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Notice:

Omron certifies all of its products either meet or exceed stipulated specifications. Omron is not liable for steo-
graphic and/or clerical errors. Omron will not be liable for any design furnished by the buyer and incorporated
into equipment. Omron is not to suffer risk due to the suitability or unsuitability or the results of the use of it’s
products used in combination with any electrical or electronic components, circuits, systems assemblies or
any other materials or substances or environments. Omron will not be liable if any product is altered in any
way or suffers consequential damage due to negligence or misuse.

OMRON products are manufactured for use according to proper procedures by a qualified operator and only
for the purposes described in this manual.

The following conventions are used to indicate and classify warnings in this manual. Always heed the informa-
tion provided with them.

DANGER! Indicates information that, if not heeded, could result in loss of life or serious
injury.

Caution Indicates information that, if not heeded, could result in minor injury or dam-
age to the product.

© OMRON, 1996

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form, or by any means, mechanical, electronic, photocopying, recording, or otherwise, without the prior written permis-
sion of OMRON.

No patent liability is assumed with respect to the use of the information contained herein. Moreover, because OMRON is
constantly striving to improve its high—quality products, the information contained in this manual is subject to change
without notice. Every precaution has been taken in the preparation of this manual. Nevertheless, OMRON assumes no
responsibility for errors or omissions. Neither is any liability assumed for damages resulting from the use of the informa-
tion contained in this publication.
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General Information

Omron’s ES100 Digital Process Controller provides advanced, accurate con-
trol in a wide variety of process and temperature control applications. This
document was developed to help you to take full advantage of the ES100’s
extensive programming and control features using ES/TOOLS. ES/TOOLS is
a DOS-based program with an intuitive graphical user interface that enables
you to quickly program complex control schemes such as Cascade and Pro-
portional control from your personal computer.

Sections 1 through 5 of this manual cover specific control strategies that can
be implemented using the ES100. These include Cascade Control, Position
Proportional Control, Heat/Cool, Ratio Control, and Feed Forward Control
Strategies. We recommend that you have manuals ES100X (H070-E1-1) or
ES100P (H069-E1-1) on hand for reference before you begin.

This manual begins with a general introduction to programming the ES100
using ES/TOOLS software. The following sections will guide you through the
initial three-step software setup that prepares ES/TOOLS for use with your
controller and specific applications found later in this document. These pro-
cedures include:

1. Registration - Prepares the ES/TOOLS for your specific ES100 control-
ler model.

2. Configuration - Configures ES/TOOLS for your application process in-
puts.

3. Analog Operation Table Setup - Determines which calculations ES/
TOOLS should perform.

You must follow these procedures in the sequence as listed above.



Registering Your Controller with ES/TOOLS

1Registering Your Controller with ES/TOOLS

The first time you use ES/TOOLS to program a new application, you must
allow the software to determine which model of ES100 you have. To do this,
start ES/TOOLS and follow the steps below.

EI ES/TOOLS MENU

Z a7 A

I
Setting 1 Setting Check control

' <Offline> <Online>

I I

o & i
Transfer Transfer Print
<PC -> ES> <ES -> PC>

|F9:Optiun|| F18:Help I| ESC:Exit I

Figure 1

1. Select a COM port as follows:
a. From the ES/TOOLS menu (Figure 1), click on the button.

Then select the |_Select system parameters |, 1, A Communications
Menu appears.

b. Double-click on the button.
c. Click on COM1 or COM2 to select the COM port you wish to use on

your PC.
d. Click on the button. You will return to the ES/TOOLS Main
Menu.

2. Register the controller as follows:
a. Select the Setting <Offline> icon (see figure 1) by double-clicking on

it.
b. At the pop-up menu, double-click on the button. (If you wish to

load a saved ES100 configuration, select the button and follow
the prompts.)

c. Double-click on the button. The “New - Controller Type”
menu appears (Figure 2).



Registering Your Controller with ES/TOOLS

Note:

E E New — Controller Type EQ
| F1:Read I| F2:Li=st Ih"3:Uer-sion|| I|F9:0ption|| F18:Help I| ESC:Exit I
Set by +, —, or SPACE BAR.

|Ccmtr~ol ler Type |ESlBBX—RRP HB4FE Uer. 2. e

Controller(X) RS-422-485(84)

!
]

Trans out Enable(F)

I Posi—prop(RRF) Ext 1-0 Expanded I-0C(E)
fAnalog 12 I None Control 01 Pulse (or Unused)
I Enable(H) Control 02

Figure 2

Pulse (or Unused)

You may now use one of three methods to register your controller with ES/
TOOLS. The first method (recommended) allows the software to automatical-
ly determine the controller type and hardware options of the controller cur-
rently to ES/TOOLS. The second method lets you choose the controller type
from a list. The third method allows you to build a controller type based on
the hardware options of the controller. This method is useful for setting up
configurations for different controllers and different applications.

Method 1 - Automatic

Method number 1 displays the exact controller type and hardware options
available for the controller currently connected to ES/TOOLS.

1. Connect an RS-232 cable from the front panel of the ES100 to COM
port on your computer that you selected earlier.

2. Double-click on (Fi:Read] A confirmation window appears. Select the

button. The software will attempt to automatically determine
which ES100 controller type you have and display the controller part
number on the screen.

3.  When finished, click on the button. A pop-up menu appears.
Select , the Configuration parameters menu will appear.

Method 2 - Select from a list

1. Double-click on the button. A list of ES100 part numbers ap-
pears.

2. Select the appropriate part number from the list by double-clicking on it
or by scrolling down to highlight it and pressing <Enter>. The controller
type should now appear on the screen along with its associated hard-
ware options.

3.  When finished, click on the button. A pop-up menu appears.
Select , the Configuration parameters menu will appear.

Method 3 - Build your own controller type

1. Inthe “New - Controller Type” menu, use the buttons to select the ap-
propriate features of your ES100. To assist you, a list of buttons along
with brief descriptions appears below. When finished, a corresponding
controller type part number should appear on the screen. To modify fea-
ture options simply double-click on the button and select a new option
from the pop-up menu.



Configuring the ES100

2.  When down, double-click on the button.

Caution: As you change the hardware options the part number shown in the “Control-

ler Type” dialog box will also change. When using this registration method it
is possible to create a controller type that does not exist. Therefore, it is im-
portant to verify that you have built an appropriate part number. Failure to
verify a part number will result in the inability to download a program. To

verify, simply select then select _ A pop-up window will

alert you that the part number does not exist.

The following defines the available selections in the New —- Controller Type
menu.

Displays the controller type: (P) Ramp/Soak controller; (X) Eight-bank
memory.

Displays control method type; Heat/Cool (standard) or Posi-Prop
(RRP) Valve Positioning.

Enables a second input if the controller is equipped with one.

Enables a heater burnout alarm if the controller is equipped with
one.

Displays controller communication type:“None”, RS-232C (01), or
RS-422/485 (04). Note that (01) or (04) are added to the part number and are
not part of the communications protocol.

Enables the Transfer Output if the controller is equipped with one.
The choices are Enable (F) or None.

Displays the type of digital I/0O you have on your controller. Digital |
(B) corresponds to three rear terminal inputs only; Digital /O (D) corresponds
to three inputs and two outputs on the rear terminal; Expanded 1/O (E) corre-
sponds to eight inputs and eight outputs connected to the controller by an
external cable.

Displays the type of control output to be used in Control Output
1, Current or “Pulse/Unused”. Current is used for all linear analog outputs,
(i.e. 4-20 mA, 0-20 mA, 1-5 VDC, 0-10 VDC). “Pulse/Unused” is used for all
time proportional outputs (i.e. mechanical relay, SSR, transistor/voltage).

Displays the type of control output to be used in Control Output
2. Current or “Pulse/Unused”. Current is used for all linear analog outputs,
(i.e. 4-20 mA, 0-20 mA, 1-5 VDC, 0-10 VDC). “Pulse/Unused” is used for all
time proportional outputs (i.e. mechanical relay, SSR, transistor/voltage).

2 Configuring the ES100

Note: This procedure is available from ES/TOOLS menu.

The Configuration menu may be viewed in two ways. The default option is
Optimize Mode - EFFECT. This configuration menu option displays most of
the available options. There are some parameters that will not show but may
need to be altered (i.e. technical parameters such as PID, Fuzzy Logic Set-
ting). The second option, Optimize Mode - UNEFFECT, displays all possible
configuration fields for all ES100 controller types. It is useful for fine tuning
parameters or reconfiguring the controller’s features at a later date.
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1. Click on | Fo:Options | button. An options Menu appears (Figure 3).

E % Conf iguration parameters §
| ] I I | [Fo-option] [F10:nety | [Escimmie |
8et by +, —, or SPACE BAR.

Analog input 1 _tuve “ K1 | ‘
Analog input 2 . 2-PID+fuzzy
Option menu
; ESC:Cancel
E Not used
Select system parameters
E Hard copy Standard

| About ES/TOOLS Digital 140

|Bank select mel S8Hz

Figure 3
: [ Select system parameters |
Click on button.

Double-click on the | OPtimize Mode: Effect | )

Double-click on either the |Effect] o [Uneffect | 1) o to select the menu
option you wish to enable.

5. Click on the button.

6. You may now configure your ES100 (Figure 4). Once you have com-
pleted configuring your ES100, click on the button. A pop-up

menu appears to create a new file, then select ENT:OK | The main
screen for Setting <offline> will appear.

To configure the software parameters of hardware options that were selected
from the New —-- Controller Type menu, double-click on a parameter button
and select the new value from the pop-up menu.

E ; New — Conf iguration parameters E@
| || || || I|F9:0pti|:m|| F18:Help || ESC:Exit |
Set by +, —, or SPACE BAR.
|nnalug input 1 type |} X1 |Prugram nethod |’ Ramp & soak
|nnalug input 2 type |} 4-28nA |2—PID/2—PID+fuzzy |’ 2-PID+fuzzy
|3ca1ing unit |} C |Heat—cool/standard |’ Standard
|Decimal point } a |Putentiometer input |’ Not used
|3ca1ing lover limit } -Zoe |Cascade/standard |’ Standard
|Scali‘ng upper limit } 1360 |BCD com/digital 10 |’ Digital 10
|Bank select method |} No. |Line noise reduction |’ S58Hz

Figure 4

The list below describes the function of each button selection in the New --
Configuration parameters menu. The New -- Configuration parameters
menu allows you to configure the software parameters of hardware options
that were selected from the New —- Controller Type menu.

 Analog Input 1 Type | pyigplays the active input type: Thermocouple, RTD, or
Analog.

| Analog Input 2 Type | pyigpjays the active input 2 type: 1-5 VDC or 4-20 mA.

Displays the active unit of measure for your process: F° = Fahr-
enheit, K° = Kelvin, m = meter, m/s = meter/second, f/s = feet/second, etc.
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Note:

Note:

Displays the active number of decimal places to be displayed
on the controller.

| Scaling Lower Limit | pyigjavs the scale value for the controller to display for
the lowest input value. (Note: This should only be changed on an analog type
input. Thermocouple and RTD inputs are pre-scaled.)

| Scaling Upper Limit | pyigpjays the scale value for the controller to display for
the highest input value. (Note: This should only be changed on an analog
type input. Thermocouple and RTD inputs are pre-scaled.)

| Bank Select Method | (510X only) Displays the operating mode: time mode
or bank mode. In time mode, the bank runs for a specific programmed time
period. In number mode, the bank selected runs indefinitely.

Program Method | (ES100P only) Displays the operating mode: Ramp/Soak or
Soak Step.

[2-PID/2:-PID+Fuzzy | 1y1ng the Fuzzy Logic ON/OFF. With this setting you may
choose to run the ES100 in PID only or PID using Fuzzy Logic.

| Heat-Cool/Standard | pyjgjays the active controller operation method: heat/cool
or standard.

If heat/cool is selected, ES/TOOLS automatically configures the Analog op-
eration assignment.

[ Potentiometer Input | oy s the active potentiometer input status: Used
(slide wire feedback mode) or Not used (velocity mode; where the position is
stored in memory based upon a travel time).

This display will be activated only when using a valve-positioning type con-
troller (ES100_-RRP_ _ ).

| Cascade/Standard | pyjqp|ays the active selection for controller operation: inter-
nal cascade or standard.

[ BED Com/Digital 0 | pigpjays the active I/O selection: Digital /O (standard) or
BCD com (BCD communications).

| Line Noise Reduction | py;q|4vs the active power source type: 50 Hz (Euro-
pean and Japanese) or 60 Hz (standard U.S.).

3 Analog Operation Assignment Table

The Analog Operation Table (Figure 5) displays all of the mathematical func-
tions for each of the ES100’s I/O points including scaling, adding, subtracting,
multiplying, square root, etc. You do not need to make any changes to the
Analog Operation Assignment Table unless your process requires spe-
cial mathematical functions such as straight line approximation, etc.
While in most cases no changes are needed, it is recommended that you
review the table so that you know how the controller is set up to operate. If
changes are required, simply select the value you wish to modify by clicking
on it with the cursor and select from the pop-up menu.

When done, select to return to the Main Menu.



Analog Operation Assignment Table

E E fnalog operation assignment EQ
h‘l:Details” I| F3:Image I| F4:Edit I|F9:0ption|| F18:Help I| ESC:Exit I
1 2 3 4 5 6
pssign dest [} [pv  |laos |- a0z |lstp |-
3
MOU SuUB END MOY ADD END
All MY - PV VOFPC -
- VOPC - - AP31 -
END END END END END END
[¥]
- »
Figure 5

You have now completed the steps necessary to setup your controller. Now

refer to the appropriate section of this manual to continue setting up the

ES100 for specific operations.
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Cascade Control

Section 1-2

1-1 Definition of Cascade Control

Cascade control is used in processes where more than one item in the pro-
cess needs to be controlled to achieve the desired result. An example would
be controlling furnace temperature by controlling the fuel supply to the fur-
nace.

Conventional Control Method

In the following example a gas furnace (Figure 1) is controlled with a single
controller. The furnace requires a long time for the internal temperature to
change, once the gas flow has been adjusted.

When the pressure in the gas line fluctuates, this causes unwanted changes
in the flow of gas to the furnace and causes unwanted temperature changes.
The change in gas flow cannot be detected by the controller until it is re-
flected as a temperature change in the furnace.

Temperature
1 sensor
PV
E5AX
sP %& Furnace
Distu/rbance MV
Y
Fuel —>= N
Valve
<= Disturbance
Fuel flow ! ~ SP
Furnace ‘
t t ' '
emperature > Sp
SP DV TC MV (Furnace) PV

O Controller 4% Temperature process }—0—>

Figure 1
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1-2 Cascade Control

Unlike conventional control methods which use a single control loop to moni-
tor and regulate, cascade control uses two control loops to control processes
where more than one item in the process needs to be controlled to achieve
the desired result. An example would be controlling furnace temperature by
controlling the fuel supply to the furnace.

In this example (Figure 1), the primary loop controls the temperature inside
the furnace, and the secondary loop controls the fuel flow.

Primary loop
Temperature controller
PV E5AX Temperature
SP —» — Secondary loop sensor
SP2
E5AX-L
Pv2

Flow controller

Disturbance

Fuel =

|
|

|

|

|

|

: %& Furnace
‘ ‘

|

|

|

‘

‘

|

To maintain the proper temperature in the furnace, we need to control the
amount of gas fed to the furnace to maintain temperature, but we must also
try to compensate for fluctuations in the gas line which create unwanted
changes in temperature (Figure 2).

<= Disturbance

Fuel flow

- - > SP
1 Response using Response using
1 cascade control | e T L / conventional control
Furnace ‘ \ L <
temperature ' <

Figure 2

Cascade control uses two control loops to control a process. In our furnace
example, the primary loop is used to control the temperature in the furnace
by setting the flow rate of the gas entering the furnace. The secondary loop is
used to maintain a steady flow rate by compensating for pressure fluctuation
in the gas line (Figure 3).

TC FC
SP ~ DV SPZCDV21 Secondary 4 Flow process }f!%{ Temperature V4
controller loop controller process
T Secondary loop

DV =PV -SP DV2 =PV2-SP2 Primary loop

Figure 3

11



Cascade Control Section 1-2

The output of the primary loop controller is used to establish the set point of
the secondary controller. The secondary controller acts as a slave (Figure 4)
to the primary controller. The primary controller monitors the temperature,
and tells the secondary controller which flow rate to maintain.

Temperature controller

PV\—>

E5AX Temperature
SP — — Secondary loop sensor
Primary SP2 ESAX-L
loop PV2

Flow controller

: : %& Furnace
Disturb;nce ' MV ‘

Fuel —=

1-2-1 ES100 Internal Cascade Control

The ES100 offers a very efficient means of establishing a cascade control
system, which eliminates the requirement for a second controller. The ES100
controller has two control loops built into the same controller which is referred
to as internal cascade control . The equivalent wiring for an ES100 system is
shown in the Figure 5.

