PMA ProzeR- und Maschinen-Automation GmbH PMA

KS 98 and KS 98plus
Multi-function unit

| #] IIEIS: Trend Intedrator |
| |

B ()
| gV o=
& CEE 51,19
[ I
— T Lt:ff/l

N —

T5.D TE.D o M

@ TS.H I TE.H —Ci\ !
T5.Mi| | TE.Mi —

mL
imH
=d

| |
o .

Functional description
9499 040 50611

Valid from: 8474




Symbols on the instrument

c E EC-conformity marking

A Caution, Follow the operating instructions!

All rights reserved. No part of this document may be
reproduced or published in any form or by any means
without prior written permission from the copyright owner.

A publication of:

PMA ProzeB- und Maschinen-Automation GmbH
P.0.Box 310 229

D-34058 Kassel

Germany



Content

10.

Description . . . . . . ... ... e e 1
1.1 Construction. . . . . . . 7
Importanttechnicaldata . . . . ............... ... ... ... . .. ... ... 9
2.1 Analog inputs — sections3and 6.9 . . . . . . ... 9
22 Digitalinputs. . . . . . 9
23 Outputs > section B.10. . . . . . . . 9
24 Control oUtpULS . . . . . o o o e 9
25  Supplyvoltage. . . ... 9
26  Further"modular’in-andoutputs. . . . . . . . . .. .. 9
2.7 Further external in-and outputs . . . . . .. .. ... ... 9
Versions . . . . . . ... e e e e e 1"
3.1 I/0-modules - for units with modular optionc basiccard . . ... ................... 1
Frontview . . . . . ... . . e e e 13
Mounting. . . . . ... .. . e e e 15
Electrical connections. . . . . . . . ... ... .. .. . ... e 17
6.1 Safety hints. . . . . .o 17
6.2  Electromagnetic compatibility . . . . . . ... ... 17
6.3  Measurement earth (for grounding interference). . . . .. ... . ... ... ... L. 17
6.4  Connecting diagram. . . . . . . . . o . 17
6.5  Analoginputs (— connecting diagram) . . ... ... ... . ... .. 19
6.6  Versions with integrated supplyvoltage . . . . . . ... ... ... ... 20
6.7 Digital inputs and outputs (r connecting diagram). . . . ... ...... ... ... . ... . .. ... 20
Menu. . . ... e e e e 21
7.1 Short-form dialogue. . . . . . . . L 21
7.2 Complete dialogue. . . . . . . .. 22
7.3 Selection (switch-on and operating pages) . . . . . ... ... ... 22
74  Language selection . . . . . . ... 23
15 Selection (other pages). . . . . . . . . ... e 23
7.6 Adjustingvalues. . . . .. .. 23
7.7 Calibrating . . . . . . 24
7.8 Operatingmodes . . . .. .. . 24
Maintenance . . . . . . . .. . . . ... e e 25
8.1 Behaviourincase oftrouble. . . . . . . . . ... 25
8.2  Shut-down . . . . ... 25
83  Cleaning . . .. ... . e 25
8.4  Furtherinformation . . . . . . . . .. 25
Scaling and calculating functions . . . . . ... ....................... 27
9.1 ABSV (absolutevalue ). . . . . . . . . 27
9.2  ADSU(addition/subtraction) . . . . ... ... . . 28
9.3 MUDI ( Multiplication / division ) . . . . ... .. ... . . .. 29
9.4  SQRT(squarerootfunction) . . ... ... .. . . . . e 30
95  SCAL(scaling) . .. ..o 31
9.6 T0EXP (10s @Xponent) . . . . . . o o ot e 32
9.7  EEXP (e-function) . . . ... ... 33
9.8 LN (natural logarithm). . . . . . . . . e 34
9.9  LG10(10s logarithm). . . . . . . ... 35
Non-linearfunctions. . . . . ... ... ... . .. ... .. e 37
10.1  GAP(dead band). . . . . . . . . . . 37
10.2 CHAR(functiongenerator) . . . . . . . . . . . . 38



11. Trigonometricfunctions. . . . . . . .. . ... ... ... . . .. . . e 39

11.1 SIN(sinusfunction) . . . . . . . ot 39
11.2  COS(cosinus function) . . . . . . . . . 40
11.3  TAN (tangentfunction) . . . . . . . . . . M
114 COT (cotangentfunction). . . . . . . . . . . . ... . e 42
11.5  ARCSIN (arcus sinus function). . . . . . . . . . . i 43
11.6 ARCCOS (arcus cosinus function). . . . . . . . . . . . . 44
11.7  ARCTAN (arcus tangentfunction). . . . . . . .. . . . ... 45
11.8  ARCCOT (arcus cotangentfunction) . . ... ... ... ... ... . . . . . . . ... 46
12. Logicfunctions . . . . . . . . . . . .. . e 47
121 AND(AND gate) . . . . . oo 47
122 NOT(inVErter) . . . . . o e 48
123 O0R(ORgate) . . . . . . e 49
124  BOUNCE (debouncer). . . . . . . o 50
125 EXOR(exclusive ORgate) . . ... ... . . . . . . .. e 51
126 FLIP (Dflipflop). . . . . . oo 52
127 MONO (monoflop) . . . . . . . . e 53
12.8  STEP (step function for sequencing) . . . . . . . . . . . . 55
129  TIMET(HIMer). . . . . . 57
13. Signal converters. . . . . . . . . . . . i e e e e 59
13.1 AOCTET datatype COnVersion . . . . . . . . . v v it e e e 59
13.2  ABIN (analog <> binary conversion) . . . . ... ... ... 65
13.3  TRUNC (integer portion) . . . . . . . . 67
13.4  PULS (analog pulse CONVEISION). . . . . o v vt e e e 68
13,5 COUN (up/down counter). . . . . . . . . e e e e e e 70
13.6 MEAN (meanvalue formation). . . . . . . . . . . . 72
14, TIMe fUNCtIONS . . . . . . . ot e e e e e e e e e e e e e e e e e 75
141 LEAD (differentiator ). . . . . . . . . . 75
14.2 INTE(integrator) . . . . . o oo 77
143 LAGT(filter) . . . . o e 79
144 DELAT(delaytime ). . . . . . o 80
145 DELA2(delaytime ). . . . . . ... e 81
14.6  FILT (filter with tolerance band ) . . . . . . . . . . . . . . . 82
147  TIMER(timer ). . . . . 83
14.8  TIMER2 (timer) . . . . o e e 84
15. Selectingandstorage . . . . . .. ... ... .. ... ... e 85
15.1  EXTR (extremevalue selection) . . . . . . . . . . . o i e 85
15.2  PEAK(peakvaluememory). . .. ... . . . . . e 86
15.3 TRST (hold amplifier). . . . . . .. . 87
15.4 SELC( Constantselection ). . . . . . . . . . . 88
15,5 SELP(parameterselection). . . . . ... .. .. . . ... .. 89
15.6  SELV1(variable selection) . . . . . . . . . . . . . 90
15.7  SOUT(Selectionof output) . . . . . . . . 91
15.8  REZEPT (recipe management) . . . . . . . . . .. . . . . e 92
15.9 20F3 ( 2-out-of-3 selection with mean value formation) . . . . . ... ... ............. 94
15.10 SELV2( cascadable selectionof variables) . . . . . . . ... .. ... . . ... .. 96
16. Limit value signallingand limiting. . . . . . ... ... ... ... ... .. .. ..... 97
16.1  ALLP ( alarm and limiting with fixed limits ) . . . ... ....... ... ... ... ... ....... 97
16.2  ALLV ( alarm and limiting with variable limits ). . . . . . ... ... ... ... ... .. ........ 99
16.3  EQUAL(comparison) . . . . .. . . 101
16.4 VELO (rate-of-change limiting). . . . . . . .. . ... . ... . . 102
16.5 LIMIT (multiple alarm) . . . . . .. . . 103
16.6  ALARM (alarm processing) . . . . . o o 104



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Visualization. . . . . .. .. ... . e e 105
17.1  VWERT ( display / definition of processvalues ). . . . .. ... .. ... ... .. .. ...... 105
17.2  VBAR(bargraphdisplay). . . . . . .. .. . 107
17.3  VPARA (parameteroperation ). . . . . . .. .. . . . i 109
174 VTREND (trend display) . . . . .. . . .. e m
Communication . . . .. ... ... ... ittt e e 113
18.1 LIREAD (readlevelldata). . . .. .. ... . . . . e 113
18.2 LIWRIT (writelevell data ). . . . . . .. . . . 114
18.3 DPREAD (readlevell datavia PROFIBUS ). . . . . . .. .. .. .. . . .. . . . . . .. ... 115
18.4 DPWRIT ( write levell datavia PROFIBUS ) . . . . . . .. . . . . . . . .. . . . . . .. . ... 116
KS98+ 1/0 extensions with CANopen. . . . . ... ..................... 117
191 RM 211,RM212 and RM213 basicmodules . . . . . . . . . . .. ... . .. . . 118
19.2 C_RM2x (CANopen fieldbuscoupler RM 201). . . . . . . .. . ... .. .. . . . . . ... . ... 119
19.3 RM_DI(RM 200 - (digital inputmodule) . . . . . ... ... ... .. 120
19.4 RM_DO (RM 200 - digital output module) . . . . . ... ... ... ... ... ... 121
19.5 RM_AI(RM200 - analog inputmodule) . . .. ... ... ... . . ... . . . 122
19.6  Potentiometer connection and calibration. . . . . . .. ... ... .. ... .. ... . ... . ... 124
19.7 RM_(RM200 - analog output module) . . . . ... ... ... ... ... 125
19.8 RM_DMS straingauge module. . . . . . ... .. .. 126
KS 98+ -KS98+ cross communication. . . . .. ... ... ... .. .. .. ..., 129
20.1 CRCV (receive mod. blockno's 22,24,26,28 n0.56) . . . . . . . ... ... .. .. .. . ... .. ... 130
20.2 CSEND (Send mod. blockno.'s 21,23,25,27-No.57) . . . . . ... ... . .. . . .. 131
Connection of KS800andKS816 . . . . . . ... .......... ... .. ... ...... 133
21.1  C_KS8x (KS 800 and KS 816 node function-no.58) . . . .. ... .. .. .. .. ... .. ..., 134
21.2  KS8x (KS 800/ KS 816 controller function-no.59). . . . . ... ... ... .. .. .. .. .... 135
Description of KS98 CAN bus extension. . . . . . ... .................. 137
22.1 CPREAD (CAN-PDO read function) . . . . . . . .. . . . . e 141
22.2 CPWRIT (CAN-PDO write function) . . . . . . .. .. . . 142
223 CSDO CAN-SDOfunction . . . . . . . . i 143
Programmer . . . . . . . . ... e e e 145
23.1 APROG ( analog programmer )/ APROGD (APROGdata) .. ..................... 145
23.2 DPROG ( digital programmer )/ DPROGD (DPROG data). . . . ... ................. 153
Controller. . . . . . . . . . e e e e 159
24.1 CONTR (Controllerfunction with one parameterset). . . . . .. ... ... ... ........... 159
24.2  CONTR+ (Controllerfunction with six parametersets) . . . . .. .................... 160
243  PIDMA . . 161
244 Parameter und Konfiguration fiir CONTR, CONTR+und PIDMA.. . . . . . ... ... ....... 163
245 Smallcontroller ABC . . . . . .. 166
246 Controller behaviour. . . . . . . . .. 169
24.7 Optimizingthe controller . . . . . . . . . . e 181
248  Self-tuning — controller adaptationtothe process. . . . . . . ... ... ... 182
24.9  Controller characteristics and self-tuningwith PIDMA . . . . . ... ... ............. 187
2410 Empirical optimization . . . . . . . . . . e 192
2411 Set-pointfunctions. . . . . . . . . . 193
24.12 Processvalue calculation. . . . . . . . ... 199
Inputs . . . . . e 205
25.1 AINP1(analoginput1) . . ... . .. . 205
25.2  AINP3..AINP5 (analoginputs 3..5). . . . .. ... .. ... ... . ... 211
253 AINP6(analoginputb). . . . . ... ... . . ... 212
254 DINPUT (digital inputs ) . . . . ... ... ... . . . . 216
Outputs . . . . . .. e 217
26.1 OUTTand OUT2 (processoutputs Tand2). . . . ... ... 217
26.2 OUT3(processoutput3) . . . ... .o 218
26.3 OUT4and OUTS (processoutputs4andb). . . ... ... ... ... . . .. 219
26.4 DIGOUT (digital outputs ) . . . . . . . . . 220



2].

28.
29.

30.

31.

Additional functions . . . . . . . .. . . . i i e e e e e 221

27.1 LED(LEDdisplay). . . . . o o 221
272 CONST (constantfunction) . . . . . . . . .. . . e 222
27.3 INFO (informationfunction) . . . . . . . . . .. .. 224
274 STATUS (statusfunction) . . . . .. . . . .. . 225
275 SAFE (safetyfunction) . . . . .. ... . . . . . 221
KS981/0 extensionmodules. . . . ... .. ... ... ... . ... .. e 229
Modular I/0 - extension-modules. . . . ... ........... ... ... . ..... 231
29.1 TC_INP (analoginputcard TC,mV, mA). . . . . . . . . . . . . . . .. 231
29.2 F_Inp (frequency/counterinput) . . . . . . . . .. 233
293 R_Inp(analoginputcard). . . . ... ... . . ... 234
29.4  U_INP (analog input card -50...1500mV, 0..10V) . . . . . .. ... ... . . . ... 236
29.5 |_OUT (analog output card 0/4..20mA, +/-20mA). . . . . . . . . . . ... . . . 238
29.6 U_OUT (analog output card 0/2..10V, +/-10V). . . . . . . . . . e 239
29.7 DIDO (digital input/outputcard) . . .. ... ... . .. 240
Functionmanagement . . . . . . ... .. ... ... ... 241
30.1  Memory requirement and calculationtime . . . .. ... ... ... ... . ... ... . ... 241
30.2  Samplingintervals . . . . . .. 242
30.3 EEPROMdata. . . . .. ... .. . 242
Examples. . . . . . ... e 243
31.1  Useful small engineerings. . . . . . . . . 243
31.2  Controller applications . . ... ... . . ... . 244
31.3  Standard engineerings . . . . . . .. e 245



9499 040 50611

S
1.1

Description

Description

KS98 is a compact automation unit with freely configurable functionality using function blocks.

Each instrument contains a function library from which selection, configuration, parameter setting and combination of
up to 150 function blocks is possible by means of an engineering tool. This permits realization of complex mathematical
calculations, multi-channel control structures and sequencing in one instrument. Various pages are displayed by means
of an LCD (64x128 dots): input and output for analog and digital signals, bargraphs and trends. Communication with
other instruments and systems is possible via an optional digital interface.

HARDWARE SOFTWARE/ENGINEERING HARDWARE
INP3
INP4
di8
di9
di10 OouT3
di11 dob
di12 do6
di3 do1
di4 X ! » do2
di5 i> OptionB > ] > OptionB do3
dgie ¥ | coese y ¥ doa
di7 i } i i 185 Trend Intedrator i | Interface
e i i 1 ‘::::::::::::::::::::j‘
INPT | || o ; ' OUT1
INP5 | R 33 e N U OUT2
INP6 [> Standard D ; TEEEL% (4 . Standard . 0UT4
dilt | ) a = i e
= | IEFTNE

Additionally, the introduction of a CANopen interface completes the basic version of KS98 multifunction unit by

® local I/0 extensibility by means of the PMA RM 200 modular 1/0 system
® connection of PMA KS800 / KS816 multiple-channel temperature controllers with CANopren interface

® on-site data exchange with other KS98+ units (cross communication)

If necessary, connection of further sensors, actuators, transmitters, burner control systems or machine units, etc. with
CANopen protocol is possible.

7 Construction
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2.1

2.2

2.3

2.4

2.5
2.6

2.7

Important technical data

Important technical data

|

nalog inputs — sections 3 and 6.9

INP 1: universal input, configurable for thermocouples, resistance thermometers, tem
perature difference, resistance transducers, DC current and DC voltage

INP 3 and INP4 (option C): DC current, INP 5: DC current and DC voltage

INP 6: resistance transducer and DC current

Digital inputs

Opto-coupler for 24 V DC, current sink to [EC 1131 type 1, logic 0=-3..5V, logic 1=15...30 VV, approx. 5 mA
di1 and di2: in all versions,

di3...di7: in option B,

di4...di12; in option C.

|

utputs — section 6.10
Relay contact rating: 500 VA, 250 V, 2 A at 48...62 Hz

0UT1, OUT2, relay or current or logic dependent of version,
0UT4, OUTS:
0uUT3 (option C): current

ontrol outputs

|

Opto-coupler, grounded load with common positive control voltage, power 18...32 V DC 3 100 mA.
do1...do4: in option B,
do5 and do6: in option C

Supply voltage

90...260V AC, 48...62 Hz, power consumption approx. 10 VA (equipped with all possible options)
For detailed technical data, see data sheet 9498 737 32133.

Further "modular” in- and outputs

Further analog and digital inputs and outputs can be provided on the "modular C card"
— see KS98 1/0-extension modules on page 225 ff

Further external in- and outputs

Further analog and digital inputs and outputs can be connected via CANopen.
— see KS98+ I/0 extensions with CANopen page 117 ff

9 Analog inputs — sections 3 and 6.9
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m Versions

Basic unit

Power supply and
process outputs

Option B

Option C

Engineering

Setting

Orderno/9/4]0[7]-[9] |

standard

with integrated supply voltage

L KS98+ with CANopen I/0

90...250 V AC with 4 relays

90...250 V AC with 2 relays + 2 current outputs
24V UC with 4 relays

| 24V UC with 2 relays + 2 current outputs

no option B

TTL interface + di3...7 / do1...4

RS 422 +di3...7 / do1...4 + real-time clock
PROFIBUS-DP + di3...7 / do1...4

| INTERBUS +di3...7 / do1...4

no option C

INP3/INP 4 /0UT 3 /di8...12 / dob / dob
INP3 "/ INP 4 /0UT 3/di8...12 / do5 / dob
modular option ¢ basic card (not with KS98+)
|___modular option ¢ basic card with modules

single-channel controller (basic unit)
cascade controller
flow controller
program controller
heat-energy counter
| flow calculator

standard setting
setting to specification

Versions

:1) The combination KS98+ (CANopen 1/0) and modular option c is not possible! Either KS98+ or modular option c!
2 INP3: With type = 0...20 mA the input is scaled to -50...1300 mV. If output INP3 shall be used with this scaling,
x0 must be set to -50 and x100 to 1300.

3.1

Plug position

Module type
Analog inputs

Module type-
Analog outputs
Module type

Order no.

Separate order

Fitted on KS98 slot 1 } galvanically

Fitted on KS98 slot 2 connected

Fitted on KS98 slot 3 } galvanically
| Fitted on KS98 slot 4 connected

Pt100 / 1000, Ni 100 /1000, resistance, pot
Thermocouple, mV, 0/4...20mA

| -50...1500mV, 0...10V
0/2..10V, 0..£10V

0/4...20mA, 0..£20mA

" Digital I/0 (universal)

Dig.inputs/outputs

| Frequency/counter input

1

I/0-modules - for units with modular option ¢ basic card

| |- [ ] [1]
6
7
8
3
5
7
9
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
5
0
9
1]

|9|4|0|7|-|9|?|§|-|0|

AR -=O—

A bh W W NN

—_—O = O N =

I/0-modules - for units with modular option ¢ basic card
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m Front view

LED 2 e.g. cooling

J L ) U

) U

Front view

LED 3 e.g. alarm 1

LED 1 e.g. heating oo @ E( 1 I LED 4 e.g. alarm 2
Locking screw I
1858 Trend Intedrator
|00.00
Display e.g. trend
TR T 0.000 Selector key
PC interface al.1% [¥] Increment key (z)
Manual/automatic key r — : | Decrement key (u)
I =
| NS
1

I L

Locking screw: locks the controller module in the housing.
LEDs: indicate the statuses of the LED function (— 219).

Display: LCD dot matrix with (64x128 dots, back lighting). The relevant display is shown in
sections 4 Menus, 6.12 Visualization, 6.14 Programmer and 6.15 Controller.

Keys [2]¥][a]S: The relevant function is described in section 4 Menus.

PC interface: PC connection for structuring/wiring/configuring/parameter setting/operating
with the engineering tool.

U0 O0U

13
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Mounting

Mounting

S 7 967—‘ 96 D.::‘

Wy Al Q\\\

24

[ee]
- / <
~ - 1...16 o 1
D o0D@c 3
185: Trend Intedrator I L%‘
N 92+0,8
| | i N
TEF 751,09 n.%n./?]
max.£60°C _Mmax.
LIt EE A E 95%rel. 2
. . A
96— m min.= 0°C AJ/QA

Mount the unit with min. 2 fixing clamps (diagonally at top and bottom).

Protection type IP65: use 4 fixing clamps. Insert the instrument module firmly and block it using the locking screw.
S.1.L. switch S: its switching status is signalled by function STATUS and can be used in the engineering. After delivery,
the switch is open. For closing, release the fixing screw, withdraw

the instrument module from the housing, close the S.I.L. switch. In-

sert the unit and lock it with the screw.

SIL switches DP: PROFIBUS terminating resistor

Every Profibus network must be terminated. This means that the first
and the last node on the bus must be provided with a terminating re-
sistor.

(— see KS98 PROFIBUS-DP interface description 9499-040-52711).
In KS98, the bus terminating resistor can be activated by 2 SIL
switches (DP). Both switches must always be closed or open (closed
= terminating resistor is active).

SIL switch for CAN: for CANbus terminating resistor,
— see chapter 22

A Take care that the unit is tight!

A
A\

Caution! The unit contains electrostatically sensitive components.

15
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Electrical connections

Electrical connections

A\satety bints _______________

A

AN
A

6.2

6.4

Following the enclosed safety hints 9499 047 07101 is indispensable! The instrument insulation meets standard
EN 61 010-1 (VDE 0411-1) with contamination degree 2, overvoltage category lll, operating voltage range 300 V
and protection class I.

With horizontal installation, the following rule is applicable additionally: with the instrument module
withdrawn, a facility which prevents conducting parts from dropping into the open housing must be provided.

If the unit is switched to off-line, the outputs keep the status from the time of switch-over!!!

Electromagnetic compatibility

The unit meets European guideline 89/336/EEC. The following European generic standards are met:

Electromagnetic radiation: EN 50081-2 and Electromagnetic immunity: EN 50082-2. The unit is suitable for use in indus-
trial areas (in residential areas, RF interference may occur). The electromagnetic radiation can be reduced decisively by
installing the unit in a grounded metal switch cabinet.

Measurement earth (for grounding interference)

Interference voltages, e.g. high-frequency interference, acting on the unit from outside may cause functional
trouble. For grounding the interference voltages and ensuring interference suppression, a measurement earth
must be connected.

Terminal A11 must be connected to ground potential by means of a short cable (approx. 20 cm, e.g. at control
cabinet ground)!

This cable must be kept separate from power supply cables. On instruments with current outputs at OUT1 and
OUT2 proceed accordingly with terminal P13.

Connecting diagram

® Power supply cables must be kept separate from signal and measuring cables.
®  We recommend using twisted and screened measuring cables (screening connected to measurement earth).

® Connected motor actuators must be provided with protective circuitry to manufacturer specifications. This
avoids high voltage peaks, which may cause trouble to the instrument.

® The units must be protected with a fuse individually per unit or in common according to a max. power
consumption of 10 VA (standard fuse ratings, min. 1 A)!

17 Safety hints



Electrical connections

In measuring and signal circuits, the max. potential against ground may be 50 Veff,
Between power supply circuits, the max. potential may be 250 Veff.

—

|
i
L]

QUT5

<500VA, <250V, <2A

ouT4

OUT?2

—t— —— ——

+
0/4...20mA

OuUT?

<500VA, <250V, <2A

_L_ |
!
0/4...20mA:

24V +
di 8 (+) _|
di9(+) _|
di 10 (+) _|
di 11 (+) _|
di 12 (+) _|
dob _|
do6 |
GND |
+_|
0/4..20mA _ |

+ ]
0/4..20mA _

INP4
INP3

{
{

{ 0/4...20mA

+ |

QUT3

(D Nur bei Geraten mit Transmitter-Speisung

O 4O Ol wWwN -

JEEN NN NN
Ol O N — Ol

16

(Option) O

9

A T

il
T
+_ 4
/ 5
/oderB
“‘or/ou

Q@
\
\\ 10
o1
P
13
T
15

7
8
9

—
(@p]

—_

(Option) oo

(1D For instruments with built-in transmitter power supply
(D Seulement pour les appareils avec alimentation transmetteur

9499 040 50611
—]-dic) PCBA B A
—diT (+) SREIHRE R E
o0 EREE
—t— 4 Volt = BENENE BNERE
——+mA }INPB sEIEEE N T E
=~ Volt/ mA =515 INTERBUS
——— ) 100% )
T%ﬂ% : - [INP6
I | 0/4..20mA |
' +
—_—1 L
— | (.
— .|
' , , , ! +Volt
N BT e R N TV
v
—_— ' ' £ 100% )
a b c d e f
24\
S N
—t i 3(+)
-1 did(+)
=1 di5(+)
—1— di6(+)
——tdi 7 (+)
——t—d0 1
m=1—do?
m—1—do3
=1 do4 o
"‘. HRXDB ! PV VP
L  GND | 'GND | GND
" RDA ' TRE  RxD/TxD-N
\ "'\ TXDB | [DATAB 'TXD !RxD/TxD-P
——Tm " DNAA [RD |
— RS422! RS485 'TTL ' PROFIBUS -DP

* with 24V DC / AC connection of the protective earth is also necessary, the polarity it is uncritical.
For devices with modular option C see according chapter

Connecting diagram

18
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6.5

A\

Electrical connections

Analog inputs (— connecting diagram)

Thermocouples (a)

No lead resistance adjustment is necessary.

Internal temperature compensation: the compensating lead must be taken up to the instrument terminals.
INAINP1STE = int. TC mustbe configured.

External temperature compensation: use a separate cold-junction reference with fixed reference temperature. The com-
pensating lead is taken up to the cold-junction reference, whilst the lead between cold-junction reference and instru-
ment can be of copper.

INAINPT 5TE = ext.TC andwith TEref = the reference temperature must be configured.

Resistance thermometer Pt 100 in 3-wire connection (b)

No lead resistance adjustment is necessary, provided that RL1 = RL2.

Resistance thermometer Pt 100 in 2-wire connection (c)

Lead resistance adjustment is necessary: make Ra equal to RL1 + RL2.

Two resistance thermometers Pt100 in difference connection (d)

Compensating the lead resistances: proceed as described — 24 .

b C .
RL1 = RL2 ) xeff = 91 - 92
| RL1 RL2 ! RL1 Ra=RLI+RL2  Ri2 | @ Rig RL2 !

V1 02

LA T Ny T

Resistance transducer (e)

Calibrating the measurement: proceed as described —24 .

Standard voltage signals 0/2...10V (g)

Input resistance: > 100 k€2, Configure scaling and digits behind the decimal “ N P5‘ “ N P5\

point. INP5 is a difference input, the reference potential of which is connected Volt

to terminal A9. With voltage input, A6 must always be connected with A9. A — + Vo
| -mA | - \Volt

Standard current signals 0/4...20 mA (f)

W oo N o Ol
W oo N o ol

Input resistance: configure 50 [, scaling and digits behind the decimal point.

Supply voltage -50...1300mV DC

(only INP3 on instruments with order no. 9407-9xx-x2xx1):

With type =0...20mA, the input is designed for -50...1300 mV. For using the INP3 output with this scaling, set x0 to -50
and x100 to 1300.

Inputs INP1/ INP6 are interconnected. This must be taken into account, if both inputs must be used for standard
current signals. If necesary, a galvanic isolation must be used.

19 Analog inputs (— connecting diagram)
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X J@Versions with integrated supply voltage

The potential-free supply voltage can energize a 2-wire transmitter or max. 4 control inputs. The output connections
can be selected with 3 S.I.L. switches:

Connections U * O Remarks

14+) 12(-) T open closed  Only available, if INP1 is configured for current or thermocouple
4(+#) 1() D closed open  The voltage input of INP5 is not available

Energization of digital inputs (e.g. dil...di4)

1 ]A B[],
2 1) * B
=it | a3l |, %
A 2 T bl
A

2-wire transmitter connection (e.g. INP1)

Factory setting: D =T, @ = open, O = closed (T). A

The unit must be withdrawn from the housing for changing ,__1 (12) A
the switch positions. 2 (1) N
The S.I.L. switches are located on the circuit board shown right.
13 _ INP1
*If A14/A12 is used for di1/di2, A12 must be connected with A1 s s

Digital inputs and outputs (r connecting diagram)

The digital inputs and outputs must be energized from one or several 24 V DC sources. The current consumption is
5 mA per input. The max. load is 0,1 A per output. Examples:

Digital inputs (connector A) Digital inputs and outputs at one voltage Digital inputs and outputs at two voltage

source (e.g. connector B) sources (e.g. connector B)

o '?‘ (=) 1 [ 1] (=)
— 24V
24V (ext.) Y 24V (ext.1) 2 H] [I] 2 (ext.2)
(+)[imax 5mA_GiT[ 3 (+)[imax. 5 ma_ 3] 3 IR . il (+)
Imax. 5mA  dI'Z _Imax.5mA/d|4__4|_ f 34 <[<J<]=<
[imax. 5ma_ @1f 5 S mEEEE
|imax. 5ma 9" 9 & £ = HEEE
Imax. 5mA_. A" 7] 7. g |do
4 Qg [do?
4_ 10 do3
10 11 do4
]J_ L~
]

Versions with integrated supply voltage 20
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Menu

The instrument operation is menu-guided. Distinction between complete dialogue and short-form dialogue is made. In the com-
plete dialogue, the main menu with its sub-menus is shown so that all permitted settings are selectable. In the short-form dia-
logue, the main menu is switched off so that accidental access is prevented. In this case, only the operating page menu with the
permitted operating pages is selectable. The short-form dialogue is available from operating version 2.

A Short-form dialogue

Available from operating version 2. The main menu is switched off via interface (m—hide) or function STATUS (
m—hiide). The operating page menu with the permitted operating pages is selectable. Selecting, marking lines and adjust-
ing values are done as described further down in this manual.

ash Y
Level 1 data 1862 Block? 1868 Elock?
183 COMTR Zonel gonel = V5@ °C
A || 163 Elockl Zonez = 936 °C A || Zrel s
1858 Product ganel = 11 m3<h Zanel = 11 m3sh
Zoned = B mah Zone? = B mah
v ke Total = 17 m3<h v Total = 17 mih
Total = 418 3 Total = 418 3
o/
When pressing key M during > 3 s, a user menu is shown, which is Arendermnenl
different dependent of instrument version (standard / real-time clock
/ PROFIBUS): Ihfo
Line Irifa: hardware order no., software order no., software ver-
sion and operating version. Arwendermenil
Line Drat.es t.ime:display and adjustment of date and time. _
Line St.atus PROFIEUS: bus access, parameter setting, Datum, Uhrzeit
configuration and data communication status. Info —

Arwendermenil

Info
St.atus PROFIEBLS

21 Short-form dialogue
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[l Complete dialogue

A main menu for selecting the sub-menus, which can be used for selecting an instrument and application-dependent

number of pages.
Sub-menu

Page contents

Level 1 data

The operating pages of VWERT, VPARA, VBAR, VTREND, APROG, DPROG, CONTR and
CONTR+ are shown: display and adjustment of operating values.

For each function used, which has adjustable parameters a separate page is

Farameter prepared: parameter display and adjustment.
10 data There is a separate page for each used function:

Input and output data display.

There is a separate page for each used function, which must be configured:
Configuration configuration data display and adjustment. For changing a configuration, the

instrument must be set to ‘offline’. (r operating modes).

Miscellaneous

Page [rat.e: Time: date, time display and adjustment. @

Page Devrice dat.a:interface, mains frequency, language display and adjustment.
Page Onl ine~0FF 1 irne: onlineioffline, configuration cancelation.

Page Cal ibrat ion: Display and calibration of signals to be calibrated.
Page Inf'a: hardware, software order no., software version no. display. *
Page St.atus CRAM-EBLS: State of eventually connected CAN-Nodes. O
Page St.atu= PROF IBLS: bus access, data communication status display. @
Page St.atus THTERELS: bus access, data communication status display. (5)

Only with option B with built-in real-time clock

The operating version is also displayed from operating version 2
Only KS98+ (with CAN 1/0 extension (see page ))

Only with option B with PROFIBUS

Only with option B with INTERBUS

Prior to operating version 2 K5398: was displayed additionally in the headers of main menu and five

sub-menus. Example K595

main menu

Selection (switch-on and operating pages)

After power supply switch-on, logo andMairn meri wait ! followed by the sub-menu during some seconds
are displayed. Unless a selection is made during this time, the first operating page entered in the sub-menu without
marked line is displayed. At each pressure of | /[¥] a line (inverted display) is marked. When the page without marked
line is reached again by pressing keys | /[¥], return to the sub-menu is possible by pressing key []. When the Erid is
reached by pressing keys [a] / D, return to the main menu is possible by pressing key [&].

Main menu

Ear‘ame EEF‘

140 data
Confiauration
Mizcellaneous

(on ¥ T

Level | data 182: Intearator surw. 182% Intearator suru,

H SLP, IntIne = 26.88 [%] W
Wit Barararh vert. IntOut = 53,68 [X] ntlut = 23, a
184: Barararh hor. Intearation ur Integration ur

1653% Trend Intesrator Bar9.2 = 58,88 [%] Bars.2 = 58,88 [X]
182: Proaranm disital LEDT aoff LEDE off

111% Prosramm analos LEDd on LEDd on

nLearator

Keys [a] / D scroll the marked line up to the menu start or down to the menu end. When pressing the key again, the
marked line jumps from the start to the end or vice versa.

Complete dialogue

22
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7.4

7.5

7.6

Language selection

English: mark Al l1gemeine Datenr Geratedaten - Srrach = deutsch.
Press M: deut.=ch blinks. Press[a]: erial i=h blinks. Press M: Mairn merid is displayed.

German: MarkMiscellaneous —» Device data— Lanau. = enalizh,
Press[@): eral i=h blinks. Press D: dewt.=ch blinks. Press (@ Haurt.meni is displayed.

Selection (other pages)

In the main menu, select the sub-menu (inverse display) with [a]¥] and display it with [©)]. In the sub-menu, select the
page with [a]¥] and open it with [3)]. The first line is marked (inverse, — value adjustment). When the Ericd is reached
with [a][¥], returning to the sub-menu is possible with M. When the Etid is reached with [a]¥] in the sub-menu, re-
turn to the sub-menu is with M.

= e =

Example: Parameter

Main menu Paramet.er @93: CONST  Farameter
A Lewel 1 data A @252 LED A W
Conf i aumation 161 IMTE E E - ESE%
v Mizcellaneousz v 1628 Intesrator sury, \ 4 L5 = &, BBE
183: Barararh wert, (I = A, BEE

LC’—Ende LQ— Ende

ID scrolls the marked line to the menu start or end. When pressing again, the marked line changes from the start to the
end, or vice versa.

Adjusting values

Values in marked lines of pages can be adjustable. Mark the required line or variable by pressing [a]¥] (inverted dis-
play). When confirming the value with M, it starts blinking and can be adjusted with [a[¥]. When reaching the required
value, it must be confirmed with M. Subsequently, another page can be marked with [a]¥].

Example: Bargraph vertical

Example: Parameter CONTR+

1632 Barararh vert. U HNER 112 COMTR+ Parameter 000000070
IIqu{n|:.n|1 mn?ﬁuss2 % HEZ 6= 1eE N\ z lz‘
o ez u uu%—IE BN 00 v

23 Language selection
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[A/ACalibrating

Select (a]¥]) and open (S)]) Miscellaneous — Cal ibrat.iom. Select the bottommost line by pressing [4] (in-

7.8

Calibrating

verted display, e.g. Fhiait.). Then continue as follows:

Transducer input (INP1 or INP6)
Calibrating the transducer start and end:

(1) Set the transducer to start (r section operating modes)

@ Press[@ — it blinks #*

®) Press[a] — Set. B blinks

@) Wait until the input has settled (min. 6 s)

®) Press — B% done is displayed

(B) Set the transducer to end (— Section Operating modes)
@ Pressl@  — B% done blinks

(8 Press[a] 3x — Set. 188X blinks

(9) Wait until the input has settled (min. 6 s)

Press — 188X dorne is displayed

Calibration is finished.
For leaving the calibration press [¥] until nothing is
marked and press M.

2 Resistance thermometer in difference (INP1)
Calibrating the lead resistance effect:

() Short-circuit the thermometer in the connecting
head

() Press — @it blinks*

®) Press | — Set Dif blinks

@) Wait until the input has settled (min. 6 s)

® PressM  — Cal dane isdisplayed

Lead resistance adjustment is finished.
Remave both short circuits. For leaving the calibration
pressD until nothing is marked and press [,

# |f another word blinks, key [a] or D must be pressed, until the required word blinks.

Operating modes
(1 Online/Offline

For configuration changing, set the unit to ‘Offline’ and back to ‘Online’

(Mizcellaneous, Online-0fFline).

( Manual mode/automatic mode

When using controllers, it may happen that automatic or manual mode is requested by
several units. The controller leaves the manual mode, when all control signals request

automatic operation.

Example: INP6 is provided for transducers and connected accordingly (position feedback).
When this input is calibrated, the controller can be switched to manual mode on the
calibrating page (by means of [2], Man. is displayed on the bottom left). Now, pressing [a]
and [ to mark line % and pressing | /[¥] to drive the actuator to its limits is possible. After
calibration, the manual mode must be switched off again on this page. (press [£]).

24
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8.1

8.2

8.3

8.4

Maintenance

Maintenance

Behaviour in case of trouble

The unit is maintenance-free. In case of trouble, the following points must be checked.

