Cat. No. HO8E-EN-01

ESCN
=ESYAYN
ESEN

Digital
Temperature Controllers

Getting Started Manual







ESCN/ESAN/ESEN/E5GN
Digital Temperature Controllers

Getting Started Manual
Basic Type

Revised August 2010

This manual needs the HO4E+E5CN(-U) and HO3BE+ESEN/AN datasheet for
selection and installation. (This manual is a selection from the full manual H156)






Preface

The E5CN, E5CN-U, E5AN, E5EN, and E5GN are Digital Temperature Controllers. The E5CN and
E5CN-U are both compact temperature controllers, with the E5CN featuring screw terminal connec-
tions, and the E5CN-U featuring socket pin connections. The E5GN can be connected using screw ter-
minals or screwless clamp terminals. The main functions and characteristics of these Digital
Temperature Controllers are as follows:

* Any of the following types of input can be used: thermocouple, platinum
resistance thermometer, infrared sensor, analog voltage, or analog cur-
rent.

¢ Either standard or heating/cooling control can be performed.

* Both auto-tuning and self-tuning are supported.

¢ Event inputs can be used to switch set points (multi-SP function), switch
between RUN and STOP status, switch between automatic and manual
operation, start/reset the simple program function, and perform other
operations. (Event inputs are not applicable to the ESCN-U.)

¢ Heater burnout detection, heater short (HS) alarms, and heater overcur-
rent (OC) functions are supported. (Applicable to ES5CN, E5AN, E5EN,
and E5GN models with heater burnout detection function.)

e Communications are supported. (Applicable to ESCN, E5AN, E5EN, and
E5GN models with communications.)

» User calibration of the sensor input is supported.

¢ The structure is waterproof (IP66). (Not applicable to the ESCN-U.)

* Conforms to UL, CSA, and IEC safety standards and EMC Directive.

e The PV display color can be switched to make process status easy to
understand at a glance.

This manual describes the ESCN, E5CN-U, E5AN, E5EN, and E5GN for basic functions. Read this
manual thoroughly and be sure you understand it before attempting to use the Digital Temperature
Controller and use the Digital Temperature Controller correctly according to the information provided.
Keep this manual in a safe place for easy reference. Refer to the full manual for advanced settings:
E5CN/ES5AN/ESEN/ESGN Digital Temperature Controllers User’'s Manual (Cat. No. H156).

Refer to the following manual for further information on communications: ESCN/E5AN/ESEN/E5GN
Digital Temperature Controllers Communications Manual Basic Type (Cat. No. H158).

Refer to the following manual for information on the Advanced Type Controllers: ESCN/ESAN/ESEN-H
Digital Temperature Controllers User's Manual Advanced Type (Cat. No. H157).

Visual Aids

The following headings appear in the left column of the manual to help you locate different types of
information.

Note Indicates information of particular interest for efficient and convenient opera-
tion of the product.

1,2,3... 1. Indicates lists of one sort or another, such as procedures, checklists, etc.
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Precautions for Operation

It takes approximately two seconds for the outputs to turn ON from after the power supply is turned ON.
Due consideration must be given to this time when incorporating Temperature Controllers into a control
panel or similar device.

Make sure that the Temperature Controller has 30 minutes or more to warm up after turning ON the power
before starting actual control operations to ensure the correct temperature display.

When executing self-tuning, turn ON power for the load (e.g., heater) at the same time as or before
supplying power to the Temperature Controller. If power is turned ON for the Temperature Controller
before turning ON power for the load, self-tuning will not be performed properly and optimum control will
not be achieved. When starting operation after the Temperature Controller has warmed up, turn OFF the
power and then turn it ON again at the same time as turning ON power for the load. (Instead of turning the
Temperature Controller OFF and ON again, switching from STOP mode to RUN mode can also be used.)
Avoid using the Controller in places near a radio, television set, or wireless installing. The Controller may
cause radio disturbance for these devices.

Shipping Standards

The E5CN, E5CN-H, E5AN, E5AN-H, ESEN, and E5EN-H comply with Lloyd's standards. When applying the
standards, the following installation and wiring requirements must be met in the application.

H Application Conditions

1) Installation Location

The E5CN, E5CN-H, E5AN, E5AN-H, E5EN, and E5EN-H comply with installation category ENV1 and
ENV2 of Lloyd's standards. Therefore, they must be installed in a location equipped with air condition-
ing. They must therefore be installed in a location equipped with air conditioning. They cannot be used
on the bridge or decks, or in a location subject to strong vibration.

2) Wiring Conditions

Install the recommended ferrite core and wrap the line around it three turns for the applicable lines
(e.g., power supply cable line and signal lines) of the models listed in the following table. (See illustra-
tions.) Install the ferrite cores as close to the terminal block of the E5[IN as possible. (As a guideline,
the ferrite core should be within 10 cm of the terminal block.)

@ Lines Requiring Ferrite Cores

Model Signal and power lines provided with ferrite cores
E5CN, E5CN-U, or ESCN-H | Input power supply
E5EN, E5AN, E5EN-H, or Input power supply and I/O lines (control outputs (1 and 2), communications,
E5AN-H event inputs (1 to 4), transfer output, and external power supply (Advanced
Type models do not have an external power supply.)

@® Recommended Ferrite Core
Manufacturer Seiwa Electric Mfg. Co., Ltd.
Model E04RA310190100

Note This part is available from Omron stock.
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@ Ferrite Core Connection Examples
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Preparations for Use

Be sure to thoroughly read and understand the manual provided with the product, and check the fol-
lowing points.

Timing

Check point

Details

Purchasing the prod-
uct

Product appearance

After purchase, check that the product and packaging are not dented or
otherwise damaged. Damaged internal parts may prevent optimum
control.

Product model and speci-

fications

Make sure that the purchased product meets the required specifica-
tions.

Setting the Unit

Product installation loca-

tion

Provide sufficient space around the product for heat dissipation. Do not
block the vents on the product.

Wiring

Terminal wiring

Do not subject the terminal screws to excessive stress (force) when
tightening them.

Make sure that there are no loose screws after tightening terminal
screws to the specified torque of 0.74 to 0.90 N-m (see note).

Be sure to confirm the polarity for each terminal before wiring the termi-
nal block and connectors.

Power supply inputs

Wire the power supply inputs correctly. Incorrect wiring will result in
damage to the internal circuits.

Operating environ-
ment

Ambient temperature

The ambient operating temperature for the product is —10 to 55°C (with
no condensation or icing). To extend the service life of the product,
install it in a location with an ambient temperature as low as possible. In
locations exposed to high temperatures, if necessary, cool the products
using a fan or other cooling method.

Vibration and shock

Check whether the standards related to shock and vibration are satis-
fied at the installation environment. (Install the product in locations
where the conductors will not be subject to vibration or shock.)

Foreign particles

Install the product in a location that is not subject to liquid or foreign
particles entering the product.

Note The tightening torque is 0.5 N-m for the ES5CN-U and 0.43 to 0.58 N-m for the
E5GN. The terminal torque is 0.5 to 0.6 N-m for auxiliary output 2 on the

E5GN.



Conventions Used in This Manual

Model Notation

The E5CN-LICIC], ESCN-LICICIU, ESAN-CICIC], ESEN-CICIC, and ESGN-LICIC] are given as the ESCN,
E5CN-U, E5AN, E5EN, and E5GN when they share functionality.
The following notation is used when specifying differences in functionality.

Notation Options
E5SCIN-CICICIB Two event inputs
E5SLIN-LICICI03 RS-485 communications
E5CIN-CICH One of HB, HS, and heater overcurrent detection
ESCIN-LIOHH Two of HB, HS, and heater overcurrent detection (See note 1.)
E5CIN-CIQ Control output 2 (voltage output) (See note 1.)
ESLCIN-LICIP External power supply to ES1B (See note 1.)
E5CIN-CICICI01 RS-232C communications (See note 2.)
E5SCIN-CICIF Transfer output (See note 3.)

Note: (1) Excluding the E5GN.
(2) Excluding the E5CN.
(3) The E5AN and E5EN only.

Meanings of Abbreviations

The following abbreviations are used in parameter names, figures and in text explanations. These
abbreviations mean the following:

Symbol Term
PV Process value
SP Set point
SV Set value
AT Auto-tuning
ST Self-tuning
HB Heater burnout
HS Heater short (See note 1.)
ocC Heater overcurrent
LBA Loop burnout alarm
EU Engineering unit (See note 2.)

Note: (1) A heater short indicates that the heater remains ON even when the control output from the Tempera-
ture Controller is OFF because the SSR has failed or for any other reason.

(2) “EU” stands for Engineering Unit. EU is used as the minimum unit for engineering units such as °C,
m, and g. The size of EU varies according to the input type.
For example, when the input temperature setting range is =200 to +1300°C, 1 EU is 1°C, and when
the input temperature setting range is —20.0 to +500.0°C, 1 EU is 0.1°C.
For analog inputs, the size of EU varies according to the decimal point position of the scaling setting,
and 1 EU becomes the minimum scaling unit.
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About this Manual:

This manual describes the ESCN/CN-U/AN/EN Digital Temperature Controllers and includes the sec-
tions described below.

Please read this manual carefully and be sure you understand the information provided before
attempting to set up or operate an ESCN/CN-U/AN/EN Digital Temperature Controller.

e Overview

Section 1 introduces the features, components, and main specifications of the ESCN/CN-U/AN/EN/
GN Digital Temperature Controllers.

*Setup

Section 2 describes the work required to prepare the ESCN/CN-U/AN/EN/GN Digital Temperature
Controllers for operation, including installation and wiring.

*Basic Operations

Section 3 describes the basic operation of the ESCN/CN-U/AN/EN/GN Digital Temperature Control-
lers, including key operations to set parameters and descriptions of display elements based on specific
control examples.

Section 5 describes the individual parameters used to setup, control, and monitor operation.

* Operations for Applications

Section 4 describes scaling, the SP ramp function, and other special functions that can be used to
make the most of the basic functionality of the ESCN/CN-U/AN/EN/GN Digital Temperature Control-
lers.

&WARNING Failure to read and understand the information provided in this manual may result in per-

sonal injury or death, damage to the product, or product failure. Please read each section
in its entirety and be sure you understand the information provided in the section and
related sections before attempting any of the procedures or operations given.

xii



SECTION 1
Introduction

This section introduces the features, components, and main specifications of the ESGN, ESCN, ESEN and E5SAN digital
temperature controllers.

I-1  Namesof Parts .......... . 2
1-1-1  FrontPanel ........ ... ... .. .. . i, 2
1-1-2  Explanation of Indicators . .............. ... ..., 4
1-1-3 Usingthe Keys ... ... 5
1-2  T/O Configuration and Main Functions. .. ........................... 6
1-2-1  T/OConfiguration . ... .......co.vuirenin e 6
1-2-2  MainFunctions. .......... . . i 10
1-3  Setting Level Configuration and Key Operations. .. ................... 12
1-3-1  Selecting Parameters. . ... ..o, 14
1-3-2 Saving Settings . .. ..o vttt 15
1-4  Communications Function ........... ... ... .. .. . .. .. .. . ... 15
1-5 Insulation Block Diagrams . ............. .. ...t 17



Names of Parts Section 1-1

1-1  Names of Parts
1-1-1  Front Panel

E5CN/CN-U The front panel is the same for the ESCN and E5CN-U.

Temperature unit
1 N
OMRON
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ESEN
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1-1-2 Explanation of Indicators

No. 1 Display

No. 2 Display

No. 3 Display
(E5AN/EN Only)

Operation Indicators

1,2,3...

Temperature Unit

Displays the process value or parameter name.
Lights for approximately one second during startup.

Displays the set point, parameter operation read value, or the variable input
value.

Lights for approximately one second during startup.
The set point will flash during autotuning.

Displays MV, soak time remaining, or multi SP.
Lights for approximately one second during startup.

A 2-level display is set when shipped from the factory.
A 3-level display is activated if parameters are initialized.

1. SUB1 (Sub 1)
Lights when the function set for the Auxiliary Output 1 Assignment param-
eter is ON.
SUB2 (Sub 2)
Lights when the function set for the Auxiliary Output 2 Assignment param-
eter is ON.
SUBS3 (Sub 3) (ESAN/EN Only)
Lights when the function set for the Auxiliary Output 3 Assignment param-
eter is ON.

2. HA (Heater Burnout, Heater Short Alarm, Heater Overcurrent Detection
Output Display)
Lights when a heater burnout, heater short alarm, or heater overcurrent
occurs.

3. OUT1 (Control Output 1)
Lights when the control output function assigned to control output 1 turns
ON. For a current output, however, OFF for a 0% output only.
OUT2 (Control Output 2) (Excluding the E5GN)
Lights when the control output function assigned to control output 2 turns
ON. For a current output, however, OFF for a 0% output only.

4. STOP
Lights when operation is stopped.
During operation, this indicator lights when operation is stopped by an
event or by key input using the RUN/STOP function.

5. CMW (Communications Writing)
Lights when communications writing is enabled and is not lit when it is dis-
abled.

6. MANU (Manual Mode)
Lights when the auto/manual mode is set to manual mode.

7. Om (Key)
Lights when settings change protect is ON (i.e., when the [&| and 4] Keys
are disabled by protected status.)

The temperature unit is displayed when parameters are set to display a tem-
perature. The display is determined by the currently set value of the Tempera-
ture Unit parameter. °L indicates °C and °F indicates °F.

This indicator flashes during ST operation. It is OFF on models with linear
inputs.
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1-1-3 Using the Keys
This section describes the basic functions of the front panel keys.

PF (Function (Auto/ This is a function key. When it is pressed for at least 1 second, the function set
Manual)) Key in the PF Setting parameter will operate.

(ESAN/EN Only) Example: When A-M (auto/manual) is selected in the PF Setting parameter
(initial value: A-M), the key operates as an auto/manual switch, switching
between Auto Mode and Manual Mode. If the key is pressed for more than 1
second (regardless of key release timing), the mode will switch.

[O] Key Press this key to move between setting levels. The setting level is selected in
the following order: operation level: adjustment level, initial setting level, com-
munications setting level.

2 Key Press this key to change parameters within a setting level.

The parameters can be reversed by holding down the key (moving one per
second in reverse order).

Key Each press of this key increments the value displayed on the No. 2 display or
advances the setting. Holding the key down speeds up the incrementation.

Key Each press of this key decrements values displayed on the No. 2 display or
reverses the setting. Holding the key down speeds up the incrementation.

[O] + [c2 Keys Press these keys to change to the protect level. For details on operations
involving holding these keys down simultaneously, refer to 1-3 Setting Level
Configuration and Key Operations.

Keys To restrict set value changes (in order to prevent accidental or incorrect oper-

Keys ations), these key operations require simultaneously pressing the [O] key
along with |A&] or [¥] key. This applies only to the parameter for the password to
move to protect level.
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1-2 1/0 Configuration and Main Functions

1-2-1 1/O Configuration

E5CN
re=-=-==-=-- |
; Control Control output ! 1
Temperature input : —{ ~ontr e Control output 1
1
Control output ___. e
(cooling) > hd | Control output 2 I(See note.)
| Heating/cooling |
! 1
External power
1
| ! supply for ES1B (See note.)
1
— Alarm 3 - :
CT1 input 1 |
1 I
— Alarm2 | —p-m - mm oo - - >:_> Auxiliary output 2
! 1
1
— Alarm 1 — | :
CT2 input 1 |
— HBalarm — : !
1
! 1
L1 HSalarm T ->I—>|Auxiliary output 1 I
Event inputs ! |
2 channels : !
—  OCalarm [— ! 1
! 1
! 1
— Inputerror  |— 1 |
! 1
Program end ! 1
— _>|
output | 1 Note:
Communications | ! Press one of these keys,
—lfunction | : depending on the model.
- i
Note  Functions can be assigned individually for each output by changing the set

=)}

values for the Control Output 1 Assignment, the Control Output 2 Assignment,
the Auxiliary Output 1 Assignment, and the Auxiliary Output 2 Assignment
parameters in the advanced function setting level.
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E5CN-U

I
_ Control trol outout !
Temperature input section 1 ((?g;tri?] c)’“ e p-+—p| Control output 1
or analog input 9 1

Control output

|
- - - = = = - - :
(cooling) | Heating/! !
| cooling @ !
[
—  Alarm 3 —! (0- - >|—>| Auxiliary output 2 I
|
lStandard:

1
— Alarm 2 —l- - - - - - s :
1
1

1
1
— Alarm 1 1 |
:I-»: .......... - —p | Auxiliary output 1
— Input error |
1
1
>,

Program end
output

Note  Functions can be assigned individually for each output by changing the set
values for the Control Output 1 Assignment, the Auxiliary Output 1 Assign-
ment, and the Auxiliary Output 2 Assignment parameters in the advanced
function setting level.
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ESAN/EN

Temperature input Control Control outout
or analog input section [ (heating) P Control output 1

Control output
(cooling) Control output 2

| (See note.)
| | External power
| | supply for ES1B [§ (See note.)
I
— N I :
Alarm 3 - - = Hl Alarm output 3

CT1 input | |

fam? _>I_ - Alarm output 2

Alarm 1
CT2 input

I
I
I
I
I
I
1 HS alarm - - — — — Alarm output 1
Event inputs 1 and _ﬂ_>

2 (2 channels)

HB alarm

I” !

—— OC alarm —

Program end

I
I
I
I
1 Input error - |
I
I
I
I

output Note:
___ Press one of these keys,
|| Communications depending on the model.
function L

Note  Functions can be assigned individually to each output by changing the set val-
ues for the Control Output 1 Assignment, Control Output 2 Assignment, Auxil-
iary Output 1 Assignment, Auxiliary Output 2 Assignment, and Auxiliary
Output 3 Assignment parameters in the advanced function setting level.
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E5GN

r _____ -

Temperature input Control Control output o | ]
I

Control output L |

(cooling) Heating/ | |

cooling | |

R
| _pl_pAuiniary output 1

— Alarm 1 - ,f._ |

|Standard |

) | |

CT1 input L HBalarm H | | |

| I |

] HS alarm Pl —— |

| |

— OC alarm — | |

| I

— Input error ~ | |

Event inputs | |

2 channels |

— Alarm 2 —p— ——————bl—bAuiniary output 2

| |

— Alarm 3 —}: |

| I

Program end |

output ’ | |

Communications | |

function I |

Note  Functions can be assigned individually for each output by changing the set
values for the Control Output 1 Assignment, the Auxiliary Output 1 Assign-
ment, and the Auxiliary Output 2 Assignment parameters in the advanced
function setting level.
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1-2-2 Main Functions

This section introduces the main E5CN/CN-U/AN/EN/GN functions. For
details on particular functions and how to use them, refer to SECTION 3 Basic
Operation and following sections.