Temperature
sensor

PV 3
) ES100

Furnace
MV ‘

R

Valve

Pv2

Flow sensor

Figure 5
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Any
The
diag

type of ES100_-_ _W_ _ __can be used to perform cascade control.
W signifies the controller has two analog inputs. Figure 6 shows a wiring
ram for our furnace example. Analog input 1 is operating as the primary

input, and analog input 2 is acting as our secondary input. Analog output 1
operates as the primary control output to the valve actuator.

Valve

.: @ C I
! ‘CTInputr@‘ -
et
L.

A01 | |

o CHE S
-4 All Anal | |
- @ Inputn?Kt;gl i '

4-20 mA , ,
Flow Sensor o @ 7777777 : :

I Th I
. : +® } +@ ermoc;upe
A2 | * Al
SOREEERE ©. }‘ @
420mA 2 02—
Figure 6

1-2-2 Start-Up Procedure

Note: For the following procedures, the ES100 must be powered up and connected
to the COM port of the computer running ES/TOOLS via an RS-232 cable.

1.

=

If you haven'’t already done so, follow the registration and configuration
set up guidelines at the beginning of this manual.

From the ES/TOOLS Menu, double-click on the Setting <Offline> icon.
The Setting Menu <Offline> will appear (Figure 7).

Setting Menu <Offline> §

| F1:File || || Il ||Fs:0ption]| || EsciExit |

| Controller type [ ES188X-AA WHB4FE Ver. 1.3+ ] I

| Conf iguration Parameters I

Parameter

Sp conditions I bper at PV errorl | Control paranms I

Output | Front panel I | Pouer ON oper I

| Event I | Secondary loop I | Communications I

Bank Assignment

| Bank(SP) I | Digital oper I | Analog oper IQ

|F ile name |CﬁSCﬁDE .E31 ||Cumment | |

Figure 7
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Section 1-3

Note:

3. Double-click on the button. The Analog operations assign-
ment menu will appear (Figure 8).

Only the first six entries are shown in the Analog operation assignment win-
dow. Use the scroll bar to view table entries 6, 7, 8, 9 and up.

E i finalog operation assignment i@

L’i:])etails” ” F3: Image ” F4:Edit I|F9:0pticm|| FilB:Help ”ESC:Exit I
1 2 3 4 S 6
assign dest [} |pv  flaor || aos ||ste||Rs
HOU MOV END HoU HOU HOU
All M - PV AP31 Alz
END END END END END END

- S
Figure 8

Analog assignment 6, 7, 8, and 9 make the internal connections. These con-
nections allow the following functions to be performed.

* Analog input 2 to be used as the PV of the secondary loop.

* The output of loop 1 to act as a setpoint (CSP) of loop 2.

* Analog assignment Column 7 moves PV2 to an internal buffer which we
can then display on the front panel of the controller.

The controller is configured for cascade control operation by default. No

changes are necessary to this table unless special functions are needed.

Proceed to Operation and Tuning.

1-3 Operation and Tuning

14

Note:

It is necessary to remember that in cascade control configurations there are
essentially two separate PID control loops. The ES100’s autotuning feature
can not be invoked when setting up the controller for Cascade Control opera-
tion. Therefore, the secondary loop must be tuned manually or by using the
Fuzzy Logic Fine Tuning method, as described in Section 1-2-3.

In cascade control applications, it is required to accurately tune the second-
ary loop first.

There are two different methods of tuning the secondary loop. They are:

1. Limit Cycle Tuning, Section 1-2-1
2. Fuzzy Logic Fine Tuning, Section 1-2-3
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Section 1-3

1-3-1 Limit Cycle Tuning

Caution: Limit Cycle Tuning may be used as long as your process will not be

negatively affected by the generation of a limit cycle. If your process or
system safety will be compromised by the generation of a limit cycle,
refer to the Fuzzy Logic Fine Tuning Method later in this section.

The Limit Cycle method of tuning a Cascade Control loop forces the process
into a repeating oscillation, or hunting state. It is achieved by using a propor-
tional band equal to one hundred percent of full scale.

Hunting period (t)
-

Figure 9

By forcing your process into an oscillating state of operation, you are able to
observe the Peak-to-Peak temperature that it will achieve as well as how fast
it will react to the oscillation. By forcing the process to oscillate, you are al-
lowing it to attain its natural or resonant state, represented by ‘" in Figure 9.
The period ‘1" will be used to calculate the P, | and D values that will provide
you with the optimum performance of the ES100.

Isolating the secondary Loop

Note: You must have the controller powered up and the communication cable

installed between the computer and ES100. This procedure also requires
that ES/TOOLS be in the “optimize-uneffect” mode (see Section 1-2).

The first step in tuning the secondary loop is to isolate it from the primary
loop. Isolate the secondary loop from the primary loop as follows:

1. Select the Check control icon from the ES/TOOLS menu by double-
clicking on it (Figure 10). The Check control menu appears

El ES-TOOLS MENU

¢ s

Setting Setting
<Offline> <Online>

Check control

o s ]
Transfer Transfer Print
<PC -> ES> <ES -» PC>

|F9:0ption I| F10:Help I| ESC:Exit I

Figure 10
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2. In the Check control menu click on (Figure 11).

il

Check control

F1:Run I|F2:

Paranm ”FB:StatusIk4:Connand”F9:0ption||

I esc:exit |

Clear data

Move point

rend Setting

Trend mode

B8-29/94
1A:88:33

7560.8

Monitor
SFP 166 .88
Py 75.84
My a.88

Exec A.T.

Exec F.T.

Canc A.T.

Undo F.T.

Change SP

Py

Interval
2 Second

Draw node

Clear + draw

DEERBEEEE

a:82:88

A:686:88

A:18:868

3. From the pop-up menu select

Figure 11

 Change Cascade OPEN/CLOSED | ihan se-

Iect. Another pop-up menu then confirms switching cascade to

open.

4. Select to confirm.

5. Select to return to the Check control menu.

The secondary loop now is independently controlled from the primary loop by
the ES100. Figure 12 represents an open cascade loop with the secondary
loop isolated. Note that the secondary loop is the only loop being controlled.

| Thermocouple

Cascade disabled

Cascade
. open
Primary loop Secondary loop Flow Temp -
Controller Controller Process Process
Secondary loop
Primary loop

Figure 12
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Setting Secondary Loop PID Values

Note:

By isolating the secondary loop from the primary loop, you are able to view/
modify the secondary PID loop default settings.

If you are familiar with your system PID values, use them in place of the de-
fault values. If you don’t know your system’s PID values, use the default val-
ues.

1. From the Check control menu, select .
2. From the vertical menu on the left side of the screen select .

E E Check control E
| F1:Run IlFZ:Param I|F3:Status| k4:CommandI|F9:0ption|| I|ESC:Exit I

LAcA1,95  oco ol [ [ [ [

ESC:Cancel

Select PID parameter [PID No.=11

ESC:Cancel

PID param

Adj param

P
!

D

MY lower limit

MY upper limit

PV bias wvalue

Buto select range upper limit

Ulear + drau

8:82:88 B:86:88 B:18:88

Figure 13

3. Enter the bank number and select the button.

4. From the pop-up, double-click on ‘P’ (Figure 13). Note that the default
value is 100% which should be adequate for most applications. If a new
value is desired, simply type in the new value.

5. Select button.

6. Scroll down and select ‘I'. Note that the default value is 60 seconds
which should be adequate for most applications. If a new value is de-
sired, simply type in the new value.

7. Select button.

8. Scroll down and select ‘D’. Note that the default value is 0 seconds
which should be adequate for most applications. If a new value is de-
sired, simply type in the new value.

9. Select button.

10. Select the button from the pop-up window.
11. A new window appears that will let you change PID bank #’s if you wish

to. Then select | ESC:Cancel |

12. Select the button from the vertical menu on the left side of
the screen.
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Setting the Fixed Value Set Point for the Secondary Loop (FSP2)

18

Note:

Note:

If you know what the setpoint of your secondary loop should be, use the fol-
lowing procedure. If you do not know, go to the Manual Output Control meth-
od later in this section.

Because the primary loop has been temporarily disconnected from the sec-
ondary loop, its output is no longer available as the setpoint of the secondary
loop. Therefore, you will need to establish an approximate value for the sec-
ondary loop setpoint. This approximate value should be known to the opera-
tor/engineer with a knowledge of the system. If it is not known you can use
the Manual Output Control method described later in this section. Please
note that the unit of the SP2 is a percentage value. The output variable of the
primary loop can be set any where between 0% (Fully OFF) and 100% (Fully
ON).

1. From the ES/TOOLS menu, select Check control.
2. From the Check control menu, select .

All the options on the left side of the screen will change as shown in
Figure 14

E E Check control Unit No.6@ Eiﬂ
| F1:Run I | F2:Param I |F3:Status I k‘4 :Commandl |FB :0ption I | I | ESC:Exit I
Select adjustment parameter
5

MI SP rise rate limit
BP fall rate limit

MU change rate limit

[Fixed SP (secondary loop)

P (secondary loop)

1 (secondary loop)

D (secondary loop)

Manual reset (secondary loop)

—_

—388

a:68z:a8 @:86:88 a:18:68

Figure 14

3. Select .

4. Scroll down and select Fixed SP (secondary loop) from the pop-up
menu.

5. Inthe pop-up window, type in the percentage of output that you want for
the setpoint of your secondary loop, then press the <Enter> key on the
keyboard.

6. Select button.
7. Selectthe button from the pop-up menu.

8. Select the button from the vertical menu on the left side of
the screen to return to the main menu.
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Displaying Process Trends

Use the following procedure to display loop process values (PV2, SV2 and
MV) on your computer. You will need to monitor this display to measure hunt-
ing and width to determine PID values for the primary and secondary loops.

From the Check controls menu, select | Trend Setting |
From the pop-up menu, select (Figure 15).

1.
2.

3.

=
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|| Esc:Exit |
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ESC:Cancel
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Data scale

Trend item

Change SP

Draw mode
Clear + draw

o 2]
] X
2 1]
[} 0
o ]
- -

-388

B:8z:08

8:86:08

8:18:08

Figure 15

Select (Green, Bold Line). Refer to Figure 16.

E Check control Unit No.8@ E
| F1:Run I|F2:Param ”FB:StatusIk4:Command”F9:0ption|| I|ESC:Exit|
11/27/95 2380
Clear data 14:22:42
S
rend Setting Trend item
ESC:Cancel
Trend mode I
Trend item 1 (Green, Bold line)
Trend item 2 (Red, Fine line)
| Exec F.T. I Trend item 3 (Purple, Standard line)
Clear + draw -
Change SP I ‘:EE
e
a:p2:808 A:66:088 B8:168:88

From the pop-up menu, select .
Select (Red, Fine Line).

From the new pop-up menu, select . MV is automatically set up to
display on ES/TOOLS.

Select the button from the pop-up window to return to the

main menu.
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Manual Output Control (Optional)

Note: The following procedure can be used to approximate a value for SP2 if re-
quired, otherwise, proceed to the next section.

It is possible to incrementally increase the MV until the PV comes as close as
possible to the SP that you require. Follow the steps below using small incre-
mental increases of MV to reach your SP2.

Example: Your system = Control valve (able to control 0-20 cubic feet of gas/
min), ES100, SP2 is equal to 12.5 f3/m.

Begin running your process in a normal fashion. Use the instructions below
to change MV to 10%. Record the MV and PV that you used once the flow of
gas has stabilized. If the gas flow is not yet at 12.5 f3/m, increase the MV
again using the instructions below. Once you get near the SP2 increase the
MV in smaller increments until you are as close as possible to the required
SP2.

1. From the Main Menu, select Check control.

Select LF4:Command |

Scroll down and select from the pop-up menu.
Select from the second pop-up menu.

Select when prompted by ES/TOOLS.

Select and go back to the Check control main.
From the Check control menu, go to the left side of the screen and se-

Iect.

8. From the pop-up window, set the desired output value between 0 and
100% (0% = Fully OFF; 100% = Fully ON), and select [ENT:OK |

9. Proceed to the Limit Cycle for your secondary loop.

10. Return the controller back to Auto mode.

Starting the Limit Cycle and Loop PID Calculations

1. Make sure that the loop PID constants are set to: P = 100.
I=0,and D =0.
From the ES/TOOLS menu select Check control.

Select .

From the vertical menu on the left side of the screen, select .

Enter the PID bank number then press the <Enter> key on the key-
board. A confirmation window appears.

Select .

The controller begins to perform an oscillating control pattern on your
process. It is very important to monitor the Hunting Width and Hunting
Period as closely as possible. These values will be used to calculate
your final PID values (Figure 17).

No o 0 DN

ar @D

N o

Hunting period (t)
-

Figure 17
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Use the table below to calculate your Loop PID values. In the back of this
manual, there is a general discussion of PID for your review.

Full PID control: Pl control: P control:

P =1.7 X Proportional P = 3 X Hunting Width (% FS) | P = 3 X Proportional Band
Band (% FS) (% FS)

| = 0.5 X Hunting Period | =1.17 X Hunting Period =0

(time in minutes) (time in minutes)

D = 0.125 X Hunting D=0 D=0

Period (time in minutes)

When you have completed inserting your calculated secondary loop PID val-
ues into the controller (see setting secondary loop PID values earlier in this
section). Return to the Check control menu and reconfigure the trending
screen to display primary loop process values (PV, SP, and MV). See the dis-
playing process values section earlier in this chapter. The secondary loop is
now tuned.

8. Return back to the Check control menu and stop the controller by se-

lecting the button.

1-3-2 Tuning the Primary Loop
Note: Before attempting to tune the primary loop, make sure to close Cascade by
following the steps below.
1. From the ES/TOOLS menu, select Check control.
From the Check control menu, select | Fa:Command |

| Cascade OPEN/CLOSED |

From the pop-up menu, select

Selections‘ Cascade OPEN | and‘ Cascade CLOSED | appear

Select | Cascade CLOSED |

Select when prompted.
Select to return to the Check control menu.

You have now reconnected the Primary loop to the Secondary loop so your
control configuration will look like Figure 18:

N o g &~ 0D

| Thermocouple

Cascade disabled

Secondary
loop

Cascade
) open
Primary loop :/ Secondary loop | | Flow Temp -
Controller Controller Process Process
Secondary loop
Primary loop

Figure 18
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Setting primary loop PID values

Before you can set the PID values, you must set the SP (set point) for the
primary loop.

1. From the ES/TOOLS menu, select Check control.

2. Atthe left vertical menu, select Change SP. Enter the desired set point.

3. Select ENTOK]

4. Select from the pop-up window.

5. Select|F2: Param |

6. Select from the vertical menu from the left side of the
screen. A pop-up menu will appear.

7. Select the PID bank that you are using. Select [ENT:OK |,

8. From the pop-up window, select P, |, and D separately and enter the val-
ue you need.

9. Select until you are back to the main menu of the Check Con-
trol.

10. Refer back to Starting the Limit Cycle and Loop PID Calculations to
complete tuning the primary loop.

You have now completed the setup required for using the Limit Cycle Method
of determining PID values. Proceed to Fuzzy Logic Fine Tuning.

1-3-3 Fuzzy Logic Fine Tuning

Note:

If you have already tuned your controller using the Limit Cycle method and
want to use the Fuzzy Logic Fine Tuning as an enhancement, then go direct-
ly to the Using Run Mode subsection.

Fuzzy Logic Fine Tuning may be substituted for the limit cycle tuning method
if a limit cycle adversely effects the process or system safety. It may also be

used to complement the Limit Cycle method to enhance your ES100 perfor-

mance.

Fuzzy Logic Fine Tuning is effective only with Pl or PID control strategies. If
you are only using P control, you must change the constants manually. The
engineer or operator in charge of your process should have an approximate
idea of these values in order to complete the tuning process.

Isolating the Secondary Loop

22

Note:

The first step in tuning the secondary loop is to isolate it from the primary
loop. Isolate the secondary loop from the primary loop as follows:

You must have the controller powered up and the communication cable
installed between the computer and ES100.

1.  Select the Check control icon by double-clicking on it. The Check con-
trol menu appears
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2. In the Check control menu double-click on (Figure 19).

—

Check control

F1:Run I| F2:

Paranm I |F3 :8tatus I k‘4 :Connandl |F9 :0ption I |

I esc:exit |

Clear data

Move point

rend Setting

Trend mode

B8-29/94
1A:88:33

7560.8

Monitor
SFP 166 .88
Py 75.84
My B.BBI

Exec A.T.

Exec F.T.

Canc A.T.

Undo F.T.

