Tracing System Software version V101_005

Tracing system
Installation and operation manual

WARNING:

READ THIS MANUAL CAREFULLY BEFORE YOU SWITCH THE SYSTEM ON.

Set for each TIO module:
-

Communication address (turnable switch on front of TIO, 0-C)
Communication settings with small dipswitch on the side of the TIO modules (38400bps,
N81)

See the RKC manual that came with the modules for more detailed instruction on this.
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1. Connect hardware
Here the connections will be described that are necessary to get the system working.
WARNING:

PLEASE TAKE CARE WITH CONNECTING THE MODULES. FOLLOW THE INSTRUCTIONS
IN GREAT DETAIL TO PREVENT IRREPAIRABLE DAMAGE THAT IS NOT PART OF THE
WARRANTY.

This part describes how to connect all signals to the TIO and, if present, DIO and CT modules.

1.1 Power and communication signals

Please remove the left-most TIO from the backplane. You can also remove the cabling protection
cover from the connection screws.
On the first (most left) TIO module (channel 1-4) you must connect the +24VDC power supply and the
RS-485 communication line (connected to COM 2 on the touchscreen) to the backplane behind the
TIO. We strongly advise a 2x2x0.25mm2 (or thicker) LiCY cable for the communications.

Please regard the polarity of the +24VDC signals!!!
Number on the backplane
1
2
3
4
5

Description
+24VDC
0VDC
RS-485 T/R (A) brown wire
RS-485 T/R (B) white wire
RS-485 SG green wire

You don’t have to connect 24VDC power and communication signals to the next TIO and DIO
modules. The power supply and communication signals are internally transferred via the
backplane.

We strongly advise that you don’t use the backplane for bridging the 24VDC lines to other modules
in the system. This can cause irreparable damage to the backplane and/or modules.
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1.2 RS-485 communication termination resistor
To enable a reliable communication between the touchscreen and the modules, you need to add a
120 ohm termination resistor between the T/R(A) and T/R(B) line. (brown and white wire). This must
be done on the last communication module that is connected to the communication line.
Touchscreen side COM 2

Bus termination resistor 120ohm 0.25W on
the last TIO/DIO module between 3 and 4
op backplane)

Watch out with the 24VDC signals, never connect them to the RS-485 communication signals!
Irrepairable damage can occur that voids the warranty
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1.3 Temperature sensors and control relays (TIO module)
Check the diagram below, here you can see where the temperature sensors and relay contacts must
be connected on the TIO module.

Right top of the TIO module is channel 1, right bottom channel 2, left top channel 3 and left bottom
channel 4.

Shown here is a TIO-A
module (4 channels, so 4
green connectors).

The connection numbers of channel 1 and 2 (right side of the TIO module) are increasing from
bottom to the top . For the channels 3 and 4 the numbers of the connectors are decreasing when
looking from bottom to the top.
Watch very carefully before connecting and check this with the side connection diagram on the
side of the TIO.
PLEASE NOTE, THAT YOUR TIO CAN ALSO BE FITTED WITH V-TYPE OUTPUTS (+/- 12VDC VOLTAGE
PULSE) THAT CAN DIRECTLY CONTROL SSR RELAYS. WATCH THE POLARITY WHEN CONNECTING
THOSE OUTPUTS, TO PREVENT IRREPAIRABLE DAMAGE WHICH VOIDS THE WARRANTY.
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1.4 Digital outputs (DIO module)
This part of the manual describes the signals on the DIO digital output module.
The digital outputs on the DIO modules are fitted with potential free dry contacts. These contacts are
divided in two groups, group 1: DO1-4 and group 2: DO5-8. Each group has 1 central common line.

Here you see the principle-schematic diagram. You need to connect the
common (COM) line for each group. Example: when you want to switch
230VAC AC signals with output DO1-8 you need to connect both COM lines
and connect them to 1 side of the AC-power supply. The output signals of
the DIO module go to the A1 control-point of the 230Vac power relay you
want to switch. The A2 side of the control-point of the relay goes to the
other side of the 230VAC.

Other example, when you want to switch DO1-4 with 24VDC and 230VAC with DO5-8 you need to
connect the COM line of DO1-4 to +24VDC and the COM line of DO5-8 to 230VAC.
The outputs of the DIO modules are coded as follows:

The digital outputs are on the right-hand side of the DIO module.
Right-top you find DO1-4 and right-bottom DO5-8.
To the left side of the module are the digital inputs.

