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Configuration of Temperature Control Systems

Panasonic
ideas for life

The basic temperature controller system configuration is shown below

B. Temp. Controller —»

KT4

—
4>_

1. Sensor measures temperature and
outputs a signal to the temp. controller.

2. Signal from sensor is input into temp.
controller. Set value is compared with

B

C. Operator

sensor input and control signal is output.

L termina

I
«— 3. Heat source is controlled by control

AG 200V signal from temp. controller.

—»

A. Sensor Control led Object

(Electric Furnace)

Heat Source (Heater)
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Panasonic
About Sensors

The typical sensors used in a temperature controller are
the thermocouple and RTD.

Typical thermocouples are the K, J, T, E, and N

Metal A (Chromel)

i t1: Hot junction
t1 t2 t2: Cold junction

i: Electromotive force

&
~

Metal B (alumel) (t1#t2)

Most commonly, the RTD uses a platinum resistance
thermometer element.

Panasonic Electric Works Europe AG Lex May 2006
page 3



Characteristics of Each type of thermocouple.and RTD

Panasonic

Operating temperature

Type range (degree Celsius) Characteristics

K -200 - 1,370 Can be used at high temperatures.
Common
J 2200 --- 1.000 Thermo-electromotive force is high.
’ Easily corrodes.
Thermocouple
R -200 --- 1,760 Can be used at high temperatures.
E -200 --- 800 Superior anti-corrosiveness.
RTD Good measurement accuracy.
(Pt 100) -200 --- 850 Used at low temperature.
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Panasonic

Temperature Control for life

(1) Settings changed from (A) to (B)
Setting

B
Temp.

A

Time

(2) |Ideal temperature control

Setting /

(3) Control that is highly stable, but rise time is slow

Setting /

Time

Time

(4) Rise time is fast, but control is stabilized by
overshooting and undershooting

Setting /f\v
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_ Panasonic
KT Series Temperature Controller ideas for life

Common Features

* Multi-input: versatile thermocouple, RTD, DC Current, DC Voltage

» control modes: PID, on/off control, Anti-Reset-Windup (ARW)

» control output: relay, non-contact voltage output (for SSR drive), DC current output
* Accuracy : = 0.2% of span
» Simple operation

Heater-burn out alarm available
« alarm output with 9 different operation modes
RS485 ASCII/Modbus communication available

* supply voltage: 24V AC/DC or 100to 240V AC
«compliant with UL, CSA standards and CE marking

KT4H

First KT with Panasonic brand

Panasonic brand will come within 2006
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. : Panasomc
KT Series Product Line-up ideas for life

Temperature Controller KT2
tiny size —pattern control

.+ 1/32 DIN size temperature controller
S & 4 1 eou * 48 x 24 x 98.5mm (WxHxD)
* O-step pattern control (ramp function)
* panel-mounted type
* |IP66
» 2 set values possible (external selectable)
» 2nd optional alarm output
* heating and cooling control with 2nd optional
control output (relay)

=
@
3
S
@
L
=
c
=
@D
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. : Panasonic
KT Series Product Line-up ideas for life

Temperature Controller KT7
DIN rail mounting type — ultra slim

* Size 22.5 x 75 x 100mm (WxHxD)
e front screw terminals
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Panasonic
ideas for life

KT Series Product Line-up

Temperature Controller KT4
small sized standard type

» 1/16 DIN size temperature controller

* 48 x 48 x 95 mm (WxHxD)

* panel-mounted type

* IP66

» 2nd optional alarm output

» heating and cooling control with 2nd optional
control output (non contact voltage output)
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. : Panasonic
KT Series Product Line-up ideas for life

Temperature Controller KT4H
space saving, high performance

» 1/16 DIN size temperature controller

> > -
- y & oy g ]
" A >

HPIIIIIY 4| * 48 x 48 x 56 mm (WxHxD)
Panasonic m.?l ) . F;g:l-mounted type
» 2nd optional alarm output