The unitis in on-line mode.

The supply voltage is connected correctly with correct voltage and frequency.

All connections are in correct condition.

Sensors and motor actuators operate correctly.

The used engineering is the required one and is 0.K.

The unitis configured for the required operating mode.

The adjusted parameters generate the required effect.

If the unit does not work perfectly after these checks, shut it down and replace it. A defective unit can be sent to the
supplier for repair.

Switch off the supply voltage completely and protect it against accidental operation. As the unit is mostly connected in
the same signal loop with other instruments, measures against the occurrence of undesired operating conditions due to
the switch-off effects must be taken.

Housing and front panel can be cleaned using a dry, lint-free cloth. Do not use solvents or cleaning agents!

Further information

Order no.
For a structured single-channel controller operating instructions 9499 040 51001
For a structured cascade controller operating instructions 9499 040 51101
For a structured flow controller operating instructions 9499 040 51201
For a structured program controller operating instructions 9499 040 51301
For a structured heat energy counter operating instructions 9499 040 51401
For a structured flow calculator operating instructions 9499 040 51501
For the engineering tool operating instructions 9499 040 45741
For the digital interface (IS01745) interface description 9499 040 45111
For the PROFIBUS interface description 9499 040 52711
For the INTERBUS interface description 9499 040 57011
Engineering manual manual (in preparation)

25 Behaviour in case of trouble



Maintenance 9499 040 50611
1

Further information 26
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m Scaling and calculating functions
9.1 LUMAELTINCREINTY)

ABSY

y,=|a-x,+ao|

The absolute value of a number is the number without polarity sign.

Input variable =1 is multiplied by factor & (parameter). Now, constant i is added. The absolute value of the result-
ing value is formed and output at =1 .

Example:

91=ABS(aexl+al@) a=5 x=1=2 aB@ =45 resultsin =21=15
9l1=ABS(@exl+al@) a=5 x1=2 aB@=-20resultsin =41=10

Parameter Description Range Default
a Multiplication factor -29999...999 999 1
ah Offset -29999...999 999 0

27 ABSV ( absolute value )
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ADSU ( addition/subtraction )

— KA
:ig |

—l X 4

ADSL
! — 3 | :
| X2 |
— -
' 3 vl
! IECH !
X .
,.x4 * |
: — d | '

y,=a-x,tb-x,+c-x,+d-x,+y,

Input variables =1 . x4 are multiplied by factors &...d. Constant'2H is added to the sum of evaluated inputs. Value
“0" is assigned automatically to unused inputs.

Parameter Description Range Default
H.aad Multiplication factors -29999...999 9990 1
=15 Offset -29999...999 999 0

ADSU ( addition/subtraction ) 28
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CIIMMUDI ( Multiplication / division )

— KA
—a X2 A
— X2
W LIT
X1 (@) A |
— ¥ —® .
;2 HE.BA*B \/1i
—2 | % +) f o
| b | ke | |
_>IX3_ * f.i.\ C ;
. — ¢ |~ ca .
y_A-B_ (a-x,+a,)-(b-x,+b,)
=

c c-x;+c,

Input variables 1 .3 are multiplied by factors &, kv, .. The relevant constants a8, b, ¢.H are added. The out-
put variable corresponds to the product.

Value “1" is assigned automatically to unused inputs. .
With divisions by “0" (C =iz * %3 + &8 = 0) output'41 issetto 1.5 10" .

Parameter Description Range Default
Seaal Multiplication factors -29999...999 999 1
ad,. . ca Offset -29999...999 999 0

29 MUDI ( Multiplication / division )
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9.4 NUHNEEICHGIIE (TR

— X N
SQART
<1 M o~ = ~ v 7
— 1 * V o
. ' 1
v La | [ a8 [ wB |

Constant aH is added to input variable =1 multiplied by &. The result is subjected to square root extraction. Constant
4B is added to the result of square root extraction.

If the expression under the root is negative, the square root expression is set to 0. As a result: a1 = 0.

If the input is not connected, this is interpreted as %1 =0.

Parameter Description Range Default
& Multiplication factors -29.999...999 999 1
aA Input offset -29999...999 999 0
“'E Output offset -29999...999 999 0

SQRT ( square root function ) 30



9499 040 50611 Scaling and calculating functions
- -

9.5 NWANELEITT]]

SCAL

y1=(a'xl+ao)Exp

Input variable x 1 is multiplied by factor a and added to constant &,
The result (2 w1 +a8) is set to the power ExF.

If 21 is not used, this is interpreted as x1=0. With ExF = 0 SCAL outputs 1.

Parameter Description Range Default
E Multiplication factor -29999...999 999 1
ae Offset -29999...999 999 0
ExF Exponent 7.7 1

31 SCAL ( scaling )
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CX:JM10EXP (10s exponent)

—l X 1 A=
10EXP
;X’I x1 Y1:
—> 10 >
1
o e e e e i 1
y, =10 .

Input value x 1 is calculated according to formulay, = 70 * and output at the 41 output.
An unwired =1 is interpreted as %1 =0 (in this case'21 is 1).

If the value at input x 1 is higher than 36,7, an overflow may occur. In this case, output'21 issetto 1.5, 10" rather
than forming the power.

2y Note:

10EXP is the reversal function of function LG10.

10EXP (10s exponent) 32
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9.7 [H3GACE{TIRT)]

o h e et e et e e s e o e e e e e = =

The e-function is calculated. .
If input signal x 1 is higher than 85, there may be an overflow. In this case,’ 91 =1,5,, 10" is output rather than form-
ing the power.

If 1 is not wired, this is interpreted as *1 =0and thusas=1 =1.

2 Note:

EEXP is the reversal function of function LN.

Examples:

With an input value of %1 =5, output value 21 = 148,413159.
With an input value of 1 =0,69314718, output value 41 = 2.

33 EEXP (e-function)
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CE:JMLN (natural logarithm)

______________________________

y,=In(xl)

The natural logarithm of input variable x 1 is formed.
The basis of natural logarithms is constant e (2,71828182845904).
If =1 is not wired, this is interpreted as 1 = 1. In this case =1 is 0.

With a negative input variable 1,21 =-15,, 107 is set.

%, Note:

LN is the reversal function of function EEXP.

Examples:

The result of input value %1 =63 is an output value of 91 =4,143134726.
The result of input value 1 =2,71828182845904 is an output value of 91 = 1.

LN (natural logarithm) 34
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Scaling and calculating functions

CXC ML G10 (10s logarithm)

— % A
LG10
_] ___________________________ 1'.
—> log,, LN
. 1
L
y,=log ( x1)

The common logarithm of input variable x 1 is formed.
LG10 provided the logarithm of a number to base 10.
If 1 is not wired, this is interpreted as 1 = 1. In this case, 21 is 0.

With a negative input variable 1,21 =-15, 107 is set.

%, Note:

LG10 is the reversal function of function 10EXP.

Examples:

The result of input value =1 =63 is an output value of =1 =1,799340549.
The result of an input value x1 =2,71828182845904 is an output value of 41 =1.

35

LG10 (10s logarithm)
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LG10 (10s logarithm) 36
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m Non-linear functions
10.1 [tLUHCEELREDT))

— A
GAP
I y . :
1 y =x-High v,
! y =x-Low X :
| 1
! Low | [High
| 1
y, =xI—L bei x1 <L
y, =0 bei x1=L..H
y, =xI—H bei x1>H

The range of the dead band is adjusted with parameters Low (lower limit) and High (upper limit). If input value %1 is
within the dead band (Low <1 <High), output value a1 =0. If 1 is not used, this is interpreted as % 1= 0.
Example:

In the following example, -10 for L and 50 for Hiah was used.

Input=1 Output=1
100 50
20 40
30
20
10
20 Q T T ¢ ’ ’ 1
g0l 2.3 4 76 7T 8 9 0 M 12 13 14 15 16 17
Q T T T T T T T T T 1
7 8 e 10 1 12 13 14 15 16 17 .20
220 : H : H . .
-30
-40 -40
-60 -50
Parameter Description Range Default
Low Lower limit value -29.999...999 999 0
High Upper limit value -29999...999 999 0

37 GAP (dead band)
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L[ 2CHAR (function generator)

CHAR

, |
1 1
| ;x1 y1I
| ‘ ‘ |
! w1l [ w2 |ee =11 %] !
1 1
g Sea <10) !

With max. 11 adjustable value pairs, non-linear functions can be simulated or linearized. Each value pair comprises input =€ 1 2
and output= % 1 . The number of value pairs is determined using configuration parameter &3 (number of segments +1 corre-
sponds to the number of value pairs).
The value pairs are connected automatically with straight lines so that each input value =1 provides a defined output
value 1.

If input value 1 is smaller than parameter =¥, 1 , the output value is equal to the value of 9. 1 .

If input value 1 is higher than the highest parameter = ¢ 113 the output value is equal to the corresponding 2 & k1
value.

During entry of the configuration parameters, the condition is that the assigned values stand in ascending order
(lldy <l < <x110)

Configuration Description Range Default
Ses Number of segments 1..10 2

¥t12...%112  |nputvalue for curve point -291999...999 999 0..10*
gila. 0110 Qutput value for curve point -29 999...999 999 0..10%

*Ofor=€1l2and=aC1la 1for=e2r andaC2y 10forx=€11x andat112,

Unless one CHAR is sufficient, the following tip might be helpful:

ADSU

whereby x10 of CHAR | = x1 of CHAR Il and x11 of CHAR | = x2 of CHAR Il

CHAR (function generator) 38
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m Trigonometric functions
(EKQSIN (sinus functon)

et e et e = s = e = =

y, = sin( xI)

The function provides the sinus of the input value, i.e. %1 is the angle the sinus of which is calculated.
Parameter == 1 ct. is used to adjust, if the angle is provided in degree of angle [°] or in radian.

The calculéation clarity can be reached by limiting the input signal (e.g. to the 1st or 4th quadrant
(_90°/+ /). Internal limiting is not provided. If input valusg #1 is out of the range in which the sinus function can
still provide purposeful values, output'a1 issetto 1,510,

Example degree of angle:

al=sin(=l) x1 =30° = 421=05

Example radian:

91=sin(=1)=1 =90rad = w41 =0,89399666

Parameter Description Controller display

celect Un!t: degree of angle (default) |:|I"|‘El.. dea
Unit: radian Fadian

1 rad = 180°/m = 57,296°
1°=m/180° =0,017453 rad

Control with the pocket calculator:
The function for the calculation in "rad" with the pocket calculator is limited to e.g. +8 7.

— 90/ =28,6479:sin (0,6479° 1) =0,893996664

Also during input in "°" usually a limitation is effective in the pocket calculator (e.g. < 1440°)!

39 SIN (sinus function)
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M IVARCOS (cosinus function)

—f 1 R =
cos
._X_1 __________________________ ;1]
—_— = —p
: (y1 ) cos (X1 ) Select !
y, = cos( xI)

The function provides the cosinus of the input value, i.e. 1 is the angle the cosinus of which is calculated.
Parameter 2= 1 =t is used to adjust, if the angle is provided in degree of angle [°] or in radian.

Calculation clarity can be reached by limiting the input signal (e.g. to the 1st and 2nd quadrant (0°...180° /0...7t). Inter-
nal limiting is omitted. If input valu%}:l is out of the range in which the cosinus function can still provide purposeful
values, output*a1 issetto 1,510 .

Example degree of angle:

dl=cos(=1) =1 =60° = 4d1=05
Example radian:
gl=cos(=l) =1 =45rad = 91 =0,525321988
Parameter Description Controller display
Select Un?t: degree of angle (default) I:Ir'rs.. dea
Unit: radian Fadian

3" Important: When controlling with the pocket calculator see — page 39

COS (cosinus function) 40
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Trigonometric functions

L P<IMTAN (tangent function)

s A |
TAM
SIRDIETRPIECIPPICPSEL LR o
—_— =
; (y1)=tan(x1) = %»
tan( xI)

valid for xi—90°< X1<+90°(——<X1< 2)

The function provides the tangent of the input value, i.e. =1 is the angle the tangent of which is calculated.
Parameter S 1ec.t. is used to adjust, if the angle is provided in degree of angle [°] or in radian.

For calculation clarity the argument range is ||m|ted to the Tstor 4th quadrant( -90° ..

,90° or - /2 /2). If input value

#1 is out of this range, output =1 -1, w10° (}::1<90[ /2]) or15e 10° 'i:{1>90[/2])|sset

Example degree of angle:

gl=tan(=1) =1 =60° = 41 =173205
Example radian:
gl=tan(x1) =1 =153rad = =1 =24498
Parameter Description Controller display
Select Un?t: degree of angle (default) Flr‘ra.. dea
Unit: radian Fadian

1y Important: When controlling with the pocket calculator see — page 39

4

TAN (tangent function)



Trigonometric functions

L. BCOT (cotangent function)

coT

9499 040 50611

y, = cot ( xI)

_________

valid forxi0< x1<180°(0 < xi1< 7)

The function provides the cotangent of the input value, i.e. %1 is the angle the cotangent of which is calculated. Pa-
rameter 2 1ect. is used to adjust, if the angle is provided in degree of angle [°] or in radian.

For calculation clarity, the range for the argument is limited fo the 1st and 2nd q 7adrant (0°...180°0r 0 ... m). If input
value 1 is out of this range, output'a1 issetto 1,5w 10" (1<0) or 1.5°10" (x1>180 [x1>0]).

Example degree of angle:

gl=tan(xl) =1 =45° = a1 =1
Example radian:
gl=tan(x1) =1 =01ad = 491=9967
Parameter Description Controller display
Select Un?t: degree of angle (default) Flr'ra.' d=a
Unit: radian Eadian

COT (cotangent function)

42
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(M IARCSIN (arcus sinus function)

— i

ARCSIN

______________________________

y, = arcsin( xI)
valid forxi—1<x<+1

The function provides the arcus sinus of the input value, i.e. %1 is the angle the arcus sinus of which is calculated. Pa-
rameter =& 1 &1 is used to adjust, if the angle is provided in degree of angle [°] or in radian.

The calculation is output as degree of angle [—9[];’7... 90°] or as radian [3—70/2 0/2]. With arguments out of the function
validity range, output'a1 is limited to -1,5w 107 (x1<-1) or 1,5°107 (x1>1).

Example degree of angle:
gl =arcsin(=1) =1 =05° = 41=30

Example radian:
d1=arcsin(=1) =1 =1rad & 3l =157

Parameter Description Controller display
Salect Un!t: degree of angle (default) Flr‘rEl._ =3
Unit: radian Eadian

43 ARCSIN (arcus sinus function)
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(M IARCCOS (arcus cosinus function)

— X 1 A
ARCCOS
AT TIETISSSSIPSE R o
—»—1(y1)=arccos (x1) Ly
Select .

______________________________

y, = arccos(xl)
valid forxr—1<xi<+1

The function provides the arcus sinus of the input value, i.e. %1 is the angle the arcus sinus of which is calculated. Pa-
rameter e 12t is used to adjust, if the angle is provided in degree of angle [°] or in radian.

Calculation is either as degree of angle [0° ... 180°] or as r§d|an [0...7t]. With arguments out of the function validity
range, output a1 issetto 1,5w 10 (::-:1<1) or-1,510" (=1>1).

Example degree of angle:
d1=arccos(1) %1 =05° = 41=60

Example radian:
d1=arccos(x1) =1 =0,5rad & gl =1,047

Parameter Description Controller display
calect Un!t: degree of angle (default) I:lr'l‘El.. d=a
Unit: radian FEadian

ARCCOS (arcus cosinus function) 44
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LLWARARCTAN (arcus tangent function)

s B A

ARCTAMN

______________________________

y, = arctan ( xI)

The function provides the arcus tangent of the input value, i.e. %1 is the angle the arcus tangent of which is calcu-
lated. Parameter 22 1 &=t is used to adjust, if the angle is provided in degree of angle [°] or in radian.

T

The calculation is output either as degree of angle [-90° ... 90°] or as radian [—H/z A
Example degree of angle:
dgl=arctan(=1) =1 =1° = yl=45
Example radian:
gl=arctan(=1) =1 =12rad = 491 =1,488
Parameter Description Controller display
Salect Un!t: degree of angle (default) Flr'ra.. dea
Unit: radian Radian

45 ARCTAN (arcus tangent function)
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(iR IMARCCOT (arcus cotangent function)

— XA A

ARCCOT

y, = arccot ( xI)

_________

The function provides the arcus cotangent of the input value, i.e. %1 is the angle the arcus cotangent of which is cal-
culated. Parameter == 1 .t. is used to adjust, if the angle is provided in degree of angle [°] or in radian.

The calculation is output in degree of angle [0° ... 180°] and in radian [0 ... 7.

Example degree of angle:

gl=arccot(x1) =1 =45°

Example radian:

41 =1,273

a1 =arccot(x1) =1 =-12rad & 91 =3058

Parameter Description Controller display
Select Un?t: degree of angle (default) Flr'rEl._ dea
Unit: radian FEadian
ARCCOT (arcus cotangent function) 46
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12.1 LY DEGLDEELG)

L

— 0=

TTTT

AND H
rdTI'__'__'__'__'__'__'__'__'__'I
—Ppl z1
"d2 & not z1

3 —>

I|d4 ;

z,=d, AND d, AND d, AND d,

Logic function AND combines inputs 1 .4 according to the truth table given below.
Unused inputs are interpreted as logic 1.

dl | dZ2 | d3 | dd | =1 | not =2
0 0 0 0 0 1
0 0 0 1 0 1
0 0 1 0 0 1
0 0 1 1 0 1
0 1 0 0 0 1
0 1 0 1 0 1
0 1 1 0 0 1
0 1 1 1 0 1
1 0 0 0 0 1
1 0 0 1 0 1
1 0 1 0 0 1
1 0 1 1 0 1
1 1 0 0 0 1
1 1 0 1 0 1
1 1 1 0 0 1
1 1 1 1 0 1

47 AND (AND gate)
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(V2N OT (inverter)

MNOT

z2,=d,

______________________________

Logic input signal dd1 is output invertedly at'a1 . If dd1 is not wired, this is interpreted as logic 0.

dl

not. =1

0

1

0

NOT (inverter)

48
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1

— 0 M

TTTT

W

-8

HC

oR ll
l'dTI'__'__'__'__'__'__'__'__'__'I
_>| z1

ifﬁfﬁ notz1|r:>

I|d4 ;

z,=d, OR d, OR d, OR d,

Logic function OR combines inputs 1 .44 according to the truth table given below. Unused inputs are interpreted as

logic 0.
=h} d2 | dF | d4 | z1 |[hot =1
0 0 0 0 0 1
0 0 0 1 1 0
0 0 1 0 1 0
0 0 1 1 1 0
0 1 0 0 1 0
0 1 0 1 1 0
0 1 1 0 1 0
0 1 1 1 1 0
1 0 0 0 1 0
1 0 0 1 1 0
1 0 1 0 1 0
1 0 1 1 1 0
1 1 0 0 1 0
1 1 0 1 1 0
1 1 1 0 1 0
1 1 1 1 0 0

49 OR (OR gate)
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(VX' SRBOUNCE (debouncer)

T
H
BOLMNCE i
R e Sl Y
—>—— Lanrmn _ropzh,
: L |
| Delay Delaw :

______________________________

This function is used for de-bouncing a logic signal. The change of input signal 1 is transferred to output 1 only,
when it remained constant for the time adjusted in parameter Delay. The time-out accuracy is dependent of the sam-
pling interval assigned to the function.

Example:

Cre1 a2 = 0,5s for assignment to
- sampling interval 100ms means that the signal is transferred only after > 0,5s.
- Sampling interval 200ms means that the signal is transferred only after > 0,6s.
- Sampling interval 400ms means that the signal is transferred only after > 0,8s.
- Sampling interval 800ms means that the signal is transferred only after > 0,8s.

Parameter Description Range Default
L=lady Switch-on and off delay time 0...999 999 [s] 0

BOUNCE (debouncer) 50
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12.5 ROLAEETEIELEEG)

L
EXOR Ii
g7 T T T 2_1]
—
- _ “
_>:d2 =1 notzT,
1
z,=d, EXOR d,

Logic inputs d1 and 2 are combined into =1 according to the truth table given below. Unused inputs are inter-
preted as logic 0.

Output =1 is 0, when the two inputs are equal (both 0 or both 1).

di | dz | z1 | et

- |- |lolo
—|o|=|o
o|=|—|o
- olo|—

51 EXOR (exclusive OR gate)



Logic functions

12.6

FLIP (D flipflop)

9499 040 50611

FLIP (D flipflop)

clockjs—
resetls—

C
o
W
I
-4
M C
FLIP H
Fmemimmieeimeiee e iae e e,
—pL=ignal 1 z1

—piclock—] "3 notzl,
—p— st !
1
1

The digital signal status at static input =i-aral is transferred to output =1 when
® the signal at clock inputiz 1@k changes from 0to 1 (positive flank), and
® wheninputreset islogic 0.

Withre=set =1, output 1 is forced to 0 independent of inputs =ianal andclock.

re=et. has priority!

Input signals =ianal,clock andeset must be available at least for the duration of sampling interval T, se-
lected for this block (100, 200, 400 or 800ms).

In the switch-on status (initial condition), Z1 = 0!
Unused inputs are interpreted as logic 0.

This function has a “memory”. This means: after power-on, it continues operating with the statuses at=1 and
rniot. =1, which existed at power-off, provided that the RAM data are still unchanged.

Inputs/outputs

| Digital inputs
sianal |Dinput- This signal is output via z1 by the positive flank (0t 1) of = 1 cizk, when Feset. is not 1.

c1lack |Clockinput- A positive flank transfers the instantaneous status at input Signal to output z1, when
resel isnot 1.

reset |Resetinput-setsz1t00

| Digital outputs
zl Flipflop output

not =1 |Flipflop output NOT 21

52
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MONO (monoflop)
—
TT
—= Ti — m
—=TiZ H H
—8™%
HLCHLC
MM l, l, l, l,
P
1Tig LT o T1 || _21:_>
> o .
.!d1 | notz1i
': T1 T1 l >
Ti2 LTz He L T2 [ |23
1 © .
: ModeZ \ |
1d2 notz3:
< T2 T2 —‘—>|

Logic functions

The function generates a positive pulse of length Ti; at output z1, when a positive flank at trigger input d1 is detected.
It generates a positive pulse of length Ti, at output z3, when a negative flank at trigger input dZ is detected.

Pulse duration Ti; is adjusted either as parameter Ti1 or read in via inputs Ti1. The origin of pulse duration is selected
via parameter Mode 1. The duration of an output pulse is matched to the new values with changes at inputs Ti1/Ti2.
With input values Ti1/Ti2 8 0, the pulse is output for the duration of one scanning cycle.

The function is re-triggerable. l.e., if a new trigger condition is detected during a pulse output, the remaining pulse time
to be output is prolonged to a full pulse length. The pulse duration accuracy is dependent of the sampling time, which
is assigned to the function.

Example:

Ti=0,9s for assignment to
- sampling interval 100ms means that the signal is output during = 0,9s.
- Sampling interval 200ms means that the signal is output during = 1,0s.
- Sampling time 400ms means that the signal is output during = 1,2s.
- Sampling interval 800ms means that the signal is output during = 1,6s.

Inputs/outputs

Digital inputs

dl Triggerinput: Pulse at =1 and ot =1 with positive flank 0 — 1

o2 Triggerinput: Pulse at =3 and it =3 with positive flank 1 — 0

Analog inputs

Til Pulse duration Ti [s] of the pulse generated by @1, when Made 1 = Para.Til.
Tiz Pulse duration Ti [s] of the pulse generated by d2, when Mode 2 = Para.TiZ.

Digital outputs

zl Positive pulse of length Ti, when a positive flank at input d1 was detected.
hot. z1 Negative pulse of length Ti, when a positive flank at input 11 was detected.
z3 Positive pulse of length Ti, when a positve flank at input @2 was detected.
not. z3

Negative pulse of length Ti, when a positive flank at input 2 was detected.

53
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Parameters:

| Parameter | Description Range Default

Made 1 |Source of pulse duration at=1 ‘Parameter Ti1. = Fara.Til —
 Input Ti1 InFut Til

Made = |Source of pulse duration atZ3 'Parameter Ti2 Fara.TiZ «
'nput Ti2 InFut TiZ

T? 1 Duration of the pulse generated by &1 when Mode 1= Para. Til isentered.|0,1...999999[s]| 1

Tiz Duration of the pulse generated by 2, when Mode 2 = Fara. TiZ isentered. | 0,1...999 999 [s] 1

MONOQ (monoflop) 54
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PR JWSTEP (step function for sequencing)

I

— Caec Stepl—=

STEP

____________________________

The STEP function realizes the individual steps for sequencing.

The function starts with RESET at step 1 and remains at this step, until the relevant condition input d; or the skip input
is set from 0 to 1. This is followed by switch-over to step 2. The procedure for all further steps is identical.

The step number is output as a value at output Step.

Example:

Switch-over from step 3 (St.&F = 3) to step 4 (St.&F = 4) is only after the condition at 3 was met (-3 = 1). The condi-
tion at < is checked only when calling up the function for the next time. Thus immediate switch-over is prevented. As
long as A3 = 0, the value of output =t.&F remains 3.

Alternatively, a positive flank at input =k 1 F also leads to switch-over to the next step (independent of the status at
inputdl d1@).

A The function has a ‘memory’. This means: after power-on, it continues operating with the step at power-off,
provided that the RAM data are still unchanged.

When several switch-over conditions are 1 simultaneously (e.g. 1, d2, d3, d4 and d5), only the instantaneously
effective input is handled. |.e. in each calculation cycle, switch-over is only by one step.

For realizing a sequencing with more than 10 steps, the STEP function can be cascaded:

The wiring example shows how 2 STEP functions are cascaded. With cascading, step number 1...n is output always as
a value at output =t.&F of the last follow-up step.

MILLLELLLLL VLI
M Dm0 o e T DD WO g
'U'D'D'D'D'U'D'D'D;E.;Eﬁ UUUUUUUUU;E%ﬁ
—# Caec Stepl— ] Cmc Stepl—
: b
0 ]
M m
STEP | STEP |
100 ts=11 101 ts=11

55 STEP (step function for sequencing)
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Inputs/outputs

| Digital inputs
d1...d18|Condition inputs for switching over to the next step

With input reset. = 1, output =t.&F is set to 1 (only with individual function or at the first step of
reset |3 cascade). With the follow-up steps of a cascade, outputy = the Casi input is set.
reset. has the highest priority of all digital inputs.

Stap With input St.oF =1, the function block remains in the instantaneous step
(21 and Zz1 remain unchanged, unless re=et. is switched to 1).

zkip This input reacts only to a positive flank, i.e. on a change from 0 to 1. At this flank the STEP function
switches over to the next step without taking the status at the relevant d input into account.

Analog input
Casc |Used for STEP function cascading. At the first STEP function of a cascade

| Digital output

actiu act 1 12 =1 indicates that the STEP function is still in the active status or in reset.
act.iw =0 indicates that the STEP function has elapsed.

Analog output

Step The value at St.eF indicates the current step of the STEP function. With cascading, the value at
Casc is added to this value.

No parameters!

STEP (step function for sequencing) 56
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The function outputs the change of signal status at d1 with a delay at z1.
The delay time can be adjusted separately for each change direction of the signal status! (positive and negative flank).

With change from 0 to 1 at input d1, output z1 is switched to 1 with a delay of time T1. With change from 1 to 0 at in-
put d1, output z1 is switched to 0 with a delay of time T2.

Time T1 is adjusted either as parameter T1 or read in via input T1.
Time T2 is adjusted either as parameter T2 or read in via input T2.
The time origin is selected via parameter Mode.

The pulse duration accuracy is dependent of the time group to which the function is assigned.
It is an integer multiple of the sampling interval adjusted for this block (100, 200, 400, 800ms).

Inputs/outputs

| Digital input

dl | This signal is output with a delay at output =1 and negated at output hiot. z1 .

Analog inputs

T1 Delay time T1 [s], by which the positive signal of d1 is delayed, when Mode = TnFut.=.
T2 Delay time T2 [s], by which the negative signal of d2 is delayed, when Mode = InFuts.
| Digital outputs

z1 Delayed input signal d1.

not =1 Inverted delayed input signal 1 .

57 TIMET (timer)
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Configuration:

Configuration | Description Range Default
. parameters T1and T2 Faraneters -

Mode Source of delay times inputs T1 and 12 Treote

Example with different delay time T1 and T2

Input
dl
Outfput | «m <2 < Pz T =1
z1 2=1
Output | «n <—kn < T =1
=1 2 =2
Output | «n PE =1
=1 T2 T2 2=3
Outfput | «m <> =1
zl 12 12 2=4
Output «—n—km 1 T2 =2
z1 2 =1
OUTDUT Rl m T1 =3
-1 <12s <12s 2 =1

TIMET1 (timer) 58
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m Signal converters
(N EAOCTET data type conversion

— ot ¥
—] oot Ooct] —-=
— ot Ooct2 —-
—=] [octd Oocta—-=
—f X 1 Ooctdf—-
AOCTET

101 ts=11

Function AOCTET converts an analog value (X1) into the individual bytes (Ooct1-4) of a data type as used e.g. for trans-
mission via the CAN bus ( see CPREAD / CPWRIT ). In the CAN notation, the bytes are transmitted in Intel format. Un-
less connected instruments are in compliance with this notation, word or bytewise echange of the bytes may be
necessary.

The function works in both directions simultaneously ( analog > bytes / bytes > analog ) with separate data type adjust-
ment in the parameters.

Analog inputs:

al analog input value

loct1..4 analog input byte value 1

Analog outputs:

Yol analog output value

Ooct1..4 analog output byte value 1
Parameters:

loct data type of analog > byte conversion
Ooct data type of byte > analog conversion

The following data types are available

Uint8
Int8
Uint16
Int16
Uint32
Int32
Float

QAR LON O

59 AQCTET data type conversion
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Engineering examples

SDO for data reading

T
T
B
C
NOT |
100 ts=11
tiiiiiidd |
[ e NI Y ] &
ks Zaeeeeees AT Jhode 2 2
m [}
i e A ] - Type
i X, g G # Sublnd =read i =I |
S ES P ] “inde T
i B MR N H Y —e A rit EE
VWERT INEREA csoo | ]
101 ts=11 51
sD0
,‘_’f%@l;,; [1 [] online=Fa
TTTTT
I8
-
H C
AND 1l
102 ts=11

ready >> next

This example shows a possihility for data reading via an SDO access. Node address, data type, index and sub-index can
be adjusted on an operating page. On the first line, a trigger bit which is reset by the following “ready” signal of the
SDO block can be set. The engineering cannot be used to put a connected instrument into “operational” condition for
PDO accesses. For this purpose, NMT commands must be used ( see the example given below ).

AOCTET data type conversion 60
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SDO for data read/write with node guarding and set operational

E
ayy
100 t=11
I ‘
| S@eHmETD ] w1 r
—h:-, :E“““‘“‘“i “,IZ: --u.ié'
w9 wal o ]y
s P h Tubind Yhed|]
s L - 4| I, Eal
. Tunawe o S
WWERT 111111 cEms ]
101 t=11 Farki|
ShO-Bedienung l-
L B g .
L R 23—
gl
el .
W1 L | s (=1 | -
el ::E_h.
MLLP 1 l_ nla::
103 t=1 :;:
L) i
[ >r | S,
~ T+ el
L-R-L-5-} FEH_-.
EEg PRk
5 238 =
Wt CPREAD ]
ﬁ:?q — ' Enforce NMT command , set operational” Disable
trigger by means of valid output
i 7YY (on AND)
LE nE
AHD “ AHD Ll
105 t=11 102 t=11
Auto-Trigger fMlanual-Trigger

:J:Jl

L-R-§-%-1

E
] !
106 t=11

In this engineering example for data write and read via SDOs, a trigger can be set automatically when changing a value
to be transmitted, or manually via the first line of the operating page. Function block CPREAD, which is used normally
for reading PDOs can be used to realize node guarding for an adjustable node. Moreover, this block ensures that the se-
lected node is set “operational”. In this case, connecting the “valid” output on the AND gates may be purposeful to
prevent triggering as long as the connected instrument is not ready for addressing.

61 AOCTET data type conversion
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Generating an SDO command sequence

R11
R12
R13
R1 4
R15
R1G
R17
R13
RZ 1
Rz 2
Rz 3
Rz 4
Rz &
Rz &
Rz27T

startfs—

o
E

CPREAD

21

RRRRRRRRRRRRRRY

+—{id-=rr
w+—{et-arr

o 1 fe—

— e
TTTD

not d1

MNOT

106 ts=11
Schreiben

+—{not =1

AMD
100 ts=11

F—z 1

— Node%'?
v b-Type *
Xz vz ES- vz xz vz Sublnd
X3 Y3 3 ¥ xa v Indes K
m
L

A A

X1 A XA

“readf—-

A=
storefs—
rmanualjs—
storefs—
e ELRFE e
storefs—
rmanualjs—

ooy pa—

presets—

resetis—

L

X4 o x4 Ak 4 < HoAunrit
Count SetMa Ca Setho Casg Setho Ca
CEDO
REZEFT REZEPT REZFEFT 51

102 ts=11 103 ts=11 104 ts=11

— Preset

“—jarr

COUN

101 ts=11
Zaehler 1..15

e el
s—borrow

Engineering example SDO-SEQ.EDG shows the generation of an endless SDO command sequence. The values for
D-type, sub-index, index and value are stored in the recipe blocks. The counter ( COUN ) counts from 1 to 15 continu-
ously.

AOCTET data type conversion 62
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An extended engineering for advanced users SDO-SEQ2.EDG shows further functions and possibilities of KS98

engineerings in conjunction with command sequences.

%%%ﬁ Minute f—-
.;.?.?_? Hourp—
poCcL Lrayf—=
E hMonthf—
o = “earf—e
Ly EtE e ek Df—e
e L L L e
bobowSmantsce "
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13
Fehler
b
ll““lll““
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—= X1 o L A
;é; e EEUUUUUU% N
— EUE i f i ] A
“xz Cla vz N v s
— 3 N — 5 A
— g | — —wXE :ﬁﬁzﬂﬁ g =] ——
e N
L ]
i T rTE?T11 ‘Hrllll
5:
VPARA -L Jv i i i i Betriebsart
115 t5=11
SDO Para
——
Hand
£ 7, 1
B 2 . .
I g i8] ey (LN
— % e
ADSU ALLP - 'L ® 'L
119 t5=11 120 ts=11
geaendert
'i?l'i?l
— 0 00 o
TTTT
M
—4
]
W
OR 1l

This partial engineering shows the possibility of access to SDO block parameters via an operating page.
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Value Change

This partial function monitors the change of settings on the operating page and starts a pulse (value change) for stor-
age in the recipe blocks.

Trigger¥ithRead Value Change
Trigger I [
i
TTTTT
M
5D0 Write %
— H C
i OR 11
200 ts=11

ko

trig s

— Nnde%'
. — [-Type
Suhlndexl—h—hgubmd %Yﬂead
Indﬂxl_b_,—a. Ind e k4
1]
L

: Kot &
21 writ

o1
[ 1

E:mr Ready

[ L___|SDO Read

Command triggering is subject to various conditions: when reading, after changing during manual mode and cyclically
in automatic mode.

AQCTET data type conversion 64
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LK 2ZMABIN (analog <> binary conversion)

LAl
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ABN L iliild

: . S 1 out of 8 z1"!
—> N0 22—

“d1 1outof8 Binar /° 2| ...
> 2 BCD :

e |2 Binar 57__>28;
o y1 L

Analog input variable x 1 is converted into a binary number, a BCD number or a selection “1 out of 8". Thereby, x1 is
always rounded off (down for values < 0,5, up for values ? 0,5).

Simultaneously, binary input values @1 ...l ( considered as a binary number or a BCD number) can be converted into
an analog output variable.

The conversion mode is determined by configuration parameter S& 1 e t..

Analog/binary conversion - binary/analog conversion (e lect. =ana<—*kbin)

Conversion analog value into binary number:

The anglog input7va|ue at=1 is converted into a binary variable, which is output in binary form at outputs =1 ..z
(z1=2" ..=2=2). The range is within 0...255.

Out of the range, the output allocation is:

Input zl | =2 | z3 | zd4 | =5 | =6 | Z7¥ | z8
=1 <0 0 0 0 0 0 0 0 0

x1>255 1 1 1 1 1 1 1 1

Conversion binary number into analog value . ,
A binary number at digital inputs 1 .2 (dd1=2"...d2=2") is converted into an analog output variable and output at
analog output =1 . The range is within 0...255.

BCD - conversion (52 1 ect. = ana< — *BIC) Converting a value into a BCD number
The analog input value at =1 (range 0...99) is output as a BCD number at outputs 2. z5 and z< ..z 1.
Example: x1 =83 — the output allocation is:

Input zE2 | ZzFr | =6 |5 |l =4 | =3 | =2 | =1
=1 =83 1 0 0 0 0 0 1 1
BCD 8 3

Out of the range, the output allocation is:

Input z2 | ZF |6 | Zz=2 |l =zd | =3 | =2 | =]
#x1>99] 0 0 0 0 0 0 0 0

x1<0 ] 1 [ o | o[ 1 ] 1 [ o o[ 1

65 ABIN (analog <> binary conversion)
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Converting a BCD number into an analog value
BCD input values at inputs 1 .4 and 5.2 are converted into a floating point number and available at output
gl

With a BCD number > 9 at inputs 1 .4 or S .2, output variable 21 is limited to 9. Out of the range, the output
allocation is:

Output dg | dfY [ dé | d5 | dd | d3F | d2 | di
0 0 0 0 0 0 0 0
al = 0 0
1 1 ] 1 | 11 1 ]
al = 9 9

Converting a value into selection "1 out of 8" (S lect =anad—*1-8)
An analog input value at %1 (range 0...8) selects none or one of the 8 outputs =1 .. =&
Example for conversion value (x1 = 5) into selection:

_Input =zl | z2 | =3 | =4 | =5 | z6 | =7 | =8
%1 =5 0 0 0 0 1 0 0 0

Out of the range, the output allocation is:

Input zl | =2 | z3 | =4 | =5 | z6 | =F | =8
#1 <0 0 0 0 0 0 0 0 0
#1>8 0 0 0 0 0 0 0 1

Conversion Selection “1 out of 8" into analog value (52 lect = ana<—+1.2)
Individual digital input allocation @1 .2 result in an analog output variable at'21 according to the allocated input
value.

