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1.0 - Introduction

1.1 - Description

The Presys DCY-2050/2051/2060 Zig4¢ Controllers are microprocessor-based
instruments which control and show any process variable found in industrial plants, such
as: temperature, pressure, flow, level etc. They are provided with two types of non-
volatile internal memories (E2PROM and NVRAM) to store configuration and calibration
values. Its high accuracy is warranted by auto-calibration techniques based on high
thermal stability voltage reference.

The DCY-2050/2051/2060 L4t Controllers have been designed according to
modularity and flexibility concepts. Five plug-in points are provided inside the controllers
for the installation of optional modules, with which one obtains a wide variety of control or
retransmitter output types (output 1 and 2), such as: relay, open collector voltage, solid-
state relay, voltage output (1 - 5V, 0 - 10V) and current output (4 - 20mA). Output 1 is
used for control only, while output 2 can be used as a retransmitter output, providing a
linear signal related to the process variable measured, or as auxiliary output for heating-
cooling control. They can be provided with up to two alarm modules (output 3 and 4)
such as relay, open collector voltage and solid-state relay, and they can communicate
with a computer by means of a RS-232 or RS-422/485 optional communication module.

The DCY-2050/2051/2060 ZLig4t Controllers are provided with several control
modes (ON-OFF, PID, time proportioning, heating-cooling) and auto-tune algorithm to
compute the PID parameters for optimizing control capabilities. They incorporate all
standard control characteristics, such as: auto manual bumpless transfer, output
saturation, remote setpoint and programmable setpoint up to ten segments, protection
against integral saturation, etc.

They are capable of monitoring one universal standard input for measurement of
the process variable, accepting direct thermocouple connection, RTD, current (mAdc)
and voltage (mVdc, Vdc), and a second input of current (mAdc) and voltage (Vdc) for
remote setpoint. The thermocouple and RTD inputs are automatically linearized by
means of tables stored in the EPROM memory. A 24Vdc voltage source, isolated and
with short circuit protection, is provided for transmitter power supply.

The type of input selected by the user is enabled by jumpers and by the software
configuration. All configuration data are protected by a password system, and are stored
in the non-volatile memory in case of power failure.

They accept 90 to 240VAC or 130 to 340VDC (with any polarity) power supply.

The equipment has an extruded aluminum case which avoids electrical noise,
electromagnetic interference, radiofrequency interference, etc. and its robust
construction makes it tough enough for the most hostile environment.

On the front panel of the instruments there are two red displays configurable with
decimal point for up to four high visibility digits. The upper display can either show the
controlled variable or the L.SP, RE.SP and OUT mnemonics corresponding to the values
of local setpoint, remote setpoint and control output shown on the lower display. The
control output is presented in percentage of the output full scale. The functions of the
UP, DOWN and ENTER keys, for changing the setpoint/output values, are described in
section 3.1. The A/M key on the front panel allows to switch between automatic and
manual modes. The green led on the A/M key indicates, when turned on, the controllers
are in the manual mode and, when turned off, the controllers are in the automatic mode.
In the configuration mode of the controllers, both displays show the mnemonics and
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values of the parameters. The two red leds can be used as visual alarm indication
associated to alarms 3 and 4.
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1.2 - Order Code Number

DCY - 2050/2051/2060 Light - - - - - -
Output 1 (For control only)
0 - Not used

1-4-20 mA

2-1-5VDC

3-0-10VDC

4 - SPST Relay

5 - Open collector voltage

6 - Solid state relay

Output 2 (Retransmitting or
auxiliary control “cooling”)
Same code as output 1
Output 3 (Alarm)
0 - Not used

1 - SPDT Relay

2 - Open collector voltage
3 - Solid state relay
Output 4 (Alarm)

Same code as output 3

Power Supply
1 - 90 to 240VAC or 130 to 340VDC (any polarity)
2-24VDC

3-12VDC

4 - Other values under previous consult

Communication
0 - Not used
1-RS232

2 - RS485

3 -RS422

Degree of Protection of Enclosure

0 - General purpose, sheltered place
1 - Frontal aspersion-proof
2 - Weather-proof

Note 1 - The ranges and input types, control algorithms, the indication, the use of relays
as alarms and the alarm setpoints are, among others, items which the user may program
through the front keys (if wanted, specify these information so that all the configuration
can be made by Presys).

Note 2 - Other hardware and software features are available under previous consult.
Code Example:

1) DCY - 2051 - Light-1-4-1-1-1-0-0

This code defines a DCY - 2051 ZLig4s Controller with output 1 as 4 to 20mA,
output 2 with SPST relay, outputs 3 and 4 with SPDT relays. 90 to 240VAC or 130 to
340VDC electric power supply, without communication and for use in a sheltered place.
The installation of such optional modules may offer a practical application for heating-
cooling control (output 1 heating and output 2 cooling). Outputs 3 and 4 may be used as
high, low or deviation alarm outputs.
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1.3 — Technical Specifications

Inputs:

e Input 1 configurable as thermocouple (J, K, T, E, R, S, under ITS - 90), Pt - 100
RTD under DIN 43760, 4 to 20mA, 0 to 55mVDC, 1 to 5VDC and 0 to 10VDC.
Input 2 configurable as 4 to 20mA, 1 to 5VDC and 0 to 10VDC. Input impedance
of 250Q for mA, 10MQ for 5VDC and 2MQ above 5VDC. Table 1 shows the
temperature ranges for thermocouples and RTD and the resolution for linear input

sensors.
Input Sensor Measuring Range Limits
Thermocounle Lower limit | Higher limit | Lower limit | Higher limit
b °F °F °C °C
J-Type -184.0 1886.0 -120.0 1030.0
K-Type -346 2498 -210 1370
T-Type -418 752 -250 400
E-Type -148.0 1436.0 -100.0 780.0
R-Type -58 3200 -50 1760
S-Type -58 3200 -50 1760
RTD ) i N
> or 3-wire Pt-100 346.0 1256.0 210.0 680.0
Linear Range Resolution
Voltage 0 to 55mV 6uV
0to 5V 500uV
0 to 10V 1mV
Current 0 to 20mA 2pA
(*) including wire resistance
Table 1 - Measuring ranges for input sensors
Control functions:
e ON-OFF Control
e PID Control
e PID Control with AUTO-TUNE
e Heating-Cooling Control
e Ratio Control
e Remote Setpoint Input
e Programmable Setpoint
Introduction
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Control and retransmitting outputs:

e Analog output 4 to 20 mADC, 1 to 5 VDC, 0 to 10 VDC, use of optional
modules with plug-in fitting for up to two modules, 300 VAC galvanically
isolated from inputs and power supply. Maximum load of 750Q2.

e SPST relay output rated 3A 220VAC.

e Open collector voltage output (24VDC, 20mA maximum with isolation).

e Solid-state relay output (2A 250VAC with isolation).

Alarm outputs:

e SPDT relay output rated 3A 220VAC.

e Open collector voltage output (24VDC, 20mA maximum with isolation).

e Solid-state relay output (2A 250VAC with isolation).

Serial communication:
RS-232 or RS-422/485, with 50VDC isolation, as an optional module for connection
in the CPU Board.
Indication:
Two red display sets with four digits, configured with decimal point.
Configuration:
By front panel push-buttons and internal jumpers.
Scanning time:
130 ms standard, for input indications within the -999 to 9999 range. Displays
updated each 0.5 second.
Accuracy:
+ 0.1 % of full scale for TC, RTD, mA, mV, Vdc input.
+ 0.5 % of full scale for analog control output.
Linearization:
+ 0.1 °C for RTD and + 0.2 °C for TC.
Square root extraction:
+ 0.5 % of reading, for input above 10 % of span.
Programmable “Cut-off” from 0 to 5 %.
Cold junction compensation:
+ 2.0 °C in the range from 0 to 50 °C ambient temperature.
2-Wire Transmitter Power Supply:
24Vdc and 50mA maximum, isolated from outputs, with short-circuit protection.
Stability at ambient temperature:
+ 0.005 % per °C of span referred to 25 °C ambient temperature.
Power Supply:
Universal 90 to 240VAC or 130 to 340VDC (any polarity), 10W nominal; 24VDC,
12VDC and other values are optional.
Operating ambient:
From 0 to 50 °C and 90 % maximum relative humidity.