Input Sensor Types

Control Outputs

Alarms

10

* The following input sensors can be connected for temperature input

(i.e., E5_N-COCCT):

Thermocouple: K,J,TE,L,U N, R, S, B, W, PLII
Infrared temperature sensor: ES1B
10 to 70°C, 60 to 120°C, 115 to 165°C,
140 to 260°C
Platinum resistance thermometer: Pt100, JPt100
Analog input: 0to 50 mV

* Inputs with the following specifications can be connected for analog input

(i.e., E5_N-LIICICIL):
Current input: 4 to 20 mA DC, 0 to 20 mA DC
Voltage input: 1to5VDC,0to5V DC,0to 10V DC

* A control output can be a relay, voltage (for driving SSR), or current out-

put, depending on the model.

* Long-life relay outputs (see note) use semiconductors for switching when

closing and opening the circuit, thereby reducing chattering and arcing
and improving durability. However, if high levels of noise or surge are
imposed between the output terminals, short-circuit faults may occasion-
ally occur. If the output becomes permanently shorted, there is the danger
of fire due to overheating of the heater. Design safety into the system,
including measures to prevent excessive temperature rise and spreading
of fire. Take countermeasures such as installing a surge absorber. As an
additional safety measure, provide error detection in the control loop.
(Use the Loop Burnout Alarm (LBA) and HS alarm that are provided for
the E5[IN.)

Long-life Varistor

relay output —

1 [ Tnductive |

load
‘; Varistor 6“?
2

Select a surge absorber that satisfies the following conditions.

Voltage used Varistor voltage Surge resistance
100 to 120 VAC 240to 270 V 1,000 A min.
200 to 240 VAC 440t0 470 V

* Always connect an AC load to a long-life relay output (see note). The out-
put will not turn OFF if a DC load is connected.

Long-life relay outputs are not supported for the ESGN.

* Set the alarm type and alarm value or the alarm value upper and lower
limits.

e If necessary, a more comprehensive alarm function can be achieved by
setting a standby sequence, alarm hysteresis, auxiliary output close in
alarm/open in alarm, alarm latch, alarm ON delay, and alarm OFF delay.

e If the Input Error Output parameter is set to ON, the output assigned to
alarm 1 function will turn ON when an input error occurs.
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Control Adjustment

Event Inputs

Heater Burnout, HS Alarm,
and Heater Overcurrent

Communications
Functions

Note

External Power Supply for
ES1B

Note

Transfer Output

* Optimum PID constants can be set easily by performing AT (auto-tuning)
or ST (self-tuning).

* With the E53-CNLIBLIN2 for the ESCN or the ESAN/EN-[JM[]-500-N with
the E53-AKB for the ESAN/EN, the following functions can be executed
using event inputs: switching set points (multi-SP, 4 points max.), switch-
ing RUN/STOP, switching between automatic and manual operation, start-
ing/resetting the program, inverting direct/reverse operation, 100% AT
execute/cancel, 40% AT execute/cancel, setting change enable/disable,
and canceling the alarm latch.

e With the E53-CNJHLIN2 or E53-CNLCIHHLCIN2 for the E5CN, or the
E5AN/EN-LICIHCI-500-N or ESAN/EN-LICIHHLCI-500-N, the heater burnout
detection function, HS alarm function, and heater overcurrent detection
function can be used.

e Communications functions utilizing CompoWay/F (See note 1.), SYSWAY
(See note 2.), or Modbus (See note 3.) can be used.
RS-485 Interface

Use the E53-CNLI0O3N2 for the E5CN or the E53-ENO03 for the ESAN/
EN.

RS-232C Interface
Use the E53-ENO1 for the ESAN/EN.

(1) CompoWay/F is an integrated general-purpose serial communications
protocol developed by OMRON. It uses commands compliant with the
well-established FINS, together with a consistent frame format on
OMRON Programmable Controllers to facilitate communications be-
tween personal computers and components.

(2) SYSWAY communications do not support alarm 3.

(3) Modbus is a communications control method conforming to the RTU
Mode of Modbus Protocol. Modbus is a registered trademark of
Schneider Electric.

(4) The E5CN and E5CN-U do not support the RS-232C interface.

The ESAN-LIPL-N or ESEN-[JP[I-N with the E53-CNLIPLIN2 can be used as
the power supply for ES1B Infrared Temperature Sensors.

The E5GN does not provide a power supply for an ES1B Infrared Tempera-
ture Sensor.

A transfer output for 4 to 20 mA can be used with the ESAN/E5EN-LILIF.

For ESLIN-CLIC) models (models without “F” in the model number), the cur-
rent output can be used as a simple transfer output.

11
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1-3 Setting Level Configuration and Key Operations

Parameters are divided into groups, each called a level. Each of the set val-
ues (setting items) in these levels is called a parameter. The parameters on
the ESCN/CN-U/AN/EN/GN are divided into the following 9 levels.

When the power is turned ON, all of the display lights for approximately one
second.

.
Start in manual mode.

Start in automatic mode.

Press the [O] Key or the
PF Key for at least 1 s.

(See note 4.) . X Press the
Operation Adjustment (Ol+ &l
Level Level Press the Keys for at
[Ol+ =l least 1s.
Press the Keys for at
[O] Key less than 1 s. least 3 s.
(Display

will flash
after 1st
PF Key
PF K Monitor/Settin Searoios, o S0
) ey | |
Manual for at least 3 s while (See note 5.) 9

Press the [O] Key
A-Mis displayed.
mode (R-* will flash after ltem Level
. 1st second.)

(See note 4.) Press the [O] Key for at
Press the PF Key least 3 s. (Display will flash
gr at leg — after 1st second.)
Control Level

I%Ielise ;hfg . Protect Level

at least 1 s.

Note The time taken to move
to the protect level can
be adjusted by chang-
ing the "Move to pro-
tect level time" setting.

Communica-

H tions Setting

Press the Level
[O] Key for less than 1 s.

Initial Setting
Level

Control stops.

Input password while
AMal is displayed. (Set
value —169)

Press the [O] Key
for at least 1 s.

Advanced Function
Setting Level

D Control in progress

Input password. D Control stopped
C] Not displayed for some models
Note: Not described in this manual. . . (See
Please refer to H156 Calibration Level note 2.) « Level change
Note (1) You can return to the operation level by executing a software reset.

(2) You cannot move to other levels by operating the keys on the front panel
from the calibration level. You must turn OFF the power supply.

(3) From the manual control level, key operations can be used to move to the
operation level only.

Level Control in progress | Control stopped
Protect level Can be set.
Operation level Can be set.
Adjustment level Can be set.
Manual control level Can be set.
Monitor/setting item level Can be set. ---
Initial setting level Can be set.

12
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Protect Level

Operation Level

Adjustment Level

Monitor/Setting Item Level

Manual Control Level

Level Control in progress Control stopped
Advanced function setting level |--- Can be set.
Calibration level Can be set.
Communications setting level Can be set.

Of these levels, the initial setting level, communications setting level,
advanced function setting level, and calibration level can be used only
when control is stopped. Control outputs are stopped when any of
these four levels is selected.

(4) When the PF Setting is set to A-M in models with a PF Key (ESAN/EN)
(5) When the PF Setting is set to PFDP in models with a PF Key (ESAN/EN)

To switch to the protect level from the operation level, the adjustment
level, or the monitor/setting item level, simultaneously hold down the [O]
and [<@] Keys for at least 3 seconds. (See note.) This level is for preventing
unwanted or accidental modification of parameters. Protected levels will
not be displayed, and so the parameters in that level cannot be modified.

Note The key pressing time can be changed in Move to Protect Level pa-
rameter (advanced function setting level).

The operation level is displayed when the power is turned ON. You can
move to the protect level, initial setting level, or adjustment level from this
level.

Normally, select this level during operation. While operation is in progress,
items such as the PV and manipulated variable (MV) can be monitored,
and the set points, alarm values, and alarm upper and lower limits can be
monitored and changed.

To move to the adjustment level, press the [C] Key once (for less than 1 s).

This level is for entering set values and offset values for control. In addi-
tion to AT (auto-tuning), communications write enable/disable switching,
hysteresis settings, multi-SP settings, and input offset parameters, it
includes HB alarm, HS alarm, OC alarm, and PID constants. From the
adjustment level, it is possible to move to the top parameter of the initial
setting level, protect level, or operation level.

To switch to the monitor/setting item level, press the PF Key from the
operation level or adjustment level. The contents set for monitor/setting
items 1 to 5 can be displayed. You can move from the monitor/setting item
level to the operation level or initial setting level. (This level is supported
by the ESAN and E5EN only.)

When the [O] Key is pressed for at least 3 seconds from the operation
level's auto/manual switching display, the manual control level will be dis-
played. (The MANU indicator will light.)

When the PF Setting is set to A-M (auto/manual) and the PF Key is
pressed for more than one second from the operation level or adjustment
level, the manual control level will be displayed (ESAN and E5EN only.)
This is the level for changing the MV in manual mode.

To return to the operation level, press the [O] Key for at least one second.
It is also possible to return to the operation level by pressing the PF Key
for more than one second when the PF Setting is set to A-M.

13
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Initial Setting Level .

Advanced Function
Setting Level

Communications Setting .
Level

To move to the initial setting level from the operation level or the adjust-
ment level, press the [O] Key for at least 3 seconds. The PV display
flashes after one second. This level is for specifying the input type and
selecting the control method, control period, setting direct/reverse opera-
tion, setting the alarm types, etc. You can move to the advanced function
setting level or communications setting level from this level. To return to
the operation level, press the [C] Key for at least one second. To move to
the communications setting level, press the [O] Key for less than one sec-
ond.

(When moving from the initial setting level to the operation level, all the
indicators will light.)

Note Pressing the [O] Key for at least 3 seconds in the operation level's
auto/manual switching display will move to the manual control level,
and not the initial setting level.

To move to the advanced function setting level, set the Initial Setting/Com-
munications Protect parameter in the protect level to 0 and then, in the ini-
tial setting level, input the password (-169).

From the advanced function setting level, it is possible to move to the cali-
bration level or to the initial setting level.

This level is for setting the automatic display return time and standby
sequence, and it is the level for moving to the user calibration and other
functions.

To move to the communications setting level from the initial setting level,
press the [O] Key once (for less than 1 s). When using the communica-
tions function, set the communications conditions in this level. Communi-
cating with a personal computer (host computer) allows set points to be
read and written, and manipulated variables (MV) to be monitored.

1-3-1 Selecting Parameters

14

Within each level, the parameter is changed in order (or in reverse order)
each time the <2l Key is pressed. (In the calibration level, however, param-
eters cannot be changed in reverse order.)
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1 is pressed (if key is down, the parameter will move
1 released within 1 s). each second in reverse order.

Parameter 1

| Moves in order after key While the [<&l key is being held 4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

l
Parameter 2 Parameter 2
been held down 1
for2s.

Parameter 3 Parameter 3

Hold down the [cel key

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
] Atter [ key has |
' A. te ey has,
. 1
1 1
1 1
1 1
1 1
: !
1

1 1
1 After &l key 1 during this interval. 1
1
1
1
' |
1
1

After [ key has1

is pressed fommmmmmmmm e ! been held down |
for1s. i

:

Parameter 4 :

1

1-3-2 Saving Settings

e If you press the Key at the final parameter, the display returns to the
top parameter for the current level.

¢ To change parameter settings, specify the setting using the [&] or ] Key,
and either leave the setting for at least two seconds or press the Key.
This saves the setting.

* When another level is selected after a setting has been changed, the con-
tents of the parameter prior to the change is saved.

* When you turn the power OFF, you must first save the settings (by press-
ing the Key). The settings are sometimes not changed by merely
pressing the (Al or ] Keys.

1-4 Communications Function

The ES5CN/AN/EN/GN are provided with a communications function that
enables parameters to be checked and set from a host computer. If the com-
munications function is required, use the E53-CNLJ0O3N2 with the E5CN, or
the E53-ENO3 or E53-ENO1 with the ESAN/EN/GN. For details on the com-
munications function, see the separate Communications Manual Basic Type.
Use the following procedure to move to the communications setting level.

1,2,3...

1.

Press the [O] Key for at least three seconds to move from the operation lev-
el to the initial setting level.

Press the [O] Key for less than one second to move from the initial setting
level to the communications setting level.

Select the parameters as shown below by pressing the <] Key.
Press the [A] or ¥] Key to change the parameter setting.

15
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Note

Setting Communications

Data

00 0000

000000
[y

00 0000

00 0000
=

n (See note.)

00 0000

oo 2| (See note.)

00 0000

e
on Iyl
= ul

I

00 0000

PCE!| Protocol Setting
Ch
Communications Unit No.
hLPg Communications Baud Rate
&
El Communications Data Length
L. | Communications Stop Bits

Communications Parity

CAME Send Data Wait Time

The Protocol Setting parameter is displayed only when CompoWay/F commu-

nications are being used.

Match the communications specifications of the ESCN/AN/EN/GN and the
host computer. If a 1:N connection is being used, ensure that the communica-
tions specifications for all devices in the system (except the communications

Unit No.) are the same.

Parameter name Symbol Setting (monitor) value Selection symbols Default Unit

Protocol Setting FPSEL CompoWay/F (SYSWAY), |LWF, Mg CompoWay/F |None
Modbus (SYSWAY)

Communications L-No 0to 99 1 None
Unit No.
Communications bP5 1.2,2.4,4.8,9.6, 19.2, 2,24 58,86, 152,384 |9.6 kbps
Baud Rate 38.4,57.6 5B
Communications LEN 7,8 7 Bits
Data Length
Communications ShCE 1,2 2 Bits
Stop Bits
Communications PREY None, Even, Odd NaNE, EVEN, add Even None
Parity
Send Data Wait Sdi 0to 99 20 ms
Time

16
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1-5 Insulation Block Diagrams

The insulation block diagrams for the ESCN, E5AN, E5EN, and E5GN are pro-
vided in this section.

Input, CT input, Q outputs (outputs 1 and 2)
Communications and events
External power supply
C output

R output

Y output

Auxiliary outputs 1 and 2

|:| : Reinforced insulation

: Functional insulation

Input and Q output (output 1)
C output

R output

Y output

Auxiliary outputs 1 and 2

|:| : Reinforced insulation

: Functional insulation

Input, CT input, and Q output (output 1)
Communications and events
External power supply and Q output (output 2)
C output and transfer output

R output

Y output

Auxiliary output 1

Auxiliary output 2

Auxiliary output 3

|:| : Reinforced insulation

E5CN
Power
supply
E5CN-U
Power
supply
E5AN/EN
Power
supply
E5GN

: Functional insulation

Power
supply

Input, CT input, Q output (output 1)
Communications and events
C output

R output

Auxiliary output 1

Auxiliary output 2

|:| : Reinforced insulation

: Functional insulation
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SECTION 2
Preparations

This section describes the work required to prepare the ESGN, ESCN, ESEN and E5SAN Digital Temperature Controllers
for installation. For operation and wiring details refer to the datasheet (HO3E and HO4E).

2-1 Imstallation. .. ... ...t 20
2-1-1 MOUNEING. . oottt e e e e e e 20
2-1-2  Removing the Temperature Controller from the Case . .......... 22
2-2  Using the Support Software Port ... ............ ... ... ... ......... 26
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Installation Section 2-1

2-1 Installation

2-1-1 Mounting
E5SCN/CN-U

E53-COV17
Terminal Cover

Adapter

Waterproof packing

Panel
E5CN E5CN-U
For the Wiring Socket for the E5CN-U, order the P2CF-11 or P3GA-11 sepa-
rately.
Mounting to the Panel
1,2,3... 1. For waterproof mounting, waterproof packing must be installed on the

Controller. Waterproofing is not possible when group mounting several
Controllers. Waterproof packing is not necessary when there is no need for
the waterproofing function. There is no waterproof packing included with
the ESCN-U.

2. Insert the ESCN/E5CN-U into the mounting hole in the panel.

3. Pushthe adapter from the terminals up to the panel, and temporarily fasten
the ESCN/E5CN-U.

4. Tighten the two fastening screws on the adapter. Alternately tighten the
two screws little by little to maintain a balance. Tighten the screws to a
torque of 0.29 to 0.39 N-m.

Mounting the Terminal Cover

For the E5CN, make sure that the “UP” mark is facing up, and then attach the
E53-COV17 Terminal Cover to the holes on the top and bottom of the Temper-
ature Controller.

20
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ESAN/EN

pm

Terminal Cover <=1
(E53-COV16)

Waterproof packing (E53-COV16)

1,2,3...

=y
3

o

L]

Mounting Mounting
Bracket Panel Bracket

%

/ b -
/ ‘ Terminal Cover

=

Waterproof packing
E5AN ESEN

Mounting to the Panel

1. For waterproof mounting, waterproof packing must be installed on the
Controller. Waterproofing is not possible when group mounting several
Controllers. Waterproof packing is not necessary when there is no need for
the waterproofing function.

2. Insert the ESAN/E5EN into the square mounting hole in the panel (thick-
ness: 1 to 8 mm). Attach the Mounting Brackets provided with the product
to the mounting grooves on the top and bottom surfaces of the rear case.

3. Use a ratchet to alternately tighten the screws on the top and bottom

Mounting Brackets little by little to maintain balance, until the ratchet turns
freely.

Mounting the Terminal Cover

Slightly bend the E53-COV16 Terminal Cover to attach it to the terminal block
as shown in the following diagram. The Terminal Cover cannot be attached in
the opposite direction.

