch positions and all values in Guarded Access, pp. 53 & 55.
2. Check DIP Switches if #7 is OFF use °F values, #7 is ON, use °C values.

3. Set Ch-1 and Ch-2 inputs to {1386.59) [135.97] ohms.

4. Connect DVM, {-} minus to Term. 1, {+) plus to test point E-120 on signal
conditioner board.

5. Power up control. Will power up with Ch-1, °F or °C and Monitor Data

@ 1 WARNING

Use National
Electric Code
standard satety
procedures when
calibrating an
electronic control-
ler. Use grounded
test equipment,
non-conductive
tools and floor
safety mats.
Carelessness
could result in
electric shock.

@ 2 WARNING

Use care to avoid
electric shock
when working with
the Series 1500
control chassis
outside of its case.
Line voltage is
present on both
the power supply
and signal condi-
tioner circuit
boards. Careless-
ness could result
In electtic shock.

J NoTE:

Use the regular
resistance values
(in parenthesis)
for calibrating J!
Curve #3916. Us
the resistance
values in bracke]s
for calibrating DIN

LED lit. Step fiashes A1, hit CLEAR to stop. If the program hait LED is not lit, Curve #3850.
.press RUN/HALT key.

8. Adjust span pot for 5.000VDC on DVM.
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Calibrate Channel 1 °F Qutput

7. Remove (+) plus lead from E-120 and connectto Term. 4. SetCh-1inputtc ~ @
(92.93)[93.03] ohims. Adjust Ch-1 SC-Lo pot for 0.000V on DVM. Ch-1 Actual
should be 000.0 £0.5°F {-18°C).

8. SetCh-1inputto{294.91)[291.56] ohms and adjust Ch-1 SC-Hipotfar
4.950VDC. Actual should read 990.0° £ 0.5°F (532°C).

9. Repeat Steps 7 and 8 until all the readings are correct with no further adjustment
necessary.

10. Set Ch-1input to (199.37) [197.69] chms. DVM should read 2.50VDC. Actual
should read 500° + 1.0°F {260°C).

Calibrate Channel 2 °F Output
11. Remove DVM (+) plus lead from Term. 4 and connectto Term. 3. Set Ch-2
input to {92.93) [93.03] ohims. Adjust Ch-2 SC-Lo pot for 0.000V on DVM.

12. SetCh-2inputto (294.91) [291.56] ohms and adjust Ch-2 SC-Hi pot for

4.950VDC on DVM.
13. Repeat Steps 11 and 12 until all the readings are correct with no further
adjustment necessary.
oP NOTE: J)
#13thru #16 Calibrate %RH Qutput _
required only If 14. Remove DVM (+) plus lead from Term. 3 and connectto Term. 2. Set Ch-1 and
%RH analog output Ch-2 inputs to (136.59) [135.97] ohms. Adjust F.S. potfor 0.500VDC on DVM. Ch-
isused. 2 Actual should read 100.0 + 1.0.
15. SetCh-2inputto (112.75)[112.53] chms. Adjust zero pot for 0.000VDC on
%RH analog output DVM. Ch-2 should read 00.0+1.0.
does not work witha
voltage input on 16. Repeat Steps 14 and 15 until readings are correct,
Channel 2

17. Set Ch-2input to (132.28) [131.74]. DVM should read 0,325+ 0.005VDC and
Ch-2 Actuai should read 64.4 +1.0.
J\ NOTE: J’

#17 thru #21 Calibrate Channel 1 °C Output

required only it °C 18. Powerdown control. Set DIP Switch #7 ON.
anajog outputis

used. 19. Disconnect BVM (+) plus from Term. 2 and connectto Term. 11. Powerup

control. Set Ch-1 input to (100.00) [100.00] ohims. Ch-1 Actual should read
000.0°C. Adjust °C Lo pot for 0.00V on DVM.

20. SetCh-1inputtc (284.04) [280.90] ohms. Ch-1 Actual should read 500.0°C.
Adjust °C Hi pot for 2.500VDC on DVM.

21. Repeat Steps 19 and 20 until readings are correct.
22, SetCh-1inputfor (195.70) [194.07] ohms. Actual should read 250.0°C. DVM
shouid read 1.25VDC.
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Field Calibration Procedure

— Thermocouple Calibration —

The Series 1500 is shipped totally calibrated from the factory; it does not need field
calibration, and will not except in unusual circumstances. This calibration procedure
will enable you to calibrate the Series 1500 low voltage analog input and output @ 1 WARNING

@ Use National
. . Electric Code
Equipment Needed ! _ standard safety
procedures when
1. One Millivolt Source {twe if doing both channels simutaneously). calibrating an
2. Two board connectors, Watlow P/N Z100-0285-0000. electronic control-
3. One C/J (Cold-Junction) Compensator (Omega "MCJ" Series) for the T/C let. Use grounded
{Thermocouple) type being calibrated (iwo if doing both channels simultane test equipment,
ously). non-cohductive
4. T/C Extension Wire. tools and floor
safety mats.
. Carelessness
Wiring could resuit in

electric shock.

1. Remove the Series 1500 from its case and attach the two Watlow board connec-
tors to the power supply board (A007-1313 or AQ07-1714) and the Signal Condi-
tioner board (A0Q7-1316 or AQ07-1720).

= Power supply board is on the right looking at the rear of the unit.
» Signal conditioner board is on the left looking at the rear of the unit. @
2 WARNING

@ Use care to avoid
2 electric shock
when working with
2. Wire correct line voltage per wiring diagrams on page 37. the Series 1500
control chassis
3. Connect the "INPUT" terminals of the C/J Compensator (via appropriate connec- outside of its case.
tor & copper T/C extension wire) to the Ch-1 Signal Conditioner CH-1 Input Line voltage is
Terminals (observe proper polarity) per diagram on page 35. present on both

the power supply
4. If calibrating both channels at the same time, also connect a C/J Compansator to and signal condi-

the CH-2 terminals. tiocher circuit
boards. Careless-
5. lf calibrating cne channel at a time, connect the CH-2 Signal Conditioner Input ness could result
Terminals (8 & 10) together with a short piece of wire to avoid an "Open T/C" in electric shock
alarm.
6. Connect the "OUTPUT" terminals of the CJ Compensator to the mV (millivolt) D

source, observing proper polarity.
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Calibration J’ N

NOTE:

The following
procedure applies
to all three T/C
types, although

the Input/Output -

values may differ
between types.
Use the values
corresponding to

1.

0

w

Document DIP Switch settings and vaiues in Guarded Access, pages 54 & 56.
Set Series 1500 DIP Switches 3 & 6 ON, all others OFF.

Set mV Source as follows.

Type Setting -
J -0.885 mV, (0°F)

K -0.692 mV, {0°F)

R +2.282 mV, (550°F)

Connect DVM, (-} minus to Signal Conditioner connector terminal 1 and (+) plus
to test point TP-10 on the Signal Conditioner Board.

Power up Series 1500 Control. Will power up in deg. F. Press "CLEAR" to stop
flashing. Allow atleast 15 minutes for the control to stabilize.

With mV Source set as follows, adjust "SPAN POT" for 5.000VDC on DVM,
Type Setting
J -0.885 mV, (0°F)
K -0.692 mV, (0°F)
R +2.282 mV, (550°F)
Connect DVM, (+) plus to TP100 {TP99 for CH-2} and adjust "Zero Adjust Pot"

for the following DVM reading at TP-100 (TPS9 for CH-2). Then verify that Actual
reads as follows.

Type DVM Reading Actual Reading
J 0.0VvDC + 0.003 0°F+3

K 0.0vDC + 0.003 0°F+3

R 0.8534VDC £ 0.003 550°F £ 3

Set mV Source as follows, and adjust "F.S. POT" for the corresponding DVM
reading. Actual should read the value shown,

Type mV Source DVM Reading Actual Reading
J 39.40mV, (1300°F) 2.031vDC % 0.003 1300°F = 3
K 52.93mV, (2400°F) 3.750VDC £ 0.003 2400°F £ 3
R 20.28mV, (3100°F) 4.884VDC £ 0.003 3100°Fx 3

Set mV Source as follows. DVM and Actual readings should be as shown.

Type mV Source DVM Reading Actual Reading
J 17.19mV, (600°F)  0.9375VDC + 0.005 600°F £ 5

K 26.97mV, (1200°F)  1.875VDC + 0.009 1200°F £ 6

R 10.27mV, (1800°F)  2.812VDC + 0.005 1800°F £ 5
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-

10. Repeat Steps 5-8 until all the readings are correct with no further adjustments

necessary. _ .P NOTE

11, Tum power OFF. Set DIP Switch #7 ON (deg. C). Move DVM (+) plus lead to

Steps 10-14 onl
gignal conditioner connector terminal 11 {terminal 4 for CH-2). Turn power back reqﬁlred if the d!feg.
. C Analog Output
U . Is used.
12. Set mV Source as follows, and adjust "Deg. C Lo Pot” for the corresponding
DVM reading. Actual should read the value shown.,
Type mV Source DVM Reading Actual Reading
J -0.885mV, {0°F) -0.028VDC £ 0.003 -18°C 3
K -0.692mV, (0°F) -0.028VDC £ 0.003 -18*C 3
R 2.282mV, (550°F) +0.448VDC + 0.003 287°C£3
13. SetmV Source as follows, and adjust "Deg. C Hi Pot” for the corresponding
DVM reading. Actual should read the value shown.
Type mv Source DVM Reading Actual Reading
J 39.40mV, (1300°F) 1.100VDC + 0.003 704°C 3
K 52.93mV, (2400°F) 2.055VDC £ 0.003 1315°C £ 3
R 20.28mV, (3100°F) 2.662VDC +£0.003 .= = 1704°C+3
14. Set mV Source as follows. DVM and Actual Readings should be as 's'hown.
Type mV Source DVM Reading Actual Reading
J 17.19mV, (600°F) 0.4922VDC + 0.003 315°C £ 3
K 26.97mV, (1200°F) 1.014VDC + 0.003 649°C £ 3
R 10.27mV, (1800°F) 1.534VDC £ 0.003 982°C + 3
15. Repeat Steps 12-14 until all the readings are correct with no further adjustments
necessary.
16. If calibrating one channel at a time, power-down the Series 1500 and mV Source.
Move the C/J Compensator from the CH-1 connector terminals to the CH-2
terminals, and move the shorting wiring to the CH-1 terminals. Then perform
Steps 6-14 for CH-2.
Y
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Specifications - @

General Features

+ Dual channe! closed loop control.

= Temperature and relative humidity.
51 time-based steps for ramping.

- 8 event outputs per step.

1 eventinput.

1 remote hold input.

Data communications interface optional.
Fully programmable parameters.
Membrane faceplate.

User-friendly, 1/2 DIN piug in chassis.
Three year warranty.

L]

Control Mode

« Micropracessor-based user selectable modes.
« Dual channel with dual control cutputs per channel.
= Control parameters user selectable,
Channels 1 &2 as Temp & Tempor Temp & RH.
On/Off switching hysteresis: 0.3°F or 0.3% RH with RTD or 0-5VDC inputs.
On/OIf switching hysteresis: 3.0°F for T/C.
PID parameters per channel or per output.
Proportional band: 0-500°F or 0-60% RH.
Reset: 0.00-20.00 repeats per minute.
Rate: 0.00-5.00 minutes.
Rate band: §-3 times proportional band.
Cycle time: 0-80 seconds.

» Deadband: +20° On/Off or £20° with PI1D.
= Alarm parameters user selectable.

« Latching or non-latching, both channals.

« Process high & low and deviation high & low per channel.
« 51 steps each selectabie as:

» Set point value.

+ Ramping, value and time.

= Wait For, time or value

» Jump/Loop to another step.

Operator Interface

Membrane front panel user-friendly 1/2 DIN size.

Four digit 1/2" LED's displaying actual process input value,

Bight character alphanumeric 1/2" LED's displaying set point, step number, and
various prompts and values for the 1504.

Nineteen LED's to indicate various status conditions.

Nine keys for control and value entry.

*

Input
+ Thermocouple, RTD, and electrical % RH input.
"+ Automatic cold junction compensation for thermocouples.

» RTDinput 2 or 3 wire, platinum, 100 Q @ 25°C, calibrated to curve #3916
(0.003916 Q/Y°C). :
DIN curve calibration #3850 (0.003850 (/Q/°C) available upon request.

» Sensorbreak protection de-energizes output to protect system.

» °F, °C or % RHis user selectable, RTD version.

80 WATLOW Series 1500 User's Manual Specifications, Appendix




Technical Reference .pr .
. Specifications

+ Temperature ranges:
Jt/e: -100 to 1400°F or -73 to  760°C -
Klc: -100 to 250Q0°F or -73 to 1371°C
Rt/c: 500 to 3200°F or 260 to 1760°C
RTD: -99.9 to 999.9°F or -99.9 to 537.7°C

» T/C inputs must be ungrounded. o

* % RH ran‘g_|es {on channel #2 only) and user selectable. Range limits are 0.0 to
100.0% RH. Input types:
. HTtDt::n ‘I’é: RH is based upon Channel #1 RTD as dry bulb and Channel #2 RTD as
+ 0-5VDC: Direct % RH signal on Channel #2. )

« Dual RTD input includes analog retransmit of input signai levels: -0.5to 5.0VDC
for Temp and 0-to 0.5VDC for%RH. ) —

. _?ual T/C input includes analog retransmit of input signal leveis: -0.5to 5.0VDC for

emp.

= Calibration offset of input signals.
« RTD: +10.0°F or °C.
= T/C: £10° or °C.

Outputs
« Control outputs are two per channel: heat & ¢ool (humidify & de-humidify} action.
. So!{d rfgtate relay, 0.5A @ 24VAC min, 253VAC max, opto-isolated, zero cross
switching or, '
« DC switched open collector solid state switches, 10VDC, 5mA.
+ Auxiliary discrete ouputs are displayed as Event #1 thru #4 for each channel and
are user selectable as:
+ Solid state relay, 0.5A @ 24VAC min, 253VAC max, opto-isolated, zero cross
switching or,
+ DC switched open collector solid state switches, 10VDC, 5mA.
+ Eight event outputs programmed per step, or
« Six event outputs programmed per step, and 1 alarm ocutput per channel.

Accuracy

» Caiibration Accuracy and Sensor Conformity: + 0.25% of span, + 1 digit (+ 1% wet/
dry % RH) at 77°F £ 5°F ambient rated line voltage + 1%. .

+ Accuracy Span: 1000°F or 540°C minimum.

« Temperature Stability: £ 2uV / °F ambient.

= Voltage Stability: + 0.01% of span/ % of rated line voltage.

Communications

Serial data communications.

RS-422A or RS-423A (RS-232C Compatible) 1200 Baud.

Electrically isolated.

All operator indications and controls. :

RS- 22|with ANSI X3.28 subparagraph 2.2-A.3 protocol, R$-423 with XON/XOFF
protocol.

Terminals
+ 36 each #6 screws on 3 barrier strips.
+ Communications: DB-15 female receptacle.

Power

115/230VAC +10%, 50/60Hz.

23VA.

Data retention upon power failure via Lithuim battery.
Optional battery backup real time clock.

Operating Environment
» 30 to 130°F/0 to 55°C.
» 0-90% RH, non-condensing.

Dimensions

* Height: 6.0 in.

« Width: 6.0 in. -
« Qverall depth: 8.81in.

« Behind panel depth: 7.5in.

» Weight: 45 Ib.
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Series 1500

S0 - - 119
| — -

Category

Control
Serias 1500 = Micro Control, 2 channel,
Ramping, 51 steps, 1/2 DIN

Logic
= Standard
c = Battery-backed realtime clock
Inputs
1 = TwoRTDs
2 = OneRTD &Cne 0-5VDC
3 = Twodtlc
4 = TwoKtc
5 = TwoRVYc
Channels 1 & 2 Control Qutputs
AA = 28.5 relays, 0.5A. ) e
BB = 2 8.8, switches, 10VDC, 5mA . 4
Auxiliary Outputs/inputs
0 = None

1 = §discrete outputs: S.S. relays, 0.5A and 2 dry-contact
inputs {event & remota-hold)

2 = Bdiscrete outputs: S.S. switches, 10VDC, 5mA and
2 dry-contact inputs (avent & remote-hold)

Communications
A = None
c = Electrically isolated RS422/423

Modifications
0] = GCurve (Calibration 0.0039180/Q°C)
1 = DIN Curve (Calibration 0.003850 Q/Q,C)

Analog Restransmit of Channet 2 Input Signal (Available with Dual RTD Input Only) -
0 = 0-0.5Vouton Channel 2
1 = 0-5VoutonChannal2

¢
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Technical Reference - Technical Service

Technical Service )
If Something Goes Wrong

The Series 1500 is a designed for long life and durable service. If, however,
something should go wrong, call Watlow at 507/454-5300, and ask for a field service
engineer. We'll help you with the problem right on the phone. Should the problem
be Inthe the Serles 1500 itself, we can usually get a controt or a board to you almost
overnight. _ .

Warranty Information

The Watlow Series 1500 is warranted to be free of defects in material and
workmanship for 18 months after delivery to the first purchaser for use, providing that
the unit has not been misappiied.

Watlow cannot guarantee against failure, since Watlow has no control over use, and
sometimes misuse. Watlow's cbligations hereunder, at Watlow's option, are limited to
replacement, repair, or refund of purchase price, on any parts which upon
examination prove 1o be defective within the warranty pericd specified. This warranty
does not apply to damage resuiting from transportation, alteration, misuse or abuse.

Returning Merchandise

The following procedure applies for any products returned to the factory:

-t

You must call Watlow Customer Service, 507/454-5300, for 2 Retum Material
Authorization {RMA) number before returning any item for repair. We need this

Name and phone number of person returning the material
Symptoms and/or special instructions

information:

« Ship-to-address = Bill-to-address
+ Contactname « Phone number
» Shipvia « P.O.number

We will not accept a return without an RMA number. The number must appearon
the cutside of the carton and on all paperwork. RMA numbers are required.
Cartons without RMA numbers will be returmned. Ship on a freight prepaid basis.

2. You need prior approval and an BMA number from the Customer Service
Department when you are retumning an unused product for credit. Also, we must
apply a 20 percent restocking charge for all retumed stock controls and
accessories.

3. Aiter we receive your return, we will examine it to determine the cause for your
action.

4. Incases of manufacturing defect, we will enter a repair order, replacement order *
or issue credit for material.

5. ftthe unitis unrepairable, we will return it to you with a letter of explanation. Repair
costs will not exceed 50 percent of the original cost.

Technical Service, Appendix WATLOW Saries 1500 User's Manual
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Technical Service ) Technical Reference

Shipping Claims ) F‘;

When you receive your Watlow Series 1500, examine the package for any signs of
external damage it may have sustained enroute. If there is apparent damage either
outside the box or o its contents, make a claim with the shipperimmediately. Always
save the original shipping carton and the packing material.

Watlow Winona, Inc.

Watlow Winona, Inc. is a division of Watlow Electric Manufacturing Company of St.
Louis, Missouri. Watlow is an established manufacturer of industrial electric heating
products, in business since 1922. Watlow boasts the ability to begin with a full set of
specifications and to complete an industrial product that is manufactured totally in-
house, inthe U.S.A. Products designed and manufactured by Watlow are electric
heating elements, sensors, electronic temperature controls, and power switching
devices. '

The Winona operation has been designing solid state electronic control devices
since 1962, and has earned the reputation as an excellent supplier to original
equipment manufacturers. These OEMs depend upon Watlow Winona to provide
compatibly engineered controls which they can incomorate into their products with
confidence.

¢
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Glossary

Glossary A-D

This glossary includes general thermat system control terms; not all are used with the Series 1500.