Dimensions:
DCY-2050/2051 Light: 1/8 DIN (48 X 96 mm) with 162 mm depth.
Panel cut of 45 X 92 mm.
DCY-2060 Light. 1/4 DIN (96 X 96 mm) with 162 mm depth

Panel cut of 92 X 92 mm.
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Weight:

0,5kg nominal.
Warranty:

One year.
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2.0 - Installation

2.1 - Mechanical Installation

The front panel of the DCY-2050/2051 Zikt controllers has 1/8 DIN size
(48 X 96 mm) and the front panel of the DCY-2060 .Light controller has 1/4 DIN size
(96 X 96 mm).

They are fixed by the rails which press them against the back side of the panel.

After preparing a 45 X 92 mm cut in the panel (92 X 92 mm, for DCY-2060 Ligk),
remove the rails from the controller and slide its rear through the cut until its front
reaches the panel. Place the rails again in the controller from the back of the panel and
tighten the screws as shown in figures 2 and 3.

92mm+0'g

A
0.6
48mm ) 45mm‘f—0.0
) )
v DCY-2051 Light
+0.6
Asmm_ g4 PANEL CUTOUTS
Maximum panel
LN . thickness: 10mm
g6mm 91mm 92mmf?)._[8)

v || DCY-2050 Light

12mm ’L 148.5 mm 10mm
) Rail side view
( ]
|mm:ﬂ « 1 |
Warning: follow indicated direction
when monting rails
Panel Rail Attachment screw

Fig. 2 - Dimensional drawing, panel mounting cutout and side view
for DCY-2050/2051 Light controllers
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Q6mm 92mm+ 0.8
r ¢ ;I 12mm_ 148.5mm o e 10mm < ¢ - 00
L
1 [
I B
FRONT DCY-2060 Light SIDE PANEL CUTOUTS

Maximum panel thickness: 10mm

) RAIL SIDE VIEW

Warning: follow indicated
. directions when

Rail . ,

mounting rails.

Panel
Attachment screw

Fig. 3 - Dimensional drawing, panel mounting cutout and side view
for DCY-2060 Light controllers

2.2 - Electrical Installation

DCY-2050/2051/2060 Light controllers may be powered by voltage between 90
and 240VAC or 130 to 340VDC, any polarity. Remember that the internal circuit is
powered whenever the instrument is connected to the external power supply.

Input and output signals must be connected to the instrument only when it is
turned off.

Figure 4 shows the instrument rear terminals for connection of power supply,
ground, communication, process input and output signals.

Signal wiring must be kept far away from power wires.

Due to its metal case the instrument ground should be connected to earth ground.
Never connect the ground to neutral terminal.
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- COLD JUNCTION
COLD JUNCTION SENSOR
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(® ®) @ 1211109 8 7 6 5 4 3 2 1 | @)
HEEEEEEEREE
_D.- _
S L3 qumurs QP22 2|
INPUT 1 2 S| |@ 14
3] Is| |@ —]5} SENSENEINSENISENINININININ
— — OUTPUT 2 SND
,ng—gg—x s [TT T T TTTT]
6— ol lol sl! oureurs @@= 242322212019181716151413 ®)
— — NEUTRAL LINE " ———— —— ——
7 S| |@ 19 Pm OUTPUT4  OUTPUT3  OUTPUT2 OUTPUT 1
8 || S| |@ | |20 90 to 240Vac or
oL | |S] |@ [ |21} outrura [‘ :noy'g jf,%?C
COMMUNICATON { |10 | | |S] |@| | |22 24vde] 23 (+)
1 S| |@ 23| pase ] POWER SUPPLY 12vde {24 )
- — 90 to 240Vac or
12 S| @ 24|UNE 3 130 to 340Vdc
(Any polarity)
GND 24Vdc/{ 23 (+)
BARTH| 12vde 1 24 ()
® = &)
COLD JUNCTION
SENSOR
|
s N\
’ A )
1 S @ 13
,NPUT][ AR 2 s }OUTPUT]
sl | @ [ s
— — OUTPUT2
4 [ |9 @ | |16 }
INPUT2 5 [ S @ [ |17
6l | |® @| [ |18 |; outpur3
7S @l | |19
8 | [® @| [ ]e0
oL | IS @| | _|21|; outpur 4
COMMUNICATION (| 10| | |® @ | |22
11 S @ 23 |rase) POWER SUPPLY
| ] 90 to 240Vac or
12 S © 24 N L 13010 340vdc
(Any polarity)
GND 24vVdc/ { 23 (+)
EARTH —= 12vde 1 24 ()
® = ®)

Fig. 4 - DCY-2050/2051/2060 Light controller terminals

2.3 - Process Input Signal Connections

The DCY-2050/2051/2060 ZLiht controllers accept the connection of
thermocouple, 2 or 3-wire RTD, mA, mV or V in input 1, and mA or V in input 2. See the
different types and ranges of input sensors in table 1, section 1.3 on Technical
Specifications.

A certain type of input sensor is enabled by means of internal jumpers and
by the proper sensor selection in configuration mode (refer to section 3.2.2 on

Installation
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Input). Therefore, the connections explained below shall only become effective if
the instrument hardware and software are correctly configured.

The connection of a certain type of sensor in input 1 does not restrict the
simultaneous use of a sensor, of the same type or different, in input 2.

In order to avoid noise in the wiring, use twisted pair cable and cross sensor
connection wire inside a metallic tube or use shielded cable. Make sure to connect only
one shield wire end either to board terminal or to sensor ground, as shown in the next
items.

WARNING: GROUNDING TWO SHIELD WIRE ENDS MAY CAUSE NOISE IN THE
CONTROLLER.

2.3.1 - Thermocouple Connection

The thermocouple must be used only in input 1, connected to terminals 2(+) and
3(+) as shown in figure 5.

In order to reduce the error due to cold junction compensation, use thermal paste
in the rear, at the terminals where the thermocouple is connected to the cold junction
sensor. Use appropriate compensating cables with the same material of the
thermocouple in order to connect it to the instrument. Check if the thermocouple polarity
is equal to those of the terminals.

Grounded Ungrounded
Thermocouple

sheath T sheath

Twisted pair or
shielded wire

6(5 14 |3
@ © @ @

Note 1: Keep shielded wire disconnected at this end.

Fig. 5 - Thermocouple Connection

2.3.2 - RTD Connection

Connection is allowed for 2, 3 or 4-wire RTD in input 1. All types of connection are
shown in figure 6.

In case of a 2-wire RTD, connect the RTD to terminals 1 and 3 (input 1) as shown
in figure 6. For a 3-wire RTD, connect the third wire for RTD compensation to terminal 2.
A 4-wire RTD should be connected to the controllers in the same way as the 3-wire RTD,
but the fourth wire is left disconnected.

Installation
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The use of a 3-wire RTD provides a higher accuracy than a 2-wire connection.

The RTD wiring should be of the same material, length and gauge to ensure
proper resistance compensation on all terminal connections. The maximum connecting
wire resistance is 10 Q per wire. The minimum wire gauge should be 18 AWG for
distances of up to 50 meters and 16 AWG for distances above 50 m.

GROUNDED
RTD RTD RTD
sheath sheath sheath
VA WA ja-—'vf/v—ﬁ
j\ | ﬂ = bt
{ ——Note 1 C ) Note 1 =
Notel
615 ]al3f2]n 615 (a3 2] 65 [afsf2]n
© © © © & @ @ @ & @ @ @ @ © © © & @
,,,,,,,,,,
Channel 2 Channel 1 Channel 2 Channel 1 Channel 2 Channel 1
2 WIRE 3 WIRE 4 WIRE
UNGROUNDED
RTD RTD RTD
sheath sheath sheath
W WA WA
C ———Note 1 { - ———Note 1 C - fNoTe]
,,,,, lelsfafal2]n 615143 2] 65 ]afsf2]n
© 0 © © © @ @ 0 © & @ @ © © © © & @
S— S—— [ E——— — S——
Channel 2 Channel 1 Channel 2 Channel 1 Channel 2 Channel 1
2 WIRE 3 WIRE 4 WIRE

Note 1: Keep the shielded cable disconnected at this end.