» heating and cooling control with 2nd optional control
: output (non contact voltage output)

ol » 11-segment display with 3 colours for PV
.°° » 4 set values for external selection

« Tool Port as standard

« MEWTOCOL Communication
» Heater burn-out alarm supports 3-phase heaters

 USB-Tool cable AKT4H820

Cojplire]

l @ )
Ver.1.01

» KT-Monitor Software
(provided for free together with USB cable) -> See next pages
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KT Series Product Line-up

Panasonic

Temperature Controller KT8
wide variety of options, good readable display

1/8 DIN size temperature controller

48 x 96 x 98.5 mm (WxHxD)

panel-mounted type

IP66

» 2 set values possible (external selectable)

* 2nd optional alarm output

» heating and cooling control with 2nd optional
control output (relay, non contact voltage, or
current)
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. : Panasonic
KT Series Product Line-up deas for |

Temperature Controller KT9
big display

e S : » 1/4 DIN size temperature controller
* 96 x 96 x 98.5 mm (WxHxD)

/ * panel-mounted type
i » 2 set values possible (external selectable)
&  2nd optional alarm output
| » heating and cooling control with 2nd
%y optional control output (relay, non contact
voltage, or current)
1%

4

| 4
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Elements of KT controllers

Panasonic

PV display: Indicates the input
value in red colour

OUT1 indicator: When OUTL1 or heating
output is ON, a green LED lights up.

SV display: Indicates the
setting value in green colour

SV1indicator: green LED
lights up when SV is
indicated on the SV display.

\ iy
/

Increase key :
Increases the numeric value.

—

(For DC current output type, it blinks
corresponding to the manipulated
variable in a 0.25 second cycle.

OUT2 indicator: When OUT2 is ON,
a yellow LED lights up.

Al indicator: When Al
output is ON, a red LED lights up.

EVT indicator: When Event output

5

Decrease key :
Decreases the numeric value.

(A2 output, Heater
burnout alarm output) is ON, a red
LED lights up.

Mode key: Selects the setting
mode or registers the setting
value. (By pressing the Mode
key, the setting value can be
registered)

AT indicator:

When auto-tuning or
auto-reset is being
performed, a yellow
LED blinks.

OUT/OFF key: The control
output is turned on or off. If this

key is pressed for approx. 1
second, control output off
function works. (To cancel the
function, press the OUT/OFF
key again for approx. 1 second.)
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Elements of KT4H controllers

Panasonic

s for life

e
aC s

(1) Action Indicators
T/R

AT

ouT1

ouT2

EVT1 Alarm 1

EVT2 Alarm 2 or Heater burnout Alarm

LOCK

(2) Memo Display

Set Value Memory Number
(3) PV Display

(4) SV Display

(5) Mode key

(6) Out/Off key

(7) Up key

(8) Down key

(9) Tool-Port

s INAAR | @
otz BP0 0,
Q—— ==
| = sl |
(6)f~"f‘. “‘“‘-KH[E)
==
ﬂ[ll]
(g}a*@ o S e TR A o

el

Bottom view
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. : Panasonic
Operation of KT series

4 setting modes:

Main setting mode to change set value SV

Sub setting mode n + to enter AT, or change PID-settings, ARW, out1/2, A1/2, burnout Al.

n Il vooe approx. 3 s., to enter lock level, sensor limits, sensor correction,
' RS485 Communication settings

Auxilliary function setting mode 2 n + n + approx. 3 s.,

Auxilliary function setting mode

Lex May 2006
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Temperature Sensors

Panasonic

A wide range of different both thermocouple and RTD
can be connected to all KT s'!