Change SP

Py

Interval
2 Second

Draw node

Clear + draw

DEERBEEEE

a:82:88

A:686:88

A:18:868

3. From the pop-up menu selec

Figure 19

t [ Change Cascade OPEN/CLOSED | then se-

lect OPEN] Another pop-up menu then confirms switching cascade to

open.

4, Select to confirm.
5. Select to return to the Check control menu.

The secondary loop now is independently controlled from the primary loop by
the ES100. Figure 20 represents an open cascade loop with the secondary
loop isolated. Note that the secondary loop is the only loop being controlled.

| Thermocouple

Cascade disabled

o} -

\J

Cascade
open
Primary loop O/ Secondary loop Flow Temp
Controller Controller Process Process
Secondary loop
Primary loop

Figure 20
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Setting Secondary Loop PID Values

24

Note:

Note:

By isolating the secondary loop from the primary loop, you are able to view/
modify the secondary PID loop default settings.

If you are familiar with your system PID values, use them in place of the de-
fault values, if you don’t know them simply use the defaults.

You must have the controller powered up and the communication cable
installed between the computer and ES100.

1. From the Check control menu, select .
2. From the vertical menu on the left side of the screen select .

E E Check control E

| F1:Run IlFZ:Param I|F3:Status| k4:CommandI|F9:0ption|| I|ESC:Exit I

LAcA1,95  oco ol [ [ [ [

ESC:Cancel

Select PID parameter [PID No.=11

ESC:Cancel

PID param

Adj param

P
!
D

MY lower limit

MY upper limit

PV bias wvalue

Buto select range upper limit

Ulear + drau

8:82:88 B:86:88 B:18:88

Figure 21

3. From the pop-up, double-click on ‘P’ (Figure 21). Note that the default
value is 100% which should be adequate for most applications. If a new
value is desired, simply type in the new value.

4, Select button.

5. Scroll down and select ‘I'. Note that the default value is 60 seconds
which should be adequate for most applications. If a new value is de-
sired, simply type in the new value.

6. Select button.

7. Scroll down and select ‘D’. Note that the default value is 0 seconds
which should be adequate for most applications. If a new value is de-
sired, simply type in the new value.

8. Select button.
9. Select the button from the pop-up window.

10. A new window appears that will let you change PID bank #’s if you wish

to. Then select LESC:Cancel |

11. Select the button from the vertical menu on the left side of
the screen.
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Setting the Fixed Value Set Point for the Secondary Loop (FSP2)

Note: If you know what the setpoint of your secondary loop should be, use the fol-
lowing procedure. If you do not know, go to the Manual Output Control meth-
od later in this section.

Because the primary loop has been temporarily disconnected from the sec-
ondary loop, its output is no longer available as the setpoint of the secondary
loop. Therefore, you will need to establish an approximate value for the sec-
ondary loop setpoint. This approximate value should be known to the opera-
tor/engineer with a knowledge of the system. If it is not known you can use
the Manual Output Control method described later in this section. Please
note that the unit of the SP2 is a percentage value. The output variable of the
primary loop can be set any where between 0% (Fully OFF) and 100% (Fully
ON).

1. From the ES/TOOLS menu select Check control.

2. From the Check control menu, select .

Note: All the options on the left side of the screen will change as shown in

Figure 22.
= Check control Unit No.9@ 'a
| F1:Run I | F2:Param I |F3:Status I k‘4 :Commandl |FB :0ption I | I | ESC:Exit I
Select adjustment parameter
5

MI SP rise rate limit
BP fall rate limit

MU change rate limit

[Fixed SP (secondary loop)

P (secondary loop)

1 (secondary loop)

D (secondary loop)

Manual reset (secondary loop)

—_

—388

a:68z:a8 @:86:88 a:18:68

Figure 22
Select[ Adiparam |

4. Scroll down and select Fixed SP Secondary loop from the pop-up
menu.

5. Inthe pop-up window, type in the percentage of output that you want for
the setpoint of your secondary loop, and select <Enter> on the key-
board.

Select button.
Select button.
Select the button from the pop-up menu.

Select the button from the vertical menu on the left side of
the screen to return to the main menu.

Displaying Process Trends

Use the following procedure to display loop process values (PV2, SV2 and
MV) on your computer. You will need to monitor this display to measure hunt-
ing and width to determine PID values for the primary and secondary loops.

w

© ® N o
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1. From the Check controls menu, select | Trend Setting |
2. From the pop-up menu, select (Figure 23).
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Figure 23

3. Select (Green, Bold Line). Refer to (Figure 24).
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Figure 24

4. From the pop-up menu, select .
5. Select (Red, Fine Line).

6. From the new pop-up menu, select . MV is automatically set up to
display on ES/TOOLS.

7. Selectthe button from the pop-up window to return to the
main menu.
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Manual Output Control (Optional)

Note: The following procedure can be used to approximate a value for SP2 if re-

quired. If you do not need to approximate this value proceed to the next sec-
tion.

It is possible to incrementally increase the MV until the PV comes as close as
possible to the SP that you require. Follow the steps below using small incre-
mental increases of MV to reach your SP2.

Example: Your system = Control valve (able to control 0-20 cubic feet of gas/
min), ES100, SP2 is equal to 12.5 f3/m.

Begin running your process in a normal fashion. Use the instructions below
to change MV to 10%. Record the MV and PV that you used once the flow of
gas has stabilized. If the gas flow is not yet at 12.5 f3/m, increase the MV
again using the instructions below. Once you get near the SP2 increase the
MV in smaller increments until you are as close as possible to the required
SP2.

1. From the Main Menu, select Check control.

Select
Scroll down and select from the pop-up menu.
Select from the second pop-up menu.

Select when prompted by ES/TOOLS.

Select and go back to the Check control main.
From the Check control menu, go to the left side of the screen and se-

Iect.

8. From the pop-up window, enter the appropriate output value, 0 to 100%
(0% = Fully OFF; 100% = Fully ON), and select O.K.

9. Proceed to the Limit Cycle for your secondary loop.

10. Return the controller back to the auto mode.

No o~ 0 DN
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Using Run Mode

28

-y

Select Check control from the ES/TOOLS menu.
Select.

From the new vertical menu on the left side of your screen, select [Run]

Enter the PID bank number, then press the <Enter> key on the key-
board. A confirmation window comes up to verify the RUN COMMAND.

Select the button.

Check the start-up response of the controller by monitoring it from the con-
troller or from Check control menu trend view.

P D

If the performance of the controller is not satisfactory, you may improve the
performance of the ES100 by using the Fuzzy Logic Fine Tune. Follow these
steps to get to the Fine Tune portion of the ES/TOOLS program.

1. From the ES/TOOLS menu select Check control.
2. Select (Execute Fine Tuning) button.

3. You should now see a pop-up window that prompts you to input the ap-
propriate PID set number (Figure 25).

4. Select .
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Figure 25
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5.

8.

A pop-up menu will appear (Figure 26).
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Draw |[ESCiCancel] | EnT:0k |
Clear T draw
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o
B:82:88 8:86:88 B:16:88
Figure 26

There are five different levels of response that you can initiate using
Fuzzy Logic Fine Tuning. Each triangle represents one level of strength.
The more triangles you select the greater the reaction will be from the
Fine Tuning effect of Fuzzy Logic. You can select one parameter (as is
shown) or a maximum of two parameters, such as Response/Hunting,
or Overshoot/Hunting. Use the keyboard cursor controls to move the red
inner circle around the inside of the outer circle. The arrowheads will
automatically fill in based on the position of the red circle.

Select ENT:OK | after you have selected the level of corrective action
you require.

ES/TOOLS will prompt you to execute fine tuning, select [ENT: OK |

Note: If you have already used the limit cycle method of tuning and are using Fuzzy
Fine Tuning as an enhancement then STOP! You have completed your tun-
ing. If you are using Fuzzy Logic Fine Tuning as your main tuning procedure,
continue below with Close Cascade and Tune Primary Loop PID Constants.
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Close Cascade and Tune Primary Loop PID Constants.

30

1. From the ES/TOOLS menu select Check control.

2. From the Check control menu, select  F4:Command |

3. From the pop-up menu, select -Cascade OPEN/CLOSED | \, hich prings up a

pop-up menu that gives you a choice of Cascade OPEN or Cascade

CLOSED.

4, Selec

+ | Cascade CLOSED |

You have now reconnected the primary loop to the secondary loop so your
control strategy will look like this (Figure 27).

| Thermocouple

Cascade closed

loop

Secondary

Flow controller

Primary loop Secondary loop | | Flow Temp -
Controller Controller Process Process .
Secondary loop
Primary loop

Figure 27
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Set Point (SP)

Now set the SP (Set Point) for the Primary loop
1. From the main menu of the ES/TOOLS, select the Check control icon.

> Go to F4Command |

3 Select‘ Change Setting Mode |

4. Double-click on | Setting mode: Remote | s mode will enable you to ad-
just the Fixed Value Setpoint for autotuning or limit cycle tuning process.
The FSP (Fixed Value Set Point) is a separate set point that can be
used for tuning purposes or when the running program is finished as a
default settings. It can also be used when an input error is detected
(broken thermocouple). The FSP can be used to continue running the
process at a safe setting.

5. A pop-up window will verify the selection of Remote Setting Mode. Se-
lect [ENT:OK |

6. From the same window that Change Setting Mode was selected from,
double-click on |.Change SP Mode |

7. From the pop-up window, double-click on |.SP Mode: Fixed value | rpg \yjj|

make the controller respond only to the FSP.
8. A pop-up window will verify the selection of Fixed value for Change SP
mode.

9. Select
10. Select [ ESC:Cancel |
11. Select Change SP | Epter the new set point and select [ENT:OK |,

Run Mode
Place the ES100 into RUN Mode using the Check control menu

1. Go to the Check control menu from the Main Menu in ES/TOOLS.
2. Select.

3. From the new vertical menu on the left side of your screen, select [Run]

4, Select to return to the Check control menu.

You have now completed the Fuzzy Logic Fine Tuning of the ES100 Control-
ler. If your control is still not satisfactory, you may use the autotuning feature
as often as necessary until your control operation is satisfactory to you.
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1-4 Applications
Chemical Reactor

1-4-1

32

k ES100X-AAWHO4FE

,,,,,,,

‘
I
‘
I
S A Esax

‘ AN/ L

Hot water tank

AA E5AX

Electromagnetic valve

AOI
Inner tank

Cold water tank

Outer tank

Reactor

Process Requirements

1.

The chemicals involved in this reaction are maintained at a specific vis-
cosity to enable the proper reaction to occur. Viscosity for this process
can be controlled with temperature.

The temperature of the reaction must be controlled by maintaining the
temperature of the water jacket. The water temperature is controlled by
utilizing two control valves. One for hot water the other for cold water.
A digital signal is sent to the recorder from a viscosity sensor for an
alarm.

Model Selection

1.

With Cascade control, the ES100 was able to provide a very close toler-
ance in the process during testing.

The digital 1/O capabilities of the controller are utilized in sequencing of
the process.
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1-4-2 Touchless Clothes Dryer

ES100X-AAWHFE

Hot air blast

- -

@ Gas

generator

****** -0 Hot blast sensor

-~
Heater surface

Gas flow
control

temperature
detector

Cloth

Non-contact heater

Process Requirements
The process show depicts a touchless clothes dryer. By precisely con-
trolling the temperature of a non-contact heater, the clothes can be dried

1.

without damage more efficiently.

The clothes will be dried with a combination of the non-contact heater

and periodic hot air blasts.

Model Selection
During testing, the Cascade Control Strategy provides precise tempera-

1.

ture control.

With the bank PID selection, several product lines can be controlled

without reprogramming the controller.
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1-4-3 Gas Solder Machine

ES100 | A0l Es100
All Al2 All| AI2 All | AI2
Heater o vy : O W : o W
o , O ‘ o N, gas
. — . : .
t(o) | | Solder | (Q)
; ; =
Heater WA ) “WA- ) WA

Process Requirements

1. Speed up process.

2. Tightly control temperature of the furnace

Model Selection

1. With a combination of Cascade Control and an increase of Fuzzy inten-
sity to 70%, the ES100 reduced the time required for a work piece to go
through the process from 90 to 12 minutes.
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1-4-4 Vacuum Processing Furnace

ES100P

Al2
(SP)

Al2

7 ES100X 7 ES100X 7 ES100X
Al A1 Al A1 Al A1 Al A1

A

AN

Vacuum processing furnace
1 Work piece
9 -

AN )
\

Process Requirements
1. Accurately control the temperature of a vacuum furnace with a Ramp

Soak Profile.

2.  Workpiece temperature may be slightly different than heater tempera-
ture throughout the profile.

Model Selection

1. By using a primary and secondary set-up, it is possible to provide a
Ramp Soak profile to ES100X. The ES100X uses the profile as an RSP,
and is configured in the Cascade Control strategy.

2. ES\TOOLS provided easy set-up and maintenance.

3. The Ramp Soak model (ES100P) provided an accurate and steady pro-
file to the ES100X’s via the transmission output.
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2-1

2-1-1

What is Position Proportional Control

Position Proportional Control is a feature of the ES100 which is used to con-
trol steam, cooling water, or some fluid/gas substance by controlling valve
positioning. It is used in conjunction with a PID algorithm that produces a ma-
nipulated variable which is used by the controller to position the valve. There
are two types of position proportional control: closed and floating.

Closed Control

A Position Proportional Control using a potentiometer incorporated into a
control valve is called a CLOSED CONTROL LOORP. In this system, the valve
opening is converted into a resistance value that is fed back into the control-
ler. Then the valve is rotated forward or reverse until the opening (in degrees)
matches the value output with the manipulated variable.

In the following example, the temperature in a furnace is controlled by adjust-
ing the fuel flow to the furnace.

Thermocouple

1 AO1
: 7 AO2
ES100-RRP
Control
. ) signal Furnace
Slidewire
feedback

L

Valve

Figure 1

Al

In (Figure 1) we are reading the temperature from a thermocouple in the fur-
nace. We are also reading the exact position of the valve using a potentiome-
ter (slidewire feedback). Using the two relays in the ES100, the controller will
send OPEN or CLOSE signals to adjust the valve. The potentiometer feed
back lets the ES100 know exactly how wide the valve is open and prevents
damage to the valve from over travel.

2-1-2 Floating Control

38

In a floating control loop, the valve is controlled without using a potentiometer
and there is no mechanical feedback from the valve to provide the controller
with its exact position (Figure 2).

Thermocouple

1 ~o1
7 AO02
ES100-RRP
Control
signal %& Furnace

L

Valve

Al ‘
—

Figure 2



What is Position Proportional Control Section 2-1

The ES100 operates by sending a signal for the valve to OPEN. Based upon
the elapsed time that the valve was energized, the ES100 will estimate the
actual position of the valve. The Floating Control Loop functions by convert-
ing the elapsed time the valve was open or closed into a value that the
ES100 can use to determine the position of the valve (Figure 3).

i ‘ Valve
b FuIIy closed
FueI flow
Valve
50% open Total time needed
e —> for valve to be
Fuel flow 100% open is 20 s.

% .50 or 50% open
Figure 3

There are several advantages to using Floating Control Loops over that of
Closed Control Loops:

1. The control performance is not affected by potentiometer wear and con-
tact failure.

2. Floating Control Loops are more resistive to noise which improves reli-
ability and the safety of the system.

3. Floating Control Loops eliminate the need for potentiometer wiring.
Saves control valve costs by eliminating the potentiometer.

The disadvantages of Floating Control Loops when compared to a Closed
Control Loop are:

1. There is no proportional action in the control loop.
2. There is no Manipulated Variable limiter.

Note: With floating control, the MV upper and lower limits are disabled. When they
are required, you must provide the limiting operation directly to the valve.

2-1-3 Start-Up Procedure

Note: For the following procedures the ES100 should be powered up and con-
nected to the correct port of the computer running ES/TOOLS via the RS-232

cable.
For Position Proportional Control, use ES100X or ES100P with the suffix
‘RRP”. (ES100_ -RRP_ _ ).

1. Position Proportional Control cannot be performed if any other ES100
model number is used.

2. Since the control output module E53-R is installed in the unit, there is no
need to purchase another output module unless replacement is re-
quired.
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ES100 Wiring Diagram

40

In order to get the controller up and running the quickest way, we will only
program selected items. There will not be a need to do any advanced pro-
gramming at this time.

Figure 4 shows an ES100-RRP using a K type thermocouple as Analog Input
1, and both outputs are being used to control the position of the valve (Ana-
log Out 1, 2). The position of the valve is known from a potentiometer feed-
back.

Thermocouple

I Ao
7 AO02
ES100-RRP
Control
. ) signal Furnace
Slidewire
feedback

L

Valve

Figure 4

For closed control, a potentiometer is required. If no potentiometer is con-
nected to the ES100 when it is configured for closed control, an error code
will be displayed and control of the process cannot continue. The Manipu-
lated Variable or MV, will go to a default value (Figure 5).