Fig. 6 — RTD Connection

2.3.3 - Milliampere Input

A standard 4 to 20mA current source can be applied to terminals 1(+) and 3(-), for
input 1, and to terminals 4(+) and 6(-), for input 2. The current can be generated by a
transmitter with external power supply. When using the controller internal 24V voltage
source to power a 2-wire transmitter, the current is received only by terminal 1(+), for
input 1, and by terminal 4(+), for input 2. Figure 7 shows both connection possibilities.

Installation
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2 - Wire Transmitter

(Transmitter must not
be grounded)

—
Channel 2

4 - Wire Transmitter

Grounded Transmitter

Channel 1

Ungrounded Transmitter

Power Suppl I I I I I I— Power Supplyil I I I I IPower Supply
T T2 T T2
=l+lel [-[+]e] =l+le] [=1+]e]
| J .
Note 1 Note 2
T 4 P ¢ P
| }

- + — + _ + — +
716154321 7]6/5 /4321
@ © © & & @ O @ © & & & @& @

‘Chor:rrwel 2 ’ ‘Chc‘r;nel 1‘ thm‘r:el 2 ’ kChc;\rnel 1‘

Grounded Ungrounded

Note 1: Keep shielded wire disconnected at this end.

Note 2: Connect shielded wire to transmitter ground terminal. If there is no ground terminal keep wire disconnected at this end.

Fig. 7 - Current source Connection

2.3.4 - Voltage Input (mV or V)

0 to 5Vdc voltage must be applied to terminals 2(+) and 3(-), for input 1, and to
terminals 5(+) and 6(-), for input 2. 0 to 10Vdc voltage must be applied to terminals 1(+)
and 3(-), for input 1, and to terminals 4(+) and 6(-), for input 2. 0 to 50mVdc voltage must
be applied only to terminals 2(+) and 3(-) for input 1. The connections are shown in

figure 8.
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Grounded Ungrounded
0to S5mv 0to SSmv Power Supply must not
0tosv OTOOrSV 0to sV DIOOrSV be grounded
-l+lefl-[+]6 -l+lell-T+]6c
i \ i Note 2
Note 1
N ) ) )
- + - + < + < +
7]6ls5]ala]2] 7]l6l5]als]2]1
@ © & © & @ O © © © © © & ©
-— ——— —— ——
Channel 2 Channel 1 Channel 2 Channel 1
Grounded Ungrounded
0to 10V 0to 10V 0to 10V 0to 10V EZW;;?;%% must not
f\+\e —\+G —\+\G _+j
S J \ /{ \/\\ J
= = Note 2
Note 1
< N ) ( D )
- + - + < _|+ < _|+
7]6l5a]3]2]1 '7]6/5 43|21
@ © © © & @ © @ © © © & © @
—_— — ) —_— —_—
Channel 2 Channel 1 Channel 2 Channel 1

Note 1: Keep shielded wire disconnected at this end.
Note 2: Connect shielded wire to power supply ground terminal. If there is no ground terminal keep shielded wire disconnected at this end.

Fig. 8 - Voltage Source Connection

2.4 - Control and Alarm Output Signal Connection

In most complete versions, the controllers can be provided with up to four output
signals. Output 1 is used only as a control output, and output 2 as a retransmitting output
or cooling auxiliary control for heating-cooling. Outputs 3 and 4 are used as alarm
outputs.

In the case of outputs 1 and 2 we can have six different types of outputs: current
(4 to 20mA), voltage (0 to 5VDC, 0 to 10VDC), SPST relay, open collector voltage and
solid state relay.

For outputs 3 and 4, there are three different types of outputs: SPDT relay, open
collector voltage and solid-state relay. Figure 9 shows the controllers control outputs and
figure 10 shows the alarm outputs.

Note that the output terminals will present the signals only if the
corresponding optional module is installed and the output is correctly configured
(refer to sections 3.2.3 on Output and 3.2.4 on Alarm).
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CONTROL MODE INTERNAL DEVICE TERMINALS
Z T \VARE ]
Current Output = = — { OUTPUT 1
- Tr_|> .r_|> ® 14
Voltage Output 4 to 20mA 0to 5V 0to 10V ! 3

Time proportioning

+24v N
Heating % [9_> ¢ ® 7]3 ] OUTPUT 1
i ——> NC 14
ON - OFF TRIAC = Logic SPST S
L N s 15
Current Output (*) ﬁ‘-‘ %T‘F — } OUTPUT 2
. i :_ L L3 N |16
Voltage Output (*) 41t020mA  Oto 5V 0to 10V ; L |
Time proportioning (*) |
Cooling +24V —> C ® 15
[9_> < — ] OUTPUT 2
b ——> NC 16
TRIAC = Logic SPST L

(*) Output types also available for output 2 as retransmitting output.

Fig. 9 - Control Output Connections

CONTROL MODE INTERNAL DEVICE TERMINALS
s NIRE
+24v c N | 18| ) output3
Alarm TRIAC [Q_D
NO* Sl
Logic SPDT o
RSl
2V c 21| ) outPuT4
Alarm TRIAC [9_> | S
NO” O 22
Logic SPDT | —

(*) For the relay contact positions it is assumed that the controllers are powered
on and in no-alarm condition. Without power supply or in alarm condition,
contact position changes.

Fig. 10 - Alarm Output Connections
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2.5 - Connection Diagram

A Thermocouple

- +
MRTD
0 to 50mV
0to 5V 0to 5V
_+ ;||j:
Transmitter Power Supply TPS +24V r
COMMUNICATION®
waws | [ [P zmimm
commMoMm Tx- Tx+ Rx- Rx+ v v
RS-232 - =t
@ 121110 9 8 7 6 5 4 3 2 1 @)
HEEEEEEEER
QOO OO OO
eND DD LD LLDO QD
oA EEEEEEEEEN
@= 242322212019181716151413 @ |

NEUTRAL LINE ~ ~ M ™ 2
—— OUTPUT 4 OUTPUT 3 OUTPUT 2 OUTPUT 1
Relay 2 Relay 1

Relay 4 Relay
POWER SUPPLYl_ / | l_ / | _l
90 to 240Vca or \

13010 340VdcNO C NC NO C NC NC C NC C

(Any polarity) +24v| +24v +24v mn +24v
24vdc/| 23 (+) : I 1
12vdc | 24 () |

Logic Logic Logic Logic

y y

TRIAC TRIAC TRIAC TRIAC

Alarm Alarm '@' '@'

A\ 4 \ 4 v v

-+ - o+
4 to 20mA
== =
Note: I— I_
(1) Auxiliary cooling control output ! ! !
2)Outputs 1, 2, 3 e 4 and communication are optional
@ 0to 5V
A AR
Y y
0to 10V

_’_‘1 —_—

Control( ) Control
or

retransmittion
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A Thermocouple

+
| | i RTD

0 to 50mv
0 to5V Oto 5V
Transmitter Power Supply TPS + 24V r}_l r}_l
COMMUNICATION
Rs-4221435 L
COMMOMX- TX+ RX- RX+
RS-232
‘Commom  TX GND Rx M m
(@ 1211109 87 654 3 2 1 @

HEEEEEEE
200002022022

EARTH

o ﬂ%%%%ﬂﬂﬂ@®@®

@J:‘ 242322212019181716151413 @)

—_—— e ) —
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2.6 - Communication

The DCY-2050/2051/2060 Lkt controllers communicate with computers through
RS-232 or RS-422/485 and with use of a MODBUS protocol communication software,
when the optional communication modules are installed and the communication

parameters are configured.
Specific information on communication and signal connection are described in the

communication manual.
2.7 - Engineering Units

A label with several Engineering Units is supplied with each instrument. Select the
one corresponding to the variable shown on the display and stick it to the front panel of
the controller.

Installation
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3.0 - Operation

3.1 - Normal Operation

The DCY-2050/2051/2060 Ligkt controllers present two operation modes: normal
operation mode and configuration mode.

In normal operation mode one can have the automatic operation mode and the
manual operation mode.