Example for conversion value (x1 = 5) into selection:

 Output zl | z2 | =3 | =4 | =5 | z6 | =27 | =8
dJ] =5 0 0 0 0 1 0 0 0

If more than one of inputs d1...d8 is active, output variable y1 is set to 0.

Inputs/outputs

| Digital inputs
d1..d2 |Digital inputs for binary value, BCD value or selection 1 out of 8.

Analog input
%1 |Ana|og input for binary value, BCD value or selection 1 out of 8.

| Digital outputs
z1..z8 |Converted binary value, BCD value or value selection.

Analog output
o1 [Converted analog value.
Configuration:
Configuration | Description Range Default
Viode of ranalog/binary conversion and binary/analog conversion| ahas—>*bin t
odeof F,o - -~~~ T T ToAA Tt —
Select | version .Analog/BCD conversion and BCD/analog conversion _ | aha = *BLD
' Selection 1 out of 8 anat—-x1-8

ABIN (analog <> binary conversion) 66
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(X IMTRUNC (integer portion)

— K 1 A
TRUKC
P e [ 1'|
— yx Yy
y,=INT(x)

The function provides the integer portion (integer) of input variable x1 without rounding off at output y1.

Example:
x1=17 r o d491=10
x1l=-17 - d491=-10
Inputs/outputs
Analog input
1 |Input variable to be handled

Analog output
ul ||ntegerp0rtion of 1

No parameters!

67 TRUNC (integer portion)
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(KX JPULS (analog pulse conversion)

K —x n= Number of pulses per hour
n=Puls /h- —/—" x0 = Parameter
X0 — Xy x100 = Parameter
x7= Analog input

Input variable x1 is converted into a number of pulses per hour. Parameter Puls/h is used for selecting the maximum
number of pulses at x1 ? x100. For x1 B x0 no pulses are output.

Within range x0 - x100 , input value x1 is converted linearly into pulses per hour.

n
/

Fulssh

Ful=<kh= maximum Pulse/h
®=E = 0% of Puls/h h=Puls/he X]_)EO
=188 = 100% of Puls/h x100x0

x0 x100

The parameter settings result in a straight line between 0 and 3600 pulses /h according to input x1The pulse length
corresponds to the sampling interval (100, 200, 400 or 800ms) adjusted for this block. The length of switch-off time be-
tween pulses is not always equal and dependent of the configured sampling interval.

The sampling interval allocation also determines the maximum number of pulses/hour, which can be realized. If higher
values than can be output due to the sampling interval are entered in parameter Puls/h, limiting is to the maximum pos-
sible number of pulses.

Maximum number of pulses:
100ms = 18000 pulses/h
200ms = 9000 pulses/h
400ms = 4500 pulses/h
800ms = 2250 pulses/h

PULS (analog pulse conversion) 68
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Inputs/outputs

Analog input

#1 | Input variable to be converted
| Digital output

z1 | Pulse output

No configuration parameters

Parameters:

Parameter Description Range Default
=M Span start (0 %) -29999..999999 |0
=188 Spanend (100 %) -29999..999999 |1
Fulz<h Number of output pulses per hour for x7 7 x100. 0..18.000

Equation for calculating the momentary impulse number of n per hour

n = momentary impulse number/hour

X, — X
n=Fuls/h- X : _; x0 = Parameter. With analog input x1 < x0 no pulses are produced (area
10 o start, creeping flow suppression)
x100 = If the analog input is x1 < x100 n remains = constant = Puls/h
Puls/h = Parameter. Pulse number/hour for analog input x = x_

Example:
x1=3..100% 2 0...3600/h

Xp = 3

X100 = 100

Puls/h = 3600

sampling period <400 ms

n
A

Ful=s-h-
=3600

_ .x1-3
n=3600 100-3

> X1
x0=3 x100=100

69 PULS (analog pulse conversion)
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LEAIMCOUN (up/down counter)

ny
— Preset Tet z Co
4
COUN i‘i
R ;
—Presot & !
—prrraset: —| .
1
[ 98— o~ Ll Min - !
—>Frezet—° ‘{m NTa:{ ul:-unt—:-—b
ode—T_ T (86 |
! >1Ir !
—P;Ldnwnﬁ:l_lz I & frarra_—p
—p—LF == !
: :|_|: >Tr & —bn:-r*r*mu—:—}

‘COUN" is an up/down counter and counts the events at input up or down, which are available at the up or down input
for at least the duration of the time group in which the function runs.

reset preset Mode

E‘ 0 GO (default)

A 1 Preset

1 0 Reset (first run)
1 1 Reset (first run)

Pulse diagram of the up/down counter:

Example:

reset _JFW
v L LT L L
eun L

cared

bar o

Count, 0 7 8 9 0 1 2 1 0 9 8 7

max. limit=9; min. limit= 0; Preset= 7.

An unwired clock input is set to value 1 internally. If both clock inputs go from 0 to 1 signal simultaneously, counting is
omitted. If one of clock inputs (up or down) are set from 0 to 1 signal, without the other one being already set to 1,
counting is omitted.

If parameters for the min. or max. limit are changed during operation, the counter can be out of this new range. In order
to prevent faulty functions, the counter must be set to a new, defined output status with ‘reset’ or ‘preset’. The function
has a ‘memory’. This means: after power-on, it continues operating with counter state and internal states at power-off,
provided that the RAM data are still unchanged.

COUN (up/down counter)
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Function up counter:

At each positive flank (0 — 1) at input up, output Count is increased by 1, until the max. limit is reached. Carry output
carry is set to 0 for the duration of the applied pulse. With the next pulse, output Count returns to the min. value and
continues counting with the next pulses.

If the down-input is wired, the up counter is prepared by signal 1 at input down. If not, counting is not possible.
l.e. there must be a 1 signal at input down prior to input up, if the pulse shall be counted.

Function down counter:

With each positive flank (0 — 1) at input down, output Count is decreased by 1, until the min. limit is reached. Subse-
quently, barrow output barrow is set to 0 for the duration of the applied pulse 0. With the next pulse, output Count re-
turns to the max. value and continues counting down with the next pulses.

If the up-input is wired, the down counter is prepared by signal 1 at input up. If not, counting is not possible.
l.e. there must be a 1 signal at input up prior to input down, if the pulse shall be counted.

Function reset:

A 1 signal at input reset has priority over all other inputs. re=&t. resets the count to the min. value.

Function preset:

A1 signal at input preset has priority over inputs up and down. preset resets the count to the preset value.

The origin of the preset value is selected with parameter Mode.

®* Mode = Para. g8 means that the preset value corresponds to parametery 0.

* Mode = InrPreset meansthatthe presetvalue corresponds to analog input Preset.

With a preset value higher than the max. limit, output Count is set to the max. limit. A preset value smaller than the
min. limit is set to the min. limit. A preset value which is not an integer is rounded off.

Inputs/outputs
| Digital inputs
LF Input for clock up - pulse count up
dann Input for clock down - pulse count down
Freset Input for the preset mode - output IZodrit. goes to value Reset.
reset Input for the reset mode - output Cizirit. goes to value Mir.
Analog input
Freset | Analog input for external preset value
| Digital outputs
cartd Carry output (clock - up)
bortouw Borrow output (clock - down)
Analog output
Count. | Count output

Al COUN (up/down counter)
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(EXIMMEAN (mean value formation)

MEAM

r*eads—:-—b
——Meah——p
1

General

Function MEAN forms the floating, arithmetic mean value of the number (L1a1 M) of the values detected last at input
#1 for output at output'al .

The interval between the individual samplings (interval) is adjustable with amF1e and niit..

Iniit. is used to specify the measurement interval (=& = seconds, M1k = minutes or ki = hours).

Sample is used to specify the number of ‘Unit intervals for measurement.

A With the sample input wired, the adjusted sample and unit parameter are ineffective.
Only the sample-pulse is used

Example 1: mean value of the past minute with sampling per second.
Samrle =1 andUnit ==ec — value sampling per second.

LI=a1Ho =60 — the past 60 values form the mean value (1 minute).

Example 2: mean value of the past day with sampling per hour.

Samrle =1 andUnit =k — value sampling per hour.

LlalMHo =24 — the past 24 values for the mean value (1 day).

Example 3: mean value of the past day with sampling per quarter of an hour.

Samrle =13 andUnit =min — value sampling at intervals of 15 minutes.
Lla 1Mo =36 — the past 96 values form the mean value (1 day).

A If the =amF 1 = input is wired, sampling is triggered by a positive flank at this input.
The adjusted sampling interval is invalid.

di=akl =1 interrupts the sampling, re=et. = 1 deletes the mean value.

Internal calculation:
The number of input values entered in Lla 1 M is stored, totalized and divided by the number.

value_1+ value_2+ value_3+...value_n

n
Example:lJalHo =5

| 1| 24 | 58 172 (12

_ M+24+458+72+12

= 354
5

y1

MEAN (mean value formation) 72
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reset
Analog input Flear goes to value 0 for the duration of the applied =&t signal.
The stored values are deleted.

Example:
LlalHo =5 outputMean at reset:
X;= ( X | X | X | X X |

Detection that no valid values are available is made. Value 0 is output at output*41

LalHo =5 1st sample after reset:
x1= l 55 | X | X | X | x|
Detection that only one valid valid value is available is made. The only valid value'21 =55 is available at output'21.

LIs1Ho =5 2nd sample after reset:
x1= I 14 | 55 | X | X | x|

Detection that two valid values are available is made. The mean value of these valid values 21 =49,5 is output at out-
putal.

After all memory cells with a value are occupied (ValNr = 5), with every sample a new input value is added, the at this
time oldest value subtracted and the result divided by VaINr. = 5. The input values are shifted (like with a shift register).

Inputs/outputs
| Digital inputs
dizabl The disable input interrupts sampling
reset The reset input clears the memory and resets the mean value to 0.
samFle A positive flank (0 — 1) is used for sampling a new value.
Analog input
x1 | Process value, of which the mean value is formed.
| Digital output
Feadd |Disp|ay for an elapsed overall cycle
Analog output
Mean | Calculated mean value
Configuration:
|Parameter  [Description Value Default
LalHo Number of values which can be aquired . 1..100 100
_ Seconds_ _ _ . | __ sec | — _
Unit Unit of time for "SamF1e” Minutes_ _ _ _ _|____ mice ]
‘Hours h
Sarrle Interval time for averaging 0,1...999 999 1

73 MEAN (mean value formation)
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m Time functions

(V'S I EAD ( differentiator )

.
1]
n
B EX T ] S
LEAD
—H—r‘eaet :
' x1 t ¥ y1:
_NX— _— —{+/-
| ? e !
! & J [ T |[Mode|[ =@ | |

The differentiator forms the difference quotient according to equation:

ts
y(t) = L-[y1(t—ts)+a~{x1(t)—x1(t—ts)}]+y0 T time constant
T+T 5 .
¢ gain
9@ output offset

C= ! <1 (differentiation constant )
T+Ts

. .T-
The complex transfer function reads: F , = Ta +p1
P

Inputs/outputs:

Time functions

sampling interval ~ x1(t)  instantaneous x1

x1(t-ts) previous X1
y1(t)  instantaneous y1
y1(t-ts) previous y1

| Digital input

reset

= ( starts differentiation automatically.

=1 causes that y1=y0 and the difference quotient is set to 0.

Analog input

1 | Input variable to be differentiated
Output
gl | Differentiator output
Parameters:
Parameters Description Range Default
a Gain factor -29999...999 999 1
=15 Output offset -29/999...999 999 0
T Time constant in s 0...199999 1
Configuration:
Configuration Description Value Default
Differenti 'Differentiating all changes _____ _ _____ __ a 0
Mode speration . Differentiating only positive changes  _ dw/dt>0, |1
1 Differentiating only negative changes  dx/dt<0 |2

75
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Step response:
After a step change of input variable x1 by {x
=xt-x(t-ts), the output changes to maximum value y

yma|

max.

Voo =C-a- Ax+y0

— T — t=n-Ts

and decays to 0 according to function
yints)=C, - Ax +y0=ymax-C""

Thereby, n is the number of calculation cycles ts
after the input step change. Number n of required
calculation cycles ts until output variable decaying
to y(n*Ts) is

X

fo t=n-Ts

’ y(n- ts)
_ ymax
IgC

+1

Surface area A under the decaying function is
A=y . - (T+1s)

Ramp response:
After ramp starting, output variable y runs towards the fi- Y
nal value of differentiation quotient ymax

ymax=m'a.T ‘
yinT

according to function
yih-ts)=m-a-T-(1-C")

t=n-Ts

Thereby, m =m= 9 is the gradient factor of the input
function. Relative error F after n calculating cycles Ts re-
ferred to the final value is calculated as follows:

F=C"
A x
and the number of required calculating cycles, according IN;

to which function y(n - ts)approaches final value
Y= VYmax toerror Fis

fo t=n-Ts

n= 19
2-1gC

LEAD ( differentiator ) 76
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L. 2RINTE ( integrator )

stople—
resetis—

s |rnapresets—
~
o

F— rmim

-

—# Presat

INTE

v Hao AR T —
> rreet L Tiade: T
—pr—Freset—| \° GRS —p
+r959t—|_ \i _/MI_H !
1 B 1
) T [Hin | :
1 J_ Max !
—p—=tord >1 '
il T ,
The integrator forms the integral according to equation:
ts sampling interval x1(t) instantaneous  x1
tS i = *
yi(t) = M(T—Ts)+7‘[x1(f)+xg] T Integration constan.t y1(t) y1 aftert n*ts
Number of calculation cycles y1(t-ts)  previous y1
X0 Input offset

The complex transfer function is:

1
F(p) =—
()= .
Unused control inputs are interpreted as logic “0". With simultaneous input of several control commands:
te=et. =1 has priority overrrreset. andstoF
Freset. =1 priority over st.oF

Integrator output =1 is limited to the preset limits (Mir, Max) Min <91 <Max. When exceedingMir or
Max, the integrator is stopped automatically and the relevant control output min or max is set to logic 1. Limit value
monitoring uses a fixed hysteresis of 1 % referred to operating range (Max -Mir)

Inputs/outputs

| Digital inputs

stoF =1 The integrator is stopped for the duration of the stop command. Output y7 does not change.
—— =1 The integration result is adjusted to lower limit (Min). After cancelation of reset.,

integration starts at lower limiting.

=1 The integration result is set either to a preset value y0 ( Mode=0) or to a preset variable
Freset Fre=et (Mode= 1). After cancelation of the Fre=&t. command, integration starts with
the actually effective preset value.

Analog inputs
#1 Input variable to be integrated
Freset External preset value

77 INTE ( integrator )
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| Digital outputs
Max =1 exceeded with max. limiting
min =1 exceeded with min. limiting

Analog output

al | Integrator output after elapse of integration t=n- ts
Parameters:
Parameter Description Range Default
T Time constant in s 0.1...999 999 60
=8 Constant -29999...999 999 0
) Preset value -29999...999 999 0
Min Min. limiting -29999...999 999 1
Max Max. limiting -29999...999 999 0
Mode  [oourceofpreset=Paray0 [ 0 ] 0
Source of preset = InpPreset 1

Ramp function:
With constant input x1+x0, the applicable formulas are

y1(t)=y(t0) +n- ? (x1+ x0)

t=n-ts
tis the time required by the integrator for changing output y1 linearly by value x1 + x0 after integration start.

Ramp response:

X,y

x1+xo0

y=f(t)

to t=nts t

The function has a ‘'memory’. This means: after power-on, it continues operating with values y1, z1 and z2, which ex-
isted at power-on, provided that the RAM data are still available.

Example: Which is the value of output variable y after t=20s with a time constant of 100s, if a constant of x1 = 10 Volt
is preset. Sampling interval ts is 100ms.

n= b =25 o
t 0,1s

y=0+200-ﬂ-10=2 after 20s
100

This results in a gradient of 2V/20s or 0.1Volt /1s.

INTE ( integrator ) 78
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14.3 (YT

W
n
—afxq P | =
LAGT
:_ ____________________________ |
- reset © !
—> \ 1;
- X1 { vy
— / —

Dependent of control input reset, input variable x1 is passed on to output y1 with delay (reset= 0) or without delay (re-
set=1). Delay is according to a 1st order e-function ( 1st order low pass ) with time constant T(s). The output variable
for reset= 0 is calculated according to the following equation:

T ¢ ts sampling interval x1(t)  instantaneous x1
WO = ——yt=t,) + == x(0) - ] .
T+t, T+t, T time constant x1(t-ts) y1aftert=n-ts
n number of calculation cycles y1(t-ts) previous y1

The complex transfer function is:

F(p) = —

T+p-t
Inputs/outputs:
| Digital input
reset. =0 means that input signal x7 is output without delay at output y7.
=1 means that input signal x7 is output at output y7 according to the calculated e-function.
Analog input
w1 | Input variable to be calculated

Analog output

al | Delayed output variable

Parameter:

Parameter Description Range Default
T Time constantin s 0..199999 1

No configuration parameters!

79 LAGT ( filter)
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14.4 DIAVNEECIEVAT)CY)
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If the clock input is not wired, the function calculates y1(t) = x1 (t-n e ts).
( ts=sampling interval, Delay = delay factor n)

Unless clock input clock is wired, the following is applicable: input variable 1 is output with a delay by n times the
amount of adjusted sampling interval ts ( phase shift by n- ts). The effective delay time corresponds to integer multiples
of the selected time group (sampling interval ts 100/200/400/800 ms). The delay time range covers n=0to 255 (

With clock input clock wired, DELAT acts like a shift register with a length of max. 255=Parameter

1 a9 This register can be switched on by one step by an external event Freset. .

Switching on is only with a positive flank ( transition from 0 — 1) at the clock input plus the adjusted delay factor (pa-
rameter de 1 a4).

Example:

With e 1.a'3 =4 change-over at output v is only after 4 flank changes from 0 — 1 at input clock

Fr-e==et.: The output provides the value applied to Preset. After (n+1) positive flanks at clock or
(n+1) sampling cycles t (if clock isn't wired), the first input value x1 appears at y1.

reset:  The output provides value 0. After a positive flank at clock, value zero still is provided
for the sampling interval ts.

The function has a ‘memory’. This means: after power-on, it continues operating with values y1, z1 and z2, which ex-
isted at power-on, provided that the RAM data are still unchanged.

Inputs/outputs

Digital inputs

clock = 0->1 clock for delaying

Freset =1 The preset value is taken to the output
reset. =1 Qutputa1 is set to zero

Analog inputs

=1 Input variable to be delayed

Freset Value output without delay by Frreset. = 1

With several simultaneous control commands:
teset. =1 has priority over Freset. andstoF
Freset. =1 has priority over =t.oF

Analog output

a1 | Delayed output variable

Parameter:

Parameter Description Range Default
Delag Delay factor n 0/1/.....255 0

DELAT ( delay time ) 80
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The function provides calculation  y1(t)= x1(t—Td)

Input variable x1 is output at y1 with delay by time Td. The accuracy Td is dependent of the time group ( sampling inter-
val ts), to which the function is assigned.

Example:
Td =0,7s with assignment
to time group 100ms means Td = 0,7s
to time group 200ms means Td = 0,8s
to time group 400ms means Td = 0,8s
to time group 800ms means Td = 0,8s
The possible delay time is dependent of the configured time slot (sampling interval ts).
Td max = 25,55 with ts= 100ms
Td max= 57,0s with ts= 200ms
Td max = 102,0s with ts = 400ms
Td max = 204,0s with ts = 800ms

Inputs/outputs

| Digital input

Fireset =1 The preset value is taken to the output
reset =1 Qutput y1 is set to zero

With several simultaneous control commands:
reset =1 has priority over Frreset. and =toF
Freset =1 priority over st.oF

Analog input

=1 Input variable to be delayed

Freset Value output with delay by preset=1

Analog output

al | Delayed output variable

Parameters:

Parameter Description Range Default
Td Delay in's -29999.....199999 0

81 DELAZ2 ( delay time )
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14.6

FILT ( filter with tolerance band )

-

resatls—

N

FILT

The complex transfer function of the filter within a tolerance band around the last output value (I x1—yll< <=4 )is:

1

Flo) =
) T+p-T

With a difference higher than'i £ or re=set. = 1 between input x1 and output y2, the filter stage is switched off
and the output follows the input directly.

With a difference of input x1 and output y1 smaller than I'i £ and re=et. = 0, the output follows an e-function
with time constant T. The output variable is calculated according to the following equation:

viit)= _T . vl (t—ts) + 5. x1(t) ts sampling interval  x(t)
T+ts T+1ts T time constant x1(t-ts)
Inputs/outputs
| Digital input
—y =0 Ix1—=yll< Dif¥f delay effective
=0 Ix1I=ylI>Diff delay switched off
=1 Ixl=yll<<=Dif+ delay switched off
reset

1T Ix1=ylI>DifF

delay switched off

Analog input

=1

| Input variable to be delayed

Analog output

al | Delayed output variable
Parameters:
Parameter Description Range Default
T Time constant in s 0...199999 1
Diff Tolerance band & 0..999999 1

FILT ( filter with tolerance band )
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Time functions

The function timer can only be used with real-time clock (9407-9xx-2xxx). Qutput z is switched on at absolute time TS
and switched off again after TE. This switching operation can be unique or cyclical (parameter adjustment). Output
Week —Lr indicates the actual weekday (0...6 = Su...Sa). TS Mo = 0 and TS Lt = 0 means actual day

When the time defined with TS . H and TS:M1i has elapsed, the 1st switching operation occurs on the following day.
With TS Mo = 0and TS I < actual day, the first switching operation occurs in the following month. With TS Mo <

actual month and T2 [ < actual day, the 1st switching operation occurs in the next year.

Inputs/outputs

Digital input

di=abl

=0 output 71 active. Becomes 1 when the time was reached.

dizahbl =1 output z1 switched off. The output behaves like “time not yet reached”.
Digital output
z1 |71 is logic 1 between the start and end time.

Analog output

Week—D lindicates the actual weekday ( 0...6 =Su...Sa)
Parameters:
Parameter Description Range Default
T5. Mo Switch-on time month 0..12 0
T5.D Switch-on time day 0..31 0
T5.H _ Switch-on time hour 0..23 0
TS.Mi Switch-on time minute 0..59 0
TE.D Time duration days 0..255 0
TE.H _ Time duration hours 0..23 0
TE.Mi Time duration minutes 0..729 0
Configuration:
| Confiquration | Description Value Default
Func 1 e lical function runsevelically . - oo oo 0________. 0

ohce function runs once 1

cdaild functionrunsdaily. - o oo ______ Q. _______. 0
Fuho? Mo._. . Fre._ _Function_runs from Monday toFriday _ - _ J1_________

M. . . _Sa function runs from Mondav_to Saturday . _ |2 - _ . _ __ __

week 19 function runs weekly 3
*1) with the engineering tool broken rational numbers can be used; however only the integral

portion is taken over!
83 TIMER ( timer )
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(V'R IMTIMER2 ( timer )
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+d153
—pistart O t | Week-D
—»;—I""E"E-E't ‘ 1
| 5.0 | [TE.D ;
| TS.H | | TE.H end —»
! TS.Mi| | TE.Mi ;

The function timer2 can only be used with real-time clock (9407-9xx-2xxx).With a positive flank at =t.ar-t., TIMERZ is
started and output =1 is switched to 1 after elapse of time TS and reset to 0 after elapse of time TE.

Example:

TS50 =2T5.H=1T5.Mi=30 TE.['=0, TE.H=2 TE.Mi =2

After the change from 0 to 1 at input =t.art., output =1 is set to 1 after 2 days, 1 hour and 30 seconds and reset to
0 after 2 hours and 2 seconds. Cyclic switching operations can be realized by feed-back of the &tz output to the
start input.

Inputs/outputs

| Digital inputs

dizahl =1 suppresses the switching operation.

reset =1 finishes an instantaneously running switching operation immediately.
start =1 switch-on duration start

Digital outputs
=1 =1 switching operation running
end =1 switching operation end

Analog output

Weesk -0 | indicates the actual weekday ( 0...6 2 Su...Sa)

Parameters:

Parameter Description Range Default
T5. 0 Switch-on delay day 0...255 0
TS.H Switch-on delay hour 0..23 0
TS5.Mi Switch-on delay minute 0..59 0
TE.D Switch-on duration days 0..255 0
TE.H Switch-on duration hours 0..23 0
TE.Mi Switch-on duration minutes 0..29 0

*1) with the engineering tool broken rational numbers can be used; however only the integral
portion is taken over!

TIMER2 ( timer ) 84
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Selecting and storage

Selecting and storage

EXTR ( extreme value selection )

Pl = —F=-
Mid|—
::i; fulim —=
—x3 o=
MinNop—
EXTR
pTrmmimmrm s oo oiooos
; .
| X1 ;; I y1>y2>y3 | M L
. - MaxMo——p
! — !
e N | Mid——p
! L MidHo——p
1 — ;
'x3| « . .
— y 17— —Min——m—»
! —HinHD_:—>

Analog inputs =1, =2 and =3 are sorted according to their instantaneous values and provided at outputs [la,
Mid and Mir. Input value output is at Max for the highest one, at 1 o for the medium one and at M it for the
smallest one.

The number of the input with the highest value is output at MaxMHa.
The number of the input with the medium value is provided at output M1 Mo,
The number of the input with the smallest value is provided at output M1 Mo,

With equality, the distribution is at random.

Inputs are not included into the extreme value selection, if:

-the input is not wired -

-or the input value is higher than 1,5 . 10" or smaller than -15.107.
L0t i Mas Mid Min MasMao MidHa MinHao
failed inputs
0 Xpax Xmid Xnin number of X, | number of X4 number of Xy,
1 Xmax Xoin number of Xg., number of X,
2 the valid value number of the valid value
3 Vg | W | 15y 0 | 0 | 0
Inputs/outputs

Analog inputs

#le wwx3

| Input variables to be compared

Analog outputs

Max Maximum instantaneous input value

Mid Mean instantaneous input value

Min Minimum instantaneous input value

MaxMo Number of maximum instantaneous input value (1 =1, 2=x2, 3=x3)
MidHo Number of mean instantaneous input value (1=wx1,2=%2, 3=x3)
MinHo Number of minimum instantaneous input value (1 =x1, 2= x2, 3=x3)

85
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(LW APEAK ( peak value memory )

2
go L
=
—x1 "
PEAK.
—-}:—EtnF- & :
—ptezet—4—C ;
! |__‘Lq ] !
1 Max;
_.;fx‘l x>y Xmax | —
! 1
! ) | !
I |_ Lq xmin Min
I x<y X

Maximum input value X, and minimum input value X, are determined, stored and output at Maz and i r. With
the stop input set to 1, the extreme values determined last remain unchanged.

If the e=&t. input is set to 1, the extreme value memory and any applied =1.oF command are cancelled. (X, and X, are
set to the instantaneous x1 value and follow input x1, until the k&=t input returns to 0.)

Unused inputs are interpreted as 0 or logic 0.

The function has a ‘memory’. This means: after power-on, it continues operating with the Min- and Max values which
existed at power-off, provided that the RAM data are still unchanged.

No parameters!

Inputs/outputs

| Digital inputs
stor With the stop input set to 1, instantaneous values Max and Min are unchanged.
reset The reset input deletes the M i r and Max; values.

Analog inputs
%1 | Process value, the min and max values of which are output.

Analog outputs
Maz Maximum value
Min Minimum value

PEAK ( peak value memory ) 86
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LEXIMTRST ( hold amplifier )

holdps—

A

With control input hold set to 1, instantaneous input value x1 is stored and output at y1. With control input hold set to
0, output y1 follows input value x1.

The function has a ‘memory’. This means: after power-on, it continues operating with the y1 value which existed at
power-off, provided that the RAM data are still unchanged.

No parameters!

Inputs/outputs

| Digital input
hiold | Storage signal for the value

Analog input
x1 | Process value which can be output stored.

Analog output
a1 | Function output

87 TRST ( hold amplifier )
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15.4 NINEELEENEE L]
LI e
v 3l
v df
SELC
dl . —
. y1|
\ o T
1 —
[EIH [, e ey
i LA B T o V2
: Cl.4 C2.4 2\; —a—>I
Dependent of control signal d1, the four preset parameters of group 1 or of group 2 are output.
Inputs/outputs
| Digital input
dl | Selecting the constant group (0 = group 1; 1= group 2)
Analog outputs
d1=0 =group1 d1=1 2group?
al cl.1 2.1
oz cl.2 2.2
) cl.3 C2.3
=g cl.4 cZ2.d
Parameters:
Parameter | Description Range Default
C1.1 1. Constant of group 1, output at y1 with 1 =0. -29999..999999 |0
C1.2 2. Constant of group 1, output at y2 with 1 =0. -29999..999999 |0
C1.3 3. Constant of group 1, output at y3 with d1 =0. -29999..999999 |0
C1.4 4. Constant of group 1, output at y4 withd1 =0. -29999..999999 [0
c2.1 1. Constant of group 2, output at y1 withd1 =1. -29999..999999 |1
C2.2 2. Constant of group 2, output at y2 withd1 =1. -29999..999999 |1
c2.3 3. Constant of group 2, output at y3 withd1 =1. -29999..999999 |1
C2.4 4. Constant of group 2, output at y4 with d1 =1. -29999..999999 |1

SELC ( Constant selection )
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LERJMSELP ( parameter selection )

—
e EL ] S
SELP
ey feenl i
—d2  I7p(3 :
: 1014 !
! C1} !
! = B I

Dependent of control signals d1 and d2, either one of the three preset parameters C1, C2, C3 or input variable x1 is
connected with output y1. Unused inputs are interpreted as 0 or logic 0.

Inputs/outputs
| Digital inputs
dl 1st digital input for parameter selection
dZ 2nd digital input for parameter selection
Analog input
®1 Input is output at'21, when d1 =1 and d2 =1
Analog outputs
d1 d2
a4l = C1 0 0
al = CZ2 0 1
al = C3 1 0
a1 = =1 1 1
Parameters
Parameter Description Range Default
C1 1st constant, output at y1 withd1l =0andd2=0. |-29999..999999 |0
C2 2nd constant, output aty1 withd1l =0andd2 =1. [-29999..999999 [0
C3 3rd constant, output at y1 withedl =1andd2=0. |-29999..999999 |0

89 SELP ( parameter selection )
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15.6 NEANARREE RS

— ™
—#[X1 Lo
:ﬁg o -
—a{ X 4
SELYW1
. 1] M ;
" 11104 :
—) .
=5 — e
— o !
—x . |

Dependent of control signals d1 and d2, one of four inputs x1...x4 is connected with output y1.
Unused inputs are interpreted as 0 or logic 0.

Inputs/outputs
| Digital inputs
dl 1st digital input for parameter selection
oz 2nd digital input for parameter selection
Analog inputs
%1 Input is output at y1, when d1 =0 and d2 =0
HE Input is output at y1, when d1 =0 and d2 =1
S Input is output at y1, when d1 = 1 and d2 =0
x4 Input is output at y1, when d1 =1 and d2 =1
Analog outputs

ol o2
9l = =1 0 0
gl = =2 0 1
gl = =3 1 0
9l = =4 1 1
No parameters!

SELV1 ( variable selection ) 90
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LS OUT ( Selection of output )

— 0
oo T
— X1 :g:
¥ df—e
s0UT
—»d2 = 97513 y1,
! 114 _|7.—>
O_;—i—>
I:X1 /;o i_wjl

Dependent of control signals d1 and d2,, input variable x1is connected to one of outputs y1, y2, y3 or y4.
Unused inputs are interpreted as 0 or logic 0.

Inputs/outputs

| Digital inputs
dl 1st digital input for output selection
dZ 2nd digital input for output selection

Analog input
®1 Input is output at'21, whend1l =0 and d2 =0

Analog outputs

al = =1
g2 = o=l
a3 = =l
=g 1

- = ool

No parameters!

9 SOUT ( Selection of output )
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(X JWREZEPT ( recipe management )

— 1 g'_j“ A

— i 2 EE N2

—e{X E W f—e

—ul X 4 W e

— Betlo Camol—=

REZEPT
—p manual T T !
—pt =tore !

o e N L

— X et T, T etz 1| Seta. 1 | 5etd, 1 | seta. T M y2!
—>X2 Set1.2(5et2.2 | Set3.2 [ Setd.2| Sets.2 [ o\ 3>
—p X3l 5at ], 3 5ot 2,3 | et 3.3 Getd. [ Sets s o TSy
— XAl cet ], 4| Set2, 4| Set3. 4| Setd. 4] SetSd ] © Y4

The function has 5 groups (recipe blocks) each with 4 memory locations. The recipes can be written via parameter set-
ting and analog inputs. The function parameters are stored in EEPROM with back-up.
Selection which recipe block is output at y1...y4 is determined by the value applied to input Set.Ho.

In mode STORE (=t.c~& = 1), the values applied to x1... x4 are written into the memory addresses of the recipe block
selected with input Set.Ho.

During manual mode (Marmdal = 1), the inputs are directly connected with the outputs.

If more than 5 recipes are required, a corresponding number of recipe functions are simply cascaded.

Example for 15 recipes

¥ T ¥ T ¥ ¥
T 0 0
Aaxt 53 v Ax1 53 v Ax1 53 v
XZ &L v 2| Arz oL v 2| Axz oL v 2|
— ] E v 23— ol X 5 E v Gf—e= ol X 5 E v Ef—=
— 5 4 W g ol X, d g o X o 5 f—
Setho Capcp—= = Satlo Caec—- = Satlo Caecl—-
REFEFT REFEFT REFEFT
100 ts=11 101 ts=11 103 t5=11

With cascading, the values for the overall recipe are available at outputs y1...y4 of the last stage.

REZEPT ( recipe management ) 92
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Inputs/outputs

Selecting and storage

| Digital inputs

This input reacts only on a positive flank, i.e. on a change from 0 to 1. With this flank, input values

store x1..x4 are stored in the recipe block selected with S&t.Mo. The values are stored in RAM and in
dynamic EEPROM.
=X With =t.ore =0 or permanent 1, storage is omitted.
manual manual = 0: automatic mode: recipe function active

manual = 1: manual mode: the values of inputs x1...x4 are applied to y1...y4 directly.

Analog inputs

In mode STORE (=t.or& =1), the values applied to ... are written into the memory locations of
the group selected with Set.Mo.

#lea g The inputs are connected with the outputs directly in manual mode (manual = 1) and also when
the Set.Mo input is beyond range 1..5.
Selecting a recipe block:
The value of S&t.Hodetermines, which one of the 5 recipe blocks is selected. Selection is valid
SetMos for reading and storage (— =t.or&). A recipe block is selected only with a value within 1...5 at

SetHo. With Set.Ho out of range 1...5, the inputs are connected directly with the outputs
(independent of the status at the A/M input manual). This is required for cascading.

Analog outputs

ul wd The values at (i) correspond either to the recipe block selected with Zet.MHi or to inputs x(i) in
toT manual mode (st.ore =1).
Casi The value at output Ca= is the value of input Zet.Ho reduced by 5 and is used for
cascading.
Parameters:

Via interface, 20 parameters (5 recipe blocks each with 4 values) can be preset:

Parameter Description Range Default
Setl.l Parameter 1 for recipe 1 -29999...999 999 0
Setl.2 . Parameter 2 for recipe 1 -29999...999 999 0
Recipe block 1 -
Setl.3 Parameter 3 for recipe 1 -29999...999 999 0
Setl.d Parameter 4 for recipe 1 -29999...999 999 0
Set2. 1 Parameter 1 for recipe 2 -29999...999 999 0
Set2. 2 . Parameter 2 for recipe 2 -29999...999 999 0
Recipe block 2 -
Setz2. 31 Parameter 3 for recipe 2 -29999...999 999 0
Set?.d Parameter 4 for recipe 2 -29999...999 999 0
Set3.l Parameter 1 for recipe 3 -29999...999 999 0
Set3. 2 . Parameter 2 for recipe 3 -29999...999 999 0
Recipe block 3 -
Set3.3 Parameter 3 for recipe 3 -29999...999 999 0
Set3. 4 Parameter 4 for recipe 3 -29 999...999 999 0
Setd. 1 Parameter 1 for recipe 4 -29999...999 999 0
Setd, 2 . Parameter 2 for recipe 4 -29999...999 999 0
Recipe block 4 -
Setd,. 3 Parameter 3 for recipe 4 -29999...999 999 0
Setd. 4 Parameter 4 for recipe 4 -29999...999 999 0

93 REZEPT ( recipe management )
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(X IN20F3 ( 2-out-of-3 selection with mean value formation )

llli
—sfx1 ZHDE
—el X Amutt | & &
— X2 A
— X2mult '_NCasc—b-
— X2 L
— X3Imukt EE
20F3 H
R PP
—>faili— !
—p—failz— % ert1—p
—»—a3ilF— = e 22—
—b:—-:-FF— K !
—p—il l I
—pLHimult !
—_— 2 Y1—1p
—pLiZrult Casc—+—>»
—}!—HT I
B S LW | AS— !
1

Function 20F3 forms the arithmetic mean value of input variables %1, =2 and =3.

The difference of %1, =2 and =3 is formed and compared with parameter Lri . Inputs the value of which exceeds
this limit value are not used for mean value formation. With 1 appliedtof'aill fail3 (e.g. the fail signals of
AINP), faulty inputs are not taken into account either for mean value formation. ekt~ 1 =1 indicates that 1 input failed
and was not used for mean value formation. If at least 2 inputs do not participate in mean value formation, output
err2 is set to 1. With input off set to 1 or if output err2 = 1 the %1 value is output at =1 .