The connection numbers of digital output channels 1 to 8 (right side of the TIO module) are
increasing from bottom to the top (CN1&CN2) .
For the digital input channels 1 to 8 the numbers of the connectors are decreasing when looking
from bottom to the top.
Watch very carefully before connecting and check this with the side connection diagram on the
side of the DIO.
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1.5 Current measurement inputs (CT module)
This part of the manual describes the signals on the CT current measurement module. This module
can monitor the actual current that is flowing through the heating element and can detect the
following situations:
 Short circuit in heating element
 Heater break in heating element (current below nominal value)
 Maximum current in heating element (for overcurrent protection
The actual current measurement is done with so-called current-transformers that are also available
from CasCade.

In this example you see that every current is looped through a CT but in a normal situation you don’t
need to loop it. Only feed 1 cable through the hole of the CT. In this example a terminal type Z-CT is
shown but most customers use the connector type (see below).
Warning:

make sure that the connections of the CTs are very tight! Otherwise high-voltages
across the Z-CT module can occur that can damage this module.
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The input connections are configured on the modules in the following way:

For channel 2&3 and 5&6 only 1 common is used. There 2 wires of 2 separate CTs are connected
together to the same terminal. This is normal and not a problem.
The address switch should be set to 0 (actual Modbus address is 33).
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2. SET HARDWARE CONFIGURATION OF TIO/DIO/CT MODULES

The rotating switches on the modules must be set as follows (from left to right):
Module
Address that
must be set on
the rotating
switch
Modbus
communication
address
Module
Address that
must be set on
the rotating
switch
Modbus
communication
address
Module
Address that
must be set on
the rotating
switch
Modbus
communication
address

TIO-1

TIO-2

TIO-3

TIO-4

TIO-5

TIO-6

0

1

2

3

4

5

1

2

3

4

5

6

TIO-7

TIO-8

TIO-9

TIO-10

TIO-11

TIO-12

6

7

8

9

A

B

7

8

9

10

11

12

TIO-13

DIO-1

DIO-2

CT-1

C

0

1

0

13

17

18

33

The TIO/DIO/CT modules only accept the new setting after a power cycle

10
©2017 CasCade Automation Systems B.V.

Tracing System Software version V101_005

On the side of the TIO/DIO/CT modules you will find a small dipswitch with 8 switches, this must be
set to the same setting for each module: 38400 bps, 8-bit, no parity, 1 stop-bit and Modbus protocol.

Use a very small watch-makers screw-driver to change these settings, since these very small
switches are easily damaged
Below you see the factory default setting:

In the table below you see the needed settings for the system. You must adjust these settings for all
TIO, DIO and CT modules. These settings are all the same for all these modules.
Dipswitch Number 1
2
3
4
5
6
7
8
Position on on off off on on off off

The TIO/DIO modules only accept the new setting after a power cycle
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3. CONNECT TOUCHSCREEN
3.1 Power supply connector
The touchscreen must be supplied with 24VDC. This must be connected to the power supply
connector of the touchscreen.

Please regard the polarity of the +24VDC signals!!!

The FG (functional ground) must also be connected to the central PE (protective earth) connection
of the unit. This can prevent damage to the touchscreen in case of an electrostatic discharge.
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3.2 RS-485 communication connector
Connect the RS-485 communication port (COM2 on the touchscreen) with the 9-pole sub-D plug
(female) with the first TIO module.

To the left you see the 9 pole connector on the side of the touchscreen. To the right you see the part
of the cable that must be connected to the first TIO.
Note that on the TIO module, you connect:
Brown wire to T/R(A) 3
White wire to T/R(B) 4
Green wire to SG
5
The 120ohm bus-termination resistor must be connected between the T/R(A) and T/R(B)
communication lines on the last module in the communication line, between T/R(A):3 and T/R(B):4.
So connect this between the A and B terminals on the last module (often the most right position) of
the TIO modules that are clicked together.
When using a system with more than 1 module, you need to connect the communication cable to the
first leftmost TIO (with rotating switch set to 0) and the bus-termination resistor to the rightmost
module, where the bus ends.
Connect the screen of the cable to the housing of the 9-pole Sub-D plug.
For a GP4201TW/4301TW and 4401T touchscreen you need to make the following internal
connections inside the 9-pole sub-D plug (female) that will be connected to the COM2 port on the
touchscreen:
Connect point 1 to 3
Connect point 2 to 7
Connect point 4 to 8
Connect point 6 to 9

Watch very carefully when making these interconnections on the 9-pole sub-D plug!
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4. INITIAL SETUP OF THE TOUCH SCREEN
When the touch-screen starts for the first time, the following settings can be selected (this is only
necessary for 1 time).
- Desired language (Dutch or English)
- Date & Time
- Enabled temperature control modules

4.1 Desired operation language

Push on the desired flag to switch the language.
Ga naar het volgende SETUP scherm (datum en tijd instellen)

4.2 Desired date & time
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Push on the field you wish to change. A numeric keypad will appear and you can enter the desired
value within the range of the min/max values. Confirm this by pushing enter.
Go to the previous screen (select language)

Go to the next screen: enable/disable modules

4.3 Enable desired control modules
On the following screens you can either enable (green) or disable (red) specific modules so it
corresponds to the amount of modules present in your system.