In the automatic operation mode (closed loop system) the controllers receive the
input signals, compare them with the setpoints and automatically generate, through
control algorithms, the output signals which adjust the input signals to the setpoints.

In the manual operation mode (open loop system) the user establishes the values
in output percentage to control the measured variables.

The selection between the automatic and manual modes is done through the
automatic/manual (A/M) key on the controllers front panel. When in the manual mode the
green LED indicating the manual state is on.

The controllers normal mode, in which they operate most of the time, will be
named zero level. In this level the upper display can show: mnemonics for the local
setpoint (L.SP) or remote setpoint (RE.SP), control output (OUT), and the value of input
1 (INPUTL1). The lower display can show: the value of local setpoint (V_L.SP) or remote
setpoint (V_RE.SP), and the value of the control output (V_OUT). Whenever the
controllers are turned on, they display indication of the last selection shown, before being
turned off. In order to switch to other options, the UP, DOWN and ENTER keys should
be used, as illustrated in figure 11.

At the operation level, the keys on the instrument front panel have the following
functions:

Key Description
AIM mode and vicoversa. o o
UP T (?::nglls the display options in ascending
DOWN 7 Srcdrgllls the display options in descending
Changes_ the upper o!isplay between the
ENTER | | <= || Value of the variable meastred i input 1, ag

it is shown in fig. 11.

Operation
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Operation Level
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! = ! |
] |

AVAVAN

Fig. 11 - Options for Operation Level

The selections on the previous figure are identified by the numbers 0, 1, 2 and 3.

When switching to manual mode (green LED turns on) the configuration selection
shifts to type 2. This allows the output to be immediately modified by the UP and DOWN
keys. On the other hand, by switching to automatic mode (green LED turns off), the
configuration selection changes to type 0. In this case, the setpoint can be immediately
altered by the UP and DOWN keys.

3.2 - Configuration

In order to have access to the configuration levels, one has to go through a
password system to prevent unauthorized people from altering critical process
parameters. Therefore, whenever the key ENTER is pressed, while the mnemonic CONF
is shown on the upper display, the password warning (PASS) appears, and the user
must press the UP, DOWN and ENTER keys in sequence to enter in the configuration
levels. In case the sequence provided by the user is not correct or the PASS mnemonic
is shown for more than 15 seconds, the instrument returns to normal operation. This
procedure is illustrated in figure 12.

WRONG  (OPERATION

Fig. 12 — Password system
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All configuration parameters are stored in the non-volatile memories (E2PROM
and NVRAM) and determine the instrument normal operation. Through configuration
parameters the user may adapt the instrument according to his requirements, when the
configuration from factory must be changed.

The configuration parameters are distributed over nine increasing hierarchical
levels as shown in figure 13.

LEVEL 9 RS {=> paged7
AVAVAN

LEVEL 8 CALIB (> pageds
AVAVAN

LEVEL 7 SET.P > page 42
AVAVAN

LEVEL 6 TUNE D> page 38
VA

LEVEL S CTRL {=> pagedl
VA

LEVEL 4 ALARM {> page 29
AVAVAN

LEVEL 3 OUTPUT <> page?27
AVAVAN

LEVEL 2 INPUT > page 24
VA

LEVEL 1 GENERAL &> page 22

LEVELO OPERATION ) (=> PASS

Fig. 13 - Diagram of parameter levels

In order to go through those levels and to have access to their corresponding
parameters use the instrument front keys which have the following functions:

Key Description

ENTER | Enter the level

UP Switches to a higher level
DOWN Switches to a lower level

When accessing one of the parameters from a configuration level, the controller
shows the option or value corresponding to the current configuration of the parameter.

Operation
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In the case of presenting a value use the UP and DOWN keys to change each
digit and press ENTER to move to the next digit. When configuring a parameter with
options, use the UP, DOWN and ENTER keys whose functions are described below:

Key Description

UP Scrolls the options in ascending order

DOWN | Scrolls the options in descending order

ENTER |Confirms or advances the options within the level when the
display does not show ESC. When ESC is shown on the
display, it goes back one or more positions.

The configuration mode presents a “timer” which returns the display to normal
operation mode, when no key is pressed after 1 minute. It does not apply when the
calibration level (CALIB mnemonic) is accessed (refer to section 3.2.8 on Calibration).

The hierarchical levels are presented below. The options in each level with all the
corresponding parameters are explained step by step.

3.2.1-Level 1 - General

In level 1 we have the options: TAG, V.SFT, SP.Li, PO.BR, ST.CO, LED1 and
LED?2 (see figure 14).

TAG - this option enables an alphanumeric identification for the instrument. The
procedure to enter a tag or any other parameter the user must press ENTER in order to
view the value of the parameter with the last digit blinking. The position which is blinking
indicates the digit to be changed with the UP and DOWN keys. Move to the digits on the
left by pressing ENTER. After entering all digits, press ENTER again.

V.SFT - shows the number of the software version.

SP.Li - this is the option which limits the user selected setpoint between a
minimum value (SP.Lo) and a maximum value (SP.Hi).

PO.BR - expressed as a percentage of the output value, it determines the level of
output 1 (including output 2 for heating-cooling control) in case temperature sensors
(thermocouple and RTD) and linear sensors (55mV, 5V) are broken. Refer also to
B.OUT option, on the input configuration level. For linear sensors, the occurrence of a
signal lower than (the display indicates UNDER) or greater than (the display indicates
OVER) about 10% of the input span makes the output change to manual mode with the
output level configured in PO.BR.

ST.CO - this option allows the selection of the mode in which the controllers
should return after a power failure. If the mnemonic LAST is selected for ST.CO option,
the controller will return to the same configuration (manual or automatic mode) it had
prior to the power failure. When the MANL option is selected for ST.CO, the controller
will always return in manual mode after a power failure, with the output level determined
by the MANL parameter configured by the user.
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LED1 and LED?2 - they allow the association of LED1 or LED2 on the front panel
of the controllers to alarm relay 3 (rly.3) or alarm relay 4 (rly.4).

ESC

AVAVAN
GENERAL] <> [ 1AG | <= [ 2050 |
VoA
[ vsFT | = 112 |
VoA
[ sPU_ | <> [ SPLO | = [ xxxx_|
AVAVN
[ sPHI | <= [ XXX |
VoA T A

ESC

[ POBR | <> [ XxxX_|

AVAVN
[ stco | <> [ LlasT |

VA

[ MANL | <= [ xxxx

VA AVAVAN
ESC

| b1 | <> [ R3]
AVAVAN AVAVAN
| LED2 \] [ RLY.4 |

VA

A
ESC (1) SAME AS LED 1.

Fig. 14 - GENERAL Level Options

The adjustable parameter ranges shown on figure 14 are given below.

Mnemonic Parameter Adjustable Factory Unit
Range Value
TAG nstrument ) 2050/2051/2060 | ~--wrennnev
identification
V.SFT software version | = ------------- O
SP.Lo setpoint -999 to 9999 0 EU
lower limit
SP.Hi setpoint -999 to 9999 9999 EU
upper limit
PO.BR output power -100 to 100 0 %
MANL start-up output -100 to 100 0 %
Operation
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3.2.2 - Level 2 - Inputs

Input level allows to enable or disable (by means of the ANNUL
option) the sensortype forinput 1T and input 2. Sensor types include the
linear options (0 to 5V, 0 to 10V, 0 to 55myV, 0 to 20A) and temperature
(TEMP option) for input 1, and linear options only (0 to 5V, 0 to10QV, 0 fo
20mA) forinput 2, asillustrated in figure 15.