Slightly bend the
E53-COV16
Terminal Cover in
the direction shown
by the arrows to
attach it to the
terminal block.

Enlarged lllustration of Terminal Section
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E5GN

1,2,3...

Mounting to the Panel

1.

For waterproof mounting, waterproof packing must be installed on the
Controller. Waterproofing is not possible when group mounting several
Controllers.

Waterproof packing is not necessary when there is no need for the water-
proofing function.

Insert the ESGN into the mounting hole in the panel.

Push the adapter from the terminals up to the panel, and temporarily fasten
the E5GN.

Tighten the two fastening screws on the adapter. Alternately tighten the
two screws little by little to maintain a balance.Tighten the screws to a
torque of 0.29 to 0.39 N-m.

Panel

Waterproof packing

2-1-2 Removing the Temperature Controller from the Case

The Temperature Controller can be removed from the case to perform mainte-
nance without removing the terminal leads. This is possible for only the E5CN,
E5AN, and E5EN, and not for the ESCN-U or ESGN. Check the specifications
of the case and Temperature Controller before removing the Temperature
Controller from the case.

E5CN

22

1,2,3...

Flat-blade screwdriver
(Unit: mm)

20 min.

0.4

§

Insert a flat-blade screwdriver into the two tool insertion holes (one on the
top and one on the bottom) to release the hooks.

Insert the flat-blade screwdriver in the gap between the front panel and
rear case, and pull out the front panel slightly. Hold the top and bottom of
the front panel and carefully pull it out toward you, without applying unnec-
essary force.
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ESAN/EN

=

it

=it

1,2,3...

When inserting the body of the Temperature Controller into the case, make
sure the PCBs are parallel to each other, make sure that the sealing rubber
is in place, and press the ESCN toward the rear case into position. While
pushing the E5CN into place, push down on the hooks on the top and bot-
tom surfaces of the rear case so that the hooks are securely locked in
place. Be sure that electronic components do not come into contact with
the case.

Make sure the PCBs are
parallel to each other, and
then press the body of the
Temperature Controller
toward the rear case into
position.

Bottom View of the ESCN

Tool insertion hole . .
Tool insertion hole

E5AN E5EN

Flat-blade screwdriver
(Unit: mm)

Insert a flat-blade screwdriver into the two tool insertion holes (one on the
top and one on the bottom) to release the hooks.

Insert the flat-blade screwdriver in the gap between the front panel and
rear case (two on the top and two on the bottom), and use it to pry and pull
out the front panel slightly. Then, pull out on the front panel gripping both
sides. Be sure not to impose excessive force on the panel.
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Gap between the Front Panel and Rear Case
Four gaps, two on the top and two on the bottom

Gap between the Front Panel and Rear Case
Four gaps, two on the top and two on the bottom

RTHHEEY

Top View of ESAN

3. When inserting the body of the Temperature Controller into the case, make
sure the PCBs are parallel to each other, make sure that the sealing rubber
is in place, and press the ESAN/EN toward the rear case until it snaps into
position. While pressing the ESAN/EN into place, press down on the hooks
on the top and bottom surfaces of the rear case so that the hooks securely
lock in place. Make sure that electronic components do not come into con-

tact with the case.

Make sure the PCBs are
parallel to each other, and
then press the body of the
Temperature Controller
toward the rear case until
it snaps into position.

Make sure the PCBs are

parallel to each other, and

then press the body of the

Temperature Controller

| toward the rear case until
it snaps into position.

Bottom View of the ESAN

Removing the Terminal
Block E5CN, E5AN, E5EN, and E5CN-U.

E5GN The body of the Controller can be replaced by removing the terminal block

from the E5GN.

1,2,3... 1. Insert a flat-blade screwdriver into the tool holes (one on the top and one

M= =

Top View of ESEN

The terminal block can be removed from the ESGN. It is not possible for the

on the bottom) to release the hooks. Do not apply excessive force.

Terminal hole

24

Flat-blade screwdriver
(Unit: mm)
£
€
o
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2. Pull the terminal block out while the hooks are released.
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Note

The method for removing the terminal block is the same for both screw termi-
nal blocks and screwless clamp terminal blocks.

Do not connect a different type of terminal block to a Controller. For example,
do not replace a screw terminal block with a screwless clamp terminal block.
The temperature indication accuracy will decrease.
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2-2 Using the Support Software Port

Use the communications port for Support Software to connect the personal
computer to the Temperature Controller when using EST2-2C-MV4 CX-
Thermo or a version of CX-Thermo higher than 4.00, or other Support Soft-
ware. The E5GN is supported from CX-Thermo version 4.2. The E58-CIFQ1
USB-Serial Conversion Cable is required to make the connection.

For information concerning the models that can be used with CX-Thermo,
contact your OMRON sales representative.

Procedure Use the following procedure to connect the Temperature Controller to the per-
sonal computer using the USB-Serial Conversion Cable. The USB-Serial
Conversion Cable is used to communicate with the COM port of the personal
computer. To perform communications using USB-Serial Conversion Cable,
set the communications port (COM port) number to be used for the software
to the COM port assigned to the Cable.

1,2,3... 1. Turn ON the power to the Temperature Controller.

Note If the Cable is connected when the power to the Temperature Con-
troller is OFF, power will be supplied from the personal computer
and impose a load on the internal circuits of the Temperature Con-
troller.

2. Connect the Cable.
Connect the personal computer's USB port with the Support Software port
on the Temperature Controller using the Cable.

* Temperature Controller Connection Method
E5CN/CN-U

Personal computer's USB port

Communications port
for Support Software
E58-CIFQ1

e -

Bottom view of E5CN

E5EN E5AN

] [ K
FEE | TeHenpl === I i1y ol
I T T

Bottom view of ESAN

[ m——

==
\\ [Z]
 —
ME—o — —

Bottom view of ESEN
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Setup Tool port

Side View of the E5GN

Note Hold the connector when inserting or disconnecting the Cable.

Install the driver.
Install the driver to enable the Cable to be used with the personal comput-
er.

Installation

When the Cable is connected with the personal computer, the OS detects
the product as a new device. At this time, install the driver using the instal-
lation wizard. For details on installation methods, refer to the user's man-
ual for the E58-CIFQ1 USB-Serial Conversion Cable.

Setting Setup Tool Communications Conditions

Set the communications port (COM port) number to be used for the CX-
Thermo Setup Tool to the COM port number assigned to the USB-Serial
Conversion Cable.

Refer to the E58-CIFQ1 USB-Serial Conversion Cable Instruction Manual
and Setup Manual for details on how to check the COM port assigned to
the USB-Serial Conversion Cable.

The communications conditions for Setup Tool COM ports are fixed as
shown in the table below. Set the communications conditions for the CX-
Thermo Setup Tool according to the following table.

Parameter Set value
Communications Unit No. 01
Communications baud rate 38.4 (kbps)
Communications data length 7 (bits)
Communications stop bits 2 (bits)
Communications parity Even
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SECTION 3
Basic Operation

This section describes the basic operation of the ESGN, ESCN, ESEN and ESAN Digital Temperature Controllers,
including key operations to set parameters and descriptions of display elements based on specific control examples.

3-1 Initial Setting Examples .. ...... ... .. .. 30
3-2  Settingthe Input Type. ... ..ot 32
3-2-1  INPUEt TYPC. o oot 32
3-3  Selecting the Temperature Unit. ... ......... .. ..., 34
3-3-1  Temperature Unit .. ...ttt 34
3-4  Selecting PID Control or ON/OFF Control .......................... 34
3-5 Setting Output Specifications . .. ...t 34
3-5-1  Control Periods. . ........ooiiii i 34
3-5-2  Directand Reverse Operation. .. ............oviiienrenen... 35
3-5-3  Assigned Output Functions. .. ............... ... .. ... ...... 36
3-6  Settingthe SetPoint (SP) . ... .. 39
3-6-1 Changingthe SP...... ... ... .. .. . . 39
3-7 Using ON/OFF Control. . . ... ..o e 40
3-7-1  ON/OFF Control. ....... ...t 40
3-7-2  SetiNgS . ..ottt 41
3-8 Determining PID Constants (AT, ST, Manual Setup) . .................. 42
3-8-1 AT (Auto-tuning) . ..........ouuuumtni i 42
3-8-2 ST (Self-tuning) .........ccoiniin i 44
3-8-3  RT (Robust Tuning) .. ........ ..ot 46
3-8-4  Manual Setup .. ... .ot 48
39 Alarm Outputs. . . ..ot 49
3-9-1 Alarm TyPes . oo 49
3-9-2  AlarmValues ......... .. 51
3-10 Using Heater Burnout, Heater Short, and Heater Overcurrent Alarms. . . . . . 53
3-10-1 Heater Burnout, Heater Short, and Heater Overcurrent Alarm Operations 53
3-10-2 Installing Current Transformers (CT). ....................... 54
3-10-3 Calculating Detection Current Values ....................... 55
3-10-4 Settings: HBAlarm. .......... ... ... ... ... 57
3-10-5 Settings: Heater Short Alarm .. ............................ 58
3-10-6 Settings: Heater Overcurrent Alarm. .. ...................... 59
3-11 Settingthe No.3 Display .. ... 61
3-11-1 PV/SP Display Selection ...............ccoiiiiiinninon... 61
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3-1 |Initial Setting Examples

Initial hardware setup, including the sensor input type, alarm types, control
periods, and other settings, is done using parameter displays. The [O] and
Keys are used to switch between parameters, and the amount of time that you
press the keys determines which parameter you move to.

This section describes two typical examples.

Explanation of Examples

Changing Parameters
A[_Jimage means that there are parameters.

s L-N'l; Continue pressing the [<@ key to change parameters
855 5 until you reach the intended parameter.
Changing Numbers
8 EQ E' ) ) )
B her = (‘i\/ Numeric data and selections in each
— — screen can be changed by using the
and [~ keys.
Example 1
Input type: 5 (K thermocouple, | Setup Procedure
—200°C to 1,300°C) ' Power ON ] Power ON
Control method: ON/OFF control A CERR ( }
Alarm type: 2 (upper limit) n3.ERf ) l
Alarm value 1:  20°C (deviation) error will be (L)perlatlon
Set point: 100°C displayed if eve E° JClpuse
the power = -
supply is =0 2
turned ON
before the Press the [O] key for
Initial Setting ; at least 3 s.
Level sensor ' Control stops.
jconnected. |nitia| Setting
v Level
geétl:ri}ﬁ‘uattions Check input type. %Di‘- M- 'lé M Input Type: 5
&

Set control Check that S a1 b ONOFF  Er=r
specifications control method is Eg!__ I_\l“l‘__L control:
ON/OFF control. [285 alaf

PID Pld
control:

4

Check alarm type. Alarm 1 Type: 2

oooa
pun]
=
-

NP

Set alarm type

00
(]
O¢

)l

Press the [O] key for
atleast 1s.

Control starts.

—4—

Operation
Level
[l L
Use the Aland |8 ES .
keys to set the|go.. o0 PV/SP: o
SP to 100°C. S —
=
i 8 F-L[Runnin
Operation Confiathat |8 17 -3 g [FUN
Level control is running. S PUN Stopped:  5taP

v Use the (Al and

=5t o -
Set alarm values keys to set the|S AL ,_l, Alarm Value 1: 20
alarm'valueto [BBs O
20°C.
=)

' |
'Start operation ' Start operation.
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Example 2

Input type: 9 (T thermocouple,
—200°C to 400°C)
Control method: PID control

PID constants found using auto-

tuning (AT).

Alarm type: 2 upper limit
Alarm value 1:  30°C

Set point: 150°C

Setup Procedure

Power ON

Initial Setting
Level

v
Set input
specifications

v

Set control
specifications

A

A
Set alarm type

PV/SP
after AT is
stopped
(=L
g 5
E==mE
Adjustment SN
Level Bes — 150
'\
A 4 The set point

flashes during
auto-tuning (AT)

AT execution

execution.
After AT is
(When PID stopped
H {m]
control is g AL
selected) B ofF
During AT
exr—)cutionI
=
E AL
, e AE- 1
Operation
Level
v

Set alarm value

v

Start operation

[ Power ON }
Operation Level l
g°  2§|Pwsp

Press the (Ol key for
atleast 3 s.

Control stops.

Initial Setting
Level

Usethe & and (3
keys to =}
select the input  1©
type.

Input Type: g

Use the (A and
[¥] keys to select

control:
PID control.

PID
control:

To execute aN
ST:

When ON, self-tuning
operates.

Use the (Al and

(-t
9
N1 ]1ONOFF  anaF For PID, set Pud.
= Pod
CE
keys to set ST

00 0000

o OFF. E5 GFF| Tocancel
l ST:
Chetcklthe_ ’ = A g_?nt{;)l Period | It is recommended that 20 seconds
control period. |8 _ eal cY © be set for a relay output and 2
B55 0] (Unit: Seconds) L aP

seconds for an SSR voltage output.

| =

Check the 5 oo
alarm type. g ALE | Alarm 1 Type: 2

EEs] c

Press the [O! key for
atleast 1 s.

Control starts.

Operation Level
Use the Aland B¢ ]
keys to set = C 5 PV/SP: {50
the SP to 150°C. g 150

]

Press the [O] key
Adjustment (for less than 1 s).
Level To execute .
100%AT: To execute 100% AT (auto-tuning),
Execute AT. HE| To execute select Ak - 2. To execute 40% AT,

00 0000

o opp|40%AT: select Ak - {. To cancel AT, select
oo 077 ] To cancel
AT:

aFF: (AT cancel).

o

Press the [O] key

Operation Level l(for less than 1 s).

Confirm that
the set point

5

Z5[1pvise

[l

A0 0000
3

is 150°C. 55 ou

‘
) = 5

Contrnvat F -Gl uning [

running. === FUN| |Stopped  5EaP
t ==

Use the Aland [gt =TI

keystoset (5 "L~ 1] |Alarm 30

the alarm value B85 30| | value 1

to 30°C.

Start operation.
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3-2 Setting the Input Type

3-2-1

Input Type

Operating Procedure

Operation Level

0er JE—
= - '_l L
= C
Cdom Iy
[ o

Initial Setting Level

32

Input Type

The Controller supports four input types: platinum resistance thermometer,
thermocouple, infrared temperature sensor, and analog inputs. Set the input
type that matches the sensor that is used. In the product specifications, there
are models with thermocouple/resistance thermometer inputs (universal
inputs) and models with analog input. The settings differ depending on the
model. Check to make sure which model you are using.

The following example shows how to set a K thermocouple for —20.0 to
500.0°C.

1. Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

2. Press the [&] Key to enter the set value of the desired sensor.
When you use a K thermocouple (—20.0 to 500.0°C), enter 6 as the set
value.

Hint: The key operation is saved two seconds after the change, or by press-
ing the [C] or [<2] Key.
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List of Input Types

Input type Specifications | Set value Input temperature setting range
Controllers | Platinum resistance |Pt100 0 —200 to 850 (°C)/—300 to 1,500 (°F)
"r;'gé;:‘;;/ thermometer 1 ~199.9 to 500.0 (°C)/~199.9 to 900.0 (°F)
Resistance 2 0.0 to 100.0 (°C)/0.0 to 210.0 (°F)
Thermome- JPt100 3 ~199.9 to 500.0 (°C)/~199.9 to 900.0 (°F)
i‘g{)ﬂf“”" 4 0.0 to 100.0 (°C)/0.0 to 210.0 (°F)
Thermocouple K 5 —200 to 1,300 (°C)/-300 to 2,300 (°F)
6 —20.0 to 500.0 (°C)/0.0 to 900.0 (°F)
J 7 —100 to 850 (°C)/—100 to 1,500 (°F)
8 —20.0 to 400.0 (°C)/0.0 to 750.0 (°F)
T 9 —200 to 400 (°C)/~300 to 700 (°F)
10 ~199.9 to 400.0 (°C)/~199.9 to 700.0 (°F)
E 11 —200 to 600 (°C)/—300 to 1,100 (°F)
L 12 —100 to 850 (°C)/—100 to 1,500 (°F)
U 13 —200 to 400 (°C)/-300 to 700 (°F)
14 ~199.9 to 400.0 (°C)/~199.9 to 700.0 (°F)
N 15 —200 to 1,300 (°C)/-300 to 2,300 (°F)
R 16 0 to 1,700 (°C)/0 to 3,000 (°F)
S 17 0 to 1,700 (°C)/0 to 3,000 (°F)
B 18 100 to 1,800 (°C)/300 to 3,200 (°F)
Infrared temperature |10 to 70°C 19 0to 90 (°C)/0 to 190 (°F)
sensor ES1B 60 to 120°C 20 0 to 120 (°C)/0 to 240 (°F)
11510 165°C |21 0 to 165 (°C)/0 to 320 (°F)
140t0 260°C |22 0 to 260 (°C)/0 to 500 (°F)
Analog input 0to 50 mV 23 Either of the following ranges, by scaling:
—-1,999 to 9,999
-199.9 t0 999.9
Thermocouple w 24 0 to 2,300 (°C)/0 to 3,200 (°F)
PLII 25 0 to 1,300 (°C)/0 to 2,300 (°F)

* The default is 5.

* If a platinum resistance thermometer is mistakenly connected while a set-
ting for other than a platinum resistance thermometer is in effect, S.ERR
will be displayed. To clear the S.ERR display, check the wiring and then
turn the power OFF and back ON. Make sure that the setting of the input
type parameter agrees with the sensor that is connected.

Input type Specifications | Set value Input temperature setting range
Models with | Current input 410 20 mA 0 Either of the following ranges, by scaling:
analog 0 to 20 mA 1 -1,999 to 9,999
input - -199.9 t0 999.9
Voltage input 1to5V 2 —-19.99 to 99.99
Oto5V 3 —1.999 to 9.999
Oto10V 4

e The default is 0.
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3-3 Selecting the Temperature Unit

3-3-1 Temperature Unit

* Either °C or °F can be selected as the temperature unit.

* Set the temperature unit in the Temperature Unit parameter of the initial
setting level. The default is £ (°C).