Actual display data:

Alarm:

Anti-reset:

Automatic prompts;

Auxiliary outputs:

Auto-reset:

Change Data Mode:

Displayed information which gives the operator/programmer real or "actual”
data, i.e., actuai time of day, actual process temperature, or actual process
relative humidity, etc. See "Programmed display data.”

A signal, generated by the Series 1500, warning the operator that the process
has exceeded or {allen below the alarm set point.

Control feature that inhibits automatic reset action outside of the proportional
band.

Data entry points where a microprocessor-hased control "prompts” or asks the
operator/programmer for information input. A Series 1500 prompt has two
letters.

QON/OFF cutputs per channel, one of which may be designated as an alarm. An
unprogramimed step will take auxiliary output status from the programmed step
to that just prior to it.

Same as "reset" and "integal.” Control action that automatically eliminates
offset, or "droop,” between set point and actual process temperature.

(CHG DATA,) - Set up the program step information for the Series 1500,
including step type, set points, step duration, "wait for” or "jumploop”
conditions, and auxiliary output status.

Change Parameter Mode:.{CHG PARA)} - Set up the system step information for the Series 1500,

Channel:

Closed loop:

Cold junction:
Cold junction
compensation:
Cold start:

Cyclelime:

DATA:

Glossary, Appendix

including real time, high and low range limits, alarm types, alarm points, PlD'
parameters, and RS-422 address.

A distinct electronic control loop or path for reading input data and
communicating information to an output device or devices.

Control system that has a sensing device for process variable feedback..

Point of connection between thermocouple wires and the electronic
instrument. .

Electronic means used to subtract the effect of the cold, or reference junction
temperature from a thermocouple's electro-chemical circuit.

A"clean,” or completely cleared-of- user—programmed information, start-up
conditicn. Inthe Series 1500, powering up with DIP Switch #6 in the "ON"
pasition gives a “Cold Start.”

The time necessary to complete a full ON-through-OFF period in atime
proportioning control system. ~

Values (for a specific Series 1500 parameter) which appear in the control's
DATA display. DATA may be changed inthe CHG DATA mede with the
UP/DOWN keys.
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Glossary D-P

Derivative:

Deviation:

DIP switch:

Display capability: __.

Droop:

Duty cycle:

Event Qutput:

Guarded Access:

HALT condition:

Hysteresis:

Hunting:
Input:
Integral:

{solation:

Manual reset:

Monitor Data Mode;
Offset:

ON/OFF control:

Open loop:

Qutput:

86 WATLOW Series 1500 Usar's Manual

Same as "rate." Anticipatory action that senses the rate of change of - @\
temperature, and compensates to minimize overshoot. ‘

The difference between the value of the controlled vanable andthe value at
which it is being contralled.

Dual In-line Package {ON/OFF) switch.

in a digital indicating instrument, the entire span that can be indicated if fully
utilized.

Difference intemperature between set point and stabilized process
temperature.

Percentage of "load ON time" relative to total cycle time.

A programmabkle, ON/OFF output used for triggering peripheral devices or
processes from a specific Series 1500 program step. When events for a step
are unprogrammed, they retain the ON/OFF status from the last programmed
step.

(GA) - A set of Series 1500 parameters in the CHG PARA (change parameter)
maode which are "guarded” by access codes. The GA parameters include alarm
types, PiD parameters, dead band, cycle times, calibration offset, recycle
option, 2-channei temperature control, device address, and the front panei

lock.

indicated by a steadily ON "PROG HALT" LED caused by a RUN/HALT key Q
press during a running program, or by the program reaching a "Blank”
{unprogrammed} step." See "Remote-Hold".

In ON/OFF control, the temperature change necessary to re-energize the
output after it was de-energized at set point.

Oscillation of process termperature above and below set point.
Process variable informaticn being supplied to the instrument.
Same as "auto-reset” and "reset.”

Electrical separation of functional circuits, such as the sensor circuit, orthe data
communications circuits, from control power sources and ground,

Manual adjustment made to provide coincidence between set point and
process temperature, thereby eliminating droop.

(MTR DATA) - Examines the currently running step information.
A value added to or subtracted from the input signal.

Control of temperature about a set point by turning the output full ON orifull
QFF at set point.

Control system with no sensory feedback. 6

A signal or value going out from a control.
Glossary, Appondix



Glossary P-T

Overshoot: Condition whereby temperature exceeds set point due to initial power up or
process changes.

P control Proportioning control.

Parameter: Any of a set of physical properties whose values determine the response of an
electronic control fo given inputs.

PD control: Proponrtioning control with rate action.

Pl control: Proportioning control with aute-reset.

PID control: # Proportioning control with guto-reset and rate.

Process variable: Signal or value reflecting the status of the process, such as temperature,
refative humidity, etc.

Programmed Dispiayed information which gives the operator/programmer the "programmed”

display data: orintended process information, i.e., intended set point, intended time-in-
step, intended process relative humidity, etc. See "Actual displayed data.”

Proportional band: The span of tei'np'erature about the set point where proportional control action

" takesplace.

Profiling: " Executing several adjacent program steps where each step defines a ramp, or
a sloping control graph.

Program Step: A numbered step in a process control program which contains its own specific
parameters for causing a predictable response by the control.

Ramping: Progressing from one set point to another set point over a period of time.

Range: Minimum and maximum operating limits of a sensor or controller.

Rate: Anticipatory action that senses the rate of change of temperature and
compensates to minimize overshoot. Also "derivative.”

Rate Band: The area above and below set point where the rate {derivative} function occurs.
Available in certain Watlow controls at a value of 1 to ntimes the proportional
band. :

Recycle: Program option in some microprocessor-based temperature controls to repeat
the entire program indetinitely. Also "continuous loop."

Reference junction: Synonymous with cold junction. See "Cold junction.”

Remote - Hold: The Remote - Hold input from a user-supplied switch closure will halt a Series

1500 program and cause the PROG HALT LED to flash. Opening the switch
causes the 1500 to resume the program where it left off.

Reset: Same as "auto-reset” and "integral.”

Reset wind-up
inhibit: Synonymous with anti-reset. See "Anti-reset.”
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Glossary T-Z

Restart:

RTD:

Set point:

Signal conditioner:
Single mode
control:

Span:

Switching
sensitivity:

Thermal system:

Thermocouple:

Thermocouple
break protection:

Three mode control:
Time-in-step:

Time Proponrtiching
Control:

Triac:

Two position
control:

Warm Start:

Wet Bulb:

Zero switching:

88 WATLOW Series 1500 User's Manual

To begin to control a thermal system again, after stopping control and halding é
the process variable at a fixed value. A "restart" may occur with newly- 4
proegrammed information in microprocessor-based controls.

Resistance Temperature Detector. Resistive sensing device displaying linear

resistance versus temperature characteristics. Displays positive temperature

coefficient.

Intended value of the process variable.

An electronic circuit that provides sensor compatibility of the input signal for use

inthe control, includes linearization and/or sensor excitiation.

Proportioning control.

Distance in degrees or other units between the minimum and maximum

- operating limits of a sensor or controller.

See "Hysteresis."

A regulated environment consisting of a heat source, heat transfer medium,

. sensing device and a process variable control instrument.

Temperature sensing device that is constructed of two dissimilar metais
wherein a measurable, predictable voltage is generated corresponding to
temperature.

Fail-safe operation that assures output shutdown upon an open thermocouple
condition.

Proportioning conirol with auto-reset and rate.

Time remaining in any given program step.

Action which varies the amount of ON and OFF time when “close” to the set
point, i.e., in the proportional band. This variance is the result of the control
algorithm. In other words, the amount of time the output relay is energized
depends onthe system control requirement.

Solid state switching device.

An ON/OFF control.

Start-up condition where all program infermation is remembered by the
instrument's memory back-up protection. Inthe Series 1500, powering up with
Dip Switch #6 in the OFF position gives a "Warm Start."
»
Half of a wet bulb/dry bulb "/QHH sensor system, i.e., an RTD with a wet sock. e

Action which provides output switching only al the zero voltage crossing points
of the AC line.

Glossary, Appendix
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Monitor Data Mode (MNTR DATA)

(step® ct1  (data) )(— STEP® €1 (data) ) [ sTep=

¥ (data) }

STEP®  C2 (data) STEP*  C2 (data) |1 sTEP® w2  (data) |
STEP*  E1 (data) J. STER®  Ei (data) || STEP* WE  (data) |
STEP®  E2 (data) |} | sTEPs E2 (data) |4 STEP*  TIME—to-ST AiT_)
4 STEP*  TIME Remaining | | STEP®  TIME Remaining { Monitoring a Wait (WT)
Monitoring a SetPoint(SP) . | STEP®  JS (data) | Step inarunning program.
Step in a running program. 4 STEP* Jc (data)
Monitaring a Jump Loop (JL}

Stepin a running program.
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Sample Program

C.  While inthe HALT condition, the Series 1500 maintains the Set Points and -
Event Qutput conditions from the step it was in when it was halted, or from last
step before a "Blank Step” halted the control. 1f you restart the control, having
made no change to the step data, the 1500 will complete the step fromthe time it
stopped. ifyou change data, the step begins from beginning.

D.  Thus, if your sample program did not have "Recycle" activated, it would halt
after performing Step #8, but would continue to hold the oven at 110°,
65%RH, and with Ch-1 Events 3 arid 4 ON and Ch-2 Events 1 and 3 ON.

E.  [lfyoupressthe RUN/HALT key at 1-1/2 minutes into Step #5, it would Halt
with the oven at 275°, 83.2%RH, and have Ch-1 Event 1 ON and Ch-2
Event 2 ON,

F.  However, you may not want the Step #8 conditions to be retained until

tomorrow. You could add a step at the end of the program to establish
Set Points of 75°, 50%RH, and with all Event Cutputs OFF.

2. Ramping Conditions

A.  Whenrunning any Set Point step, the Series 1500 notes what the
existing starting conditions are and what the desired ending conditions are.
Then it follows a linear path between the two.

B.  Although the desired ending conditions are specifically programmed into
each step, the beginning conditions depend on the step periormed just
previously. Know where you are going and where you've been.

C.  Step#4 of your Sample Programis an example:

« Asthe chant onpage 17 shows, you expect to stait Step #4 at 400°, and
ramp uniformily down to 275°. This certainly is what happens on the first
time through Step #4.

*  Butwhen you "loop back" from Step #6, your starting pointis 110°. You
will be ramping upward from 110°to 275°,

« [fthis is not acceptable o you, you might want to jump loop back to Step
#2 to reach a full 400° through Step #3 before you start Step #4.

3. Wait Step

A.  AWait Step maintains the same Set Points that existed at the end of the
previous step. With Step #1 as a Wait Step, this means that the 1500 will
use the default values for Step #1 (75°, 50%RH, all events OFF) during its
first run. However, when it recycles from Step #8, # wilt retain the Step #8
values {110°, 65%RH, Ch, #1 Events 3& 4 ON and Ch. #2 Events 1 &3
ON).

If you were to halt the program during Step #3 and then "RESTART™ and run
it, Step #1 wouid retain the Step #3 values. Since this is not always desirable,
you could place a short (1 second) step immediately before the Wait Stepto
establish different Set Point vailues.

B.  Whenwaiting for “Time," program ali three units (HR-MN-SC). If you program
53" for Minutes, but enter nothing for Hours or Seconds, the programmed
time will be 53 minutes after midnight.
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C.  Inyour sample program's Wait Step, you used "Wait for time" because you
aren't connected {o a variable oven yet. A more common use of the Wait Step
could be as follows:

= inStep#2, you have allowed exactly four minutes to reach 400°,
- 90%RH. Depending upon your system, this may either be impossible
to do, or you may reach the desired conditions much earlier than that.
This could result in bad apple pies.

« It youreprogrammed Step #2 as a Wait Step, you could measurs how
long it takes to achieve the desired conditions, and then react
immediately. Much better apple pies.

= But, thereis achoice to make here: The Wait Step does not follow the
linear ramping path to reach the new conditions as a Set Point Step
does. A Wait Step uses the previous step's Set Point, To optimize
controi (reduce the overshoot and undershoot) a Wait Step uses the
"PID Parameters” to satisfy the wait condition. in other words, select
the step type which best matches your needs. (The PiD parameters
are discussed in the Technical Reference Section that follows).

4. Jump Loop Step (JL)

A.  Inthe sample program, you used this capability to jump from Step #6 back to
Step #4 two times. Your "Jump Count" (JC) was setto "2." Any vajue from
1 to 255 can be used in loops of this type.

B.  Ifyouprogram"0"into "JC," the JUMP will occurinfinitely. This action could
set up a never-ending loop if the jump is backwards. Oryou can setup a
one-lime “unconditional jump" if the jump is forward. If you use aforward
jump, the 0 choice makes no difference. The jump will be performed once.

+  Butwhy would you ever want to simply jump forward and skip over some
steps, you ask?

Suppose your overall program has various functional sections, not ail of
which you want to do every time. By ending each section with a Jump
Step, you can easily alter the program to perform various sections in
different sequences.

During programming work, you may want to develop and test a programin
‘sections. You can develop the separate sections with unprogrammed
Blank Steps between them, then unite the separate sections later with
Jump Steps.

C.  Asyoulearned earlier, jumping or looping into Steps from “ditferent
directions" can sometimes cause unexpected results due to different
starting conditions as you enter a new step. Watch for such possibilities.

5. Recycle

With the Recycle option active, you might expect to see continuous activity as the
process repeats the program sequence. This sample program will, infact,
immediately start Step #1 after it completes Step #8.
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" However, remember that Step #1 is programmed as a "Wait Step,” so it will wait untii -~
-’} the same time tomorrow. Since you how know what a Wait Step does, you may want
"7 toreprogram Step #1 as a simple "Set Point" step so that you can view the Recycle

* action. If you do decide to reprogram Step #1, then read the following items.

* Youcanhot alter data or parameters while the program Is running. The 1500
e must be in the HALT condition.

o : «  |f youwantto move to a different Step #, to see what is pregrammed there

- and then modify that step, enter the CHG DATA mode. Thento

reprogrami it fromthe CHG DATA mode, go to the appropriate step as
described above. Then press the CLEAR key. All programmed data (for this
step only) will clear, and you can now reprogram it.

6. Interactive Changing of Set Points and Events

When in the halted condition, the Series 1500 actively maintains the current set
points and Event Qutput status. Attimes, you may wish to change these conditions
without actuaily entering and running a profile step. To do this, you must be inthe
"MONITCR DATA" mode, halted (PROG HALT LED ON) and "RESTART" key just
pressed. Then use the function key to move to the desired prompt ("C1", "C2", "E1"
or"E2"), use the INCREMENT/DECREMENT keys to move to the desired data, and
pressthe ENTER key. The Series 1500 will quickly change to controlling at the new
condition. '

Where To Go From Here

As soon as you feel comfortable with the Series 1500 sample program, move onto
Installation and Wiring, Chapter 3. Orif you have already installed and wired your
system, go to the Programming Chart in Chapter 4 and begin entering and
documenting your Series 1500 program.
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Chapter 3 | - ¢
How to Install and Wire the 1500

This chapter wili tell you how to install and wire the Series 1500. There are also some
- suggestions for sensor installation. Also, be sure to look at the noise reduction
guidelines before making your panel cutout.

Sensor Installation Guidelines

Temp-RH

Inthis 1500 configuration, a dry bulb RTD measures temperature on Channe! 1. A
wet bulb RTD, in combination with the dry bulb RTD, senses relative humidity on
Channel 2. The 1500 calculates the temperature difference between the two bulbs
to determine per cent relative humidity.

Temp-'Temp

For Temp-Temp RTD operation, each dry bulb RTD senses temperature for its -
channel. Q

Watlow RTDs

The RTDs forthe Series 1500 are customer-supplied items. They could be Watlow
Part # $001-0133-0000, which is a wire-wound RTD inside a sealed, 18% Nickel-
Silver sheath, made for fast temperature response. The detector element is platinum
wire 100 Cxat 0°C with a temperature coefficient of 0.003916 £¥Q/°C. The sheathis
1875 in. diameter, 2.75 in. long. The three wire leads are 48 in. long and teflon
insulated.

RTD - The Dry Buib Installation

We suggest that you mount the dry bulb RTD at a location in your process or system
where it reads an average temperature. Air flow past this sensor should be moderate.
The sensor should be thermally insulated from the sensor mounting.

NOTE: The dry bulb sensor should be the same temperature as the air flowing over
the wet bulb. | \

RTD - The Wet Bulb Installation

One way 1o prepare the RTD wet bulb sensor for reading relative humidity on Channel
2 is to slip a cotton wick overthe sensor sheath. Put ane end of the wick in water.
Some syslems use a small trough of water with a float vaive to replenish the
evaporating liquid.
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Distilled water is best because mineral deposits on the wick can change the %RH
reading. The wicking distance should be as short as practical. The cotton wick must
be free of any sizing and starch. The "float valve-trough” systems also remove the
water when the ambient temperature goes below freezing or above boiling.

To obtain valid % RH readings, air flow past the %RH sensor must be sufficient to

evaporate the maximum amount of water from the wick without drying it out.

Evaporation cools the sensor; the amount of cooling relates directly to the relative

humidity present.

Thermally insulate the wet bulb sensor from the sensor mounting. This prevents
mounting surface heat from flowing into the sensor sheath and changing the wet
bulb temperature. (The result of such heat flow will be a humidity reading higher than

actual).

Thermocouple Installation Guidelines

Installation-Wiring -

-

Locate the thermacouples in your process or system where they read average

temperatures. Airflow past these sensors should be mederate. The sensors must

be thermally insulated from the sensor mounting. Both thermocouples must be
ungrounded to obtain correct readings.

Event Iinput and Remote Hold Input

These inputs expect a switch closure to digital common 25 shown on Page 33.

Wiring Practices for Preventing Noise

Most noise problems stem from wiring practices, the major means of coupling noise

from its sources to the control circuit.

An cutstanding information resource for wiring guidelines is the |[EEE Standard No,

218-1982 and is available from |[EEE, Inc. 345 East 47th Street, New York, NY 10017.

Noise Sources

» Switches and relay contacts operating inductive loads such as motors, coils,

solenoids, and relays, etc.

+  Thyristors or other semiconductor devices which are not zero crossover-fired

(randomly-fired or phase angle-fired devices).
«  Aliwelding machinery.
»  Heavy current carrying conductors,
= Fluorescent and neon lights.

How to Decrease Noise Sensitivity

——

shown that the most effective RFi techniques are:

to an existing ground plane.

Installation - Wiring, Chapter 3

a. AnRFifilter (such as the Corcom 1ER1) inthe power fine mounted external
to the Series 1500 ¢ase. The RFIfiter should be an RFi sealed type.

1. Qurextensive noise testing has shown that the Series 1500 has a good level of
noise immunity. In extremely noisy environments, however, the testing has

b. Shielded power cord with the shield terminated to the Series 1500 case and
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2. Physical separation and wire routing must be given careful consideration in
planning the layout of the system. For example, A.C. power supply lines
should be bundled together and physically kept separate from input signal lines
(very low power level). Keep all switched output signal lines (high power level)
separate from current control loop signals {low power level).

C. Shfelded RTD sensor with the shield terminated to the Series 1500 case
and to an existing ground plane.

3. Excessivelead Iehgih in a two-wire RTD sensor can create indication errors.
For every 10 feet of lead length, a 1°C error is typical. To combat this, use a
- three wire sensor in long lead applications.—

4. Anctherimportant practice is to look at the system layout and identify electrical
noise sources such as solenoids, relay contacts, motors, etc, and where they
are physically located. Then route the wire bundles and cables as faraway as
possible from these noise sources.

5. Shielded cables should be used for all low power signal lines to protect against
;nﬁlgnetic and electrostatic coupling of noise. Some simple pointers are as
ollows:

* Whenever possible, low level signal lines should be run unbroken from
signal source to the control circuit.