4 to 20mA input belongs to 20mA option
1 to 5VDC input belongs to 5V option AN
v A
AV
[ Esc ] [ Esc ] -5
v A AVN AV
INPUT_| <=> [ CH1 | <=> [[SENSOR | <= [ &v |
VA v A AVAVAN
[enz | oV
AV AV
[Samv
v A AV
AV v A
[ TEMP ]3¢ [ TYPE | <= [ T1CJ |
v A AVAVAN VA
[ANNUL | [ BOUT ] <= | powN ]
AV v A
ESC VA
[Nt Jae= [ © |
AN VA
[ esc | L F |

SCALE | <= [UMLOW |2¢=> [ XXxX_ | %
AVAVN
[UMHIGH]2¢=> [ XxxX__ | %

va
[ENGLOW | <= [ xxxX |

A
[ENGHIGH] &= [ xxxX_ |
v A
v A [ serRT [2&=[ nNO |
VA

VA [ YES | <=> [ CUTOFF| <= [ xxxX_ | %

[ oFsEr | =] x|

AN

[ DECPT | <> | 8888 |
VA :

[ Esc ] [ 8888 |

FILTER | <=> [ XxXxx

(1) FOLLOW THE SAME OPTIONS FOR CH-1
(2) FOR LINEAR SENSORS ONLY
(3) ONLY FOR CH-1

Fig. 15 - INPUT Level Options

The adjustable parameter ranges shown on figure 15 are given below.
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Mnemonic Parameter Adjustable Factory Units
Range Value
LIM LOW input signal associated to 0.0 to 100.0 0.0 %
Eng Low
LIM HIGH | 'MPutsignal associatedto | 4409000 | 1000 %
Eng High
display indication
ENG LOW associated to Lim Low or -999 to 9999 0.0 EU*
lower limit for retransmittion
display indication
ENG HIGH | associated to Lim High or -999 to 9999 100.0 EU
upper limit for retransmittion
CUT-OFF | minimum square root value 0to5 0 %
OFf seT | constantaddedtodisplay | o949 9999 0 EU
indication
FILTER | Umeconstantoffirstorder | 54, 55 0.0 |seconds
digital filter

(*) UE - Unidade de Engenharia

Whenever a linear sensor is selected, the scale should be configured (SCALE
option); for that purpose, two points P1 (Lim Low, Eng Low) and P2 (Lim High, Eng High)
must be defined, as illustrated on figure 16. Lim Low represents the value of the
electrical signal, in %, associated to the display indication Eng Low, and Lim High
corresponds to the value of the electrical signal, in %, associated to the display indication

Eng High.

ENG HIGH

ENG LOW

VALUE ON UPPER DISPLAY

0 LIM LOW *

!
LIM HIGH *

(*) % OF INPUT SIGNAL FULL SCALE

Fig. 16 - Linear Input Configuration
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Eng Low and Eng High parameters also define the process variable indication
range to be retransmitted by output 2 (when heating-cooling control mode is not used).
The Eng High display indication corresponds to the output full scale (Lim High from
output 2, for an analog output, or contact closed for 100% of PWM period, for a relay),
and Eng Low indication, to zero scale (Lim Low from output 2, or contact closed for 0%
of PWM period, that is, the contact remains opened). See sections 3.2.3 on Output and
3.2.5 on Control.

SQRT - allows presenting the square root of the controller input signal. The Cut-
Off parameter, expressed as a % of the input signal full scale, makes the input values
less than (Lim Low + Cut Off) to be shown as Lim Low. See illustration on figure 17.

i

ENGHGH e — e

DISPLAY
ENG LOW

|
|
I |
*

(LIM LOW + CUT-OFF)* LIM HIGH*

o

LM LOW

CONTROLLER INPUT SIGNAL

(*) % OF INPUT SIGNAL FULL SCALLE
Fig. 17 - Square root of input signal

DEC.PT - sets the decimal point to exhibit the engineering units on the upper
display. Up to three decimal places may be set for linear processes whereas
temperature sensors may have one or no decimal place.

OF.ST - allows the user to enter a fixed off-set value, in engineering units, in
addition to the value shown on the upper display.

FILTER - time constant for a first order digital filter associated with the selected
input. Whenever no filtering of the controlled signal is desired, assign zero to this
parameter.

B.OUT - in case of temperature sensor failure (thermocouple or RTD) or break of
the connection wire to input 1, the display indicates burn-out. In such cases, the UP
option for this parameter activates the high alarms and the DOWN option activates the
low alarms. When occurring the burn-out with the controller in the automatic mode, it is
automatically switched to the manual mode and the output changes to the value defined
for PO.BR parameter. When occurring the burn-out with the controller in the manual
mode, it remains in manual mode and the output continues with the value adjusted by
the operator, not changing to PO.BR value. When the controllers leave the burn-out
condition, they return to the mode in which they were operating prior to occurrence of
burn-out.

UNITS - selects °C or °F for temperature indication.

NOTE: THE CONTROLLERS HAVE ALREADY COLD JUNCTION
COMPENSATION FOR MEASUREMENTS WITH THERMOCOUPLE.
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The software configuration of the inputs must be complemented by the hardware
configuration of the process inputs, by means of internal jumpers. There are four places
of jumper installation for input 1: J5, J6, J7 and J8; and also four places of jumper
installation for input 2: J1, J2, J3 and J4.

They are located on the CPU Board. The table below shows the jumpers to be
installed for each input type. Check the input type desired and place the jumpers as
specified. Be sure that only the jumpers corresponding to the desired input are installed.

Input Types Jumpers

Channel 1 Channel 2

Thermocouple J5 J7 Not applied

Voltage (0 to 55mV) J5 J7 Not applied
Voltage (0 to 5V) J5 J7 J1 J4

Voltage (0 to 10V) J6 J3

2-wire or 3-wire RTD J5 J8 Not applied
Current (0 to 20mA) J6 | J7 | J3 | J4

3.2.3 - Level 3 - Output

Level 3 allows the output types to be configured according to the optional module
internally installed in the controllers (see figure 18). For control or retransmitting outputs
1 and 2 there are six types of output available: current (4 to 20mA), voltage (1 to 5V, 0 to
10V), SPST relay, open collector voltage and solid-state relay.

[ ourur | <= [ ourpur| = [ Rey | <= [ xxx |

VA VA
L ourur2]t | sy [ | umH | S ooxX | %
VA VA V A
| ec | L ov 20 [ Mo [ [ ooxx | %
VA VA
| 2omA |2 | EBC |
VA
. (1) FOLLOW THE SAME OPTIONS FOR OUTPUT 1
EC_ | (2) SAME AS OPTION 5V

Fig. 18 - OUTPUT Level Options
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Output 1 is used only as control output. Output 2 can be used as a retransmitter
output, providing a linear signal corresponding to the process variable measured, or as
an auxiliary output for heating-cooling control, operating together with output 1 (heating),
when the heating-cooling control is configured.

The adjustable parameter ranges shown on figure 18 are given below.

Mnemonic Parameter Adjustable | ggiory Units
Range Value
Percentage of output full scale 0.0
LIM LOW (20 mA, 5V or 10\/_) defining to 0.0 %
the lowest output signal. The
U 100.0
output saturates in this value.
Percentage of output full scale 0.0
LIM HiGH | (20 MA, 5V or 10V) defining to 1000 | %
the highest output signal. The
S 105.0%
output saturates in this value.
Time associated to relay cycle 10
RELAY (PWM pgrlod)_. This represents o 10.0 S
the heating time for output 1
T 120.0
and cooling time for output 2.

The control output will only be enabled after the output type is selected with the
values are assigned to the related parameters.

Whenever configured for current and voltage, outputs 1 and 2 must have their
limits specified by the Lim Low and Lim High parameters. Note that Lim Low and Lim
High are expressed as a percentage of output full scale and that the output signal
saturates at those points. For example, in order to have a current output of 4 to 20mA,
we should assign 20.0% for Lim Low and 100.0% for Lim High.

Whenever output 1 or 2 is configured as relay, the cycle period must be specified.

The optional module for output 1 must be plugged to the MOD1 connectors on the
Power Supply Board, and output 2 to MOD2 connectors. To configure the analog output
optional module for the output types 4 to 20mA, 1 to 5V or 0 to 10V, install the jumper as
specified on the table below.