With more than 3 input variables, function 20F3 can be cascaded.

Output Ca=c indicates the number of values used for mean value formation. This is important with 20F3 function
cascading.

With unwired factor inputs (=1l . x3mult) factor 1 is used automatically. If one of inputs =1 ..x3 is not
used, the relevant =x—mult. must be setto 0.

The =—mu 11 input of the following function block is wired with factor output Za=C of the previous function block.

Example of cascading

ii = Inp!
InpsS ks 8% £, 0lnpl <
T = — =L
YZ: _ Inpd J EEE% gg\JPS
ﬁ: 5 AINPS AP lll
v . AINP4 65 61
B 64
T
o mlg
raf— l l l ®1 __-_%
M
i:?: x1 _NERE _p§12mun“'“'"' e
R ] —#AImult T o —=RZ2mult Cascl—*
v 13— Xz v X3 oo
o e —= XZmult ‘_NCa X3mult llﬁh
¥ 15— —elx 3 T
oo T8 *amult R 20F3 iL
CONST | ] 20F3 T] 100ts=11

99 101 ts=11

In this example, CONST output y16 =0 is set.

The following formulas are calculated:

X1- 1+ x2-1+x3-0 ) X1-14+x2-14+x3-2
The left 20F3: 5 =y1 and the right 20F3: 1 =yl

20F3 ( 2-out-of-3 selection with mean value formation ) 94
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Selecting and storage

Inputs/outputs
| Digital inputs
t'aill | Erormessage forinputz1. With @i 11 =1, input1 is not taken into account for mean value formation.
tailZ | Erormessage for inputx2. With @i 12 =1, input2 is not taken into account for mean value formation.
tail3 | Eror message for input3. With i 13 =1, input3 is not taken into account for mean value formation.
of £ | Function switch-off: with @f ¥ =1, input 1 is output at 91 .
Analog inputs
%1 Measurement input 1
Factor input, pertaining to measurement input 1. Determination is made of how many measurement
#1mult | inputs the 1 consists (required with function block cascading or input not connected).
Non-connected input 1 mui 1 1. is evaluated as value 1.
H2 Measuring input 2
Factor input, pertains to measurement input 2. Determination is made of how many measurement inputs
®2MU 1t | the %2 consists (required with function block cascading or input 2 not connected ).
Non-connected input xZrui 1 1. is evaluated as value 1.
H3 Measurement input 3
Factor input, pertains to measurement input 3. Determination is made of how many measurement inputs
x3mUlt w3 consists (required with function block cascading or input -3 not connected).
Non-connected input x-3rui 1 1. is evaluated as value 1.
| Digital outputs
a1 |Error message: ett~1 =1 indicates that at least one of inputs %1 . « « 23 is not taken into account
with mean value formation.
appz | Error message: ert2 =1 indicates that mean value formation is omitted. Either several inputs (f'ai 1
or difference > [*1 ') are disturbed or function was switched off by input @f f'.
Analog outputs
dl arithmetic mean value or switching to =1 occurred (2= 1 or several inputs defective).
gz | Factor: number of the values used for mean value formation.
Casc = =lmult + =Zmult + =x3mult.
Parameter.
Parameter | Description Range Default
Diff |Limitvalue for comparison of differences between inputs
®1 ... =3 fordetermination of faulty inputs. 0..999 999 1

No configuration parameters!

95 20F3 ( 2-out-of-3 selection with mean value formation )
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(X VISELV2 ( cascadable selection of variables )

—al %1
. LY
A= c;l:
—l % 4
—l Select
SELWZ
A 57— . .
—pt Select —|1,5..<2,52 x5 -3 Casc——p
: 2,5..<3,53 ;
:X1 35..04 | .
X2 —] o\ y1|
'|x3 —1° . >
) " x4 1

Dependent of input Select,, one of the four inputs x1...x4 is connected with output y1.

Unused inputs are interpreted as 0.
Output Casc =inputSelect -3

The function can be cascaded as shown in the example given below. Dependent of input signal e 1 et at the 1st
SELV1, the corresponding variable is output at "1 of the 2nd SELV2.

Cascading

SELV1 y Toutput 2nd SELV1
Select< 1,5 x1 of 1st SELV1
: i; 15< Select<2,5 | x2of 1st SELV1
S o h dxa T ] 25< Select<35 | x3 of st SELVI
e LR 150 3,5< Select<45 | x4 of st SELV1
S A el 4,5< Select<5,5 | x2 of 2nd SELV1
SELWY? 55< Select<6,5 |x3 of 2nd SELV1
<65 x4 of 2nd SELV1
Inputs/outputs
Analog inputs
%1 Input is output at y1 with Select.<15.
X2 Input is output at y1 with 1,5 < Select <25.
X3 Input is output at y1 with 2,5 < Select <35.
x4 Input is output at y1 with Select <35
Select Dependent of input value, the relevant variable is output at'91 .

Analog outputs

dl According to the input value of S& 1 ect., the relevant input variable is output.
CascZ Cascade output = Select. -3
No parameters!

SELV? ( cascadable selection of variables )
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m Limit value signalling and limiting
L[ BALLP ( alarm and limiting with fixed limits )

—ed 1 v A=
— [ -0
L
ALLP _1, i i _l
i Yi—p
4LI X1 |_ ”/ —h1|—>
' HL ~H | he
I o 11—
: | 12—
; Hi |[ H2 |
; | 8 | [Select| | L1 | LZ !
Signal limiting: Limiting at HI
Parameter L1 determines the minimum, H1 the maxi- A%Y
mum limiting. y1 is limited to the range between L1
and H1. (L1 <y1<H1).
With parameter H1 smaller than L1, a higher priority is
allocated with H1. This means that y1 is < H1. "
L1

>t

Limit signaller:

The limit signaller has two 2 low and high alarms (L1, L2, H1 and H2). Configuration parameter =& 1 &c.t. can be used
to select the variable to be monitored (%1 dxl-dt. =1 - =@)

The limit values are freely adjustable as parameters and have an adjustable hysteresis of ? 0.

The smallest separation between a minimum and a maximum limit value is 0.

When an alarm is triggered, the corresponding output (L1, L2, H1 and H2) is logic “1".

D -alarm (=1 -dt.)

Value x1(t-1) measured one sampling interval before is subtracted from instantaneous value x1(t). This difference is di-
vided by calculation cycle time Tr (100, 200, 400, 800ms).

Thus input variable x1 can be manitored for its rate of change.

Alarm with offset (x1 — =H):
x1 can be shifted by means of x0. This corresponds to the offset of the adjusted alarm limits (L1, L2, H1 and H2) in par-
allel to the x-axis

.Oﬁ’set of the alarm limits Switching hysteresis and alarm limits:

A

Y Xsd max
/—A—\
S |
T " T A X

_ y
| +X0 _XO !

L1, L2 H1, H2

97 ALLP ( alarm and limiting with fixed limits )
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Inputs/outputs

Analog input

%1 Input value to be monitored
| Digital outputs

L1 Low alarm 1 - becomes logic 1, if 1 <L1

L2 Low alarm 2 - becomes logic 1, ifx1 <L 2

H1 High alarm 1 - becomes logic 1, if =1 <H1

HZ High alarm 2 - becomes logic 1, if 1 <HZ
| Analog output

w1l Calculated and limited input signal .

Configuration parameter:

Parameter Description Range Default

! x1 #1 —
Select Selection of the variable to be monitored D alarm dxl ot
' Alarm with offset x1-xH

Parameters:

Parameter Description Range Default
H1 High alarm 1 29999 ...999999 | 9999
HZ High alarm 2 29999 ...999999 | 9999
L1 Low alarm 1 -29999..999999 | -9999
L2 Low alarm 2 -29999...999999 | -9999
) Offset x0 -29999 ... 999 999 0
wsd Switching hysteresis 0...999 999 1

ALLP ( alarm and limiting with fixed limits )
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L[ WALLV ( alarm and limiting with variable limits )

— 51
—H 1 . v A=
o L
ALLY NN
—>-H1 ’,/ —Ei—l—>
! I <
CHN e
; — I —12—:—}
; H2 |
! [ H8 ] [Select] Lz ;
—’I‘. Hix e X
-l  __ .
Limiting at HI
Signal limiting: A%Y
Analog input H1determines the maximum limiting, L 1 deter-
mines the minimum limiting. =1 is limited to the range be-
tweenLL1 andH1 (L1 <41 <H1)
As bothH1 andL 1 come from analog inputs, H1 can be "
smaller thanL 1. In this case, H1 is assigned a higher priority.
This means that signal 91 is<H1!
L1

Limit signaller:

The limit signaller has 2 low and highalarms (L1 L2 H1 andH2). The variable to be monitored can be se-
lected with configuration parameter Select (%1 dxl<dt. =1 - =@)

The limit values are freely adjustable via the analog inputs H1 and L 1 and have an adjustable hysteresis of > 0.
The smallest separation between a minimum and a maximum limit value is 0. With an alarm triggered, the relevant
output (L1- L2Z2 HI1 andHZ)is logic “1".

D alarm (=1 ~dt.)

Value x1(t-1) measured one sampling interval before is subtracted from instantaneous value x1(t). This difference is di-
vided by calculation cycle time Tr (100, 200, 400, 800ms).

Thus input variable x1 can be monitored for rate of change.

Alarm with offset (=1 — =8):
%1 can be shifted by means of =H. This corresponds to the offset of alarm limits (L1 - LZs H1 and HZ)in par-
allel to the x-axis.

Offset of the alarm limits Switching hysteresis and alarm limits:

y

Y Xsd max

S i > |
R I

— y
i +X0 _)(0 i

L1, L2 H1, H2

99 ALLV ( alarm and limiting with variable limits )
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Inputs/outputs

Analog inputs

%1 Input value to be monitored

H1 High alarm 1

L1 Low alarm 1
| Digital outputs

L1 Low alarm 1 -is logic 1 with =1 <1

Lz Low alarm 2 - is logic 1 with =1 <L 2

H1 High alarm 1 - is logic 1 with =1 <H1

HZ High alarm 2 - is logic 1 with =1 <HZ

Analog output

ol Calculated and limited input signal #1.
Configuration parameters:

Parameter Description Range Default

Selection of variable tobe d il =
Salect e eCtIO;gn;;g:Lad e to be D alarm d}{l-""dt-
! Alarm with offset wl-x@

Parameters:

Parameter Description Range Default
HZ High alarm 2 -29.999 ... 999 999 9999
L2 Low alarm 2 -29999 ... 999 999 -9999
) Offset x0 -29999 ... 999 999 0
Hed Switching hysteresis 0...999 999 1

ALLV ( alarm and limiting with variable limits ) 100
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L[ =JMEQUAL ( comparison )

—_rrTr T

—pil —F H13HZ
—p — =< H2 —P
SIS Y SE— [ > :ﬂ};?ﬁ%;;
! © € I:X | Hl{gg_;;
; | H1x=H2 Ly

The function checks the two analog input values x1 and x2 for equality.
The values are equal, if the amount of their difference is smaller than oder equal to the preset tolerance.

Comparison conditions 26 25 z4 z3 72 z1

#2 + Difd < =l 1 1 0 0 0 1
#2-Diff <=l < =2+Diff 1 0 1 0 1 0
#2 — Dife * =l 0 1 1 1 0 0

The tolerance can be adjusted either as parameter Diff (Mode =Faraliff)or
entered at analog input Diff (Mode = InF Diff)

Inputs/outputs

Analog inputs

x1 1st input value to be compared

w2 2nd input value

Diff Tolerance for comparison operations

| Digital outputs

z1 zl=1with=2 +Diff < =1
z2 z2=Twith=Z - Diff <=l <=Z+Diff
3 3= with=2 - Diff> =l
=4 Zd=Twith=2 +Diff > =1
z3 o= Twith=xz - Diff > =1 >xZ2+Diff
6 zE=Twithx2 - Diff <=l

No configuration parameters!

Parameters:

Parameter | Description Range Default
Parameter Diff Fara.Ditt —

Mode Tolerance source analog input i fF ThE.DifT

Diff Tolerance for comparison operation 0...999 999 0

101 EQUAL ( comparison )
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X SVELO ( rate-of-change limiting)
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The function passes input variable x1 to output y1 and limits its rate of change dx1/dt to a positive and negative gradi-
ent.

The gradients can be adjusted either as parameter G+ and G~ or preset at analog inputs Gr#+ and Grx—.
Switch-over between the gradient sources is by parameter Mo+ for the positive gradient and by M- for the
negative gradient.

Via digital inputs d1 and d2, limiting can be switched off separately for positive and negative rates of change.

When using the analog inputs for gradient adjustment, the following is applicable:

Gr#+ >0 or GrE— < 0 otherwise the relevant gradient is set to 0.

A The function has a ‘memory’. This means: after power-on, it continues operating with the value of y1 which
existed at power-off, provided that the RAM data are still unchanged.

Inputs/outputs

Digital inputs

dl Control of positive gradient 0 = the selected gradient is effective. 1= gradient =
o2 Control of negative gradient 0 = the selected gradient is effective. 1= gradient = -
Analog inputs

®1 Input variable to be limited

Grr+ positive gradient [ ] with parameter Mode+ = Inp. GrX+

G- negative gradient [ /] with parameter Mode- = Inp. GrX-

Anal tput
gl Limited input value x7

No configuration parameters!

Parameters:

Parameter |Description Range Default

Made+ | Source of positive gradient Farameter Gra+ | Fara.Gra+ | o
analoga inFut  Gra+| InF. Gre+

Moda— Source of negative gradient Farameter Gre— Fara. Gra— -
analoa inFrut GrE-| InF. Gre-

Grx+ positive gradient [/] with parameter Mode+ =Fara. Gr=+ 0...999 999 0

Grx— negative gradient [/] with parameter Mode— =Fara. Gr#E— -29999...0 0

VELO ( rate-of-change limiting) 102
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LCAJMLIMIT ( multiple alarm )
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The function checks input variable x1 for 8 alarm valuesL 1. « « L 2. Dependent of configuration by Maode 1 ...
Mode 2, the relevant alarm value is evaluated as MAX or MIN alarm.

With MAX alarm configuration, the alarm is triggered when the input signal is higher than the alarm value and finished
when it is lower than ( alarm value - hysteresis #=d ).

With MIN alarm configuration, the alarm is triggered when the input signal is lower than the alarm value and finished
when it is higher than ( alarm value + hysteresis #=d ).

Alarm 'EIN'
. Xsdg’ - xsda
———————— * *——————--Alarm'AUS'
L, MIN-Alarm L, MAX-Alarm
Inputs/outputs
Analog input
%1 Input variable to be monitored
| Digital outputs
11 ... 1= The alarm statuses of alarm 1 to alarm 8: 0 = no alarm; 1= alarm case
Configuration parameters:
Parameter Description Range Default
Model ... ModesS alarm functions of the 8 alarms m?x-alarm MAX-alarm —
|m|n-alarm MIMH-alarm
Parameters:
Parameter | Description Range Default
L1..L& |Alarm values of alarm 1 to alarm 8 -29999 ... 999 999 0
#“=d | Switching hysteresis Xsd 0...999 999 0

103 LIMIT ( multiple alarm )
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(X MMALARM ( alarm processing )
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#1 is checked for a lower and an upper alarm value. Additionally, digital alarm input #2311 can be used. Configura-
tion parameter F iz can be used to select which signal shall be monitored (1, =1 + ¥ail orfail)

With input =t.oF =1, alarms (fail and 1) are suppressed. After removal of this signal, suppression lasts, until
the monitored value is again within the limits. This can be used e.g. for suppressing an alarm message with set-point
change.

Alarm suppression with set-point change

, , LWLV L

During set-point value change atthe  —.Jxs BEEENLEYIETLasEERELES |

exit =1 SLIF a pulse with the length N e "TPTEnET TElsEs T =

of a scanning cycle Ts is sent. B ot ) ool w T £
::‘0(:0 _ 3 Eﬁhﬁﬁ’ouw: ng
— o [ Fry _
i B T R
CONTR Hlllllllll%

Inputs/outputs

Digital
fail Diqital alarm signal e.q. fail signal of AINP

stop storF =1 alarms (Fail and 1) are suppressed. After stop returned to 0, suppression lasts,

until the monitored value is again within the limits.

Analog input
x1 | Input variable to be limited

Digital
alarm | Alarm status: 0 = no alarm; 1= alarm

Configuration parameter:

| Parameter | Description Range Default |
only 1 is monitored Mes.wal. 1 —
Fric Alarm function 1 andfail are monitored al + fail
onlyf'ail is monitored tail
Parameters:
| Parameter | Description Ranae Default |
LimL lower limit for the alarm -29 999 ... 999 999 -10
LimH upper limit for the alarm -29999 ... 999 999 10
Lx=d Switching hysteresis Xsd 0...999 999 10

ALARM ( alarm processing ) 104
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Visualization

17.1

WERT ( display / definition of process values )
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General

This function permits display or definition of 6 analog or digital process values in 6 display lines.

configurations (generation of an empty line in the display).

Parameters=z1 ...Z& orgl ..

Normally, the values applied to the inputs are displayed.
Avalue adjustable at the front panel is output at the relevant function output.

The change of these values from the operating level can be switched off.

3 are used as initial value for the outputs at power-on.

The output value is displayed only, if the output is fed back to the relevant input, or if the display for this value
is in the adjustment mode.

With a positive flank at the =t.cr& input, the values applied to the remaining inputs are stored in parameters

zl ..z& and=l .25 and thus used as output values.

Value changes are stored as parametersz1 ... z& or=al ..
set, no values can be changed. With digital input i de set, the operating page cannot be displayed. The engineering
tool can be used to configure a 16-digit text for the display header and further texts for identification of value and unit,

or for the two digital statuses.

Determination if the display line has digital or analog functions, or if it is switched off is made via

Visualization

4 in non-volatile EEPROM. With digital input 1 ok

VWERT ( display / definition of process values )
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Inputs/outputs
hide Display suppression (with i de = 1 the page is not displayed in the operation.
lock Adjustment locking (with 1 ok = 1 the values are not adjustable by means of keys [a][¥]).
dl .. d& Process statuses to be displayed. (Default = 0)
store With a positive flank (0—1) the input values are used as output values.
=l .. =6 | Valid process values
w1 . G | Process values to be displaved (default = 0)
gl b | Valid process values
Parameter and configuration data
Parameter Default |
zl ..z& Start values for digital outputs 1...6 at power-on 0/1 0
o e -] Start values for the analog outputs 1...6 at power on -29999...999 999 0
 Configuration Values Default
Dizpl Function «display line, value ajustable . _ _ _ _ _ _______ | - adiustable [
Dizpe | |ofdisplay onlydisplayline | . displag | « .
line 1..8 +line = empty line emFLy
Made 1 Type of (displaylineanalog_ _ _ _ _ ______ _________|.___ analos | “— __
Modet display display line digital digital
line 1.6 |
DEl ... DFGE Digits behind decimal point in analog line 1...6 0..3 0

Entry and display of texts

Changing the texts displayed in the unit is only possible in the engineering tool! Max. 16 characters can be entered into
each text parameter. Depending of whether a line was configured as analog or digital line, all characters (Mode = =
cdi=ait.al)oronlythe first 6 characters (Mode = =analoa)are displayed in the instrument.

The following values or texts are displayed in the lines:
(1) Block number 3 digits
(2) Fixed text or spaces (no access)
(3 Title (16 digits)
@) Parameter name (the first 6 characters of
‘Text1 a ... Text6 a' dependent of line)
®) Value x1 ... x6 dependent of line
®) Unit (the first 6 characters of
‘Text1 b ... Text6 b’ dependent of line)
(@) User texts (16 characters)
signal = 0: dependent of line of ‘Text1a ... Text6 a’
signal = 1: dependent of line of ‘Text1 b ... Text6 b’

Header

@ @ ®
st Yot Vi A \
(I TIsl TT TP ITTTTTTTTT]

Analog line

@ © 6 © ®

r A \ f_H r A V-L\I A \
ENEEERECERREEEEEEEEEE

Digital line

@ @

A A
r \ [ N\

VWERT has an operating page, which can be selected in the operating page

not used.

To change the value of an input field, this value must be marked by means of
[a]¥] (inverse display). If the value is acknowledged with [, it starts blink-
ing and can be adjusted with [a]¥]. When the required value is reached, it
must be acknowledged with [&]. If a line is configured as display, the value

VWERT operating page
182 Intearator surw.
IntIne = 20,66 [¥1| menuwithinput hide’
IntOut = 15,76 (%]
Intearation uF
Bara.? = 58,86 [%]
LEDZ on
LEDd off of this line cannot be changed.

VWERT ( display / definition of process values )
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Visualization

LY28VBAR ( bargraph display )
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General

This function permits the display of 2 analog input signals as bargraphs, and of 2 analog input signals as numeric val-
ues. Moreover, two analog output signals can be defined.

Determination of horizontal or vertical bargraph is via configuration.

Determination, if the bargraphs/numeric displays are visible or switched off (generation of an individual
bargraph) is via configuration.

One-directional or two-directional bargraph operation is determined by configuring the start value.
Normally, the values applied to the inputs are displayed.

A value which is adjustable via the front panel is output at the relevant analog output.
Changing these values from the operating level can be suppressed.

Parameters%'1 /4'2.

The output value is displayed only with the output fed back to the relevant input, or if the display for this value
is in the adjustment mode.

Value changes are stored as parameters 1 /%2 in non-volatile EEPROM.

With digital input 1zl set, no values can be changed. With digital input k11 cde set, the operating page cannot be
displayed during operation. A 16-digit text for the display header can be adjusted user-specifically via the engineering
tool. The same is applicable for further texts for identification of value and unit.

Inputs/outputs

hide Display suppression (with i te = 1 the operating page is not displayed).

lock Adjustment blocking (with 1 o2k =1 these values cannot be adjusted by means of keys [a]¥]).
w1 /i Process values to be displayed as values (default = 0)

o /g Process values to be displayed as bargraph (default = 0)

gl /92 | Valid process values

107 VBAR ( bargraph display )
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Parameter and configuration data
Parameter Description Range Default
Y1 /82 Start values at power-on -29999...999 999 0
 Configuration | Values Default
_ Function of display x1/x2, value adjustable. _ _ _ _ _ _ _ _ __ _[ & dizp+add |
Lizrl numeric jonlydisplayx1 /x2_ _ __ _ ______________|_ dizrlay |«
DisFp2 dlspla\z/ 1 and :x1 / X2 = empty —
LFl1 /DF2 | Digits behind the decimal point in numeric display 1/2 0..3 0
Tup Position of Both bargraphs horizontal _ _ __ _ __ _ _______|} horizont |
bargraphs 'Both bargraphs vertical vertical
! 5] Display scaling bargraph 1, 0% (left or bottom end) -29999...999 999 0
Aa 186 Display scaling bargraph 1, 100% (right or upper end) -29999...999 999 100
wa mid Display scaling bargraph 1, start value (middle) -29999...999 999 0
“d 5] Display scaling bargraph 2, 0% (left or bottom end) -29999...999 999 0
#4 188 |Display scaling bargraph 2, 100% (right or upper end) -29999...999 999 100
wd omid Display scaling bargraph 2, start value (middle) -29999...999 999 0

Input and display of texts

Changing the texts displayed in the unit is only possible in the engineering tool! Max.16 characters can be entered in

each text parameter.

The following values or texts are displayed:

(@ Block number 3 digits
(1) Fixed text or spaces (no access)
(1) The 16 characters of ‘title’
(1) Parameter name for x!
(first 6 characters of ‘Name 1')
() Parameter name for x2
(first 6 characters of ‘Name 2')
@ Value x1
() Value x2
(D Unit for x1 (first 6 characters of ‘Unit 1')
(1) Unit for x2 (first 6 characters of ‘Unit 2')

VBAR operating page

VVBAR has an operating page, which can be selected in the oper-
ating page menu with the ki cl&” input not used.

For changing the value of an input field, this value must be
marked with [a]¥] (inverse display). When acknowledging the
value with [3), it starts blinking and can be adjusted with [a]¥].
When the required value was reached, it must be acknowledged
with [©]. A value configured as display cannot be changed.

VBAR ( bargraph display )
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Ly JVPARA ( parameter operation )
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General

Function VPARA provides an operating page which can be used for Iy

changing max. 6 parameters of other function blocks available in the Eg :

engineering from the operating level. g
ALARM

Each parameter to be displayed is made known to the display function 1ate /lﬂﬁﬁy ‘

with block number and parameter number by means of two configura- |

tion data. The engineering tool supports parameter setting by a special

operating sequence in which the parameter numbers of the selected

block are selected by means of the parameter descriptions (— see fig- | Bleckt

ure opposite). :;::JZ .............
Additionally, an identifier and a unit text can be specified. Num 2

Block3

Selection dialog
A Values of the used analog inputs are stored as analog values, \ LimH

when a positive flank is detected at the =t.or= input. Activation ‘o ey

of this input must be organized so that it occurs only with relevant Lusd

input value changes. Too frequent storage can lead to EEPROM

destruction.

Hum 3

Inputs/outputs

Digital inputs:
hide Display suppression (with i dle = 1 the page is not displayed in the operation).

lock Adjustment blocking (with Lozl =1 the values are not adjustable by means of keys [a]V]).
store With a positive flank (0—1) the input values are stored as parameter values.

109 VPARA ( parameter operation )
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The outputs provide a status, which shows if the last storage of the values taken over from the
zl .. z6 inputs was successful (z1 ... z6 = 0). Errors may occur due to exceeded limits of the parameter
value or due to non-existing parameters (z1 ... z6 = 1).

#1 . =G | Process values to be stored as parameter values (default = 0)

.Analog outputs:
il ak The values of the 6 parameters are output at the analog outputs. Unused parameters provide value
0"

Parameter and configuration data

 Configuration | Values Default
Blockl.. EBlock&  [Block number of parameter to be displayed #* *
Murml .. Humé Parameter number * *

*To avoid confusions and thus operating errors, we recommend adjusting block numbers and parameters exclusively
via the engineering tool, where the parameters with their short-form descriptions must also be specified. Text entry is
only possible via the engineering tool.

Entry and display of texts

Changing the texts displayed in the unit is possible only in the engineering tool! Max. 16 characters can be entered in
each text parameter. Dependent of whether a line is allocated to a block number or defined as a text line, all characters
[Block:==Text)oronly the first 6 characters (Bl ock = = #xx) are displayed in the unit. If parameter num-
ber (Muriz) or block number (B 1 @k =) are undefined, 777777 %" is displayed as a value.

Parameter allocation to the display lines: Block1; Num1; TextT; Unit 1 — line 1

Block8; Num6; Text6; Unit6 — line 6

The following values or texts are displayed: Header D @ @
(@ Block number 3 digits i
(D Fixed text or spaces (no access) (T TTT T ITITITTTIT]
% The first 16 characters of ‘title’
Parameter name (the first 6 characters of Parameter lin
‘Text 1"..."Text 6" dependent of line) arameterine @{) @ @ @ @
) the parameter values O RO L
®) Unit (the first 6 characters of Text line
‘Unit 1"..."Unit 6" dependent of line)
@ The first 16 characters of @ @
Text 1"..."Text 6" dependent of line "‘ T TTTTTITTT] “"‘ (] ‘\‘

VPARA operating page

VPARA has an operating page, which can be selected in the operating :
menu with input 'hiide’ not used. 18@: Param. COMTR 181

For changing the value of an input field, this value must be marked PPDP':'Pt'i':'nal

with [a]¥] (inverse display). When acknowledging the value with [, it Pl = 7.8 =

starts blinking and can be adjusted with [a]¥]. Ir'lt-E"E'r"Ell 9.8 =

K
When reaching the required value, confirm it with [ DlFFEPEEt‘IEé A=

If the analog inputs (%1 ... ®&) are used by the engineering, operation Y .
(change) of this input field is not possible.

VPARA ( parameter operation ) 110
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LEX-SVTREND ( trend display )
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General

Function VTREND collects 100 values of the analog input "= 1" in a shift register and permits value display as a trend
curve. When the shift register is filled with 100 values, the value 100 samples ago is overwritten by a new value. With
input sample ‘=amrF 1 &’ not used, data recording is synchronous with the time units specified in the configuration.
Trigger pulses at the ‘=amF 1" input permit asynchronous data recording.

@ With voltage failure, the sampled values remain unchanged.

Inputs/outputs
hide Display suppression (with ki de = 1 the page in the operation is not displayed).
disahble The digital input can be used to interrupt automatic or triggered sampling (high-active).
reset The digital input deletes the shift register and resets trend measurement.
— If the digital input is wired, sampling is triggered by a positive flank (0 — 1) at this input. In this
case, the adjusted sampling interval (configuration) is not effective.
readd | After filling the shift register with 100 values first, the digital output is set to high.
w1 | Process value to be displayed as trend (default = 0)
| Analog outputs:
w_{ @R The value of the shift register which is overwritten by the next sample value is provided at the
analog output (value 100 samples ago).
Configuration data
Confi il — val Defaul
) iseconds (5)_ - _ _ _ _ | SeC.
Uit Unit of sampling interval Minutes(m). _ _ _ __ | Min. «—
Hours (k) h
Samrle  [Value of sampling interval in the unit defined with ‘Unit". 0,2...200000 1
LrF Digits behind the decimal point for value displays 0..3 0
W H Display scaling start value (0%) -29999...200000 0
#1806 Display scaling end value (100%) -29999...200000 | 100

M VTREND {( trend display )
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Text display and entry

Changing the texts displayed in the unit is possible only in the engineering tool!
Max. 16 characters can be entered into each text parameter.

Trend curve The following values or texts are displayed:
j0le) ® (1) Block number 3 digits
(11 "‘ [TITITIITIIL] “‘ %Fixedtextorspaces(noaccess)
— The first 16 characters of ‘Title’
@ X 100
® X0
®) (6 Last stored value
o Gliliiign @) Unit for x1 (first 6 characters of ‘Unit’)
185¢ Trend Intedrator 100+SamFle Unit

VTREND operating page
VPARA has an operating page, which can be selected in the operating page menu with
input 'iide’ not used. VTREND has no operating functions. The operating page is

noon | used exclusively for trend data display
-lEa s 51,196 [%]

Examples: Trend recording with 2 curves

Although distinction of different curves is not possible, NS e

display of two values on a trend page may be purposeful I X1

(e.g. controller set-point and frocess value, orone value and  comar !

zero, in order to have a curve). In the example, a clock 99 o

trlE%(\;/en_ng switch-over between the values together with the 1ilidil = 99y

SELV1 is generated by means of a pulse. FENEES — T4 :é

Urit R LR 4 I [0 "e v x1 o8 ., 100 —
2 X0 =|0.000 sugf—e —slx4 g

Dp =0 X100 ={3600.00 < .o % vounje SELVI 2

Sample =[1.000 Puls/h =3500.00 03eff 5D vourl— 1081511 VTREND !

Lihoool 110 ts=11

For making a record at intervals of a second e.g.
in VTREI}I , Unit issettosand SamFle
issetto 1.

Settings: Unit=s and
Sample =1 2 1/s = 3600/h
x0=0, = 1 EEA and pulse/h to 3600,

1/2 sample interval = 1800 must be applied
to pulse input x1.

Cascading
Example of trend-/datarecording with n-values
e o o
R M -
Thoe p283 5283
tawg Lo Emog
e L S x1 CR L xioafbe—e o o ——xq % xqoofe
™ i o
1] m T
v v v
YTREND ! YTREMD | YTREND |
100 ts=11 101 ts=11 109 ts=11
Value X ... x-100 Value x-101 ... x-200 the earliest 100

stored values
Trend or data recording with any number of values can be realized by cascading VTREND function blocks. Limiting re-
fers only to the number of available block numbers and to the calculation time. The data sequence is dependent of
VTREND function block wiring.

VTREND ( trend display ) 112
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m Communication
SO 1745

In total, max. 20 L1READ and L1WRIT functions can be configured (blocks 1...20 ), any combination of functions is pos-
sible. Any number of data can be used in the functions.

18.1
UL

mHOFOnO~O®HO-MN

1 popowooTTT T
Xz TTT

xa
x4

x5
)
X7

EAD

< Interface >

! Statusbyte | EEARRMA | code 01 !

Ll

=
il

d1 Statusbyte? | EEARANA | Code 02

—id12 8
; 2|
.. =]
‘V!d7 S
| Code 03 !
: Code 04
—»:)(1— Code 05
L Code 06 ;
i Code 07 !
X7 Code 08
T Code 09

General

Any 7 analog process values (x1...x7) and any 12 digital status informations (d1...d12) of the engineering are composed into a
data set for the digital interface. The digital interface can read the data set as a complete block with code 00, function number
0, or the individual values with codes 01...09, function number 0.

Inputs/outputs

dl .. .d& Digital process values, which can be read via interface (status byte 1). (Default = 0)
o ...dlz Digital process values, which can be read via interface (status byte 2). (Default = 0)

w1 .. =7 | Analog process values, which can be read via interface. (Default = 0)

Engineering example

In the following example, several process data (process value, effective set-point and control deviation) and controller
statuses (automatic/manual, Wint/Wext and y/Y2) are connected with the L1READ function block. Now, these data can
be read in a message via interface.

Example for L1READ engineering

lill“lllllléliléliél
R EE L] CEE U
1 = TR LA LT . LU
ég :iz}d < 5T ED§ Cd éli; TETTTDTTT T
— _.I_Z:EUUInp1 — O C+ A )
JRET —s ovi. | —e —lxa
anet TTTT e I e I N (o
61 —alvadd i E‘;“EQEEE"’ Fardol— —alx7
—|Fare ;goﬁﬁ“iﬁooog L1READ
CONTR+ PHLEOLH T 1ts=11
100 ts=11

113 L1READ ( read level1 data )
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(k- 1TWRIT ( write level1 data )

IRRRRRRN

awer LTI

| EEPROM 215

. | Code 32 yl:
" | Code 33 SN
' | Code 34 s
Code 35 —_—
Code 36 ———
Code 37 ——
Code 38 —_—
Code 39 L

General

This function is used to provide a data set transmitted by the interface to the engineering. The digital interface de-
scribes EEPROM cells with codes 31...39, function number 0. The data set comprises 8 analog process values (y1...y8)
and 15 digital contral informations (z1...z15), which are provided to the engineering.

@ The transmitted data are stored in the EEPROM. After power failure, start is with the data rather than
with the default values.

Inputs/outputs

Digital outputs:
=zl ...z12 | Digital process values, which can be written via the interface (default = 0)

Analog outputs:
a1 .98 | Analog process values, which can be written via the interface (default = 0)

Engineering example

In the following example, the L1WRIT function block is used to make several process data (process values x2, x3, exter-
nal set-point and two alarm limits) and the control information (automatic/manual, w/W2, Wint/Wext and y/Y2) avail-
able to the engineering. These data can be written in a message via interface.

Example for LTWRIT engineering

LU
v =TSN T U0
W2 3 b U10§ a A ES
o e b T
Nl e — O C- i —e L _
] I —lp P ALLY
~ OrN@Tw vy —vhm _ = L3 Youtzh—e 104 ts=11
Nt:t:zlzﬁzﬁiNNNNNN ¥ :E::fo rmﬁtggégsglﬂg Frartof—e °
L1WRIT + S 00 m 50000
A HRRRRIRARE conTe. TN

LTWRIT ( write level1 data ) 114
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[PROFIBUS]

Max. 4 functions DPREAD and DPWRIT can be configured (blocks 1...4 or 11...14 ). Any combination of functions is pos-
sible. Any data can be used in the functions.

18.3
L

mHOTNOR0O0 -0 0nn

— X1 CUGUTUTTTTG T T T T T T
— 2 TTOTTTTT
— 53
X4 L L L L
—#|na T
*8 .Dé.U'U
DPREAD 1L

< Interface >

__________________________________________

Statusbyte1 [EREARERN] (0)

d1 | statusbyte2 [EEOERER (1)

e —b-ertr——
:: —F =2 ——
| @?1 — —C—err———
—n—' — - d-ert——

General

Block numbers 1...4. Any 6 analog process values (x1...x6) and any 16 digital process values (d1...d16) of the
engineerings are composed for scanning via a PROFIBUS data channel. Block number 1 provides the data for channel 1,
block number 2 provides the data for channel 2, etc.

The PROFIBUS module reads the data of two channels at intervals of 100 ms. The digital outputs indicate the PROFIBUS
status.

@ Further information on communication with PROFIBUS is given in the interface description (order no.:
9499 940 52711).

Inputs/outputs

Digital inputs:
dl .. .d2 Digital process values, which can be read via the PROFIBUS (status byte 1)
d9 ... dl& Digitale process values, which can be read via the PROFIBUS (status byte 2)

Digital outputs:

b—err PROFIBUS status: 1 = bus access not successful
F—ert PROFIBUS status: 1 = faulty parameter setting
C—err PROFIBUS status: 1 = faulty configuration
d-err PROFIBUS status: 1 = no data communication

| Analog inputs:
=1 ... =6 | Analog process values, which can be read via the PROFIBUS

115 DPREAD ( read level1 data via PROFIBUS )
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(k- X SMDPWRIT ( write level1 data via PROFIBUS )

P

(0) [TREAEEIR 1,
216 ,
7l6ls[4{3]21l0 - b—ertr———

General

Block numbers 11...14. The data of a PROFIBUS data channel are transmitted into the memory. Block number 11 trans-
mits the data of channel 1, block number 12 transmits the data of channel 2, etc. The PROFIBUS module writes the data
of two channels at intervals of 100ms. The data set comprises 6 analog process values (y1...y6) and 16 digital status
informations (z1...z16), which are available to the engineering. The digital outputs (b-err, p-err, c-err, d-err and valid) in-
dicate the PROFIBUS status.

@ Further information on communication with PROFIBUS is given in the interface description (order no.:
9499 940 52711).