Operating Procedure The following example shows how to select °C as the temperature unit.
Operation Level 1. Press the [O] Key for at least three seconds to move from the operation
= E—— level to the initial setting level.

a* i

g p Ll

CJCon )

o o

Initial Setting Level 2. Select the Temperature Unit parameter by pressing the [<2| Key.
i ° °F.

S = nr_ L] input Type ,I?.reoss the [A] or [~ Key to select either °C or °F.

0 ,_ '\' l_ L. C

O en C F:°F

o p

O |1 1| Temperature 3. To return to the operation level, press the [O] Key for at least one second.

= I~ 0| Unit

= R

[ Jon r

| L

3-4 Selecting PID Control or ON/OFF Control

Two control methods are supported: 2-PID control and ON/OFF control.
Switching between 2-PID control and ON/OFF control is executed by means
of the PID ON/OFF parameter in the initial setting level. When this parameter
is set to FLd, 2-PID control is selected, and when set to a/Naf, ON/OFF con-
trol, is selected. The default is alNarF.

2-PID Control PID control is set by AT (auto-tuning), ST (self-tuning), or manual setting.

For PID control, set the PID constants in the Proportional Band (P), Integral
Time (1), and Derivative Time (D) parameters.

ON/OFF Control In ON/OFF control, the control output is turned ON when the process value is
lower than the current set point, and the control output is turned OFF when
the process value is higher than the current set point (reverse operation).

3-5 Setting Output Specifications
3-5-1 Control Periods

* Set the output periods (control periods). Though a shorter period provides
better control performance, it is recommended that the control period be
set to 20 seconds or longer for a relay output to preserve the service life

[=] Cémtlf_0| Period of the relay. After the settings have been made in the initial setup, readjust

(Cooling) the control period, as required, by means such as trial operation.

e Set the control periods in the Control Period (Heating) and Control Period
(Cooling) parameters in the initial setting level. The default is 20 seconds.

* The Control Period (Cooling) parameter is used only for heating/cooling
control.

* When control output 1 is used as a current output, Control Period (Heat-
ing) cannot be used.

Control Period
(Heating)

™
==
——

D

=
|
™
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3-5-2 Direct and Reverse Operation

Operating Procedure

Operation Level

ak ar
= YN
o 1
[ ]| L
Initial Setting Level
E TN _ L
S LINTLC
O Jon C
O0oO -
=5 d_1
5 Oo-u
[ Jom -
| L
| L
[ Jon iyl
| Cu

Input Type

Temperature
Unit

Control Period
(Heating)

¢ Direct operation increases the manipulated variable whenever the pro-
cess value increases. Reverse operation decreases the manipulated vari-
able whenever the process value increases.

Manipulated variable Manipulated variable

100%4A 100%4
0% » 0% >
- A g — A >
Low Set Value High Low Set Value High
temperature temperature temperature temperature

Direct operation Reverse operation

For example, when the process value (PV) is lower than the set point (SP)
in a heating control system, the manipulated variable increases according
to the difference between the PV and SP. Accordingly, reverse operation is
used in a heating control system. Direct operation is used in a cooling con-
trol system, in which the operation is the opposite of a heating control sys-
tem. The Control Output 1 Assignment is set to a (control output (heating))
for either direct or reverse operation.

* Direct/reverse operation is set in the Direct/Reverse Operation parameter
in the initial setting level. The default is o - * (reverse operation).

In this example, the input type, temperature unit, direct/reverse operation, and
control period (heat) parameters are checked.

Input type = 5 (K thermocouple)

Temperature unit = £ (°C)

Direct/reverse operation = o' -7 (reverse operation)
Control period (heat) = 20 (seconds)

1. Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

2. The input type is displayed. When the input type is being set for the first
time, 5 (K thermocouple) is set. To select a different sensor, press the
or M| Key.

3. Select the Temperature Unit parameter by pressing the <@l Key. The de-
faultis L (°C). To select F (°F), press the [A] Key.

4. Select the Control Period (Heating) parameter by pressing the Key.
The default is 20.
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= = 51, | Direct/Reverse 5. Select the Direct/Reverse Operation parameter by pressing the <ol Key.
& )3V I_ i |Operation The default is a”-F (reverse operation). To select o' -4 (direct opera-
Oen o tion), press the [A] Key.

oo QT ’ )

Operation Level 6. To return to the operation level, press the [O] Key for at least one second.
i i PV/SP

g YN

O Jon [y}

| Lt

O Om = 1/ |Moveto Ad- 7. Selectthe Move to Advanced Function Setting Level parameter by press-
O 1) (1) |vanced Function ing the (<@l Key.

S o 1| Setting Level

o [ o

3-5-3 Assigned Output Functions

* Function assignments can be changed by changing the settings for con-
trol and auxiliary output assignments.

* The default function assignments for each output are shown below.

Parameter name Symbol Initial status
Control Output 1 Assignment alik | Control output (heating)
Control Output 2 Assignment alltd Not assigned.
Auxiliary Output 1 Assignment Suk i Alarm 1
Auxiliary Output 2 Assignment SUhd Alarm 2
Auxiliary Output 3 Assignment SukL3 Alarm 3
(ESAN/EN only)

* Refer to pages 240 to 242 of H156 for the functions that can be assigned
to the outputs.

e Each output is automatically initialized as shown below by changing the
control mode.

Example: ESCN
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Parameter name Symbol Without control output 2 With control output 2
Standard Heating/cooling Standard Heating/cooling
Control Output 1 ollk | Control output Control output Control output Control output
Assignment (heating) (heating) (heating) (heating)
Control Output 2 alitd Not assigned. Not assigned. Not assigned. Control output
Assignment (See note 1.) (See note 1.) (cooling)
Auxiliary Output 1 Sub ! Alarm 1 Alarm 1 Alarm 1 Alarm 1
Assignment (See note 2.) (See note 2.) (See note 2.) (See note 2.)
Auxiliary Output 2 Lbd Alarm 2 Control output Alarm 2 Alarm 2
Assignment (See note 3.) (cooling)
(See note 3.)

Example: ESGN

Parameter name Symbol Standard Heating/cooling
Control Output 1 alik | Control output Control output
Assignment (heating) (heating)
Auxiliary Output 1 Sub ! Alarm 1 Control output
Assignment (See note 2.) (cooling)
Auxiliary Output 2 Suke Alarm 2 Alarm 2
Assignment
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Note

(1) There is no control output 2 and no parameter assignment is displayed
for that output.

(2) The Auxiliary Output 1 Assignment parameter becomes the program end
output unless the Program Pattern parameter is set to OFF.

(3) For the ESAN/EN, the Auxiliary Output 3 Assignment parameter is set as
the control output for cooling. (The Auxiliary Output 2 Assignment param-
eter is set for alarm 2).

H Alarms

Operating Procedure

Operation Level

PV/SP

Input Type

Initial Setting Level

Standard or
Heating/Cooling

Move to Ad-
vanced Function
Setting Level

on Setting Level

Parameter
Initialization

It will be specified in this section when an alarm must be assigned, i.e., when
an alarm must be set for the Control Output 1 or 2 Assignment parameters, or
for the Auxiliary Output 1 to 3 Assignment parameters. For example, if alarm 1
is set for the Control Output 1 Assignment parameter, then alarm 1 has been
assigned.

Assigning a work bit to either control output 1 or 2 or to auxiliary output 1 to 3
is also considered to be the same as assigning an alarm. For example, if work
bit 1 is set for the Auxiliary Output 1 Assignment parameter, then alarms 1 to 3
have been assigned.

This procedure sets the following control and auxiliary output assignments.
Control output 1: Control output (heating); Control output 2: Control output
(cooling); Auxiliary output 1: Alarm 1; Auxiliary output 2: Alarm 2

1. Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

2. Select the Standard or Heating/Cooling parameter by pressing the
Key.

3. Press the [A] Key to set the parameter to H-1.

Note The following output assignments do not need to be set because they
are set automatically by changing the control mode, but they are
shown here as a reference for checking the assignments for each out-
put.

4. Select the Move to Advanced Function Setting Level parameter by press-
ing the [<2l Key. (For details on moving between levels, refer to 1-3 (page
14) Moving to the Advanced Function Setting Level.)

5. Press the [¥| Key to enter the password (“—169”), and move from the initial

setting level to the advanced function setting level.
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Advanced Functi

on Setting Level

Control Output
1 Assignment

3 i |
Coouc 1
500 o
5 e |
Coouc 1
[OJon _
[ - [N

on Setting Level

Control Output
2 Assignment

on Setting Level

Auxiliary Output
1 Assignment

on Setting Level

Auxiliary Output
2 Assignment

_ =1

CiL
YRy
ALM2

[
[
O on
| |

Initial Setting Level

E YR
S LINTLC
I Jon C
o p

Input Type

Operation Level

[}

= )

= —“—I Inl
H i

PV/SP

Auxiliary Output
Opening or Closing in

Alarm
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10.

11.

13.

14.

15.

Select the Control Output 1 Assignment parameter by pressing the
Key.

Press the [A] or [¥] Key to set o.
(The default is a.)

Select the Control Output 2 Assignment parameter by pressing the
Key.

Press the [Al or ] Key to set [ -a.
(When H-L is selected for the Standard or Heating/Cooling parameter,
the setting will be £ -a.)

Select the Auxiliary Output 1 Assignment parameter by pressing the
Key.

™o
LN N

Press the [A] or ] Key to set
(The default is ALM !

et I.)

. Select the Auxiliary Output 2 Assignment parameter by pressing the

Key.

Press the [A] or ] Key to set AL MZ.

(The default is AL M)

Press the [O] Key for at least one second to move from the advanced
function setting level to the initial setting level.

Press the [O] Key for at least one second to move from the initial setting
level to the operation level.

When “close in alarm” is set, the status of the auxiliary output is output
unchanged. When “open in alarm” is set, the status of the auxiliary output
function is reversed before being output.

Each auxiliary output can be set independently.

These settings are made in the Auxiliary Output 1 to 3 Open in Alarm
parameters (advanced function setting level).

The default is N-a: Close in Alarm.
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* When “open in alarm” is set for the alarm 1 output, the open in alarm sta-
tus is also applied to heater burnout, HS alarm, heater overcurrent, and
input error outputs.

Auxiliary output Auxiliary Indicators
functions 1to 3 output (SUB1 to SUB3)
Close in Alarm |ON ON Lit
OFF OFF Not lit
Openin Alarm |ON OFF Lit
OFF ON Not lit

e The alarm output will turn OFF (i.e., the relay contacts will open) when
power is interrupted and for about two seconds after the power is turned
ON regardless of the setting of the Auxiliary Output 1 to 3 Open in Alarm
parameter.

3-6 Setting the Set Point (SP)

Operation Level

STy
= (g
I dom 1
i &)

Operation Level

=R an
= Lo
=
r
Lt
Don Con
o e R T A N A

The operation level is displayed when the power is turned ON. The process
value (PV) is at the top of the display, and the set point (SP) is at the bottom.

For Controllers that support a No. 3 display (ESAN/E5EN), the contents set
in the PV/SP Display Screen Selection parameter (advanced function setting
level) are displayed below the PV and SP.

The MV is displayed as the default. For details, refer to 3-11 Setting the No.
3 Display.

3-6-1 Changing the SP

Operating Procedure

Operation Level

000000
3

|
|

o
0e
[

3
L
gy’
d

X
3
-

ooooog

gd
e
i
oy
g

* The set point cannot be changed when the Operation/Adjustment Protect
parameter is set to 3. For details, refer to 4-9 of H156 Using the Key Pro-
tect Level.

* To change the set point, press the |A] or [¥] Key in the Process Value/Set
Point parameter (in the operation level), and set the desired set value. The
new set point is selected two seconds after you have specified the new
value.

e Multi-SP is used to switch between two or four set points. For details, refer
to 4-5 of H156 Using Event Inputs for details.

In this example, the set point is changed from 0°C to 200°C.

1. Normally, the Process Value/Set Point parameter is displayed. The set
point is 0°C.

2. Use the [A] and [¥] Keys to set the set point to 200°C.
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3-7 Using ON/OFF Control

In ON/OFF control, the control output turns OFF when the temperature being
controlled reaches the preset set point. When the manipulated variable turns
OFF, the temperature begins to fall and the control turns ON again. This oper-
ation is repeated over a certain temperature range. At this time, how much the
temperature must fall before control turns ON again is determined by the Hys-
teresis (Heating) parameter. Also, what direction the manipulated variable
must be adjusted in response to an increase or decrease in the process value
is determined by the Direct/Reverse Operation parameter.

3-7-1 ON/OFF Control

* Switching between 2-PID control and ON/OFF control is performed using
the PID ON/OFF parameter in the initial setting level. When this parame-
ter is set to P d, 2-PID control is selected, and when it is set to alafF, ON/
OFF control is selected. The default is alNaF.

Hysteresis * With ON/OFF control, hysteresis is used to stabilize operation when
switching between ON and OFF. The control output (heating) and control
output (cooling) functions are set in the Hysteresis (Heating) and Hystere-
sis (Cooling) parameters, respectively.

¢ In standard control (heating or cooling control), the setting of the Hystere-
sis (Heating) parameter in the adjustment level is used as the hysteresis
regardless of whether the control type is heating control or cooling con-

trol.
Reverse operation
Hysteresis (heating)
ON 'y
v
» PV
OFF "
Set point

Three-position * In heating/cooling control, a dead band (an area where both control out-
Control puts are 0) can be set to either the heating or cooling side. This makes it

possible to use 3-position control.

Reverse operation

Dead band
Hysteresis (heating) P R Hysteresis (cooling)
ON A A
Heating Cooling
side $ 15 side
OFF Y » PV
Set point
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3-7-2 Settings

Parameters

Symbol Parameter: level Application

S-HE Standard or Heating/Cooling: Initial setting level | Specifying control method
CNEL PID ON/OFF: Initial setting level Specifying control method
afEV Direct/Reverse Operation: Initial setting level Specifying control method
L-db Dead Band: Adjustment level Heating/cooling control
HYS Hysteresis (Heating): Adjustment level ON/OFF control

CHYS Hysteresis (Cooling): Adjustment level ON/OFF control

To execute ON/OFF control, set the Set Point, PID ON/OFF, and Hysteresis

parameters.

Setting the PID ON/OFF Parameter

Operating Procedure

Operation Level

O E—
= b '_“_
s 3
] i

E l—l"\l"l"
5 e
%%D -
- CNE
= L
59 aNaf

PV

Input Type

PID ON/OFF

Setting the SP

Operating Procedure

Operation Level

i
l_jl_l L

PV/SP

Confirm that the PID ON/OFF parameter is set to a’aF in the initial setting
level.

1. Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

2. The Input Type parameter is displayed in the initial setting level.

3. Select the PID ON/OFF parameter by pressing the (<2l Key.

4. Check that the set value is afiaF (i.e., the default).
5. To return to the operation level, press the [O] Key for at least one second.
Next, set the set point value.

In this example, the set point is set to 200. The set value (i.e., the SP) is
shown at the bottom of the display.

1. Select the Process Value/Set Point parameter in the operation level.

2. Use the [A] and [¥] Keys to set the SP. (In this example, it is set to 200.)
The new set value can be saved by pressing the [l Key, or it will go into
effect after two seconds have elapsed.

Next, set the hysteresis.
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Setting the Hysteresis

Operating Procedure Set the hysteresis to 2.0°C.
Operation Level 1. Press the [O] Key to move from the operation level to the adjustment level.
%"E b PV
=T
e 2O
Adjustment Level 2. The Adjustment Level Display parameter will be displayed in the adjust-
T 10 4 1] Adiustment ment level.
O {00201 | Level Display
CJom
| -
ST LIC | Hysteresis 3. Select the Hysteresis (Heating) parameter by pressing the (<@l Key.
= 71 2 0 | (Heating)
i on 1
| [
=T ) IC 4. Press the (Al and ] Keys to set the hysteresis (2.0 in this example). Ei-
e i I B | ther press the [<al Key or wait for at least two seconds after setting the hys-
QEE 2n teresis value to confirm the setting.

5. To return to the operation level, press the [O] Key.

3-8 Determining PID Constants (AT, ST, Manual Setup)
3-8-1 AT (Auto-tuning)

e When AT is executed, the optimum PID constants for the set point at that
time are set automatically. A method (called the limit cycle method) for
forcibly changing the manipulated variable and finding the characteristics
of the control object is employed.

Either 40% AT or 100% AT can be selected depending on the width of MV
variation in the limit cycle. In the AT Execute/Cancel parameter, specify
AE-£ (100% AT) or AE- | (40% AT). To cancel AT, specify aFF (AT can-
cel).

Only 100% AT can be executed for heating and cooling control.

AT cannot be executed when control has stopped or during ON/OFF con-
trol.

The results of AT are reflected in the Proportional Band (P), Integral Time
(), and Derivative Time (D) parameters in the adjustment level.

——
2
[

Adjustment Level

= — i

BT Iu Proportional Band
- ]

(|

O Jon 111

|- AN

H = | Integral Time
o [}
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I dom i ]

[ ][] g

= 1| Derivative Time
= _
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AT Operations

AT is started when either At -2 (100% AT) or AL - | (40% AT) is specified for
the AT Execute/Cancel parameter. During execution, the AT Execute/Cancel
parameter on the No. 1 display flashes. When AT ends, the AT Execute/Can-
cel parameter turns OFF, and the No. 1 display stops flashing.

AN
AT Execute/Cancel [ ] O TN No. 1 displ
= Ar - TACT o. 1 display
Oge  =CEC Oces g1 1 3)
[ | o [ |y Y ) [

100% AT execution in progress

If you move to the operation level during AT execution, the No. 2 display
flashes to indicate that AT is being executed.

PV/SP T ac o< arc
= | - A Ll
5655 e 5895 —=i00]-No. 2 display
7 1 N\

AT execution in progress

Only the Communications Writing, RUN/STOP, AT Execution/Cancel, and Pro-
gram Start parameters can be changed during AT execution. Other parame-
ters cannot be changed.

AT Calculated Gain

The AT Calculated Gain parameter sets the gain for when PID values are cal-
culated using AT. When emphasizing response, decrease the set value. When
emphasizing stability, increase the set value.