Analog type output Jumpers on
the analog output module
4 to 20mA Without jumper
1to 5V J1
0to 10V J2
Operation
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3.2.4 - Level 4 - Alarms

In level 4, one configures alarm outputs 3 and 4, called relays 3 and 4,
respectively (see figure 19). A maximum of two alarm relays may be available through
the acquisition of the corresponding option modules. The possible output types for relays
3 and 4 are: SPDT relay, open collector voltage or solid-state relay.

| ALARM | <= | RELAY3 | <=  HI <= P | <= xxxx_ |
AVAVN v A v A
[reava] [ o * [ hvst ] = [ 00|
A v A AVAVAN
[ esc ] [oev |° [ pray | =[] x|
VA AVAVAN
[ NONE | | Eesc ]
v A
(1) SAME AS RELAY 3
ESC (2) SAME AS HI OPTION

Fig. 19 - ALARM Level Options

There are three possible types of alarm: low, high and deviation. Each relay can
be associated to the setpoint (SP) and the hysteresis (HYST) of only one type of alarm.
For the deviation alarm, SP denotes the range above and below the local or remote
setpoint which determine the lower and higher points where the deviation alarm occurs.

The alarm relays are enabled only after the user has selected the setpoint values and
pressed the ENTER key.

The adjustable parameter ranges shown on figure 19 are given below.

Mnemonic Parameter Adjustable Factory Units
Range Value
Sp loworhighalarm |~ o597 9999 75.0 EU
setpoint
HYST alarm hysteresis 0 to 250 10 EU
DELAY delay for relay 0.0 t0 999.9 0.0 seconds
activation
Sp deviation alarm 1 to 9999 75.0 EU
setpoint

DELAY - it causes the alarm operation of each relay to be delayed by a user
defined period of time. Figure 20 below, illustrates the delay occurrence for a high alarm.
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Controlled Variable

A

High A
aam | !

setpoint

I
i
|
‘ >
I "
“«—» «—> Time
| Delay | i Delay
N—— —
NO ALARM ALAR

Fig. 20 - Relay with delay

The optional output module for output 3 (relay 3) must be connected to MOD3
connectors on the Power Supply Board, and for output 4 (relay 4) to MODA4.

Relay modules are provided with circuits for eliminating electrical arch (RC
snubber). The snubbers are put in parallel with the relay contacts, by placing the jumpers
J1 and J2 located on the back of the relay board. When the jumpers are not placed, the
relay contacts are kept without snubbers. The relay module is sent from factory with the
jumpers placed.

Note the position of the jumpers in the following figure.

Jumpers 1T and 2

[ 1
/ C1 c2
uu |:|I K1 .
CN1 =, = CN2
2 é;q;l 'e;\ Jumpers 1T and 2
L] - |

Fig. 21 - Jumpers for selection of snubbers on the relay board

Alarm and control relays are extremely critical in control and safety of industrial
processes. In order to ensure the expected relay behavior, consider the following two
loading conditions:

e High currents circulating through the relay contacts (from 20mA to 3A). When the
relay switches high currents there is the occurrence of elecrical arch which damage
quickly the relay contacts. Besides, electrical noise is generated. In these conditions,
it is recommended to use the RC snubbers which come with the relay module (placed
jumpers).

e Low currents circulating through the relay contacts (less than 20mA). The relays could
not function properly when the jumpers are placed. In this case, the snubbers
maintain a 4.5mAac/9.0mAac current when connected to a 120VAC/220VAC circuit.
This current is enough, in certain cases, to power a horn or alarm lamps, preventing
their deactivation. In this situation, there is no need to use the snubbers and the
jumpers must be removed.
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3.25-Level 5 - Control

In level 5, the control mode is selected for the DCY-2050/2051/2060 Zight
controllers. The control capabilities of the controllers include:

PID Control with voltage or current output.

PID Control with relay output (time proportioning).
Dual Output Heating-Cooling Control.

ON/OFF Control.

They can also be configured for:

e Ratio Control.

e Control with Remote Setpoint Input.

e Control with Programmable Setpoint (see section 3.2.7 on Programmable
Setpoint).

Level 5 presents the options: SP.TP and CTR.M (see figure 22).

SP.TP - setpoint type used by the control block. The options for SP.TP are L.SP
and RE.SP.
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CTRL

| & [ sep <= Lsp | | EBc | N
VA VA VA
| RESP | <= | saws | <= [ OFF |
VA VA
v | ec | [ RAE | &= [ oo ]

VA

BAS | = [ oo |

[ crM | = [ onoFF | = |

ACTON | &> | Rev |

VA

ESC

VA

VA DIR

VA [ HsT <= [ ooox ]
VA
ESC
PD | &> [ ACTON | <= [ Rev |
VA
VA DR
[ RIM | &= [ xxxx | %
VA
| PrROP | <= [ xxxx_ |
AVAVAN VA
LNt =[x ]
VA
[ DR | = [ xxxx |
Vv A
ESC
He | &= [ nere | <=0 [ x|
VA
T A [ RN | =[x
VA
EBC_ | [ cprp | &= [ x|
AVAVAN
ot | & [ oo |
VA
| DER | <= xxxx_]
VA
e | & [ oo %
Vv A

ESC

Fig. 22 - CONTROL Level Options
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L.SP - this is the option for local setpoint, whose value is introduced manually by
the user on the lower display through the UP and DOWN keys during the operation
mode of the controllers.

INPUTH> | CONTROL |—> OuT

LSP—>

Fig. 23 - Diagram of control blocks and display
for local setpoint

RE.SP - this is the option for the remote setpoint input. This setpoint is introduced
via the controller input 2.

INPUT1
INPUTT—p| CONTROLI 5, oyt
BLOCK
L.SP/RE.SP/OU
P

RE.SP

Fig. 24 - Diagram of control blocks and display
for remote setpoint

STATUS - this is the option which actually enables (RUN) or disables (OFF) the
remote setpoint. It allows to switch quickly between the local setpoint and the remote
setpoint.

When the remote setpoint is enabled, the UP and DOWN keys will not change the
setpoint value shown on the lower display, since it is determined externally. Otherwise,
the local setpoint is still enabled.

Input 2, which receives the remote setpoint signal, is adjusted to the span of input
1 given in engineering units by means of the RATE and BIAS parameters, according with
the equation shown below:

RE.SP = RATE x (Input 2) + BIAS

RATE, BIAS - gain and offset for adjusting the span of input 2, in engineering
units, to the span, in engineering units, of input 1.

CTR.M - configuration of the control modes (ON/OFF, PID, Heating-Cooling)
described below.

ON/OFF Control

ON/OFF - refers to the ON/OFF control mode.

ACTION - this option determines the direction of the control action (direct or
reverse).

REV (reverse) - whenever REV is selected for control action (ACTION), the output
signal is switched OFF when the controlled variable exceeds the setpoint value plus the
hysteresis (upper limit) and switched ON when the variable falls below the setpoint
minus the hysteresis (lower limit).
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DIR (direct) - whenever DIR is selected for control action (ACTION), the output
signal is switched ON when the controlled variable exceeds the setpoint value plus the
hysteresis (upper limit) and switched OFF when the variable falls below the setpoint
minus the hysteresis (lower limit). The ON/OFF control mode with reverse action is
illustrated on figure 25 below.

HYST (hysteresis) - this is the range above or below the setpoint value which
determines the lower and upper limits for switching the relay contacts.

Controlled
Variable

SP-+HIST

SP-HIST

Relay Output

ON

OFF
Time

Fig. 25 - ON/OFF control with reverse action
PID control

PID - it associates the PID control mode to the control block.

ACTION - this option determines the direction of the control action (direct or
reverse).

REV (reverse) - whenever REV is selected for control action (ACTION), an
increase in the input signal will decrease the output signal. The error (E) between the
setpoint (SP) and the controlled variable (Y) is defined in the reverse action as:
E=SP-Y.

DIR (direct) - whenever DIR is selected for a control action (ACTION), an increase
in the input signal will increase the output signal. The error (E) between the setpoint (SP)
and the controlled variable (Y) is defined in the reverse action as:
E=Y-SP.

The choice between direct and reverse action will depend on the system to be
controlled.

In the PID control mode, the controller output (U) is related to the setpoint (SP)
and to the controlled variable (Y) through the following equation described in continuous
time:

PROP

u() =
ENGHIGH - ENGLOW

~[E(t) +INT[ E(t)dt + DER ~%Y(t)} +RSTN
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In direct action, the positive sign before the derivative is adopted and the error
(E(t)) is taken as the input (Y(t)) minus the setpoint (SP).

In reverse action, the negative sign before the derivative is adopted and the error
(E(b)) is taken as setpoint (SP) minus the input (Y(t)).