Connect the shield to the control circuit common end only. Never
leave the shield unconnected at both ends. Never connect both shield
ends to a common.

if the shieid is broken at some termination point and then continued
on, the shield must be connected to maintain shield continuity.

I the shield is used as a signal retumn, no electrostatic shielding should
be assumed. If this must be done, use atriaxed cable {electrostatically
shielded coaxiai cable).

*

6. Shielded twisted wire should be used anytime control circuit signals must travel
over two feet or when they are bundled in parallel with cther signal wires (not
line voltage or load wires).

7. The size or gauge of wire should be selected by calculating the maximum circuit
current and choosing the guage meeting that requirement. Using greatly
larger wire sizes than required generally will increase the likelihood of
electrostatic (capacitance) coupling of noise.

8. Ground loops must be eliminated in the entire control system. There are obvious
loops which can be spotted by studying the "as-built” wiring diagram. There
are also the not-so-obvious ground loops that result from techniques
connecting intemal circuit commons in the manufacturer's equipment. An
example of this would be if a control circuit is designed to work with a
grounded sensorinput.

9. Do notdaisy chain A.C. power (or return) lines or output signal (or return) linesto
multiple controi circuits. Use a direct line from the power source to each input
requiring A.C. power. Avoid paralleling L1 (powerlead} and L2 {returnlead)to
load power solenoids. Contactors, and control circuits. i L1 (power lead) is
used to switch a load, L2 (return lead) wiil have the same switched signal and
could couple unwanted noise into a control circuit.

10. Grounding the chassis of each piece of equipment in the systemis very
important. The simple practice of connecting each individual chassis to the
overall equipment chassis immediately adjacent to that piece and then tying all
the major chassis ground terminals together with one lead {usually green wire)
to ground at one signle point will work best.

11. Do not confuse chassis grounds (safety ground) with control circuit commens or
with A.C. supply fines L2 (return or neutral ling). Each return systemwiring
must be kept separate, making absolutely sure chassis ground {safety) is
never used as a conductor to return circuit current,
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Input Power Wiring Installation-Wiring

-

Microprocessors are in a way like trout...

- They require a clean environment to be successful and to prosper. A clean
environment means on one level an environment that is free of excessive dust,
moisture and other airborne pollutants. But primarily it means a "clean” source of
input power from which to base all its operations. What is "clean power?"

Clean power is simply a steady, noise-free line voltage source that meets the rating
specifications of the hardware using it. Without clean powerto the integrated
- circuitry, any microprocessor chip is doomed to failure.

Just as the water you get from a tap nowadays may not be acceptable to drink in some
locales, so the line voltage coming into your facility may not be acceptable for your
microprocessor devices. You may have lo filter or "¢lean” the water or the power. In
industrial environments, the potential for pollutants increases, especially electrical
noise due to high level power consumption occuiring in one place.

The recommendations we are providing for you are ways to achieve a minimum level
of clean input power protection. in aimost all cases these guidelines will remove the
potential for input power probiems. If you've applied these measures and stiil do not
get results, please feel free to call us at the factory. We are here to see that our
control preducts work well and do the job they were designed to do.

Definitions

Ground Loop - A condition created when two or more paths for electriéity are created
in a ground line, or when one or more paths are created in a shield.

Earth Ground - The starting point for safety and computer grounds. Itisusually a
copper rod driven into the earth.

Safety Ground - A ground line run along with electrical power wiring to protect
personnetl.

Computer Ground - A ground line for the ground connections to computers or
microprocessor-based systems. This line is isolated from safety ground.

Common Mode Line Filter - A device to filter noise signals present on both power
lines with respect to ground.

Differential Mode Line Filter - A device to filter noise signals present between the two
power lines themselves.

The Dos and Don'ts of Clean Input Power

Do keep line filters as close to the control as possible to minimize the area for :
interference pick up. S

Do use twisted pair wire and possibly shielded wire from line filters to the control keep
the line "clean.”
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Do keep low power control wires physically separated as far as possible fromling =~
voltage wires. Also keep all controller wiring separate from other nearby wiring.
Physical separation is extremely effective. A 12 inch minimum separation is usually
eftective.

Do use common mode, differential mode or a combination of the two filters wherever
power may have electrical interferences.

Do cross other wiring at 90° angles whenever crossing lines is unavoidable.

Do have a computer ground line that is separate from all other ground lines. This
computer ground line should ideally terminate at the ground rod where the
electrical service is grounded.

Don't connect computer ground to safety ground or any other ground points inthe
electrical system, except at the ground rod.

Don't mount refays or switching devices close to a microprocessaor control.

Don't run wires carrying line voltage with signal wires {sensor, communications or
other low power lines) going to the control.

Don't use conduit for computer ground.

Don't have phase angle-fired devices in the same electrical enclosure oron the same
power fine with the controi.

Don't connect ground to the control case if the control is mounted in grounded
enclosure {prevent ground ioops.)

Don'tfasten common mode line filters or fiters with metal cases to metal that is at
ground potential. This prevents ground loops and maintains filter effectiveness.

How to Check for Ground Loops

To check for ground loops, disconnect the ground wire at the ground termination.
Measure the resistance from the wire to the point where it was connected. The
ohmmeter should read a high ohm value. I you have a low ohm value acress this gap,
that means there is at least one ground loop present in your system. '

Or check for continuity; your reading should be "open”. If you do find continuity, you
must now begin looking for the ground loops. Begin disconnecting grounds inthe
system one at a time, checking for continuity after each disconnection. When
continuity reads "open” you have eliminated the ground loop(s). Also asyou
reconnect grounds, keep making the continuity test. it is pessible to reconnect a
ground loop.
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Noise Suppression Devices Available from Watlow

Installation-Wiring

Watlow Winona stocks a few key noise suppression parts. You may order these by
calling your local Watlow distributor,

item Electrical Ratings Part Number
Common Moede Line Filter 250V, 3 Amp 0804-0196-0000
Ditferential Mode Line Filter 125V, 1 Amp AGC1-0108-0000
Metal Oxide Varistor 150V, 20 Joule 0802-0273-0000
MOV 130V, 30 Joule 0802-0304-0000
MoV T 275V, 15 Joule 0802-0266-0000
MoV 275V, 100 Joule 0802-0405-C0C0

Line Filtering Configurations for Controls

These three diagrams show you filter contiguratior{s for removing input power noise.
Choose the one best suited for your system if you are unsure which one to use, see

Figure 12. X
L1 D.M. Line Filter
12 Line Lead ] Control
Ground Shield |
J2 D1
L1 C.M. Line Filter :
§
L2
——Line Load Control
Ground
Shield |
J2 21
L1
D.M. Line Filter
— 1 ©.M. Line Filter |{mov}] Line Load { l Control
Ground )
Shield |
5

i
a2

For very dirty or critical application - use micro-computer-regulated power supply of

Uninterruptable Power Supply (U.P.S.)

Instailation - Wiring, Chapter 3
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Table -
MNoise Suppression
Device Ratings

2

Keep filters 12
inches or less from
the control.
Minimize the line
distance whete
noise can he re-
introducedto
centrol.

Figure 10-
Ditferential Mode
Filter Diagram

Figure1i-
Common Mode
Filter Diagram

Figure 12-
Combination
Differentiai-
Comimon Mode
Fliter Diagram

J2

To prevent grofind
loops do not fggten
common mo {‘ine
filters ot filters with
metal cases to metal
thatis at ground
potential. Doing so
will reduce filter
effectiveness.
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Watlow Part Number

for Quencharc:
0804-0147-0000

Call Watlow
Customer Service
for MOV Parnt
Number.

%

CAUTION:
Whenever
attempting to
open a Series
1500 with data
communications
{RS-422/423
interface), be
sure your
system's DB-15
male connectoris
not connected to
the rear of the
unit. The DB-15
male connector
may be attached
to the 1500 with
two screws
through the rear
of the caseto the
female DB-15
connector inside.
Attempting to
remove the Series
1500 control
chassis fromits
case with the DB-
15 male still
attached could
pull the circult
board from its
chassis socket
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How to Eliminate Noise

1. Use "Quencharcs” to suppress noise generated by devices such as relays,
relay contacts, solenoids, motors, etc. A Quencharc is a simple fitter
device using a . 1uf, 600 volt, non-polar capacitor in series with a 100
chm, 1/2 watt resistor. The device canbe used on an A.C. circuit o
effectively dampen noise at its source. Feora D.C. circuit, use a diodex
across the inductive load coil to dampen noise. This diode must be sized
to the coil, having a reverse voltage larger than the coil voltage. The
diode forward current must also be larger than the reverse coil current.

2. An"MOV" (Metal Oxide Varistor) can be used to limit voltage "spikes” that occur
onthe A.C. supply lines as a result of lightning strikes, switching large motors,
etc. The "MOV" is available in several varieties and for 115 or 230 volt lines. The
device dissipates the voltage "spikes" to ground and in doing so repeatedly,
deteriorates its ahility to function. "MOV's" have a limited life.

3. A"CorcomIERI" and other similar power line filters are designedto carry the
powerfor the controi circuit and at the same time "bufter" the control circuit from
A.C. line noise. Devices like a Corcom use media {electromagnetic fiitering)
other than electric circuits to filter out the electrical noise. Care mustbe
taken in matching the power capabilities of the filter in respect to the power
demands of the circuit.

4.  The ultimate protection is an "uninterrruptable” power supply. This device
"senses” the A.C. power line; when the line fluctuates, a battery-powered
60Hz inverted circuit takes over, supplying power within one-half to one cycle of
the A.C. line. Thisis a very expensive solution.

How to Open the 1500

Here's how to open the Series 1500 and pulithe control chassis fromits case:

&

The centrol chassis fastens to the case with a single screw located at the lower front
panel. Turnthe screw counterclockwise to loosenit. Three strip connector plugs, in
the rear of the control chassis, feed power and signals through the back of the case
to the triple terminal strip. These plugs will let go as you pull.

When removing the Series 1500 Control fromits case, pull firmly but gently. When
returning the contro! to the case, be sure you have the top UP to maich the boards
with the case plugs. The 1500 will not fit in 1o the case upside down. However,
always check to see that it is oriented correctly. Pressthe unitin firmly, thenturn the
front panel screw clockwise to secure it. Do not overtighten screw.

Pre-Installation Information

The Watlow Series 1500 behind-bezel dimensions are 5.375 in. high by 5.375 in.
widle by 7.5 In. deep. The unit weighs 4.5 Ibs. Fordimensional and mounting
information, including the location of mounting holes and size of the fron{ panei
cutout, see Figure 10.

The Series 1500 mounts on panels from 0.06 in. to 0.25 in. thick.
Instaliation - Wiring, Chapter 3
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= 8.68 -
3 1.180 [«- 7.000 —— 0.500 .
» o Figure 13-
; —i Unit and Panel
- Cutout Dimensions
B = 5.375
R Bezel .+ 5, £0.015
3 IR EXX.
| ¥
Mounting bracket .
Note: Alldimensions in inches.
Fy
PANEL
C urTouT 5.433 SQ. MIN.
5472SQ.MAX
Your Panel _
Thickness: or5-7/16
Nominal
0.06100.25 ¥

Note: Alldimensions ininches.

SERIES 1500

WATLCW Serias 1500 User's Manual 33



Installation-Wiring

@ Installation Procedure - ‘ |

WARNING:

To avoid electric 1.
shock, make all
connections onthe 2. Remove the Serigs 1500 chassis from its case by turning the front panel screw

To mount the Watlow Series 1500:

Make a panel cutout per the dimensions in Figure 10.

terminal strips on CCW. Grip the beze! firmly and pull the control from the case.
h i . .
L;?g;t::;?f 3. Place the case inthe cutout you just made.

00"090“[‘9 power 4. Attach the mounting brackets either to the top and bottom, or to both sides of the
to the unit. Also unit.

disconnect power '

betore opening the 5. Tightenthe screws on the ends of the mounting brackets to hold the case
Watlow Series securely against the back of the panel.

1500.

8. lInsertthe control chassis into its case and turn the front panel screw CW to hold
the chassisin place. If you have a Series 1500 with data communications: Fasten
your DB-15 male connector with two 4-40 brass screws to the 1500's DB-15
@ 1 female onthe rear of the unit. Do not overtighten screws.

CAUTION: Electrical Connections and Wiring

Allwiring and fusing

should conform to

the National Electric

Code andto any

locally applicable Figures 14 and 15, on the following two pages, show you how te connect the Watlow

codes as well, Series 1500 to your load or system. Study the strip connections carefully before -
beginning the hook-up. Be sure to use these jumpers on the Power Supply ‘
terminals: For 115VAC, jumper 32 to 35 and jumper 33 to 36. For 230 VAC, jumper

® ) 3310 35. Attach Chassis Ground to 34,

CAUTION: if you wish to disable Channel 2, Figure 18 will show you how to do that.

Before connectin . . . . . . . .
the Series 1500 toga Figure 19 provides the pin configuration for units equipped with RS-422/RS-423

data data communications. On these models the serial communications interface is .
communications through a DB-15, D-Type, female connector located on the 1590’3 backplane. This
network, remove connector is tapped to accept two 4-40 brass screws for attaching the male plug.
power from al! ®

devices onthe 1

hetwork.

® 3 ® s

CAUTION: Figures 14 & 15 - Signal Conditloners, Jumper Selection, p. 35, 36

Add external noise ,
isolators to any Figures 16 & 17 - Power Supply Input, CH-1 & CH-2 Cutput Connections, p. 36, 37 \
unisolated power

supply components  Figure 18 - Wiring To Disable Channel 2, p. 37

indevices onan RS-
422 network to Figura 19 - RS-422/423 Interface, Pin Designations, Jumper Selection, p. 38

vV from -
ggetze;ail;tgr;giese ° Once you have the Watlow Series 1500 Control securely mounted and correctly Q ‘
network wired, you may apply powerto the system.
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SIGNAL CONDITIONER

RTD Version Analeg Signal Common 1 Figure 14 -
2 % RH Analog Output 2 Signal Conditloner
. i . Connections and
JS Analeg Output Ch-2 °F (Wet Bulb) 3 Jumpers.
Analog Output Ch-1 °F {Dry Bulb) 4
_@ + Dry Buib Sensor 2 & nore:
B For a two-wire
7 sensor on Channel
: CH-2 (+) _ - a 1, attach the leads
- ' 0-5V —r bS to Terminais 5 and
; input with J Wet Bulb Sensor g 6 with a jumper
DiP #3 (-} 10 wire from Terminal
OFF

6 to Terminal 7.

Analog Output Ch-1°C (Dry Bulb) For Channel 2

Analog Output Ch-2°C (Wet Bulb) attach the leads to
Not used on Signal Conditioner Board #A007-1316 Terminals 8 and 9
ﬁ with a jumper wire

from Terminat 9 to
Terminal 10.

N o=

Calibration Pots RTD Version

Jumper Salection
. with DIP Switch #3.
BTN W151 w150

CJ149 #3 ON = Jumpers on
’ W151 and W153 for
J152 RTD sansor.
AQ007-13216 w153 w154 #3 OFF = Jumpers
; on W150 and W154

for 0-5V signal.

ﬂ NOTE:

' Terminals 1-4, 11-
SIGNAL CONDITIONER 1;n];:‘:\raidse analog

T/C Version Signal Common 1 signa&s for a chart
Ch-2 °C Signal 2 recorcer.
I Ch-2 °F Signal 3 ®
Ch-1 °F Signal 4
5 CAUTION:
+ Thermocouples
Ch-1 Input 6 must be un-
® = 7 grounded.
8 Grounded therm
couples will
Ch-2 Input g9 generate errone-

ous temperatur ,
indication and can '
develop communi-
cation errors.

o

Ch-1 °C Signal
Not Used

-
N -

Installation - Wiring, Chapter 3 WATLOW Series 1500 User's Manual 35




Installation-Wiring :

Fig. 15 -

Event Qutput,
Remote Hold Input
and Event Input
Connections for
Dual Solid State
Helay Version

J note: J

Event cutputs can
be powered by a line
(up to 240VAC) inde-
pendent of the
control input. The
event outputs can
conduct up to 0.5A
each.

® CAUTION:

Event Input/Output
Model # 150_- _ _

_1-___0

Event Common

CH-2, Event4 Load |
CH-2, Event3Lload |
CH-2,Event2Load  }—
CH-2, Event 1 Load |
CH-1, Event 4 Load
CH-1, Event 3 Load
CH-1, Event 2 Load
CH-1, Event 1 Load
.
T»——-—c“" *

\—r sy LJ S

Remote Hold Input
Event Input
Digitat Common

Fuse event outputs
properly. Failure to
do so could cause
damage to your
equipment and
property.

Figure 16 -

Power Supply Input,
Temp. & RH Output
Connections for
Dual Solid State
Relay Version

ﬁ NOTE: ﬁ

The control power
outputs for aach
channel can be
powerad by inde-
pendent 115VAC or
230VAC lines.
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Temp & RH Control Output, Power Supply Input
Model # 150_-_ AA _- 0

25 § O—

26 O—a{ CH-1, Heat Load |

27 E— CH-1, Cool Load |

28 S

29 o CH-2, Humidify or Heat Load

30
31

32
33
34
35
36

&

Not Used

Power
See Figure 17 {next page)

11

L1

: L2
CH-2, De-humidify or Cool LoadJ}j-
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Event Input/Qutput
Model #150_-__ _2-___0

<
=
B

+10 Unregulated Supply

CH-2, Event 4 Load |
CH-2, Event3 Load }
CH-2, Event2Load |
CH-2, Event 1 Load |
CH-1, Event4toad |}
CH-1, Event3load |-
CH-1, Event2load |
CH-1, Event 1 ioad |
——-—-’f’{:
lP———-.'Hdiﬁ

Remote Hold Input
Event input
Digital Common

Installation-Wiring

Fig. 158A -

Event Output,
Remate Hold Input
and Event Input
Connectlons for
Dual Solid State
Switch Version

Temp & RH Control Output, Power Supply Input
Model #150_-_BB _- 0

58 S |

26 ©—a{ CH-1, Heat Load |

27 Q—am—| CH-1, Cooi Load |

28

29 = CH-2, Humidify or Heat Load |-+

) |

30

CH-2, De-humidify or Coof Load |4

31 ) +10 Unregulated Supply

320 O |

33

3 m Power

4 ﬂ See Figure 17 (next page)
35O |

36 @ O |

Installation - Wiring, Chagpter 3

Figure 16A -

Power Supply Input,
Temp. & RH Cutput
Connections for
Dual Solid State
Switch Vearsion.
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Figure 17 -
Fower Supply
input, CH-1 &
CH-2 Cutput
Connections

® CAUTON:

Fuse load and
power outputs
properly. Failure
to do so could
cause damage to
your equipment
and property.

Figure 18 -
Wiring to Disable
Channel 2

@ CAUTON:

Total absence of
connections on

Terminals 8, 9, and

10 will create an
alarm condition.

NOTE:

For thermocouple
inputs, the 107Q
resistor can be
used in place of
the jumper.
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Power Supply Input, Temp & RH Control Output

115VAC
L2

For 115VAC control operation,
install a jumper wire from
CHASSIS GROUND  Terminal 32 to Terminal 35, and
a separate jumper wire from
Terminal 33 to Terminat 36.

L Bring line power in to Terminals
32 (L2B) and 36 (L1A). Connect
@ the line ground wire to Terminal 34,
230VAC
L2

For 230VAC control operation,
CHASSIS GROUND  install a jumper wire from Terminal
33 to Terminal 35. Bring iine
power in to Terminals 32 (L2B)
L1 and 36 (L1A). Connect the line
ground wire to Terminal 34,

To Disable Channel 2

Required when running Ch-1 TEMP control

without Ch-2,
RTD T/C
1. Select TT=1 for TEMP-TEMP aperation. 1. Put a jumper between Terminals 8 and 10.