AT Hysteresis

The AT Hysteresis parameter sets the hysteresis when switching ON and OFF
for the limit cycle operation during auto-tuning.

Limit Cycle MV Amplitude

The Limit Cycle MV Amplitude parameter sets the MV amplitude for limit cycle
operation during auto-tuning.

Note This setting is disabled for 100% AT.

m 40% AT

The width of MV variation in the limit cycle can be changed in the Limit Cycle
MV Amplitude parameter, but the AT execution time may be longer than for
100% AT. The limit cycle timing varies according to whether the deviation (DV)
at the start of auto-tuning execution is less than 10% FS.

Deviation > 10% FS Deviation < 10% FS
PV Limit Cycle MV PV Limit Cycle MV
Amplitude 40% Amplitude 40%
e S e AN
1
! L\ !
Deviation: | | Deviation: !
10% FS : : 10% FS :
1 l » Time 1 1 » Time
AT started AT ended AT started AT ended

43



Determining PID Constants (AT, ST, Manual Setup)

Section 3-8

Operating Procedure

Adjustment Level

0noood
l‘

[l
0s
o

0noooo
ool
0e

oooo

D Jom
] o

Operation Level

e [E—
= bt ,_IL
= g |
CJom Iy
[ o

AT Execute/
Cancel

PV

m 100% AT

Operation will be as shown in the following diagram, regardless of the devia-
tion (DV) at the start of AT execution. To shorten the AT execution time, select
100% AT.

PV Limit Cycle MV
Amplitude 100%

o AL

pTime

A A
AT started AT ended

Note The Limit Cycle MV Amplitude parameter is disabled.
This procedure executes 409%AT.

1. Press the [O] Key to move from the operation level to the adjustment level.

2. Pressthe (Al Keyto select Ak - . The No. 1 display for AT Execute/Cancel
will flash during AT execution.

3. ofF will be displayed when AT ends.

4. To return to the operation level, press the [O] Key.

3-8-2 ST (Self-tuning)

-
™
[t
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ST (self-tuning) is a function that finds PID constants by using step response
tuning (SRT) when Controller operation begins or when the set point is
changed.

Once the PID constants have been calculated, ST is not executed when the
next control operation is started as long as the set point remains unchanged.

ST (self-tuning) is enabled when the ST parameter is set to ON in the initial
setting level.

When the ST function is in operation, be sure to turn the power supply of the
load connected to the control output ON simultaneously with or before starting
Controller operation.

When executing self-tuning, turn ON power for the load (e.g., heater) at the
same time as or before supplying power to the Digital Temperature Controller.
If power is turned ON for the Digital Temperature Controller before turning ON
power for the load, self-tuning will not be performed properly and optimum
control will not be achieved.
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Note PID Constants
When control characteristics are already known, PID constants can be set
directly to adjust control. PID constants are set in the Proportional Band (P),
Integral Time (I), and Derivative Time (D) parameters in the adjustment level.

Operating Procedure This procedure executes self-tuning (ST).
Initial Setting Level 1. Press the [O] Key for at least three seconds to move from the operation
5 = _ L |Input Type level to the initial setting level.
g L l__
Con C
o ]
= =1 |sT 2. Select the ST parameter by pressing the (<@l Key.
| — - .
g . 3. Press the [&] Key to select alN. ON is the default.
O Jom gy
) [y
Operation Level 4. To return to the operation level, press the [O] Key for at least one second.
! The temperature display flashes during self-tuning (ST) execution.
=t o |PY
‘ - Y
= !
. 1
] ik
Startup Conditions Self-tuning by step response tuning (SRT) is started when the following condi-
tions are met after program execution is started and the set point is changed.
At start of operation When set point is changed
1. The set point at the start of operation | 1. The new set point differs from the set
differs from the set point when the pre- point used when the previous SRT was

vious SRT was executed. (See note 1.) executed. (See note 1.)
2. The difference between the tempera- | 2. The set point change width is greater
ture at the start of operation and the set both of the following: (Present propor-

point is greater both of the following: tional band x 1.27 + 4°C) and the ST
(Present proportional band x 1.27 + stable range.
4°C) and the ST stable range. 3. During reverse operation, the new set
3. The temperature at the start of opera- point is larger than the set point before
tion is lower than the set point during the change; and during direct opera-
reverse operation, and is larger than tion, the new set point is smaller than
the set point during direct operation. the set point before the change.
4. There is no reset from input errors. 4. The temperature is stable. (See note

2.) (Equilibrium with the output amount
at 0% when the power is turned ON is
also all right.) (See note 3.)

Note (1) The previous SRT-implemented set point is the set point that was used for
calculating the PID constants for the previous SRT.

(2) In this state, the measurement point is within the ST stable range.

(3) In this state, the change width of the PV every 60 seconds is within the
ST stable range or less.

In the following instances, PID constants are not changed by self-tuning (ST)
for the present set point.

1,2,3... 1. When the PID constants have been changed manually with ST set to ON.
2. When auto-tuning (AT) has been executed.

ST Stable Range

Operating Procedure The ST stable range determines the condition under which ST (self-tuning)
functions.
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This procedure sets the ST stable range to 20.0°C.
Advanced Function Setting Level 1. Select the ST Stable Range parameter by pressing the [c@/ Key in the ad-

SEr } | ST Stable vanced function setting level.

0 11 ~ 1 |Range

g8 {50

EEr ! 2. Use the |[Al Key to set the parameter to 20.0°C.
oL _L

Tt

e JUL

3-8-3 RT (Robust Tuning)

) * When AT or ST is executed with RT selected, PID constants are automat-
n L ically set that make it hard for control performance to degenerate even
when the characteristics of the controlled object are changed.

* RT can be set in the advanced function setting level when PID control has
been set.

* The RT mode cannot be selected while an analog input is set.

* Selecting the RT mode in the following cases will help to prevent hunting
from occurring.

* When the set temperature is not constant and is changed in a wide
range

* When there are large variations in ambient temperatures due to factors
such as seasonal changes or differences between day and night tem-
peratures

* When there are large variations in ambient wind conditions and air flow
* When heater characteristics change depending on the temperature

* When an actuator with disproportional I/O, such as a phase-control-
type power regulator, is used

* When a rapidly heating heater is used
* When the control object or sensor has much loss time
* When hunting occurs in normal mode for any reason

¢ PID constants are initialized to the factory settings by switching to RT
mode.

* When the RT mode is selected, the derivative time setting unit be-
comes the second.

1
M

RT Features » Even when hunting occurs for PID constants when AT or ST is executed
in normal mode, it is less likely to occur when AT or ST is executed in RT
mode.

Temperature Temperature
3 Much hunting occurs. Hunting is reduced.
Set value Setvalue|._______.___/~>x_ -
A Time A Time
Start of control Start of control
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* When the temperature (PV) falls short of the set point for the PID con-
stants when using AT or ST in normal mode, executing AT or ST in RT
mode tends to improve performance.

Temperature Temperature
3z A
Set value Set value
A Time A Time
Start of control Start of control

* When the manipulated variable (MV) is saturated, the amount of over-
shooting may be somewhat higher in comparison to PID control based on
AT or ST in normal mode.

Operating Procedure This procedure selects RT mode.
Operation Level 1. Press the [O] Key for at least three seconds to move from the operation
0T == |PV/SP level to the initial setting level.
= C
on 11
=5 0l
Initial Setting Level 2. Select the Move to Advanced Function Setting Level parameter by press-

ing the [<2l Key.

H —m L Input Type

O LI T o

Com C

o -

Initial Setting Level 3. Use the [¥] Key to enter “~169” (the password).

E r1m — 1/ | Move to Ad-

O S0 () | vanced Function
= | Setting Level

oo L

Advanced Function Setting Level It is possible to move to the advanced function setting level by pressing
5 = p1 =1 | Parameter the [c@ Key or leaving the setting for at least two seconds.

NN I_ | Initialization

[ Jon gy gy

[ [ Lo

Advanced Function Setting Level 4, Press the [<2] Key to select F't.

E oL RT

S

g5 aff

O =T 5. Press the [&] Key to select alN. ofFF is the default.
O I

= I _l_

He  oN

Initial Setting Level 6. To return to the initial setting level, press the [C] Key for at least one sec-
% =N o_ L Input Type ond.

g L L

550 5
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Operation Level
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3-8-4 Manual Setup
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Adjustment
Level Display

Proportional

Band

Integral Time

Derivative Time

Note

7. To return to the operation level, press the [O] Key for at least one second.

Individual PID constants can be manually set in the Proportional Band, Inte-
gral Time, and Derivative Time parameters in the adjustment level.

In this example, the Proportional Band parameter is set to 10.0, the Integral
Time parameter to 250, and the Derivative Time parameter to 45.

1. Press the [O] Key to move from the operation level to the adjustment level.

N

Press the =] Key to select the proportional band” parameter.

3. Use the [A] and [¥] Keys to set 10.0.

E

Press the Ic@| Key to select the Integral Time parameter.

5. Use the [&] and [¥] Keys to set 250.

o

Select the Derivative Time operation by pressing the [c@] Key.

7. Use the [&] and [¥] Keys to set 45.

8. To return to the operation level, press the [O] Key.

Proportional Action

When PID constants | (integral time) and D (derivative time) are set to 0, con-
trol is executed according to proportional action. As the default, the center
value of the proportional band becomes the set point.

Related parameter: Manual reset value (adjustment level)
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When P (Proportional Band) Is Adjusted

Increased The curve rises gradually, and a long
stabilization time is created, but over-
shooting is prevented.

Decreased Overshooting and hunting occur, but

the set value is quickly reached and the
temperature stabilizes.

When | (Integral Time) Is Adjusted

Increased

Set
value

It takes a long time to reach the set
point.

It takes time to achieve a stable state,
but overshooting, undershooting, and
hunting are reduced.

Decreased

Set P /- NS
value

Overshooting and undershooting occur.
Hunting occurs.
The Controller starts up faster.

When D (Derivative Time) Is Adjusted

Increased n - Overshooting, undershooting, and sta-
f;tue bilization times are reduced, but fine
hunting occurs on changes in the curve
itself.
Decreased Overshooting and undershooting

increase, and it takes time to return to
the set point.

3-9 Alarm Outputs

e Alarms can be used by the ESCN-LJ2L1IL] (2 auxiliary outputs), ESAN/
ESEN-[110J00] (1 auxiliary output), ESAN/ESEN-CI3[ILI] (3 auxiliary out-
puts), the ESCN-1JJJU (1 auxiliary output), the ESCN-[12JJJU (2
auxiliary outputs), E5GN-LJ1LICIL] (1 auxiliary output), and E5GN-

12000007 (2 auxiliary outputs).

Alarms can also be used by setting the Control Output 1 Assignment or
Control Output 2 Assignment parameter to any of the alarms from alarm 1
to 3. The alarm output condition is determined by a combination of the
alarm type, alarm value, alarm hysteresis, and the standby sequence.
For details, refer to 4-2 Alarm Hysteresis.

This section describes the Alarm Type, Alarm Value, Upper-limit Alarm

and Lower-limit Alarm parameters.

3-9-1 Alarm Types
Set value Alarm type Alarm output operation Description of function
When alarm value X | When alarm value X
is positive is negative
0 Alarm function OFF Output OFF No alarm
1 (See note | Upper- and lower-limit oN —LiHi= See note 2. Set the deviation in the set point by
1.) oFF—1 S;P setting the alarm upper limit (H)
and alarm lower limit (L).
2 Upper-limit on X on X Set the upward deviation in the set
OFF—I:S!P OFF < point by setting the alarm value
(X).
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Set value Alarm type Alarm output operation Description of function
When alarm value X | When alarm value X
is positive is negative
3 Lower-limit on = Xie oN —iX Set the downward deviation in the
OFF — S;P OFF & set point by setting the alarm value
(X).
4 (See note | Upper- and lower-limit L tH e See note 3. Set the deviation in the set point by
1) range oy setting the alarm upper limit (H)
sP and alarm lower limit (L).
5 (See note | Upper- and lower-limit oN L iH= See note 4. A standby sequence is added to
1.) with standby sequence oFF—1 S?P the upper- and lower-limit alarm
See note 5. (1). (See note 6.)
6 Upper-limit with standby oN - X ! X e A standby sequence is added to
sequence OFF——4= o e the upper-limit alarm (2). (See note
6.
7 Lower-limit with standby oN i Xie oN X A standby sequence is added to
sequence OFF— S?P OFF = the lower-limit alarm (3). (See note
6.)
8 Absolute-value upper- on X The alarm will turn ON if the pro-
limit orF——T— oy cess value is larger than the alarm
0 value (X) regardless of the set
point.
9 Absolute-value lower-limit on PRV ot The alarm will turn ON if the pro-
OFF6:I_ pork S RS S cess value is smaller than the
0 alarm value (X) regardless of the
set point.
10 Absolute-value upper- on o X A standby sequence is added to
limit with standby OFF—é—: oN T the absolute-value upper-limit
sequence 0 alarm (8). (See note 6.)
11 Absolute-value lower-limit ON X v A standby sequence is added to
with standby sequence OFF_('!)—_l— e the absolute-value lower-limit
0 alarm (9). (See note 6.)
12 LBA (alarm 1 type only) | --- (See note 7.)
13 PV change rate alarm Refer to page 52. (See note 8.)
Note (1) With set values 1, 4, and 5, the upper- and lower-limit values can be set

independently for each alarm type, and are expressed as “L” and “H””
(2) Set value: 1 (Upper- and lower-limit alarm)

Case 1 Case 2 Case 3 (Always ON)
— —— 1 [ H<0,L<0
L H SP SPL H H SP L
H<0,L>0 H>0,L<0 E H<0,L>0
IHI <L IHI> L) HoLSP IHI= L]
H>0,L<0
[HI <L

(3) Set value: 4 (Lower limit range)

Case 1 Case 2 Case 3 (Always OFF)
— H<0,L<0
L HsSP SPL H H SP L
H<0,L>0 H>0,L<0 H<0,L>0
[H < L] [H > |L| H LSP [H = L]
H>0,L<0
SPH L H <L

(4) Set value: 5 (Upper- and lower-limit with standby sequence)

* For the lower-limit alarms in cases 1 and 2 above, the alarm is always
OFF if upper- and lower-limit hysteresis overlaps.

¢ In case 3, the alarm is always OFF.
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3-9-2 Alarm Values
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) Alarm Lower
L | Limit Value

{ | Alarm Upper
! | Limit Value

Alarm Value

Operating Procedure

Initial Setting Level
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Input Type

Alarm 1 Type

PV/SP

(5) Set value: 5 (Upper- and lower-limit with standby sequence)
* The alarm is always OFF if upper- and lower-limit hysteresis overlaps.
(6) Refer to 4-2-1 Standby Sequence for information on the operation of the
standby sequence.
(7) Refer to 4-12 of H156: Loop Burnout Alarm (LBA).
(8) Refer to PV Change Rate Alarm on page 52.

* Set the alarm type independently for each alarm in the Alarm 1 to 3 Type
parameters in the initial setting level. The default is 2 (Upper-limit alarm).

e Alarm values are indicated by “X” in the table on the previous page. When
the upper and lower limits are set independently, “H” is displayed for
upper limit values, and “L” is displayed for lower limit values.

* To set the alarm value upper and lower limits for deviation, set the upper
and lower limits in each of the Alarm 1 to 3 Upper Limit, and Alarm 1 to 3
Lower Limit parameters in the operation level.

This procedure sets alarm 1 as an upper-limit alarm. The related parameters
and settings are shown below. The alarm is output when the set point
exceeds 10°C. (In this example, the temperature unit is °C.)

Alarm 1 type = 2 (Upper-limit alarm)
Alarm value 1= 10

1. Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

2. Select the Alarm 1 Type parameter by pressing the [<2l Key. Confirm that

the set value is 2. The default value is 2 (Upper-limit alarm).

3. To return to the operation level, press the [O] Key for at least one second.
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Alarm Value 1
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PV Change Rate Alarm
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4. Select the Alarm Value 1 parameter by pressing the <2l Key.

5. Use the [A] Key to set the parameter to 10.

The change width can be found for PV input values in any set period. Differ-
ences with previous values in each set period are calculated, and an alarm is
output if the result exceeds the alarm value. The PV rate of change calculation
period can be set in units of 250 ms.

If a positive value is set for the alarm value, the PV will operate as a change
rate alarm in the rising direction. If a negative value is set, the PV will operate
as a change rate alarm in the falling direction.

Precaution

If a shorter PV rate of change calculation period is set, outputs set for the PV
change rate alarm function may repeatedly turn ON and OFF for a short
period of time. It is therefore recommended that the PV change rate alarm be
used with the alarm latch turned ON.

PV

Time
Alarm value /
0 AN
PV change width for PV rate
of change calculation period
ON ON
Alarm function OFF | OFF

Parameter name Setting range Unit Default
PV Rate of Change Calcu- |1 to 999 Sampling cycle 4 (15s)
lation Period
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3-10 Using Heater Burnout, Heater Short, and Heater
Overcurrent Alarms

3-10-1 Heater Burnout, Heater Short, and Heater Overcurrent Alarm
Operations

e Heater burnout detection and heater overcurrent detection are executed
by measuring heater current while the control output (heating) is ON, and
heater short detection is executed by measuring heater current while it is
OFF. For details, refer to the following table. (Heater burnout detection,
heater short detection, and heater overcurrent detection cannot be used
with the control output for cooling.)

Control output (heating) status Power to heater HB alarm HS alarm Heater overcurrent
Control output | Operation output output alarm output
(heating) indicator
ON Lit Yes (Normal) (See note 1.) | OFF --- ---
No (Heater burnout) ON
OFF Not lit Yes (HS alarm) --- ON ---
No (Normal) (See note 2.) |--- OFF
ON Lit Normal --- OFF
Heater overcurrent status | --- ON
(See note 3.)
) Ton ) Toff )
. (Seenote4.): (Seenote5.):
ON
Control output (heating)
OFF
Note (1) In the above diagram, power is considered to be ON (normal) if the heater

current is greater than the heater burnout detection current during the Ton
interval. If the heater is burned out, the measured current decreases and
falls below the heater burnout detection value. The output is then activat-
ed as the heater burnout alarm.