A potentiometer with a resistance value in the 100Q - 2.5 KQ range should
be used. For floating control, no potentiometer is required.

N T . & 6
Notused‘ @ @L,,,,,. ,,,,, @,‘
| @ | O@
Power @ ‘ ‘ ‘ 757 ‘
suppl @ ----- @ 4‘ w @2 : e
élsséd 77‘7 : c @)~ j é )
\ ®‘ output ! @ : =
' Open output ! @—: I 'g I
: @ Belay output |, &) & L g
Relay output @ : @ : i} :
b® | € D
@ @ T @ ! ! Thermo-
a . Q- " + ! ! couple
‘ ! @ L
c@, | B ‘ ‘ Al /
‘ @ 26—
SRCIN G
24 VAC ‘ Power supply
Open Close| C - Potentiometer Close
Control W§ Windin
valve o
en
o < . p
Figure 5
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2-2 Operation and Tuning

Before you can tune the controller you must first set it up. Proceed in the or-
der of the listed operations.

* Operation and Process Value Error

* Valve Hysteresis and Dead Band

* Configuring the Front Panel

* Motor Calibration and Travel Time

* Travel Time with Floating Control

2-2-1 Operation at Process Value Error

The operation at process value error, is used to determine what the control-
lers action will be. For example, if the potentiometer wire breaks and the con-
trol loop becomes open, what action do you wish the controller to take? (Op-
tions include fully opening the valve, fully closing the valve, or holding its
present position).

1. From the main menu select Setting Menu <Offline>.

2. From the Setting Menu <Offline>, select [ Operation at PV error |

3. Select MVt PV error (posi-prop) | for yalve positioning controllers
(Figure 6).

Ei Operation at PV error i@

| I| I| I| ”FB:Optiun” Fl@:Help I| ESC:Exit I

| )

|I‘IU at PV error (posi-prop) |' No output

Figure 6

4. Select the desired action from the pop-up menu in Figure 7.

5 Select ESC:Cancel
6 Select ESC:Cancel

Ei Operation at PV error EQ

| I | I | I | I |§“3 sOption I | FifiHalyp I

Set by +, —, or SPACE BAR.

| 4
M 2t PU sronr (aosiomemm S—

EXC(KXE{I

MV at PV error (posi—prop)

ESC:Cancel

Closed side output ON (valve fully closed)

No output (valve hold)

Open side output ON Cvalve fully open)

Figure 7
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2-2-2 Valve Hysteresis and Dead Band

A dead band is a place in the process where no control action is desired

42

(Figure 8).
A A
100% szad Bar"nd
B A
Open : : Close
Relay ! ! Relay
AO1 L A02 > MV
0% 50% 100%
Figure 8

Hysteresis results in the activating point being different from the release
point. Typically, this value is expressed as a percentage of the output or
alarm setting value. It identifies the distance between the activation point and
the release point resulting from the PV approaching or moving away from the

activation point.

To set the dead band and hysteresis for the valve proceed as follows:
1. From the Setting Menu <Offline>, select (Figure 9).

EEEE Setting Menu <Offline> Eéﬁ>
| F1:File Il Il I| IlFB:OptinnIl I|ESC:Exit|
| Controller type [ ES188X-RRF @G4FE Ver. 1.3¢ ] I
| Conf iguration Parameters I

Parameter

Sp conditions I

bper at PV errnrl

|Control paramns I

|
Qutput Front panel Power ON oper
| | | | | |
| Event I | I | Comnunications I
| Posi-prop IQ- | I | Posi-prop 2 I
Bank Assignment

| Bankesp) |

| Digital oper I

| fnalog oper I

|File name |URLUES.E31

”Cnmment |Ualue positioning Roadmap |

Figure 9

2. Select Postprop dead band | i e 10. Insert a dead band between the

OPEN and CLOSE action of the valve. The default value is 2%.

= Position-proportional Q
| Il Il Il | [Fo:0ption]| F1e:He1p || ESCiExit |
Set by wumber key.

|Posi—prop dead band ) 2.0 [221
|Switching output hysteresis | 8.8 [x1

Figure 10
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3.  Select | SWitching output hysteresis | s setting adjusts the hysteresis to
protect your valve/process from too quick of a reaction from the control-
ler, which could result in a fluttering effect from the output relay if the
hysteresis is too small. The default is 0.8%.

4. Double-click on LESC:Cancel |

2-2-3 Configuring the ES100 Front Panel

In this section you will learn how to use ES/TOOLS to configure the front
panel of the ES100 to display the process parameters of your choice (PID,
PV, SP, MV). However, you may elect not to make any changes to the front
panel. In this case proceed to Motor Calibration and Travel Time in this sec-
tion.

There will be differences in the software setup of the controller between slide
wire feedback and floating control. If you are using floating control, some op-
erational parameters will not be displayed in ES/TOOLS.

1.  From Setting Menu <Offline> select Front Panel. A pop-up menu ap-
pears. Double-click on the PF Key (Figure 11).

Front panel

| . PF Key I

| Monitor item key I

| Setting item key I

| Other items I

Figure 11
2. A PF key menu appears (Figure 12).
= PF key Q
| || || || I|F9:Opticm|| F1d:Help || ESC:Exit |

Set by +, —, or SPACE BAR.

PF1 key type I Select monitor itemn
PF2 key type I Select monitor itemn

Figure 12
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3. Double-click on the button which brings up the PF1 key
type pop-up menu.

4. Select|Selectmonitoritem | i 0 13). The screen will disappear after
selecting.

5. Now select PF2Key type |

6. This will bring you to a pop-up menu which you can select
| Run/reset (stop) inversion | e gcreen will disappear after selecting.

|EE PF key E@
| | I |

Set by +, —, SDACE BAR

[[£ 00t 00 ]| e1m:m0 1 || exccnar |

PF1 key type

ESC:Cancel

Figure 13

Select the button twice to return to the Front Panel menu.

8. Select/ .Monitoritemkey | 1o monitor item selection key menu will ap-
pear (Figure 14).

E; Monitor item selection key EQ
| Il Il Il | [F9-0mt10n] [F10 701z | [Escrmeie |
Set by +, —, or SPACE BAR.

Monitor item 1 [} pusse

Tnvalid
Monitor item 4 [P Inuatia
Monitor item s [} 1nvalia
nealia
Tnvalid
Monitor item 8 [P 1nuatia

Figure 14

44



Operation and Tuning

Section 2-2

Note:

From here you may modify which items are to be displayed on the front panel
of the ES100. For example, you may display your P, I, and D values by modi-
fying Monitor items 3, 4 and 5 as shown in Figure 15.

=

| I| I| ” ”FB:Option” F1A:Help I| ESC:Exit I

Monitor item selection key i&

Set by +, —, or SPACE BAR.

Monitor item 1 PU/SP

Monitor item 2 PU/valve opening position

Monitor item 3 P

Monitor item 4 1

Monitor item 5 D

Monitor item 6 Invalid

Monitor item 7 Invalid

Monitor item 8 Invalid

9. From the monitor item selection key menu, select Monitoritem 3 | 5 pop-

up menu appears.
10. Select the item you which to monitor from the list.

2-2-4 Motor Calibration and Travel Time

Note:

In order for the ES100 to accurately control your process, precise information
will have to be obtained on valve reaction speed and the time required to go
from fully OPEN to fully CLOSED. Motor calibration cannot be performed
with ES/TOOLS. It only can be executed from the front panel of the ES100.

Performing Motor Calibration — (Parameter C051 in the ES100 Setting Level
2). Refer to your ES100 User Manual.

If you are using floating control, you do not need to perform this opera-
tion. Skip to section 2-2-5. You do need to perform the travel time setup
steps in the section following Motor Calibration.

This operation is required only when operating a closed control loop or slide
wire feed back. Motor Calibration is required by the ES100 because it uses
the electrical resistance of the valve to determine the valve’s position. By per-
forming motor calibration you allow the ES100 to scale the resistance values
into a range, from fully closed to fully open.

1. You must to have the controller completely connected to your process (a
power source and the valve it will be controlling, slidewire feedback,
etc.).

2. Slide the ES100 controller out of the plastic housing and locate Switch 1
and Switch 2 on the top of the controller near the face plate. Make sure
that SW1, SW2-1 and SW2-2 are turned ON. SW2-3 and SW2-4 should
be turned OFF. See Figure 16.

SW Sw2

-

OFF

ofFFf " "1, J|ON

ON

SW 1

— SW24
SW 2-3
SW 2-2
SW 2-1

Figure 16
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Plug the ES100 back into its case. The LED display should show C001
on the PV display. With the UP and DOWN arrows, scroll through the
menu until you see C051 on the PV indicator.

Push the (Enter) key. This will start the ES100 calculating your
valve’s motor calibration and travel time.

After completing this task, return the internal dip switches to their stan-
dard or running position (Figure 17).

SwW2

SWi1 OFF

oFF L [T oN

ON
SW 1
—— sSw24
L——— sw23
L sw22
SW 2-1
Figure 17

2-2-5 Travel Time with Floating Control

46

Travel time is the time, in seconds, that the value takes in changing from
fully OPEN to fully CLOSED. Most control valves will have this time in
their specification sheets. This value must be entered manually through
ES/TOOLS. To set Travel time proceed as follows.

From the Setting Menu <Offline> select Posi-prop 2 (Figure 18).

= Setting Menu <Off1ined> Q
| F1:File || || || ||F9:0ption|| || ESC:Exit |
| Controller type [ ES18AX—RRF B4FE Ver. 1.3 1] I
| Conf iguration Parameters I
Parameter
| Sp conditions I bper at PV errorl | Control params I
| Output I | Front panel I | Power ON oper I
| Event I | I | Communications I
| Posi-prop I | I | Posi-prop 2 |,\\,I

Bank Assignment
| Bank(3F) I | Digital oper I | Analog oper I
|File name |UﬂLUES.E81 ||Comment |Ualve positioning Roadnap |
Figure 18

Travel time will now appear in the screen (Figure 19).
Insert the travel time (in seconds) in this field. The default is 30.

| E E Position—proportional 2 Ef§|
| || | I

Set by number key.

3 fseo?

|[Fo:0ption]| F1a:He1p || EsCiExit |

Select ESC:Cancel
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5.

Select LESC:Cancel | a4ain to return to the main menu.

To tune your control loop, proceed to Autotuning.

2-2-6 Autotuning

Autotuning can be used with valve positioning ES100 controllers. The auto-
tune feature uses a method of tuning similar to a limit cycle, which is more
fully described in Section 1, Cascade Control. When autotuning is activated it
will be indicated by a blinking yellow LED on the front panel of the ES100.

Note: The ES100 must be powered-up and connected to the computer running ES/
TOOLS via an RS-232 cable.

1.

O

8.

Run Mode

From the ES/TOOLS MENU select Check Control.

Select EXRUN | from the Check control menu.

Select from the Check control Unit No. 00 menu.

Now select to get back to the Check control menu.

Select by double-clicking.

A new pop-up window will appear (Figure 20). Select which PID bank
you wish to autotune.

Double-click on .ENT-OK |

EEEE Check control Unit No.B@ iiﬂ

| F1:Run I | FZ:Param I |F3:Status I k"‘l :Conmandl |F9 (Option I | I | ESC:Exit I

a7?/85,95 168

Clear data #9:23:41

Move point
Monitor —

rend Setting SP
PV 78

Trend mode
g 48| [PID set Mo. 2

Exec A.T.

|ESC :Cancel I | ENT :0K I

Interva
2 Second

Drau mode
Clear + drauw
Change 3P

A

a:082:08 a:86:88 a:10:88

Figure 20

The controller will now autotune itself. Do not interrupt or stop this pro-
cess otherwise the process will not be completed. The controller will
have completed autotuning when the yellow “AT” light stops blinking.

Place the ES100 into RUN Mode using the Check control menu

1.

2
3.
4

Go to the Check control menu from the Main Menu in ES/TOOLS.
Select.

From the new vertical menu on the left side of your screen, select [Run]

Select to return to the Check control menu.
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2-2-7 Fuzzy Logic Fine Tuning

If the performance of the controller is not satisfactory after autotuning, you
may improve the performance of the ES100 by using the Fuzzy Logic Fine
Tune. Follow these steps to get to the Fine Tune portion of the ES/TOOLS
program.

Note: The ES100 must be powered-up and connected to the computer running ES/
TOOLS via an RS-232 cable.

1.  From the ES/TOOLS MENU select the Check control icon.
2. Select from the Check control menu (Figure 21).

E % Check control iﬂ

| F1:Run N| F2:Param I|F3:Status|k4:CnmmandI|F9:0ptinn|| I|ESC:ExitI

88/26/94 750.8
A7:59:42

Monitor
rend Setting |[SP

PV 74.63
MY 108 .08

Exec A.T.

PU
Interval
2 Second
Canc A.T.

Draw mode

Clear + draw

= x| o
2] 5 g =
H a < a
2 3 @ @
2 2 £
e =

1 2l e
@ o=

a 5 3
= @ & @

a:92:080 a:86:00 f:1p:88

Figure 21

3. A pop-up window appears to confirm the PID set that you are using
(Figure 22). Enter the appropriate PID set number and select .

= Check control Unit No.8® ﬂ
| F1:Run I|F2:Param ”FB:StatusIk4:CDnmand”F9:0ption|| I|ESC:Exit|
Clear data g;jgg:zi 1es

Move point
Monitor —

rend Setting SP

Trend mode
g 48| [PID set Mo. 2
Exec A.T.
|ESC:Cancel|| ENT :0K I
Interva
2 Second

Drau mode

Clear + drauw

Change 3P

A

a:082:08 a:86:88 a:10:88

Figure 22
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4,

Another pop-menu appears which allows you to set fuzzy logic fine tun-
ing (Figure 23).

E i Check control iﬂ
| F1:Run I| F2:Param I |F3:Status I k"‘l :Comnandl |F9:0ption I| I | ESC:Exit I
grl
I ™ T
7
Clear data ?:?; F.T. required level setting
Overshoot Outer|circle
|
Monj Inner|circle
rend Setting SP
PU
n
Exec A.T. |
Rspons unting
el .
Z Sef
Draw |[ESCiCancel] | EnT:0k |
Clear T draw
Change SP I
o
B:82:88 8:86:88 B:16:88
Figure 23

There are five different levels of response that you can initiate using
Fuzzy Logic Fine Tuning. Each triangle represents one level of strength.
The more triangles you select the greater the reaction will be from the
Fine Tuning effect of Fuzzy Logic. You can select one parameter (as is
shown) or a maximum of two parameters, such as Response/Hunting,
or Overshoot/Hunting. Use the keyboard cursor controls to move the red
inner circle around the inside of the outer circle. The arrowheads will
automatically fill in based on the position of the red circle.

Select ENT-OK | after you have selected the level of corrective action
you require.

ES/TOOLS will prompt you to execute fine tuning, select  ENT:OK | Re-
peat Fuzzy Logic Fine Tuning as necessary to achieve optimum perfor-
mance.

You have now completed tuning your Position-Proportional Control
Loop.

49



Applications Section 2-3

2-3 Applications

2-3-1 Bread Baking Oven
ES100X

The ES100 was selected for this process because of operability and 6 identi-
cal controllers.

Each zone is controlled by an independent ES100X

Zone| Zone| Zone| Zone| Zone| Zone
1 2 3 4 5 6

L L L L L L Burners (6)
sisls|sslsr)),
e —|
© 0 O @ @ @ @ © @ @ O

Al
AO1

<
AO2

Gas

Process Requirements
1. Accurate control of each zone to assist in increased throughput.

2. Each zone will have different temperature requirements.

3. Gas flow will be controlled by valves.

Model Selection

1. The ES100X-RRP is able to accurately control each zone without being
affected by a neighboring zone.

2. Using the -RRP valve positioning models, control accuracy is increased
while increasing valve life using the hysteresis and deadband setting.
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2-3-2 Drying Furnace
ES100P-RRPO1FE

AQ2
Inverter Humidity sensor Al
; ES100X
Al2 E
&= Temperature
F? @ sensor AO1

—

‘ D&h— Gas

Drying furnace Air

Process Requirements
1. Control humidity and temperature of drying furnace.

2. Dry object with resulting heated air.
3. Control the humidity by adjusting air flow.
4. Use less fuel for more efficient drying.

Model Selection
1. By using a -RRP version, the ES100 is able to control temperature and

humidity.

2. With the ES100 controlling both variables, a high efficiency was ob-
tained and the clothes were dryed in the same amount of time with less
fuel used.
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Definition of Heat/Cool Control

A heat/cool control strategy is used when the process that you are controlling
is an exothermic process, or a process that is capable of generating its own
heat. An example of this would be in the plastics industry where extruders
are used (Figure 1).