Refer to Page 46, Figure 21,

2. Install a 107Q resistor between Terminals
8 and 9, plus a jumper wire between
Terminals 9 and 10.

Installation - Wiring, Chapter 3
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RS-423A (RS-232C) Installation-Wiring

— Signal Common ' Figure 19 -
—— Transmit (Data Qut) RS-422/423 inter-

Jumper Pin 11 to Pin 3 face, Pin Designa-
tions and Jumper.

Jurnper Pin 3 to Pin 11
Receive (Data In)

Series 1500
DB-15-Female
with respect

to the Series 1500

Tran +
Tran -
{Serial Port Common)

Rec +
Rec -

You must also set the RS-423/RS-422 Jumper for a communications interface. Put
the jumper on W423 for RS-423, or on W422 for RS-422,

Js NOTE:

The RS-423/RS-
422 Selection
Jumper Is located
on the logic (A007-
1484) board, on
the side opposite
the DB-15 connec-
tor.

5  A007-1484

o] (]
B
DB-15 Connector

Where To Go From Here

Now you are ready to program and {une your Series 1500. If you haven't read the '
sample program information in Chapter 2, please do so now. Or if you aiready "
understand how to program the Series 1500, go ahead and enter your program.

You'll find a Programming Chart in the Technical Reference section, Chapter 4, that
is particularly helpful in recording your program.
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Chapter 4 ) ‘ (!

‘Technical Reference

This section of the Series 1500 manual is compiled for easy reference and rapid
information retrieval. Notice the page headings as you thumb through the section;
they will assist you infinding what you need.

How to Program the Series 1500

Here's how to enter a program into the Series 1500 through the front panel. if you
haven' already read it, you'llfind a good sample program in Chapter 2 which will also
teach you the programming process.

Write Out Your Program

The Watlow Series 1500 controls temperature or relative humidity for a specific
heating and/or cooling process in a controlled series of individually programimed
steps. Those programmed steps are valuable information. Your program, when it's
entered, gives the Series 1500 orders for the work you want it to perdform.

Since the number of steps in the program may be as many as 51, we suggest that you

write it out on copies of the three charts located in this section. This will enable you j
to program the Series 1500 quickly and without mistakes. Together, the Series 1500 ‘ ' {
Programming Chart, the Guarded Access Chart and the General Parameter Chart will - ?
provide you with a back-up copy of your entire pregram.

Select the Proper DIP Switch Settings

y |
Priot to programming and operating the Series 1500, you must set DIP Switches #1,

2, 6, and 7 for the conditions you want. Write your choices on a copy of the General
Chart, found in this section.

DIP Switch #1 selects whether Event 4 output will be used as an event output, or as
an alarm output for each channel,

DIP Switch #2 selects whether the alarm output will be a latching or a fon-latching
output.

DIP Switch #3 selects an RTD sensor for Ch-2, or a 0 to 5v signal for Ch-2.
DIP Switch #3 for a T/C unit must be ON.

DIP Switch #4 single/dual PID.
DIP Switch #5 is for factory test and calibration, it must be ON.

DIP Switch #6 sets a "warm" or "cold” start following power removal from the 1500. ‘
With "Warm Start" the microprocessor uses previously programmed information as if :
power had not been removed. A Cold Start is when the 1500 stants "clean” or (
completely cleared of all programmed information. All parameters will be empty or set

to the default limits.
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{ Normally, the 1500 should be inthe Warm Start condition. In Cold Start, all program
. information will be lost when power is applied to the unit.

DIP Switch #7 sets the temperature scale at °C or °F.

DIP Switch #8 is not used, setitto the_ OFF position.
" Recycle Option
* o .fi_ You may request that your program repeat indefinitely by selecting RC=1 inthe
2] GA=5areaofthe CHG PARA mode.

With the Recycle option active, you may expect to see continuous activity as the
_program sequence repeats. However, if your Step #1 Is programmed as a "Wait

1 Step," the processor will be waiting for a time or actual condition and no action will be

-1 taking place.

= Programming in General

The programming method is simple. Press the MODE key to get to the mode you

wantto program. Thenuse the FCTN key to move from one prompt to the next for
each of the displays.

®

Programming CHG DATA

-

&

, CAUTION:
When you want to enter data at any given FUNCTION dispiay prompt, press the UP or Be sure DIP SW-6
DOWN key to select the data for the DATA display. Then, press the ENTER key to Isinthe OFF
enter the data. The display will momentarily blank, then the entered data will re- (Warm Start)
appear for a short duration and then self-prompt to the next parameter. Whenever sgj’gggigemre
you press the MODE key, you'll get animmediate exit from any mode the 1500 is in. programming; all
The flow diagrams, Figures 15 and 16, will aid you in understanding the programming ggus;ir;t{;ﬁ?‘:vl:ﬁ
process for CHG DATA and CHG PARA, respectively. power is removed
. from the control.
Programming the Change Data Mode (CHG DATA)
Press the MODE key to select the CHANGE DATA mode. The processor will
automatically branch to one of three submodes or Step Types: SP-Set Point,
8 JL-Jumnp Loop, WT-Wait. See Figure 15.

When SP isinthe FUNCTION window and the DATA window is biank, the 1500 is
displaying a "blank step." A blank step is simply an unprogrammed step.

For SP (Set Peint) submode, press ENTER. The display will respond with S1 and

the DATA window will be blank. This means the set point for Channel 1 on this

particular step is not programmed. If you want to ENTER a set point for Channel

1, select a value and press ENTER. Or, if you do notwant to program 31, just

press FCTN, and display will show S2. The DATA window will again be blank.

For the JL (Jump Loop) submode, press FCTN until JL appears in the FUNCTION

window. Then press ENTER. JS-Jump Step, and JC-Jump Count are the

parameters {o be entered next.
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CHG DATA Flow Diagram Technical Reference
Press to light CHG DATA LED. )

Series 1500 Displays

Press to select the Step Type you want: STEP mCTION
SP, JL, WT or NX. cnan
Press enter to select individual prompts.
' .3 = Blank Display

@ Pressto select values, ;
E“:] = Step Number
Press to enter data into memory. NX = Next Step

in Sequence

a

E

mm
N o

o

E]Hx

0

HEHEEEEN

=
Y
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Figure 20 -

?ﬁ‘,ﬁ gf;;faﬂ,we 3. Forthe WT (Wait) submode, do this: With SP displayed, press FCTN until WT
appears. Press ENTER and W1 comes up requesting a wait condition for the Ch-
1 set point. Enter avalue and press ENTER. if no wait for Ch-1 set point is
needed, press FCTN. Now , W2 appears requesting a wait for Ch-2 set point.
After W2, WE, WH (Wait for Real Hours), then WiM (Wait for Real Minutes), then
WS (Wait for Real Seconds) will appear in sequence. Select actual time-of-day
values foreach and press ENTER.

/&

o

The Blank Step

- Anyunprogrammed step is first a Blank Step before information entered makesita
Set Point, Jump Loop, or Wait Step.

A Blank Step halts the processor. When it encounters a Blank Step atthe end of a
program, the processor will always hatt ynless you selected the RECYCLE optionin
the CHG PARA mode. Inthat case, the program returns to Step 01 and repeats. The
0001 entry option at the RC prompt in Guarded Access selects the recycle option.

In normal prograrmming, only the last step in the program remains a Blank step.
Therefore, you retain a Blank Step simply by not programming the step.

Halt Conditions

The Series 1500 can HALT inthree ways. It encourters a Blank Step ina program (a
Blank Step halts the Series 1500) you press the RUN/HALT key while a programis
running, or the remeote hold input is shorted.

While in the HALT condition, the Series 1500 actively maintains the Set Points and
Event Qutput conditions which existed at the time i halted.
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Set Point Step

Atthe end ofaprog ra:ﬁ, orin a halted condition, the Series 1500 will continue o
hold set points and Event Outputs at the same states they were in at the end of the
final step or when the programwas halted.

Example: if you press the RUN/HALT key at 1-1/2 minutes into a step, the control
wouid hold an oven at that step's set points and Event states.

If you do not want the "final” step conditions to be retained at the end of a program,
add a step to estabiish stand-by set points with all Event Outputs OFF.

SP (Set Point) Step Programming

Enter set point data for both channels in this submode. The SP prompt sequence,
appearing in the FUNCTION dispiay and listed below, will receive data in the DATA
display. Usethe UP or DOWN key, then press ENTER. The processor advances
automatically to the next prompt.

To advance to the next prompt without entering data, press the FCTN key. The CHG
DATA flow diagram will assist you in the programming process.

1. S1{Channel1 Set Point)} Select the Channel 1 set point and press ENTER.

2. $2(Channel 2 Set Point) Select the Channel 2 set point. Then press
ENTER.

3. E1 (Channel 1 Event Quiputs) Selecta 1, orafor gach of the four
available eavents {1 = ON, 0= OFF). The DATA display shows the 1 or § entry for
Events 4 * through 1, from leftto right. Press ENTER.

4. E2 {Channel 2 Event Qutputs) Again, selecta1,ora0for each of the four
available events (1 = ON, 0 = OFF). The DATA display shows the 1 or Q entry for
Events 4 * through 1, from left to right. Press ENTER.

Note: If you've set DIP Switch #1 ON, then there are only three events
available for each channel. Inthat case each Event 4is an alarm.

5. HR (Step Duration) Selecthours, press ENTER. The prompt MN will
appear. Select minutes, press ENTER. The prompt SC will appear. Select
seconds, press ENTER. The step duration in hours, minutes and seconds witl
appear inthe FUNCTION and DATA displays. The TIME LED will be ON. Press
FCTN to proceed to the next prompt, NX.

6. NX(Next Step) This prompt wiit automatically take you to the next stepin
sequence when you press ENTER. If, however, you wani to go to a different
step, simply enter that Step # with the UP and DOWN keys and press ENTER.

7. Returntothe SP,JL, WT, NXloop. The process begins overagain; you
must choose the Step type before programming the step.

Set Point Ramping Conditions

When remembering any Set Point step, the Series 1500 notes what the existing
starting conditions are and what the desired ending conditions are. Then i foliows a
linear path between the two.

Although the desired ending conditions are specifically programmed into each step,
the beginning conditions depend on the step the 1500 performed just previously.
Know where you are going and where you've been.
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Jump Loop Step
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Here's an example: -

» You start a Step #4 at 400° (Step #3's set point), and ramp uniformly down to 275°
(Step 4's set point).

« Ifyou "loop back" from Step #6, your starting point will be the Step #6 set point
and not the Step #3 set point. You will e ramping 1o 275° from a different starting
point. -

«  You might want to jump back to an earlier step to reach a full 400° through Step #3
before you start Step #4. Read on for more about Jump Steps...

JL (Jump Loop) Step Programming

Technical Reference

in this submode you'll program the step # to be jumped to (JS) and the number of
jumps to be performed (JC). The most common Jump Loops are backward jumps,
that is, jumping to steps already performed. You can also program a forward jump, but
from there you cannot loop back.

"Nested loops" or "overlapping loops” are not acceptable. The Series 1500 is not
designed for nested loops. An example of a nested loop is a sequence with Steps 1,
2,3, 4 and 7 programmed as regular Set Point steps; Step 5is ajumpto Step 1 and
Step 6is a jump to Step 2. The processor will never reach Step 7.

Again, use simple loops in yourprograms. You'll find hints to JL programming below.

= With JS {(Jump Step) select the step to jump to and press ENTER.
¢ With JC (Jump Count) select the number of times this loop is
1o be run, then press ENTER.
+  For NX (Next Step), press ENTER to go to the next step, or
select any step.

Any value from 1 1o 255 can be used in loops of this type.

if you program "0" into "JC," the JUMP will ALWAYS be performed. This action could
set up a never-ending loop if the jump is backwards. Or you can setup a one-time

“unconditional jump” if the jump is forward.

«  But why would you ever want to simply jump forward and skip over
some steps you ask?

Suppose your overall program has various functional sections, not all
of which you want to do every time. By ending each sectionwith a
Jump Step, you can easily alter the program to perform various
sections in different sequences.

»  During programming work, you may want to develop and test a
program in sections. You can develop the separate sections with
unprogrammed Biank Steps between them, then unite the separate
sections later with Jump Steps.

As you learned earlier, jumping or looping into Steps from "ditferent directions" can
sometimes cause unexpected results due to different starting conditions as you
enter a new step. Watch for such possibilities.
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-

WT (Wait) Step Programming

This submode allows the Series 1500 to wait for Channel 1 and/or Channel 2 actual
process inputs and/or the real time of day. You canwait for one or two of these
conditions, or all of them. If you don't need one wait condition, just press the FCTN
key, and the next Wait prompt will appear.

»  With W1 (Channel 1 Actual) select the Ch-1 Wait set point and press ENTER.

«  With W2 (Channel 2 Actual) select the Ch-2 Wait set point and press ENTER.

«  With WE (Wait for Event) Enter a "1" to wait for a closed switch conditionor a "0" to
wait for an open switch condition at the Event Input.

= With WH, WM, WS (Real Time of Day) select each component of the realtime of

day set point and press ENTER.

A Wait Step maintains the same Set Points and Event Qutput conditions that existed
at the end of the previous step.

If Step #1 is a Wait Step and the program is halted on Step #3 a set point step. If "RE-
START" is pressed and you run again, the 1500 will wait for the Step #1 conditions
maintaining the set points from Step #3. Since this is not always desirable, you could
place a short (1 secand) step immediately before the Wait Step to establish new set
point values.

Enter"0" by pressing the ENTER keywhen the Data Display is blank, ¢r when g "0" is
inthe display.

When waiting for Time, program all three units (HR-MN-SC). If you program only "53"
for Minutes, but enter nothing for Hours or Seconds, the programmed time will be 53
minutes after midnight, 00 53 00.

The Wait Step does not follow the linear ramping path to reach the new conditions, as
a Set Point Step does. A Wait Step uses the previous step's set point. To optimize
control {reduce the overshoot and undershoot), a Wait Step uses the "PID
Parameters” to satisfy the wait condition. In other words, select the step type which
best matches your needs.

NX {Next Step) Programming

- After the final prompt in each of the step types (SP, JL, or WT), pressing ENTER

egdvances the processor to NX, which seiects the next program step. At the same
lime the STEP display will advance by one.

' Pressing ENTER again will bring up SP, JL or WT if the next step has no programmed

information. Qr, if there is data in the subsequent step, the processor wifl move to the
tirst prompt in that submode. For example, if the step is an SP step, S1 will come up;

- 1aWT step, W1 appears in the FUNCTION display, and so on.

it you want a different step from NX, select the number of the step you want in the !

DATA display with the UP and DOWN keys, then press ENTER. Again, the processor |

. Will move to one of the three step types if the step is blank, or to the first prompt in the

R the step type loop: S1,JS or Wi.

- § Pressing FCTN at NX instead of ENTER will send the processor back to the initial
3 Prompt in the current step.
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CHG PARA Flow Diagram

Altering a Program

J NoTE: - ‘

= You cannot alter data or parameters while the program is running. The 1500
If you have the must be in the HALT condition.
optional battery

backed clock, the = If you want to move to a different Step # to see what is programmed there and
time may already then modify that step, enter the CHG DATA mode. Then press the FCTN key
be correct.

Figure 21 -
Change Parameter
{CHG PARA) Mode
Flow Diagram

until the "NX" appears in the Function Display. Place the Step # into the Data

Display and press ENTER.

« If you want to completely clear a Step of all programmed data to re-program it, go
to the CHG DATA mode and to the appropriate Step # as described above. Then
press the CLEAR key. All programmed data {for this step only) will clear, and you

can now re-program if.

Programming the Change Parameter Mode (CHG PARA)

Press the mode key to seiect the Change Parameter (CHG PARA) mode. The TIME
LED will be ON. The FUNCTION and DATA displays will show the real time of day.

Press FCTN to produce the time prompt, HR, in the FUNCTION display. You'li enter
the real time of day here, beginning with hours. J See Change Parameter Fig. 16,

Series 1500 CHG PARA
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The CHG PARA programming prompts are listed below in the order they appear.

+ HR, MN, SC (Real Time} Enter the real time of day (24 hour basis) by selecting
the hour with the UP/DOWN keys. Press ENTER to enter the hour into the
program. The prompt MN will appear when you press ENTER. Select correct

GA (Guarded Access) Programming

The Guarded Access parameters control the process limits. The three GA parame-
ter loops are restricted to operators by special codes. The Guarded Access codes
.. prevent inexperienced or unauthorized operators from changing the parameters.

; :i The GA prompts appear in the Guarded Access Charts {p. 48 or 50) and in the CHG
v -4 PARAflow diagram. You may alter any one of them by changing the DATA display

j with the UP and DOWN keys. Then press ENTER. Guarded Access parameters will
not self prompt. To proceed to the next prompt, press FCTN.

«  GA (Guarded Access) Select a GA code with the UP and DOWN keys. Then
press ENTER. The first prompt in the loop appears.

GA Code = D000. Prompts appear for Ch-1, then repeat for Ch-2. These
parameters are more-fully expiained in the "Alarm" reference section, p. 46.
Ranges for your particular unit are in the charts on pages 49 or 50.

UP (Upper Process Type Alarm) Select an alarm point of this type for Ch-1,
Press ENTER; press FCTN. if you do not want this alarm set to highest value.

LP (Lower Process Type Alarm} Select an alarm point of this type for Ch-1.
Press ENTER; press FCTN. If you do not warnit this alarm set to lowest value.

+ Ud (Upper Deviation Type Alarm) Select an alarm point of this type for Ch-1.
Press ENTER; press FCTN. If you do not want this alarm set to highest vaiue.

*  Ld (Lower Deviation Type Alarm) Select an alarm peint of this type for Ch-1.
Press ENTER; press FCTN. If you do not want this alarm set o lowest value.

«  Sequence repeats for Channel 2 and then leaves the guarded area, returning to
real time.

GA Codes = 0001 and 0002. Prompts appear for Ch-1 with Code 0001, and then
repeat for Ch-2 with Code 0002. Except for CA, these parameters penain
directly to tuning your control to the system. See the "Tuning” reference section
onp. 60. Ranges and default values are listed on pp. 49 or 50.

This section will
also vary accord-
Ing to the flow
chart dependin

* Pb (Proportional Band) Select a proportional band value with the UP/DOWN upon DIP Switc

ingl l
keys. Then press ENTER,; press FCTN. ﬁ?n(i Ingle or du ‘

\

* RS (Reset) Select a reset value with the UP/DOWN keys. Then press ENTER,;
press FCTN.
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RT (Rate) Select a rate value with the UP/DOWN keys. Then press ENTER;
press FCTN.

Rb (Rate Band) Rate band defines where the rate function will occur. The Rate
Band will occur at one to seven times the proportional band. With a "0" entry, rate
is always in effect. Select arate band value with the UP/DOWN keys. Thenpress
ENTER:; press FCTN.

CT (Cycle Time) Enter acycle time value with the UP/DOWN keys. Then press
ENTER; press FCTN.

db (Dead Band) The dead band defines an area on either side of set point where
no switching action will occur. Select a dead band value with the UP/DOWN keys.
Thenpress ENTER; press FCTN.

CA (Calibration Offset) Calibration offest enables you to offset the input value
from-10°to 10°C or °F. Enter a calibration offset value with the UP/DOWN keys.
Thenpress ENTER; press FCTN.

GA Code = 0006. These parameters are high and low display and scroll limits, and for

s0me units, twa channel control type and device address. Ranges and default
values are listed for your particular unit in the charts on pages 439 or 50.

U1 {Ch-1 Upper Set Point Limit) Place the Channel 1 upfger set point limit into the
DATA display with the UP and DOWN keys. Press ENTER; press FCTN.

L1 (Ch-1 Lower Set Point Limit) Place the Channel 1 lower set point limit into the
DATA display with the UP and DOWN keys. Press ENTER; press FCTN.