The coefficients appearing in the above equation are selected within the PID
option and have the following meaning:

PROP - it amplifies the error signal between the setpoint and the controlled

variable to establish the output signal.
RSTM - this is the controller manual reset defined as an offset added to the controller
output signal. It will always be required when proportional control mode (P) or
proportional plus derivative control mode (P+D) is used, in order to eliminate the offset
between the setpoint and the controlled variable.

INT - this is the integral ratio expressed in terms of repetitions per minute. It is
defined as the number of times the integral action will repeat the proportional action
resulting from the occurrence of a step in the controlled variable in 1 minute. The integral
action or automatic reset is the most important parameter determining the setpoint
control. While there is an error between setpoint and controlled variable, the integral
action will actuate on the output signal until the error goes to zero.

DER - this is the derivative time given in minutes. It is defined as the time
advance which the derivative action causes on the output signal in relation to the
proportional action whenever a ramp occurs in the controlled variable. The derivative
action provides a quick response at the control output resulting from any rapid variation
in the controlled variable. It is used to eliminate oscillations. Note that in the
DCY-2050/2051/2060 Light controllers the derivative is applied to the controlled variable:
it inhibits the derivative action whenever only the setpoint is changed.

Time proportioning control

This PID control mode is provided with an ON/OFF output device: SPST relay,
solid-state relay or open collector voltage connected to output 1. Note that in this control
type, it is the ON time of the output device that varies according to PID output
computation. The device ON/OFF period being constant and defined by the user at level
3 for output configuration (RELAY parameter), it is the duty cycle that actually varies.

The heating-cooling control mode also allows the use of ON/OFF modules for
outputs 1 and 2.

Dual output control (heating-cooling)

HC - associates the heating-cooling control mode to the control block.

The heating-cooling control mode is obtained by dividing the scaled output from
-100.0% to 100.0% into two parts: the cooling band (-100.0% to 0.0%) and the heating
band (0.0% to 100.0%). The transition point between the two bands is 0.0%. Enabling of
the heating or cooling output depends on the PID output computation relative to the
transition point 0.0%. Whenever the computed output is above the transition point the
heating output is enabled and when the computed output is below the transition point the
cooling output is enabled. At each moment there is only one enabled output (see
figure 26).
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Fig. 26 - Heating-cooling output transition

In the heating-cooling control, the gain, integrative ratio and derivative time values
may be changed when crossing from the cooling band to the heating band. Such
changes should not happen in an abrupt way, as it would correspond to a violent change
in control output. In order to prevent such effect, a transition band is defined (BANT)
below and above the transition point where the PID parameters vary, as it is illustrated in
figure 27.
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Fig. 27 - PID parameter variation in the heating-cooling transition

As it can be seen on the above figure, the gain in the transition zone shows a
linear variation, the integrative ratio shows a step in its variation at that point and the
derivative time remains the same. Those parameters correspond to the following
mnemonics:
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BANT - transition band defined above and below the transition point
H.PRP - PID gain for the heating output

H.INT - PID integrative ratio for the heating output

C.PRP - PID gain for the cooling output

C.INT - PID integrative ratio for the cooling output
DER - PID derivative time common to heating and cooling outputs

Whenever the heating-cooling control is selected, output 1 will be the heating and
output 2 will be the cooling output. For outputs 1 and 2, one may have the following
internally optional module types: voltage output, current output, SPST relay, solid-state
relay and open collector voltage.

The adjustable parameter ranges shown on figure 22 are given below.

Mnemonic Parameter Adjustable pasaly Units
range Value

RATE Rate 0.01 t0 99.99 1.00 | -

BIAS Offset -999 to 9999 0 EU

HYST Hysteresis -999 to 9999 0 EU

PROP Proportional 0.01 to 99.99 S0/ B A—
Gain

RSTM Manual reset 0 to0 99.99 50.0. %

INT Integrative rate 0 to0 99.99 0.00 rep/min

DER Derivative time 0 to0 99.99 0.00 min

H.PRP Heating gain 0.01 to 99.99 1.00 | e

H.INT Heating 0 to 99.99 0.00 rep/min
integrative rate

C.PRP Cooling gain 0.01 to 99.99 1.00 | -

C.INT el 0 t0 99.99 0.00 rep/min
integrative rate

DER Derivative time 0to0 99.99 0.00 min

BANT Transition band 0 to 50 0 %
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3.2.6 -Level 6 - Tune

The PID parameters of the DCY-2050/2051/2060 Ligkt controllers, Proportional
Gain (PROP), Integrative Rate (INT) and Derivative Time (DER) are adjustable over a
wide range of values in order to be adapted to several processes with different
characteristics. For a specific control application, these parameters should be adjusted in
order to achieve the best system performance.

For this purpose, the DCY-2050/2051/2060 .Light controllers are provided with
auto-tune algorithms which, whenever activated by the user, will automatically compute,
both on start-up (when the controlled variable is far from the setpoint) and on demand
(the controlled variable is close to the setpoint), the optimum PID values based on the
process reaction curve during the auto-tune cycle. After carrying out PID computation via
the auto-tune algorithm the controllers start controlling the process in the automatic
mode with those new values.

The auto-tune algorithm is only carried out provided:
i) the setpoint is local.
i) the selected control algorithm is PID.
iii) the programmable setpoint is not enabled: STATE parameter is OFF.

Warning:

Whenever the derivative time (DER) is configured as zero, the auto-tune
algorithm will compute the parameters only for a PI control.

Before carrying out the auto-tune, the user should select the proper control action
(reverse or direct) to meet the requirements of this process.

The auto-tune algorithm is not carried out in the ON/OFF control and in the
heating-cooling control. For PID adjustment in the heating-cooling control the user
should carry out the PID manual adjustment sequence described at the end of this
section.

The auto-tune algorithm is carried out regardless of whether the controllers are in
the automatic or manual mode.

Auto-tune on start-up

The auto-tune procedure on start-up is carried out whenever the controlled
variable is far from its setpoint value, as is usually the case on start-up.
To enable the auto-tune on start-up, carry out the following steps:

i) Enter the configuration level 6.

i) Select the ON option for the ST.UP parameter (auto-tune on start-up) and press
ENTER.

iif) Note that the controller goes to the normal operation mode and the TUNE message
blinks on the upper display, indicating the auto-tune algorithm in running. When the
auto-tune algorithm is finished, the TUNE message disappears from the upper
display.
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Auto-tune on demand

The on demand auto-tune procedure is carried out whenever the controlled variable
is close to its setpoint value and the system has already achieved its steady condition.
Therefore, before activating the auto-tune on demand make sure both the controlled
variable and the control output are stable.

Whenever the auto-tune on demand is running, the controller generates a square
wave in the control output with amplitude selected by the user (D.Out), centered on the
output value, in order to cause oscillations on the controlled process, as illustrated on
figure 28. Based on such oscillations, the auto-tune algorithm computes the PID
parameters and the plant is controlled by those new parameter values.

Controlled A
Variable

€V

C.V. value HIST.
before
Auto-Tune HIST.

Controlled A
Output

D.Out
Output before v R DI IR R R DEDEDDEN MRS ERDIRR IR DD ISR SRR NP

Auto-T
uto-Tune D.out

Fig. 28 - Process variable and control output for on demand auto-tune

D.Out - determines the amplitude of the square wave generated in the control
output for auto-tune computation. The control output will vary this value up and down
from its present output.

Hyst - determines when the output should be changed. Whenever the control
variable crosses the upper and lower hysteresis limits, the controller output should cause
the output value to vary D.Out value for more or for less from its original value.

LIM.S, LIM.I - correspond to the upper and lower safety limits (trip point), which
determine a range within which the control variable can vary due to the auto-tune
process. In case the control variable goes out of this range the auto-tune process is
aborted.

To enable the on demand auto-tune follow the steps:

i) Enter the configuration level 6.

i) Select the amplitude of the square wave (D.Out) and the hysteresis (Hyst). See figure
28.

iii) Select the ON option for the AUTO parameter (auto-tune on demand) and press
ENTER.
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Note that as soon as the third step is completed the controllers will go to normal
operation mode with the TUNE message and the controlled variable alternating on the
upper display. Upon completion of the auto-tune cycle the instrument no longer displays
the TUNE message (see figure 29).
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Fig. 29 - TUNE Level Options
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The adjustable parameter ranges shown on figure 29 are given below.