Input type Input range
K —200 to 1370°C
—199.9 10 400.0°C
J —200 to 10007 C
R 0o 17607 C
5 0o 17607 C
Thermocouple | B Oto 1820°C
E —200 to B0OC0FC
T —199.0 to 400.0°C
M —200 to 1300°C
PL-II 0to 1390°C
C(WRes-26) 0to 2315°C
Pt100 0010 80T
RTD —190.0 10 E:-_D.D:C
JPHO0 —200 1o 500°C
—199.9 fo 500.0°C
4 to 20mA DC
D Current 0 to Z0mA DG
Oto 1% DC —1999 o 9993 1999 {0 999 9
OC Voltage 0 to »1,31,; 0oC —10.90 to 90,00, —1.999 to 0.009
1to SV DC
Oto 5 DC

The sensor type can be set, when there is no
sensor connected at power on (self-test) or
In ,Auxilliary function setting mode 2“ by

Pressmgn +n + for 3 sec.
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. : Panasonic
Operation of KT series

4 setting modes:

to change set value SV

Main setting mode .
MODE
Sub setting mode n + to enter AT, or change PID-settings, ARW, outl/2, A1/2, burnout Al.

- . . n + approx. 3 s., to enter lock level, sensor limits, sensor correction,
Auxilliary function setting mode RS485 Communication settings

Auxilliary function setting mode 2 n K n TEE approx.3s,

LiLH Scaling high limit setting 9999
« Sets scaling high limit value.

« Available only for DC input type

« Setting range: Scaling low limit value to input range high limit

value

Srln Scaling low limit setting —1999
» Sets scaling low limit value.

« Available only for DC input type

» Setting range: Input range low limit value to scaling high limit

value
== Decimal point place selection Mo decimal
+ Selects decimal point place. point
« Available only for DC input
- No decimal point. oo 1 digit after decimal point: & .0
2 digits after decimal point: E ,EEH

3 digits after decimal point: o uwiu

F PV filter time constant setting 0.0 seconds
+ Sets PV filter time constant.

(If the value is set too large, it affects control result due to the

delay of response)
« Setting range: 0.0 to 10.0 seconds
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. : Panasonic
Operation of KT series (2) ideas for life

=T QUT1 high limit setting 100%
= Sets the high limit value of OUT1.
Mot available for ON/OFF action
« Setting range: OUT1 low limit value to 105%
{Setting greater than 100% is effective to the current output type)

ab L QuUT1 low limit setting 0%
= Sets the low limit value of OUT1.
Mot available for ON/OFF action.
= Setting range: —5% to OQUT1 high limit value
(Setting less than 0% is effective to the current output type)

e Rt QUT1 ON/OFF action hysteresis setting 1.0
= Sets ON/OFF action hysteresis for OUT1.

Available only when the control action is ON/OFF action
+ Setting range: 0.1 to 100.0C  (F), or 1 to 1000

cRel OUT2 action mode selection Air cooling
« Selects OUTZ action from air cooling, oil cooling and water
cooling.
a Air memmlione s BB o Al cssdiones:s st Y siaber sesliones: =T
ol He OUT2 high limit setting 100%

« Sets the high limit value of OUTZ2.
« Setting range: OUT2 low limit value to 105%
(Setting greater than 100% is effective to DC current output type)
=T = OuUTZ2 low limit setting 0%
« Sets the low limit value of OUT2.
« Setting range: -5% to OUTZ high limit value
(Setting less than 0% is effective to DC current output type)
b Overlap band/Dead band setting oc
« Sets the overlap band or dead band for OUT1 and OUT2Z2.
+ setting value: Dead band
— setting value: Overlap band
» Setting range: —100.0 to 100.0C  (F), or 1 to 1000
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. : Panasonic
Operation of KT series (3) ideas for life

b T T OuUT2 ON/OFF action hysteresis setting 1.0TC
= Sets ON/OFF action hysteresis for OUTZ.
+ Setting range: 0.1 to 100.0C  (F). or 1 to 1000

AL iF A1 action selection Mo Slarmacion
« Selects an action for A1l.
Mo alarm action C -

High limit alarm action coH

Low limit alarm action DL

High/Low limits alarm action Lo L

High/Low limit range alarm action i

Process high alarm action - Ak

Process low alarm action . ~AY B
High limit alarm action with standby oM g
Low limit alarm action with standby DL o
High/Low limits alarm action with standby: HL o

=L 2F A2 action selection Mo alarm action

« Selects an action for AZ2.
« Action selection and default value are the same as those of A1
action selection.