U2 (Ch-2 Upper Set Point LimIit) Place the Channel 2 uEp er set point limit into the
DATA display with the UP and DOWN keys. Press ENTER; press FCTN.

L2 (Ch-2 Low Set Point Limit) Place the Channel 2 lower set point limit in the
DATA display with the UP and DOWN keys. Press ENTER; press FCTN.

|_C {Front Panel Keyboard Lockout) Enter a "1" to lock the entire front panel, ora
"0" to unlock it.

RC (Recycle) Select “1" 1o activate the recycle option (begin again at Step #1
after completing a profile). Or, select "0" to deactivate the recycle option. Then
press ENTER; press FCTN.

TT (Temp-Temp, 2-Channel temperature control) This prompt will not appear on
thermocouple units, Select 0000 for Temp-RH control, or 0001 for Temp-Temp
control. Press ENTER; press FCTN.,

Ad (RS-422 Address for the 1500) This prompt appears only on units with data
communications. It applies only for a RS-422 interface. Each device onthe
network must have its own address. Choose an address for your Series 1500
withthe UP/DOWN keys. Press ENTER; press FCTN.

Sequence then leaves the guarded area, returning to reaitime.

Where To Go From Here

For more Series 1500 programming experience, you may want to turn to the sample
program in Chapter 2, if you haven' already done so. However, once you have the
control installed and programmed, you need to tune it to your thermal system for
optimum performance. Turn now to "Tuning," in this chapter, for a general
description.
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CAUTION:

Don't press the
CLEAR key while
you are inthe
Guarded Access
0006 area. lf you
press the CLEAR
key, you will clear all
programmed
information for all
steps. The GA
information will
remain, but all
programmed steps,
and any Information
you have entered
for them, will clear.

O 2

CAUTION:

The Ut,L1,U2,L2
parameters are
simple scrolling and
display limits, not
alarms.
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Technical Reference - Alarm Codes
Alarms ‘

The 1500 system provides four basic alarm conditions in each of the two control
channels. They are, with mnemonic abbreviations:

UpperProcess - UP Upper Deviation - Ud
LowerProcess - LP Lower Deviation - Ld

A"process” alarm, you will recall, is available at an absolute pracess level,

A "deviation” alarm, on the other hand, is linked to the process set point. I "deviates”
with a fixed value in either a positive or negative direction from the main set point. If
the process set point changes, the deviation alarm will shift with it while maintaining
the fixed deviation.

- Alarm Options

There are two specific options for the 1500 alarms. Both are set in hardware:

Event Output Option - DIP Switch #1 ON
Latching Alarm Option- DIP Switch #2 ON

{See Chapter 1 for information on how to set the DIP switches.)

Event - Alarm Output Option

. The Event Qutput option uses Event #4, the most significant (furthest left in the ,
. DATAdisplay) channel event output as an alarm indicator. With this option, any of the
' four alarm conditions {listed above) on a channel will activate the alarm event cutput.

. ' You may use the Event #4 output signal to control your alarm device or indicator.
" When any one of a channef's alarms is triggered, the Event #4 indicator onthe @
Series 1500 front panel for that channel will light.

WARNING:
If the Event Output Alarm Option is selected, the number of events perchannslina The Series 1500
program step is reduced fromfourto three. alarms are not

designed as systam

"safety limits."
@ These alarms do not

meet the minimum .
Latching Option separate power
supply require-
The latching option allows alarms to be "latched," so that momentary alarms are saved ments for the safety
forthe operator. An alarm code wilt flash urtil the operator clears it with the CLEAR limit function. Using
key. them as such could
rasultin damage to
Inthe untatched option state (DIP Switch #2 = OFF), if an alarm condition is no longer your equipment and
present, it is not displayed for the operator. If you pressthe CLEAR key and the alarm Injury to personnfl.
indication remains, that means that the alarm condition is still present in the system. Watlow .
recommends on
Series 140 per
AlarrnEntrym channelin dual
Enter alarm points in the CHG PARA Mode, and in the Guarded Access (GA) output temperature
submode. The alarm ranges and defaults appear in the Guarded Access Chart for applications. The
your particular unit in this section of the manual. Series 140 is an FM-
approved and UL-
recognized latching
limit control.

Alarms, Chapter 4 WATLOW Series 1500 User's Manual 49




Alarms B Technical Reference

Alarm Display Codes ‘

hin the FUNCTION display, indicating the type of alarm. These alarm messages are
listed below. The first two are operational alarms that have no effect on alarm/event

outputs.

AQ - Low RAM backup battery A5 - Ch-1 Lower deviation exceeded
J) NOTE: _ .P A1 - Powerinterrupt A6 - Ch-2UpperProcess exceeded

A2 - Ch-1UpperProcess exceeded A7 - Ch-2Lower Process exceeded
An A1 power A3 - Ch-1Lower Process exceeded A8 - Ch-2Upper deviation exceeded
interrupt alarm A4 - Ch-1Upperdeviation exceeded AS - Ch-2Lowerdeviation exceeded

will always flash

untilan operator If more than one alarm condition is present, the lowest numbered alarm code will take
pressesthe CLEAR  pracedence. Thatis, if alarms A1 and A6 are present, only A1 will flash. 1f you clear

key (or sends A1, then A6 will flash.
ALMO00), regardless '

if alarms are latched
or unlatehed. Alarm Results

What happens when an alarm occurs depends on how you have the auxiliary output
(Event #4) wired. The alarms by themselves don't stop the Series 1500 program or
shut down the outputs.

The only alarm that has an effect on the Series 1500 programis "A1" - power
interrupt. If your unit has a battery-backed real time clock, and a short power
interruption occurs, the 1500 will pick up the program whare it left off. The program
however, will be running behind the real time clock {correct time) by the duration of
the power outage. A"Waitfor” time step in the programwould correct thattime lagin
the next 24 hour period.

If your 1500 does not have a battery-backed clock and a short power outage occurs,
the 1500 still picks up on the step it left off, but both the real time clock and the
program will be running behind by the duration of the power outage. AWaitlortime
step will not re-synchronize the program and correct real time in this case.

Clearing Alarms

To clear the power interrupt alarm (A1, and alarms with the "latch” option, press the
CLEAR key inthe MNTR DATA mode.

If an alarm condition is no longer present, the alarmwill remain cleared. Ifthe
condition is still present, the alarm message wili re-appear. Inthat case, you must
correct the condition that caused the alarm before it will clear.

Upper and Lower Set Point Limits are Display and Scroll
Limits, Not Alarms

The upper and lower set point limits, U1/L1 and U2/L2, are not alarms. They are
contigured to limit the range of display and the scrolling capability of the Series 1500.
itis possible to have alarm points beyond the upper and lower limits of the control's
set points.
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Event Outputs

One of the most versatite features of the Series 1500 is its capability for event
outputs. An"event output” is simply a pre-programmed ON/OFF event. There are
eight total, four for each channel during each individual step. The event may tum any
number of peripheral devices ON or OFF to assist you in controlling your process,

. systemorenvironment.

Forinstance, in a closed environmental chamber, you might wish to circulate airata
given time in your program for one-or more steps. You might want to turn lights ON or -—
QFF, or signals, or lock out your humidifier, or you could activate a video recorder.

If the events are programmed for one step and left unprogrammed for the next step,
the events will repeat the last programmed sequence. The Qutput Event LEDs, to
the right of the ACTUAL display, are visible only when the outputs are active during a
program run.

These event outputs have sclid-state switching rated at 0.5 amps upto 115VAC or
240VAC.

Programthe Events inthe CHG DATA Mode, enteringthem in a 1=0N, 0=0FF

y manner for each step. The four place DATA display shows the ON/OFF status

- . {reading from left to right) beginning with Event Cutput # 4 on the left and so on.

- Thus, withthe E1 or E2 prompts, the DATA display will read "10831" or "0011," or
any other combination of 1's and/or 0's. You program Event Qutputs in the Change
Data Mode.

4

|

When DIP Switch #1 is ON, Event #4 is an alarm output and is not available to program
asanevent,

When these Event Qutputs are actually ON during a running program, you can see
them displayed in the EVENT box inthe upper righthand corner of the front panel.

Event Input

The event input allows the Series 1500 to be programmed to wait at that point in the
profile until the external condition occurs. it can be programmed to wait for a switch
closure or opening.

Remote Hold Input

Closing the remote hold input switch will cause the Series 1500 to pause until the
switch opens. This is indicated by a flashing "RUN/HALT" LED. While inthis
condition, the Series 1500 will actively maintain the set point and event output
conditions which exist.
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Analog Retransmit Outputs

Each sensor input signal leve! is made available at an "Analog Retransmit" output for
chart recording or other uses. See Terminals 1,2, 3, 4 and 11, page 35. The scaling
of these outputs varies with sensor type and function. The following is a summary of

the scaling:
RTD Units -
°F Qutput
-0.500vDC =  -100.0°F
0.000VDC = 0.0°F
+5.000vDC =  1000.0°F
0.000vDC = 0°C
1.250VDC = 250°C
2.500VDC = 500°C
If using %RH
Qutput
0,000vDC =  0.0%RH
0.500VDC = 100.0%RH  (itusing 0 - 0.500V option)
5.000VDC = 100.0%RH (ifusing 0 - 5.000V option)
T/C Units
°F Qutput
-0.500VDC = -100°F
0.000vDC = 0°F
5.000VDC = 3200°F
2C Quiput
0.100VvDC = -64°C
0.000vDC = Q°C
2.750VDC = 1760°C

Thermocouple types which use only parts of the -100 to +3200 degrae range will
have a corresponding part of the retransmit voltage range.
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Make a copy of this chan to document the Series 1500 Guar

RTD Guarded Access Chart

ded Access for each pragram you use.

Program # Systam Programmer Date
gAd Ch | Pmpt Parameter Default Range Your
Lelef: |
Low High Units Setting
0000 | C1 UP | Ch- 1 Upper Process Alarm 999 -89 999 °F
538 -99 538 °C
C1 LP Ch - 1 Lower Process Alarm -89 -99 999 °F
-90 -89 538 °C
C1 Ud Ch - 1 Upper Deviation Alarm 999 0 9589 °F
538 0 538 ac
C1 Ld Ch - 1 Lower Deviation Alarm -999 -999 -~ o0 - °F
-538 -538 0 °C
) : cz2 UP | Ch - 2 Upper Process Alarm 101 -001 101 %RH
B 999 -99 999 °F
- 538 -99 538 °C
: c2 LP Ch - 2 Lower Process Alarm -001 -001 101 %RH
= ; -89 -89 9499 °F
' ) -99 -99 538 °C
Cc2 Ud | Ch -2 Upper Daviation Alarm 101 000 101 %RH
9489 0 999 oF
i 538 8 538 *C
. c2 Ld Ch - 2 Lower Daviation Alarm -101 000 -101 %RH
o -999 | -999 0 °oF
= -538 -5638 ] °c
R TR 6001{ 1H Pb Ch -~ 1 Prop. Band 0004 0 500 °C or °F
s ; RS Ch - 1 Reset 0001 00.00 20.00 repeats/min,
’ RT Ch - 1 Rate 0001 00.00 05.00 min,
B Rb Ch - 1 Rate Band 0000 0 3 times Pb
i CT Ch - 1 Cycle Time 0005 1 60 s8C.
: db Ch -1 Dead Band 0000 -20.0 20.0 °Cor°F
CA Ch - 1 Calibration Adjust Q000 -10.0 10.0 °Cor°F
Pb Ch - 1 Prop. Band 0004 0 500 °C or °F
RS Ch - 1 Reset 0001 00.00 20.00 repeats/min.
RT Ch - 1 Rate 0001 00.00 05.00 min.
Bb Ch - 1 Rate Band [s]a]0]¢] 0 3 times Pb
CT Ch - 1 Cycle Time Qo0s 1 60 sac.
Pb Ch - 2 Prop. Band 0004 0 500 °C or °F
0004 0 60 %BH
RS Ch - 2 Reset 0001 00.00 20.00 repeats/min.
RT Ch - 2 Rate 0001 00,00 5.00 min.
Rb Ch- 2 Rate Band 0000 0 3 times Pb
CT | €h-2 Cycle Time 0005 1 60 sac.
db Ch - 2 Dead Band 0000 -20.0 20.0 %RH,°C ar °F
CA | Ch - 2 Calibration Adjust 0000 -10.0 10.0 °C or °F
Pb Ch - 2 Prop. Band 0004 Q 500 °C or°F
0004 aQ 60 %RH
RS | Ch -2 Reset 0001 00.00 20.00 repeats/min.
RT Ch - 2 Rate 0001 00.00 5.00 min.
Rb Ch - 2 Rate Band 0000 0 3 times Pb
CT Ch - 2 Cycle Time 0005 1 60 sec,
[*]] Ch-1 Upper Set Point Limit 989.91 -99.9 999.9 °F
5380 -99.9 538.0 °G
L1 | Ch-1 Lower Set Point Limit -99.8] -98.% 999.9 °F A
-99.9] -99.9 538.0 °G ‘ I \
uz Ch-2 Upper Set Paint Limit 999.9 -89.9 99%8.9 °F
- 538.0 -99.9 538.0 °C
100.0 0.0 100.0 %RH
L2 _| Ch-2 Lower Set Point Limit -99.9| -99.9 $99.9 °F f 3\
: -99.91 -99.9 538.0 °C
"] 0.0 100.0 %RH
RC | Recycle: ON=1, OFF =0 i 0 1 —
- TT T-RH=0000, T-T=0001 Q000 [1] 1 —
Ad Address number RS-422 0 0 9 Device #
LC Keyboard Lock 0 0 1 —

Chart 2 - Guarded Access Chart, Chapter 4
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T/C Guarded Access Chart Technical Reference

Use this chart to determine parameter ranges, limits and defauit settings. Then enter your setting for each
parameter. Make a photocopy of the chart and enter values for each program you use.

Program # System Programmer Date
g;‘ o Ch| Pmpt Parameter. Default Range Your
Setting
Low High Units _
0000) ¢4 UP | Ch -1 Upper Process Alarm 3200 -99 3200 o
1760 -89 1760 °C
C1 LP Ch - 1 Lower Process Alarm -99 -99 3200 °F
-9¢9 -89 1760 °GC
C1 ud Ch - 1 Upper Deviation Alarm 3200 0 3200 °F
1760 0 1760 °C
C1 Ld Ch - 1 Lower Deviation Alarm -999 -899 0 °F
-999 -999 0 °C
c2 UP 1 Ch -2 Upper Process Alarm 3200 -99 3200 °F
1760 -99 1760 °C
c2 LP Ch - 2 Lower Process Alarm -99 -39 3200 °F
-89 -89 1760 °C
c2 Ud Ch - 2 Upper Deviation Alarm 3200 0 3200 °F
1760 0 1760 °C
cz Ld Ch - 2 Lower Deviation Alarm -999 -999 0 °F
. : -999 -599 0 °C
ogo1|_1H Pb Ch -1 Prop. Band 0004 0 500 °Cork
1H RS Ch - 1 Reset 0001 0 20.00 repeats/min.
1H RT Ch - 1 Rate 0001 0 5.00 min.
1H Rb Ch - 1 Rate Band 0000 0 . 3 times Pb
1H CT Ch - 1 Cycle Time 0005 1 B0 sac.
1 db Ch - 1 Dead Band 0000 -20 20 *CorF
1 CA Ch - 1 Calibration Adjust 0000 -10 10 °CorF
1C Pb Ch -1 Prop. Band Q004 Q 500 *CorF
G RS Ch - 1 Reset 0001 0 20.00 repeats/min.
S "3C| RT | Ch-1 Rate 0001 0 5.00 min.
1C Bb Ch - 1 Hate Band 0000 0 3 times Pb
1C CT Ch - 1 Cycle Time 0005 1 80 S6C.
oooz | 2H Pb Ch - 2 Prop. Band 0004 0 500 °CorF
2H RS | Ch- 2 Reset 0001 0 20.00 repeats/min.
__2H BT__| Ch-2 Rate 0001 0 5.00 min.
2H Rb Ch - 2 Rate Band 0000 Q 3 times Pb
2H CT |. Ch-2 Cycle Time 0005 1 80 s6c.
2 db Ch - 2 Dead Band Q000 -20 20 °CorF
2 CA Ch - 2 Calibration Adjust 0000 -10 10 *CorF
2C Pb Ch - 2 Prop. Band 0004 0 500 °CorF
2C RS Ch - 2 Reset 0001 0 20.00 repeats/min.
Bei] 2C1 RT | Ch-2Rate 0001 0 5.00 min.
: 2C Rb Ch - 2 Rate Band 0000 0 3 times Pb
- 2C CT | Ch-2 Cycle Time 0005 1 60 sec,
ooog| @1 U Ch-1 Upper Set Point Limit 3200 -89 3200 °F
1760 -99 1760 °C
C1 Lt Ch-1 Lower Set Point Limit -89 -99 3200 °F
-89 -99 1760 °C
c2 U2 | Ch-2 Upper Set Point Limit 3200 -99 3200 °F
1760 | -99 1760 °C ,
c2 L2 | Ch-2 Lower Set Point Limit -99 -99 3200 °F !
-99 -99 1760 °C
RC | Recycle: ON=1 OFF =0 0 0 1 e
Ad Address number RS-422 0 0 ) Davice
LC | Keyboard Lock 0 s} 1 —
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RTD General Parameter Chart

Use this chart to determine parameter ranges, limits and default settings. Then enter your settlng for each
i parameter. Make a photocopy of the chart and enter values for each program you use.

Program # System Programmer Date

Series 1500 DIP Switch Settings

Sw-Position Function Setting
#1 - ON Event Output #4 for both Ch-1 and Ch-2 are alarm outputs.
_ #1 - OFF | Event Output #4 for both Ch-1 and Ch-2 are event outputs.
#2 - ON Alarms are [atching (displayed until cleared manually).

k.g #2 - OFF | Alarms are non-latching {displayed only as long as alarm condition exists).
L #3-ON | The Ch-2 sensor is an RTD sensor. On the (A007-1316) board,
By Jumper J149 must be on W151, Jumper J152 must be on W153.

#3 -OFF | The Ch-2 input is a 0-5V signal for 0-100% RH. On the (A007-1316) board,
Jumper J149 must be on W150, Jumper J152 must be on W154,

#4 - ON Dual PID

#4 - OFF | Single PID

#5 - ON Factory use only. Must be in the ON position. ON
#6 - ON Cold Start on power-up. (Memory cleared, parameters set to default values)

#06 - OFF | Warm Start on power-up. (Programmed values are retained for ail parameters).
#7 - ON *C function after a Cold Start. '

#7 - OFF | °F function after a Cold Start.

#8 - OFF | Not Used. Set in the OFF position : OFF

RTD Series 1500 Parameter Ranges

Prompt Parameter Range
Low High Units
Number of Steps 1 51 Steps
Step Type {Data Comm.) 0 3 Type
S1 . Ch-1 Set Point 1 UA °F/PC
§2 Ch-2 Set Point L2 1974 %BH/PE/PC
E1 ON (DIP 1=0N) Dec. Equiy. 0 15 hinary total ON
E2 QN (DIP 1=0N) Dec. Equiv. 0 15 binary tota] ON
E1 ON (DIP 1=0FF) Dec. Equiv. .0 7 binary total ON
E2 ON (DIP 1=0FF) Dec. Equiv. 0 7 binary total ON
HR Step Duration-Hours 0 24 hours A
MN Step Duration-Minutes 0 59 minutes i
SC Step Duration-Seconds 0 59 seconds p
JC Jump Step 1 51 Step# [
JC Jump Counts 0 255 counts ] |
1 Wait for Ch-1 Actual L1 U1 °F/°C r A
W2 Wait for Ch-2 Actual i2 U2 Y RH/°F/°C
WE Wait for Event 0 1 —
WH Wait for Real Hour 0 23 hours
WM Wait for Real Minute 0 59 minutas
WS Wait for Real Second 0 59 seconds
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T/C General Parameter Chart

Use this chart to determine parameter ranges, limits and default settings. Then enter your setting for each
parameter. Make a photocopy of the chart and enter values for each program you use.