By pushing on the buttons to the right of MOD xx you can enable/disable the modbus address that is
present in the system. Green means enabled, red means disabled.
Go to the previous screen (set date & time)

Go to the next configuration screen (enable/disable control modules)

The last screen also shows the [DONE, RESTART] button. When you push that the settings will be
saved and the screen will automatically restart.

Go to the previous screen (enable/disable modules)
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5. OPERATION
This chapter describes the connection and the operation of the touch-screen.

5.1 Startup
WARNING:

The TIO/DIO/CT modules must be configured correctly using the RKC COM-K
tool before the touch-screen can start. The system can write wrong or invalid
parameters to these modules which can lead to damage and/or a dangerous
situation. So first configure each TIO module correctly.

After startup the following screen will appear:

When the touch screen cannot communicate with one of the modules, a grey bar will appear
indicating the modbus address number that does not respond. PLC refers to the number of the
module that does not answer back i.e. PLC1: 1st TIO module with address selector set to 0 (Modbus
address 1), PLC2: 2nd TIO module with address selector set to 1 (Modbus address 2) etc.
Check the electrical connections and the communication settings (rotating switch on front, small
dipswitch settings on the side of the TIO module).
Sometimes it is necessary to swap the T/R(A) and T/R(B) signals. But normally the brown wire of a
standard cable delivered by CasCade has the brown wire connected to the A and the white wire
connected to the B side of the RS-485 communication bus.
The 9 pole connector that must be connected to the touch screen has internal connections. When
they are not installed correctly the communication will not work.
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5.2 Overview screen
After correct startup the following screen will appear:
Channel number

Measured
Temperature
Desired
Temperature
Output %
[0..100%]
Output active

Green: module active
Red: module not active

To
Main Menu

Green: no alarm
Red: alarm

Go to the previous screen with 4 control modules 48-52

One of the channels has a temperature alarm (push to silence alarm)

Alarm silenced (but still active)

Go to alarm overview list (only visible with active alarms)

Temperature is back in the guardband, confirm that an alarm occurred.
Go to the main menu (change settings)

Go to the next screen with 4 control modules 5-8
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5.3 Main menu
When you push the

symbol, the main menu appears.

[OVERVIEW]

Show the channel 1-4 overview. With the arrow buttons you can go to the
other channels.

[SETTINGS]

Desired temperatures and deviation band adjustment
Switch the control on modules on/off
Access with password level 1.

[ALARM OVERVIEW]

Show an overview of all the alarms

[TREND GRAPH]

Graphical overview of the measured temperatures

[TREND DATA]

Export the temperature measurement buffer in .csv format to the USB
STICK. Show .csv files that are present on the USB stick.

[SYSTEM]

Go to the system configuration menu
Access with password level 2.
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5.4 Settings
The next screen appears, channels 1-4 are used as an example:

With the buttons to the right of RUN/STOP you can switch the temperature control on (green) and
off (red).
The desired temperature can be adjusted from 0 up to and including 400.0°C. This maximum is
adjustable in the system menu.
For each channel a deviation band can be set from 0 up to and including 400.0°C (same adjustable
maximum as for the desired temperature). The control module will use this setting to detect whether
a temperature gets outside its alarm limits. In the system menu the hysteresis and time delay
settings for each alarm can be adjusted.
Push on a number to change it, a pop-up screen will appear. The new value must lie inbetween the
minimum and maximum value. Push the enter button to confirm the new value.

19
©2017 CasCade Automation Systems B.V.

Tracing System Software version V101_005

5.5 Alarm overview
This screen shows the active alarms and looks like this (example for channel 1):

When a channel has an alarm, it will appear in this list. By pushing it you will go to the overview of
the corresponding channel.
Go tot he previous screen

One of the channels has a temperature alarm, push to silence alarm.

Alarm silenced

Go to the main menu (settings)
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5.6 Trend graph
This screen shows the last measurements (maximum 2500 measurements) in graphical form. It looks
like this:

By pushing the [CHANGE RANGE] text, you change the temperature range.
[DISP]
[PREV]
[FWD]
[ZOOM IN]
[ZOOM OUT]

Activate history view mode (the other 4 buttons will now appear)
Go back in time
Go forward in time
Zoom in on the time-axis
Zoom out of the time-axis

By pushing [DISP] the system will switch back from historical to actual measurements.
Remark:

Only the channels that were enabled in the setup will be shown.