I A1 action Energized/Deenergized selection Energized
« Selects Energized/Deenergized for Al.

= Not available if No alarm is selected in A1 action selection
» Energized: mamL Deenergized: ~E5%

B2 A A2 action Energized/Deenergized selection Energized

« Selects Energized/deensargized for AZ.

« Mot available if No alarm is selected in A2 action selection

« Action selection and default value are the same as those of A1
action Energized/Deenergized selection.

5 HY A1 hysteresis setting 1.0C
« Sets hysteresis for A1,

« Mot available if No alarm is selected in A1 action selection
= Setting range: 0.1 to 100.0C(F), or 1 to 1000
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Output Method

Panasonic

3 different output types

Output method

Characteristics

Relay contact output

Since the contact capacity of the temperature controller is small,
an electromagnetic switch is connected. Since mechanical
contact is used, this type is used in applications in which the on-
off frequency is low.

Voltage output for SSR drive

This voltage output is used for driving the SSR . Since the SSR is
a semiconductor relay, contact life is long. This type is used in
applications in which the on-off frequency is high.

DC current output

This current output is used to control a power regulator. Smooth
and accurate control is possible because phase control
corresponds to the current output.
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Differences between controllers’ feedback.control types Panasonlc

o [‘.!.\.,

Continuous controllers: (not with KT series) Controller output Continuous controller
Y &
100% —

These are controllers which receive a continuous
(analog) signal and produce an output signal that
is also continuous. The manipulating signal can

take on any value within the manipulating range.

2-step controllers: On-Off Control

_ _ - Hysteresis
Also called single setpoint, two-positions, on-off, or i

black-white controllers, these are controllers with Bz N
one switching control output that produces a value
discontinuous output signal for a continuous input T
one. Itis mainly used for heating or cooling
systems where you only need to switch the
temperature on and off.

Output

3-step controllers: i
With optional second control output for cooling

Also called double setpoint controllers or three-

position controllers, these are controllers with two

switching control outputs. Using the same system heating
as above, the only difference is that there are two cooling
outputs for manipulating variables, which are used

for a heating/cooling system, for example.

Dead zone— —
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Panasonic
PID Control ideas for life

Parameters: Kp Proportional band
Ti Integral time Control cycle
Td Derivative time
ARW Auto Rewind Setup

y Manipulated Value

-offset
w set value SV controller Controlled system

Temperature Sensor:
measurement

>

PV Process of actual Value = Temperature

Anti-Reset-Windup

Phaenomenon: Caused by limited output range the
offset decreases slower as desired and the integrator is
loaded too much. Result is overshoot and system is not
stable.

l?E'IIIIIIIIIIIIIIIIIIIIIIII

174
counteractive measures:

1. the integrator gets only loaded when there is no limit.
2. correction of u(k j 1) so that manipulated value is
within limit

3. limitation of manipulated value and setup of

controller as for shock free switching M T e
] 50 100 150 200 250 300
Time {2}

172

Temperatime (C)

%

170

Powrer (KW
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_ Panasonic
Autotuning (1) ideas for life

Autotuning:  Kp, Ti and Td are set automtically
(1) When the difference between the setting value and processing temperature is large as

the temperature rises.

Temp. ‘[r Temperature 20 C(F lower {1): Calculating PID constant
Setting o> fthan the setting value (2): PID contatnt calculated
value \[ (4 3): Controlled by the PID
¥ constant set by auto-tuning.