Extruder

- XX <
X Extruder screw \
O~ I~

Melted plastic

Figure 1

As the screw turns in the extruder forcing the plastic into the mold, the friction
of the screw generates heat. This process needs a cooling source in order to
stop the temperature from exceeding the set point, yet it needs a heating
source to melt the plastic when the process first starts.

Another example of an exothermic process is a chemical reaction in an auto-
clave (Figure 2).

Sensor
autoclave

v
6}—{@+ Steam
T : : Heat exchanger

Pump

Chemical
reaction ﬁ Y Temperature

Figure 2

The temperature inside the autoclave continues to rise due to the chemical
reaction of the process. Even if the controller’s output (manipulated variable
or MV) is off, the temperature will continue to increase beyond the setpoint.
For this reason, a cooling source is required to keep the temperature
constant. In Figure 3 we show an exothermic process with a zone indicated
where the MV has been reduced to zero (heating source shut off). However,
because of the heat generated from the chemical reaction, the Process Vari-
able (PV) continues on an uncontrolled rise.

PV ‘ :
“ I I
SP ; ‘
: : >
100% MV | |
! <« Heat generation due
i i to chemical reaction.
0% 1 1 >

t
Figure 3
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autoclave Sensor

Chemical ‘
reaction ﬁ | Temperature |

Heat exchanger
v

Steam

Cooling water
Pump

Figure 4

When using the heat/cool control method (Figure 4), a cooling source con-
trols the process during the exothermic reaction.

PV
A ———
SP ~—
i »
MV

< Heat geperation QUe
to chemical reaction.

»
»

t
Figure 5

With a cooling source, the exothermic properties of the chemical reaction can
be controlled. Figure 5 shows the cooling source in use. As the Process Val-
ue rises above setpoint the cooling source activates and returns the process
temperature to setpoint.

A A
100%

A02 AO1

Cooling Heating

Output | Output

> MV
0% 50% 100%
Figure 6

The MV (Manipulated Variable) functions differently in a heat and cool control
method than either a reverse heating method or a direct cooling method. The
difference is that a singular MV controls both the heat source and the cooling
source. At certain points during the process the MV will change from a heat-
ing source to a cooling source (Figure 6).

In our example, when neither the cooling or heating output is active, the actu-
al MV will read 50%. The cooling output will be active only when the MV is
between 0-50% and the heating output will be active only when the MV is
between 50-100%. At a certain point in the above example, the process will
require either a heating or cooling source, and our MV will change
accordingly.
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3-1-1
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Dead Band and Overlap Bands

A dead band can be defined as a range of temperature in which there is no
controlling action taken by the temperature controller.

In other words, for a predefined temperature range, neither the cooling output
nor the heating output will be activated. You can modify the ES100 so that its
output characteristics reflects Figure 7. An advantage of the dead band is
that it helps save on energy costs.

A

Dead Band

100%

A
A02 ' '
Cooling ! !
Output L
» MV
0% 20% 100%

Figure 7
OVERLAP BAND

Greater stability and control of the process can be achieved by providing an
overlapping band as shown below. In this example, the controller will be ac-
tively controlling the temperature of your process at all times. This method of
control will require more energy/material to control your process. Because of
the overlap band control the accuracy of the controller on the process can be
improved (Figure 8).

A A
100% Overlap band
N A
A02 ‘ /" AO1
Cooling : Heating
Output | | ] Output
» MV
0% 50% 100%
Figure 8



Setting Manipulated Variable for Process Operation Section 3-2

3-1-2 Start Up Procedure

Note: Heat/cool control can be performed with all standard models of the ES100
except the Valve Positioning (ES100_-RRP- - - -) models.

3-1-3 System Configuration

Chemical . AO2| | pAO1
reaction f Semperature
e — ensor
autoclave (RTD)
Heat exchanger

Auf I
J ;[E]—V eam

}&—V Cooling water
\O: Figure 9

Figure 9 depicts how an ES100 connected in a typical heat/cool application,
in this example a chemical reaction autoclave. The valves for heating and
cooling are being controlled by 4-20 mA signals from the ES100. A Platinum
Resistance Thermometer is being used to measure the temperature within
the autoclave itself. Analog Output 1 is the heating output and Analog Output
2 is the cooling output.

After completing the basic wiring, you need to program the ES100 to operate
the heat/cool process.

3-2 Setting Manipulated Variable for Process Operation

Before you can tune the controller you must first enter parameters for the
operations listed. Proceed in the order of the listed operations.

* Setting the Dead Band
* Setting the Overlap Band
* Setting Cooling Coefficient
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Section 3-2

3-2-1 Setting a Dead Band

1.  From the ES/TOOLS menu, select the Setting <Offline> icon. The Set-
ting Menu Offline appears.

2. Select the button. The Analog operation assignment

menu appears.

3. From within the Analog operation assignment menu (Figure 10), se-
lect | F1: Details | The Set Analog Operation Details pop-up menu ap-

Y

pears.
E % Analog operation assignment
k’l:Details” ” F3:Inage || F4:Edit I|F9:0ption|| F18:Help || ESC:Exit I
4 5 6 7 9

[assion dest ]

Figure 10

4. From the Set Analog Operation Details pop-up menu, select AP1 to
AP32 (Analog Operation Parameters) in Figure 11.

E@

EEE E Analog operation assignment
kl:DetailsI| I|F3:Inage I| F4:Edit I|F9:0ption|| FiA:Help I|ESC:Exit I
1 2 3 4 5

Assign dest

Ni4 Oper

Set Analog Operation Details

ESC:Cancel

Ni4 Arg 1

ECL (z=traight—line approximation)

Ni4 Arg 2 IFNC (broken—1line approximation)

|N15 Oper

KhP1 to AP32 (analog operation parameters)

|N15 Arg 1

NiS Arg 2

-
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5.

From the Analog operation parameters menu (Figure 12), scroll down

until you see Anlog oper param 32 | .y geject it. Enter the deadband val-
ue as a percent of full scale. For example, if you would like a 10% dead
band, key in a value of 0.100. This will make a 10% of full scale dead-
band in your process (Figure 13).

E E fnalog operation parameters :!§

| Il Il Il |[Fo:0ption] | Pie:He1p || EsCiEXit |

Set by number key.

|nnlng oper param 27 ' 8.808
|nnlng oper param 28 ' 8.008
|nnlng oper param 29 } A .p08
|nnlng oper param 38 } A.688
|nnlng oper param 31 } A.568
|nn1ug oper param 32 ' 8.160

Figure 13

3-2-2 Setting an Overlap Band

To set up your controller with the overlap band simply place a (-) symbol in
front of the percentage of overlap needed in the Analog operation parame-
ters menu. To this follow the steps below.

1.

From the ES/TOOLS menu, select the Setting <Offline> icon. The Set-
ting Menu Offline appears.

Select the button. The Analog operation assignment
menu appears.
From within the Analog operation assignment menu, select

| F1: Details | The Set Analog Operation Details pop-up menu appears.

From the Set Analog Operation Details pop-up menu, select AP1 to
AP32 (Analog Operation Parameters).

From the Analog operation parameters menu, scroll down until you

see | Anlog oper param 32 | gelect it. Enter the overlap band value as a
negative (-) percent of full scale. For example, if you would like a 10%
overlap band, key in a value of -0.100 (Figure 14).

E E fnalog operation parameters :!§

| Il Il Il |[Fo:0ption] | Pie:He1p || EsciExit |

Set by number key.

|9nlng oper param 27 ' B.0868
|9nlng oper param 28 ' B.868
|ﬁnlng oper param 29 ’ a.888
|ﬁnlng oper param 38 ' a.688
|ﬁnlng oper param 31 ’ 8.588
|ﬁnlng oper param 32 ’ r=0.188
rigure 14
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3-2-3 Setting the Cooling Coefficient
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The cooling coefficient enables the controller to compensate for differences
between the heating and cooling capabilities of a system. In heat/cool con-
trol, the cooling process is controlled by changing only the proportional band.
The proportional band is defined as the range of temperature values above
and below the setpoint, where control action is fully ON below the band, and
fully OFF above the band and proportional within the band (Figure 15).

Fully OFFf - - - - - - - - - - - - - - - - - - -~

SP Proi)ortional
FulyON [~~~ "~~~ 7°7°°7

Figure 15

You should adjust the cooling coefficient when there is a difference between
the heating and cooling characteristics of the process. If the cooler is more
powerful than the heater, set the cooling coefficient to less than 1 (from 0.99
to 0.01). If the heater is more powerful than the cooler, set the cooling coeffi-
cient to greater than 1 (to a maximum of 99.99). If both are about equal, no
change is necessary to the cooling coefficient.

In the ES100 the cooling coefficient is set at the factory to a default of 1. With
the cooling coefficient set to 1 the proportional band of the cooling output is
exactly the same value as the heating output proportional band.

1. To set the cooling coefficient, from the Setting Menu <Offline>

select the button. The pop-up menu Control parame-

ters appears (Figure 16).

2. From the Control parameters menu, select .
E !E Control parameters menu El}/

| I I I | 75 owtion] | [escimere |

Control parameters

PID control params |
Fuzzy param |
PID set select |

Figure 16

3. From the Other items of control menu, select .o0ling coefficnt | 4

key in the appropriate value for your system (Figure 17).

Ei Other items of control i@

| Il I| Il I|F9:0pticm|| F1B:Help I| ESC:Exit I

Set by number key.

|Couling coefficn’t I}’ 1.09

|0H/0FF control hyst ' n.2Aa [:FS1

|I‘Ianua 1 reset ' 58.8 [x1

|D irect/reverse |’ Reverse operation
Figure 17
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3-3 Setting Manipulated Variable for Process Completion

Before you can tune the controller you must set it up for how you want the
manipulated variable or controller output to respond when the process it is
controlling has been completed or when you take the controller out of RUN
mode and need to halt any control action from the controller. How you set the
controller up depends on whether or not you desire no output or continued
output when the process is complete.

3-3-1 Manipulated Variable When NO OUTPUT is Desired

The process for setting the manipulated variable at operation stop is different
for dead band and overlap band settings. Refer to the appropriate procedure
below.

When Using a Dead Band

VERSION 1 CONTROLLERS

Note: The setup for NO OUTPUT on process stop is different depending on wheth-
er you have an ES100 Version 1 (the part number of Version 1 Controllers
ends with the letter “~E”) or Version 2.

Because the factory default setting for Version 1 is 0% (heating OFF; cooling
ON 100%) you must change this setting to set the controller for NO OUTPUT
at process stop (Figure 18).

A A
100%

A02 AO1

Cooling Heating

Output | Output

> MV
0% 50% 100%
Figure 18

1. From the Setting menu <Offline>select the button. The
Analog operation assignment menu appears.

2.  From the Analog operation assignment menu, select .
From the new pop-up menu, select AP1 to AP32 (analog operation
parameters).

3. From the Analog operation parameters menu, scroll down to

[ Anlog oper param 31 | 4 gelect it. If you have not changed the default
dead band value, then key in 0.500. If you have changed the default
dead band value, then key in the mid-point value of the dead band ex-
pressed in terms of a percent. For example, if the mid-point of your dead
band is 40%, key in 0.400.

4. Select ESC:EXt] vou will be returned to the Analog operation assign-
ment menu.

5. In the Analog operation assignment menu, scroll down so that the
N11 Oper button appears at the top of the table (Figure 19).
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Setting Manipulated Variable for Process Completion Section 3-3

Note:

6. Inthe Analog operation assignment menu (Figure 20), you must enter
the values exactly as shown in columns 1 and 2 starting at
and continuing through to (shaded columns).

7. When all values have been entered, select . Now proceed to
Autotuning in this section.

EE finalog operation as=zignment .-._//
L‘i:l‘lctai]s” I|F3:Ind9’l: ” F4:Bdit I|I‘J:0ption|| Fi1A:llely ”DSC:Exit
h 2 M 4 o G

&
11 oper || [BnD scL1 ||scLi  ||EnD END END [
Hil Arg 1 } - MU MU - - -
miarsz ]| - - - - -
HiZ Oper END SIL SLL END END END i
mz s 1 [N} M1 |mz |- - - -
- 1.8 8.8 - - - ‘:
END SIH SLH END END END [
- N1z N1z - - -
- @.0 8.9 - - -
END ruL nuL END END END
- N1 M1B - - - ]
- N13 N13 - - - i
END EMND END EMD EHD END
Figure 20

FOR VERSION 2 CONTROLLERS

The setup for NO OUTPUT on process stop is different depending on wheth-
er you have an ES100 Version 1 (the part number of Version 1 Controllers
ends with the letter “~E”) or Version 2.

The factory default setting for Version 2 Controllers is 50%. If you have not
made any changes to the default dead band no changes are necessary. If
you have changed the dead band settings, follow the steps below.

1. From the Setting menu <Offline>select the button. The
Analog operation assignment menu appears.

2.  From the Analog operation assignment menu, select .
From the new pop-up menu, select AP1 to AP32 (analog operation
parameters).

3. From the Analog operation parameters menu, scroll down to

| Anlog oper param 31 | 5, select it. Key in the mid-point value of your
dead band expressed in terms of a percent. For example, if the mid-
point of your dead band is 40%, key in 0.400.

4. Select/ ESCEXt] Ny proceed to Autotuning in this section.
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When Using a Overlap Band

Note:

Note:

If you have programmed an overlap band into the controller, and you want all
heating and cooling action turned OFF at the completion of your process, you
must make the following changes to the ES100 program.

If you want to maintain some heating or cooling action at the completion of
your process, refer to Maintaining Control Action at Operation Stop later in
this section.

VERSION 1 CONTROLLERS

The setup for NO OUTPUT on process stop is different depending on wheth-
er you have an ES100 Version 1 (the part number of Version 1 Controllers
ends with the letter “~E”) or Version 2.

1. From the Setting menu <Offline>select the button. The
Analog operation assignment menu appears.

2. From the Analog operation assignment menu, select [ F1: Detals |
From the new pop-up menu, select AP1 to AP32 (analog operation
parameters).

3. From the Analog operation parameters menu (Figure 21), scroll down to

| Anlog oper param 31 | 4 select it. Key in the value —1.000.

I |
I Analog operation parameters i@
I} |

| I| ” ” I|F9:0pticm|| F1B8:Help ” ESC:Exit I

Set by number key.

|ﬁnlog oper param 27 ' a.888
|nnlog oper param 2B ' a.088
|ﬂnlog oper param 29 ' a.888
|ﬁnlug oper param 38 ’ a.868a
|ﬁnlog oper param 31 ' -1.6888
|l’-lnlog oper param 32 ' E.BBB

Figure 21

4, Select to return to the Analog operation assignment menu.
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In the Analog operation assignment menu (Figure 22), you must enter
the values exactly as shown in columns 1 and 2 starting at
and continuing through to (shaded columns).

finalog operatian aszignment o

=

L‘i:l‘lctai ].'sI |

” Fl: Inoge ” F4:Bdit I|I‘J:0ption|| Fi1A:llely ” LEC:Exit

H1Z Oper

Mz are 1|

6.
7.

eeppy|
it oper ]

Misers 2z ]

h 2 M 4 o G
PU A ANz an3 |TP -
0
END SCL1 3CL1 END ENHD ENHD i
Hil Arg 1 } - MU MU - - -
END SLL SLL END END END
- N11 N1z - - -
- 1.8 a.a - - -
END SIH SLH END END END
- N1Z N1Z - - -
- e.8 8.s - - -
END FUL AUL END END EHD
- M18 M1B - - -
- N13 N13 - - -
END EMD END EMD END END
Figure 22

When all the values have been entered as shown select.
Select [F1:Details | £rom the pop-up menu select SCL (straight-line

approximation), Figure 23.

—

U

Analog operation assignment

kl:Details”

I|F3:Inage I| F4:Edit I|F9:0ption|| FiA:Help I|ESC:Exit I

Assign dest

Ni4 Oper
Ni4 Arg 1

Ni4 Arg 2

Set Analog Operation Details —

ESC:Cancel

ECL (z=traight—line approximation)

IFNC (broken—1line approximation)

|N15 Oper

KhP1 to AP32 (analog operation parameters)

|N15 Arg 1

NiS Arg 2

-

Figure 23
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8. Select the button (Figure 24). In column one enter the value

—-0.001.

E i Straight—line approximation EQ
| I| I| I| I|F9:0ption||F18:Help I| ESC:Exit I
Set by number key.

1 2 3 4
lk —B.881 |(|B.808 a.888 8.888
Output 1 a.888 A.A0A A.888 a.880
a.888 8.808 a.888 8.888
Output 2 a.8a88 8.888 a.888 8.888
Figure 24

9. Select .

You have now completed the steps necessary to configure your ES100 for
NO OUTPUT at process completion. You may now proceed to Autotuning.