Program # System Programmer Date

Series 1500 DIP Switch Settings

Sw-Position| Function Setting

#1-0ON Event Output #4 for both Ch-1 and Ch-2 are alarm outputs.
#1-OFF Event Qutput #4 for both Ch-1 and Ch-2 are event outputs.

#2-ON Alarms are latching (displayed until cleared manually).
#2-0FF Alarms are non-latching (displayed only as long as alarm condition exists).
#3-ON Factory use only. Must be inthe ON position. ON

#4 - ON Dual PID

#4 - OFF Single PID
#5-0ON Factory use only. Must be inthe ON position. : ON
#6-ON Cold Start on pewer-up. (Memory cleared, parameters set to default values)

#6 - OFF Warm Start on power-up. (Programmed values are retained for all parameters).
#7-0ON °C funiction after a Cold Start.

#7-OFF °F function after a Cold Stant.

#8 - OFF Not Used. Set in the OFF position OFF
T/C Series 1500 Parameter Ranges
Prompt Parameter Range
Low High Units
Number of Steps 1 51 Steps
Step Type (Data Comm.} 0 3 Type
S1 Ch-1-Set Point i1 U1 °Ff°C
§2 Ch-2 Set Point L2 Uz °EfeC
E1 ON (DIP 1=0N} Dec. Equiv. 0 15 binary total ON
E2 ON (DIP 1=0N) Dec. Equiv ) 15 binary total ON
E1 ON (DIP 1=0FF) Dec. Equiv. 0 7 binary totai ON
E2 ON (DIP 1=0FF) Dec. Equiv. 0 7 hinary total ON
HR Step Duration-Hours 0 24 hours
MN Step Duration-Minutes 0 59 minutes
SC Step Duration-Seconds 0 59 seconds
JC Jump Step 1 51 Step#
JS Jump Counts 0 255 coynts
W1 Wait for Ch-1 Actual L1 k| °F/oC
W2 Wait for Ch-2 Actual L2 Uz °F/eC {
WE Wait for Events 0 1 —
WH Wait for Real Hour 0 23 hours
WM Wait for Real Minute 0 59 minutes
B Wait for Real Second 0 59 seconds
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Programming Chart

Make photocopies of this page and the previous page, then record your parameters and entire progsam step

py-step.
pProg. No. System Programmer Date Page of
vent Outputs
Step # \JTStep Stop Type Sot Valus g2 E tp E1 Programmed Time
ype _ 432114321 HR MN sC
Set Foint 33 s2 HR MN sC
SP
Jump Loop JS JC : %
] JL : ; 3%
. Wait For Wi w2 WE WH WM ws
WT
Set Point 31 82 HR MN SC
SP
Jump Loop 4S8 JC
JL =
Wait For Wi W2 WE WH WM ws
WT
Set Point 81 s2
5P
Jump Loop JS JC
_ JL
: ) Wait For Wi w2
R WT
Set Puint 51 82
sP
Jump Loop Js JC Brar
JL ; :
sz?rit Far Wi w2 WE WH WM WS
Set Point 81 S2 HR MN 8C
3P
Jump Loop 4S8 JC
JL
w_ai_it For Wi we wWE WH WM WS
: Set Paint S1 s2 HR MN SC
. SP
Jump Loop Js Je s
P - JL
il : Wait For W1 Wz WE WH WM WS
. .. .. WT
Set Point S1 82 HR MN SC
SP
Jump Loap Js JC : ' SARIRR
JL S
Wait For Wi W2 WE WH Wi WS
WT
Set Point 51 52 HR MN sC
SP
Jump Loop Js JC
dJL
Wait For W1 wo WE WH WM WS
wWT
Set Point 51 52 HR MN sC
SP
Jump Loop Js Je
S
va'?'jt For w1 wa WE WH WM ws
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Technical Reference

Make photocopies of this page and the previous page, then record your parameters and entire program step

by-step.
Prog. No. System Programmer Date Page of
Event Cutputs Programmed T
Step # *JTStep Step Type Set Value E2 p E1 g me

ype 43214321 HR MN SC
Set Point st s2 HR MN " 8C
SP
Jump Loop J3 JC i
JL : % : 2 s
Wait For Wi we WE WH WM Wws
WT
Set Point 81 52 HR MN sC
SpP
Jump Loop JS JC : 2 S
JL ST i ] 3 A
Wait For w1 w2 WE Eov WH WM WS
WT S
Set Paint S1 S2 HR MN sC
SP
Jump Loop J4s NI ¢ e
JL SR xé‘l;‘ S 2 W%" SE
Wait For w1 w2 WE Bl WH WM WS
WT ) e
Set Paint S 82 HR MN SC
SP
Jump Loop JS ~Je
JL
Wait For w1 w2 WE WH WM ws
WT
Set Point s1 s2 HR MN 8C
SP
Jump Loop Js Jc
JL
Wait For W1 wz WE WH WM Ws
WT :
Set Point 81 82 HR MN SC
SP
Jump Loop Js JC
JL
Wait For w1 w2 WE WH wM WS
WT
Set Point 31 82 HR MN sC
sP
Jump Loop JS JC
JL
Wait For w1 w2 WE WH WM ws
WT
Set Point S s2 HR MN sC
SP
Jump Loop Js JC
JL
Wait For W1 wa WE WH WM WS
WT
Set Point S S2 HR MN sc/
SP
Jump Loop Js JC
JL )
Wait For W1 w2 WE WH WM WS
WT
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¥

Jake photocopies of this page and the previous page, then record your parameters and entire program step

y-step-
rog. No. System Programmer Date Page of
— E Qut, P dTi
+ Step g2 Event Qutputs g1 rogrammed Time
Step # Step T
P Type plype Set Value 4321] 4321 HR MN SC
- Set Point - St S2 HR MN )
SP
Jump Locp Js JC
- Jl. 3
) Wait For w1 w2 WE WH WM
WT
- Set Point S1 82 HA NN sC
SP
i 3 Jump Loop JS JC L
Wait For wi w2 WE WH WM WS
WT ; :
- Set Point s1 s2 HR MN 5C
i SP
! Jump Loop Js Jc : e
. = JL : o
R Wait For W1 w2 WE WH WM WS
WT
! Set Point St 82 ‘ HR MN SC
f sP
| Jump Loop Js Jc .j
JL 2
Wait For W1 w2 WE ; WH WM ws
. WT .
' Set Point 81 52 HR MN SC
SP
Jump Loop JS JC
) JL
Wait For Wi W2 WE WH WM ws
WT
Set Point 81 82 HR MN sC
SP
Jump Loop . JS JC
JL
Wait For W1 w2 WE WH wmM ws
WT
Set Point 51 g2 HR ° MN sC
sP :
Jump Loop Js JC L
JL 2
Wait For W1 w2 WE WH WM . WS
WT
Set Point S1 S22 HR MN sSC
SP . :
Jump Loop Js Je %
JL L
Wait For Wi w2 WE WH WM WS
WwT ;
Set Paint S1 S2 HR MN A
SP
Jump Loop Js JC -
JL
Wait For W1 W2 WE WH WM ws
WT
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Run and Halt

&

CAUTION:

Be sure the Series
1500 isina Warm
Start condition (DIP
Switch #6 OFF) in
order to save your
tuning entries. Also
record your
experimental, and
then tinal settings
onhacopy ofthe
Guarded Access
Chart available In
this section of the
manual.
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Tuning

For optimum control performance, it is necessary to tune the Series 1500 to your
thermal system. At this point you should afready have a program profile entered into
the 1500. This profile needs to be as nearly typical of your system requirements as
you are able to predict.

There are a number of quaitty references on the art of tuning electroniccontrollers to
the systems they control. If you are not an instrument technician qualified to tune
thermal systems, we suggest that you obtain and become familiar with this reference
before attempting to tune your system.

Remember, the time you spend tuning your system is relative to the quality of control
you need.

General Initial Settings
, |
Proportional Band: set to the midpeint or less.
Reset: set to the minimum.
Cycle Time: setto near minimum.
. Rate: setto the minimum.
Rate Band: setat 2.
Note: _
Rate Band defines where the rate (derivative) function begins. A rate band
equailto 1 starts the rate function at 1 x the proportional band.
« DeadBand: set to moderate width. , '

®

How to Make the 1500 a Simple ON/OFF Control

If you want your 1500 to function as a simple ON/OFF control in either channel, just
setthe Proportional Band (Pb) forthat channel to zero.
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Technical Referencg : Simple ON/OFF

How to Run and Halt A Program

Here is howto run and halt Series 1500 programs.

How to Run a Program

E |

When you have all'program steps defined and entered, press RESTART to return the
processor to Step 01. Then press RUN/HALT to begin the program.

How to Halt a Program

To stop the program, press RUN/HALT. The PROG HALT LED will light. The
~ program will stop in the current step.

e, C T iThe processor will hold all values for the outputs as they were at the moment the
o : program stopped. That means the controller is controlling to a fixed value, the set

. point at the instant of termination.

-How to Restart a Program

Press the RUN/HALT key to restart the program. The PROGRAM HALT LED will go
‘out. If you entered no new data or did not change steps during the hait, the program
l will resume where it left off, completing the time remaining in the current step.
=4
.- tIf, however, you changed the step data or the step number during the hak, the
1 Processor will start at the beginning of the step in progress when you halted the

Closing the remote hold input switch will cause the Series 1500 to pause until the
switch opens. This is indicated by a flashing "RUN/HALT" LED. While in this
condition, the Series 1500 will actively maintain the set point and event output
conditions which exist.
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Data Communications

Data Communications,
Commands and Syntax

Inthis section you lleam the Series 1500 déta communications. See Figure 14 in Chapter 1 for RS-422
and RS-423 pin designations, and also for locating and making the requared RS-422/423
- jumper selection.

The Series 1500 data communications package provides you with a foundation for a sophisticated
communications system based on your system needs and your software development. Your Watlow Sales
Engineer has available a Series 1500 data communications sample computer proegram with sample profiles.

Communication Parameters

b~ "]
The Series 1500 with data communications operates with these parameters.

Baud Rate: 1200 Baud
Character Format: 7 Data Bits
top Bits: 1 Stop Bit
Parity: Odd Parity

Protocol

Watlow uses two protocol formats. You need the correct protocol "envelope” to send command
messages to your Series 1500. Please refer to "Data Communication With Watlow Controls,” a
communications primer shipped with your communications-equipped Series 1500. It provides the
background on comect protocol that you'li need to ensure data integrity.

Watlow uses XON/XOFF flow control with RS-423 communications, and for RS-422, a full protocol based
on ANSI X3.28 subparagraph 2.2-A.3.

Command Rules

The following listing shows the command and the typical Series 1500's response string. The labels benath
each parameter in 2 command or response string are here for your information only; they will not appearon
your computer screen.

«  Acommand word with a question mark is a direct request for a response, a query.

The__'sinthe pages that follow are the number of character positions in a parameter available for entry or
response.

+  Eachparameter in a string must have at least one digit or an asterisk entered.

To avold making any entry for a given parameter, enter an asterisk in the string.

Each paramseter in a string must be separated by at least one space.
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Technical Reference. Data Comm Rules

« Decimal points shown in the typical string must be understood; they are not transmitted or received.

» The Series 1500 responds to and sends the minus sign, indicating a negative value.

« Whenever you send an STP command (to enter step parameiers) the Series 1500 is automatically halted.
» The correct protocol must be applied to each command string for the communications to function.

« Parameterlimits are listed inthe Gdarded Access and General Parameter Charts located in this section.

= Anoperator at the Series 1500 front panel and an operator at a computer remotely-linked to the same Series
1500 both have equal access to the controller. Priority is on a first in, first cut basis.

» Communications are not affected in any way by the keyboard lockout status.
« RS-422,STX-ETX.

+ InRS-423 a'CR' (carriage return) is the required line terminator.

» Withthe RS-422 interface, the Series 15800 will send an "ACK" or "NAK" after each command. Fora"NAK,"
you may use "ERR? " to determine the cause of the error.

~ »  Withthe RS-423 interface there is no automatic indication of a successful command. You may query "ERR? "

— 1 after each command to determine if the Series 1500 accepted it.

. Command Words - WARNING:

" " " Take all necessary
. The Series 1500 recognizes, and will respond to, the following list of syntactical precautionsto
- command words and will respond to, through a serial communication interface. You ensure that BOTH
—1 may use these words in a computer program written for the Series 1500. the Series 1500
i
i+ Thisis alist of the command words and definitions: :2?2;?; cr:]grlnasl.?tear
' - ACT?  Requests actual process inputs. interface are
e MTR? Requests information on the current step. prevented from

. '" STP?  Requests programmed information for a step. initiating output

STP Enter step information. action from the
PTR? Requestrealtime of day, and high and low set point limits. Serles 1500 when
FTR Enter real time of day, and high and low set point limits. maintenance
GA1?  Requestthe Guarded Access information for Ch-1. personnel are
GA1 Enter the Guarded Access parameters for Ch-1. working oh the
GA2? Requestthe Guarded Access information for Ch-2. system. Fallureto
GA2 Enterthe Guarded Access parameters for Ch-2. _ do so could result
STS?  Request the program RuryHalt and End status information.

indamagefo
STS  Enterthe program Rur/Halt and End status. equipment and/or
ALM?  Requestany current alarm code information. Injury to personnel.

ALM0Q Clear all alarm codes.

NXS-- Putthe Series 1500 into Step #--.

ERR? Requestthe last communication error, and then clear the error code to 0.
PDA? Requestthe process and/or deviation alarm set points.
PDA Enter the process and/or deviation alarm set points.
TiM?  Requests real time of day.

©TIM Enter real time of day.

LIM?  Requests high and low set point limits

LiM Enter high and low set point limits

LOC? Requests keyboard lockout status

LOC  Enter keyboard lockout status

RCY? Requestthe Recycle option

RCY  Enterthe Recycle option
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Technical Reference

Command Words and Syntax

Here is a list of the command words with the syntax. Limits for all parameters are in the Guarded

Access and Genera! Parameters Charts located in this section of the Series 1500 manual. ;' NOTE: Decimal
points in general are not available forthe Series 1500 T/C version. See the T/C charts onpp. 50 and 52.

ACT? Requests the current ACTUAL process inputs. o
Ch-1 Actual Ch-2 Actual

Sample Response:

20500820
MTR? Monitors information on the current step.
L . _________________________________ - |

Step# Step Ch-1Set Ch-2 Set Ch-1 Ch-2 Hr, Mn, Sec.

Type Point Point Events Events Time Remaining In Stap

Sample Response:
0501234008401508 113200

Note: Event (Auxiliary) Qutputs ON or OFF for Ch-1 and Ch-2

« Monitoring and entry requires the decimal equivalent of the binary number totaling the states of the
events for each channel.

« Eachofthe event outputs has a "1" state for ON or a 0" state for OFF.

+ I DIP SW-1is ON, there are 4 events per channel, 8 total.
If DIP SW-1 is OFF, Event #4 for each channel is an alarm, and thus there are only 3 events per
channel, 6total.

«  Event#4 {or 3) holds the most significant digit position in the binary number denoting the states of
the events.

+ Tofind the decimal equivalent, add the integers representing the ON state for each event:
{Event 4=8, Event 3=4, Event 2=2, Event 1=1)

0000=0 0001=1 0010=2 0011=3
0100=4 0101=5 0110=6 0111=7
1000=8 1001=9 1010=10 - 1011=11
1100=12 1101=13 1110=14 1111=15
000=0 001=1 010=2 011=3
100=4 101=5 110=6 111=7

» Theindividual events are programmedto a™1" or "0" staie when a step is entered; they remain in
the same state uniil a different step changes them.
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STP? — Recjuests the programmed information for Step# — —. o

The first response parameter is the Step Type:
0000 = Blank Step

0001 = SetPoint Step

0002 = Jump Loop Step

0003 = Wait For Step
Sample Transmission:

§TP?22

Blank Step-STP?

* = Unprogrammed parameter

OOOO e dede e e ode W Aok ke Jededrdr o e de ok % ¥ v i
] Step# Ch-1 Set Ch-2 Set Ch-1 Ch-2 Hr. Mn. Sec.
—— Type Point Paoint Events Events Buration Of The Step
Sample Response:

0000 dedrked dkdkd hhdd Niddk khdd Adbd khdd

Set Point Step - STP?

. 0001 ————  ———— ——— —_——— —
) ’ Step Ch-1 Sat Ch-2 Set Ch-1 Ch-2 Hr. Mn. Sec.
= Type Paint Point Events Events Duration Of The Step

Sample Response:
0001 1234 0840 0005 0011 0002 G030 0000

Jump Loop Step - STP?

* = Unprogrammed parameter

0002 e —— e e W dededede T ek ek ke

Step Jump Jump

Type Step Count

Sample Response: . *

0002 0004 001 0 Sk A ARE WhAN RRER AhhE
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STP Syntax - Technical Reference

Wait Step - STP? > @
* = Unprogrammed parameter
0003 ————m . — ——— e . MY ——— ———
Step Wait For Wait For Wait For WaitFor Wait For Wait For
Type Ch-1 Ch-2 Event Hours Minutes Seconds
— Real Time
Sample Response:

0003 1234 0840 0001 **** 0015 0010 0030

STP Program a step.

The first parameter entered after the step number is the Step Type.
00 = BiankStep

01 =  SetPoint Step
02 = Jump Loop Step
03 = WaitForStep

Note: Wheneveryou send an STP command (to enter Step parameters) the Series 1500 halts
automatically.

Blank Step - STP

* = Unprogrammed parameter

——— 0 0 -« * * * »* ” *
Step Step Ch-1 Set Ch-2 Set Ch1 Ch-2 He. Mn. Sec.
#* Type Point Point Events Events Buration Of The Stap

Sample Transmission:

STP2200**"****

or

STP2200

Set Point Step - STP

— 01 —_——— - ——— — —_— —_— —_—— —_—— ——
Step Step  Ch-1Set Ch-2 Set Ch1 Ch-2 Hr, Mn. Sec.

# Type Point Pgint Events Events Duration Of The Step

Sample Transmission: ,
STP 1201 1234 0820 00 03 01 25 00 \

Note: Enter Event (Auxiliary) Outputs ON/OFF for Ch-1 and Ch-2 per NOTE with "MNTR?" on p. 60.
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Technical Referencs - | PTR? PTR Syntax

Jump Loop Step - STP )

_— 02 ——  e——

Step Step  Jump Jump
No. Type  Step Counts

Sample Transmission: -
STP 1202100004

Wait Step - STP

* = Unprogrammed parameter

— 08  ———.— ——— —— T —
Step Step Ch-1 Set Ch-2 Set Wait For Hr. Mn, Sec.
e : # Type Paint Point Event Wait For Real Time of Day
L]
Sample Transmission:

STP 140321000900 1* 083000

Requests real time of day, and upper and lower set point limits.

HR MN sC Ch-1 Upper Ch-1 Lower Ch-2 Upper Ch-2 Lower

Real Time Clock Limit Lirnit Limit Limit

Sample Response:
08 25 00 9999 -999 9999 -999

PTR Enter reat time of day, and upper and lower set point limits.

ey . ey ——— it — i, LA — e —
. . .