Inputs/outputs

Digital outputs:

zl . zl& Digital process values, which can be written via the Profibus.
b-er PROFIBUS status: 1 = bus access not successful

F—err PROFIBUS status: 1 = faulty parameter setting

C—err PROFIBUS status: 1 = faulty configuration

d—err PROFIBUS status: 1 = no data communication

ualid PROFIBUS status: 1 = data 0.k.

Analog outputs:
dal L 96 | Analog process values, which can be written via the Profibus.

DPWRIT ( write level1 data via PROFIBUS ) 116



9499 040 50611

m KS98+ 1/0 extensions with CANopen

KS98+ 1/0 extensions with CANopen

The additional CANopen interface completes the func-
tionality of the multifunction unit basic version by:

BUS terminating resistor

Both ends of the CANopen bus must be provided with a bus ter-
minating resistor at (first and last node). For this, the bus termi-
nating resistor provided in every KS98+ can be used. With the
SIL switch closed, the terminating resistor is activated.

As default, the SIL switch is open

(see opposite).

Status display : CAN bus status

Status CAH-Bus

a2t OE-Op-0k-M00 IO
41 HC-HA-HLU-
2 Ok=0p-0k-M00 I-0
B MC-MA-MLU-

S o

—

® local I/0 extensibility using the PMA RM 200
modular I/0 system.

connection of the PMA multiple-channel
temperature controllers with CANopen interface

on-site data exchange with other KS98+ (cross
communication)

These functions are available only in KS98+
versions from operating version 5.

Value |[Signification

1..42 INode number

Ck Check:  Node existence just being checked.

(] 4 Ready:Node has replied and is identified.

HC NoCheck: Node existence not checked so far / node not provided
MFE_ [NoResponse: No reply from this node, but node is required.

ES EMStart: Node has provided an emergency message.

HA NotAvailable: Node status is unknown.

Er Error: Node is in error status.
OF Operational: Node is in Operational status.

FO PreOperation: Node is in the PreOperational status.

Fa Parameter setting:

MU |NotUsed: Node is not required by an own lib function.

NE) Waiting: Lib function waits for identification of this node.

Lib function just setting the node parameters.
Ok Ready: Lib function has finished the parameter setting.

String |detemined node name

Al e ...

117
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(EAEERM 211, RM212 and RM213 basic modules

D D|| DD OO DD DD DD LD DD DD DD DD DD

D D|| DD OO DD DD DD LD DD DD DD DD DD

DN DO DDD|DDD

VOO || DD | DD

) DO DD D DD D D[ D Q||D 4

[ovr]
21010)||00216||[21210)||[210)%)||[)%)% :

DD DD DDD

| DDD

RM 220-0 | RM 221-0
Q| |DDD

The RM 200 system is a basic module (housing) for snap-on rail mounti
The left socket is always reserved for the RM 201 CANopen bus coupler module. Dependent of requirement, /0 mod-
ules or dummies can be plugged into the remaining sockets. The modules click in position in the basic module and can
be released using simple tools for replacement (e.g. small screwdriver).

o @ 1
Enor @ 2

@ 1
o @ 2

Eo@ 3
e @ 4

DDD

B @ 3
B0 @ 4

o ()

The connecting terminals can be

withdrawn easily from the modules.
D O|[DDDND DD

D O[O ND DD

A Don’t insert or remove modules with the supply voltage switched on.

Partial engineering for communication with an RM200 node

Slot1 Slot s
Slot2 EEPV—NNWDDI“*ED
g:::i ﬁ%@ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁﬁ llllllll
Siotal— ruDl LI LTI
EL_ Slet7]— 100 ts=11 000o0000g
UOZ Slotal—e Digitaleingaenge TETTTTETT
Lk Bl Eoprumronro
cRmac JLy
RM200-Knoten :{5“1—?50_”$HHHHH
Digitalausgaenge
Slot
—s|A0 1
L N
s —fes 4fesass
" bzrreoezad rueo TTTTTT]
ﬁ%?}nr—n?ﬁr—ﬁﬁ-ﬁ J1\l]3|ts=11
L nalogausgaenge
RUA L Ll
102 ts=11

Analogeingaenge

RM 211, RM212 and RM213 basic modules 118
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(:2C RM2x (CANopen fieldbuscoupler RM 201)

Slat1
Slot2
Slat2
Slot 4
Slotd
Slotf
Slot7
Slotd
Slotg

IRRRRRRRN

+—id_err

a—fvralidd

s+—=t_err

C_RM2x

21
RM200-Knoten

Coupler module RM201 is fitted with an interface to the CAN bus and plugs into the first slot.
The other slots are provided for various I/0 modules, which are polled cyclically via an internal bus.

Outputs

Analog Outputs
o

- Connection of RM modules RM_DI, RM_DO, RM_Al and RM_AO
S51ot2

| Digital Outputs

1 =reply from min. 2 nodes with identical node ID; — Change
et—err  |0=no engineering error detected the addresses of connected instruments accordingly (e.g. DIP
switches on RM 201).

1 =wrong communication module 1D

_ no reply from any unit with the specified node ID;
id-err  |0=correctnode Id — Adjust the DIP switches on the connected RM 201 and on

page "Parameter Dialog C_RM2x.
valid 0 =invalid data 1= data are valid

Unlike the other KS98 functions, only one data function may be connected to the analog outputs.

Parameters and configuration data

Parameter Beschreibung Range Default
HodeId RM201node address 2..42 32

Prerequisite for communication between KS98+ multifunction unit and CANopen field bus coupler RM 201 is that the
CAN parameter setting is identical.

Adapt engineering tool settings and RM201 fieldbus coupler switch position.

E;;:;Engineming TOOL ET/K598 -PMA-

Datei Bearbeiten  Funkbionen  Feste Funkt BEEEE® Optionen  Fenster  Hilfe

Gerateauzwahl
Gerateparameter

CAMpararmeter

CAHparameter
Palwart F2 |

® CAN_MMT[Master] ) CAM_SLAVE

CAN-Hode Id I-ﬂ Abbrechen
CAM_B audrate | 20KB j

119 C_RM2x (CANopen fieldbuscoupler RM 201)



KS98+ 1/0 extensions with CANogen 9499 040 50611

L IMRM_DI (RM 200 - (digital input module)

— Slot =
ET
?%%rwm¢mmhm
WM TTTTTTO D
ROl L LLLLL T
100 ts=11

Digitaleingaenge
Function EM_CI handles the data from the connected digital input modules.

Inputs and outputs

Analog input
1ot |Connection of one of the slot outputs of the RM200 node (C_RM2x)
| Digital outputs
- 0 =no engineering error |1 =engineering error (several RM module functions at a
_ detected slot)
slotid |0= correct slot assignment 1 = faulty slot assignment (wrong RM module inserted)
walid  |0=nodata 1 = data could be received
di 1 1st to 8th digital input signal
di 2

Parameter and configuration data

Configuration _ |Description Value Default
Module type 0: RM241=4x24VDC
MT=F 1: RM242 =8x24VDC 0
2. RM243 =4 x 243 VAC
Irnwl Direct or inverse output of input signal 1? direct
. / direct
Inuws Direct or inverse output of input signal 8? inverse

RM_DI (RM 200 - (digital input module) 120
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19.4

RM_DO (RM 200 - digital output module)

—] Slot

Rw_DC
101 ts=11
Digitalausgaenge

Function RM_[0 handles the data from connected digital output modules.

Input and output modules

Analog input

=1lotx  [Connection of one of the slot outputs of the RM200 node (C_RM2x)

Digital inputs
do 1

do 2

,.
| Digital outputs

Set-points for digital inputs 1to 8

et.—err  |0=no engineering error detected 1 = engineering error (several RM module functions at a slot)
slotId  |0=correct slot assignment 1 = faulty slot assignment (faulty RM module fitted)
walid  [0=nodata 1 = data could be received
di 1
- 1st to 8th digital input signal
di &

Parameter and configuration data

Configuration _ |Description Range Default
0: RM251=8x24VDC,05A
MTaF L
Module type 1: RM252 = 4 x relay (230 VDC) 2 A 0
Inul Direct or inverse output of input signal 1? direct
== / direct
Inwe Direct or inverse output of input signal 8? inverse
FHodel rticul ti
Output last signal or F=t.at.e in case of no—mnopa |;:u arreaction o
LN B . . . 7
FMode2 communication failure? FStat value output
F5tatel
" Output status in case of error 01 0
F5tated

RM_DO (RM 200 - digital output module)



KS98+ 1/0 extensions with CANopen RM_AI (RM200 - analog input module)
- - — -

LA IMRM_Al (RM200 - analog input module)

Al A
Al 2 —
—] Slotx Lo R
ARl AP Ee
S TRRRED
W7y oy gy o
rRua LI

102 ts=11
Analogeingaenge

Function EM_AT handles the data from connected analog input modules.

Inputs and outputs

Analog input
Z1atx  |Connection of one of the = 1ot outputs of the RM200 nade (C_RM2x)
| Digital outputs
et.—err |0 =noengineering error detected 1 = engineering error (several RM module functions at a slot)
slotId  |0=corect slot assignment 1 = faulty slot assignment (faulty RM module fitted)
walid  |0=nodata 1 = data could be received
tail 1
- Measurement error at channel 1 to 4 (e.g. sensor break)
fail =
tcfile  |Temperature compensation error

Analog outputs
Ai 1...Hi 4|1stto4th analog input signal

RM_AI (RM200 - analog input module) 122
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9499 040 50611 KS98+ I/0 extensions with CANogen

—input1..4

nfiguration | Description Range | Default
0: RM221-0 =4 x 0/4...20 mA
1:RM221-1=4x-10/0..10 V
2: RM221-2=2x0/4..20mA +2x-10/0..10 V
3: RM222-0 =4 x 0/4...20 mA, TPS
MTaF Module type 4: RM222-1 =4 x-10/0...10 V, potentiometer, TPS
5:RM222-2 =2 x0/4..20mA + 2 x-10/0...10 V, potentiometer, TPS
6: RM224-1 = 4 x TC/Pt100, 16 bits
7: RM224-0=2 x TC, 16 bits
8: RM224-2 = 1 x-3...3V, 1x TC, 16 bits
1: typeJ  =-120...1200°C
2 type K =-130...1370°C
3 typel  =-120...900°C
4: type B =-130...1000°C
5 type T =-130...400°C
6: typeS =12 ...1760°C
=TarF 1 7 typeR =13 1760°C
e Input signal 8: typeB  =50...1820°C
STar 4 9: typeN  =-109...1300°C
10: type W =50 ... 2300°C
30: Pt100 =-200 ... 850°C
40: standard signal =0 ... 10V
41: standard signal =-10 ... 10V
50: standard signal =4 ... 20mA
i 51: standard signal =0 ... 20mA
Unit 1 |Temperature unitinput 1t04 | 0: unit =°C
. (only relevant with thermo- 1: unit =°F 0
Urnit. 4 |couple and Pt100 inputs) 2: unit =K
Ii ; Zili;e(rst)ime constant input 1 ... 0 999 999 05
::-:.:. .i ?Ca}gggtﬁa” valug input 129999 ... 999 999 0
»
#1E@ 1 _ }
. fScaImg end value input 1 ... 229999 999 999 100
w198 4 |
Fail 1 _ ] ]
Signal behaviour with sensor upscale «—
Fa.ill. 4 |emorat input 1..4 downscale
Y1im Measured value correct!on
1...4 input value Segment point 1 -29999 ... 999 999 0
—input 1.4
Measured value correction
TIDUE output value Segment 1 — -29999 ... 999 999 0
input 1.4
Y2 Measured value correct!on
1...4 input value Segment point 2 -29999 ... 999 999 100
— input 1.4
Measured value correction
TE':'“:; output value Segment point 2 -29.999 ... 999 999 100

RM_AI (RM200 - analog input module)
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(X JPotentiometer connection and calibration

Connection:
Modules RM 222-1 and RM222-2 are also suitable for connection of E/
r

potentiometers. Max. two potentiometers can be connected to module
RM222-2 and max. four potentiometers can be connected to module
RM 222-1.
For potentiometer measurement, a voltage divider circuit is used. The only
channels designed for voltage can be changed for potentiometer mea-
i . o RMZ222-1
surement pairwisely (by means of jumpers on the module circuit
board)

c
DD DO

Uconst: Us =5V DC (output instead of +24V OUT);

Short circuit proof current limiting: 20mA RM222-1
Max. load: 4mA/channel; 2 | < 20mA (can be distributed to the 4 RM222-2
module channels. ) ) )

The min. resistance values must be -

DD
L

4x1000€2,2x500€20r1x250€Q

Calibration:

In order to calibrate the potentiometer inputs, call up menu item Calibration.
For this, leave the operating menu, call UF] Main menu->Miscellaneous.
select Cal ibrat. 1o, and call up the module you wish to calibrate.

Haurtmeni Alla. Daten kalibrieruns

Latums. Ukrzeit Acl: AIHP1
Geratedaten Aeg: AIHPE
Online 0ff]ine

Bedienseiten
Farameter
[#0-Daten
HnnFlaurathn

nde

Jemelne Ao
St.atus CAH-Bus

1868: EM_AI 168 RM_AI 16@: RM_AI
%H = , HEA %A = H, HEE gt = A, BAaE
»108 = 166, BA #10A = 168, AE *188 = 168, 6@
B = 12. BaE " = A, HEE A = A, BaE
fail = aus fail = aus fail = aus
[ Lhirl. 3 Hait Chnl.: EEEAEE Chnl. 3 IR

Start by selecting the channel you wish to calibrate. _ _
Press key [a] to select the channel number (zhiril . 1)and change it after acknowledgement via key

Subsequently, press G1it. and change over to Siet. B Press key (O] Set. B starts flashing.
Bring the resistance value into th(;posnmn for X0. The value valid for this channel appears on display # . Press key
again to store this value as wE.

Actuate Set. B% and change overto Set. 1B8EX. Presskey [ St 1EEX starts flashing.
Now, bring the resistance value into the position for X100. The value valid for this channel appears on display #. Press
key again to store this actual value as X100.

Potentiometer connection and calibration 124
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-

LY ARM_(RM200 - analog output module)

—f Slot =

— a0

— a0 2 tE_D‘_qu_

—Jioa i8%33a3
W= gy oy oy

Ru_AO L LLLL L

103 ts=11

Analogausgaenge

Function EM_RAO handles the data from connected analog output modules.

Input and outputs

Analog inputs
Slotx Connection of one of the = 1ot outputs of the RM 200 node (C_RM2x)
ACQ 1...AD 4|1st to 4th analog output signal

| Digital outputs

et.—2rr  |0=noengineering error detected 1 = engineering error (several RM module functions on a slot)
=lot.Id  |0=correct slot assignment 1 = faulty slot assignment (wrong RM module fitted)
walid  |0=nodata 1 = data could be received
fail 1
" Measurement error on channel 1 to 4 (e.g. sensor break)
fail 4

Parameter and configuration data

Configuration _ |Description Range | Default
0: RM231-0=4x0/4..20mA/ 4x0..10V
MTaF Module type 1:RM231-1=4x0/4..20mA/ 2x0..10V /2x-10..10 V
2. RM231-2=4x0/4..20mA /4 x-10..10 V
OTur 1 10: standard s?gnal =0..10V
L. Output signal 11: standard s!gnal =-10...10V
OTur 4 20: standard signal =0 ... 20 mA
21: standard signal =4 ... 20 mA
=H 1
“an Scaling start value input 1...input 4 -29999 ... 999 999 0
=H 4
=1@a 1
- Scaling end value input 1 ... input 4 -29999 ... 999 999 100
=188 4

125 RM_(RM200 - analog output module)
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LR IMRM_DMS strain gauge module

94399 040 50611

Function RM_DMS reads data from a special strain gauge module of KS98+ I/0 extension with CANopen. Max. 2 strain

LAl
= 0 0
e
EEEEEE Al
—#{ Slotx . }‘AIZ—E-
iEITY
dw 0D
RMDMS 110104
100 ts=11

gauges can be connected to the module. The measured values are available at outputs Al 1 and Al 2.

The two measurements can be influenced via digital command inputs, e.g. zero setting. Monitoring a new command (
positive flank at one of the digital inputs ) is restarted only when the “ready” output is “1”. The module position in the

RM rack is determined by connection of analog input Slotx to the RM2xx node.

Important hint:

A special coupler module ( RM201-1 ) must be used for operation of the strain gauge module. This coupler module can-
not be combined with thermocouple modules. Moreover, the limitations as for coupler module RM201 (e.g. max. 4 ana-

log input modules) are applicable.

Digital inputs:

J

3

U000

set_t1 Set tare strain gauge channel 1. The actual weight is not stored

continuously as tare (packaging weight). The following measurements provide the net

weight.

res_t1 Reset tare strain gauge channel 1. The tare value is set to O.
Gross weight= net weight.

zero_1 Zero setting of strain gauge channel 1 measured value. The actual
measured value is stored as a zero value in a non-volatile memory.

set_t2 Set tare strain gauge channel 2. The actual weight is buffered as tare
(packaging weight). The following measurements provide net weight.

res_t2 Reset tare strain gauge channel 2. The tare value is set to O.
Gross weight=net weight.

zero_2 Zero setting of the strain gauge channel 2 measured value. The actual
measured value is stored as zero in the non-volatile memory..

RM_DMS strain gauge module
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Digital outputs:

D et—err 0= no engineering error
1 = engineering error (several module blocks at a slot output).
slots not connected.

1 =1lotId 0= correct slot allocation
1 = faulty slot allocation (module type).
Faulty coupler module

4 walid 0 = no data
1 = data could not be received

fail 1 faulty connection or measurement error on channel 1
fail 2 faulty connection or measurement error on channel 2
ready ready message after command handling

Analog inputs:

L connection of one of the slot outputs of the RM201-1-node block

Analog outputs:
(L AI 1st measured value of strain gauge channel 1
D AI 2nd measured value of strain gauge channel 2

Parameters:
MTar 172 module type 0: RM225 = strain gauge
STar 1 A2 0:-4 +4mVV
Unit 172 mV/V
TF 12 filter time constant input 1 ... 2 in(s) 0 ... 999 999 (05
=B 1.2 scaling start value input 1...2 -29999 ... 999 999 (0)
=18@ 1-2 scaling end value input 1 ... 2 -29 999 ... 999 999 (100)
Fail 1-2 signal action in case of sensor error

O:upscale

1:downscale
Aalin 172 measured value correction input value

segment point 1> input 1...2-29 999 ... 999 999 (0)
wlout 152 measured value correction output value

segment point 1> input 1...2-29 999 ... 999 999 (0)
wain 152 measured value correction input value

segment point 2> input 1...2 -29 999 ... 999 999 (100)
wdout. 1.2 measured value correction output value

segment point 2> input 1...2-29 999 ... 999 999 (100)

127 RM_DMS strain gauge module
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KS 98 cross communication

m KS 98 cross communication

CROSS COMMUNICATION

Whilst data exchange between KS 98+ and RM200, KS800 or KS816 must be done exclusively via KS98+ as a master,
direct “cross communication” is possible.

Data exchange between several KS 98+ of a CAN network is via send modules (CSEND; block numbers 21, 23, 25, 27)
and receive modules (CRCV; block numbers 22, 24, 26, 28).

Max. 9 analog values and 16 digital statuses from the relevant engineering can be transmitted per send/receive mod-
ule. The sender sends the data together with its node address and block number.

The receiver checks, if the messages correspond with the adjusted send address, and if the sender block number is by
“1" lower than its own one.

For BUS terminating resistor, see page: 117

9499 040 50611 129
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.\l BCRCV (receive mod. block no's 22,24,26,28 no.56)

T

.E'l—
W0
=T
CRCY l, l,
22 (24, 26, 28)

Function CRCV can receive data from a different KS98+. The data of the other multifunction unit are made available by
means of the CSEND function. Hereby, the CSEND block number is by 1 lower than the CRCV block number.

CRCV no. 22 reads the data of another KS98+ from CSEND no. 21

CRCV no. 24 reads the data of another KS98+ from CSEND no. 23

CRCV no. 26 reads the data of another KS98+ from CSEND no. 25

CRCV no. 28 reads the data of another KS98+ from CSEND no. 27

Outputs

Analog outputs
%1...%9 [Analog output values 1o 9

| Digital outputs
id-ert 0 = correct node Id 1 = faulty node Id

valid 0 = no data 1 = data could be received
do 1

- Status values 1to 16
do 16

Parameter and configuration data

Configuration | Description | Range | Default

ModeId |Node address of the sending KS98+ (The sending KS98plus is adjusted accordingly in engineering
tool window "CANparameter ".) — see *1

* 1) The node address of the sending KS98plus is adjustable in engineering tool window "CANparameter” or via the
instrument parameters on the front panel (during off-line mode).

Geratedaten Loffd

¥ CAN_NMT[Master) " CAN_SLAVE Egﬂd - 95@%

[ Freau, = I8 Hz

CANHode Id |1 Abbrechen | Srrach = deut.zch
CAN_Baudrate d - = 1

CRCV (receive mod. block no's 22,24,26,28 no.56) 130
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p{\WARCSEND (Send mod. blockno.'s 21, 23, 25, 27 - No. 57)

A

FEVITEYY

a—fwalid

KS 98 cross communication

Function CSEND provides data for other KS98+ units on the CANopen bus. The data can be read by the other
multifunction units using the CRCVfunction.

Inputs and outputs

Analog inputs

#1...%% |Analogvalues 1to 9, which are sent.

Digital inputs

dil...di?% |Digital values 1 to 16, which are sent.

| Digital output

walid

0 = invalid data (e.g. no KS98+ but only

KS98) 1 =data could be received

Parameter und Konfigurationsdaten

Configuration

Description

Range

Default

delt.a

Change from which a new send operation is started.

0,000...999 999

0,1

Transmission is at intervals of 200ms.
Note that there is a risk of data loss for values which are available only during 100 ms.

131 CSEND (Send mod. blockno.'s 21, 23, 25, 27 - No. 57)
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ﬂ Connection of KS 800 and KS 816

BHR:_APROG
Gegi B3 _71 2 2

Function blocks C_KS8x and KS8x can be used for communication of multifunction unit KS98+ and multi-channel temperature
controllers KS 800 and KS 816.
A node function IZ k52 is allocated to each KS 800 or KS816.

The K52 functions are allocated to the various controllers of KS 800 (up to 8 controllers) or KS 816 (up to 16 con-
trollers).

For BUS terminating resistor, see page 117

Partial engineering for communication with multiple channel temperature controllers KS800 and KS816

L
ERYZ
"0rdn .
co g e e
c L —feman S
Caf— kgt 0=
2= T Qi 5
e B30y ¢ SR TIT
cof— ERES L . stif— 100 ts=11
£ 10j—e A e c szf— 1. Regler KS 800
CAf—- _“Eux - e E%T'n
¢ 15—+ —fyman T — b
Lo W C 1al—- Soo kS8 lll (Rt
pEEETOT o CEf 4 101 ts=11 Foise
R et i e i iii 2. Regler KS 800 s iz d ¥ -
ckeax LLLLVIELLEL 103 ts=11 —w I
21 8. Regler KS 800 e £ sl
Multi-Regler 800 1’%73
R
KSEK &“
102 ts=11

3. Regler KS 800



Connection of KS 800 and KS 816 C_KS8x (KS 800 and KS 816 node function - no. 58)
[

21.1

A

C_KS8x (KS 800 and KS 816 node function - no. 58)

T
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25
K5800/816 Knoten

Node function C_K.5&z< provides the interface to one of the multi-channel temperature controllers KS 800 or KS 816.
Analog outputs &1 ... C1& can be used to connect the K58 functions, which represent each a controller of KS
800 (max. 8 controllers) or of KS 816 (max. 16 controllers).

Unlike the other KS98 functions, only one data function can be soft-wired to each analog output.
Prerequisite for communication of KS98+ multi-function unit and KS800 or KS816 is the complying adjustment of the
CAN parameters. (— see *1)).

Outputs

Analog inputs
C1...C1& [Connection of the KS8x functions (single controllers in KS800 / KS816)

| Digital outputs
et.—2rt |0=no engineering error 1 =engineering error_(different node function at the same KS800)
id—err |0-corect node ;o:d];aluDlt)y node Id (no KS800 / KS816 replied under the configured
walid |0=nodata 1 = data were received
online |0=KS800/816 is off-line 1=KS800/816 is on-line
fail 1 |0=nofail atdol..do12 1 =fail at do1...do12
fail 2 |0=nofailatdol3..do16 1 =fail at do13...do16
fail 3 |0=no heating current short circuit |1 = heating current short circuit

dil dil1status

diz di2 status

di3 di3 status

didg di4 status

Parameter und Konfigurationsdaten

Configuration | Description Range Default

HodeId  |KS800/KS816 node address 2..42 2

The data from the various controllers are read cyclically.
Maximally at intervals of 1.6 seconds (KS800) or 3.2 seconds (KS816), all data are updated.

* 1) The parameters for the CANopen bus are adjustable in engineering tool window "CANparameter” or via the
instrument parameters on the front panel (ET98 — Device — CANparameter).

C_KS8x (KS 800 and KS 816 node function - no. 58) 134



KS8x (KS 800/ KS 816 controller function - no. 59) Connection of KS 800 and KS 816
[

A I KS8x (KS 800/ KS 816 controller function - no. 59)
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EachKSE:x function handles a controller of KS 8868 or KS 816. The
analog and digital inputs can be used to send the control signals to the controller in KS800/16. The analog outputs
provide the process and controller values.

Inputs and outputs

Analog inputs

C o= Connection to one of the C1. . . C1E outputs of node function C_K58x
Il Controller set-point
Yman Correcting variable in manual mode
Digital inputs
A<M 0 = controller is in automatic mode 1 =controller is in manual mode
C of ¥ |0=controller is switched on 1 = controller is switched off
W12 0 = controller is in automatic mode 1 = 2nd set-point is active (safety set-point)
WeEsl 0 = external set-point is active 1 = internal set-point is active
ostart  |0=don't start self-tuning 1 = start self-tuning

| Digital outputs

1 =engineering error

et—err - ineeri .
0 =no engineering error (several KS8x controller functions on a controller channel)

walid  |[0=nodata 1 = data were received
xfail 0 = no sensor fail 1 = sensor fail
Analog outputs
) Controller process value
W Controller correcting variable
St1 Statushyte 1 For an engineering example to evaluate St1 and St2, see
St Statushyte 2 the next page.
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Connection of KS 800 and KS 816

St.1 Statusbyte 1 Bi

KS8x (KS 800/ KS 816 controller function - no. 59)

t  Value Description

0 1 HH alarm
1 2 H alarm
2 4 L alarm
3 8 LL alarm
4 16 sensor fail alarm
5 32 heating current alarm
6 64 leakage current alarm
7 128  alarm DOx
St.2 Statusbyte 2 Bit  Value Description
0 1 W?2 active
1 2 Wint active
2 4 Wstart active
3 8 self-tuning active
4 16 self-tuning error
5 32 controller A/ M
6 68  controller switched off
7 128 ----

KS8x (KS 800/ KS 816 controller function - no. 59)

Beispielengineering zur Auswertung St1/ StZ
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E Description of KS98 CAN bus extension

There are various modes for KS98+ communication via the CAN bus. The unit can be master for handling the NMT ser-
vices (NMT = Network ManagemenT), or slave, can send or receive PDOs (PDO = process data object) cyclically or send
SDO telegrams asynchronously (SDO = service data object). A KS98+ can contact any bus parties simultaneously with
other KS98+, allocated remote |0s, KS800 multi-controllers and up to 40 sensors or actuators, and via asynchronous
telegrams. Max. 42 CAN nodes can be addressed.

SDO telegram === == 3DO operator

Receive-PDO Transmit-PDO

device n
Data-receiver Data-producer
Process Data Objects (PDO) Instrument-specific data contents
Process data for fast exchange Service Data Objects (SDO)
- one party sending = all parties can read for data without real-time requirement
(Producer / consumer concept) asynchronous, confirmed messages
max. 8 bytes for data / message Repartition over several telegrams is pos-
non-confirmed message sible
snchronous or event-triggered Data addressing via indexes in the object
Priority control via address directory (index, subindex).

KS98 handles guarding tasks as a master or a slave with an own local RM node. Display is in the CAN status window.

New:

Master g Slave

Master Slave

However, there are limits to the performance of the bus parties and the bus itself. The dynamic operations of the bus
can be evaluated only by statistics.

The resulting bus and interface load of an instrument is dependent on thedetails of the communication structure and
can be estimated only, if the behaviour of the individual parties is known exactly. In the following, properties and ef-
fects of various bus parties are explained and figures and facts are presented. Information on the COB-IDs consumed
internally at PMA is given in the annex. This information should be taken into account when adding instruments from
other manufacturers.
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KS98+ CAN communication features

Every message on the bus activates the KS98 interrupt handler and loads the processor. The message is analyzed and
queued, if the destination of the message is the own address. This queue is handled in the idle task and during the cy-
clical system processing phase (at intervals of 100ms).

70% of the CPU capacity is reserved for the engineering. This time is considered as 100 % in the KS98 ET timing dia-
logue. l.e. Min. 30ms are available for general tasks and communication. Included are front and rear instrument inter-
face processing and Profibus handling. However, these loads are insignificant, because, for example, front and rear
interface can only receive one telegram per 100 ms. This means that the CAN communication causes the largest part of
the CPU load.

The PDO handling program is activated, as soon as the praocessing phase for the engineering within a cycle is finished
(idle-task). Hence, more than 30 % of the processor capacity may be available for CAN communication with small
engineerings. The user can decide freely and at his own responsibility how to use these reserves can.

Receive PDOs

The interrupt handler requires approx. 0,16ms for each PDO.

The event queues comprise 4 x 80 items. There is a queue for all send messages, another one for all PDO receive mes-
sages, still another one for the network receive messages and still another one for the SDO receive messages.

The queues are handled at intervals of 100 ms and during the idle task.

This means that no more than 80 PDOs per 100ms may be received.

The PDO handling is a processor load of approx. 1,2 ms for each individual PDO.

Blockwise handling of 50 receive PDOs takes KS98 18 ms (19 ms, if the same number of PDOs for other receivers are
rejected).

Although the load of the basic communication blocks (C_RM2X, CPREAD, ...) cannot be allocated to a time slot, it is as-
signed as a fixed value to the engineering portion automatically.

Send PDOs

The load for transmitted PDOs is nearly the same as for receive PDOs (18ms / 50 PDOs), however, sending is not cycli-
cal.

PDOs are sent only, when a value has changed (threshold adjustable with CSEND, otherwise, there will be a change of
accuracy of the transmitted data format). At the latest after 2 seconds, the values are sent again also if unchanged.
This reduces the output load by an unpredictable percentage. A filter can be used to reduce the transmission frequency
of instable data.

Estimation of CAN bus activities of various instruments

For reducing the data traffic between PMA instruments, PDOs are transmitted only in case of data changes.
The changes are read with the accuracy of the used data format (LSB).

KS800 communication

Both synchronous and asynchronous communication are used for KS800 communication. By configuration, one PDQ is
defined as synchronous and one PDO is defined as asynchronous.

A Sync message is sent at intervals of 200ms.

This is followed by reception of a PDO containing the data of one controller channel by each KS800/816 . I.e. refresh-
ing of 8 channels takes 1,6 seconds.

The internal KS800/816 cycle for handling a controller channel is 63,5 ms. If a channel status or correcting variable
change occurs during this cycle time, KS800/81 sends 1 PDO asynchronously.

RM 200

Data transmission in both directions is asynchronous. Data are transmitted only if changed (only the related PDOs).
Checking, if changes were made is dependent on the accuracy of the data format (LSB). In both directions, the min. re-
fresh rate is 100 ms.

Max. 5 PDOs + 1status PDO are sent by the RM node dependent on the number of modules in the nodes.
Max. 5 PDOs are sent to the RM node by KS98.
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KS98+cross communication

Data transmission is asynchronous. Data are transmitted only when changes occurred (only the related PDOs). The min.
refresh rate is 200 ms.

Max. 5 PDOs are sent dependent on the quantity of data connected to CSEND.
Max. 5 PDOs are received by KS98.

Instruments from other manufacturers

Instruments from other manufacturers - sensors / actuators — can be addressed via synchronous data communication
(send and receive PDOs), or using asynchronous data communication via SDOs. For reduction of the bus activities,
checking for data changes is done by the sending side.

PDO reception can be influenced only by increasing the “Inhibit time” on the sensor side, in order to prevent informa-
tion from being sent more frequently than once per 100 ms (KS98 calculation cycle). Received data bytes can be con-
verted into the internal format flexibly using function block AOCTET . The operating principle of the block for the
sending side is equal.

The receive and send interfaces (CPREAD/CPWRIT) are handled at intervals of 100 ms.

In block number range 21-40, max. 40 PDO addresses (COB-ID=Communication OBject Identifier: basic address + node
address) can be addressed.

The hearbeat protocol, which is offered by some manufacturers, is not supported.

The data definition according to DS301 V4.0 complies with the Intel notation.

I3~ Recommendation for safe operation:
Bus load limitation
< 100 telegrams / 100 ms
Baudrate 3250 kbit/s = 250m distance

Limitation of PDOs handled in the unit
< 50 telegrams / 100 ms (send/receive)

Send frequency for sensors 3 100ms (inhibit time)
COB-ID allocation example for internal PMA CAN communication for node address 1:

&5 CAN-KDNFIG - |O] %]
Select config >> j RM'P DO'aSS|g n ment << Mew configuration | =
PDO-description Knode-1D COB-ID
P LE| RM-TPOOT DI aER 1 385
[[Z| RM-TPDOS &inp2 Int16 1 427
LZ| RM-TRDOS Ainpd 6 1 459
|,Z| FRM-RRDO1T DO BBl 1 513
[[Z| RM-RRDOS Aout2 Intt6 1 555
LE| RM-RPDOS Soutd Int1e 1 555
Z| RM-TPDO2 alnpi Int16 1 £41
[[Z| RM-TPDOS Alnp3 Int16 1 683
[,Z| RM-TPDOS Errorl EDOBTKBANBAD 1 725 =
[ Z| RM-RPDOZ2 Aoutt Intt5 1 769
[[Z| FRM-RRDO4 Aout3 Int16 1 L
Datensatz: 14| < [T 1 v |»ile#] von 11 (Eefiterty 4] >




Description of KS98 CAN bus extension

sCANKONFG M|
Select config > .| CFOSS communNication < New configuration | r
PDO-description Knode-ID COB-ID
[ 4 [,Z| Guer-TPDOM 3 Analog 445 1 1009
[,Z| Quer-TPDOM4 Analogy BI7 1 1033
[,E| Quer-TPDOS Analog 59 1 1057
|,E| Guer-TPDOME 16Bits Courter Analog 1 1081
LZ| Quer-TPDOMT Analog 243 1 1105
[,E| Guer-TPDO S Analoy 445 1 1129
[,E| Quer-TPDOMA Analog BIF 1 1153
[,E| Guer-TPDO20 Analog 5/9 1 177
[,Z| Quer-TPDOM 16Bits Courter Analog! 1 385
[,E| Quer-TPDOS Analog 203 1 427
[,E| Guer-TPDOS Analog 415 1 468
[,E| Quer-TPDO2 Analog BF 1 641
| [,E| Guer-TPDO4 Analog 59 1 [15]
[,Z| Quer-TPDOE 16Bits Courter Analog! 1 725
[,Z| Guer-TPDOT Analog 203 1 865
[,Z| Quer-TPDOB Analog 415 1 aaa
[,Z| Guer-TPDOS Analog 67 1 a13
I,E| Guer-TPDOA 0 Analoy 59 1 a3y
[,E| Quer-TPDO11 16Bits Courter Analog? 1 961
[,E| Guer-TPDOA 2 Analog 203 1 g5 |
-
Datensatz: 14| 4 || 1 v | v1|v#] von 20 (Gefikert) 4] I

Select config >> j KS-BOO-aSSig nment

<< New configuration |

E3 CAN-KONFIG O] =]

PDO-description Knode-ID COB-ID
4 ,=| K=800-TPDO1 synohron(chn PV stat,'r) 1 385
I, | KSB00-RPDO1T asynchron(chn SR Y Upd) 1 513
[,Z| HKS800-TPDO2 asynchronichn PY stat,v) 1 G4
[,Z| HKSB00-RPDOZ asynchron(chnSPY Upd) 1 TE9 -
Datensatz: LILII—I L IH IHEI won 4 (Gefilbert) 1] | > j

9499 040 50611
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A

Description of KS98 CAN bus extension

CPREAD (CAN-PDO read function)

R11
R12
Ri2
R 4
R15
R1G
R17
R12
Rz 1
Rz 2
Rz 2
Rz 4
Rz 5
Rz 6
Rz 7T
Rz2

startje—

PHATREEEE T

w—Jid-err
s—let-err
w—fvalid

CPREAD
21

Function CPREAD is used for read access to instrument PDOs. Due to the normal quantity of min. 2 PDOs per instru-
ment, the data quantity of 2 PDOs 2 with 2 COB-IDs was grouped in one block.

Node address and COB-ID (CAN-OBject IDentifier) parameter setting is in the block. Moreover, node guarding for moni-
toring the CAN communication to the specified node can be switched on.

Data provided by the instrument must be interpreted according to the instrument specification.

Groups of 4 transmitted bytes can be converted into different data types.

For this purpose, a conversion function for converting and inverting 1 to 4 bytes into a parameterizable data type (see
function AOCTET) is available.

Examples: R1+R2>Int16 /  R1+RZ+R3+R4 >Long

Important note: The heart beat protocol is not supported. If an instrument can be operated only via “heart beat”,
the guarding function must be switched off.