VERSION 2 CONTROLLERS

Note: The setup for NO OUTPUT on process stop is different depending on wheth-
er you have an ES100 Version 1 (the part number of Version 1 Controllers
ends with the letter “~E”) or Version 2.

1. From the Setting menu <Offline>select the button. The
Analog operation assignment menu appears.

2. From the Analog operation assignment menu, select [ F1: Detals |
From the new pop-up menu, select AP1 to AP32 (analog operation
parameters).

3. From the Analog operation parameters menu (Figure 25), scroll down to

| Anlog oper param 31 | 4 select it. Key in the value —1.000.

I |
I Analog operation parameters i@
I} |

| I| ” ” I|F9:0pticm|| F1B8:Help ” ESC:Exit I

Set by number key.

|ﬁnlog oper param 27 ' a.888
|nnlog oper param 2B ' a.088
|ﬂnlog oper param 29 ' a.888
|ﬁnlug oper param 38 ’ a.868a
|ﬁnlog oper param 31 ' -1.6888
|l’-lnlog oper param 32 ' E.BBB
Figure 25

4, Select to return to the Analog operation assignment menu.

You have now completed the steps necessary to configure your ES100 for
NO OUTPUT at process completion. You may now proceed to Autotuning.
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3-3-2 When Continued Control Output is Desired

If appropriate for your process, you can configure the ES100 to maintain a
heating or cooling output after the process has completed. The procedures
are the same for dead band and overlap band control processing.

Note: If you wish to maintain a fixed set point at operation stop, refer to Fixed Set
Point in your ES100 operations manual (H069 and H070).

1. From the Setting menu <Offline>select the button. The
Analog operation assignment menu appears.

2. From the Analog operation assignment menu, select F1:Details |
(Figure 26). This will bring you to a selection of three options.

E E Analog operation assignment E&
kl:DetailsIl I|F3:Image Il F4:Edit I|F9:0ptiun|| FiB:Help I|ESC:Exit I
1 2 3 4 5 6

s a WY A nmn

Assign dest

Set Analog Operation Details —

Ni4 Oper ESC:Cancel

Ni4 Arg 1

ECL (straight—line approximation)

Ni4 Arg 2 IFNC (broken—line approximation)

|N15 Oper hP1l to AP3Z2 (analog operation parameters)

|N15 Arg 1

N15 Arg 2

-

Figure 26

3. Select AP1 to AP32 (Analog Operation Parameters). Using the arrow
keys, scroll down to ANIog oper param 31 | 5 select it (Figure 27).

E I Analog operation parameters EQ
!

| I| I| I| I|F9:0ptiun||F18:Help I|ESC:Exit I

Set by number key.

|ﬁnlng oper paramn 27 ’ B.888
|ﬁnlog oper paran 28 P B.888
|ﬁnlog oper param 29 ’ 8 .888
|Hnlog oper param 38 ’ @.888
|ﬁnlug oper param 31 } E.SBB i
|ﬁnlug oper param 32 ' 6.888 L |
hd
Figure 27

If you want to maintain some cooling action after the process is complete, set
AP 31 from 0.000 to 0.500. At zero the cooling action will be 100%, at 50%
the cooling action will be off. The action declines in a linear fashion from 0 to

50%.
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3-4 Autotuning

If you want to maintain some heating action after the process is complete, set
AP 31 from 0.500 to 1.000. The action increases in a linear fashion from 50%
to 100%. Depending on the size of your overlap band, you may have both
heating and cooling action on at the same time (Figure 28).

A A

Overlap Band

-

100%

A02 A01
Cooling ' ‘ Heating
Output | ! Output
» MV
0% 50% 100%
Figure 28

By following these procedures, you have completed the basic programming
requirements of the ES100 for a Heat/Cool Control Method. To tune your
control loop, please refer to Autotuning.

Autotuning can be used with all Heat/Cool Control strategies. The autotune
feature uses a method of tuning similar to a limit cycle, which is described in
Section 1, Cascade Control. When autotuning is activated it will be indicated
by a blinking yellow LED on the front panel of the ES100.

1.  From the ES/TOOLS menu, select the Check Control icon.
2. Select from the Check control menu (Figure 29).

E E Check control Eij

|[ EscExit |

| F1:Run N | F2:Param I |F3:Status I *‘4 :Connandl ‘FS:Optinn I ‘

882694
87:59:42

Clear data 7se.8

Move point
Monitor

rend Setting ||SP
PU 74.63

Trend mode MY 19988

Exec A.T.

PU
Interval
2 Second
Canc A.T.

Draw mode
Clear + draw

Change SP

RERREELER

8:82:80 a:18:80

Figure 29

8:86:80
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3. Select from the new vertical menu on the left side of the screen

(Figure 30).
— Check control Unit No.88 A
[ F1:Run ][ Fz:Paran | [F3:status] F4:conmand] [Fo:0ption]| |[ EsciExit |

/B7/
ESC:Cancel | | 27727795 180
16:06:55
Sel pattern
Honitor
|

PV 50.60

Reset (stap) | [l 48.89

Hold

PU
Advance Interval
2 Second
Back

il

Draw mode

IClear + draw

06:82:08 8:86 :08 0:10:90

Figure 30

4, Select to return to the Check control menu.

5. From the vertical menu on the left side of the screen, select .

6. A new pop-up window will appear (Figure 31). Enter the number of the
PID bank you wish to Autotune.

= Check control Unit No.8® ﬂ
| F1:Run I | FZ:Param I |F3:Status I k"‘l :Conmandl |F9 (Option I | I | ESC:Exit I
Clear data g;’gg’zi 1e8

Move point
Monitor —

rend Setting SP

Trend mode
g 48| [PID set Mo. 2
Exec A.T.
|ESC :Cancel I | ENT :0K I
Interva
2 Second

Drau mode

Clear + drauw

Change 3P

A

a:082:08 a:86:88 a:10:88

Figure 31

7. Select [ENT:OK |, The controller will now autotune. Do Not interrupt or
stop this process. The controller will have completed autotuning when
the yellow ‘AT’ light stops blinking on the front panel of the ES100.

3-4-1 Fuzzy Logic Fine Tuning

Start controlling your process with the ES100 by placing it in the RUN mode.

1. From the ES/TOOLS menu, select the Check control icon.

2.  From the Check control menu, select.

3. From the vertical menu on the left side of the screen, select
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If the performance of the controller is not satisfactory after autotuning, you
may improve the performance of the ES100 by using the Fuzzy Logic Fine
Tune. Follow these steps to get to the Fine Tune portion of the ES/TOOLS
program.

1.  From the ES/TOOLS Menu select the Check control icon.

2. Select from the menu on the left side of the screen
(Figure 32).

Ir

EEEE Check control

| F1:Run I|F2:Param I|F3:StatusIk4:Command”F9:0ptiDn|| I|ESC:Exit|

88-/29-94
Clear data 758.8

b
1876023
)
Monitor
rend Setting J|SP 164 .88
PV 75.84
o]
Exec A.T. I
v
2 Second
Clear + draw
Change SP I
4:682:88 8:86:88 8:18:88
Figure 32

3. A Pop-Up window will appear to confirm the PID set that you are using.

4. Enter the appropriate PID set number and select . A new pop-
up window will appear Figure 33.

Clear + draw

Change SF

EEEE Check control EEZﬂ
| F1:Run I|F2:Param ”F3:StatusIF4:Cnnnand”F9:0ption|| I|ESC:Exit|
[N,
I T T
vy
Clear data jg:?;: F.T. required level =setting
Overshoot
Mon i
rend Setting [[SP
PV
.
Exec A.T. I
R=pons= unting
2 Se
Draw |[ESC:Cance1| | EwT:ok |

8:82:80 8:86: 88 8:16:88

Figure 33
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There are five different levels of response that you can initiate using
Fuzzy Logic Fine Tuning. Each triangle represents one level of strength.
The more triangles you select the greater the reaction will be from the
Fine Tuning effect of Fuzzy Logic. You can select one parameter (as is
shown) or a maximum of two parameters, such as Response/Hunting,
or Overshoot/Hunting. Use the keyboard cursor controls to move the red
inner circle around the inside of the outer circle. The arrowheads will
automatically fill in based on the position of the red circle.

Select [ENT: OK | 4tter you have selected the level of corrective action
you require.

ES/TOOLS will prompt you to execute fine tuning, select  ENT:OK| Re.
peat Fuzzy Logic Fine Tuning as necessary to achieve optimum perfor-
mance.

You have now completed tuning your ES100 for Heat/Cool Control.
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3-5 Applications

3-5-1

Culture Chamber
ES100 used: ES100X-AAWHFE

Distributed Control System

Bank selection T Event
ES100X _ A2
Humidity
A01 A02
Cold water Temperature
Hot water []
Al

Culture chamber

Process Requirements

1.

w

Temperature and humidity must be very consistant and at the precise
levels.

Separate outputs for heating and cooling.

Heat/cool should be performed by one controller, not two.

Needs to have control information about more than one type of product
for quick changeover (while minimizing thr requirement for frequent au-
totuning that can cause product damage).

Model Selection

1.

The ES100 controlled more steadily and accurately with Fuzzy Logic,
insuring a high return.
Heat/cool is accomplished with ES100 with separate outputs.

With the eight banks of PID in the ES100X series setpoints, PID setting
could be stored making changeover easier while eliminating the need to
autotune each time.

71



Applications Section 3-5

3-5-2 Shampoo Manufacturing Machine
ES100 used: ES100P-AAHFE

Recorder

ansfer output

Material ﬁ ‘ 3 3
6‘4> Al L
Water : 3 :
O A02' | AO1
o D\] ] @ Steam
4@ Cooling water
X

Temp. program
Mixing rotation

1.  The controller must have the ability to store several different pattern pro-
files.

Application

2. Mixing speed will be different in almost every step.
3.  Achart recorder will be used to provide a temperature history.
4. Must provide heat/cool capability

Model Selection

1. The ES100P series provides up to 99 different program profiles.

2. ltis possible to use a combination of internal timers and outputs to pro-
vide different mixing speeds.

3. The transfer output was connected directly to the chart recorder.

4. Even the ramp/soak ES100 can perform heat/cool control.

72



Applications Section 3-5

3-5-3 Drying Machine
ES100 used: ES100P-AAHO1FE

Al

A02

AO01

ES100P

Host
computer

Communications link

—> Dye insertion
D02
Water supply

Dye emission

D03

Process Requirements

1.  The controller must be able to store different profiles.

2. Temperature must rise slowly to insure proper finish correct/even color-
ing.

3. Use a host computer to control the ES100.

Model Selection

1.  The ES100P provides 99 different program profiles.

2. The ES100P is capable of having a rise time measured in seconds or in
hours.

3. By using ESTOOLS, the customer was able to select the correct pattern
and monitor the process as well.

73



Applications

Section 3-5

3-5-4 Water Purifying Machine

74

ES100 used: ES100X-AAH

pH sensor

Reaction tank

Process Requirements

Output unit E53-C3 (2 pcs.)
- 4-20mA

Acid

Alkali

1. Control pH of water purifying machine to national standards.
2. Control pH by using 2 valves with a 4-20 mA signal.
Model Selection

1. The ES100 provided control of the process so that the national stan-

dards were achieved easily.

2.  Heat/cool control was used because the output signal was 4-20 mA.
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What is Ratio Control Section 4-1

4-1 What is Ratio Control

Ratio control usually involves the mixture of two or more ingredients using a
very specific mixture (or ratio) where the flow of one ingredient into a process
is controlled based on a flow of a second, uncontrolled ingredient. The vari-
able input is generated directly from an external input, or remote set point
(RSP).

For example, in a grout color mixing application the two main ingredients,
sand and dye, must be mixed in an exact ratio of 100 parts sand to 5 parts
dye or a 20:1 ratio. In the example, the sand is the uncontrolled variable
(RSP) and flows freely into the process. The dye in turn is delivered to the
process in a 20:1 ratio based on the amount of sand entering the system
(Figure 1).

Dye

Sand

A / Hopper B

Conveyor Flow sensor Pump

@@_ﬁ_@// ]

- Weight meter
‘420 mA YA ‘

In the grout example above, the input to the ES100 from the remote setpoint
(Al2) is a 4-20 mA signal generated from a weight meter. To maintain tight
control of the mixture to avoid over or under-dyeing, the controller’s primary
input is a 4-20 mA signal from a flowmeter (Al1) in the dye injection tube. It is
also the PV for the flow of the dye. The control output is directed to a dye
flow control pump (AO1).

The system operates by taking the remote setpoint value and comparing it to
a preprogrammed ratio (Figure 2). The ratioed value is then use to adjust the
output to precisely control the flow of dye to maintain grout color consistency.

Flow of dye Ratio K = Flow of dye

Weight of sand

Ratio K

Weight of sand (kg/s)
Figure 2
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4-2 Start-Up Procedure

4-2-1

Wiring

The ES100 selected for Ratio control applications must have an optional se-
cond input installed. The part number should look like: ES100X-_ _ W _

A wiring diagram for the grout mixing applications appears below (Figure 3).
It is typical of most ratio control applications. In our example there are three
connections to be made: the dye flow sensor (Al1), the sand scale (Al2), and
the dye flow pump AO1).

‘ @ "””@71,,,,,1,,,,@4‘
: :CTInputr@: L
5 et o
Power (3, CHE S @
supply @@ ,,,,,,, @ | |
+ ! + ! ' @ | @ ‘
o1 | Sl @
- O g SC T
@ @
4-20 mA Gt---T e ! 1 A
+ : +@ } +@ ! ! Dye flow
A2 - 7@ — ;@ ,,,,,, KO ]‘—’® ] _ : sensor
Figure 3

4-3 Operation and Tuning

The first step in setting up a ratio control application is to scale the control
inputs. The second step is to input the desired control ratio.

Scaling the Control Inputs

In this example we will set up the controller to scale 4-20 mA signals for each
input (Al, Al2). The full scale of the sand scale (Al2) is 0-500 kg/min, the full
scale of the dye flow sensor (Al1) is 0-25 kg/min. As an aid to organizing in-
formation that will be programmed into the ES100, use the table below.

Input | Iltem Low End High End
Al Input from Sensor 4 20
Value to be displayed on Front panel of the 0 500
ES100
Al2 Input from Sensor 4 20
Value to be displayed on Front panel of the 0 25
ES100

Program the ES100 as follows:
1. From the ES/TOOLS menu, click on the Setting <offline> icon.
2. From the Setting menu <offline> select the button.
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Note:

Note:

3. Select F1:Details | oy the Analog operation assignment menu. A
pop-up menu appears (Figure 4).

E £ Analog operation assignment EQ

k’l:Details” I| F3:Image I| F4:Edit I|F9:0ption|| F1A:Help I| ESC:Exit I

2 3 4 5 6

e
-

s a PO nmn nan

Assign dest

Set Analog Operation Details —

ESC:Cancel

ISCL (straight—line approximation)

IFNC (broken—line approximation) | Q..

|"2 Oper K1 to AP3Z2 (analog operation parameters)

|N2 Arg 1

AP1

Ll

Figure 4

4. Select SCL (straight-line approximation) | y, 15 The Straight-line approx-
imation menu (Figure 5) will appear. For the grout coloring example,
you must complete the table exactly as shown.

E E Straight-line approximation E@

I| I| I| ”FB:Optinn” FiA:Help I| ESC:Exit I

Set by number key.

Input 1 -888 a.8a88 a.a88 a.888

OQutput 1 A.808 a.ann A.A8a a.088n

Input 2 1.808 a.a25 A.AAn A.089n

OQutput 2 S.668 1.608 6 .868 8.68n

Ll

Figure 5

The ES100 uses a Normalizing process to scale low end and high end values
from the actual sensor input to the controller. This internal process uses 0-1
as the full scale. As a result, it is necessary to input 0 for the low end and 1
for the high end of the sensor output scales, not 4 and 20 (the actual output
range).

Columns 1 and 2 are used for scaling Al2 for display and renormalization
after it (Al2) has been ratioed. To enter the values, simply click the cursor on
the value in the appropriate place in the table. For this example the table
should appear exactly as shown above.

Read the following button definitions.
Low end value of the actual sensor input to the controller.

Low end value to be displayed on the front panel of the ES100.
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High end value of the actual sensor input to the controller.

High end value to be displayed on the front panel of the ES100.

5. Select .ESC:EXit] 45 return to the Analog operation parameters menu.
Setting the Control Ratio

The next step in setting up a ratio control application is to input the control
ratio. The mixing ratio must be predetermined by the user. In the grout color-
ing example, the appropriate ratio is 100 parts of sand to 5 parts dye or 20:1.
Follow the steps below to program the controller with the control ratio.