Go to the previous screen

Go to the main menu (settings)

Go to the next trending screen
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5.7 Trend data
When you select the option [TREND DATA] in the main menu, the following screen will appear:

With this screen you can save the buffer with measured values as a .CSV file on an USB stick. By filling
in the desired number you set the filename that will be used for the filename.
The .csv file will be created on the USB stick in the \SAMPXX\ directory. In this directory a file will be
created with the filename SAxxx.csv. The xxxx is the CSV file number that you entered.
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You can only continue when an USB stick is put in the large slot on the back of the display. The
[EXPORT DATA] button will appear when the screen detects an USB stick. When you push the button
the following screen will appear:

[SAVE ON USB]

Export the current buffer with measured values (max. 2500 values) as a .csv
file to the usb stick. This takes a few seconds, so please be patient.

[FILE MANAGER]

With this you can view saved .csv files that are present on the USB stick in the
\SAMP01 directory. Choose a previously saved .csv file and push the [DISP]
button. With the buttons UP/DOWN/LEFT/RIGHT you can scroll through the
measurements.

Go back to the main menu (settings)
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5.8 System menu
When you push on the [SYSTEM] button in the main menu, the following screen appears (after
entering password level 2).

[GENERAL]
General settings like:
- Maximum value allowed for temperature setting
- Measure interval of the trending
- Language
- Date and time
- Adjustments regarding the acoustic alarm
[PID/AT]

Control parameters settings, incl. the settings to enable the so called “auto tuning”
(automatically detect control parameters)

[RE-INIT]

Execute system configuration again and switch screen to offline mode.
Go to the main menu
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5.8.1. General settings
By pushing the general settings in the system configuration menu, the following screen appears:

Maximum set value [°C]
Sampling frequency (s.)
Select language

Time [HH:MM]
Date [DD:MM:YY]

The maximum temperature that can be set by the operator for the
desired temperature (set value). The default value is 400.0°C.
Time between measurements, The default value is 300 sec.
Here you can choose between Dutch and English. On request a .csv
file can be exported and translated by the costumer. After translation
this .csv can be re-imported to enable other languages. A new
download of the screen at the supplier is necessary for this.
Set time (this time is also used for the time-stamps in the trending).
Set date (this date is also used fort he time-stamps in the trending)

Go to the previous screen

Go to the main menu

Go to the next general settings screen
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RE-ACTIVATE BUZZER OVERVIEW:

When you return to an overview screen, while an alarm is
still active, the buzzer will be re-activated (when the green
mark is set). The buzzer can be silenced on the overview
screen.

RE-ACTIVATE BUZZER ALARM:

When you come to the alarm overview screen while an alarm
is active, the buzzer will be re-activated (when the green
mark is set). The buzzer can be silenced on the alarm
overview screen.

ACKNOWLEDGE ALARM RESET:

When a temperature (after alarm situation) automatically
comes back inside the guard band, an [ACK] button appears
at this channel to inform the operator that an alarm was
present but went away by itself. This is when the green mark
is set. Unmark (red cross) when you don’t want this feature.
staan.

Optie uitgeschakeld

Optie ingeschakeld

Go back to the previous general settings screen

Go to the main menu
©2017 CasCade Automation Systems B.V.
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5.8.2 PID/AT
With these screens you can adjust the control parameters (and with that the control behaviour).

[PROP BAND]

Proportional band [°C] (band around set value where output will be
modulated

[INTEGRAL TIME]

Integral time [s.] (history from the behaviour of the past)

[DIFFERENT. TIME]

Differentiation time [s.] (response to sudden changes in temperature)

[AUTO TUNING]
Switch on/off of the auto tuning (automatic detection of control parameters).
This can only be done, when the set value (desired temperature) is stable and the control module in
run state. Look out with this operation, because the controller will execute a few cycles where the
heating power will go to maximum/minimum. After reaching the desired value the heating will be
switched off and the system waits until the measured value falls below the desired value. This is
repeated for a few times and from these response measurements the control parameters will be
derived theoretically. Watch out: this can take a few minutes. After auto-tuning the system
automatically goes back to auto mode. When it was not possible to obtain good new values during
the auto tuning, the system will remain on the previous PID settings.
Warning:
Remark:

The automatic derived control parameters are a basis for further manual
refinement of the PID settings.
The auto-tuning can only be enabled when the module is on and running
Go to the previous screen

Go to the main menu

Go to the next screen with PID settings (for all other channels)
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5.8.3 Event config
Here you can set the configuration for event 1 (alarms)
Remark:

You can only change these settings when you first set the module to stop, after
that, the temperature control is halted and the temperature can go down so only
do this when the process allows this.

For each channel you can set how it reacts to a temperature deviation, here are the possible settings
(screendump from RKC manual):
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Event type: Here you set the type of reaction to a temperature deviation:

Often type 3 is used, that is an alarm guard band around the desired temperature and 9: a maximum
temperature.
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Hold action:

With this you can set that the alarm detection must start after the desired
temperature has been within the guardband once (after heat up). This is to prevent
alarms at startup when the temperature are all outside the temperature band.