Digital inputs:
start The function is active with the input not connected, or if start=1 is connected.
Digital outputs:
elL—arr 0= noengineering error

1= no CAN-HW (KS98 type)

multiple node monitoring

id-err 0= correct node id

1= faulty node id or instrument does not reply

specify own node ID as “Nodeld”
no free receive PDOs (RPDO)
valid Bit follows node status with the node guarding active
(0="preoperational”, 1="operational”) always 1 with node guarding switched off
Analog outputs:

1 1 R1 & 1st to 8th analog input value in byte format (8-bit) for COB-ID 1
EZ 1 EZ & 1st to 8th analog input value in byte format (8-bit) for COB-ID 2
Configuration parameters (can be changed only during OFFLINE):
Nodeld CAN node address

Guard node guarding off/on

COBID1 decimal ID of the first CAN object identifier

COBID2 decimal ID of the second CAN object identifier

141 CPREAD (CAN-PDO read function)
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yy22BCPWRIT (CAN-PDO write function)

CPWRIT

bbbl il

27 EEE

TZ & éﬁg
cPwrm [ 1]
22

Function CPWRITE is used for write access to instrument PDOs. Because of the normal quantity of min. 2 PDOs per in-
struments, the data quantity of 2 PDOs 2 with 2 COB-IDs was grouped in a block.

Node address and COB-ID (CAN-OBject IDentifier) parameter setting is in the block. Maoreaver, node guarding for moni-
toring the CAN communication to the specified node can be switched on.

Data sent to the instrument must be interpreted according to instrument specification. Groups of 4 transmitted bytes
represent different data types.

To provide the bytes according to the required data type, a conversion function for transforming the value in the engi-
neering into 1 to 4 bytes is available (see function AOCTET).

Examples: R1+R2>1Int16 /  R1+R2+R3+R4 >Long

Important note: The heart beat protocol is not supported. If an instrument can be operated only via “heart beat”,
the guarding function must be switched off.

Digital inputs:
=tart The function is active, unless the input is connected, or if start=1 is connected.

Digital outputs:
et—arr 0= no engineering error
7= no CAN-HW (KS98 type)
multiple node monitoring
id-err 0= correct node id
1= faulty node id or the instrument does not reply

own node ID was specified as “Nodeld”
no free send PDOs (TPDO)
walid bit follows the node status with the node guarding active
(0="preoperational”, 1="operational”) always 1 with the node guarding switched off
Analog outputs:

T1 1 .T1 & 1st to 8th output value in byte format (8-bit) for COB-ID 1

T2 1 T2 & 1st to 8th analog output value in byte format (8-bit) for COB-ID 2

Configuration parameters (can be changed only during OFFLINE):

Nodeld CAN node address

Guard node guarding off/on

COBID1 decimal ID of the first CAN object identifier

COBID2 decimal ID of the second CAN object identifier
(CAN-PDO write function) 142
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Description of KS98 CAN bus extension

py2JMCSD0 CAN-SDO function
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Function CSDO permits access to the CAN bus by means of SDOs (Service Data Objects). SDOs are used for asynchron-
ous data exchange without real-time inquiry.

Transmission started by the trigger input is always confirmed by the receiver, possibly during data inquiry along with
value transmission. Reception of the confirmation is indicated by a logic 1 at the “ready” output. A new command can
be generated via the positive flank at trig only with “1” indicated by the “ready” output.-

Data required for command generation can be adjusted as parameters or connected as values to the inputs. As soon as
a connection at an input was made, the relevant parameter looses its function. In this case, the value applied to the in-
put is valid. Data (command) addressing in the connected instrument is done via indexes (index / sub-index), which is
described in the CAN instrument documentation.

A value to be transmitted is connected to X1writ (or parameter “value”). A received value is output at Y1read. Y1read is
set to 0 after power-on, after an error ( “err” = 1) and after a data output.

With RM modules provided in the KS98 engineering, and for addressing the same nodes also via a CSDO block , the
trigger should be interlocked with the valid bit of the RM-200 block. During access to RM nodes which are handled al-
ready by KS98 in the background, there may be start-up collisions the consequences of which are removed only by re-
starting KS98.

Important note: The heart beat protocol is not supported. If an instrument can be operated only via “heart beat”,
the guarding function must be switched off.

Digitale Eingange:
r/w Zugriffsart: 0 = lesen, 1 = schreiben
Analoge Eingange:
Node dezimale CAN-Knotenadresse,1..42
(KS98+ bildet den CAN Object Identifier gemals CiA DS301, Knoten ID + 600H)
D-Type Datentyp des angeschlossenen Wertes, 0..6. Folgende Datentypen stehen zur Verfligung
0: Uint8
1: Int8
2 Uint16
3: Int16
4. Uint32
h: Int32
6: Float
Subind Adressierung in Objektverzeichnis 1..255
Index Adressierung in Objektverzeichnis 1..65535
X1writ Datenwert —29999 ... 999999)

143 CSDO CAN-SDO function
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Digital outputs:

et 0=no error
1 = error detected.

Possible errors:

® Faulty KS98 hardware. KS98+ expected.

The trigger input is not connected.

No reply or faulty reply from the instrument.
Instrument replies an inquiry with an error message.
Min. one parameter or connected value is out of limits.

Feady 0 = transmission is being handled. So far, no confirmation was received.
1 = transmission completed. Ready for the next command.

Analog outputs:

T1 1 .T1 & 1st to 8th analog output value in byte format (8-bit) for COB-ID 1
T2 1 T2 & 1st to 8th analog output value in byte format (8-bit) for COB-ID 2
Parameters (can be changed during operation):

Access access mode: 0 =read, 1 =write

Nodeld decimal CAN node address, 1..42
(KS98+ forms the CAN Qbject Identifier according to CiA DS301, node ID + 600H)

D-Type data type of the connected value, 0..6. The following data types are available

0: Uint8

1: Int8

2. Uint16

3 Int16

4 Uint32

b: Int32

6: Float
Sublnd address in object directory 1..255
Index address in object directory 1..65535
Wert data value —29999 ... 999999)

CSDO CAN-SDO function 144
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E Programmer

£ % BAPROG ( analog programmer ) / APROGD ( APROG data )

—#{DBlock  [Block| DBlock

TIITTI]

APROGD

t [WMode]PHade] Wed [PurlePEnd]Turbe| !
................................... ) ! TPrig |

APROGD

‘DBlack p amailinn ] _PES:E 1 :

:’

_—— ., - FTErut t——
—TRest——P
—SesHo—p
— WEnd——p
FrosNa——p

General

An analog programmer comprises a programmer (APROG) and min. one data block (APROD), whereby output
DElock of the APROGD is connected with input Bl .k of the APROG. By connection of several of these
cascadable functions (each with 10 segments), a programmer with any number of recipes with any number of segments
can be realized. Limiting is only in the number of available block numbers and in the calculation time.

The data block has an analog output, at which the own block number is made available. This information is read-in by
the programmer and used for segment data addressing. If an error with segment data addressing is detected, the reset
value is output (status display on operating page: ‘Ertar’).

After an engineering downlaod, =49 H is output (reset). If FLik1 is not connected, =t.oF is used.
Definition of the analog programmer

Preparation for Operation
operation

5
Process value x
o

.
........

Wpo > +\ ‘ %741%6
H I\ e MPRESET ]I

eser  Proarm e, e
Inputs/outputs
Digital inputs (APROG):
hide Display suppression (with i de = 1 the page is not displayed in the operation).
lock Adjustment blocking (with Lozl =1 the values are not adjustable by means of keys [a]¥]).
FLIF Program stop/run (0 = stop, 1 =run) reset has highest priority

reset Program continue/reset (0 = continue, 1 = reset )
Fireset.  |Program preset (1 = preset )
search | Start programm search run (1 = search )

145 APROG ( analog programmer ) / APROGD ( APROG data )
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-

Digital outputs (APROG):

Fuf Status program stop/run (0 = program stop ; 1 = program run)

reset Status program reset (1 = program reset)

end Status program end (1 = program end reached)

fkeyg Status A/M key / interface function “fkey’ (:pressing key [£] causes switch-over (0 or 1))

Analog inputs (APROG):

PSet. Preset value for program

DElock Block number of 1st data function "APROGD’
Froato Required program number (recipe)

wllal Value for search run

Analog inputs (APROGD):
DElock Block number of cascaded data function “APROGD’

Analog outputs (APROG):
WF

Programmer set-point
THetto Net program time (] Trun)
TErutt Gross program time (] Trun + ] Tstop)
TRest Programmer rest time
Sealo Actual segment number
WERrd End value of actual segment
Froako Actual program number (recipe)

Analog outputs (APROGD):
LElock | Own block number

Parameter and configuration data

Parameter APROG | Description Range Default
. Ramp _____________|RamF_______|__ <
WMode Change mode: -rStep chap
\Preset to segment Pres.time —

PMode Preset Mode: i P e R

reset Mode Preset to time Fres.ses.

; : {Gradienthas priority __ _ __|Brad.Fria | .
TPrio Start mode in search run 'Seqment/time has priority | Time Fric
WFE Program set-point at reset -29999 ... 999 999 0
_ Range Default

Parameter APROGD | Description ET Unit ET Unit
TF 1 Time for segment 1 (@) 0..59999 |8:88.999:39 |QFF |—:i——
We 1 Segment end set-point in segment 1 -29999 ... 999 999 0 a
TF 2 Time for segment 2 (D) 0..59999 |B:8@.993:159 |QfFf |-—:1—-
We 2 Segment end set-point in segment 2 -29999 ... 999 999 0 5]
Te 18 Time for segment 10 (D) 0..59999 [H:@8@.5999:53 [OFF |-—i—-
We 18 Segment end set-point in segment 10 -29999 ... 999 999 0 a

Enter the time for a segment in seconds or minutes into the engineering tool dependent of configuration (T k).
Entry into the unit is in Hrs:Min or Min:Sec. In addition to the range, a switch-off value can be entered (ET: OFF/-32000;
unit: =2 —=). When reaching a segment with a switch-off value, ‘Exicd’ is output.

APROG ( analog programmer ) / APROGD ( APROG data ) 146



9499 040 50611 Programmer
Configuration DPROG | Description Values
' Continue program (default) _ ____ _| Cont_pras
FPurlrF Behaviour after mains recovery 1Search run in the actual segment ___ |Cont ses
: Continue at actual time Cont Lime
: .stop after program end (default) _ _ _ | stor
FEnd Behaviour at program end 'Reset after program end Fecet
. . 'Time = hours ; minutes (default) Hrz:Min
Turbo Time unit ettt S EsI
me A 1 Time = minutes : seconds Min:Sec
Cascading

Cascading APROGD function blocks permits realization of a programmer with any number of segments. The segment
sequence is dependent of the APROGD function block wiring (— see below ).

Recipes

Example of an analog programmer with n segments

Segment n ... n+10

—#DBlock  DBlodk

APROGD

111 ts=11 1

—F——— @ @ @ —H

Segment 11 ... 20

DBlock DBlock

APROGD

02 ts=11

Segment 1...10 T
S
L2 "wum THettoj—=
—¥| P Set - '5_5“ T Birutf—e
5 elDBlodk  DBlood]—e sl DBlak B rpeal e
—#{ Progho - SegNaj—=
—# AVl U s yyEnd|l—e
APROGD c @ g WEndre
] o
101 ts=11 clwg "
APROG RN
100 ts=11

Analog output ‘FroaMa’, at which the actual recipe number is output, and one or several SELV2 function blocks can
be used to select a recipe the block number of which is switched to the APROG input (— see below). Selection of the
required recipe is possible via analog input ‘F'r2-aMHa’ or recipe number, which can be entered via operation/inter-

face.

A\

Example of an analog programmer with 3 recipes a 20 segments

Recipe switch-over (new Fr-oalio) is effective only after programmer reset.
Entry of the recipe number via operation/interface is possible only, if analog input Fr~oaHo is not connected.

; cine1— ) L
LI\ 4 \ Y] ] | [
1 | To3hhn ip f—e
| —+#|DBlock DBlock DBlock  DBlock X1 E2 mwg  THetto—=
i o —e|PSet L I

! | o5 L DBlack L
| APROGD APROGD I —elxq e+ I P o Seghol—e
v 102 ts=11 101 ts=11 ! Select conT g WEndf—=

S e e e e e e e e e e e e = = 4 S L eProgh

SELWZ Coln
|’"""""_'_""r)""‘ 107 ts=11 :‘;EOGH INeN
o 1 ts=

: T |\:C|pu T 1
| —#DBlodk [Blod DBlodk  DBlock :
! 1
: APROGD APROGD ! ll ll
v 1041s=11 103 ts=11 ) s s X

--------------------- —#x1 £3 v x1 oL W
e e e e e e m e m—— o o —w{x2 &L v 2 —wlxz £8a vz
. . \ —lx3 "7 yale —el %3 m ¥ el
! Cl I —wlxa B valw —x 4 ¥ af—e
| LIS 4 7 ! Setlo Casof— — %5 - oo A
| —#|DBlock DBlock DBlodk  DBlocd—s i WHHHNN I

1 REZEFPT

| ! 108 ts=11 veara L LLLL
, APROGD APROGD ! 109 ts=11
v 106 ts=11 105 ts=11 !

N e e e e e - —

@ If each recipe shall have a separate reset set-point (Wp0), function blocks REZEPT and VPARA can be

used as shown up. Note the calculation order (APROG — REZEPT — VPARA).
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Change mode (ramp/step)

If the set-point shall change in a step or ramp is deter-
mined by a parameter (W) valid for all segments of a
recipe (default: ramp).

Segment parameters

Wp0 Wp1 Wp2 | Wp3 | Wp4 Wp5

Ramp: The set-point changes linearly from the start (end Tp1 Tp2| Tp3| Tp4 Tp5
value of previous segment) to the end value of the relevant
segment in time TF . For the first segment, the following W3 3
gradient is applicable: (WF1 -WFE)/TF1 Ramp
Wp2 P
Step: The set-point goes to value WF immediately at seg-
ment start and maintains it during segment time TF. T2 S TR Ted
Wp3 P
Segment 3 Step
Wp2
A A
Start End

Operation preparation and end position

Each program starts at an initial position Wi, which is used and maintained with reset or first programmer set-up.
With program start from rest position, the first programmer segment runs from the instantaneous process value at the
time of start command (,ramp” with gradient (Wp1 - Wp0) / Tp1). With step change mode, the set-point of the first
segment is activated immediately.

At program end, either

¢ the set-point of the last segment is maintained (— see below ),

® orthe programmer goes to rest position WFE (— see below ) dependent of configuration (FEkd). The

program can be started either by entry of run (control input switch-on or off or front-panel operation) or
preset.

Profile with stop at end position

Preparation for Operation
operation

Process value x s
d -

........

| |
e e e

Program elapsed Program
START program time END

RESET

Profile with automatic reset at program end
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Program sequence changes

During the running program, set-points and times (online) can be changed. Moreover, further segments, which did not
exist so far, can be added. The actual segment number remains unchanged. Unless the actual segment is changed, the
relative elapsed time also remains unchanged.

(] Past changes
A change of values and times of the past (already elapsed segments) are only effective after
re-start (after previous reset).

CI Future changes
Changes of the future (segments which are not reached so far) are immediately effective.
With changes of segment lines, the ,rest time" is re-calculated automatically.

D Present changes
Changes of the actual segment time, which mean a return into the past (e.g. segment time
TF reduction to lower values than the relative time which has already elapsed in this
segment) cause a branch to the start value of the next segment.
Changes of the destination value of the actual segment cause unique re-calculation of the
segment gradient for this program run, in order to reach the new destination value in the
remaining time.
Final re-calculation of the segment gradient is when starting a new batch (reset and start) or
with preset to an earlier time.

Search run

In the following cases, a search run is carried out:

¢ Startvia operation

Start via interface

Start with search =1

Program start after Re=set.

After short power failure with FowerlF =Cont.. =29, orCont. Lime

When starting the search run, set-point WlF is set to the #Llal value, from where it runs towards the segment end
value with actual gradient (TP'r 1o =Gad . Fr10) or in the actual segment rest time (TP 1o =Time
FI-io).

If the search value is out of the actual segment with TP+ 1o =Grad. Fr 10, the program is continued at the seg-
ment point next to the search value (actual segment start / end). With segment start value = segment end value, the
program is continued at the segment start.

Search run with TPrio = Time Prio Search run with TPrio = Grad.Prio
A A
X X
w W

search run
start

search run
start

v+
\ A
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Analog programmer operating page

_ _ 1117 Pro9ramm analod
Analog programmer APROG has an operating page, which can be se-
lected in the operating page menu with input ‘hiide’ not connected. Fec: 1| 6 B 3 3
To change the value of an input field, mark this value by means of Sagr 2 -
[a] ] (inverse display). When acknowledging the value with [&), it
starts blinking and can be adjusted with [a][¥]. If the required value SHE. 84, ., A, AR
was reached, acknowledge it with [&). tHetto [hl EHE)!
If the FB inputs (function block inputs) allocated to the input fields in tRest [hl EHEh
the following table are assigned to the engineering, operation (change)  |'St.at.L4= FLIFI
of this input field is not possible.
Input field Operation Display FB input
If input ProgNo is wired, entering of the desired |indicates the actual recipe number.
Rec recipe number is not possible over the frontside! FrosHo
Cag If control input preset is wired, entering the desired|indicates the actual segment number | ozt
segmentnumber is not possible over the frontside!
® No operation possible start and end value of the actual
segment
@ No operation possible display of actual set-point (WF)
tHetto Entry of required programmer time (preset to indicates the Lt time total —
time) (without pause)
tRest No operation possible indicates the time until program end
st.oF | Stop the programmer programmer stopped L
Ut | Start the programmer the programmer was started
The programmer is switched to segment 0 the programmer is switched to
Status EEEt and'g-t,?:np‘ ’ seqr?]er?to and'st.oF’ reset
Auit || eave the field without change
:EE‘E"" direct adjustment of segment parameters segmentparameter
Extended programmer functions
Valid from: SIM/KS 98 version 2.1
ET/KS 98 version 2.2
Set-point limits and decimal point (only APROG)
Parameter|Description Range Default
e Lower input limits for Wp0 ... Wpn -29999..999999 | 0
W1EEA  |Upper input limits for Wp0 ... Wpn -29999....999999 | 100
DE Number of digits behind the decimal point with input and display of segment 0.3 0
parameters

[X3" Note: When adjusting the segment parameters via the parameter level, these parameters are not effective!
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Direct programmer adjustment

Program set-points and segment times can be adjusted at the operating
page directly via the instrument front panel, without calling up the parame-
ter level. Direct access to parameter setting is enabled with control input
F—=hiow = 1" set at the function blocks of programmer APROG and
DPROG.

Menu item Pr-oararm can be selected in the status line. After confirma-
tion, all segment parameters TF and llF pertaining to an effective recipe
Rt can be displayed and adjusted in a scroll window (Fig. ). Return to
the normal operation is with Erd.

Scrolling is done over several data blocks (APROGD, DPROGD). ,.n" seg-
ment parameter (Wpn, Tn) indexing is with 3 digits. The segment parame-
ters are distributed to the concerned data blocks automatically from left to
right with ascending index (Fig. ).

If the last segment time Tn is adjusted to a valid value, the next parameter
Tn+1 is displayed automatically. =—=1 == etc.

Thus an actual program can also be reduced by setting Tn+1. ===12==/n
the required position. The following segments are suppressed in the pro-
gram sequence.

However, the relevant segment parameters remain unchanged and are
made effective again by entry of a valid value at the relevant point.

Adjusting the programmer via the parameter level remains possible. In this
case, however, each data block APROGD or DPROGD must be selected
separately. In this case, however, parameters W&, W18 and D'F
pertaining to APROG are not effective.

Q 77 . 7
ocroinng winaow

18@: Proarammasber
= 4 0.000

B,
tHetto [hi HEBE
tRest [hi 1: 18

IEREELE

Status

188: Prosrarmasber

Fec
P&

1

lert A
Tr3 Zeit
WE3 =T
o (<))
Trd Zeit £
©
e
[T)
(/2]
Wen = e,
I ——H—4
Ende

Adjusting several recipes

In modes rur, =t.oF and
Freset. only the instanta-
neously effective recipe can be
processed as described. Further
recipes (F&iZ) can be changed
only with the programmer at
permanent reset. This is possi-
ble only with the reset input
connected. For this, e.g. the au-
tomatic/manual key can be used
(fF-kea - resetl seeFig.

)

Automatic parameter distribution to data blocks

Compatibility with earlier engineerings

Earlier engineerings are converted automatically with ,operating version 3" ad-
justed. Adjustment of new parameters W&, W1 EE and L'F is possible only
then. For using the adjustment via the scroll window, however, control input
F—=how must be connected previously.

Fig.16: Perment reset

Downward compatibility

As the additional functions in earlier KS 98 firmware versions are not known,
.Operating version 2" must be adjusted before transmission of the engineering.
KS 98 with new firmware version (from V2.1) cannot be processed with earlier
ET/KS 98 (< V2.1)!

X CH4uC
T9Zand : uip e
—ufpset T EIMG TT"BerEt:t_&
—e| DBlock By :
TR estf—
— Frogho
J— 4 Sagha—e
cnT % WEnd p—
[
Ju wuxProgNo—b
APROG 11}
100 ts=11
Programmgeber
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yx ¥ 2DPROG ( digital programmer ) / DPROGD ( DPROG data )

Bo5Y
t=gy THetta|—
—e|Fget © TEmtf—
—=as|DBlock D DBlock TRest|—
—+|Fiogha SegHof—
DPROGD clzgmangoe™ T
2l GZTTTTTT
eeroc L ILTHTHTH
(et ;
i !
(YT T: Vo) D ! '
! DPROGD 1 —ppoet—] FUn—p
| ]

—pDElock: D1 w018 DElock—»——p-DBlock rezet——p
i L A7 1 —p—Froato] end——p
| o6 (32) ooy ] :

goi 11@; [ 1 ! D [—fkes——»

i o = o S = | .

i dog o) == 1 —Phide—] —doi=—»

] 38? g; - = t ' —»—lock—] —...=

' ] T = ' —»run D dos——P

1 e[Tell 1 —Preset—] FTHetto——P

|

----------------------------------- d —Prreset-| A FTBrutt—
1 —TRest:—V
' F—Seabo——p
' DPROG ) HProsto——p
A Wi e

General

A digital programmer comprises a programmer (DPROG) and at least one data block (DPROD), whereby output
CBElock of DPROGD is connected with input DBl @k of the DPROG. Connection of several of these cascadable
functions (each with 10 segments) permits realization of a programmer with any number of recipes and any number of
segments. Limiting is only in the number of available block numbers and calculation time.

The data block has an analog output, at which it provides its own block number. This information is read-in by the pro-
grammer and used for segment data addressing. When an error in the segment data addresses is found, the reset value
is output (status display on operating page: Ertar’).

After an engineering download, =&3 & is output (reset). If LK is not connected, =t.aF is used.

Digital programmer definition

1 2 3 4 5 6 7 g 9 10
l | | I_I | | Control output 1 (do1)
| | | | |_| | Control output 3 (do3)
| | | | | Control output 4 (dod4)
i | Control output 5 (do5)

I PRESET
START elapsed to segment

program time
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Inputs/outputs
Digital inputs (DPROG):
hide Display suppression (with i e = 1 the page is not displayed during operation).
lock Adjustment blocking (with 1ok =1 the values are not adjustable by means of keys [a]¥]).
R Program stop/run (0 = stop, 1 =run )
reset Program continue/reset (0 = continue, 1 = reset ) reset has highest priority
Freset Program preset ( 1 = preset )
Digital outputs (DPROGY:
Fun Status program stop/run (0 = program stop ; 1 = program run)
reset Status program reset (1 = program reset)
end Status program end (1 = program end reached)
fked Status A/M key / interface function “fkey’ (:pressing key [2] causes switch-over (0 or 1))
dol. .. ook |status of control outputs in the actual segment
| Analog inputs (DPROG):
FPSet. Preset value for program
DElock Block number of 1st data function "DPROGD’
Froalo Required program number (recipe)

i (DPROGD):
DElock | Block number of cascadable data function 'DPROGD’

)PROG):

THetto Program time net (] Trun)
TErutt Program time gross (] Trun + ] Tstop)
TRest Programmer rest time
Sealo Actual segment number
Proakio Actual program number (recipe)
Anal tputs (DPROGD):
DElaock Own block number

Parameter and configuration data

Eﬁg‘g ter Description Range Default
. ‘Presettosegment _ _ _ _____ _|F Pres.time | — _
PMode Preset Mode: Preset t0 time Pres.osog.
La Status of control outputs 6...1 with reset 0/1 per output | 000000
Parameter Description Range Default
'DPROGD P ET Unit ET__ |Unit
TF 1 Time for segment 1 (1)) 0..59999 |H:B8.399:59 |QFF -—i—-
L1 Status of control output values in segment 1 () 0/1 per output 000000 |HEEEEE
TF 2 Time for segment 2 (D) 0..59999 [H:@H.339:59 |OFF -1
b 2 Status of control output values in segment 2 (2)) 0/1 per output 000000 [E&@@EE
Tr 18 |Time for segment 10 (D) 0..59999 [A:@@.399:53 |off  [-—:1--—
L 1A Status of control output values segment 10 (2)) 0/1 per output 000000 |HEEEEE

The time for a segment is entered in the engineering tool in seconds or minutes dependent of configuration (Twirkz),
whereas entry into the unit is in Hrs:Min or Min:Sec. In addition to the range, a switch-off value can be entered (ET:
QOFF/-32000; unit: === —=). When reaching a segment with a switch-off value, ‘Exid” is output.

DPROG ( digital programmer ) / DPROGD ( DPROG data )
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With entry of control values in the engineering tool, the first digit before the
decimal point corresponds to control output 1 (do1), the second digit before
the decimal point corresponds to control output 2 (do2) etc. Entries behind
the decimal point are interpreted as 0. Leading zeros are deleted.

Tp1 =|5.00000
D1 =[101010.

Configuration .
DPROG Description Values
. . 'Continue program (default) Cont.Frog
Furle Beh ft DUHANEE PO o -
enaviour arter mains recovery :—COHtanG at actual time Cont. time
. :Stop after program end (default) Stor
FEnd Behaviour at g olepatierprogram endidefaultl | 2x00 .
ehaviouratprogram en \Reset after program end Reset
. . 'Time = hours ; minutes (default) Hrz:Min
Turbo T t e L
me uni 'Time = minutes : seconds Min:Sec
Cascading

Cascading of DPROGD function blocks permits realization of a programmer with any number of segments. The segment
sequence is dependent of DPROGD function block wiring (— see Fig.: ).

Example of a digital programmer with n segments

Segment n ... n+10 Segment 11 ... 20 Segment 1... 10 b EEE
EE o THetto}—=
—alFSet o TBut—-
—+|DBlock  DBlock e o o DBlock DBlodk DBlock  DBlock DBlok TRest}—+
— Frogho - SegMof—-=
DPROGD DPROGD DPROGD cho Froogao Ol
103 ts=11 102 ts=11 101 ts=11 CLOETTOTTD
oproc LLLLLEEEE
100 ts=11
Recipes

Analog output ‘ProaMa’, at which the actual recipe number is output, and one or several SELV2 function blocks can
be used for selecting a recipe the block number of which is switched to the DPROG input (— see Fig.: ). Selection of
the required recipe is possible via analog input ‘FP'rcaMia’ or recipe number, which is adjustable via operation/inter-
face.

Recipe switch-over (new Ft~oakio) is effective only after programmer reset.
Entry of the recipe number via operation/interface is possible only with analog input Ft~=aMo not connected.

Soll jedes Rezept einen eigenen Resetwert (DO) haben, konnen die Funktionsblécke REZEPT und
VPARA wie in Fig.: verwendet werden. Hierbei ist die Berechnungsreihenfolge (DPROG — REZEPT
— VPARA) zu beachten.
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Example of a digital programmer with 3 recipes each with 20 segments

TSR AR \ T
I
. Rezept1 . : s
! [ E2%aw THetto|—
I —elbBlok  DBlock DBlock DBlodd—er 1 [ 5 ot —e
: I §§ & DBlok TRest|—+
\ DPROGD DPROGD : Ny Cazofl—s —| Pragho E PSegNo —
- — g
LI I Wit | e shrisu3733
____________________ SELVZ = =
3 R || e orros [ ITTTTTTT
\ pzep‘l’ | 100 ts=11
I
I
| —sl0Block DBlo DBlock  DBlock|—sy
I
1
1
, DPROGD DPROGD : ll ll
v 1041s=11 103 ts=11 , = =
"""""""""" —elx1 BT vy X1 B ot N
———————————————————— —sxz BEL vzl —wxz C£O2 vl
e R q N —xz "0 vale —slx3 " v
) pze p.l- : —elxa B vale —elxa v al—e
I , —= Setlo Casof—= —=Ag 0D S
| —s|DBlock DBlack DBlock DBlockd—s; REZEFT THEE . wmwwnw YO
I
X ! 108 ts=11 vears L LLLL]
, DPROGD DFROGD : 109 ts=11
v 106 ts=11 105 ts=11 ,

@ If each recipe shall have an own reset value (D0), function blocks REZEPT and VPARA can be used as
shown in Fig.: . Hereby, calculation order (DPROG — REZEPT — VPARA) must be taken into account.

Program sequence changes

During the program sequence, set-points and times (online) can be changed. Moreover, further segments which did not
exist so far can be added. The actual segment number remains unchanged. Unless the actual segment is changed, the
relative elapsed segment time also remains unchanged.

EI Past changes
A change of values and times of the past (already elapsed segments) is only effective after
restart (after previous reset).

() Future changes
Changes of the future (segments which were not reached so far) are immediately effective.
With segment time changes, TEe=1. is recalculated automatically.

(] Present changes
Changes of the actual segment time which mean a return into the past (e.g. reduction of
segment time TF to values lower than the relative time already elapsed in this segment)
cause a branch to the start value of the following segment.
When starting a new batch (reset and start) or with preset to an earlier time, the segment
gradient is finally recalculated.
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Digital programmer operating page

Digital programmer DPROG has an operating page, which can be selected in the 182 Prodramm didital
operating page menu with input ‘hii e’ not connected. For changing the value Rect | Q
of an entry field, this value must be marked using [a][¥] (inverse display). When Sed: | HBEBEHAA]
acknowledging the value with [&], it starts blinking and can be adjusted with E5 43¢ |
[a]¥]. When reaching the required value, it must be acknowledged with [&. If the [tHetta [minl Hipz
FB inputs assigned to the input fields (function block inputs) in the following table  [LF&st [min] @ Ge
are allocated to the engineering, operation (change) of this input field is not possi- Status el
ble.
Input fields Operation Display FB input
If input ProgNo is wired, entering of the  |indicates the actual recipe number.
Rec desired recipe number is not possible over FrosHo
the frontside!
If control input preset is wired, entering the  |indicates the actual segment number
Ses desired segmentnumber is not possible over Freset
the frontside!
® No operation possible Status of control outputs (do1...do6) in the
actual segment
tHetto Entry of required programmer time (preset |indicates the total F*Lir time (without ——
to time) pause)
tRest No operation possible indicates the time until program end.
stoF | Stopping the programmer the programmer was stopped L
Ut |Starting the programmer the programmer was started
Status resat| € programmer is switched to segment 0 |the programmer is switched to segment 0 |, oz ot
and 'st.oF and'stoF
44it ||eaving the field without change

Distinction of preset (to segment 1) and reset

DO is output with reset. With preset to segment 1, however, D1 is output, although both actions are realized at time

t=0.
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Illlaﬂl Controller

Controller

General: Function blocks CONTR and CONTR+ and PIDMA are complex control functions. Unlike CONTR, CONTR+ con-
tains six selectable control parameter sets. PIDMA contains a special control algorithm and a different self-tuning
method. A description of the functions available in the controllers starts on page 167. In case of differences in the
PIDMA behaviour, a reference is made at the beginning of each section. Particularities are described at the end of each
relevant section (see also PIDMA).

24.1

112 Controller
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2. %A CONTR+ (Controllerfunction with six parametersets
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(Control function in parallel structure and special self-tuning method).

A special reference at the beginning of each of the following descriptions is made, if its content is only partly applica-
ble to the PIDMA block, of if is not at all applicable. Separate descriptions of special characteristics are given at the
end of the relevant section.
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1

Inputs/outputs
e Display suppression (with kiide =1 the operating page is not displaved).
lock Adjustment locking (with 1 azk =1 the values are not adjustable by means of keys [a]¥]).
inc Increment for manual adjustment
Hec Decrement for manual adjustment
#= f Sensor error x1...x3
e Sensor error Yp
EEay] 0 = automatic 1 = manual
[ e 0 = int./ext. set-point 1 = W2
IA=Fa N b 0 = external 1 = internal set-point
Fi-F 0=Plaction;  1=Paction (— page PI/P switch-over) (not applicable to PIDMA)
d owc+ 1 = override control + with 3-point stepping controller (— page 201 ff) (not applicable to PIDMA)
d ouc— 1 = override control - with 3-point stepping controller{ — page 201ff) (not applicable to PIDMA)
track 0 = tracking function off; 1 = tracking function on(— page 163, , 186)
o 0 = output value Y1 = output value Y2
of 0 = controller switched on 1 = controller switched off
=k 0 = soft manual 1 = hard manual
o=tart 1 = self-tunina start — paae 178
w =top 1 = effective set-point freeze
ar_ of' f 1 = set-point gradient suppression
— 1= Start the set-point ramp — the set-point makes a step change towards the process value and
qgoes to the adjusted process value according to GRW+ (GRW-). The rising flank (0—1) is evaluated.
o—=hide 1 = self-tuning page display suppression
oFlock Blockage of key [2] (withoF lack =1, switchover to manual by means of key [2] is not possible).

=l Status of switching output Y1; 0= off 1 =on

o Status of switching output Y2; 0=off 1 =on

c fail 1 = controller in error handling

of 0 = controller switched off 1 = controller switched on
Ry 0 = automatic 1 = manual

b ks 0 = output value Y 1 = output value Y2

e 0 = external 1 = internal set-point

FisF feedback/integrator 0 = with 1 = without  (not applicable to PIDMA)
il adP [ a Self-tuning running

o =tah Process at rest (for self-tunina) (not applicable to PIDMA)
o_er Error during self-tuning

#h SLF Alarm suppression with set-point change

Analog inputs:

w1 Main variable x1

W Augxiliary variable x2 e.g. for ratio control

o) Auxiliary variable x3 e.g. for 3-element control
et External set-point

QuUC+ Override control + — page 201

Quc- Override control - — page 201

'l Position feedback

Y Output with hard manual

“add Feed-forward control

FarHo Only with CONTR+; required parameter set

PIDMA 160
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yZ. W SParameter und Konfiguration fiir CONTR, CONTR+ und PIDMA.