{4): AT bias value

|
|
‘ -
AT Time =
I e
! (1) (2) (3) ~ AAT : Auto-tuning starting point

(2) When the control is stable
Fluctuation is applied at the setting wvalue.

Temp. 1}
(1): Calculating PID constant

Setting D (2): PID constant calculated
value (3); Controlled by PID constant

set by auto-tuning

A AT : Auto-tuning starting point

F Y
AT Time =»

C

M@ G

Lex May 2006
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_ Panasonic
Autotuning (2) ideas for life

Autotuning:  Kp, Ti and Td are set automtically

(3) When the difference between the setting value and processing temperature is large as
the temperature falls.

When AT bias is set to 200C(F), fluctuation is applied at the temperature 20T (F
)} higher than
the setting walue.

Temp. Temperature 20 (F) higher

than the setting value
(1): Calculating PID constacnt

(2): PID constant calculated
(3): Controlled by PID constant
Setting (4) set b_y auto-tuning
value E} (4): AT bias value
A AT: Auto-tuning starting point
F Y
AT Time =
(1) (2) (3)
Panasonic Electric Works Europe AG Lex May 2006
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_ Panasonic
KT-Monitor for KT4H ideas for life

Clear display and setup of all parameters and values

@ KT Monitor

FileiF) Online(®) Setking(¥)  Help(H)

Main display T Trace display
CDH;;;C.H information Alarm information T FID information T Other information
Ottline ‘ 0“ I Ine Alarm 1 information

EVT1 | Monitor run

EVT2 d eg. C
[ 200

DM

HE SV |.‘1". Jl
. larm 1 type selection Mo alarm action

AT 200

Alarmn 2 information

|h-1ain zet value IE“ 200 deg.C
|E|:untr|:|| autput | oaT

auT 1 9.0 %

HE1] 89.6 &4 HEZ|125.04 ilarm 2 type selection J|N|:| alarm action

HE alarm infarmation

Communication information

|Heater burnout alarm 1 zetting [20.04] J| 0004

|Eu:ummuniu:atiu:un port | COrA i
|Eu:urnmuniu:atiu:un prr | T |Heater burnout alarm 2 zetting [20.04) J| 0.0 A
|D'ata hit, Parity bit | 7.EVEN
|Stap bit | 1
|In$trument nurmber | 1
|Eu:urnmuniu:atiu:un protocol | b odbuz A5CIH
Trace standby
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. ) Panasonic
KT Monitor fur KT4H ideas for life

Sampling and trend monitoring of PV, SV, MV1 and MV2

1% KT Monitor

FilefFy Online{) Settingfy Help{H)
el e el | Trace display
200
-
~
100 I— J
ITI'EICE rLn
0 | Stop |
] 1 2 3 4 5 & 7 B 9 10 Min
Pl 118 s | 1200 MV 1000 M2 0o
S " d . File narme for zaving logaing data
ave a ata in . |F:'\WDrk'\MDnitDr_su:uft'\F'F!T'l142_KT b onitor_wfin_+<P_J\Loggings2005_2 16 20 11_10.cav
CSV-formatted files
Ok | Logging Trace run
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Panasonic
Exam [ ) | el ideas for life

Multidrop communication with a programmable logical controller (PLC)

FPZ PLC

with FPG-COM3 communication cassette

00000000 00000000 q

C» - *ooo |

Standard ASCII or Modbus ASCII Protocol

pOo00000d OoO00o0od

Up to 31 units can be connected

Lex May 2006
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Example 2

Panasonic

ideas for life

Multidrop communication with a Personal Computer

PC

_______________
ot | n sy |

;;;;;;;;;;;

ADAPTER e =
OFF

Converter
RS232 — RS485 RS-485

with RS-232 Interface

Standard ASCII, Modbus ASCII, or Modbus RTU Protocol

UT
MODE

@@@a @@@3
KT4 KT4 KT4
/\ /\ /\_ 4

e.g. AFP8532J

Up to 31 units can be connected
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