Here is a screen dump from the RKC manual:

0:

1:

2:

When the controller switched from stop->run the alarm/event detection is immediately
watching for temperature deviations. When the deviation is detected the alarm/event is
activated.
The alarm/event detection will be enabled after the measured temperature has been 1x
inside the limits of the guard band. When the temperature setvalue will be changed and the
measured temperature is outside this guardband, an alarm/event will be activated.
The alarm/event detection will be enabled after the measured temperature has been 1x
inside the limits of the guard band. When the temperature setvalue will be changed and the
measured temperature is outside the guardband, an alarm/event will not follow. Only after
reaching the guardband once the alarm/event detection will be enabled again.

Differential gap:
Here you can set a hysteresis to prevent that the alarm/event continuously
switches on/off when the measured value is on the side of the guard band.

See the drawings: the differential gap prevents the “jittering” of the event status.
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Alarm delay:

Here a time delay can be set in seconds, between the moment that the deviation is
detected, and the activation of the alarm/event.

See the picture above: at first a short deviation is detected, the timer starts running but within the
set delay time of 50s. the deviation disappears again: therefore the alarm/event is not activated.
When lateron the deviation occurs again, and remains for more than the set delay of 50s., the
alarm/event is activated.
Interlock:

You can also interlock an alarm, please set this using the COM-K tool (available from
your supplier) and the software you can download from the RKC website. With the
interlock a power down/up is necessary to reset an alarm/event condition. This can
be used for example for a MAX/MAX alarm to prevent damage.

More information regarding event configuration:
For this we refer to the detailed manual of the TIO module that you can download from the RKC
website: http://www.rkcinst.com/english/manual_load.htm)

Go to the previous screen

Go to the main menu

Go to the screen with event settings for the other channels
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5.8.4. Re-init
With this you can re-initialize the touch-screen and set all settings back to the defaults. You can also
switch the screen to the so called off-line modes.

[RE-INIT]

Press for more than 3s. on this button: the screen for the system setup
configuration will appear (see the SETUP chapter in this manual).

[OFFLINE]

Set the touch-screen in offline mode (only for advanced service)

Scan Status:

Here you can see which modules have been enabled in the setup.
Green: modbus address active
Red: modbus address de-activated
Execute a re-init to set enable/disable modules.

Firmware Version:

The current software version that is loaded in the touch-screen.

Go to the previous screen

Go to the main menu
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Appendix A: Passwords
Level 1: OPERATOR
Level 2: CHIEF
Level 14: 123
Level 15: HUIKESHO
These passwords are fixed in the software, other passwords can be set in the touch screen on
request by the supplier. For this the touch screen must be re-loaded again at the supplier.
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Appendix B: The tuning of PID controllers
The default settings for the PID controllers in the Heat Manager have been determined by
performing a lot of tests in actual real-life process situations. When you keep the ratio
between heating power and work piece mass the same
you can use the same settings for most process conditions.
PID control can be considered as the intelligence or “brain” of the controller. The same is when you
are driving a car on the highway and wish to control the speed at 100 km/hr. Because of varying road
conditions (different tarmac, driving up- or downhill) it is necessary to increase and decrease throttle
to hold the desired speed. You will also notice that your foot automatically does this.
Try to concentrate more on what you are actually doing, and you will notice that it is actually quite
impressive on how the brain executes this apparently easy task. Your brain is now acting as some
kind of very high level adaptive PID controller.

B.1 A bit of history
In the past century, when automation became more and more important in industry,
mathematicians and engineers tried to find a way to integrate this knowledge into an automated
system.
PID controllers date back to the 1890s governor design. PID controllers were subsequently developed
in automatic ship steering. One of the earliest examples of a PID-type controller was developed by
Elmer Sperry in 1911, while the first published theoretical analysis of a PID controller was by Russian
American engineer Nicolas Minorsky in 1922. Minorsky was designing automatic steering systems for
the US Navy, and based his analysis on observations of a helmsman.
Observing that the helmsman controlled the ship not only based on the current error, but also on
past error and current rate of change. This was then made mathematical by Minorsky. His goal was
stability, not general control, which significantly simplified the problem. While proportional control
provides stability against small disturbances, it was insufficient for dealing with a steady disturbance,
notably a stiff gale (due to droop), which required adding the integral term. Finally, the derivative
term was added to improve control.
Trials were carried out on the USS New Mexico, with the controller controlling the angular velocity
(not angle) of the rudder. PI control yielded sustained yaw (angular error) of ±2°, while adding D
yielded yaw of ±1/6°, better than most helmsmen could achieve.
The Navy ultimately did not adopt the system, due to resistance by personnel. Similar work was
carried out and published by several others in the 1930s.
In the early history of automatic process control the PID controller was implemented as a mechanical
device. These mechanical controllers used a lever, spring and a mass and were often energized by
compressed air. These pneumatic controllers were once the industry standard. Later on the first
electronic analog PID controllers were made with tube-amplifiers.
After the invention of the solid-state transistor things were progressing into analog solid state
PID controllers and later, with digital IC technology, the first truly digital controllers were invented
that make very advanced adaptable PID controllers possible under quickly varying process
conditions.
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B.2 From theory to practice
In order to fully understand a PID controller, an extensive and thorough mathematical knowledge of
Laplace and Z-domain transformations is necessary. That goes too far for this manual.
We therefore take a more practical approach and try to describe a PID controller in common
language that almost everybody can understand.
To make things easier we will start out with a very simple on/off controller, think of the old
thermostat that was used in the past to control the temperature in a room (the modern types used
nowadays are almost all PID controlled).
B.2.1 ON/OFF control action
ON/OFF temperature control is the simplest and least expensive form of control available. The output signal
from a controller is either FULLY ON or FULLY OFF depending on the direction of the deviation between the set
value and process value.
The figure below shows the characteristics of an ON/OFF control action:

The ON/OFF control action takes place if any deviation from the set value occurs.
This action responds quickly, but is sensitive to input noise which causes chattering (ON/OFF
switching at short intervals). Therefore, in actual use, the ON/OFF temperature control action has
some hysteresis which is named dead band or control sensitivity. This prevents the quick chattering
around the set value when the process value is very near.
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B.2.2. Proportional action
P stands for proportional action and is a multiplication factor of the deviation between actual set
value and process value. Proportional action control is also referred to as P or gain in some control
systems.
With the proportional action, the controlled process no longer switches as a direct result of the
deviation between set value and process value but controls this proportional to this deviation.
The proportional action control is active within a user-definable zone around the set value, called the
proportional band (Pb). When the process value (PV) enters the proportional band, the output
becomes gradually smaller and the process value stabilizes somewhere within the proportional band.
In the Heat Manager you set the proportional band in degrees, but beware that there are other
brands of systems that set this value in a percentage of the measurement span.
Proper adjustment of the proportional band will result in smooth control. However, it is very seldom,
that the actual process value stabilizes exactly on the set value, and it usually becomes stable with
some deviation from the set value, called offset.
A high P value gives the control system a large band of modulation, the major disadvantage is that
the reaction to the deviation can be quite slow.
A too low P value, however gives an oscillating system where the process value continuously overand undershoots the set value. We call that “hunting”, the controller hunts to reach the set value,
Visualize this by thinking of the gas pedal in a car (with automatic transmission): a high P value is a
gas pedal where you can push it very far in so you can control in an accurate way, but need to push it
far in and out to reach the speed that you want.
A low P value however is a gas pedal that has a very small travel, but controls the speed of the motor
from idle to maximum rev with only a small push on the pedal. It is clear that this situation makes it
also difficult to reach the speed you want: you over- and undershoot the speed all the time: more
like a classic on/off control.
The “trick” is to reach the correct value where the oscillation is very low, but with a quick enough
responsiveness to deviations. Large slow systems that react slowly to deviations generally need a
higher P action than small quick systems.

Note: Setting the P action to 0 will result in on/off control action. This will result in relatively large
over- and undershoots.
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B.2.3 Integral action
I stands for integral action. It takes a summation of the deviations between set value and process
value from the past into account. This action is necessary for removing the small offset error that
remains
between set value and process value when only a P action would be used.
The integral control action is also referred to as reset. The degree of integral action is expressed as an
integral time in seconds. The purpose of the integral action is to automatically compensate for any
steady state offset that is inherent with a controller that only works with a proportional action.
The integral action moves or resets the proportional band up or down depending on the offset. The
integral time of the controller is adjustable and determines how fast the proportional band is moved.