HR MN SC Ch-1 Upper Ch-1 Lower Ch-2 Upper C2Llower
Limit Limit Limit Limit

Sample Transmission:
PTR 08 25 00 9999 -999 9999 -999
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N Technical Reference
TIM? LIM Syntax -

TIM? Requests real time of day only

ey

R MN sC

Sample Response:

12 34 56
TiM Enter real time of day only
HR MN sc

Sample Transmission:

TiIM 23 59 59
LIM? Requests upper and lower set point limits
Lo
GH-1 Upper Limit CH-1 Lower Lirit CH-2 Upper Ui CH-2 Lower Limit

Sample Response:

8765 4321 1234 -123
LIM Enter upper and lower set point limits
L ]
C_I-; rl.;;:.{:r Ll; a—:;w:r.gt;t C_H;;p;rl:r;t E:l-;:o;r.LEt

Sample Transmission:

LIM 8765 4321 -123
LOC? Requests keyboard lockout status
L
wor

Sample Transmission:

LOC 0001
LOC Enter keyboard lockout status
W_
wo

Sample Response:

0001
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Technical Reference | | RCY? GAt1 Syntax

RCY? Request the Recycle optlon
Recycle
Sample Response:
o1
RCY Enter the Recycle option -
b . _______________________
Recycle
Sample Transmission:
RCY 01 -
GA1?
-]
Single PID:
A . . L e e i
N - = Cht Chi chi
- Prop. Reset Rate Rate Cyde Dead Calibration
Band Band Time Band Ofiset
Sample Response:
0048 0012 0034 0003 0023 0021 0012
" Dual PID:
ST Bm o T Sm  &m Tm ~ om~ Bm T em T @m- om T Tm T~
- Prap. Reset Rate Rate Cycle Dead Catib. Prop. Reset Rate Rate Cycle
Band Band Time Band Offsat Band Band Time
Heat Heat Heat Heat Heat Ceal Coal Cooal Ceal Cool
o Sample Response:
e . 0048 0012 0034 0003 0029 0021 0012 0084 0021 0043 0000 0020
ot
1 GA1
Single PID:
ST Gm ~ ©em T~ om Swm Gm &m
Prop. Reset Rate Rate Cycle Dead Calib.
Band Band Time Band Offzat
Sarmple Command:
GA1 0048 0012 0034 0003 0029 0021 0012
Dual PID:
ST @mTT ®m T &M ow T em T w . owm ~ em T gm|
Reset Rate Rate Cyde Dead Calib. Prop. Reaset Rate Rate yel
Band Time Band Offset Band Band ime
Heat Heat Heat Heat Cool Cool Cool Cool Cool

Sample Response: .
GA1 0048 0012 0034 0003 0029 0021 0012 0084 0021 0043 0000 0020
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How to Use the Series 1500 Manual

This manual will make your job easier. Reading it and applying the information is
a geod way to become familiar with the Series 1500. Here's an overview,

This manual will tell you all about the Watlow Series 1500 Ramping and Profiling
Control. It covers both thermocouple (T/C) and RTD versions of the Series 1500.

You need only a minimum understanding of thermal system control theory to use the
1500. Hf you find any terms you don't understand, please refer to the glossary.

Starting Out with the Watlow Series 1500; Chapter 1

Learning the Series 1500 - A Sample Program in Action, Chapter 2
How to Install and Wire the 1500, Chapter 3

Technical Reference, Chapter 4

Calibration

Specitication

Ordering Information

Technical Service

Glossary

Index

Seties 1500 Quick Reference on Back Cover

Notes

Use The Manual

This user's manual contains informational notes to alert you to important details.
When you see a note icon, look for an explanation in the margin.

S or J3

Safety Information

This user's manual also has boldface safety information notes to protect both you
and your equipment. Please be attentive to them. Here are explanations.

@

(The Stop Sign in the wide text column alerts you to a "WARNING,” a safety hazard
which could affect you and the equipment. A full explanation is in the narrow column
on the outside of the page).

®

(The Deer Crossing Sign in the wide text column alerts you to a "CAUTION,” a safety
or functional hazard which could affect your equipment or its performance. A full
explanation is in the narrow column on the cutside of the page).

Your comments or suggestions on this manual are welcome, please send them to: Technical
Writer, Watlow Controls, Inc., 1241 Bundy Blvd., Winona, MN 55987, phone 507/454-5300, fax
507/452-4507, The Watlow Series 1500 Usar's Manual and integral software are copyrighted
by Watlow Controls, Inc., © 1985, 1986, 1987, 1988 with all rights resarved.

jg1088

First...

Starting Cut _
Sample Program
instali/Wire
Programming

Appendix

Quick Reference

> or I

NOTE:

Details of a "Note"
appear here, in the
narrow bhox on the
outside of each page

O

NOTE:

Detalls of a "Warning”
appear here, in the
narrow box on the
outslde of each page

®

NOTE: }
Detalls of a "Caution”
appear here, in the
harrow box on the
outside of each page
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Starting Out

Chapter 1 -

Starting Out with the Watlow Series 1500

"Read Me First.”

Congratulations, you're about to become a fully-qualified user of the Watlow Series
1500! ltis a versatile microprocessor-based control; powerful, yet simple to learn. in
this chapter of the user's manual, you'll get an overview of the 1500 and its software.
You'll "light" the displays and get a feel for moving through the control functions.

Figure 1 is a simplified view of the 1500Q's capabilities. The control has dual inputs,
one per channel, and dual control outputs for each channel. Thereis achoice of
auxifiary (event) or alarm outputs, an event input and remote hoid input. An “Event
Qutput” inthe Series 1500 is an ON/OFF solid state relay or solid state switch output
for activating periphered equipment or processes. Models with optional
communications may be connected to a computer via a serial communications
interface.

The Series 1500 will handle 51 separate control steps. Each step duration is variable

Figure1- from one second to 24 hours, 59 minutes, 58 seconds. The 1500 is a "profiling”
Series 1500 control because it will control up to 51 consecutive steps with a single program; the
Input and Cutput resulting graph of all the steps makes a program "profile.” The 1500 is a "ramping”
Overview coritrol because it will move from one process variable to another in a uniform manner. .
Dual Inputs Dual Control
Sae Pages 6,35 & 82 Outputs/Channel
See Pages65& 82 Heat/Cool

See Page 36
TEMP and %RH or TEMP :
Ses Pages6,8&35
Humidify/
De-Humidify or
Heat/Cool
See Page 36

Event Input
See Pages 36 & 51

Remote Hold Input
See Pages 36 & 51

8 Auxiliary (Event)
Cutputs, 4/Channel
See Pages 36 & 51

or

3 Auxiliary (Event)

RS-422A/RS-423A (RS-232C) Outputs/Channeland 1 | |
Serial Communications Interface Alarm Qutpu/Channel
See Page 62 See Pages 36,49 & 51
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: Cperator-friendly features include automatic "prompts,” or entry codes, to assist you -
. 4 in programming and monitoring. The Series 1500 has other display codes 1o indicate
e a variety of alarm conditions about your process. The 1500 also has a “Jump Loop”

option for repeating program steps or segments. A "Wait For” option makes this
. control responsive to particular process conditions, an external switch conditions or
i realtimes of day.

:
’
+
‘-\f
o
.-1?
v

In addition, you can change the three-mode, P1D controito a simple ON/OFF control
by setting the proportional band parameter in each channel to zero.

When there's a power outage, the 1500 has memory protection p}ovided by an
internal Lithium battery and optional battery-backed clock.

The standard RTD version Series 1500 is factory-configured to operate in degrees
Centigrade (°C) on Channel One and per cent relative humidity (%RH) on Channel
Two. A software selection, the "Temp-Temp" option, is also available forthe RTD
unit. The Series 1500 Thermocouple version is strictly a "Temp-Temp” contrel. The
1500 has at least two switches you must set prior to entering your program.
Information on how to set these switches follows in this chapter.

When you first apply power, the unit will "come up” with default values for set points,
alarm points, control parameters, recycle, events and time. These default values
provide minimum operating instructions untif you enter your data. The defauit values
are listed in Chapter 4, "Technical Reference.”

Remove the Series 1500 carefully from its shipping container. Be sure to set this
lterature aside where it will not be discarded.

Packing List

Included with your Watlow Series 1500 RTD version are two 107Q resistors, four
jumperwires, two mounting brackets with integral screws, and this manual. The
resistors and two jumpers will serve as pseudo-sensors at approximate room
conditions while you leam the control. The other jumpers are for power connections.

How to Open the 1500

Before going further, open the Series 1500 and pull the control chassis from its case.
Here's how:

The control chassis fastens to the case with a single screw located at the lower front

panel. Tum the screw counterclockwise to loosen it. Three strip connector plugs, in

the rear of the control chassis, feed power and signals through the back ot the case ®
to the triple terminal strip. These plugs will let go as you pull.

CAUTION:
Before attemnpti
® to open a Serie
1500 with data
communications
Pull firmly but gently to remeve the Series 1500 from its case. The 1500 chassis will (RS-422/423
not fit into the case upside down. However, always check to see that it is erented Interface), remove the
correctly before returning the chassis to the case. Pressthe unitin firmly, thenturn two screws and DB-15
the front panel screw clockwise to secure it. Do not overtighten the screw. male connector from
the rear of tha case.
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Starting Out

How to Set the DIP Switches

The Watlow Series 1500 has a set of Dual In-Line Package (DiP) switches on circuit
board, A007-1318. The location of the board and switches appear in Figure 2. The
switches are clearly numbered; the "ON" direction is indicated by an arrow. Look at
the DIP switches from the bottom of the control. You'll see them as they appear

helow.
CAUTION: '
Power must be .
interrupted befors IR
a change In DIP ,
Switch will taka -
effect.
3 5 678
HREERE
Figure 2 - NHNENR
DIP Switch SR=g:A=R=R=
Location and
Setting
Control Chassls - Bottom View
Set the DIP switches according to Table 1 below. Make your initial choices now; you
may always retumn to change them later. Set DIP Switch #6 ON for a "Cold Start.”
Table 1- Sw | Position | . Function
DIP Switch ; o
Position and i ON Auxiliary (Event) Qutput #4 for both Ch-1 and Ch-2 are alarm outputs.
OFF Auxiliary (Event) Output #4 for both Ch-1 and Ch-2 are event outputs.
Function
#2 ON - Alarms are latching {displayed unt! cleared manually).
OFF 7| Alarms are non-latching (displayed only as long as alarm condition exusls)
RTD UnitOnly
#3 ON The Ch-2 sensoris an RTD sensor. Jumpers W151 and W153 on the Signal
Conditioner board (A007-1316) must be installed.
OFF - The Ch-2 inputs is a 0-5V signal representing 0-100% RH. Jumpers W150
. and W154 on the Signal Conditioner board (A007-1316) must ba installed.
T/C UnitOnly
#3 ON Not Used. Setin the ON position.
#4 CN Dual PID per channél. -
OFF Single PiD per channel.
#5 ON Factory use only. Must be in the ON position.
#6 ON Cold Starton power-up. (Memory cleared, parameters set to default
. values).*
OFF Warm Start on power up, {Programmed values are retained for all /
parameters.)” )
#7 ON °C function after a Cold Start.
QFF °F function after a Cold Start.
#8 OFF NotUsed. Setin the Off position.

*For further Warm and Cold Start information, see the Technical Reference, Chapier 4.
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,, ’ﬁ Quick Wire
! You may “power up " the Series 1500 with the following operational check-out. This @
procedure also prepares you for the Sample Program in Chapter 2. Or, you may skip
 this section and the sample program, and go directly to Chapter 3, Installation and WARNING:
Wiring. To avoid potential
: alectric shock
. usea Natlonal

Electric Code
safety practices
when wiring and
when connecting

this unittoa
powar source and
Put the 1500 chassis back in its case. Then place the unit on a bench and to electrical
connect AC power lines and the jumperwiras to the Power Supply termina :ﬁ:‘i:‘:g:{
strip. Use Figure 3 below. devices.
115VAC
L2 For 115VAC control operation,
install a jumper wire from Terminal
3210 Terminal 35, and a separate
34 CHASSIS  jumperwire from Terminal 33 to
GROUND  Terminal 36. Bring line powerinto Fi .
35 | gure3
Terminals 32 and 36. Connectihe Quick Wira AC
36 1 line ground wire to Terminal 34. Power
Connections
230VAC
L2 For 230VAC control operation,
install a jumper wire from Terminal
HASSIS  33to Terminal 35. Bring fine power
34 EROUND into Terminals 32 and 36. Connect
35 the ground wire to Terminatl 34.
36 L1
ACTUAL
Display

As soon as you apply power, the FUNCTION display will alternately flash "A1- |

C1, A1-C1." Press the CLEAR key to clear the flashing A1. The dispiay will
thenilash another A-code.

CLEAR
Key ™|

When you apply power without sensor inputs on the Signal Conditioner
terminal strip, the Series 1500 will show a flashing "A-digit” in the FUNCTION
display. The digitis an alarmcode The ACTUAL display will show four steady
dashes, "-—," meaning "open sensar.” These are normal displays for a unit
without sensors.

FUNCTION
Display
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3. If you did not set DIP Switch #6 in the "ON" position before, do thatnow: =~
Disconnect power from the unit. Openthe 1500, set DIP Switch #6to ONfora
Cold Start. Replace the control chassis in the enclosure. Reapply powerto the
unit. (This clears all previously entered information from the 1500: it is a “clean”
or “cold" start).

4, Now remove power again, open the unit, and set Switch #6 to OFF. (This will
make the next start a "warm” one, retaining all subsequently entered
information in the processor's memory). Close the 1500.

5. Locate the Signal Conditioner terminal strip on the back of the Series 1500, it's
onthe farleft as you look at the back of the unit. The resistors, or jumperwires
for the T/C version, will simulate input sensors at room temperature for this
procedure. Make the correct connections using Figure 4.

« Foran RTD unit, connect a 1074 resistor (provided) across Terminals 5 and
6, and another 1074 resistor across Terminais 8 and 9. Also connect a jumper
wire (provided) across Terminals 6 and 7, and another jumper wire across
Terminals 9 and 10. See Figure 4.

« ForaT/C unit, connect a jumperwire (provided) across Terminals 5 and 7, and
another jumper wire across Terminais 8 and 10.

Figure4-

Quick Wire 1 1

Simulated Sensor

Wiring 2 2
3 3
4 4
2 3
6 6 .

| 7 K

8 o
Q. a9
10 10
11 11
12 12

6. Apply power to the unit. Withthe CLEAR key, clearthe “"A1" alarm code and
any other "A" code that appears after it. The ACTUAL display will be reading
Channel 1 at simulated room temperature. Orthe ACTUAL display will show
Channel 2 at a simulated %RH or temperature reading. Use the CH.SELECT
key to switch fromone channel to the other,

If your Series 1500 responds this way, continue leamning about the control. if your
unit does not respond like this, call Watlow at 507/454-5300 and ask for an
applications engineer.
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Overview of the Three Operating Modes -

Before getting into the details of the Series 1500's keys and displays, take a look at
Figure 5, showing the three different modes. After you feel comfortable with the
names of the modes and their functions, go ahead to learn the keys and displays.

T
o e st e

Series 1500: Three Mode Types -
- Figure5-
Overview ofthe
, Series 1500
\ Operating Modes

Monitor Data Mode
(MNTR DATA)

Examine current
step information
in a running program.

See Your
Program

~ ™

Change Data Mode
(CHG DATA)

Set up or change
Set Up - step type, program
Program loops, wait for...
Steps conditions,

set points,
auxiliary (event)
outputs ON/OFF,
and step duration.

\.__(Change Parameter )
Mode (CHG PARA)

Set Up Set up or change

Your system-wide para-
ou meters such as real
System

time, high/flow range,
alarm types, alarm
points, PID settings,
RS-422 address.

_/
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How to Read the Displays and Use the Keys
]}
Here's an understanding of the Series 1500 displays, keys and LEDs. Use Figure 6

to locate the keys, LEDs and displays described here. Try everything! You'll learn
quickly how the 1500 works. The detailed overviews in the next section will further

your knowiedge.

-

Figure 6 -
Serles 1500 Front Panel
Components
CH-2 EVENT LEDs:
_Indicates the status of
each Channel 2 Event
CHSE . . Qutput with ane of four
SELECL"I”EGY i CHANNEL . ACTUAL dlspi_ay. Sﬁows the actua| LEDs visible only when the
Selects sither value of the variable in Channel 1 or : ;
. ; L cutput is energized (ON).
Channel 1 or Channel 2 for Channel 2, in four digits. ;
the ACTUAL display. An Event Output in tha
y Sarias 1500 is an ON/OFF

lid state rel
D —————— Ao - p
_activating periphered

ACTUAL .
equipment or processes,

CH-1,CH-2 LEDs:
Indicates the channel

inthe ACTUAL display. CH-1 EVENT LEDs:

Indicates the status of
. » : each Channel 1 Event
°F LED: When it indicates the valus ‘ ) Qutput with one of four

in the ACTUAL display is temperature o, RH LED: When lit LEDs visible only when the
in degrees Fahrenheit. indicates per cent relative output is energized (ON).
- hurnidity in the ACTUAL :
display.

°C LED: When lit, indicates
temperature in degraes Calsius in the
ACTUAL display.
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) Z Figura 6 {Con't} - ' .
T * Series 1500 Front Fanel Startmg Out :
-] Components I
PROG HALT LED: PROGRAM HALT--When iit, indigates

that the processor is in the HALT candition. A RUN/HALT
key press, or a "Blank Step” in the program causes a
HALT. When flashing, indicates that the processor is in
"Ramote-Hold" condition. See RUNMALT keay.

PROG END LED: PROGRAM END--
indicates that the processor has
reached the end of the program.

T PRUG RE- PROG
_ .—START_ . -
CLEAR (erase) key: END HALT

a. Clears alarm codes

RUN/HALT key: Startsor
stops the program. The

; from FUNCTION display in processor will resume a
o MONITOR DATA mada. . pregram where it was
- ‘1% b. Clearsthe step in the STEP gﬁ’;ﬂﬁg{eﬁgigiﬁgf interrupted, unless the RE-
! display in CHANGE DATA mede orogram step only when START key was prassed,
% wheq t.he unitis in the HALT the 1500 is in the or'fhe step number or set
4 condition. PROGRAM HALT point data atthe current
_ i c¢. Clears all 51 programmed steps condition. Ses RUN/HALT step was changed during
o when tha unit in the HALT ke ) the HALT condition.
= condition, and in GUARDED y:
T 5 el ACCESS area of the CHANGE
Vual PARAMETER mode. (This
; prevents an operator from
- accidentally clearing an entire
- | program. The GUARDED’

¢ ACCESS data is not cleared).

FUNCTION display: Shows the
prompts used in the three modas. - it
also displays hours when TIME is
salected in MONITOR DATA,
CHANGE PARAMETER or CHANGE
DATA modes. The FUNCTION

STEP display: Indicates the current

step number being programmaed in the DATA display: Indicates

CHANGE DATA mods, or the current display shows a flashing alarm code the qntered data or

step bsing monitored in the # one is activated. manitared valus in four

MONITOR DATA mode, / digits.
CHG DATA LED: CHG PARA LED: When lit
When lit indicates indicates the processor is
the processor is in inthe CHANGE
the CHANGE DATA PARAMETER mods.
made.

TIME LED: When lit,

MNTR DATA LED: DATA DATA PAR‘A TIHE . indicates that the
When lit, indicates FUNCTION and DATA
the pracessor is in "TER displays are showing time.
the MONITOR DATA J
mode,

MODEKkey: Selacts

UP key: Increases

DOWN key: Acts opbasite
the UP key. Rampsfh

either the MONITOR FCTN key: The ENTER key: Enters  ihg value inthe :

DATA, CHANGE FUNCTION key selected dataor DATA display. A value in the DATA dlsplay

DATAor CHANGE  stepsthroughthe ~ NEXT STEP light touch downward. Alight touc

PARAMETER mode. promptsineachof  Opeérationsinthe increases the value decrease‘s‘ the value by

the three modes. CHANGEDATAand by gne. Holdingthe ~ one. Holding the key down
CHANGE key down causes causasthe DATA dlsplay
PARAMETER the DATA displayto 1o decrease rapidly.
modes. increase rapidly.
Starting Qut, Chapter 1 WATLOW Series 1500 User's Manual 11
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Now that you have a good idea how the 1500's front panel works, look again at the 6 ;
operating modes. Thistime take a more detailed look.