1. From the Analog operation assignment menu, select.
From the pop-up menu, select AP1 to AP32 (Analog operation param-
eters).

2. Click on the value across from Analog oper param 1 and enter 0.050.
The table should look like Figure 6.

E t Analog operation parameters E@

| I| I| I| ”FB:Optinn” FiA:Help I| ESC:Exit I

Set by number key.

|ﬁnlug oper param 1 ' E.BSB
|ﬁnlug oper param Z ' 8.888
|ﬁnlng oper param 3 ' 8.888
|ﬁnlng oper param 4 ’ 0.8688
|ﬁnlng oper param 5 ’ 0.8688
|ﬁnlng oper param b ’ a.888
Figure 6

3. Select to escape back to the Analog operation assignment
menu.
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Linking the Control Ratio Program to ES100 Operation

Now that the ration programming is complete. It is necessary to link it to the
core program of the ES100 using the Analog operation assignment table.
To do this, follow the procedures below.

1. From the Setting menu <offline>menu, select (Figure 7).

E E Setting Menu <0fflive> E@
| F1:File Il || || I|F9:0ptinn|| I|ESC:Exit I
| Controller type [ ES18@P-AA WHBAFE Ver. 2.%x ] I
| Conf iguration Parameters I
e —
Parameter
| Sp conditions I L)per at PV errurl | Control paramns I
| Output I | Front panel I | Power ON oper I
| Event I | I | Communications I
| I |Tec:}m ical paramsl | I
- ___________________________________________________________________

Program Assignnent
| Program I | Digital oper I | Analog oper I
|File name |R9T101.E31 ||Comment | |

Figure 7

2. From the Analog operation assignment table, double-click on the area
intersected by Assign dest and column 6. A pop-up menu appears.
Scroll through the menu and double-click on RSP (Remote Setpoint).

3. Double-click on the N1 Oper/column 6 intersection. Scroll through the
pop-up menu and select SCL1 (Straight-line approximation).

4. Double-click on the N1 Arg1/column 6 intersection. Double-click on Al2
(Analog Input 2).

5. Double-click on the N2 Oper/column 6 intersection. Select MUL (Multi-
ply) from the pop-up menu.

6. Double-click on the N2 Arg 1/column 6 intersection. Select N1 (Argu-
ment Result) from the pop-up menu.

7. Double-click on the N1 Arg 2/column 6 intersection. Select AP1 (Analog
Parameter 1) from the pop-up menu.

8. Double-click on the N3 Oper/column 6 intersection. Select SCL2
(Straight-line approximation) from the pop-up menu.

9. Double-click on the N3 Arg 1/column 6 intersection. Select N2 (Argu-
ment Result from the pop-up menu.

For this example, column 6 should look exactly like the one shown in
Figure 8.
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E: fmaloy operation amsignment -{?
k’l:hetui]s” ” F1:Inage I| F4:Bdit IlF‘J:Option” ria:llelyp Il LEC:Exit
1 2 2 4 L] G

Py am - Al NTE KXP

MOV MOV END MOV HOU SCL1

Al MU - PU AP ATz

END END END END END HUL

- - - - - N1
- - - - - APL
END EMD END END EHD §CL2
- - - - - Nz

KNI END END ENIX KND END

-

The programming in column 6 reflects the connection of the basic ratio pro-
gram to the core of the ES100. By performing the steps above, you have ac-
complished the following:

* Scaling Al1 to SCL (Straight-line approximation, column 1), 0-500 Kg/s
(N1).
* Al2 (weight of the sand) is multiplied by the ration (20:1) in AP1 (N2).

* In the final operand (N3) Al2 was scaled to provide a useable number for
display on the front panel of the ES100. However, in order for the ES100 to
use the data that Al2 provides, Al2 must be rescaled, or normalized to 0-1.
This value is then transferred into the Remote Setpoint function of the
ES100 (Figure 9).

Ei fnalog operation image i@

| F1:Move I| I| I| I|F9:0ption|| I| ESC:Exit I

Table No. : 6

fnalog input Remote SP

alz _SCLI
AP1  — *

finalog operat

scLz ~|£|—HSP F—

Figure 9
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Al2 is normalized after the ratio has been applied to the input. The normal-
ized ratio is then used as the Remote Setpoint for the ES100 so that it can
mix the proper amount of dye with the sand.

You have now completed all programming for ratio control process. Proceed
to Autotuning.

4-4 Autotuning
Note: The ES100 must be connected.

The autotune feature uses a method of tuning similar to a limit cycle, which is
described in Section 1, Cascade Control. When autotuning is activated it will
be indicated by a blinking yellow LED on the front panel of the ES100.

1. From the ES/TOOLS menu, select the Check Control icon.
2. Select FI:RUN | fr5m the Check control menu (Figure 10).
E E Check control Eij

| F1:Run N| F2:Param I|F3:Statusqu:ConnandI‘FS:Optinnl‘ I‘ESC:ExitI

88-26-94 758.8

Clear data 87:59:42

Move point
Monitor

rend Setting ||SP
PU 74.63

Trend mode MY 19988

Exec A.T.

PU
Interval
2 Second
Canc A.T

Draw mode
Clear + draw

Change SP

RERREELER

8:82:80 8:86:80 a:18:80

Figure 10

3. Select from the new vertical menu on the left side of the screen
(Figure 11).

_
— Check control Unit No.88 =
[ F1:Run ][ Fz:Paran | [F3:status] F4:conmand] [Fo:0ption]| |[ EsciExit |

16:06:55
Monitor
.
PU 56.00|
Hotd |
PY
2 Second
Draw mode
IClear + draw
-s@
8:02:00 @:06 08 @:10:00
Figure 11

4, Select to return to the Check control menu.

5. From the vertical menu on the left side of the screen, select .

6. A new pop-up window will appear (Figure 12). Enter the number of the
PID bank you wish to Autotune.
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4-4-1

=

Check control Unit No.B@

| F1:Run I|F2:Param ”FB:StatusIk4:CDnmand”F9:0ption||

|| Esc:Exit |

Clear data

Move point

rend Setting

Trend mode

A?/85/95
A#9:23:41

Monitor

SP

1a8

PV 78

g 48| [PID set Mo. 2

Exec A.T.

Change 3P

|ESC:Cancel|| ENT :0K I

Interva

2 Second

Drau mode

Clear + drauw

A

a:082:08

a:86:88

a:10:88

Figure 12

7. Select [ENT:OK |, The controller will now autotune. Do Not interrupt or
stop this process. The controller will have completed autotuning when
the yellow ‘AT’ light stops blinking on the front panel of the ES100.

Fuzzy Logic Fine Tuning

If the performance of the controller is not satisfactory after autotuning, you
may improve the performance of the ES100 by using the Fuzzy Logic Fine
Tune. Follow these steps to get to the Fine Tune portion of the ES/TOOLS

program.

Start controlling your process with the ES100 by placing it in the RUN mode.
1. From the ES/TOOLS menu, select the Check control icon.
2. From the Check control menu, select | F1:Run |

3. From the vertical menu on the left side of the screen, select
1.  From the ES/TOOLS Menu select the Check control icon.
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2. Select from the menu on the left side of the screen

(Figure 13).
E i Check control i:,r
| F1:Run ” FZ:Paran I|F3:Status I k"l:Command”FB:Optinn I| ” ESC:Exit I
b
88-29-94 75A.8
Clear data 16:88:33
rend Setting
Exec A.T. I
v
2 Second
Clear + draw
Change SP I
8:82:88 B:86:80 B:16:88
Figure 13

A Pop-Up window will appear to confirm the PID set that you are using.

Enter the appropriate PID set number and select [ENT:OK| A new pop-
up window will appear Figure 14.

—

Check control

Fi1:Run I| Fz:

Param I |F3 :Status I L’tl :Cnnnandl |F9 0ption I |

|| Esc:Exit |

[N,

vy
Clear data jg:?;: F.T. required level =setting
Overshoot
Mon il
rend Setting [[SP
PV
.
Exec A.T. I
R=pons= unting
2 Se
Draw |[ESC:Cance1| | EwT:ok |
Clear + draw
Change SF I
8:82:88 8:86:88 8:18:88
Figure 14

There are five different levels of response that you can initiate using

Fuzzy Logic Fine Tuning. Each triangle represents one level of strength.
The more triangles you select the greater the reaction will be from the
Fine Tuning effect of Fuzzy Logic. You can select one parameter (as is
shown) or a maximum of two parameters, such as Response/Hunting,
or Overshoot/Hunting. Use the keyboard cursor controls to move the red
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inner circle around the inside of the outer circle. The arrowheads will
automatically fill in based on the position of the red circle.

6. Select | ENTOK | after you have selected the level of corrective action
you require.

7. ES/TOOLS will prompt you to execute fine tuning, select  ENT:OK| Re.
peat Fuzzy Logic Fine Tuning as necessary to achieve optimum perfor-
mance.

You have now completed tuning your ES100 for Ratio Control.
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4-5 Applications

4-5-1 Heating Furnace
ES 100 used: ES 100X-AAWHFE

Temp. control of air and fuel Temp. control of furnace

ES 100X A Al
@

&
[ ——
Furnace

1. Improve combustion efficiency by reducing the amount of air required to
burn the metal in the process.

2. Ensure complete combustion of gas in furnace by controlling the ration
of fuel to air.

Model Selection

1. The first ES100 is controlling the ratio of fuel to air. By having an ES100
do this using Fuzzy Logic, very tight control was obtained on the mix,
allowing complete combustion of the gas used in the process.

2. The second ES100 was used to achieve tight control of the temperature
of the furnace. By having an ES100 doing this, the amount of air re-
quired for complete combustion was reduced. Another benefit was less
pollution created by the process.

B

Process Requirements
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4-5-2 Seat Belt Manufacturing
ES 100 used: ES 100X-AAWHFE

Entrance roll (fixed speed) Exit roll

Seat-belt
/ >

Motor Motor
Tacho-meter Tacho-meter

—=Al1 g |
AO1
A2

Process Requirements

Control the length of the seat belt by changing the rotation speed of the en-
trance and exit rolls.

Model Selection

1. The ratio ability allowed the ES100 to take the uncontrolled speed of the
entrance and match the exit roll speed at the appropriate ratio thereby
maintaining the desired length of the seat belt.

2. The use of multiple AP registers provides for many different seat-belt
lengths.
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5-1

920

What is Feed Forward Control

Feed Forward control is a feature of the ES100 process controller which is
used to anticipate a process and minimize its effect on the process. After the
controller detects the disturbance, it adjusts its Manipulated Variable (MV) so
it will be able to offset the estimated change in the process. It is able to do
this by using two sensors; one placed within the process, the other to mea-
sure the value of a process ingredient before it arrives where the process is

controlled.

An example of this is food sterilization by steam. The flow of food into the
sterilization chamber is not continuous, and the temperature in the chamber
has to be precisely controlled to avoid scalding the food or insufficiently steril-

izing it.
Standard Control

With standard control strategies (i.e. one feed back loop only), the process
cannot be controlled accurately because of the variable flow of food into the
system (Figure 1). By controlling the amount of steam pressure around the
chamber, the temperature of sterilization chamber can be accurately con-

trolled.

SP + Temperature
| Sensor

Disturbance

MV i
Steam {;T<}

[

Figure 1

Figure 2 shows an example of the process trend without feed forward control.
When the flow of food into the chamber drop, the temperature increases be-
cause there is less food to absorb the heat. As a result, the temperature in-

crease will scald the food.

Further in the time before the controller regains control of the process, all

incoming food will be damaged by the excessive heat.

(Load)

Food | - _ . _ _ _ _ __ .
Flow

PV F---------- -

Temperature
of food

Load variation vs.
Food temperature

Figure 2
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Feed Forward Control

By placing a second sensor in the path of the food (a flow sensor) the sys-
tem can now anticipate the flow of food before it enters the chamber and ad-
just the steam pressure (Figure 3). This is known as a Feed Forward control
strategy.

pviyAR
SP PV2/AI2 !
TIC / T ‘ Temperature
‘ ' Sensor
MV |
Y Food
Steam @
—_—
(Load)
Food | - _ _______ .
Flow v
|
t
(°F)
PV ,,,,,,,,,,,,, — - oo - - - - - -2
Temperature
of food
Load variation vs. t

Food temperature

Figure 3

By using the Feed Forward control method, the controller detects the re-
duced flow of food and can slow down the flow of steam before it scalds the
food.

To set up this Feed Forward method in the ES100, the ratio of steam pres-
sure to food flow must be determined and entered into the ES100. That ratio
is know as the Feed Forward Variable (FFV).

Once this is accomplished, you will see a considerable improvement in the
control performance. This is because the response of the MV to the distur-
bance is much quicker than with a normal single loop control strategy.

It is important to note that Feed Forward control is used in conjunction with
the existing PID algorithm. It is designed as an enhancement to the PID loop.
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5-1-1 Start-up Procedure
For Feed Forward control, any ES100 with two analog inputs may be used.
The following part number represents an ES100 controller with two analog
inputs. ES100_-_ W

Notused: @ 77777 @ 1,,,, ,,,,, @
! |CT | —~@3
2 [c R
Q © s ey
Valve —®r----- : @‘ I g |
‘ ‘ @ @ &, 8
AOT : ! ®, ) ! S
‘ @, ‘ ® 5
T2 A ) _© sug2 (@ 2 . S RTD
b O
Flow sensor SUBT a(®) ——— 7@7 f - - - : : @
+ 0 : * (19 @ e Al
Al2 ° | 420 mA ! w w
4-20 mA
Figure 4

Figure 4 shows a wiring diagram for the food processing example. It is shown
in a Feed Forward configuration with the following requirements:

* PV1/AI1 = Platinum RTD (process)

* PV2/AI2 = Flow Sensor 4-20 mA (food flow)

* MV/AO1 = Control Valve 4-20 mA (steam flow)

5-1-2 Analog Operation Assignment Table

For Feed Forward Control, delete data in columns 6, 8 and 9 from your Ana-
log operation table. Column 7 is used for Feed Forward Control, while col-
umns 6, 8 and 9 are not (Cascade Control only). Use either the Edit menu or
keyboard to delete data in columns 6, 8 and 9.

Deleting Data Using the Edit menu
1. From the main menu select the Setting <offline> icon.

2. From the Setting menu <offline>select Analog oper | 1 o0 The Ana-
log operation assignment menu will appear.

3. Select and you will see the following screen (Figure 5):

E I fimalog operation assignment EQ
k“i:Details” I| F3:Image ” F4:Edit I|F‘3:0ptiun|| F18:Help ” ESC:Exit I
| I 1T 1T 1T 1 1T

Edit |
£5C+ Cancel
mia
Display right page (CTRL+R)
Display left page (CTRL+L)
N1 Arg 1
Delete (CTRL+D)
M1 frg 2 Copy cmrL+w|| ..
N2 Oper Move to top (CTRL+T)
[Nz arg 1 || |Move to bottom (CTRL+B)
NZ Arg 2 Delete all (CTRL+A)
— |Y
[ i e

Figure 5
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4, Select the button.

5. ES/TOOLS prompts you to select a starting point to delete. Select the
beginning of column 8 to the end of column 9.

6. Select button to delete data within these columns. Repeat
steps 4 and 5 to delete data in column 6.

7. Select ESCEXIt] b o,
Deleting Data Using the Keyboard

1. Press the <CTRL> and <D> keys at the same time.

2. ES/TOOLS prompts you to select a starting point to delete. Select the
beginning of column 8 to the end of column 9.

3. To delete data within these columns, press the <ENTER> key.

Your Analog Operation Table should look like Figure 6.

5-2 Operation and Tuning

E E finalog operation assignment E&
k"l:DetailsIl I| F3: Image I| F4:Edit I|F‘3:0ption|| F18:Help ” ESC:Exit I
5 3 7 8 9 18

pssign dest [ |ste || wz |- - -

MOV END MOV END END END

AP31 - Al2 - - -

END END END END END END

Figure 6

The first step in setting up a Feed Forward control application is to scale the
control inputs.

Scaling the Control Inputs

In this example we will set up the controller to scale 4-20 mA signal for input
Al2. The full scale of the food flow (Al2) is 0-500 kg/min. As an aid to orga-
nizing information that will be programmed into the ES100, use the table be-

low.
Input | ltem Low End High End
Al2 Input from Sensor 4 20
Value to be displayed on Front panel of the 0 25

ES100

Program the ES100 as follows:

1. From the ES/TOOLS menu, click on the Setting <offline> icon.
2. From the Setting menu <offline> select the button.
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Note

Note

3. Select F1:Details | oy the Analog operation assignment menu. A
pop-up menu appears (Figure 7).

E E Analog operation assignment E&
h"i:Details” I| F3:Image || F4:Edit I|F9:0ption|| Fi@:Help I|ESC:Exit I
1 2 3 4 5 ]

Assign dest

Set Analog Operation Details

N1 Oper ESC:Cancel

N1 Arg 1

BCL (straight-line approximation)

N1 érg 2 FHMC (broken—line approximation)

|N2 Oper AP1 to AP32 (analog operation paraneters)

|N2 Arg 1

AP1

Ll

Figure 7

4. Select SCL (straight-line approximation) | 15 The Straight-line approx-
imation menu (Figure 8) will appear. For the food sterilization example,
you must complete the table exactly as shown.