A too high setting of the integral action will result in a very slowly reacting process with big over- and
undershoots.
A too low setting of the integral action will result in a control system that can never reach the set
value exactly. There will remain a small offset error and the desired set value is not reached.
The trick here is also to reach the setting that more or less corresponds to the actual inertia of the
system under control.
Now we go back to the speed control of our car with the gas pedal. When you push in the gas pedal
fully it takes some time to rev up the engine and speed up. Also when you let go of the pedal it takes
some time to let the engine rev down. This is mainly because of mechanical inertia inside the engine.
The weight of the car itself is also very important: a big heavy truck takes much more time to speed
up then a small compact car.
In a laboratory, on rollers, we determine the speed of the car as a function of the gas pedal position:
this can now be considered as the P-action.
This situation does not correspond to a real road situation where you have wind and different kinds
of tarmac.
To compensate for this the gas pedal needs to be pushed in a bit more (or less) depending on the
situation. This last action can be considered as the integral action: it fine tunes the actual gas pedal
setting, but in a very slow way, otherwise we overshoot the desired speed.
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B.2.4 Differential action
The D stands for differential (or sometimes called: derivative) action. This takes the rate of change
per time unit of a deviation between set value and process value into account.
Differential action temperature control is also referred to as rate. The degree of differential action is
expressed by the differential time in seconds.
The controller measures the rate of the temperature increase per time unit and moves the
proportional band to minimize overshoot. The output change is directly proportional to the rate of
change in the process value (PV) per time unit.
Theoretically speaking a heating process is a pure integrator and can be controlled by using only a P
and I action (most slow processes are). Practice however shows that a small amount of D action can
improve accuracy and especially responsiveness to changing external circumstances just a bit further.
A D-action is often used in positioning systems (servo applications) where quick movements are
performed. A D-action is also important in a tunnel furnace where the product load differs from time
to time (sometimes no product feed), here the D-action is used to prevent over- or undershoot under
various process load conditions that change more quickly than the integral time of the process itself.
A too high D action will result in a very unstable process with large over- and undershoots.
A too low D action will result in a system that does not respond quick enough (too late) to varying
process conditions. This will also result in an unstable system with over- and undershoots.
B.2.5 Cycle time
Another important setting in a PID controller is its cycle time. This time is the time span used by the
controller to calculate how long a relay should be on or off.
Here is an example: we have a mechanical relay that is driving a heating element and the cycle time
is set to 15 seconds.
When the controller output is 100% the relay will be continuously activated. When the process value
goes a bit over the set value the controller starts to react to this by modulating the controller output
back to a lower value, e.g. 50%.
When the output is 50%, and the cycle time is 15 seconds, the relay will be on for 7.5 seconds, then
switch off for 7.5 seconds, switch back on for 7.5 seconds, etc. etc. etc.
When the controller output is only 10% the relay will be switched on for 0.1 x 15 = 1.5 seconds and
then remain off for 15 – 1.5 = 13.5 seconds.
The problem is that we introduce some kind of lag time into the system. Of course it would be a
good idea to set this cycle time as low as possible, because then the controller can react more quickly
to varying process conditions. The major disadvantage is then, that the mechanical relay has to
switch very quickly on and off. This will damage the contacts of the mechanical relay too quickly and
wear them out too fast.
As a compromise the cycle time has been set to 15 seconds for this purpose.
When you make use of thyristor modules or solid state relays the cycle time can be set at the lowest
possible value (0.1s) since these modules don’t have mechanical contacts. The controller output can
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directly drive the modules proportionally which will result in a quick response to varying process
conditions and a more stable and accurate process control.

B.3 Work step-by-step and-by-one
When you adjust a PID controller by hand, a lot of experience and, as the Germans say:
“fingerspitzen gefuehl” is necessary. We consider this manual adjustment procedure more like an art
than a science.
It is very important that you have a graphic overview of the process values so you can see if your
modifications give improvements (or not, then you need to move in the other direction).
It is always best to first start by setting the I and D factors to 0 and only use the P-action.
When you roughly “feel” how the process reacts to a step like change of the set value, you can try
the addition of the I action to get the process value exactly on the set value.
Later on you add the D action to improve responsiveness.
After that, you start changing the P, I or D values one by one. Try doubling them, or halving them,
and see how the process reacts to it. This procedure must be re-done until you are satisfied with the
new settings.
When you see a process value that is slowly oscillating with a small amplitude and long period
towards the desired set value you are on the right track with these settings.
We know from practice that the D action should be roughly 25% of the I action. Certainly not more.
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B.4 Auto tuning
It is also possible to make use of the auto tuning feature in the Heat Manager. This is only possible
when the controller is in a soak/dwell segment and the set value does not change over time.
After enabling this feature the controller will perform a few test-cycles where it automatically tries to
determine the PID settings based on so-called step-wise changes of the set value.
After changing the controller output to maximum (or minimum) monitors the physical behavior of
the process value and determines the settings based on oscillation amplitude and period.
After performing many tests with various control systems, Ziegler and Nichols, derived formulas on
how to convert the results of these tests into PID settings as a starting-point before actual fine tuning
can take place.
It sometimes takes a while before the system actually determines the new values during this auto
tuning cycle. Please be patient and wait until you see the newly determined values appear. This can
take some minutes and depends on how quickly the process reacts to the controller.
If the controller was not able to determine the new values it will leave the PID settings on the values
before the start of the auto tuning procedure.
Watch out:

these calculated PID values are only a rough indication of the actual perfect PID
settings and –can- result in an unstable process, so keep in mind that manual fine
tuning is often necessary.