(2) In the above diagram, power is considered to be OFF (normal) if the leak-
age current is less than the HS alarm current during the Toff interval. If
the SSR output is short-circuited, the measured current increases be-
yond the HS alarm value. The output is then activated as the HS alarm.

(3) In the above diagram, it is regarded as normal when the heater current is
less than the heater overcurrent detection current during the Ton period.
Current is increased when excessive current flows to the heater, causing
the heater overcurrent detection value to be exceeded and an OC (heater
overcurrent) alarm to be output.

(4) Heater burnout and heater overcurrent are not detected if the control out-
put (heating) ON time (Ton) is 100 ms or less.

(5) HS alarms are not detected if the control output (heating) OFF time (Toff)
is 100 ms or less.
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¢ For Controllers with heater burnout, HS, and heater overcurrent alarms,

an OR output is established between the ALM 1 function and the alarms.
If the ALM1 function is to be used for the heater burnout, HS, and heater
overcurrent alarms only, set 0 as the alarm 1 type (i.e., do not use ALM1).

* Turn the heater power ON simultaneously or before turning ON the E5[IN

power. If the heater power is turned ON after turning ON the E5AN power,
the HB alarm will be activated.

e Control is continued even when the heater burnout, HS, or heater over-

current alarm is active.

e The rated current value may sometimes differ slightly from the actual cur-

rent flowing to the heater.

Use the Heater Current 1 Value Monitor, Heater Current 2 Value Monitor,
Leakage Current 1 Monitor, and Leakage Current 2 Monitor parameters to
check the actual current being used.

¢ If there is little difference between the current in normal and abnormal

states, detection may become unstable. To stabilize detection, set a cur-
rent value difference of at least 1.0 A for heaters of less than 10.0 A, and
at least 2.5 A for heaters of 10.0 A or more. If the heater current is too low,
loop the load line several times through a CT, as shown in the diagram
below. Looping it through once will double the detection current.

Load line

N8
—lcT

3-10-2 Installing Current Transformers (CT)

Single-phase Heaters

Heater Detection Models)

54

1,2,3...

¢ This function can be used with E5CIJN models that have the HB alarm, HS

alarm, and OC alarm.

For the E5CN, connect the CT in advance to terminals 14 and 15 (CT1),
or 13 and 15 (CT2). For the ESAN/E5EN, connect the CT in advance to
terminals 14 and 15 (CT1) or 15 and 16 (CT2). For the E5GN, connect the
CT in advance to terminals 7 and 8 (CT1). Then pass the heater power
line through the CT's hole. For specifications, models and dimensions of
current transformers that can be used with this Controller, refer to Appen-
dix Current Transformer (CT) on page 279 of H156 .

For single-phase heaters, install the CT in the position shown in the following
diagram.

Load (such as a heater)
AC line (o)

~lcT
Product
To CT input

Three-phase Heaters (E5AN-[ 1 ITHH[ -N, ESEN- [ THH[ I-N, and E53-CN[ [ IHHN2 (for ESCN) 3-phase

When a 3-phase power supply is used, regardless of the types of connecting
lines, two current transformers (CTs) are required to detect heater burnout,
HS, and OC.

1.

Delta connecting lines: Refer to the following diagram for CT installation

positions.

Note Heater voltage fluctuations are not considered here, so be take that
into account when setting the detection current.
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Load (such as a heater)
AC line

Product
. To CT input
ne

AC li
~lCT
Product
To CT input

2. Star connecting lines: Refer to the following diagram for CT installation po-
sitions.

Note Heater voltage fluctuations are not considered here, so be take that
into account when setting the detection current.

Load (such as a heater)

AC line

Product
To CT input

2\
7
Product
To CT input

3. V connecting lines: Refer to the following diagram for CT installation posi-
tions.
Note Heater voltage fluctuations are not considered here, so be take that
into account when setting the detection current.

()

~|cT
Product &
To CT input

Load (such as a heater)

X

AC line R\
~|CT
Product
To CT input

3-10-3 Calculating Detection Current Values

* Calculate the set value using the following equation:

Normal current value + Burnout current value
2

Heater Burnout Detection 1/2 set value =

HS Alarm 1/2 set value = Leakage current value (outzut OFF) + HS current value

Normal current value + Overcurrent value
2

¢ To set the current for heater burnout when two or more heaters are con-
nected through the CT, use the value from when the heater with the small-
est current burns out. If all of the heaters have the same current, use the
value from when any one of them burns out.

Heater overcurrent 1/2 set value =
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Make sure that the following conditions are satisfied:

Heater with a current of less than 10.0 A:

(Current value at normal operation) — (Current value at heater burnout) >
1A

When the difference is less than 1 A, detection is unstable.

Heater with a current of 10.0 A or more:

(Current value at normal operation) — (Current value at heater burnout) >
25A

When the difference is less than 2.5 A, detection is unstable.

The setting range is 0.1 to 49.9 A. Heater burnout, HS, and heater over-
current are not detected when the set value is 0.0 or 50.0. When the set
value is 0.0, the heater burnout alarm is always OFF, the HS alarm is
always ON, and the heater overcurrent alarm is always ON. When the set
value is 50.0, the heater burnout alarm is always ON, the HS alarm is
always OFF, and the heater overcurrent alarm is always OFF.

Set the total current value for normal heater operation to 50 A or less.
When a current value of 55.0 A is exceeded, FFFF is displayed in the
Heater Current 1 (or 2) Value Monitor and Leakage Current 1 (or 2) Moni-
tor parameters.

For application examples see H156 section 3-10-4
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3-10-4 Settings: HB Alarm

To activate the heater burnout alarm, set the HB ON/OFF parameter to ON in
the advanced function setting level and set the Heater Burnout Detection 1
and Heater Burnout Detection 2 parameters in the adjustment level.

Operating Procedure

Operation Level

This procedure sets the Heater Burnout Detection 1 parameter to 2.5.

m Moving to the Advanced Function Setting Level

The Heater Burnout Detection parameter setting is already ON by default, so
set the Heater Burnout Detection 1 parameter.

C
[}

1
(PN

e
0

|
[
||

PV/SP

Initial Setting Level

E M o_ L
=V L

CJon
||

(M|

Input Type

Initial Setting Level

- Yy
o0 oy
SB= - hY

Advanced Functi

on Setting Level

1.

4.

Move to the advanced function setting level.
Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

Select Move to Advanced Function Setting Level by pressing the <] Key.
(For details on moving between levels, refer to 4-8 of H156 Moving to the
Advanced Function Setting Level.)

Press the ] Key to enter the password (-169), and move from the initial
setting level to the advanced function setting level.

The top parameter in the advanced function setting level is displayed.

Select the Heater Burnout Detection parameter by pressing the <] Key.
Check that this parameter is set to ON (the default).
Next, set the Heater Burnout Detection 1 parameter.

m Setting Heater Burnout Detection

5 TN I_ | Moves to Ad-
& L JWL L |vanced Function
O Jon ~ I IO | Setting Level
[} o
% LI Heaterl Burnout
0 J71 11 1 | Detection
S5 oM
Operation Level
%"E ] PV/SP
H L

on [Inin]
HHE i
Adjustment Level
=) W Adjustment Level
S L J70L | Display
[ on
| -
| — Heater Current
E l'_ l,_- I' 1 Value Monitor
95 OO
= Ll Heater Burnout
3 1112 (| Detection 1
I Jom i
|| (AN}

5.

7.

8.

Press the [O] Key for at least one second to move from the advanced
function setting level to the initial setting level. Press the [C] key again for
at least one second to move to the operation level.

Press the [O] Key for less than one second to move from the operation
level to the adjustment level.

Select the Heater Current 1 Value Monitor parameter by pressing the
Key. Check the current value. Next, set the Heater Burnout Detection 1
parameter.

Select the Heater Burnout Detection 1 parameter by pressing the [c@) Key.

Refer to Calculating Detection Current Values on page 55 on when mak-
ing the settings.
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=N |
5 o
O0on 2.5

9. For this example, set 2.5. To return to the operation level, press the [O]

Key for less than one second.

3-10-5 Settings: Heater Short Alarm

To activate the HS alarm, set the HS Alarm Use parameter to ON in the
advanced function setting level and set the HS Alarm 1 and HS Alarm 2
parameters in the adjustment level.

Operating Procedure

Operation Level

This procedure sets the HS Alarm 1 parameter to 2.5.

m Moving to the Advanced Function Setting Level

The HS Alarm Use parameter setting is already ON by default, so set the HS
Alarm 1 parameter.

PV/SP

Initial Setting Level

O Jon C
o -'

Input Type

Initial Setting Level

on Setting Level

O =N Move to the

= ,"\, ) ,'- Advanced
e Function

DM oF F|Setting Level

= L1 ) 1| HS Alarm

= 11 2100 | Use

555 ai
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1.

Move to the advanced function setting level.
Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

Select Move to Advanced Function Setting Level by pressing the <] Key.
(For details on moving between levels, refer to 4-8 of H156 Moving to the
Advanced Function Setting Level.)

Press the [¥] Key to enter the password (-169), and move from the initial
setting level to the advanced function setting level.

The top parameter in the advanced function setting level is displayed.

Select the HS Alarm Use parameter by pressing the Key.
Check that this parameter is set to ON (the default).
Next, set the HS Alarm 1 parameter.
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Operation Level

5%
|
[}

[

L
rr
] L

]
(PN

Adjustment Leve

m HS Alarm Settings

PV/SP

Adjustment Level
Display

Leakage Current 7.

1 Monitor

HS Alarm 1

5. Press the [O] Key for at least one second to move from the advanced

function setting level to the initial setting level. Press the [C] key again for
at least one second to move to the operation level.

Press the [O] Key for less than one second to move from the operation
level to the adjustment level.

Select the Leakage Current 1 Monitor parameter by pressing the <2l Key.
Check the current value. Next, set the HS Alarm 1 parameter.

Select the HS Alarm 1 parameter by pressing the [<el Key. Refer to Calcu-
lating Detection Current Values on page 55 when setting the values.

For this example, set 2.5. To return to the operation level, press the [O]
Key for less than one second.

3-10-6 Settings: Heater Overcurrent Alarm

To activate heater overcurrent alarm, set the Heater Overcurrent Use parame-
ter to ON in the advanced function setting level and set the Heater Overcur-
rent Detection 1 and Heater Overcurrent Detection 2 parameters in the
adjustment level.

Operating Procedure

Operation Level

5 Tn_ L
g L
[OJon
|

[y

oM Z s
ey

[Ingu]

[
[
[
[
O on -

Initial Setting Level

Initial Setting Level

[ T

This procedure sets the Heater Overcurrent Detection 1 parameter to 20.0.

m Moving to the Advanced Function Setting Level

The default setting for the Heater Overcurrent Use parameter is ON, so set
the Heater Overcurrent Detection 1 parameter.

PV/SP

Input Type

1.

Move to the advanced function setting level.
Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

Press the <2l Key to select the Move to Advanced Function Setting Level
parameter. (For details on moving between levels, refer to 4-8 of H156
Moving to the Advanced Function Setting Level.)

Press the [¥#| Key to enter the password (-169), and move from the initial
setting level to the advanced function setting level.
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Move to the
Advanced
Function
Setting Level

Heater
Overcurrent
Use

The top parameter in the advanced function setting level is displayed.

4. Press the Key to select the Heater Overcurrent Use parameter.
Check that this parameter is set to ON (the default), and then set the
Heater Overcurrent Detection 1 parameter.

m Setting Heater Overcurrent Detection

PV/SP

Adjustment Level
Display

Heater Current
1 Value Monitor

Heater
Overcurrent
Detection 1

5. Press the [O] Key for at least one second to move from the advanced
function setting level to the initial setting level. Press the [C] key again for
at least one second to move to the operation level.

Press the [O] Key for less than one second to move from the operation
level to the adjustment level.

7. Pressthel=d Key to select the Heater Current 1 Value Monitor parameter.
Check the current value, and then set the Heater Overcurrent Detection

parameter.

Press the [l Key to select the Heater Overcurrent Detection 1 parameter.
Refer to Calculating Detection Current Values on page 55 when setting
the values.

For this example, set 20.0. To return to the operation level, press the [O]
Key for less than one second.
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3-11 Setting the No. 3 Display

This section describes how to set the No. 3 Display (ESAN/EN). The Multi-SP,
MV, or soak time remain can be displayed on the No. 3 display.

3-11-1 PV/SP Display Selection

MV Display for
Heating and Cooling

Control

The following table shows the set values and display contents for the PV/SP
Display selection.

Set value Display contents

Only PV/SP is displayed (with no No. 3 display.)

PV/SP/Multi-SP and PV/SP/MV are displayed in order. (See note.)
PV/SP/MV and PV/SP/Multi-SP are displayed in order. (See note.)
Only PV/SP/Multi-SP is displayed.

Only PV/SP/MV is displayed. (See note.)

PV/SP/Multi-SP and PV/SP/Soak time remain are displayed in order.

PV/SP/MV and PV/SP/Soak time remain are displayed in order. (See
note.)

7 Only PV/SP/Soak time remain is displayed.

OOl |lWOWIN| =IO

¢ A 2-level display is set when shipped from the factory. (set value: 0)
A 3-level display is activated if parameters are initialized. (set value: 4)

For details on setting the MV for heating and cooling control, refer to MV Dis-
play for Heating and Cooling Control below.

When 1, 2, 5, or 6 is selected, press the Key to display the next value set
for the PV/SP display (display 2).

Example: When the PV/SP Display Screen Parameter Is Set to 2

Operation Level
PV/SP (Display 1) Press the PV/SP (Display 2)

o - = or -

=9t 25 key =t 25
= =

(i —> (1

[ [

B=s 500 B8 5P0

PV/SP/MV PV/SP/Multi-SP

Select either the manipulated variable (heating) or manipulated variable (cool-
ing) as the MV to be displayed for PV/SP/MV during heating and cooling con-
trol. The MV Display Selection parameter is displayed only when heating/
cooling control is being performed and PV/SP/MV is selected in the PV/SP
Display Screen parameter or a Monitor/Setting Item Display parameter.

Parameter name Set value Symbol Display contents
MV Display Selection |O a Manipulated variable
(heating)
C-0 L-a Manipulated variable
(cooling)
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Operating Procedure This procedure displays PV/SP/MV and PV/SP/Multi-SP on the Process
Value/Set Point display. The PV/SP Display Screen Selection parameter is set

Operation Level

62

to 2.
1.

Press the [O] Key for at least three seconds to move from the operation

= S| PV/SP level to the initial setting level.
= ()
1
(I RN
CJCE10n
| -
Initial Setting Level 2. Press the [<a Key to select the Move to Advanced Function Setting Level
S = pr_ | Input Type parameter.
= LINTLC
(]
5
CJCJ0n
-
Initial Setting Level 3. Use the ¥] Key to enter the password (“—169”).
M It is possible to move to the advanced function setting level by either
= om = ove to . o ) .
= o r| Advanced pressing the Key or waiting two seconds without pressing any key.
= - 15g| Function Setting
—— —| Level
-
Advanced Function Setting Level 4. Press the [<@| Key to select the PV/SP Display Screen Selection parame-
£ T M 71| Parameter ter.
= LIve T .
= Z Initialization
oFF
CJCJ0nm
-
Advanced Function Setting Level 5. Use the [A] and [¥¥] Keys to set .
S couan PV/SP Display
= 7 1| Screen Selection
U‘
Be5
S Foa0 6. Press the [O] Key for at least one second to move from the advanced
S Jrar function setting level to the initial setting level.
1
et )
Initial Setting Level 7. Press the [O] Key for at least one second to move from the initial setting
= - | Input Type level to the operation level.
5 LI L The MV will be displayed on the No. 3 display.
CJCJ0n 5
-
Operation Level 8. Press the Key to confirm that the Multi-SP is displayed on the No. 3
= S| PViSP display.
= (g
(]
oo
Bos 500
Operation Level
=t | PV/SP
=] L
oo
BE=s  5P0



SECTION 4
Applications Operations

This section describes scaling, the SP ramp function, and other special functions that can be used to make the most of the
functionality of the ESGN, ESCN, ESAN, and E5SEN Digital Temperature Controllers.

4-1 Shifting Input Values. . . ... i i 64
4-1-1  ShiftingInputs ......... .. ... 64
4-1-2  How to Calculate Input Shift Values for a 2-point Shift. ......... 65
4-2  Alarm Hysteresis. . . .. oo vttt 68
4-2-1  Standby Sequence. .. ...t 68
4-2-2  AlarmLatch ....... ... ... ... 69
4-3  Setting Scaling Upper and Lower Limits for Analog Inputs ............. 69
4-3-1  AnalogInput........... .. ... 69
4-4  Executing Heating/Cooling Control . ............ ... ... ... ........ 70
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4-7  Using the SP Ramp Function to Limit the SP Change Rate.............. 81
4-7-1  SPRAMP . ..ot 81

63



4-1 Shifting Input Values
4-1-1 Shifting Inputs

The input shift matched to the sensor currently selected in the Input Type
parameter is displayed.

¢ A 2-point shift is applied for infrared temperature sensors. A 2-point shift
can also be used if the Input Shift Type parameter (advanced function set-
ting level) is set to INS2 for a thermocouple or platinum resistance ther-
mometer.

* There is no shift for analog inputs. Use scaling for fine adjustments.

One-point shift

-— e With a 1-point shift, the value set for the Temperature Input Shift parame-
M IZ | Temperature . - . N .

L N 2 | Input Shift ter (adjustment level) is applied to each point in the entire temperature

input range. For example, if the input shift value is set to 1.2°C, the pro-

cess value is treated as 201.2°C after the input shift is applied when the

measured process value is 200°C.