Effective set-point

Weff

# Effective process value

Y Effective output value

A 1] Control deviation

al Internal set-point

Youtd Output value vout1 (heating)

T Correcting variable yout2 (cooling; only with continuous controller with split-range behaviour —
CFurnc= splitRanae)

FarHao Only with CONTR+; effective parameter set

Parameter fiir CONTR und CONTR+

Parameter Description Range g:ifault Unit
(A=) Min. set-point limit (Weff) -29999...999999 0 H
ARNE]E] Max. set-point limit (Weff) -29999...999999 100 1686
(e Additional set-point -29999...999999 100 186
G+ 3) | Set-point gradient plus unit/min 0,001...999999 Aus | ————
Gt l— 3) | Set-point gradient minus unit/min 0,001...999999 Aus | ———-—
G2 3) | Set-point gradient for W2 unit/min 0,001...999999 Aus | ———-—
HE Zero offset with ratio control -29999...999999 0 5]

a Factor a with 3-element control -9,99...99,99 1 1
ek 2) | Trigger point separation (step controller) 0,2...20,0% 02 |H,Z
Teuls Minimum positioning step time (step controller) 0,1...2,0[s] 03 H.3
T Actuator response time (step controller) 5...999999 [s] 30 A
Ml Switching difference signaller 0,10...999999 1 1
LI Trigger point separation additional contact (Signalgerat) -29999...999999 Aus -
T Switching difference additional contact(Signalgerét) 0,10...999999 1 1
Ml D | Trigger point separation (PD) (three-point controller) 0,0...1000,0[%] 0 5]
T D | Trigger point separation (PD) (three-paint controller) 0,0...1000,0[%] 0 5]
L Additional output value (not with step controller) -105,0...105,0[%] 0 5]
Yrin Min. output limiting (not with step controller) -105,0...105,0[ %] 0 5]
Vs Max. output limiting (not with step controller) -105,0...105,0[ %] 100 184
VA Controller working point (not with step controller) -105,0...105,0[ %] 0 5]
VARt 4) | Qutput value with process at rest -105,0...105,0[ %] 0 5]
dYort 4) | Self-tuning step height 5...100[%] 100 186
FEFt. 4) | Only with CONTR+; parameter set to be optimized 1.6 1 1
wel 1...6Y [Proportional band 1 0,1...999,9[%] 100 186
“e? 1...6Y [Proportional band 2 (three-point and splitrange) 0,1...999,9[%] 100 1648
Th 1...6 Integral time (Tn = 0 — I-part not effektive) 0,0...999999[s] 10 18
Tw 1...6 Derivative time(Tv = 0 — D-part not effektive) 0,0...999999[s] 10 16
Tel 1...& |Cycletime heating (three-point controller) 0,4...999,9[s] 5 5
TEZ2 1...6 |Cycletime cooling (three-point controller) 0,4...999,9[s] 3

;) %-refering to measuring range X, ... X100
neutral zone xg, with three-point controllers is dependent to Ty, Ty @and Xy
gradient control — page 192
self optimization — page187 ff

161 Parameter und Konfiguration fiir CONTR, CONTR+ und PIDMA.
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Parameters for PIDMA
Parameter Description Range Default | Unit
PTup Process type (with compensation or integral) comp. comp. | cOMP.
integral
Drift Drift compensation sw!tched off off af f
switched on
Control dynamics slow
CSFreed normal normal |hormal
fast
(=] Min. setpoint limit (Weff) -29999...999999 0 5]
Niss Max. setpoint limit (Weff) -29999...999999 100 18a
Nz Additional setpoint -29999...999999 100 186
Grw+ 2 | Setpoint gradient plus unit/min 0,001...999999 Aus e
Grw— 2 |Setpoint gradient minus unit/min 0,001...999999 Aus —
Grw? 2 |Setpoint gradient for W2 unit/min 0,001...999999 Aus —-——=
H& Zero offset with ratio control -29999...999999 0 H
a3 Factor a with 3-element control -9,99...99,99 1 1
“eh D | Trigger point separation (3-point stepping controller) 0,2...20,0% 0,2 H. 2
Trause Min. pause time (3-point stepping controller) 0,1...999999(s] 0,1 Hal
Trul= Min. positioning step time (3-point stepping controller) 0,1..2,0[s] 0,3 Ha, 3
T Actuator response time (3-point stepping controller) 5...999999 [s] 30 36
Lhromn St\gggmgggﬂ’{?osl?grl)d for OPEN and CLOSE (3-point 0,2..100% 02 A, 7
Lhroff St\gggmgggﬂ’{?osl?grl)d for OPEN and CLOSE (3-point 0,2..100% 02 A, 7
Vo ?c?r?tlfcl)?lgerl; correcting value (not with 3-point stepping -105,0...105,0[%] 0 A
Yrin Min. output limiting (not with 3-point stepping controller) -105,0...105,0[%] 0 5]
Vrax Max. output limiting (not with 3-point stepping controller) | -105,0...105,0[%] 100 18&
VA (Clgr?;[rrgllllsrr)workmg point (not with 3-point stepping -105,0...105,0[%] 0 A
dyvart. P [ Self-tuning step height 5...100[%] 100 186
wlimit \?;]/\l/lijtgré-ho;rf]gg)int for correcting variable step (process 0,5...999999 1 1
Tdrift Time window for drift determination (process value) 0...999999 30 S8
Thoisze Time window for noise determination (process value) 0...999999 30 @
ke Control amplification 0,1...999,9[%] 100 186
Th 1 Integral time (Tn = 0 — | action is not effective) 0,0...999999(s] 10 1A
Tu 1 Derivative time (Tv=0— D action is not effective) 0,0...999999s] 10 18
Tel 1 Cycle time heating (3-point controller) 0,4...999,9[s] 5 o
Te2 1 Cycle time cooling (3-point controller) 0,4...999,9[s] 5 o
LD Derivative gain (Td/T1) 1...999999 4 4
bll_F Setpoint weighting factor proportional action 0..1 1 1
cll_d Setpoint weighting factor derivative action 0..1 0 1
T=at &;mg_?]%r;stant for integral action in Y limiting (anti-reset 1..999999 50 SH
waly Neutral zone for integral action 1...999999 0 H

;: Neutral zone X, with 3-point stepping controllers is dependent on Tys, Tryand x,; (— V. Hints for self-tuning).
) for gradient control — page 192
for self-tuning — page 187 ff

Parameter und Konfiguration fiir CONTR, CONTR+ und PIDMA.
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|

Konfigurationsdaten CONTR, CONTR+ und PIDMA

Configuration |Description | [Values [Default
'Signaller Toutput. _ _ _ _ _ _ _______________ Signal 1
Signaller 2outputs. . Sisnal 2 .
2Z-pointcontroller_ _ _ _ _ _ ________________ J2-point
'3-point controller (heating/cooling switching) _ _ _ _ _ _ J3-point
13-point controller (heat.continuous/copl.switching). _ _ _ ‘Contsswi_ 1
— Control 13-point controller (heat.switching/cool.continuous) ~ _ Swi-Cont .
behaviour: triangle-star-off (d/Y-off) ___ ______________ LJ2P-Ds0 o
'3-point stepping controller_ _ _ _ _ _ _ __________ Steprina_ !
13-point-stepping controller with pos. feedback Yp _ _ _ _ StertVr_ 1
.Continuous controller | Cont. .«
.Continuous controller with split-range operation_ _ _ _ _ ssrlitRans
:Continuous controller with position feedback Yp 'Cont. YF !
1Standard controller— _page _ _ _ _ _ ___________ Standard |0«
CTuFe Controller type ,Ratio controller — page 187 . Ratio .
'3-element controller — page 198 F-elen :
WFLRG Set-point Set-point control = page 183 __ __ __________ JSetpoint e
function 1 Set-point/cascade control — page 183 SPSCasc |
. nverse outputaction. | dnuerse o«
CHode Output action 'Direct output action Direct !
. : .. 'Xw differentiation L !
Chiff Differentiation :_X differentiation _:H T
Neutral -, Meutral
: oYpid=Ymin(0%)_ - _ . J¥min N
CFail |BeNAVIOUrWIh g ymay (100%) L. Wmaw L
1Ypid = Y2 (no adjustment via front panel)_ _ _ __ __ __ . o S
\Ypid = Y2 (automatic) or Yman (manual operation) M2 man :
Nooverridecontrol .~~~ _______ UL Lo
. ... 'Override control + QUC+ !
CoUC Output limiting [Oy@rr_id_e_cgn_trpl_- ______________________ jI;ILJE_— _______ I -
\Qverride control +/ - ouC+-0UC-
. Notrackingof Wint _ _ _ _________________ 0 X R
WTrac Int Set-Point /et point tracking. . ___________ SP—track L ___
g 1Process value tracking PlU-track |
Ratio contm”er' x1+NO)/x2— page 1887 __ _ _ _ __________._ Tope 1 Lo
Ratio function: X1 NOL/(X1 +x2)—>_page 188__ __________._ JTepe 2 L
" (x2-x1+NO0)/x2— page 188 Tupe 3 i
HDE Digits behind thq decimal point (process value) | 0..3 | 0
Outputvariable . _ _ _ _ _ _ _________________ N I
Disrk bfr‘;?zep”ﬁiﬁz. \Control deviation_ ___ __________________. W
" Xeff Heff !
OMode Self-tuning mode: |st.andard | <
N arad=0_ _ . grad=8 1«
OCond Condition for 24 <0 (controller inversel.arad >0 (controller direct] _ _ Jarac<@ 3@ |
process at rest:
'grad <>0 'arad< @ !
FaE] Span start -29999..999999 | 0
®nl6aE Span end -29999...999999 | 100
SFac Factor stoichiom. ratio 0,01...99,99 1,00

Fields shown with gray background are not available with the PIDMA block.

163 Parameter und Konfiguration fiir CONTR, CONTR+ und PIDMA.
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Some operating principles, which are realized in the controller (¢/) or which are possible by means of an additional en-
gineering are explained in the following section (&, ). Cross references are shown in italics.

Anti-reset-wind-up
Measure which prevents the controller integrator from saturation.

Working point '&)
The working point of a P or a PD controller indicates the value output to the process with process value = set-paint. Al-
though this value is only important for P and PD controller, it can also be of interest for controllers with integrator (au-
tomatic working point).

Automatic operation

Normal controller operation. The controller controls the process by means of the adjusted control parameters. Auto-
matic operation is effective with &-"m (di7) set to 0 (automatic) AND automatic selected via front-panel key [2] AND
=<k (di16) set to 0 (soft manual). Contrary: manual operation.

Cutback
Reset of the integral action shortly before reaching the end setpoint with setpoint ramps.

Cycle time
The duration of a switching cycle (pulse and pause) at 50 % power control of a 2-paint controller.

Line-out to the target
By early setpoint switch-over to the ramp end setpoint, the controller
is given a new target orientation for smooth line-out to the target.

Bandwidth control

With program control or gradient control, there may be a considerable control deviation if the process is slow. This can
be prevented by monitoring the control deviation for an adjusted tolerance band by means of additional function blocks.
With out-of-tolerance, the set-point change is stopped (W =1.oF with controller or =t.aF with program controller).

Three-element control

Particularly suitable for processes in which load changes would be detected too late (e.g. level control for steam boil-
ers). In this case, a disturbance variable is used at which the mass balance (steam removal, feed water) is evaluated,
subtracted and added to the control variable (after differentiation, if necessary).

Feed-forward control

Especially suitable for processes with long delay time, e.g. pH-control. A disturbance variable is used, at which the
evaluated, differentiated or delayed value of an analog input (Y'Fdd) is added directly to the controller output for
avoiding the controller time behaviour.

Gradient control

Particularly suitable for processes in which energy shacks or quick set-point changes must be avoided. Set-point
changes are bumpless in both directions, since the effective set-point always runs towards the changed set-point (des-
tination set-point) by means of gradients Grw+ or Grw-. For the second set-point w2, gradient Grw2 acts in both direc-
tions, also with w — w2 switch-over.

Manual operation

When switching over to manual operation, the automatic sequence in the control loop is interrupted. Modes soft man-

ual and hard manual are available. Switch-over automatic — manual and vice versa are bumpless. Manual operation is
effective with @+ (di7) set to 1 (manual) OR manual selected via front-panel key [£] OR ="t (di16) set to 1 (hard
manual). Contrary: automatic.

If automatic remains selected via key [2], the controller changes to automatic after omission of the di7
signal. With manual selected additionally via key [£], the controller remains in manual mode after
omission of the di7 signal.

Small controller ABC 164
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v’ Hard manual ek
Safety output value “'kir. The controller output goes to the preset value immediately, when hard manual is active (the
controller is switched to manual mode directly). Keys [a] /[¥] are without effect. Switch-over to automatic mode is
bumpless.
@ Cascade control
Particularly suitable for temperature control in e.g. steam boilers. A continuous master controller (load controller) pro-
vides its output signal as an external set-point to a slave controller, which varies the output value.
v’ Override control (0VC)— page 201
Limiting of the min. (OVC-) or max. (OVC+) output value to the value of an analog input. Limitation by override control
can be used e.g. with control continued by a different controller dependent of different conditions when reaching de-
fined process statuses. The transitions from unlimited — limited output value and vice versa are bumpless.
@, Program control
The effective set-point follows the profile of a programmer (APROG with APROGD) connected to input llezt.; the con-
troller must be set to we (di9=0).
v/ Process at rest
For a clear optimization attempt during self-tuning, the control variable must be in a stable position. Various rest condi-
tions can be selected:
Process behaviour with constant output Recomn]ended Stability F'IR_H is reached, if
value setting
A constant process value is reachad in arad=@ the process value is constant during 1 minute.
relatively short time (standard process).
. . the process value decreases constantly during 1
After a relatlve_ly long time, a constant arad<@->8 |minute (controller inverse) or increases
process value is reached (slow process). - h .
constantly during 1 minute (controller direct).
The process is affected from outside. ar-ad< 6 the process ch_ang_e Is constant during 1 minute.
The output action is unimportant.
v’ Ramp function
Set-point changes in ramps rather than in steps. See gradient control.
v’ Control parameters
For controller optimization, the controller must be matched to the process characteristics
(— 5 Optimizing help, — 6 Self-tuning). The effective parameters are #F1, Trn, T and Y&,
Dependent of controller operating principle, the following additional parameters are possible:
Tr 1 (with 2-point/3-point controllers), #F2 and TEZ (with 3-point controllers),
wshand TPul= and T (with 3-point stepping controllers).
v Control behaviour
Generally, fast line-out to the set-point without overshoot is required. Dependent of process, various control behaviours
are desirable for this process:
® easily controllable processes (k < 10%) can be controlled with PD controllers,
® processes with medium controllability (k 10...22%) using PID controllers and
® badly controllable processes (k > 22%) with PI controllers.
@y, Controller OFF [ff)
With input @ " =1, there are no pulses at the switching output and the continuous outputs are 0%.
v’ Self-tuning

For optimum process control, the controller must be matched to the process requirements. The time required for this purpose can
be reduced considerably by self-tuning (— 6 Self-tuning). During self-tuning, the controller makes one adaptation attempt during
which the control parameters are determined automatically from the process characteristics for fast line-out to the set-point with-
out overshoot.
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v

Soft-Manual

Usual manual operation: with automatic— manual change-over, the last output value remains active and can be adjusted via
keys[a]/[¥] Transitions automatic— manual and vice versa are bumpless.

Set-point switch-over

In principle, the following set-points are possible: internal set-point i, second internal set-point W2 and external
set-point we . With program control, external set-point e must be selected. The analog set-point comes from APROG
and is applied to input e 1.

y feedback control

Particularly suitable for processes in which load changes lead to process value drops. A load-dependent change to
set-point (preferable) or process value is made. The evaluated and filtered output value is added to the set-point in a
separate function block. Use the Wl t. input and set the controller to e

PI/P switch-over

When optimizing slow processes, e.g. big furnaces, the controller | action can cause problems: if starting up was opti-
mized, line-out can be slow; with optimization of the disturbance behaviour, there may be an important overshoot. This
effect is prevented by switching off the | action during start-up or with high control deviations (e.g. by applying a limit
contact to the control deviation) and switching it on again only when the process value approaches the set-point. To
prevent permanent control deviations, the limit contact must be further away from the set-point than the permanent
control deviations.

Tracking

During switch-over from external or program set-point to internal set-point, set-point or output value step changes may
occur. By means of the tracking function, the transition is bumpless. Process value tracking: During switch-over, the ef-
fective process value is used as internal set-paint. Set-point tracking: During switch-over, the external or program
set-point used so far is taken over as internal set-point.

Behaviour with fail (configuration of the controller behaviour with sensor failure, =¥ )

Selected behaviour Effect with 3-point stepping controllers Effect with other controllers
Heutral No output pulses No output pulses or 0%

Ymimn Actuator is closed Ymin (2 limiting)

Ymax Actuator is opened Ymax (& limiting)

vz Not selectable Y2 fixed, also with manual operation
V2N man Not selectable Y2, adjustable in manual mode with [a]¥]
Ratio control

Particularly suitable for controlling mixtures, e.g. fuel-air mixture for ideal or stoichiometric
combustion. For taking e.g. the atomizer air into account, zero offset MEl can be added.

x/xw differentiation

Dynamic changes of process value or set-point affect control differently. x-differentiation: Process value changes (dis-
turbances) are used dynamically to permit better control results. xw-differentiation: Changes of process value (distur-
bances) and set-point are used dynamically to permit a better control result. In this case, the improvement is dependent
of both disturbance and control behaviour.

Controller operating principle

The static operating principles for controllers with P or PD behaviour with adjustable working point YO are shown. On
controllers with | action, the working point is shifted automatically. The outputs ((3+) are described with h (,heating”),
c (,cooling”), (,open”)and (,close”).
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2. W 3 Controller behaviour

Signaller, 1 output (not available with PIDMA):

The signaller is suitable for processes with small T, and low v, .

The advantage is in the low switching frequency. Switch-on is always at a fixed value below the set-point, switch-off is
always at a fixed value above the set-point.

The control variable oscillation band is determined as a result of :

T
XO =Xmax.T7U+XSd = Vmax.Tu +XSd

The signal function corresponds to limit signalling, whereby the set-point is the limit value. The trigger point is symmet-
rical to the set-point; hysteresis Xy is adjustable.

And & Wetf W1BEE =nlad
I— e A\V4 - Static operating principle
0 of the signalling function
100% | of a signaller, 1 output
Y1+ wadl | P
0%———""""""""""=""=""===—— I

Output Y1 T L T T1 JTL . T1 |

Configuration | Effective controller parameters of a signaller with one output
WE 1) | Lower set-point limit for Weff ' -29999...999 999
Wiga 1) | Upper set-point limit for Weff -29.999 ...999 999
Wz 1) | Additional set-point -29 999 ...999 999
G+ 2) | Set-point gradient plus off /0,001 ... 999 999
G- 2) | Set-point gradient minus off /0,001 ... 999 999

CFunc = ETMe 2) | Set-point gradient for W2 off /0,001 ... 999 999

?'gﬂf;'ftr' HE Zero offset (only effective with ZT9F&=ratio controller) -29999 ... 999 999
a Factor a (only effective with ZT'aF&=3-element control) -9,99 ... 99,99
nedl 1) | Signaller switching difference 0,1...999999
Titel Title of controller page (only display) 16 characters
Einh. = Process value unit (only display) 6 Zeichen
Wint Internal set-point after transmission of the engineering to KS98 -29999 ...999 999

1) The values are specified in the process value unit - e.g. [°C, °F, bar, %, etc ]

2) The rate of change must be specified in units /minute (e.g. °C/min).

— see gradient control page 192.
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Signaller, 2 outputs (not available with PIDMA):

The signaller is suitable for processes with small T, and low v, .
The advantage is in the low switching frequency. Switch-on is always at a fixed value below the set-point, whereas
switch-off is always at a fixed point above the set-point. The control variable oscillation band is determined as a result

of :

Tu
X0=Xmax.-|—7+XSd =V

g

max

o T, +Xg

The signalling function provides alarm signalling, wherehy the set-point is the limit value. The trigger point is symmetri-
cal to the set-point; hysteresis Xy is adjustable.
The signaller with two outputs has an additional “limit contact”. Its difference from the set-point is adjustable in pa-

rameter LW (including polarity sign).

gl We Wetf WiBE xnl@d Static operating principle of the
F=seff AV —3 signalling function
100% | Signaller, 2 outputs
(Co nsdl ! LI s shown as a negative
0% —======—==—————~ 1 value in the example (e.g. -20)
100% |
Y2(3> H=dZ LI |
D% ______
ﬁ\ P et N s W sl W saiite.
By
et-point S
St
Output Y1 [ 1] [ S 0 R 0 B e
Output Y2 | T2
Configuration | Effective controller parameters of a signaller with two outputs
W& 1) | Lower set-point limit for Weff ' -29999...999 999
Wiga 1) | Upper set-point limit for Weff -29999 ...999 999
Wz 1) | Additional set-point -29 999 ...999 999
G+ 2) | Set-point gradient plus off /0,001 ... 999 999
G- 2) | Set-point gradient minus off /0,001 ... 999 999
G2 2) | Set-point gradient for W2 off /0,001 ... 999 999
CFunc = M8 Zero offset (only effective with CT 9 =ratio controller) -29 999 ... 999 999
Signaller, a Factor a (only effective with IZT9F==3element control) -9,99 ... 99,99
2 outputs el 1) [Signaller switching difference 0,1... 999999
L1 1) | Trigger point separation of additional contact -29999 ... 999 999
OFF 2 the additional contact is switched off -32.000 = AUS
Hed2 1) | Switching difference of additional contact 0,1...999999
Titel Controller page title (only display) 16 characters
Einh.3 Unit of the process value (only display) 6 characters
Wikt Internal set-point after transmission of the engineering to KS98 -29999...999 999
1) The values are specified in the process value unit - e.g. [°C, °F, bar, %, etc.]
2) The rate of change must be specified in units / minute (e.g. °C/min).

— see gradient control page 192.
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Two-point controller

Switching controller with two switching statuses:

1. Heating switched on; — output Y1 =1
2. Heating switched off; — output Y1=0

E.g. for temperature control with electrical heating (inverse operation) or cooling (direct operation)
Adjust cycle time Tp1 as follows: ~ Tpl<=0,25¢Tu
With higher Tp1, oscillations must be expected. Tp1 corresponds to the minimum cycle time (time in seconds) at 50 %

duty cycle.
AnE Wa Wetf Wiga Hnlas .
v \VZ . Static _ o
I— Aeff T =3 operating principle of a
100% ARl | two-point controller
Y1@->ILrI I N
0%—=====—t-===~ B>

: -«
Set-point |

Output Y1 (heating) | NN | ||Y1

PD action (Tt = 0 2 switched off Tn=o0)

The working point is in the middle of proportional band X, at 50 % duty cycle. In order to keep the control variable con-
stant, a defined quantity of energy dependent of set-point is required. This energy causes a permanent control devia-
tion, which increases with growing X .

DPID action

By means of the | action, line-out is without permanent control deviation.

The static characteristic of a two-point controller is identical to the one of a continuous controller, with the difference
that a duty cycle instead of a linearly variable current signal is output (relay contact, logic signal 0/20mA or control out-
put 0/24V).

Working point Y, and cycle time Tp1 at 50% are adjustable.

The shortest switch-on or switch-off time is 100ms.
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Configuration ||Effective controller parameters of a two-point controller
Fort Parameter set for self-tuning (only with COMTRE+) ! 1.6
WE 1) Lower set-point limit for Weff -29999 ...999 999
WiaE 1) Upper set-point limit for Weff -29999....999 999
W2 1) Additional set-point -29 999 ...999 999
G+ 2) Set-point gradient plus off /0,001 ... 999 999
Gr— 2) Set-point gradient minus off /0,001 ... 999 999
Grwd 2) Set-point gradient for W2 off /0,001 ... 999 999
@ Zero offset (only effective with ZTaFe=ratio 29999 999 999
controller)
5 (F:g[r:]tt% I? (only effective with CTaF==3-element 19.99..99.99
Y2 Additional correcting variable 0...100[%]
Ymin Min. correcting variable limiting 0...100[%]
CEURC = Yrax Max. c.orrecti.ng variab!e Iimi.ting . 0...100[%]
2-Punkt VA \(/Igrrigabcl’g;lg variable working point  (start-up correcting 0..100 [%]
YORLM gloDrlr\(/alCAting variable during process at rest (not with 0..100 [%]
)
dYorFt Self-tuning step change height 5...100 [%]
#rl(l..5) 3)4) |Proportional band 1 0,1...999,9 %]
Thi(l.8) 4 Integral action time 0...999999 [s]
Twi(l.5) 4 Derivative action time 0...999999 [s]
Trl(l.5&) 4 Cycle time heating 0,4 ...999,9[s]
Titel Title of controller page (only display) 16 characters
Einh.® Unit of the process value (only display) 6 characters
W int 1) :(rg%rgal set-point after transmission of the engineering to 29999 999 999
A-H Eggtgroller status after transmission of the engineering to Oori
1) The values are specified in the process value units - e.g. [°C, °F, bar, %, etc.]
2) Specifiy the rate of change in units / minute (e.g. °C/min).
— see gradient control page 192.
3) % specifications are related to measuring range #ril1EE - KR
They are not related to values WE and l-.lgl Eilaq.
4) (1...5) refers to the six parameter sets of CONTR+ (e.g. Xp1, Xp2, Xp3...Xp6).
Additional controller parameters for PIDMA
(for description. see section Controller characteristics)
Parameter Beschreibung Wertebereich
kKF Control amplification (replaces Xp1/Xp2 of CONTR) 0,1...999,9[%]
LIL Derivative gain (Td/DT1) 1...999999
Bll_F Setpoint weighting factor proportional action 0..1
chl_d Setpoint weighting factor derivative action 0..1
T=at Time constant for integral action in Y limiting (anti- reset wind-up) 1...999999
dY'oFt Step width with self-tuning using different range -100 ... 100
#=sh Neutral zone in which the integral action is held 0...999999
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Three-point controller

Switching controller with three switching statuses:

1. Heating switched on; — outputY1=1,Y2=0
2. Heating and cooling switched off, — outputs Y1=0,Y2=0
3. Cooling switched on; — outputs Y1=0,Y2=1

E.g. for temperature control with electrical heating (h) and cooling (c).
Adjust cycle time TF1 and TF2 as follows:

Tpl<=025¢Tu (h) Tp2<=025Tu (c).

With higher T 1 /TF2, oscillations have to be expected. Cycle times TF1 and TF2 are the minimum cycle times at
50% duty cycle.

Ane WA l-.le-vFF WiAA xnlaa
=sefs , - —3 Fig.: 1

100%— — — — % ipl J_ ip TORHRRE 100% Static operating principle

I Y of a three-point controller
YIG-h ¥E Reh Rz Y2G-c
0% - >~/ L 0%
AR 1=Xp'+Xp"
-,

process value
\V

Eet-éoint.]_ﬂ

N ___ﬂ

Output Y1 (heating] B O 1 00

Output Y2 (cooling) [ ] 2

PD/PD action (Tt = 0 2 switched off Tn=o0)

The positioning range reaches from 100 % heating (Y1) to 100 % cooling (Y2).

The proportional bands must be adapted to the various heating and cooling power values. In order to keep the control
variable constant, a defined amount of energy dependent of set-point is required. This causes a permanent control de-
viation, which increases with growing X,; 5

DPID/DPID action

By means of the | action, line-out without permanent control deviation is possible.

Transition from trigger paint 1 (heating) to trigger point 2 (cooling) is without neutral zone. The proportional bands must
be adapted to the various heating and cooling power values.

Fig.: 1 shows the static characteristic for inverse output action.

Direct/inverse switchover only causes exchanging of the outputs for “heating/cooling”.

Expressions “heating” and “cooling” may also mean similar processes (dosing acid/lye, ...).

The neutral zone is adjustable separately for the trigger points (X, X2/ i.€. it need not be symmetrical to the
set-paint.

The type of positioning signals is selectable:

ZFurnc = 3-point heating switching, cooling switching
ZF iz = cont/switchheating continuous, cooling switching
ZFunic = switch/contheating switching, cooling continuous

Combination “heating continuous” and “cooling continuous” is covered by “splitRange - continuous contraller with
split-range behaviour”. — see also “continuous controller" page: 174.
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1

Confi : Effecti I it — I
Fort Parameter set for self-tun ing (only with COHTE+) 1..6
WA 1) Lower set-point limit for Weff -29 999 ...999 999
WiGa 1) |Upper set-paint limit for Weff -29 999 ...999 999
1) 1) Additional set-point -29 999 ...999 999
Gruw+ 2) Set-point gradient plus off /0,001 ... 999 999
Grw— 2) Set-point gradient minus off /0,001 ... 999 999
GErw 2) Set-point gradient for W2 off /0,001 ... 999 999
HE Zero offset (effective only with CT'aFe=ratio controller) | -29 999 ...999 999
) Factor a (effective only with CT9F&=3-element control) -9,99 ... 99,99
nshil 3) Neutral zone (Xw > 0) 0,0 ... 1000 [%]
nehz 3) Neutral zone (Xw < 0) 0,0... 1000 [%]
V2 Additional positioning value 0...100[%]
Ymin Min. output limiting 0...100[%]
CEURG = lymax Max. output limiting 0.... 100 (%)
a5 Correcting variable working point (start-up corr. variable) 0...100 [%)]
YOEtm Positioning value during process at rest 0...100 [%]
dY'oFt. Step height during self-tuning 5...100 [%]
#el(l.6) 3)5) [Proportional band 1 0,1...999,9[%]
WE2(1.5) 3)5) [Proportional band 2 0,1...999,9 [%]
Thi(l.&) 5) |Integral action time 0...999999 [s]
Twi(l.&) 5) |[Derivative action time 0...999999 [s]
TE1(1.&) 5 |[Cycletime heating 0,4...999,9 [s]
TeZ2(1..&) 5) |Cycletime heating 0,4 ...999,9[s]
Titel Title of controller page (only display) 16 characters
Einha.® Unit of process value (only display) 6 characters
Wint 1) Internal set-paint after transmission of the engineering to KS98 | -29 999 ...999 999
A-H Status of controller after transmission of the engineering to KS98 Oor1
1) The values are specified in the process value unit - e.g. [°C, °F, bar, %, etc.]
2) The rate of change must be specified in units/minute (e.g. °C/min).
— see gradient control page 192.
3) % specifications are related to measuring range ¥ 1 B8 - HpE.
There is no relation to values W& and W1 @&,
4) As default, value Ymin is set to 0. In this case, output Y1 cannot switch!
5) (1..&) refers to the six parameter sets of CONTR+ (e.g. Xp1, Xp2, Xp3...Xp6).
Additional controller parameters for PIDMA
(for description, see section Controller characteristics)
Parameter Description Value range
EF Control amplification (replaces Xp1/Xp2 of CONTR) 0,1...999,9[%]
LD Derivative gain (Td/DT1) 1...999999
bll_F Setpoint weighting factor proportional action 0...1
chi_d Setpoint weighting factor derivative action 0...1
T=at Time constant for integral action in Y limiting (anti- reset wind-up) 1...999999
#sh Neutral zone in which the integral action is held 0...999999
dYoFt Step width with self-tuning using different range -100 ... 100
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D /Y /off (notavailable for PIDMA

The principle is identical to the control behaviour of a 2-point controller with additional contact.

Output Y2 is used for switchover of the connected circuit between “"A” and “Y". Output Y1 switches the heating en-
ergy on and off.

E.g. for temperature control with electrical heating (inverse operation) or cooling (direct operation).

Cycle time Tp1 must be adjusted as follows: Tpl <=025¢Tu With higher Tp1, oscillations must be expected. Tp1 cor-
responds to the minimum cycle time (time in seconds) at 50 % duty cycle.

And Wa ldevF‘F I.L%EE AnlEa
F=sefr —
100% < Hp 1 |
Y1G—)‘.’El ____________ l Fig.: 2 Static operating principle of the A
0%———————————————F /'Y / off function
; I
Y20+ v |
<HsdZ2O%—LIW—>

process value

Output Y1 (heating) _ LN "Mﬂ”ﬂ”ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ_"_ﬂm e
Output Y2 (additional contact) —I—l ve

PD action (Tt =0 2 switched off Tn=o0)

The working point is in the middle of the proportional band X, at 50 % duty cycle.

For keeping the control variable constant, a defined amount of energy dependent of set-point is required. This causes a
permanent control deviation, which increases with higher X,

DPID action

By means of the | action, line-out without permanent control deviation is possible.

The static characteristic of a two-point controller is identical to the one of a continuous controller. The difference is
that a duty cycle instead of a linearly variable current signal is output (relay contact, logic signal 0/20mA or control out-
put 0/24V).

Working paint Y, and cycle time Tp1 of the cycle at 50% are adjustable.

The shortest switch-on or off time is 100ms.
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1

Configuration | Effective controller parameters with /Y / off controller
Fort Parameter set for self-tuning (only with COMTRE+) ! 1.6
WE 1) |Lower set-point limit for Weff -29999 ...999 999
WiaE 1) [Upper set-point limit for Weff -29999 ...999 999
W2 1) | Additional set-point -29 999 ...999 999
G+ 2) | Set-point gradient plus off /0,001 ... 999 999
Gr— 2) | Set-point gradient minus off /0,001 ... 999 999
Grwd 2) | Set-point gradient for W2 off /0,001 ... 999 999
HE Zero offset (effective only with CType=ratio controller) -29999 ...999 999
a Factor a (effective only with CType=3-element control) -9,99...99,99
LIl 1) | Trigger point ge_paration of ac_iditiopal contact 29999 ... 999 999

OFF 2 the additional contact is switched off -32 000 = OFF

AsdZ 1) | Switching difference of additional contact 0,1...999999
Y2 Additional positioning value 0...100[%]

E_E,f;];g;z Vi Min. output limiting 0... 100 [%]
Ymax Max. output limiting 0...100[%]
o foring pont et sl 01014
YOFtm Positioning value during process at rest 0...100 [%]
dYorFt Self-tuning step height 5...100 [%]
#r1(1.5) 3)4) |Proportional band 1 0,1...999,9 [%]
Thil(l.5) 4) |Integral time 0...999999 [s]
Twi(l..&) 4) |Derivative time 0... 999999 [s]
Trl(l..5) 4 |[Cycle time heating 0,4...9999s]
Titel Title of controller page (only display) 16 characters
Einh.® Unit of process value (only display) 6 characters
Wint 1) |Internal set-point after transmission of the engineering to KS98 | -29 999 ...999 999
A-H Controller status after transmission of the engineering to KS98 0 oder 1

1) The values are specified in the process value unit - e.g. [°C, °F, bar, %, etc.]

2) The rate of change must be specified in units/minute (e.g. °C/min).

— see gradient control page 192.
3) % specifications are related to measuring range /1 BB - Eni.
There is no relation to values WE and b %EIEI.
4) (1..&) refers to the six parameter sets of CONTR+ (e.g. Xp1, Xp2, Xp3...Xp6).
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Three-point stepping controller

Switching controller for control of a valve (e.g. temperature control by means of motorized valve and gas-air mixture)

1. Open valve; —  outputsY1=1,Y2=0
2.Don'tmove valve; —  outputs Y1=0,Y2=0
3. Close valve; —  outputs Y1=0,Y2=1

To validate the adjusted X, for the actuator response time, response time 7, must be adjusted. The smallest position-
ing step is 100ms.

Adjusting the neutral zone

Neutral zone X, can be increased in case of excessive output switching. However, note that an increase the neutral
zone will reduce the control sensitivity.

For this reason, we recommend optimizing switching frequency (actuator wear) and control sensitivity.

YD L@ Wetf 1) %aa Wnl@E oo
| operating principle of a three-point
I— met o stepping controller
100%— —— — { _#F1 77 ———— 100%
VIG-4 N e Y2G3
0% R e 0%

process value
5

—

b
Erocess value

Output Y1 (open) M [ 1
Output Y2 (closed) [ ] ] M Y2

Three-point stepping controllers can be operated with or without position feedback Yp .

Schritt  3-point stepping controller
SchrittYP 3-point stepping controller with position feedback

whereby 'F is not used for control. The static characteristic of a three-point stepping controller is shown in Fig. : 3.

The hysteresis shown in this diagram is practically unimportant, but can be calculated from the adjustable min. pulse
length T,,s=100ms.

Tpuls Xp
X, =—"01—
2 Tm

@ With TRl = switched off, the shortest positioning step TFUl= is dependent of Tm, #¥=h and BF.
By varying #=h , a required min. pulse length TFUl= can be realized:

Touls
X, = 12,5-Xp~$—0,75
m
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Configuration ||Effective controller parameters with three-point stepping controller
Fort Parameter set for self-tuning (only with COMTRE+) 1.6
WE 1) |Lower set-paint limit for Weff -29999 ...999 999
WiaE 1) |Upper set-point limit for Weff -29999....999 999
W2 1) | Additional set-point -29999 ...999 999
G+ 2) | Set-point gradient plus off /0,001 ... 999 999
Gr— 2) | Set-point gradient minus off /0,001 ... 999 999
Grwd 2) | Set-point gradient for W2 off /0,001 ... 999 999
HE Zero offset (effective only with CType=ratio controller) -29999....999 999
a Factor a (effective only with CType=3-element control) -9,99...99,99
Ash 3) | Trigger point separation 0,2...20[%]
CFunc = Truls Min. positioning step time 0,1...2[s]
Schritt T Actuator response time 5...999999 [s]
Schritt Yp Additional positioning value
i . ; iy 0...100 [%]
(only with step Yp — with position feedback)
YOFLm Positioning value during process at rest (not with PIDMA) 0...100 [%]
dYorFt Self-tuning step height 5...100 [%]
#Wr1(1..6) 3)4) |Proportional band 1 0,1...999.9 [%]
Trnl(l.%) 4)|Integral action time 0... 999999 [s]
Twil(l..&) 4)|Derivative action time 0...999999 [s]
Titel Title of controller page (only display) 16 characters
Einh.® Unit of the process value (only display) 6 characters
Wit 1) |Internal set-point after transmission of the engineering to KS98|  -29 999 ...999 999
A-H Controller status after transmission of the engineering to KS98 Oor1
1) The values must be specified in the process value unit - e.g. [°C, °F, bar, %, etc.]
2) The rate of change must be specified in units/minute (e.g. °C/min).
— see gradient control page 192.
3) % specifications are related to measuring range 11 B8 - =pE |
There is no relationship to values W& and I lgElEl.
4) (1..&) refers to the six parameter sets of CONTR+ (e.g. Xp1, Xp2, Xp3...Xp6).

Additional controller parameters for PIDMA
(for description, see section Controller characteristics)

Parameter Description Wertebereich
Trause Minimum positioning pause time (stepping controller) 0,1...999999[s]
thron Switch-on threshold for OPEN and CLOSE 0,2...100%
throff Switch-off threshold for OPEN and CLOSE 0,2...100%
kEF Control gain (replaces Xp1/Xp2 of CONTR) 0,1...999,9[%]
LD Derivative gain (Td/DT1) 1...999999
bll_F Setpoint weighting factor of proportional action 0..1
chl_d Setpoint weighting factor of D action 0..1
T=at Time constant for | action in Y limiting (anti-reset wind-up) 1...999999
=sh Neutral zone in which the integral action is held 0... 999999
dYort Step width with self-tuning using different range -100 ... 100
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Continuous controller

Continuous controller

An analog value is provided as correcting variable by output %ot 1, e.g. temperature control with electrical heating
and thyristor power regulator.

A continuous controller in ‘split-range’ operation is comparable with a three-point controller. The neutral zone is also
separately adjustable.

“hE e lnlevFF M%EIEI “hlB Fig.: 4
Operating principle of the
I_ meff | —>> proportional part of the
100% continous controller
G Reh1 ez
0%—— - ____ VY N

HE1=Xp+Xp"

Innerhalb der Grenzen Xsh1 und Xsh2 wird die Regelabweichung zur Berechnung der Reglerreaktion zu Null gesetzt. Ein
reiner P-Regler verandert innerhalb dieser Grenzen die Stellgroie nicht mehr. Ein PID-Regler hat ein dynamisches
Verhalten, das auch bei Erreichen von “Regelabweichung = 0" nicht unbedingt abgeklungen ist. Sowohl der D- als auch
der I-Teil kénnen auf Grund einer vorausgehenden Stérung oder eines Sollwertsprunges entsprechend der mit Tv
festgelegten Charakteristik nachwirken. Das kann soweit gehen, dass der Bereich Xsh1/Xsh2 wieder verlassen wird,
sodass der P-Teil noch einmal aktiviert wird, um endgiiltig in die neutrale Zone zu gelangen.

/i——_ process value

e

Set-éoint A

%
process value

Selection from the following continuous controllers is possible:

1.)CFunc =continuous  —  continuous controller

2)CFunc = splitRang — continuous controller with split-range operation
The continuous output is split on outputs Yout1 and Yout2 .