Important:

only perform auto tuning when the process reached a stable state (controller output
and process value more or less stable). The set value must also be stable, so this is
only possible in a soak segment and not in a ramp up/down segment.

Warning:

Never execute an auto tuning procedure when the process conditions are not stable.
The software algorithm assumes that all external factors with regard to the process
are not changing while performing this operation.

Please remember, that a manually tuned controller almost always outperforms a controller that was
set with auto tuning. Auto tuning is more or less a rough indication if you need some “direction” on
where to start.

B.5 Write down the newly determined PID values!
It is very important, that you write down the newly determined PID values so you don’t lose these
painstakingly difficult to determine values.
A software upgrade, re-init procedure or controller module re-init (necessary after a replacement)
will restore the PID values back to their default values as programmed in the software of the Heat
Manager.
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B.6 Common pitfalls
A system that is oscillating around its set value, or reacting too slow to process variations, is almost
always caused by a PID controller that needs fine-tuning.
Beware when it takes many minutes of time for a process value to change after step-wise change of
the set value. This is caused by a so-called dead-time in the process and is very difficult to overcome
with PID settings in 1 PID loop alone.
The most common solutions for these kind of process issues are:
Measure more directly the actual product process value (bring sensor nearer to product).
Make use of a so-called cascaded control system where we make use of a master-slave PID loop
where the slave loop controls the heating to the process (with its separate sensor near the heater as
process value input]. The set value for the slave comes from output of the master PID controller that
measures the actual desired process value of the product.
When you change a P-action, you also influence the I and D action responses in some kind of way.
The same goes when you change the I or D action, everything is connected together more or less.
Don’t start to move down in spiraling circles and change only 1 parameter at a time and verify very
well if this improves the situation or not.
A good idea is to always write down carefully what you are doing, so you begin to see a “pattern” in
your workflow and take a few steps back, if desired.
Don’t set the D action too high, since this very easily results in an unstable process control. Use this
only for fine tuning after you set the P and I factors correctly.
When you change an action you need to wait for the process to respond to the new situation. This
can take many minutes and depends on the inertia of the process. Watch the recorder output of the
process value to determine if it stabilizes or not.
Generally speaking it is important to keep the ratio between heating power versus mass of the
system the same, after determining the correct PID settings for your system. You can then use the
same settings for different situations.

B.7 More information
Consult the internet on more information about this, there is an excellent Wikipedia page with much
more information on this subject.
See: http://en.wikipedia.org/wiki/PID_controller
Parts of this description comes from the website of RKC instruments,
See: http://www.rkcinst.co.jp/english/control_01.htm
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APPENDIX C. FREQUENTLY ASKED QUESTIONS
C.1 I selected by mistake an extra TIO/DIO module in the setup and now the
system continuously gives a communication error, how to get out of this
hang-up?
Try forcing the screen into offline mode, clear the –ONLY- the backup memory (when you clear the
user memory the screen must be re-loaded at the supplier) and restart. Now the touch screen starts
with a clean setup where you select the installed modules. Also see C3

C.2 One of my TIO or DIO modules broke down and I need to replace them,
what should I do, and in what order?
TIO/DIO modules must be manually re-initialized with the COM-K tool after replacement. There is
no configuration detection. This COM-K tool is available from your supplier. First make sure you set
the small dipswitches on the side correctly (view other module) and the small turnable switch on
the front (Modbus address). When this is set wrong, a communication error will result. Use the
software for the COM-K tool (downloadable from the RKC website) to upload a working module,
and load that into the new one.
Make sure all is ok before switching on. A wrong set temperature input can cause too high
temperatures.
This procedure is only possible when all TIO configurations are the same.
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C.3 I don’t know what went wrong with the setup/configuration and I wish
to reset the touchscreen back to its factory defaults.
First we need to get the touchscreen in the offline mode, this is not easy. For this you need to be in
the main menu and push the corners of the screen, but just inside the black square, intermittently. If
you see a gray bar appear: STOP, don’t push anywhere anymore! You need to push the screen
intermittently (first push 1 and quickly after that 2), so don’t push both fingers at the same time.

Now follow these steps after the gray bar appears, exactly in this order:
1. Push Offline
2. Enter system password: HUIKESHO (try both caps positions) + enter
3. Go to the right-top button “Initialization Menu”
4. Push only “Initialize Backup SRAM” (and nothing else, otherwise a re-load at the supplier is
necessary!!!)
5. Enter system password: 1101 + enter
6. Push Start
7. Push Yes (if you are sure about this)
8. Push Close
9. Push Exit
10. Push Yes
The touchscreen will now restart in the factory default state. You can now perform a clean setup.
Be careful with replacing TIO modules and make sure you set them correctly using the COM-K tool
(available from the supplier) otherwise damage/dangerous situation can occur.
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Appendix D. NOTES
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