Mnemonic Parameter Adjustable Factory Units
Range Value

D.Out square wave 0 to 100.0 10.0 %

amplitude
hysteresis above and

Hyst below the process -999 to 9999 10 EU
variable

LIM.S Upper Limit -999 to 9999 9999 EU

LIM.I Lower Limit -999 to 9999 -999 EU

PID manual adjustment

The manual adjustment of the PID parameters will be based on the Method of
ultimate sensitivity developed by Ziegler and Nichols. By this method, the optimum PID
adjustment will be that in which the process reaction curve shows consecutive
oscillations peaks with amplitudes at the rate of 1/4.

In order to apply this method, the following described steps should be carried out:

i) Set the integrative rate (INT) and the derivative time (DER) to zero, i.e., leave the
controllers under proportional action only.

i) Set an arbitrary gain value (PROP) and record the controlled variable.

iii) Adjust the gain value (PROP), also called sensitivity, until reaching a limit value in
which the controlled variable will show a uniform oscillation, i.e., with constant
amplitudes (see figure 30). Values above that limit produce amplifying oscillations,
whereas gain values below that limit will dampen those oscillations. By ultimate
sensitivity (Ku) it is meant that limit gain and by ultimate period (Pu) it is meant the
period of constant oscillation caused by this sensitivity.

Controlled
Variable (C.V.)

A ’,P_.‘
Uniform

________ 4 Amplitude

Time

Fig. 30 - Steady state oscillation
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Compute the optimum PID parameter adjustment according to the table below:

Control action Gain Integrative Rate | Derivative time
(INT) (DER)
P 0.5 Ku - -
P+1 0.45 Ku 1/(0.83 Pu*) -
P+D 0.6 Ku - 0.125 Pu
P+1+D 0.6 Ku 1/(0.5 Pu) 0.125 Pu

Pu - given in minutes

PID Adjustment under the heating-cooling mode

Select the heating-cooling control mode (HC) in level 5. Assign to the derivative
time (DER) the value obtained from the table. Set the heating integrative rate value
(H.Int) to the same value of the cooling integrative rate (S.Int), both equal to the value
obtained from the table. The heating gain may be obtained from the above table, but the
cooling gain should be manually adjusted until the best system performance is achieved.

3.2.7 - Level 7 - SetP (Programmable Setpoint)

The DCY-2050/2051/2060 Ligkt controllers can run a program which generates,
repeatedly, up to ten setpoint values.

The setpoint values, the time taken to reach these values and the number of
times this setpoint sequence should be repeated are parameters selected by the user
within Configuration level 7.

Figure 31 shows an illustration of a wave form obtained from the setpoints
programmed by the user. Note that the first setpoint (SP-1) is reached from the local
setpoint and that after running the programmable setpoint the value to be used for the
local setpoint will be the last value obtained by the programmable setpoint.

SP A

\4

—

Fig. 31 - Evolution of the programmable setpoint
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The options of level 7 are shown on figure 32, below.
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Fig.32 - Programmable Setpoint Level Options

STAT (State) - allows the user to run the programmable setpoint (RUN), disable
the programmable setpoint (OFF) or to indefinitely hold (HOLD) the setpoint execution.
In the latter case, the setpoint value remains at the setpoint value which was under
development when HOLD was assigned to parameter STAT. To resume the
programmable setpoint, select the ON option.

Before enabling the programmable setpoint one should program the setpoint
values (SP-1, SP-2,... SP-10), the elapsed times to reach those values (t1, t2,...t10) and
the number of times (L.C.) this setpoint sequence should be repeated. Note that t1 is the
time interval for the setpoint to develop from the local setpoint to the first programmable
setpoint SP-1; t2 is the time interval it takes to reach SP-2 starting from SP-1, etc.

L.C. (Loop Counter) - determines the number of times the setpoint sequence
should be repeated. If L.C. is configured as 250, the programmable setpoint is
continuously executed. While the programmable setpoint is running such parameter may
no longer be altered and serves the purpose of showing the user how many cycles
remains before the program ends.
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The adjustable parameter ranges are shown below.

Adjustable Factor
Mnemonic Parameter J y Units
Range
Value

counter determining how
many setpoint cycles will
be performed or how
L.C. many cycles are left 1 to 250 1 repetitions
before the end of the
programmable  setpoint

execution.
SP-1, SP-2, . -999 to
 Sp-10 setpoint value 9999 5000 EU
&btz’ time to reach the setpoint | 0 to 9999 0 minutes

When it is required less than ten setpoints in a cycle, set the time to reach the
next setpoint value to zero. For example, if only two programmable setpoint values SP-1
and SP-2 are required, t3 should be set to zero.

Setpoint evolution will be shown on the lower display when the user returns to the
operation level mode. In order to check how many cycles still remain before ending the
program, the user should return to the programmable setpoint level 7 and see the value
of parameter L.C.

3.2.8 - Level 8 - Calibration

WARNING: only enter the following options after completely understand
them. Otherwise it might be necessary to send the instrument back to factory for
recalibration. Calibration in this manual means adjustment.

The DCY-2050/2051/2060 ZLigkt controllers are accurately calibrated in factory
and do not need periodic calibration in normal conditions. When calibration is required,
follow this procedure below.

e Disconnect the process signals from 1/O terminals.

e Before calibrating the instrument, keep it turned on for at least 30 minutes for

warm up.
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Fig. 33 - Calibration Level Options

Input calibration

Enter level 8 of Calibration and provide the password. The password for
entering this level is number 5.

Select the input type to be calibrated. The display shows the mnemonics related
to the references required for the calibration process. Apply the reference corresponding
to the mnemonic shown on the display (see the Connection Diagram) and press ENTER.
The controller begins the calibration process and the mnemonic CAL blinks on the
display. The reference must be connect to the input until the display stops blinking and
presents the mnemonic corresponding to the reference.

Change to the next reference and press DOWN to select another point. Wait at
least 1 minute and press ENTER to start calibrating.
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In order to return to normal operation move back through the hierarchical levels
until reaching level zero.

Voltage (5V, 55mV and 10V) or current (20mA) input calibration

Connect an accurate DC voltage or current source to the proper input terminals
(see Connection Diagram) and apply the two references of voltage or current required by
the controller in the calibration level.

Calibration of thermocouple input

The thermocouple calibration of input 1 is performed in two steps. First perform O
to 55mV and 1 to 5V calibrations of input 1. Once the voltage calibrations are done,
access the CJC mnemonic in level 5 to start the automatic calculation of the cold junction
temperature. Meanwhile the CAL mnemonic blinks on the display. After a few seconds,
the display presents the temperature value given in °C. This value is a first
approximation. Then, the user must measure the temperature of the I/O terminals and
correct the value presented.

Calibration of 3-wire RTD input

In the 3-wire RTD calibration of input 1 use precision resistances of 100 and 300
ohms when required by the controller.

Output calibration

The analog outputs will be calibrated by the controller itself.

Be sure the internal jumper configuration of the Optional Analog Output Module
corresponds to the output type configured by software (without jumpers for 20mA output,
jumper 1 for 5V and jumper 2 for 10V) and connect the output terminals to the input
terminals corresponding to the type of output to be calibrated (see the Connection
Diagram).

Enter Calibration level 8 and select output 1 or 2, the output type (0 to 20mA, 0 to
5V or 0 to 10V) and press ENTER.

The display will show the mnemonic corresponding to the first calibration point.
There are two output calibration points. When pressing ENTER after the selection of the
calibration point, the display shows the output value. Use the UP and DOWN keys to
adjust the output value to the electrical level indicated by the mnemonics. Press ENTER
after adjusting. When calibrating the first point (OmA, 0V) care should be taken to avoid
output signal saturation.

Return to normal operating level by moving back to level zero.
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Returning to factory calibration

Enter calibration level 8, select the REC option and press ENTER to recover the
factory calibration values.

3.29-Level 9-RS

Refer to the communication manual.
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