Temperature
A

Upper limit r---------------
After shifting

Before
shifting 1
Input shift value

Lower limit E
0 Y » Input
100
Operating Procedure In this example, the input from a K sensor is shifted by 1°C using a 1-point
input shift.
Operation Level Operation Level
gt ar
= du
N
Adjustment Level 1. Press the[O] Key to move from the operation level to the adjustment level.
E ) 11 ¢ |Adustment
3 _ J711201_ | Level Display
CCon
-
5T = 6 | Temperature 2. Select the Temperature Input Shift parameter by pressing the (<] Key.
0 I_ 1M 1 | Input Shift
H= dd
5T = 3. Press the [&] or ¥] Key to set 1.0.
O _
5 Lo
oo L
Operation Level 4. To return to the operation level, press the [O] Key. The process value is
=l = 1°C larger than before the shift was applied.
O —
g :l_ {
BB 200
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Two-point shift

[l X] Upper-limit

|
L IM 071 | Temperature

Input Shift Value

) Lower-limit
10_ | Temperature
Input Shift Value

» Separate shift values can be set for the upper limit and lower limit of the
sensor input range for an infrared sensor as well as for a thermocouple or
platinum resistance thermometer with the Input Shift Type parameter set
to INS2. If different shift values are set for the upper limit and lower limit,
then the slope of the line will be different before and after applying the
input shift. For example, if the upper-limit value is set to 2°C and the
lower-limit value is set to 1°C, the input temperature will be shifted by
1.5°C for a 50% input, i.e., by the average of the upper-limit and lower-
limit values.

* Set the upper-limit value in the Upper-limit Temperature Input Shift Value
parameter and the lower-limit value in the Lower-limit Temperature Input
Shift Value parameter.

Upper-limit temperature

Temperature input shift value
A y
Upper limit ----------—-
After shifting

Before shifting

I
I
I
I
:
I
Lower limit |
0 I A
Lower-limit temperature 1qq
input shift value

» Input

4-1-2 How to Calculate Input Shift Values for a 2-point Shift

Preparations

1,2,3...

When an ES1B Infrared Temperature Sensor is connected to the E5CN, an
offset of several degrees to several tens of a degree can occur.

For this reason, offset the readout value using a 1-point or 2-point shift as
described in this section. This offset occurs because a bias current for detect-
ing a Controller sensor error flows to the output impedance of the infrared
temperature sensor.

1. Set a temperature range matching the input specifications of the infrared
temperature sensor. (The ES1B can be used with the ESLCIN only for a ther-
mocouple/resistance thermometer universal input.)

2. Prepare a thermometer capable of measuring the temperature of the con-
trol target as shown in Figure 1 so that a 1-point shift or 2-point shift can
be carried out.

3. The E53-CNLILIPLIN2 (for ESCN), ESAN-LILIPLI-N, or ESEN-LILIPLI-N
has a built-in external power supply for ES1B Infrared Temperature Sen-
sors. These E5CN models can be used as the power supply when using
ES1B. When ES1B are used with other ESCN models, provide a separate
power supply for the Infrared Temperature Sensors.
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Infrared Temperature
Sensor

(C) Control target

Figure 1 Offset Configuration for an Infrared Temperature Sensor

Method for a 1-point Shift

o

[
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Lov_int

1
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NIl
1
[FRNA]

0oon|  |00ooo0
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1,2,3...

Upper-limit
Temperature
Input Shift
Value

Lower-limit
Temperature
Input Shift
Value

1.

In the configuration shown in Figure 1, bring the set point to near the value
at which the temperature of the control target is to be controlled. Assume
that the control target temperature (C) and the thermometer temperature
(B) are the same.

Check the thermometer temperature (B) and the Controller readout (A).
Subtract the Controller readout temperature (A) from the thermometer
temperature (B), and set L N5L and CN5H to the result as the input shift val-
ue. The shift is illustrated in Figure 2.

After setting the input shift values, check the Controller readout (A) and the

thermometer temperature (B). If they are almost the same, this completes
shifting the temperature input.

Controller readout (A)
A After shifting

Controller readout after
shifting (e.g., 120°C)

Controller readout before [-~-~-~------>
shifting (e.g., 110°C)

Input shift value (e.g., 10°C)

! Before shifting

» Control target temperature (B)

0 Near set point
(e.g., 120°C)

Figure 2 lllustration of 1-Point Shift
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Method for a 2-point
Shift

1,2,3.. 1.

YH: Set temperature upper limit

(e.g., 260°C)

X2: Controller readout after shifting

(e.g., 110°C)

Y2: Controller readout before shifting

(e.g., 105°C)

Y1: Controller readout before shifting

(e.g., 40°C)

X1: Controller readout after shifting —F*> ‘

(e.g., 25°C)

Lower-limit temperature input /l . >
shift value (e.g., ~-27.3°C) cN5.~ /0 | X1: Room temper

3.

4.

Use a 2-point input shift if you want to increase the accuracy of the readout
values across the range of the Sensor.

Shift the Controller readout at two points, near room temperature and near
the value at which the temperature of the control target is to be controlled.
For this reason, check the thermometer temperature (B) and Controller
readout (A) with the thermometer temperature near room temperature and
near the set point.

* Y1 is the Controller readout at room temperature before shifting and
X1 is the Controller readout at room temperature after shifting.

* Y2 is the Controller readout at the set temperature before shifting and
X2 is the Controller readout at the set temperature after shifting.

¢ Set the upper-limit temperature input shift and the lower-limit temper-
ature input shift using the following formulas based on the tempera-
tures before shifting (Y1 and Y2), the temperatures after shifting (X1
and X2), the set temperature upper limit (YH), and the set temperature
lower limit (YL). The shift is illustrated in Figure 3.

After shifting

Upper-limit temperature input
|7 shift value (e.g., 52.7°C) NSH

< ____LBefore shifting

Controller readout (A)
A

» Control target temperature (B)
260°C

ature (e.g., 25°C) X2: Near set point (e.g., 110°C)

YL: Set temperature lower limit

(e.g., 0°C)

Figure 3 lllustration of 2-Point Shift
a. Lower-limit temperature input shift value

-mcr _ YL-Y1
L3l =
Y2 - Y1

% {(X2 = Y2) — (X1 = Y1)} + (X1 = Y1)

b. Upper-limit temperature input shift value

YH - Y1
Y2 - Y1

LNGH =

x {(X2 = Y2) — (X1 = Y1)} + (X1 = Y1)

After setting the calculated values to cN5L and . N5H, check the Controller
readout (A) and thermometer temperature (B).

Here, offsets are set at two points, near room temperature and near the set
point. To improve accuracy within the measurement temperature range,
another point in the measurement temperature range other than the set
point should be set instead of room temperature.
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Example of a 2-point In this example, we use the ES1B K 0 to 260°C specification. In equations 1
Temperature Input and 2, the set temperature lower limit YL is 0°C and the set temperature upper
Shift limit YH is 260°C. Check the temperature of the control target.

The temperature input offset values can be calculated as shown below when
the Controller readout Y1 is 40°C for a room temperature X1 of 25°C and
when the Controller readout Y2 is 105°C for a set point temperature X2 of
110°C.

Lower-limit Temperature Input Shift Value

OT = ny- ) |Lower-limit . 040

O LN IL |Temperature NS = —— "= x {(110 — 105) — (25 — 40)} + (25 — 40) = —27.3 (°C)
Cee  _ am 7| INput Shift 105 - 40

o C .2 1Value

Upper-limit Temperature Input Shift Value

e ¥t Upper-limit - 260 — 4

=L NS H|Temperatire  CNSH = 25570 gg - 48 x {(110 — 105) — (25 — 40)} + (25 — 40) = 52.7 (°C)
Soe £ 3 m|Input Shift

[ [} J0C. 1| Value

4-2 Alarm Hysteresis

* The hysteresis of alarm outputs when alarms are switched ON/OFF can
be set as follows:

Upper-limit alarm . Lower-limit alarm
Alarm hysteresis

¢ <4

ON -mommmees A ON 7'}

Alarm hysteresis

OFF Y OFF A4
A A

Alarm value Alarm value

* Alarm hysteresis is set independently for each alarm in the Alarm Hyster-
esis 1 to Alarm Hysteresis 3 parameters (initial setting level).

* The default is 0.2 (°C/°F) for Controllers with Thermocouple/Resistance
Thermometer Universal Inputs and 0.02% FS for Controllers with Analog
Inputs.

4-2-1 Standby Sequence

e The standby sequence can be used so that an alarm will not be output
until the process value leaves the alarm range once and then enters it
again.

* For example, with a lower limit alarm, the process value will normally be

below the set point, i.e., within the alarm range, when the power supply is
turned ON, causing an alarm to be output.
If the lower limit alarm with a standby sequence is selected, an alarm will
not be output until the process value increases above the alarm set value,
i.e., until it leaves the alarm range, and then falls back below the alarm set
value.

Restart e The standby sequence is canceled when an alarm is output. It is, how-
ever, restarted later by the Standby Sequence Reset parameter
(advanced function setting level). For details, refer to the Standby
Sequence Reset parameter in SECTION 5 of H156 Parameters.
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4-2-2 Alarm Latch

Summary of Alarm

Operation

Parameters

Note

e The alarm latch can be used to keep the alarm output ON until the latch is
canceled regardless of the temperature once the alarm output has turned
ON.

Any of the following methods can be used to clear the alarm latch.

* Turn OFF the power supply. (The alarm latch is also cleared by switching
to the initial setting level, communications setting level, advanced function
setting level, or calibration level.)

e Use the PF Key.
* Use an event input.

For details on setting the PF Key, refer to 4-19 of H156: Setting the PF Key.
For details on setting events, refer to 4-5 Using Event Inputs.

The following figure summarizes the operation of alarms when the Alarm Type
parameter is set to “lower-limit alarm with standby sequence” and “close in
alarm” is set.

Alarm type: Lower-limit alarm with standby sequence

A
PV}\ ,
Alarm valug B | - - 72 ===1 N0 ERREEE 1 :

Alarm hysteresis

'A » Time
Standby sequence
canceled
Alarm OFF
I_l ffffffff ON (closed)
Output OFF (open)
Symbol Parameter: level Description
ALH* Alarm 1 to 3 Hysteresis: Initial setting level Alarm
REGE Standby Sequence: Advanced function setting level Alarm
*= {to 3

4-3 Setting Scaling Upper and Lower Limits for Analog Inputs

4-3-1

TN

M
[ LN

| |
v L

1

A
L

Analog Input

Scaling Upper Limit

Scaling Lower Limit

Decimal Point

* When an analog input is selected, scaling can be performed as needed
by the control application.

* Scaling is set in the Scaling Upper Limit, Scaling Lower Limit, and Deci-
mal Point parameters (initial setting level). These parameters cannot be
used when a temperature input is selected.

* The Scaling Upper Limit parameter sets the physical quantity to be
expressed by the upper limit value of input, and the Scaling Lower Limit
parameter sets the physical quantity to be expressed by the lower-limit
value of input. The Decimal Point parameter specifies the number of digits
below the decimal point.
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* The following figure shows a scaling example for a 4 to 20 mV input.
After scaling, the humidity can be directly read. Here, one place below the
decimal point is set.

Display
(humidity) A

Upper limit (95.0%)

Lower limit (10.0%)

) 2> Input (mA)
20

Operating Procedure In this example scaling is set to display 4 to 20 mA as 10.0% to 95.0%.
Initial Setting Level 1. Press the [O] Key for three seconds to move from the operation level to

T =i L |mputType the initial setting level.

O LN o

Cdom 1

o L

= =1 _ 14| Scaling Upper 2. Select Scaling Upper Limit parameter by pressing the (<ol Key.

0 o #M ~ (| Limit

Hee= il

SRR 3. Use the [A] and [¥] Keys to set the parameter to 950.

O LN T

5 950

=S <11 |Scaling Lower 4. Select the Scaling Lower Limit parameter by pressing the [<2] Key.

O oy ~ L |Limit

i Jom ]

i L

T = 5. Press the [A] and [¥] Keys to set 100.

O LN T L

Heem il

0 | 7| Decimal Point 6. Select the Decimal Point parameter by pressing the (<l Key.

. (n.

CiJom I

[ [ [

= e 7. Press the Al and [¥] Keys to set 1.

& or

Jon [}

o !

8. To return to the operation level, press the [O] Key for one second.

4-4 Executing Heating/Cooling Control
4-4-1 Heating/Cooling Control

70

Heating/cooling control can be used on the ES5CN-LIM[J-500 (with an E53-
CNQLICIN2), E5CN-L12M[-500, E5AN-LI3LIM[I-500-N or E5EN-UI3LIMLI-
500-N. Heating/cooling control operates when H-L (heating/cooling) is
selected for the Standard or Heating/Cooling parameter.



Executing Heating/Cooling Control
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Example: E5CN

The following functions are assigned to outputs in the initial status.

Parameter name Symbol Initial status
Control Output 1 Assignment alik | Control output for heating
Control Output 2 Assignment alitd Not assigned.
Auxiliary Output 1 Assignment =TH = Alarm 1
Auxiliary Output 2 Assignment Suke Alarm 2
Auxiliary Output 3 Assignment SUh3 Alarm 3
(E5AN/EN only)

Each output assignment is automatically initialized as shown below when the
control mode is changed.

Parameter name Symbol Without control output 2 With control output 2
Standard Heating/cooling Standard Heating/cooling
Control Output 1 allk | Control output Control output Control output Control output
Assignment (heating) (heating) (heating) (heating)
Control Output 2 oltd Not assigned. (See | Not assigned. (See | Not assigned. Control output (coo-
Assignment note 1.) note 1.) ing)
Auxiliary Output 1 Sub i Alarm 1 (See note |Alarm 1 (See note |Alarm 1 (See note |Alarm 1 (See note
Assignment 2) 2) 2) 2)
Auxiliary Output 2 Suke Alarm 2 (See note | Control output (coo- | Alarm 2 Alarm 2
Assignment 3.) ing) (See note 3.)
Example: E5GN
Parameter name Symbol Standard Heating/cooling
Control Output 1 allk ! Control output Control output
Assignment (heating) (heating)
Auxiliary Output 1 Sub i Alarm 1 (See note | Control output (coo-
Assignment 2) ing)
Auxiliary Output 2 Lhbd Alarm 2 Alarm 2
Assignment
Note (1) No parameter assignment is displayed because there is no control output

2.

(2) The output set for the Auxiliary Output 1 Assignment parameter becomes
the program END output unless the program pattern is OFF.

(3) For the ESAN/EN, the Auxiliary Output 3 Assignment parameter is set for
control output (cooling) (the Auxiliary Output 2 Assignment parameter is
set for alarm 2).

* The heating/cooling operation of the control outputs will switch when the

Direct/Reverse Operation parameter is set to “direct.”

* When DRS (Invert Direct/Reverse Operation) is assigned for an Event
Input Assignment (1 or 2), control will start with the contents set for the
Direct/Reverse Operation parameter inverted when the event input turns
ON, and with the contents left according to the setting when the event
input turns OFF. For details on event inputs and control combined with the
Direct/Reverse Operation parameter, refer to Control by Inverting Direct/
Reverse Operation on page 78.

* When heating/cooling control is selected, the Dead Band and Cooling
Coefficient parameters can be used.
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Dead Band * For heating/cooling control, the dead band is set with the set point as its
center. The dead band width is the set value of the Dead Band parameter
(adjustment level). Setting a negative value produces an overlapping
band.

* If an overlapping band is set, the bumpless function may not operate
when switching between manual operation and automatic operation.

e The default is 0.0 EU for Controllers with Thermocouple/Resistance Ther-
mometer Universal Inputs and 0.00% FS for Controllers with Analog
Inputs.

Dead band: Dead band Overlapping dead band: Dead

Output width = A positive value ©OUtPUt N |_ band width = A negative value

Heating Cooling Heating Cooling
side side

side side
0 N > PV 0 T > PV
Set point Set point

Cooling Coefficient If the heating characteristics and cooling characteristics of the control object
are very different and good control characteristics cannot be achieved with the
same PID constants, the cooling coefficient can be used to adjust the propor-
tional band (P) for the control output assigned to the cooling side. Use this to
achieve balanced control between the heating side and cooling side. The pro-
portional bands (P) for the control outputs assigned to the heating/cooling
sides can be calculated using the following equations.

P for control output assigned to heating side = P

P for control output assigned to cooling side = P for control output assigned to
heating side x cooling coefficient

The cooling coefficient is multiplied by the P for the control output assigned to
the heating side to obtain control with characteristics that differ from those of
the control output assigned to the heating side.

Output Output

P for control output |
assigned to heat- .

P |
, or control output ing side x 1.0 *

assigned to heat-

ing side x 1.0 )
P for control output .- P for control output P for control output -/ P for control output
assigned to heating side ’ assigned to cooling side ~ assigned to heating side " assigned to cooling side
' T > PV ' T > PV
0 0
Set point Set point
P for control output assigned to P for control output assigned to
heating side x 0.8 heating side x 1.5
Automatic Cooling By executing AT during heating/cooling control, the cooling coefficient can be
Coefficient Adjustment automatically calculated along with the PID parameters.
Parameter name Setting rage Default

Automatic Cooling OFF: Disabled, ON: Enabled | OFF
Coefficient Adjust-
ment

Note If there is strong non-linear gain for the cooling characteristics, such as when
cooling water boils for cooling control, it may not be possible to obtain the opti-
mum cooling coefficient at the Controller, and control may take the form of
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oscillating waves. If that occurs, increase the proportional band or the cooling
coefficient to improve control.

4-4-2 Settings

To set heating/cooling control, set the Standard or Heating/Cooling, Dead
Band, and Cooling Coefficient parameters.

Setting Heating/Cooling Control

Operating Procedure Standard or heating/cooling = Heating/cooling

Initial Setting Level 1. Press the [O] Key for at least three seconds to move from the operation
level to the initial setting level.