Overview of the Mode Software

Again, the Series 1500 has three Operating Modes: Monitor Data, Change Data and
Change Parameter. These modes change with the MODE key. They make up the
basic software routines that run the Series 1500. Each mode has sub-routines and

different prompts that appear in the FUNCTION display whenever you press the
FCTNkey.

Examine the three figures on the next pages, one for each of the modes.
Understanding how these modes control the Series 1500 is the key to learning the
control.

Figure 7 - Monitor Data (MNTR DATA) Mode Overview

Figura 8 - Change Data (CHG DATA) Mode Overview

Figure 9 - Change Parameter (CHG PARA} Mode Overview

12 WATLOW Series 1500 User's Manual Starting Qut, Chapter 1




Monitor Data Mode (MNTR DATA):

ﬂ For Looking at Running and Halted Programs

-

~
Monitoring a Halted Program

You may locok at any step.

You'll see:

Step type.

Ch-1 and Ch-2 set points.

+ Auxiliary outputs programming.
Step duration.

4 )

Starting Cut, Chapter 1

Monitoring aRunning Program

You may look at the current step.
You'll see:
» Ch-1 and Ch-2 current set points.

« Auxiliaries programmed ON or OFF.
» Time remaining.

-

Figure 7 -
Monitor Data
(MNTR DATA)
Mode Overview

- 4 A
RESTART Condition
You may interactively enter
new set points and Event
Output values.
\
\. /

WATLOW Series 1500 User's Manual 13



Figure 8- Change Data Mode (CHG DATA):

Change Data

(CHG DATA) Three Step Types for Entering Program Data
Mode Overview

rSetPoint(SP): Jump Loop (JL):  Waitfor...(WT): A

a simple, a means for a means to
regular profile jumping to wait for a
step. a step out of particular
numerical condition or
sequence. time.
K*(Set Paint Step? (Jump Loop SteD ( Wait for Step) _)
Program: Program: Program:
This Step# This Step# This Step#
is an SP isadlL isa WT
step. step. step.
Set Point Jump to Wait for
for Ch-1. Step# __. this Ch-1 0
value to '
Set Point Repeat that occur, __.
for Ch-2. step, ___
, times (Jump Wait for
Auxiliary Counts). this Ch-2
(Event) value to
Outputs, Go to any occur, _ .
"ON/OFF. Lnext step. '
Wait for
Step input Event
Duration. to achieve a
specified
Gotoany conditon.
next step.
\ / Wait for
this real
time, .
Go to any .
next step.
\.
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Change Parameter Mode (CHG PARA)

For Entering System-Wide Parameters i

Figure9-
Change
/ Parameter (CHG
PARA) Mode
Program Real Time . Overview

Then proceed to one of
three "Guarded Access”
areas — code-protected

@stem setup parameters.

Y

~

| -
Program These\ /Program These Program These

Parameters: Parameters: Parameters:
Set Ch-1 & Ch-2 Set Recycle Option Set up Ch-1 and
alarm type and (program repeat). Ch-2 high and low
high/low points. ranges.
Setup Ch-1 PID
Leave "Guarded -parameters and Select Series 1500
Access." calibration offset. Ch-1/Ch-2
\_ ) Operation,
Setup Ch-2 PID TEMP-TEMP or
parameters and TEMP-RH.
calibration offset.
Set Recycle Option
L.eave "Guarded (program repeat).
Access."
\_ /| Select RS-422
Address #.
Select keyboard
lock status.
Leave "Guarded
: Access.”
Where To Go From Here - N _/

You are now ready to go to the Sample Program, Chapter 2, orto Installation and
Wiring, Chapter 3.

if you skip the sample program, do not forget to check the position of DIP Switch 6
before you begin programming your control after installation. With DIP Switch 6 OFF,
the 1500 saves your program whenever power is removed (Warm Start). With DIP
Switch 6 ON, the 1500 will clear its memory of all programmed information whenever
power is removed,substituting default values (Cold Start).

Starting Qut, Chapter 1 ' WATLOW Series 1500 User's Manual 15



Sample Program ‘

Chapter 2

|_earning the Series 1500 — A Sample Program
in Action

This chapter will guide you through an easy sample program for the Series 1500. You
can quickly grasp the necessary terms and concepts by entering and observing this
exergise.

If you feel that your knowledge of programmable controllers does not require a
sample programto learn the Series 1500, feel free to skip this chapter. inthe
Technical Reference section (Chapter 4), you will find details on all material here.

The Series 1500 Wonderful-Apple-Pie
Sample Program

Let's assume that Great-Grandma handed down to you her secret recipe for
wonderful apple pie. I's not that her ingredients are so different; but she took great
care to control baking temperature and humidity, and to add topping ingredients at
just the right times in the baking ¢ycle. These really are {antastic apple pies, so you've
bought an oven with a Series 1500 control, and you're starting an apple pie business.

J J

IMPORTANT

NOTE: Sample Program Chart

" you have a . ]
Serles 1500 T/C The chart here shows the baking process. Grandma's original recipe had Grandpa
version, or are turn the ovenon sarly in the morning. Grandpa would raise and lower the oven

using the RTD temperature at certain times, t00. That is one of Grandma's secrets. With the Series
versionfor2 = 1500 you'll be able to make your oven "loop" between 275° and 110° three times
channels of temp- - before a pie is done.

erature control

(TEMP-TEMP), then if Great-Grandma was right, this process should turn out a really fine apple pie. Since
simply consider

your bakery will begin baking pies at the same time every morning, you'll want your
?:f:f;:ﬁ;es%ogram Series 1500 to automatically start the process each day.
relative humidity '
as a second The chart below details the "wonderful-apple-pie” sample program for the Series
channel of temp- 1500,
erature. Use the .
sampla values as A
temperatures
rather thanrelative
humidities.
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Sample Program
mfﬁ , -
{Jump Loop)

B é ;I"e mp/  |Isien 1 Step 2 Step 3 Step 4 Step s Sepe Stap 8
I %RH ” Chart1-
i — : : Series 1500
7o P Sample Program
L 400°F a5% FAH Chart
S0%AH // : 275F I
ISE L 110°F
Detault
Valuss
0o 2 4 & 8 10 12 14 16 18/26/34 40
Time (Minutes)
f;h"]f’ Septl Swo? Swo3 Swpd | Seps S ! cwa | Sws Jowpe| Swpe | owps  lowps Swps
(L] WX AH
e 2
Lm A0F 65% RH 5% RH 45% RH
- W ~1 os¢ 1 uwE
Ll e o
Owtatt } 1%
Valuey i
0 2 4 ] a 10 12 4 16 13 26 M 40
Time {Minutes)
*NCTE: With the Recycle option CN, the values at the end of Step 8 will be presant through Step 1 in the next cycle.
Setting Event Outputs
To make the pie process even more automated, you have your toppings — sugar,
cinnamon and nutmeg—connected to solenoid dispensers controlled by the 1500's
"Event Outputs.” As you enter the sample program, you'll set the Event Outputs to
trigger just when you wantthemto. You even have an Event Qutputto put your pies
in and take them out of the oven at just the right times. You'll need to tum the Events
ON as follows:
Table2-
STEP CH#1 EVENTS CH#2 EVENTS Sample Program
Event Outputs
1 Wait 0 0
2 1,2,4 1,2
3 2 3
4 3,4 1,4
5 1 2
6 1.2, 4 2,3,4
8 3,4 1,3

Understanding the Modes of Operation

Before you begin entering the program, notice three small lights (LEDs) on the o
bottom half of the 1500's front panel. They are labeled "MNTR DATA" (Monitor Data),

"CHG DATA" (Change Data), and "CHG PARA" (Change Parameters). Pressthe

MODE key to move through these three modes as you read about each one.

Another LED, labeled "TIME" indicates when time is being displayed.

Sample Program, Chapter 2 WATLOW Series 1500 User's Manual 17
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Sample Program

®

CAUTION:

This sample
program will
actlvate some of
the "Control
OQutputs” and
"Event Outputs”
on the Serles
1500 terminal
strips. To aveid
any damage to
your equipment
while running the
sample program,
be sura all Event

"MNTR DATA™: While a program is running, you'llwant to cbserve what's -
happening. Some items can be observed inthe "ACTUAL" display and in the nearby
top half of the front panel: Actual Temperature or Relative Humidity, Events ON/OFF,
atc. But you'll also want to know which step is being performed, and the amount of
time remaining in the step.

You can monitor information in a running program by pressing the MODE key untilthe
MNTR DATA LED is ON. Then press the FCTN key until you are observing the data
you warnt. Right now you don't have a program entered, so no meaningful data is
available. Assoon as you enterthe sample program, use this mode to watch things
happen.

"CHG DATA": Thisis the mode where you'll enter program operating DATA (set
points, time interval for each step and Event Cutputs). inthis mode, you canalso
change data or correct errors in the program. If you want to wait until a specific time
betore doing something or to set up program loops, you also enter that information in
CHG DATA. Withthe CHG DATALED on, pressing the FCTN key will move you
through the functions you can program.

"CHG PARA": Some Series 1500 information is more applicable to the overail system
than to just one specific program. This includes the "realtime of day,” system
maximum/minimum alarm limits and "PiD Parameters" which tune the overali system.
This system-wide information is entered or changed in this mode.

Again-pressingthe FCTN key selects functions while the CHG PARA LED is on.

Many of these functions are protected from accidentat change by a "Guarded Access"
(GA) code hefore they can be viewed or altered. You'll leam the GA codes soon.

Before You Begin...

Before you begin to enter your Sampie Program, {aks this precaution:

®

Clear Memory, Set DIP Switches

To clear your Series 1500's memory, do a "Cold Start.” Turn the power OFF, apenthe
1500 and ensure that DIP Switches 2, 3, 5 and 6 are ON and that DIP Switches 1,4,7
and 8 are OFF. If you haven't done so already, attach the provided 107 resistor and
a jurnper (or jumpers tora T/C version) to each sensor input as described in Chapter 1
under "Quick Wire.” If you want to use your sensors, refer to Chapter 3, Figure 11 for
wiring. Thenturnthe power ON and press the "CLEAR" key to clear the flashing
alarm indication(s}. :

Enter Real Time

and Control

Outputs are

disconnected First, set the Series 1500's "real time-of-day," 24-hour clock:

from the Serles

1500 terminals. 1. Pressthe MODE key until the CHG PARALED is lit. A

Or remove power : . . . .

{rom any external 2. Pressthe FCTN key until "HR" appears in the Function Display.

loads attached t . .

t;i ;e?,eﬁ ;00'0 3. Use the UP/DOWN keys to place hours into the Data Display.
18 WATLOW Series 1500 User's Manual Sample Program, Chapter 2



. , Sample Program

4.  Pressthe ENTER key; the display will flash, then it will change to "MN."

okl fe®

5.  Usethe UP/DOWN keys to place the correct value for minutes into the Data
Display; then press ENTER.

6.  Thedisplay will show "SC" (seconds); again use the UP/DOWN keys to place
seconds into the display and then press ENTER.

7. Pressthe FCTN key several times until the TIME LED is Iit {along with the CHG
PARALED). You should now see the correct real time on the display, with
the seconds counting up.
Set the Recycle Option

L ]
Now, while stillinthe CHG PARA mode, there is one more thing to enter. Remember

. thatyouwant your program to automatically repeat each day until you decide to halt it.

-1 This "Recycle" condition is set within the "Guarded Access” (GA) section of the CHG
PARA mode. Do that now:

1

1. With the CHG PARA LED ON, press the FCTN key untii "GA" appears inthe
Function Display. If you pass GA, keep pressing FCTN until GA comes
around again..

P 2.  Place"00086," one of the Guarded Access codes, into the Data Display using
ol the UP/DOWN keys.

3.  Press ENTER untilthe "RC," (Recycle) prompt appears in the Function
Display.

4.  Place a"0001"into the Data Display. Press ENTER.

Begin Entering Data

Now that you have entered the real time and the Recycle option, go to the CHG
DATA mode to enter actual program data:

1.  Pressthe MODE key untit the CHG DATA LED is lit. The display will read
"018P."

Programming Step 1

Refer back to the sample program chart at the beginning of this section. Remember,
that while you'd like to load your program and press the start button now, the first
program step must hypothetically wait until early moming before it starts running. To
program Step #1 as a "Watlt Step,” do this:

1. Pressthe FCTN key until "WT" appears in the Function Dispiay.
2. Pressthe ENTER key, "W1" (Waitfor Ch-1) appears. . i

3. Since you are walting for a specific time, and not for input conditions, press
FCTN until "WH" (Wait for Hours) appears.
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Sample Program B

We suggest that you enter a time one hour from right now. Changing this
time lateris a simple matter. You go to the CHG DATA mode with "WH" -
displayed and then enter the new time. Select hours (0 to 23) and press
ENTER.

Also enter the "WM" (minutes) and "WS" (seconds). Select minutes, press
ENTER. Wait a moment for the display to change, then select seconds and
press ENTER.

You have completed entering Step #1 as a "Wait Step." The display should
now read "01 NX 0002." This indicates that the 1500 is readyto move onto
program Step #2 unless you tell it otherwise.

Programming Step 2

1.

Since you do indeed want to program Step #2 now, just press ENTER. The-
display should read "02 SP", and you are ready to begin programming Step
#2. '

Refer again to the program chart. Note that the vaiues you want to achieve are 400°,
90%RH. Youwant the 1500 to accomplish this in four minutes. You also wantto have
Ch-1 Events 1,2 and 4 ON, and Ch-2 Events 1 and 2 ON during Step #2. We will
now program all this data for Step #2:

1.

»

10.

Since the display reads "02 SP," and you do want to enter Set Point Data,
first press ENTER. The display changes to "S1" (Set Point for Ch-1).

Use the UP/DOWN keys to put "400.0" into the display. Some practice may
be necessary to stop at the right value. Then press ENTER. The display
changes 1o "S2" (Set Point for Ch-2).

Place "090.0" into the display and press ENTER. The display changes to
"E1" (Events for Ch-1). The Data Dispiay is blank right now.

Inthe Data Display, Event #1 is represented on the right and Event #4 is on
the left. So,forCh-1 Events #1,2 and 4 ON, piace "1011" into the

display and press ENTER. The display will change to "E2" {Events for
Ch-2).

Likewise, for Ch-2 Events #1 and 2 ON, ENTER the vaiue "0011." The
display changes to "HR" (The "hour" portion of the duration of Step #2).

Since Step #2 is only four minutes long, just press ENTER to enter "0000"
hours. The display changesto "MN."

For Step #2 Minutes, ENTER "0004." The display changes to "SC."

For Step #2 Seconds, ENTER "0000." The display chahges to "02 00
0400."

You have successiully programmed Step #2 as a "Set Point Step.” The
display is indicating that Step #2 is programmed for a duration of 00 hours,
04 minutes, 00 seconds. Press either ENTER or FCTN; the display
changes to "02 NX 0003."

Again since you do want to program Step #3 now, press ENTER. The display
changesto "03 SP."
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Programming Steps 3 through 6

Now that you see how it's done, enter the data for Set Point Steps #3, 4,5, & 6. But,
be sure to stop and then return to these instructions when the display reaches "07
SP." This is because you will be looping through Steps #4 through #6 three times.
Refer to the table below for Steps #3, 4,5 and 6.

Sample Program

-

FCTN STEP #2 STEP #3 STEP#4 STEP #5 STEP#6 Table3- '
Sample Program
S1 400.0 400.0 275.0 275.0 110.0 Steps
52 080.0 080.0 090.0 074.0 065.0
E1 1011 0010 1100 0001 1011
E2 0911 0100 1001 0010 1110
HR 0000 Q000 0000 0000 0000
MN 0004 0006 0g02 0003 0oo2
SC 0000 0000 0030 0030 0000
Programming Step 7, a Jump Loop Step
|
You now have Steps #1-6 programmed. When you run the program, Step #7 will be
performed when Step #6 is completed. But, you do not want Step #7 to be a normal
"Set Point Step." We want Step #7 to cause the 1500 to JUMP back to Step #4 two
times (for a total of 3 times through Steps #4-6). That's why you'll program Step #7 as
a"JUMP LOOP Step.”
1. Withthe STEP and FUNCTION displays now reading "07 SP," press the
FCTN key until "07 JL" comes up.
2. Press the ENTER key. The display changes to "JS" (Jump to Step #).
3.  Enterthe number of the step the programwill jump te ("0004"). Press
ENTER. The display changesto "JC" (Jump Count).
4.  Since you want to jump back to Step #4 two times (total of 3 times through
the loop), enter "0002." Press ENTER. The display changes to "07 NX 0008."
5. Press ENTER (you do want to program Step #8 now). The display
changes to "08 SP."
Programming Step 8 @ :
ggpm CAUTION:
Notica on the
You're ready to enter Step #8. I's a normal Set Point Step, enterthe information Sample Program
below {Stop with the display reading "08 NX 0009"): Chart(atthe
beginning of this
saction) that the
g; éégg Series 1500 holds
points and Step
E2 0101 #8 Event Outputs
HR 0000 ON as itrecycles
MN 0006 and waits through
SC 0000

Recallthat you set the Recycle (RC) option to ON, so the program will repeat

indefinitely. You have now entered the entire program. You're almost ready to runiit.

Sample Program, Chapter 2

Step #1 before
beginning the
program over.
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Sample Program

Almost Ready to Run |
b
Remember that Step #1 was a "Wait Step.” Even though you press the "RUN"key,

you won't see any action until the time you programmed into Step #1.

-

You may want to go back and adjust that time o a different value. There are various
ways to get back to Step #1 in CHG DATA moede. Your display is now reading 08 NX
000g"; it Is waiting for you to continue programming or menitoring. Use the DOWN
key to put "0001" in the Data display and press ENTER. The display will show "01W1"
(Step #1 is a Wait Step). Now use the FCTN key to move through "HR,” "MN," and
"SC;" enter a time real time 10 minutes from now.

Start Your Program!

The Wonderful Apple Pie Sample Programis all entered and ready. So pressthe
“RE-START" key (upper front pane) to setthe program to Step #1. Then press the
"RUN/HALT™ key to start the program.

Monitoring the Action

With the MNTR DATA LED I, you can now use the FCTN key to check things out.
The control doesn't seemto show much happening right now since Step #1 is a "Wait
Step.” Pressthe FCTNkey. Inone display you'll see the "WT™ (Wait for) time you
programmed into Step #1. The 1500 is watching for its real time to match that
programmed time.

Now use the MODE key to move {0 the CHG PARA made with the TIME LED also ON.
You can watch as real time approaches your programmed time. When the times
match, the step number changes to 02. You will also see the Ch-1 and Ch-2 Event
lights corme ON 1o coincide with the Events you programmed for Step #2.

As the program runs its course, you can use the MNTR DATA mode and the FCTN
key to view the process. As you cbserve the varying data, the individual functions will
become quite clear. After you have observed the program for awhile, read the

@ following information to gain an even more detailed understanding.

CAUTION:

You now have a ®

basic under-

standing of how

the Series 1500 i

handles a controtl HElpr’ Hints

program. Please

read and then Here are some Series 1500 fine points:

continue to refer

to the following 1. Halt Conditions

fine points. The

s:{gg:m:?::ise A.  ABlank Step halts the Series 1500. A "Blank Step” is any step which is not

your skills with programmed. An"SP"will appear inthe Function Display when you select

the Series 1500 a Blank Step with the MODE key.

to the highest

level. B.  The Series 1500 can enterthe HALT condition in two ways: It encountersa
Blank Step in a program, or you press the RUN/HALT key while a program
is running.
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