EEEE Straight-line approximation k;>
| I| Il ” I|F9:0ptinn||F18:Help I|ESC:Exit|
Set by number key.

1 2 3 4
a.088 0 .080 0 .080 A.A60
8.688 9 .088 0 .0808 8.880
1.086 0 .080 0 .080 A.860
8.588 0 .880 0 .080 B8.880
ngre 8

The ES100 uses a Normalizing process to scale low end and high end values
from the actual sensor input to the controller. This internal process uses 0-1
as the full scale. As a result, it is necessary to input 0 for the low end and 1
for the high end of the sensor output scales, not 4 and 20 (the actual output
range).

Column 1 is used to scale A2 for display and normalization after it (Al2) has
been ratioed. To enter the values, simply click the cursor on the value in the
appropriate place in the table. For this example the table should appear ex-
actly as shown above.

Read the following button definitions.

Low end value of the actual sensor input to the controller.

Low end value to be displayed on the front panel of the ES100.
High end value of the actual sensor input to the controller.
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High end value to be displayed on the front panel of the ES100.
5. Select .ESC:EXit] 45 return to the Analog operation parameters menu.

Linking the Control Ratio Program to ES100 Operation

Now that the ration programming is complete. It is necessary to link it to the
core program of the ES100 using the Analog operation assignment table.
To do this, follow the procedures below.

1. From the Setting menu <offline>menu, select (Figure 9).

E E Setting Menu <Offlined EQ
| Fi:File || || ” I|F9:0ption|| I|ESC:Exit I
| Controller type [ ES188P-AA WHB4FE Ver. 2.3 ] I
| Conf iguration Paramneters I
Parameter
| Sp conditions I L’)per at PV errorl | Control params I
| OQutput I | Front panel I | Power ON oper I
| Event I | I | Conmunications I
| I |Te|:lmical paramsl | I
I

Program Assignment
| Programn I | Digital oper I | fAnalog oper I
|File name |RﬁT101.E81 ”Comment |
Figure 9

2. From the Analog operation assignment table, double-click on the area
intersected by Assign dest and column 6. A pop-up menu appears.
Scroll through the menu and double-click on FFV (Feed Forward
amount).

3. Double-click on the N1 Oper/column 6 intersection. Scroll through the

pop-up menu and select SCL1 (Straight-line approximation).

4. Double-click on the N1 Arg1/column 6 intersection. Double-click on Al2
(Analog Input 2).

For this example, column 6 should look exactly like the one shown in

Figure 10.
E; fAnalog operation assignment E@
k‘l:DetailS” I| F3:Image || F4:Edit I|F9:0ption I| F18:Help I| ESC:Exit I

posign dest [} |eos |lste e w2 |- ||

MoV MOV §CL1 MOV END END
PV AP31 All AlZ - -
END END END END END END

IYyulc v
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The programming in column 6 reflects the connection of the basic Feed For-
ward program to the core of the ES100.

You have completed programming the ES100 to operate in a Feed Forward
control mode. Now link this data into the operating program of the ES100. To
do this proceed as follows.

1. Position your cursor in column 6, in line with Assign dest which is lo-
cated on the left side of the Analog operation assignment menu, then
click into the top of the column. A pop-up menu will appear for the As-
sign dest selection. In the pop-up menu, select FFV (Feed-forward
amount). FFV now appears at the top of column 6. Repeat this proce-
dure for N1 oper, N1 Arg 1, N1 Arg 2...etc.

2.  From the N1 Oper pop-up menu, select SCL1 (Straight Line Approxima-
tion).

3. From the column N1 Arg 1 pop-up menu, select Al2 (Analog Input 2).

You have now programmed the ES100 to accept Al2 as its Feed Forward

input. The information from this input will be placed into the calculation that

the ES100 will use to determine the Manipulated Variable (MV).

By programming the ES100 for Feed Forward as we have demonstrated, you
have accomplished the following:
* Analog Input 2 signal of 4-20 mA was converted to 0-1.

* Use of the FFV (Feed Forward Variable) to calculate the proper output vari-
able so that the ratio of food to steam would be consistent throughout our
process.

* Scaling to SCL (Straight-line approximation, column 1), 0-500 Kg/s (N1).

The ES100 is calculating the Feed Forward variable from the food flow of
0-500 kg/s. The food flow is then used to calculate the Feed Forward Vari-
able.

For a graphic view of the program; select | F3:Image | Make sure you have
column 6 highlighted. It will look like Figure 11.

E E fnalog operation image E@
| Fl:Move I| ” I| ”FB:Optiun” I| ESC:Exit I

fnalog input Feed—forward am
All <}

SCL1 FV
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5-3 Autotuning

Autotuning can be used with all Feed Forward control strategies. The auto-
tune feature uses a method of tuning similar to a limit cycle, which is de-
scribed in Section 1, Cascade Control. When autotuning is activated it will be
indicated by a blinking yellow LED on the front panel of the ES100.

Note The ES100 must be connected.
1.  From the ES/TOOLS menu, select the Check Control icon.

2. Select FI:RUN | fr5m the Check control menu (Figure 12).
E i Check control ia

| F1:Run R“ F2:Param I|F3:Status I k"l:(}ommandl |F9:0ption Il I| ESC:Exit I

P8/26/94 759.@

Clear data B7:59:42

Move point
Monitor

rend Setting J|SP

PV 74.63
Trend mode W 19688
Exec A.T. PU
Interval
2 Second

Canc A.T

Draw mode

Clear + draw

DREERERLEE

Change SP
a.a
a:az2:88 a:86:88 B:16:680
Figure 12
3. Select from the new vertical menu on the left side of the screen
(Figure 13).
= Check control Unit No.Ba A
| F1:Run I|F22Param ”FB:StatusIk4:Conman4|F9:0ptinn|| I|ESC:Exit|
16:86:55
Monitor
s
PU 58 .88
Hold |
PY

Draw mode

Clear + drauw

a:92:98 A 66 :80 a:16:98

Figure 13
4, Select to return to the Check control menu.

5. From the vertical menu on the left side of the screen, select .
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6.

7.

A new pop-up window will appear (Figure 14). Enter the number of the
PID bank you wish to Autotune.

E Check control Unit No.B@ ﬂ
| F1:Run I | FZ:Param I |F3:Status I k"‘l :Conmandl |F9 (Option I | I | ESC:Exit I
a7?/85,95 168
Clear data #9:23:41
Monitor —
rend Setting SP
w
Trend mode
g 48| [PID set Mo. 2
Exec A.T. I
|ESC :Cancel I | ENT :0K I
2 Second
Clear + drauw
Change 3P I
e
a:082:08 a:86:88 a:10:88
Figure 14

Select . The controller will now autotune. Do Not interrupt or
stop this process. The controller will have completed autotuning when
the yellow ‘AT’ light stops blinking on the front panel of the ES100.
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5-3-1 Fuzzy Logic Fine Tuning
Start controlling your process with the ES100 by placing it in the RUN mode.
1. From the ES/TOOLS menu, select the Check control icon.

2. From the Check control menu, select.

3. From the vertical menu on the left side of the screen, select

If the performance of the controller is not satisfactory after autotuning, you
may improve the performance of the ES100 by using the Fuzzy Logic Fine
Tune. Follow these steps to get to the Fine Tune portion of the ES/TOOLS
program.

1.  From the ES/TOOLS Menu select the Check control icon.

2. Select from the menu on the left side of the screen
(Figure 15).

Ir

EEEE Check control

| F1:Run I|F2:Param I|F3:StatusIk4:Command”F9:0ptiDn|| I|ESC:Exit|

88-29-94 75A.8
18:88:33

Move point

WI
rend Setting [|SP 168 .88
PV 75.84
MY B.BBI

Clear data

Trend node

Exec A.T.

eV

Interval
2 Second

Draw mode
Clear + draw
Change SP

EEERERERE:

a:82:80 B:86:80 @:18:98

Figure 15

3. A Pop-Up window will appear to confirm the PID set that you are using.
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4. Enter the appropriate PID set number and select [ENT:OK| A new pop-
up window will appear Figure 16.

Clear + draw

Change SF

EEEE Check control EEZﬂ
| F1:Run I|F2:Param ”F3:StatusIF4:Cnnnand”F9:0ption|| I|ESC:Exit|
[N,
: T
vy
Clear data jg:?;: F.T. required level =setting
Overshoot
Mon i
rend Setting [[SP
PV
.
Exec A.T. I
R=pons= unting
2 Se
Draw |[ESC:Cance1| | EwT:ok |

8:82:80 8:86: 88 8:16:88

Figure 16

5. There are five different levels of response that you can initiate using
Fuzzy Logic Fine Tuning. Each triangle represents one level of strength.
The more triangles you select the greater the reaction will be from the
Fine Tuning effect of Fuzzy Logic. You can select one parameter (as is
shown) or a maximum of two parameters, such as Response/Hunting,
or Overshoot/Hunting. Use the keyboard cursor controls to move the red
inner circle around the inside of the outer circle. The arrowheads will
automatically fill in based on the position of the red circle.

6. Select ENTOK | after you have selected the level of corrective action
you require.

7. ES/TOOLS will prompt you to execute fine tuning, select  ENT:OK | Re-
peat Fuzzy Logic Fine Tuning as necessary to achieve optimum perfor-
mance.

You have now completed tuning your ES100 for Feed Forward control.
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5-4 Application

The following is a typical example illustrating how ES100 is used in Feed Forward control.

Alcohol Sterilizing System
Current-to-Pressure Transducer

Process Requirements

ES100 used:
ES100X-AAWHFE

‘ Check ‘
valve
Al2 All

Hot water
tank

o

-1
|
|
|
|
|

Flow
sensor

Heater

-
Temperature | ‘ '
sensor

Filler tank

Filling
machine

The system is comprised of 2 separate loops. The first loop is water heated
by steam, stored in a hot water tank, and sent through a “heater” to sterilize
the liquor (controlled flow).

1.

Model Selection

The process was being controlled by holding the hot water tank at a
specific temperature. This did not allow for changes in the flow of the
liquor. Customer wanted to control the temperature of the alcohol
directly.

Process needed to be very accurate because over/under temperature
could cause sterilization and/or flavor differences.

With Feed Forward control, the temperature of the alcohol can be directly
controlled using the flow of alcohol as the Feed Forward variable. By control-
ling the process this way we were able to better maintain SP resulting in

greater production and lower product damage.
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Appendix A
Control Modes

Hl ON/OFF CONTROL

The output remains ON when the controlled variable (CV) is below the set point (in heating mode). When the CV reaches the set
point the output turns OFF. The output will not turn on again until the CV has dropped a specified amount below the set point.
The difference between the point at which the output will turn OFF and the point at which it will turn ON is called hysteresis.
ON/OFF control is simple but imprecise since the CV will never stabilize.

High Hysteresis
temperature l
Set point > 7?
Input
Low > Time
temperature

Control ON ’—\—,—|—,—\—,—‘
output OFF
Hl PROPORTIONAL-DERIVATIVE (PD) CONTROL

In proportional action the percentage of output is based on the amount of deviation frorm set point. Anywhere below the propor-
tional (P) band, the outputis full ON. As the Controlled Variable (CV) moves through the band, the output percentage decreases
in a linear fashion until the output is totally OFF at the top end of the P band. When derivative action (D) is added, the controller
has the ability to respond to a process disturbance by increasing or decreasing the output percentage based on the rate of
change of the CV.

High
temperature

Set point —>

Input

Low
temperature

ON
Control OFF

output

H PROPORTIONAL-INTEGRAL-DERIVATIVE (PID) CONTROL

Choose PID control action when tight control is required. The proportional action (P) varies the output percentage based on the
amount of deviation from set point. But proportional control alone can only maintain the set point if the system is designed so
that the required output at set point is 50%. Since few systems meet this requirement exactly, an offset often occurs. Integral
action (I) checks for this offset, and eliminates it by shifting the proportional band up or down. Derivative action (D) give the
controller the ability to respond to a process disturbance by increasing or decreasing the output variable based on the rate of
change of the controlled variable.

High
temperature

Proportional band

Set—>
point
Input

Low
temperature —> Time

ON
Control OFF

output
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Appendix B
PID Conversions

In Process Control, PID is sometimes referred to as GAIN, RESET, and RATE opposed to PROPORTIONAL
BAND, INTEGRAL, and DERIVATIVE. The following conversions should be used as necessary:

100
oy 100
PROPORTIONAL BAND (%) = GAIN
INTEGRAL TIME (sec) = 0 __
RESET (repeats/min)
60
DERIVATIVE TIME (sec) = —RATE(repeatS/min)

The following algorithm formula is set by ISA standards and is called Non-Interacting PID Algorithm based on the
fact that the Integral and Derivative are non-interacting with each other. See equation below:

m() = K [e(t) + ;—I [e()dt + Td ddit(t)]

m(t) = Controller Output
Kc = Gain (i.e. 100/PB)

Ti = Integral or Reset time
Td = Derivative or Rate Time
e(t) = Error signal

Most of OMRON’s controller E5X - — ES 100 series use a form of the equation above.
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SymbOIS Control 01, 4
Control 2, 4
D", 17,24 Cooling Coefficient, 60
17,17, 24 Culture Chamber, 71
“P?, 17, 24
(FSP2), 18, 25
(Set Point), 31 D
Dead Band, 56
N umberS Decimal Point, 6

Definition of Cascade Control, 10, 11
2-PID/2-PID+Fuzzy, 6 Definition of Feed Forward Control, 90
Definition of Heat/Cool Control, 54
A Definition of Position Proportional Control, 38
Definition of Ratio Control, 76

Adj. param, 17, 24
Drying Furnace, 51

Analog 12, 4
Drying Machine, 73
Analog Input 1 Type, 5

Analog Input 2 Type, 5

Analog Operation Parameters, 66 E
Auto/Manual, 20, 27 Exec. F.T. (Execute Fine Tuning), 28
Autotuning, 47, 67, 82, 97 exothermic reaction, 55
Ext I/O, 4
B
Bank Select Method, 6 F
BCD COM/Digital I/O, 6 F2: Param, 17, 24
Bread Baking Oven, 50 F4: Command, 20, 27
Feed Forward Control, 89
C Feed Forward Variable (FFV), 91

Floating Control, 38
Fuzzy Logic Fine Tuning, 48, 68, 83, 99
Fuzzy Logic Fine-Tuning, 22

Cascade Control, 9

Cascade/Standard, 6

Change Cascade OPEN/CLOSED, 16, 23
Chemical Reactor, 32

Closed Control, 38 G
Configuring Your ES 100, 4 Gas Heating Machine, 33
Control, 4 Gas Solder Machine, 34
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H

Heat Alarm, 4
Heat-Cool/Standard, 6
Heat/Cool Control, 53
Heating Furnace, 86
Hunting period (t), 15
Hunting width, 15

internal cascade control, 12

Isolating the Slave Loop, 15, 22

L

Limit Cycle Tuning, 15
Line Noise Reduction, 6

Manual Output Control, 20, 27

Motor Calibration and Travel Time, 45

O

ON/OFF Control, 103
Operation at Process Value Error, 41
Overlap Band, 56, 59

P

PID Conversions, 105

Posi-prop dead band, 42

Position Proportional Control, 37
Potentiometer input, 6

primary controller, 12

Primary loop, 31

Program Method, 6
Proportional-Derivative (PD) Control, 103
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Proportional-Integral-Derivative (PID) Control, 103

R

Ratio Control, 75

Register Your Controller, 2

S

Scaling Lower Limit, 6

Scaling Unit, 5

Scaling Upper Limit, 6

Seat Belt Manufacturing, 87
secondary controller, 12

Setting the Dead Band, 58

Shampoo Manufacturing Machine, 72
Starting the Limit Cycle, 20
Straight-line approximation, 78, 94
Switching output hysteresis, 43

T

Term com, 4

Travel Time with Floating Control, 46
Trend Setting, 19, 26

Tuning Primary Loop, 21

Type, 4

U

Using Run Mode, 28

\'

Vacuum Processing Furnace, 35
Valve Hysteresis and Dead Band, 42

w

Water Purify Machine, 74
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A manual revision code appears as a suffix to the catalog number on the front cover of the manual.
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