— — | Standard or
=5 ':, -,'-,','_ Heating/
EDW CoLn Cooling
oo JdovQ

2. Select “heating/cooling control” in the initial setting level.
SENd: Standard control
H-L: Heating/cooling control

Setting the Cooling Coefficient

Operating Procedure Cooling Coefficient = 10
Adjustment Level 1. Select the Cooling Coefficient parameter in the adjustment level.
2 =~ | Cooling
E ,’_ - ':“'_ Coefficient
Ho= L4l
S - Cr 2. Use the [Al Key to set the parameter to 10.00.
ER A
55 000

Setting the Dead Band

Operating Procedure Dead Band =5
Adjustment Level 1. Select the Dead Band parameter in the adjustment level.
T _ L Dead Band
5 L l_l_ l_l
H= 0o
o7 - , 2. Use the [A] Key to set the parameter to 5.0.
| -t
5 Lo
i on 1
i .u
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4-5 Using Event Inputs

4-5-1 Event Input Settings

* Event inputs can be used for Multi-SP, RUN/STOP, Auto/Manual Switch,
Program Start, Invert Direct/Reverse Operation, 100% AT Execute/Can-
cel, 40% AT Execute/Cancel, Setting Change Enable/Disable, and Alarm
Latch Cancel.

* Of these, only the number of event inputs (0 to 2) set in the Number of
Multi-SP Uses parameter (initial setting level) are used for the multi-SP
function.

* Of these, only the number of event inputs (0 to 2) set in the Number of
Multi-SP Uses parameter (initial setting level) are automatically assigned
by the multi-SP function. Displays for event input assignments will not be
displayed for inputs that are automatically assigned by the multi-SP func-
tion. Event inputs 1 and 2 are used for the multi-SP function by models
with four event inputs.

e Event inputs can be used on the following models:
E5CN-LIMUI-500 with the E53-CNLIBLIN2 for the ESCN
ESAN/EN-CIM[J-500-N with the E53-AKB for the ESAN/EN

* When using event inputs to switch the multi-SP, the event input assign-
ment display will not appear. Whether the set value and event input
assignments 1 and 2 will be displayed or hidden is shown in the tables
below.

e Do not connect the contacts from the same switch to more than one
E5CIN Controllers.

Models with Two Event Inputs, 1 and 2

Description of EV1 and EV2
operation

EV1 and EV2 will perform the
operation command assigned
using the Event Input Assign-
ment 1 and 2 parameters.

Event input assignment 1 Event input assignment 2

Number of Multi- 0
SP Uses

Displayed (Multi-SP not used).

Not displayed (Operation per-
formed with two Multi-SP
points.)

Displayed (Event input 2 not
used as multi-SP switch).

EV1 will be used for the Multi-
SP function to switch between
set points 0 and 1. EV2 will
perform the operation com-
mand assigned using the
Event Input Assignment 2
parameter.

Not displayed (Operation performed with four Multi-SP points.)

EV1 and EV2 will be used for
the Multi-SP function to switch
between set points 0, 1, 2,
and 3.
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Models with Two Event Inputs, 3 and 4

Event input assignment 3

Event input assignment 4

Description of EV3 and EV4
operation

Number of Multi-
SP Uses

Displayed (Multi-SP not used).

EV3 and EV4 will perform the
operation command assigned
using the Event Input Assign-
ment 3 and 4 parameters.

Not displayed (Operation per-
formed with two Multi-SP
points.)

Displayed (Event input 4 not
used as multi-SP switch).

EV3 will be used for the Multi-
SP function to switch between
set points 0 and 1. EV4 will
perform the operation com-
mand assigned using the
Event Input Assignment 2
parameter.

Not displayed (Operation performed with four Multi-SP points.)

EV3 and EV4 will be used for
the Multi-SP function to switch
between set points 0, 1, 2,
and 3.

Models with Four Event Inputs, 1 to 4

Event input | Event input
assighment 1 | assignment 2

Event input | Event input
assignment 3 | assignment 4

Description of EV1, EV2,
EV3, and EV4 operation

Number of Multi-
SP Uses

Displayed (Multi-SP not used).

EV1, EV2, EV3, and EV4 will
perform the operation com-
mand assigned using the
Event Input Assignment 1, 2,
3, and 4 parameters.

Not displayed
(Operation
performed
with two Multi-
SP points.)

Displayed (Event inputs 2, 3, and 4 cannot be
used for multi-SP switching.)

EV1 will be used for the Multi-
SP function to switch between
set points 0 and 1. EV2, EV3,
and EV4 will perform the
operation command assigned
using the Event Input Assign-
ment 2, 3, and parameters.

Not displayed (Operation per-
formed with four Multi-SP
points.)

Displayed (Event inputs 3 and
4 cannot be used for multi-SP
switching.)

EV1 and EV2 will be used for
the Multi-SP function to switch
between set points 0, 1, 2,
and 3. EV3 and EV4 will per-
form the operation command
assigned using the Event
Input Assignment 3 and 4
parameters.
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Two set points are set externally by using the Number of Multi-SP Uses

parameter.

» Switching is possible between two set points (0 and 1) by setting the
Number of Multi-SP Uses parameter to 1. The default setting is 1 and
does not need to be changed to switch between two set points. Set points
0 and 1 are specified by the status of event input 1.

E5CN
®
(D« ~+EV1
® EV2

+

+

E53-CNLIBLIN2 in the
E5CN-LIM[J-500 (for ESCN) (for EBAN/EN)

E5GN
@
® EV1!
OXs EV2;

E5AN/EN

| -
-~ EV1 Q

| (2

i EV2

| ®

EV1
EV2

+

i+ EV1
EV2

E53-AKB in the ESAN/EN-LIML]-500-N

4-5-2 How to Use the Multi-SP Function

The multi-SP function allows you to set up to four set points (SP 0 to 3) in the
adjustment level. The set point can be switched by operating the keys on the
front panel or by using external input signals (event inputs).

Using Event Inputs

m Two Event Inputs: Event Inputs 1 and 2

The following tables show the relationship between the ON/OFF combinations
of event inputs 1 and 2 and the selected set points.

Number of Multi-SP Uses = 1

Event input 1

Selected set point

OFF

Set point 0

ON

Set point 1

Number of Multi-SP Uses = 2

Event input 1

Event input 2

Selected set point

OFF OFF Set point 0
ON OFF Set point 1
OFF ON Set point 2
ON ON Set point 3

Using Key Operations  You can select any of the set points 0 to 3 by changing the set value of the
Multi-SP Uses parameter. The Multi-SP Uses parameter display conditions

are as follows:

¢ |f the Controller does not support event inputs, the Multi-SP Uses param-
eter must be set to ON.

¢ If the Controller supports event inputs, the Number of Multi-SP Uses
parameter must be set to 0 and the Multi-SP Uses parameter must be set

to ON.
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The following table shows the relationship between the Multi-SP Uses param-
eter set value and the selected set point.

Multi-SP Selected set point
0 Set point 0
1 Set point 1
2 Set point 2
3 Set point 3

Note  The set point can also be switched using communications.
4-5-3 Settings
Switching between Set Points 0, 1, 2, and 3

Operating Procedure The following example sets the Number of Multi-SP Uses parameter to 2.
Operation Level 1. Press the [O] Key for at least three seconds to move from the operation
0% == | PVisP level to the initial setting level.
0 C
on i
%%D I’I_ll_l

Number of Multi-SP Uses Setting 2. Select the Number of Multi-SP Uses parameter by pressing the Key.

I Number of

= E ) = M| Multi-SP Uses

CJCon

[ [

O — 3. Use the [A] Key to set the parameter to 2.
= i/ _ M

g L (N

Con p(

[ C

Set points 0, 1, 2 and 3 will be set according to the ON/OFF states of event
inputs 1 and 2.

E5CN E5AN/EN E5GN

P - E EV1 O+ eVt D E Z EV1
@< TEV1| s @+ HEV2 < O« HEV1is

i EV2 | EV2 Evo! EV2
® EV2i ® O)a P

T
m
<
iy

+

4-5-4 Operation Commands Other than Multi-SP

The following table shows the functions assigned when an Event Input
Assignment (1 or 2) is displayed.

Setting Function
Nal None
SkaPf RUN/STOP
MANL Auto/Manual
PRSE Program Start (See note 1.)
df'5 Invert Direct/Reverse Operation
AEt-2 100% AT Execute/Cancel
AE- 1 40% AT Execute/Cancel (See note 2.)
WEPE Setting Change Enable/Disable
LARE Alarm Latch Cancel
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Note

Executing Run/Stop
Control

Switching between
Auto and Manual

Control

Controlling the Start
of the Simple
Program Function

Control by Inverting
Direct/Reverse

Operation
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(1) PRST (Program Start) can be set even when the Program Pattern param-
eter is set to OFF, but the function will be disabled.

(2) This function can be set for heating/cooling control, but the function will
be disabled.

When any of the following functions is set for an Event Input Assignment
parameter, the same function cannot be set for another Event Input Assign-
ment parameter: STOP (RUN/STOP), MANU (Auto/Manual Switch), PRST
(Program Start), DRS (Invert Direct/Reverse Operation), AT-2 (100% AT Exe-
cute/Cancel), AT-1 (40% AT Execute/Cancel), WTPT (Setting Change Enable/
Disable), or LAT (Alarm Latch Cancel). Turn event inputs ON and OFF while
the power is being supplied. Event input ON/OFF changes are detected for
inputs of 50 ms or longer. (However, inputs of 250 ms or longer is determined
using logic operations.)

The functions are described in detail below. Event inputs 1 and 2 are taken as
examples.

When the Event Input Assignment 1 or Event Input Assignment 2 parameter
is set to STOP (RUN/STOP), control is started when event input 1 or 2 turns
OFF. Control is stopped when the input turns ON. Alarm outputs, however, will
be according to the process value.

The STOP indicator will light while control is stopped.

Setting Input contact Status
Event input 1 or 2 ON STOP
Eventinput 1 or 2 OFF RUN

When the Event Input Assignment 1 or Event Input Assignment 2 parameter
is set to MANU (auto/manual), manual control will start when event input 1 or
2 turns ON. Auto control will start when the input turns OFF.

The MANU indicator will light during manual control.

Setting Input contact Status
Event input 1 or 2 OFF Automatic
Event input 1 or 2 ON Manual

When the Event Input Assignment 1 or Event Input Assignment 2 parameter
is set to PRST (program start), the program will start when event input 1 or 2
turns ON. The program will be reset when the input turns OFF and the RUN/
STOP status will automatically switch to STOP mode. If the program END out-
put is ON, the program END output will turn OFF.

Setting Input contact Status
Eventinput 1 or 2 OFF Reset
Eventinput 1 or 2 ON Start

When DRS (Invert Direct/Reverse Operation) is set for the Event Input
Assignment 1 or Event Input Assignment 2 parameter and the Direct/Reverse
Operation parameter is set for reverse operation, control starts with direct
operation (cooling control) when event input 1 or 2 turns ON and control starts
with reverse operation (heating control) when the event input turns OFF.

Setting Input Direct/Reverse Operation Status
contact parameter
Event input | OFF Direct operation (cooling) Direct operation (cooling)
Tor2 Reverse operation (heating) | Reverse operation (heating)
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Switching 100% AT

Setting Input Direct/Reverse Operation Status
contact parameter

Eventinput |ON Direct operation (cooling) Reverse operation (heating)

Tor2 Reverse operation (heating) | Direct operation (cooling)

Execute/Cancel

Switching 40% AT
Execute/Cancel

Switching Setting
Change Enable/
Disable

Switching Alarm
Latch Cancel

Parameters

When AT-2 (100% AT Execute/Cancel) is set for either the Event Input Assign-
ment 1 or Event Input Assignment 2 parameter, 100% AT will be executed
when event input 1 or 2 turns ON and will be cancelled when the input turns

OFF.

Setting Input contact Status

Event input 1 or 2 OFF 100% AT cancelled

Eventinput 1 or 2 ON 100% AT executed

When AT-1 (40% AT Execute/Cancel) is set for either the Event Input Assign-
ment 1 or Event Input Assignment 2 parameter, 40% AT will be executed
when event input 1 or 2 turns ON and will be cancelled when the input turns
OFF.

Setting Input contact Status

Eventinput 1 or 2 OFF 40% AT cancelled

Eventinput 1 or 2 ON 40% AT executed

When WTPT (Setting Change Enable/Disable) is set for either the Event Input
Assignment 1 or Event Input Assignment 2 parameter, the setting change will
be disabled when event input 1 or 2 turns ON and will be enabled when the
input turns OFF.

Setting Input contact Status
Event input 1 or 2 OFF Enabled
Event input 1 or 2 ON Disabled

When LAT (Alarm Latch Cancel) is set for either the Event Input Assignment 1
or Event Input Assignment 2 parameter, all alarm latches (alarms 1 to 3,
heater burnout, HS alarm, and heater overcurrent latch) will be cancelled
when event input 1 or 2 turns ON.

Setting Input contact Status
Event input 1 or 2 OFF ---
Event input 1 or 2 ON Cancelled
Symbol Parameter: level Description
Ev-1 Event Input Assignment 1: Initial setting level Function of
Ey-2 Event Input Assignment 2: Initial setting level ﬁ;ﬁ”t input func-
Ev-M Number of Multi-SP Uses: Initial setting level

4-6 Setting the SP Upper and Lower Limit Values
4-6-1 Set Point Limiter

The setting range of the set point is limited by the set point limiter. This func-
tion can be used to prevent setting incorrect process values. The set point lim-
iter is used to prevent the control target from reaching abnormal
temperatures. If the set point is not within the range set for the set point limiter
as the result of changes to the Set Point Upper Limit or Set Point Lower Limit
parameter, the set point will automatically be change to a value within the set
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Parameters

4-6-2 Setting

range. The upper- and lower-limit values of the set point limiter are set using
the Set Point Upper Limit and Set Point Lower Limit parameters in the initial
setting level. When the set point limiter is reset, the set point is forcibly
changed to the upper- or lower-limit value of the set point limiter if the set point
is out of the limiter range. Also, when the input type and the temperature unit,
scaling upper-limit value, or lower-limit value are changed, the set point limiter
is forcibly reset to the input setting range or the scaling upper- or lower-limit

value.

| Input setting range

| Set point limiter

|
y

» Set point

V » Set point

» Set point

Setting range v v 7 X i

‘ ; A" B !

! Upper limit He) X (Cannot be set.)
; + value changed !
Upper limit value changed V ' )
Input type changed V i V
A Set value V¥ Upper/lower limit values B
O (Can be set.)

V Sensor upper/lower limit values

Symbol Parameter: level Description
SL-H Set Point Upper Limit: Initial setting level To limit the SP setting
SL-L Set Point Lower Limit: Initial setting level To limit the SP setting

Set the set point upper and lower limits in the Set Point Upper Limit and Set
Point Lower Limit parameters in the initial setting level. In this example, it is
assumed that the input type is set to a K thermocouple with a temperature

range of —200 to 1300°C.
-200

1300

Input setting range

Set point limiter

-100 1000

Setting the Set Point Upper-limit Value

Operating Procedure

O =N L Input Type

g L L_

o L

| | =

0T — Set Point

o-LC) [N o
<11 —I5|y -limit

o L __'”l pper-limi

Hd= (400
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Set Point Upper Limit = 1000

1. Press the [O] Key for at least three seconds to move from the operation

level to the initial setting level.

2. Select the Set Point Upper Limit parameter.
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3. Use the [&] and [¥] Keys to set the parameter to 1000.

Setting the Set Point Lower-limit Value

Operating Procedure Set Point Lower Limit = -100
S = Set Point 1. Select the Set Point Lower Limit parameter in the initial setting level.
o-C) _) L oo
o 1 1 ower Limit
5 L L
EBx -J00
5t e ) 2. Use the [Al and [] Keys to set the parameter to —100.
o-L1 _
=t
e - {0

4-7 Using the SP Ramp Function to Limit the SP Change Rate
4-7-1 SP Ramp

The SP ramp function is used to restrict the width of changes in the set point
as a rate of change. When the SP ramp function is enabled and the change
width exceeds the specified rate of change, an area where the set point is
restricted will be created, as shown in the following diagram.

During the SP ramp, control will be performed not for the specified set point
but rather for the set point restricted by the rate of change set for the SP ramp
function.

A

SP after change +——— ,---------------

4 SP ramp
J set value
SP before change | SP ramp time unit (s/min)
A

» Time

Point of change

The rate of change during SP ramp is specified using the SP Ramp Set Value
and SP Ramp Time Unit parameters. The SP Ramp Set Value parameter is
set to OFF by default, i.e., the SP ramp function is disabled.

Changes in the ramp set point can be monitored in the Set Point During SP
Ramp parameter (operation level). Use this parameter when monitoring SP
ramp operation.

The SP ramp function operates in the same way when switching the set point
using the multi-SP function.
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Parameters
Symbol Parameter: level Description
ol -H MV Upper Limit: Adjustment level To limit the manipulated variable
al -L MV Lower Limit: Adjustment level To limit the manipulated variable
SL-H Set Point Upper Limit: Initial setting level To limit the SP setting
SL-L Set Point Lower Limit: Initial setting level To limit the SP setting
SPRE SP Ramp Set Value: Adjustment level To limit the SP rate of change
SPRU SP Ramp Time Unit: Advanced function setting level | Unit for setting the SP
ALSF Alarm SP Selection: Advanced function setting level Alarm SP selection

Operation at Startup

Restrictions during
SP Ramp Operation

82

If the SP ramp function is enabled when the Controller is turned ON or when
switching from STOP to RUN mode, the process value reaches the set point
using the SP ramp function in the same way as when the set point is changed.
In this case, operation is carried out with the process value treated as the set
point before the change was made. The direction of the SP ramp changes
according to the relationship between the process value and the set point.

PV < SP PV > SP
| |
SP SP

i |« SP ramp »I

Set point {———1-------------- PV -

SP ramp

Same rate
of change

Set point 4

o : o
a » Time Y » Time
Power ON Power ON

* Execution of auto-tuning starts after the end of the SP ramp.

* When control is stopped or an error occurs, the SP ramp function is dis-
abled.
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Alarms during SP The operation of alarms during SP ramp operation depends on whether
Ramp Operation alarms are set to be based on the ramp set point or the target set point (refer

to the following diagrams). The set point to be used is set in the Alarm SP
Selection parameter. (Refer to page 244 of H156.)

Alarm SP Selection = Ramp SP (Alarm Type: 1 (Upper/Lower Limits))

Temperature
A
Alarm output ON

»
!

Time
Alarm SP Selection =Target SP (Alarm Type: 1 (Upper/Lower Limits))

Temperature

A
TAIarm output ON

Time
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