3.)CFumrc = continuous Yp —  continuous controller w ith position feedback. _
The actually flowing positioning current can be displayed via
input Yp .Yp is not included in the control operation.
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1

Configuration| Effective controller parameters of a continuous controller
Fort Parameter set for self-tuning (only with COMTE+) ! 1.6
W& 1) Lower set-point limit for Weff -29 999 ...999 999
WiEa 1) Upper set-point limit for Weff -29 999 ...999 999
W2 1) Additional set-point -29 999 ...999 999
Grw+ 2) Set-point gradient plus off /0,001 ... 999 999
G- 2) Set-point gradient minus off /0,001 ... 999 999
Grwa 2) Set-point gradient for W2 off /0,001 ... 999 999
H& Zero offset (effective only with CType=ratio controller) -29 999 ...999 999
a Factor a (effective only with CType=3-element control) -9,99 ... 99,99
#shl 3) Neutral zone (Xw >0) (not with PIDMA) 0,0 ... 1000 [%]
#sha 3) Neutral zone (Xw < 0) (not with PIDMA) 0,0 ... 1000 [%]
W2 Additional positioning value 0...100[%]
Ymin Min. output limiting (-100) 0.... 100 [%]
CFunc = “ma Max. output limiting (-100) 0 ... 100 [%]
Stetig Correcting variable working point(start-up correcting i
SplitRange Ve variable) 100...100 [%]
YO b E?Dslk‘;izr)nng value during process at rest (not with 0..100 [%]
d%oFt Self-tuning step height 5...100 [%]
#wrl(l.5) 3) 4 |Proportional band 1 0,1...999,9 [%]
w216 3) 4) rP;ggg;tlonal band 2 (only with continuous controller split 0.1...999.9 [%]
Thi(l.&) 4 Integral action time 0...999999 [s]
Tuwi(l.6) 4 Derivative action time 0...999999 [s]
Titel Title of controller page (only display) 16 characters
Einhk.s Process value unit (only display) 6 characters
Wit 1) :g%%nal set-point after transmission of the engineering to 29999 999 999
aH Controller status after transmission of the engineering to Oor1
KS98
1) The values must be specified in the process value unit, e.g. [°C, °F, bar, %, etc.]
2) The rate of change must be specified in units/minute e.g. °C/min).
— see gradient control page 192.
3) % specifications are related to measuring range ¥ 1 B8 - =pE
There is no relationship to values WE and W1 EE.
4) (1..15) refers to the six parameter sets of CONTR+ (e.g. Xp1, Xp2, Xp3...Xp6).

Additional controller parameters for PIDMA

for descrintion. see section Controller characteristics)

Parameter Beschreibung Wertebereich
kr Control gain (replaces Xp1/Xp2 of CONTR) 0,1...999,9[%]
LD Derivative gain (Td/DT1) 1...999999
bll_F Setpoint weighting factor in proportional action 0..1
chi_d Setpoint weighing factor in D action 0..1
T=at Time constant for | action in Y limiting (anti-reset wind-up) 1...999999
#zh Neutral zone, in which the | action is held 0..999999
dYorFt Height of step change during self-tuning -100 ... 100
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Optimizing the controller
Process characteristics

characteristics are determined automatically by the controller during self-tuning and converted into control parame-
ters. In exceptional cases, however, manual determination of these process characteristics may be necessary. For this,
the response of process variable x after a step change of correcting variable y can be used (see Fig.: 10).

Usually, it is not possible to plot the complete response curve (0 to 100 %), as the process must be kept within certain
limits.

The maximum rate of increase vy, can be determined from the values T and x,,, (complete step response) or At and
Ax (partial step response).

— Vmax
YA K=-+.Ty-100%
100% Xh
v, y =correcting variable
0% t Y =control range
y XA « Tg Tu = delay time (s)
mox Tg = recovery time (s)
X max AX .
X Vinax = = £ max. rate of increase of process value
q Tg At
— t X_ = maximum process value
U < g X = controlrange 2 ®1HE - =@

Characteristic values of the controllers

Generally, quick line-out to the set-point without oscillation is required.

Dependent of process, different control actions should be used.
® Processes with good controllability (K < 10%) can be controlled by means of PD controllers,

Processes with medium controllability (K = 10...22%) can be controlled with PID controllers and
Processes with bad controllability (K > 22%) can be controlled with PI controllers.

The control parameters can be determined from the calculated values of delay time T,, max. rate of inrease v, , con-
trol range X;, and characteristic value K according to the formulas. For more exact adjustment, see the hints given in
the table of parameter adjustment effects. Increase Xp if line-out oscillates.

Formulas Parameter adjustment effects
Action ‘Xp[%] Tv[s] ‘Tn[s] Setting Control Line-out of Start-up behaviour
disturbances
(D)PID {1,7K {2Tu |2Tu X higher |Increased damping |Slower line-out  |Slower reduction pf energy
PD 05K |[Tu |00 =0000 P Jower |Reduced damping_|Faster line-out Faster reduction of energy
Pl 26K |0 6 Tu Tv higher [Reduced damping |[Faster response  |Earlier reduction of energy
P K 0 oo = (0000 lower |Increased damping |Slower response |Later reduction of energy
3-point stepping controller PID T higher |Increased damping |Slower line-out  |Slower reduction of energy
117K ?Tu 12 Tu " lower |Reduced damping |Faster line-out Faster reduction of energy

Fig.:5  Principle of direct / inverse switchover

invers

direkt

Xd =w-x

(1)

XW = X-wW

P

v

= OUTl

——-=> OUT2

Direct / inverse switchover is always possible in configuration parameter CMacde (action).

The principle is shown in Fig.: 5.

Optimizing the controller
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pZ. %Il Self-tuning — controller adaptation to the process

For determination of optimal parameters a self-optimization can be accomplished.

This is applicable for controlled systems with reconciliation and none dominating dead time and K < 30%. After start
by the operator the controller initiates an adaptation cycle in order to determine the line characteristic values Tu and
Vmax. It calculates by it the control parameters for fast, overshoot-free correction to the set-point (Xp1, Xp2, Tn, Tv,
Tp1, Tp2, depending upon kind of controller).

Preparation

® Setthe desired controller behaviour
P-controller: Th=0.8 Tw=H.8
PD-controller: Th=8.8 Tw>H.8
Pl-controller: Th>8.8 Tw=H.4
PID-controller: Th>8.8 Tw>H.A

The parameters Tn and/or Tv can be switched off, by being adjusted to the value = &1 .
Thus they do not participate in the self-optimization.

® With the automatic controller CONTR+ is to be selected, which parameter set is to be optimized (FOFt.=1...
6).

® Configure conditions for process at rest (QCornid)
The condition designates, when "Prozess at rest" is to be recognized (F IR _H):
ar-ad=@, arad< @ *8 orar-add (— also see process at rest, page 177).

® The correcting variable YOFL.m is to be specified. This is, in automatic running, the correcting variable,
which is output with the start of self-optimization in order to generate "Prozess at rest".

® The step of the correcting variable d''oF1t. is to be specified. d%'oFt. is the amount the correcting variable
jumps, from the initial value Y'OF1.m and/or in manual operation from the original correcting variable.

Consider the set-point reserve
(— also see set-point reserve, page 178)

‘Process-at-rest’ monitoring (F 1F):

‘Process-at-rest’ monitoring is done at any time. The X
proces is at rest, when the process value is within a /,//'/{X =_0.5%
tolerance band of +AX = 0.5% during more than 60 ///I//
seconds. When the process value is out of this band, ‘ ‘ o
the monitoring timeout counter is reset to zero. With R : |

detection of PiR e.g. during control operation and Lo : !

output of a widely deviating stable correcting vari- ;v% | t
able W' 0OFt.m at self-tuning start, waiting until the  Zutticksetzen des ozt rune)

full PiR time has elapsed is required. Joemachingszetianers

With extended monitoring, monitoring is for a con-
stantly varying instead of a constant process variable!

Configuration word DIZarnid can be used to determine ‘Process at rest'detection. One of the following modes can be
selected:

grad(x) = 0: Process at rest is detected, when x is constant.

Process at rest is detected when x decreases constantly with a controller with inverse output action.

grad(x) <0/>0: Process at rest is detected, when x increases constantly with a controller with direct output action.

Process at rest is detected with constantly changing x. In this case, continuation of this constant

grad(x) <> 0: change over the duration of identification must be ensured.
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Set-point reserve:

In order to make self-tuning possible, the separation between set-point and process value before the output step
change must be higher than 10 % of W0...W100. The set-point reserve is provided either automatically by reducing the
correcting variable during the PiRphase, or by changing the set-point or the process value manually (manual mode).
With inverse controllers, the set-point must exceed the process value by at least the set-point reserve.

With direct controllers, the set-point must be smaller than the process value by at least the set-point reserve. This is
necessary, as the set-point is a limit which should not be exceeded during self-tuning.

Self-tuning start

Self-tuning can be started or stopped from automatic or from manual mode on the self-tuning page (— see "Start from
automatic mode" page 188 and "Start from manual mogp page 182).

Selec the self-tuning page by marking the two arrows  followed by configuration. Select function St.at.
QFF-0E (inverse display) and confirm it by

St.at: OFF~0K blinks and can be switched over to 5t.at.2  St.art. by pressing (] .

Press key [©)] to start the self-tuning attempt. Set-point adjustment is always possible.

Self-tuning cancelling

A self-tuning attempt can always be cancelled.

Self-tuning can always be stopped by pressing automatic/manual key [£] on the controller front panel, provided that
key [£] was not disabled (1-signal on input @F 1ok ).

Moreover, cancellation is possible from the self-tuning page of the required controller. For this, press key [a] on the
self-tuning page to select the St.at.z line (inverse display), press (@@  St.at.z line blinks. Press [a] until
Stat: Stor blinks. Press [, the self-tuning attempt was stopped and the controller continues operating in au-
tomatic mode.

168: COMTR 168: COMTR
W= 851 Y= &4 kr 851
= 1@@ MEEFE £52
1

= |.|.|E'
Ores = 0 § =c: 852
Unax = 0,000 @,R00 V: ] 64,0
1681 CONTR+ 161 CONTR+
W= 73 Y= 58 ParN 44 731
Hz t 1’5?3“5?? s - "
OFL: ats

- 1=
res = "4 't 730
Unax = ©,060 0,068 V] 52,0
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Start from automatic mode:

After self-tuning start, stable correcting variable % OFt.m is output. When ‘Process at rest’ (F 1) is detected and a
sufficient set-point reserve (— see page 178) is provided, the correcting variable is changed by output step d%'0Ft.
(boosted with indirect controller, lowered with direct controller).

The self-tuning procedure is realized using the varying process value.

Fig..6 self optimization [grad(x)=0] Fig.. 7 self optimization [grad(x)<0]
X X

0% L—+ : >T 0% T 7 VT
' Start Optimisation Start Adaption Optimisation
Adaption finished finished
[OFF0K] FIR_H [ Ster | OFff-0Ok [OFF -0k FIR_H Ster Of 0k

After successful self-tuning, the controller goes to the automatic mode and controls the set-point using the new param-
eters. Parameter == indicates the self-tuning result (— see page 189) .

If self-tuning is finished with an error (Ada_Er1), the stable correcting variable is output, until self-tuning is
finished by the operator via the system menu, front-panel key [£], or via the interface.

Start from manual mode

To start self-tuning from manual mode, switch the controller to manual. During transition to manual mode, the correct-
ing variable output last is taken over as manual correcting variable. At self-tuning start, this correcting variable is taken
over and output as temporary stable correcting variable. Like in automatic mode, the set-point can be changed at any
time.

With ‘Process at rest’ (PiR) detection and a sufficient set-point reserve (— see page 178), the correcting variable is

changed by the correcting variable step d%'Ft. (boosted with indirect controller, lowered with direct controller).
“Process at Rest’(PiR) can be reached at starting time, i.e. the normal 60 s waiting time can be omitted.

The self-tuning procedure is realized using the varying process value.

Fig.: 8 Start by boosting the set-point Fig.: 9  Start by lowering the correcting variable
A i I W W
X, W - =

: ‘ > | ‘ >
Stext Opfifnisation t H Stot  Opfimisation
Adaption finished Adaption finished
[Off-Ok] FIRH [ Ster [ OFff-0k | [ Off-0k [ FIRH [ Ster [ Off-0k |

After successful self-tuning, the controller goes to the automatic mode and controls the set-point using the new param-
eters. Parameter Or~2=. indicates the self-tuning results (— see page 189) .

When finishing self-tuning with an error (Ada_Etr), the stable correcting variable is output, until self-tuning
is finished by the operator via system menu, front-panel key 2], or via interface.
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Self-tuning procedure with heating:

(2-point, 3-point stepping, continuous controller)

After reaching ‘Process in rest’, the process is stimulated by means of an output step change and the process response
is used to determine Tu1 and Vmax1 at the step response reversal point, if possible.

Self-tuning procedure with heating and cooling processes:

(3-point / split-range controller)

Self-tuning starts as with a “heating” process. After self-tuning end, the controller settings based on the calculated pa-
rameters are made. This is followed by line-out at the pre-defined set-point, until PiR is reached again. Subsequently,
a step to cooling is made to determine the “cooling” parameters, in order to determine TuZ and VmaxZ using the step
response. Based on these characteristics, the controller settings for the cooling process are made. When cancelling the
cooling attempt, the parameters for “heating” are also taken over for cooling. No error message (Hda_Er++) is out-
put.

Fig.: 10
Self-tuning with
heating and cooling

X
W

1
1
Ya !
100%7+ I
YRt irN SN———
0% X <\:\d\"opt
b : ! —5
-100% ! ' : : >
st Optmiaton g
X Adapltion finished finished
[ Off-0k | FIR_H [Ster | FIR_K [Ster] OFF-Ok |

With 3-point stepping controllers, the motor actuator is closed first after starting and opening to
“OrFtm will occur only then. This calibration procedure (St.at.s Akal.)is not shown in the figures.

For maintaining a safe process condition, monitoring for an exceeded set-point is done continuously.

During self-tuning, the control’ function is switched off! l.e.: Ypid is within the limits of Ymin and Ymax.

With A / A/ off controllers, self-tuning is using the A function, i.e.Y2=0.

Controlled adaptation

For defined applications, adaptation of the control parameter set to the current process condition is purposeful. For this,
the Contr+ is provided with 6 control parameter sets, which can be selected via analog input FarHo .
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Significaion of self-tuning messages OE==1/0E==2

OFe=1-2 |Signification or trouble cause Possible solution
0 No attempt was made or attempt cancelled by St.at.s StoF or
switchover to manual mode ([£] key) .
Cancellation: % e Change controller
Faulty correcting variable output action, ——— | output action.
1 X does not change in the direction of W. % A
Y
>
2 Finished: self-tuning was completed successfully (reversal point found, safe estimation)
Cancellation: & Foeren | Close control loop.
The process does not respond or responds too —
3 slowly (change of AX smaller than 1% in 1 X PR
hour) v
>
Completed, withou AdaErt: Optimum result with low
Successful attempt, process has a low reversal point reversal point
. Cancellation, with AdaEr+: % S Increase output step
Attempt failed, process stimulation low change d%'oFt..
(Reversal point found, but estimatio n is unsafe) X
=
>
Cancellation: Increase separation of
Self-tuning cancelled because of exceeded process V?\}\l;)e (ﬁ) and
5 set-point hazard. — | set-point (W) when
v J starting, or decrease
» (YOFtm.
6 Completed: attempt successful, but self-tuning cancelled due to exceeded set-point hazard.
(Reversal point not reached so far; safe estimation).
Cancellation: A o Increase Y'ma or set
Output step change too small, AY <5%. S I S— Yortm toasmaller
7 ; Jovess value.
—
Cancellation: % foemen Vary stable correcting
Set-point reserve too small, or exceeded o L | feowwowe variable YORtr.
8 set-point whilst PiR monitoring is busy. >
) <>
>

Unless control is as required despite self-tuning, proceed additionally as described in section
"Empirical self-tuning"( — page 182, Hints for self-tuning, Hints for adjustment), and follow the hints
given on further parameters.
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2. %X: Bl Controller characteristics and self-tuning with PIDMA

Controller

As opposed to CONTR and CONTR+, the PIDMA includes a modified parallel controller
structure, which is taken into account in the following additional parameters.

Additional parameters for PIDMA

Parameter Beschreibung Wertebereich
1: with
T . compensation
FTare Process type (a-priori information) 2 without
A.(integral)
. Drift compensation des Istwertes zu Beginn der 0: off
Drift Selbstoptimierung 1:on
1: slow
CSreed Required control loop dynamics 2: normal
3:fast
Trause Minimum positioning step time (stepping controller) 0,1...999999[s]
Switch-on threshold for OPEN and CLOSE (stepping 0
thron controller) 0,2...100%
Switch-off threshold for OPEN and CLOSE (stepping 0
throft controller) 0,2..100%
wlimit Switch-off point for output step change (process value 0,5...999999
change)
Tdrift Time window for process value drift determination 0...999999
Thoise Time window for process value noise determination 0...999999
kF Control gain (replaces Xp1;/Xp2 of CONTR) 0,001...999,9[%]
LID Derivative gain (Td/T1) 1...999999
bh_F Setpoint weighting factor of proportional action 0..1
chi_d Setpoint weighting factor of D action 0..1
Tzat Time constant for | action in Y limiting (anti-reset wind-up) 1...999999
#sh Neutrale Zone, in dem der I-Teilfestgehalten wird 0...999999

Three point stepping(Yp):

Tpause , thron and throff complete the effective parameters for stepping motor control.

Tpause permits adjustment of the minimum pause in addition to minimum pulse limiting by means of Tpuls.

thron and throff define a deviation of the actuator position from an internal setting (position feedback required) from
which a pulse to the actuator is output or canceled. In connection with Xsh, these parameters can be used to influence
the actuator switching frequency and fine adjustment. Xsh determines the neutral zone of control deviation in the mas-
ter controller. Within this zone, the controller | action is held.

With setting 3-point stepping Yp (three-point stepping with position feedback, the PIDMA function block comprises two
controllers: the master controller controls the process value and provides a required actuator position to an integrated
position controller). By means of the position feedback, this position controller ensures that the actuator goes to the re-
quired position.

Self-tuning:

PType, Drift, Cspeed, Xlimit, Tdrift and Tnoise complete parameter dYopt which is also effective with CONTR. These
parameters define the conditions during self-tuning.

Ptype determines, if the process is without compensation (the new process value after a correcting variable pulse is
higher, e.g. level of a container without outlet or well- insulated furnace). An even decrease or increase of the process
value before self-tuning can be detected by means of drift monitoring and taken into account when self-tuning is done
for the next time.

CSpeed can be used to determine if, during subsequent operation, the controller should reach the setpoint quickly,
with a slight overshoot, or slowly with gentle approach to the setpoint. Using CSpeed , the parameter can be
switched over also after self-tuning, provided that the controller parameters were not changed manually.

185 Controller characteristics and self-tuning with PIDMA
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After self-tuning start, timer Tdrift for process value drift detection and timer Tnoise for noise detection (variations
independent of the correcting variable) are started. Dependent on process, the timers should be long enough to permit
detection of an interference-independent drift and multiple “ups” and “downs” of interference effects.

After elapse of these timers, the actual correcting variable is increased by dYept . When the process value has in-
creased by more than Xlimit under consideration of drift and noise, the correcting variable is reset to the initial value.
However, self-tuning is completed only, when the process value has decreased to nearly half of the initial value after
exceeding the maximum. During decrease after the correcting variable pulse, the estimated remaining time until
self-tuning end is displayed continuously. After completion of self-tuning, the determined parameters K, Ti and Td are
displayed on the self-tuning page, taken over into the function block together with parameters VD, BW_p and CW_d
and activated for the running process.

Control parameters of PIDMA:

Unlike CONTR, PIDMA does not have separate parameters for heating and cooling. Parameter K which is valid for both
ranges determines the control gain of a parallel controller structure.

Further parameters permit independent weighting of individual controller components:

VD: In addition to the control gain, the derivative gain (Td/T1) permits an increase or reduction of the derivative action.
BW_p: Setpoint weighting factor of proportional action

CW_d: Setpoint weighting factor of derivative action.

Parameters BW_p and CW_d can reduce the effect of a setpoint change on the controller reaction. l.e. different con-
troller behaviour after setpoint changes (control behaviour) or process value changes (disturbance behaviour) can be
selected. A factor within 0 and 1 can be applied to the setpoint effect.

In the course of dynamic process control, the control algorithm can temporarily determine values below 0 or above 100
for the correcting variable. If necessary, however, these values can be reset to the limits by means of accelerated inte-
gral behaviour (Tsat).

Tsat time constant for integral action in Y limiting (anti-reset wind-up).

Self-tuning — controller adaptation to the process (PIDMA)

Self-tuning can be started to determine the optimum parameters for a process. The function is applicable for the fol-
lowing processes.

Controller characteristics and self-tuning with PIDMA 186
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Preparation
® Adjusting the required control behaviour.

P-controller: Th=6@.8
Tw=@.8
PD-controller: Th=8.8
Tw>a.8
Pl-controller: Th>8.8
Tw=8.8
PID-controller: Th>d.8
Tw>a.8
Parameters Tr1 or Tt can be switched off by setting =H. H. |.e. these parameters do not participate in
self-tuning.

Correcting variable step change d''orFt. must be determined. This is the value by which the correcting
variable changes from the actual value. The step change can be positive or negative.

Xlimit must be determined. It should be set to roughly half of the expected process value change.

‘Prozess in Ruhe’ Uberwachung:

Der PIDMA fiihrt keine Uberwachung der Ruhebedingung durch. Es steht im Ermessen des Inbetriebnehmers den
geeigneten Startzeitpunkt zu wéhlen. Optimale Ergebnisse erhalt man nur, wenn der Prozess ausgeregelt ist, also alle
dynamischen Vorgénge abgeklungen sind. Nur in wenigen Féllen, in denen die Parameterbestimmung wegen einer
abklingenden Dynamik unmdglich wird, liefert der Algorithmus eine Fehlermeldung “neu starten”.

Self-tuning start

Self-tuning can be started and stopped from automatic or manual operation on the self-tuning page.

Select the self-tuning page by marking and confirming the two arrows. Select function St.at.s OFF.- 0K (inverse
display) and confirm it with [,

Stat: OFF-0K blinks and can be switched over to 5t.at.z  St.art. by pressing |.

Pressing key [ starts the self-tuning attempt. The setpoint can be changed at any time. However, this is not necessary
as opposed to CONTR. A change after starting from automatic mode would even cause faulty process evaluation.

Self-tuning cancelation

Self-tuning can be stopped at any time by pressing key manual/automatic [£] on the controller front, provided that key
H was not disabled (1-signal on input &F nnk?

Moreover, cancelation is possible on the self-tuning page of the required controller. For this purpose, select the Stat:
line (inverse display) on the self-tuning page, press M, Stat: line blinks. Press | until St.at.z  St.oF blinks. Press M,
the self-tuning attempt is stopped and the controller continues operating in automatic mode.

Self-tuning page

188: FIDMH 1B@: FIDMA

= A Y= 188¢Man, ) H 334
e e e

= atusi

Dr*f5= E:H?m Fehler %El 356
Ti= 18 Td= 1@ Vi ] 4X.6
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Start in manual mode or in automatic mode :

Basically, the PIDMA self-tuning algorithm does not distinguish between these two start conditions. In both cases, the
operator must ensure that the process conditions are stable. In automatic mode, however, the PIDMA works with the
non-optimized parameters until start of the correcting variable pulse. This means that, in the majority of cases, better
stability of process conditions, i.e. better self-tuning results, are possible in manual mode. When changing to manual
mode, the correcting variable output last is taken over as manual correcting variable and used during estimation.

After self-tuning start, the estimation timer for drift detection and noise detection is started at first. In the second
phase, the correcting variable is changed by correcting variable step change d%'0Ft.. When the process value has
changed by more than Xlimit, the correcting variable is reset to the original value. In the third phase, the PIDMA waits
for the maximum value of the increasing process value. Subsequently, it monitors the decaying process value in the
fourth phase. During this time, an estimation of the remaining time until completion of the self-tuning attempt is out-
put.

After a successful self-tuning attempt, the controller goes to the automatic mode and controls the setpoint using the
new parameters. Parameter Q&= indicates the result of self-tuning completion (— see page 189) .

FigSdlbstoptimierung [grad(x)=0]

When self-tuning is finished with an error (Ada_Err), the stable correcting variable is output, until
self-tuning is finished by the operator via the system menu, front panel key H, or via the interface.

Self-tuning procedure with heating and cooling processes:

(3-point / split-range controller and mixed controllers)
With P I[*MA - different control gains for heating and cooling cannot be specified. For this reason, the 2-step
self-tuning attempt is omitted.

Controller characteristics and self-tuning with PIDMA 188
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Signification of self-tuning messages OEe=

OFes | Signification or error cause Possible solution

0 No attempt was made

1 Xlimit too small Step change threshold too small: compared to the process noise, the step change
threshold is too small. Start a new attempt with a higher positioning pulse.

dYopt too high Positioning pulse too high: the correcting variable would exceed the positioning limits when
2 the selected pulse height is output. Start a new attempt with smaller positioning pulse or
reduce the correcting variable in manual mode previously.

Re-start No rest. The autotuner has detected that the process is probably not at rest. Please wait,
until reaching the rest condition. Another possibility is to activate the drift compensation or
3 to increase the positioning pulse. Note: With pulse width modulated (PWM) control outputs
(2 and 3-point controller), oscillations of process value PV are susceptible to occur even
during manual mode, if the corresponding cycle time t1 (t2) is too long. In this case, the
controller cycle times should be as low as possible.

4 dYopt small Positioning pulse too small: the step response is hidden by process noise. Start a new
attempt with a higher positioning pulse, or take measures to reduce the noise (e.g. filter).

No extreme Max. detection failed: after output of the positioning pulse, no maximum / minimum in the
5 process value curve was detected. The settings for the process type ( with / without
compensation) should be checked.

Positioning limit Positioning limits during self-tuning were exceeded. During the attempt, correcting variable
6 MV has exceeded the positioning limits. Repeat the attempt using a smaller positioning
pulse or a reduced correcting variable during manual mode.

7 Controller type No self-tuning result for the specified combination P/I/D can be found.

8 Maonotony Process not monatonous: the process has a strong all-pass behaviour ( temporarily,
the process value runs in opposite direction ) or serious trouble during the attempt.

9 Estimation error Extrapolation failed: after the positioning pulse end, no process value decrease was detected
because of excessive noise. Increase the positioning pulse or attenuate the noise.

No result Result useless: excessive noise, or the determined process parameters do not cor-
10 respond to the description of a process with dead band. Start a new attempt with
a higher positioning pulse or attenuate the noise.

" Man. cancelation The self-tuning attempt was canceled manually by the operator with ,STOP" .

Output action Faulty output action: the expected output action of the step response is opposed to
12 the correcting variable.

Cause can be faulty setting of the output action, or e.g. inverting actuators. Change
the controller output action.

@ After successful self-tuning, parameter CSFeed can be used to increase or reduce the attenuation,
when self-tuning was done with the setting for CSFeed = “normal” . Moreover, only an increase or
reduction of KF should be considered. After manual change of the controller parameters, the Cspeed
switch-over stops being effective.

189 Controller characteristics and self-tuning with PIDMA
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24.10

With missing distance data can empirically be optimized by means of the self-optimization or in manual attempts.With
the attempts for empirical optimization the following is to be considered:

¢ Itisto be guaranteed that correcting variable and controlled variable take never forbidden values!!!

The conditions for the attempts should be always alike, in order to win comparable statements.

The test sequence must be oriented at the goal of the optimization: Leadership- or interference behaviour.
The operating point of the controller must be alike with the attempts.

The control parameters are to be set as follows with their first use:

Xp maximum: to the largest adjustable value,

Tv relatively large: time max., which the controlled system needs for distinct beginning of the reaction.
Tn large:time max., which the controlled system needs for the entire process.

The time requirement for an empirical optimization is large. In order to achieve an useful result in relatively short time ,
the following is recommended for appropriate procedure results:

Adjust Tn=Tv=0 and Xp largest possible(p-controller). The Xp is reduced from attempt to attempt, as long as the control
is sufficiently stable. If it becomes too unstable, then the Xp is to be increased and next step is @).

Measure lasting offset: If it is sufficiently small, then the optimization is successfully terminated (P). If it is too large,
then the controlled system is better regulated with PD (adjust Tv relatively large and next step is @) ).

Reduce Xp from attempt to attempt, as long as the control is sufficiently stable. If it becomes too unstable, then the
next step is @.

Tv is to be made smaller and determined whether the regulation can be sufficiently stabilized again. If, then it the next
step is @), if not, then Xp is to increase and the next step is B .

Determine whether with the procedures 3 and @ the Xp was substantially made smaller. If, then the next step is ®,
if not, then the controlled system better is pi-regulated (Tv set to 0 and the next step is >).

Measure lasting offset. If it is sufficiently small, then the optimization is successfully terminated (PD). If it is too large,
then the controlled system is better PID-regulated (no longer change Xp and Tv and the next step is @)).

Tn is adjusted largely and reduced from attempt to attempt, as long as the control is sufficiently stable. If it becomes
too unstable, then the Xp is to be increased, and the optimization is successfully terminated (PID or pi).

@ For the controlled variable (process value X) the empirical optimization is substantially improved with a
writer (or trend function of the engineering tool) in time requirement and quality, and evaluation of the
test results is clearly simplified.

@ The procedure mentioned can only with restrictions be generalized and does not lead to a clear
improvement of the behavior with all controlled systems.

@ Changes of the operating point (Y0), the switching point distance (Xsh) and the lasting switching
period (Tp1 and Tp2) lead to results, which can be better or worse. With 3 - Point - step controllers
TM must be adjusted to the real running time of the conncted actuator.

Empirical optimization 190
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24.11

Terminology

w internal set-point

we external set-point

w2 second (internal) set-point

Weff effective set-point

XW control deviation (x-w — process value - set-point)
General

Several possible set-points are available.

For the priorities, see the drawing shown opposite. "Safety
set-point" W2 is given priority over the other set-points.
Switchover between set-points is possible via interface or via > et
the digital inputs of the conroller block.

If gradient control was activated, a set-point change will be
made effective continuously instead of being made effective by
astep — gradient control page 192.

By activating digital inputw =t.oF | the instantaneously ef-
fective set-point is maintained. In this case, neither set-point —>— zeff
change nor switchover to another set-point becomes effective.

Set-point / set-point / cascade

Configuration word WF iz can be used to select, if switch-over to the external set-point (set-point/cascade) is also
possible in addition to the internal set-point.

Set-point
(WFunz = set-point) Set-point control means that the set-point is firmly predefined by the internal set-point w.

Set-point/cascade

(WFunc =Fest.<Fola) Set-point/cascade control permits switchover between internal set-point W and external
set-point Wle . Switchover is via digital input we-w1i orvia the interface. Unless this iput is connected, or if a 0 sig-
nal is applied, the external set-point is used as effective set-point. Unless digital input me-111 as well as analog in-
put et are connected, the controller invariably uses the internal set-point.

W2 - safety set-point

The second set-point W2 can be activated at any time and has highest priority. The change-over between internal
set-point and W2 can be triggered via interface or the digital control input =102 In order to make the I effective,
on w12 is a logic 1 to be attached. If the internal set-point is to be active, a logic 0 must be given on we1W1i .
In the past W2 was designated as "safety set-point". Whether Wl2 takes over safety functions or only a pre-defined
starting position in certain process conditions, becomes determined only by the kind of the use and integration into an
automation concept.

External set-point et

Switching between the internal set-point (W1 ) and the external set-point (&) is possible only if the parameter
WFuncis adjusted to £ 1 =edf ol 1 ow. The change-over can be triggered via interface or the digital control input
we- w1 Inorder to make the internal set-point effective, on &1 must be attached a logic 1. If the external
set-point is to be active, a logic 0 must be given on e 11 .

If the digital control input we+"11 is not wired, the external set-point is effective.

The internal set-point Wl is evaluated with priority. If in a place (interface or the digital control input we-"11 ) is
switched to internal set-point it is not possible to switch over to the external set-point llezt. the other place.

191 Set-point functions
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Gradient control - set-point changes with gradients

Normally, set-point changes occur stepwisely. Unless this behaviour is required, a gradient can be set-up using param-
eters Grw+ and Grw— or Grwz.

If these parameters are set, the set-point changes are made bumplessly. With digital input "ar_af £ not set, effec-
tive set-point Weff runs linearly towards the changed set-point (target value), whereby the slope is determined by gra-
dients Grw+ and Grw— adjustable at parameter setting level (— see Fig.: 12). For the second set-point W2, an
independent gradient GrwZ was introduced, which is valid for both change directions and for w — W2 switchover.
The gradient function is switched off when setting G-+ and Grw— or Grwd to "———="

( engineering tool = off), or with digital input Gr~ of f setto 1.

Fig.:12 Ramp function with set-point change
Set-points, process value
X

Wext upper set-point limit W100
W2 =
Set-point 1
Set-point 2 [>
H N
lower set-point limit WO
ZaN P D> Time
Adjustment of Adjustment of
set-point 1 — set-point 2 set-point 2 — set-point 1

Set-point switch-over with gradients (W—W2, W—Wext, controller"on")
The new set-point is linear started outgoing from the momentary process-value. The slope of the ramp is determined
related to the direction of G+, G- and/or Grw2 .

A This principle applies, even if the process-value is outside the adjustable set-point range W0/W100 at
switch-over time (e.g. when starting).

Fig.:.13  Rampfunction with controller "on" and set-point switch-over

Set-points, process value

X

w upper set-point limit W100
Wext o Lo
W2
Set-point 1
e.g. W2
Set-point 2
e.g. Wext
Set-point 3
e.g. w
T lower set-point limit WO
> Time
Controller ‘on’ Switch-over Switch-over
set-point 3 — set-point 1 set-point 3 — set-point 2
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Controlling the set-point

The digital input i~=t.a1. reacts to a positive signal slope and sets the effective set-point to the process value. The
new goal set-point is started on the basis of the controlled variable xeff .

Such a ramp can only be started with activated gradient function (G¥w+, Grw -, GrwZ and digital input
ar_of £ not set). The digital input w_st.oF freezes the effective set-point Weff , i.e., the effective set-point is
held to the current value, even if the effective set-point straight approaches a new goal set-point or a new goal
set-point is selected.

Fig.: 14 Effect of control inputs f~=t.art.. w—st.or undar_of £ ) on the set-point
Set-points, process value

6\/ upper set-point limit W100

set-point2 D ............................................................................. :

Grw+

set-point1 — . SRR - oA

! PaN
lower set-point limit WO
. PZAN AN < > Time
- y rstart =1 : W_stoF =0 :
Adjustment of w_stop = 1 ar_ofF =1

set-point1 — set-point2

Set-point tracking

During the change-over of Wlext. — Wl it can come to unwanted set-point jumps. To aviod these jumps set-point
tracking exists.

Set-point tracking takes care that in switch-over of llext. — bl, the past lWlezt. is taken over as int. set-point bl

When shifting back (il — Wezt.) llext. is started with the attitude of Gr1w+."—_If the controller shall follow pro-
cess value or set-point tracking is determined with the configurationword Wlt.t~&i.. Tracking can be activated via in-
terface or digital input t.r~ack Tracking is evaluated with priority.

Fig.: 15 Set-point tracking with switch-over to internal set-point
Set—pc}{nts, process value

6\/ upper set-point limit W100

set-point2 [> ............................................................................. :

Grw+

set-point1 — . IO - oA

! N
lower set-point limit WO
-~ > Time

rstart =1 w_staoF =0

Adjustmen't of

set-point1 — set-point2 ar_off =1

w_stor =1

A If in a place (interface or digital input) is switched to tracking, switching in another place is not possible!
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Process-value tracking

It can occur that the set-point is far distant from the momentary process-value (e.g. when starting a plant).

In order to prevent the jump developing here, the function process-value tracking can be used. Process-value tracking
causes a take-over of the process-value on the internal set-point, when changing over ezt — l. When shifting (I
back — Wext.) et is started with the attitude of Grw++"— (see — Figure below).

If the controller shall follow process value or set-point tracking is determined with the configurationword Wlt.i~ai..
Tracking can be activated via interface or digital input t.t~ak Tracking is evaluated with priority.

A If in a place (interface or digital input) is switched to tracking, switching in another place is not possible!

Fig.: 16 Process-value tracking when changing-over to the internal set-point W

Set-points, process value

X
w ? el ) T upper set-point limit W100
Wext - C * ~~
/ internal set-point W
internal N
set-point W
AN
lower set-point limit WO i i
: ; >
A A Time
Switch-over Switch-over
Wext - W W — Wext

Setpoint and correcting variable behaviour after setpoint switch-over

After setpoint and correcting variable switch-over, control behaviour or start-up behaviour has priority. The PID charac-
teristic must be partly suppressed. The previous history which is important for the integral action and especially for the
derivative action is largely insignificant with setpoint change due to the new target setpoint.

Switch-over operations which might affect the control behaviour are:

1 | Manual -> automatic Switch-over from manual to automatic mode

2 | Off -> start-up Start-up after off-line (power failurel/configuring)

3 W ->W Setpoint change

4 |W->W2 Switch-over to 2nd setpoint

5 |W2->W Switch-over from 2nd setpoint to normal setpoint

6 | We -> Wi, without tracking | Switch-over from external to internal setpoint without tracking
7 [Wi->We Switch-over from internal to external setpoint

8 |We ->Wi with tracking Switch-over from external to internal setpoint with tracking

The approach to a new setpoint may be affected by further parameters. Parameters Grw+ (positive setpoint gradient),
Grw- (negative setpoint gradient) and Grw2 (setpoint gradient during the approach to W2) can be used for gradual ap-
proach to a new target setpoint via a ramp function. Unless a gradient is defined (Grw = off), approach to the new
setpoint starts with a step change at the previous setpoint or at the actual process value. To influence the correcting
variable when switching over, any after-effect of the derivative action is eliminated internally or the integral action is
adapted to avoid correcting variable bumps. The following table gives a survey of the controller switch-over behaviour
implemented from operating version 8.
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Controller-internal operations during switch-over with CONTR, CONTR+ and PIDMA

Switch-over Without gradient function With gradient function

1 After correcting variable The effective setpoint ramp continues
adaptation with deletion of a still | running in the background during manual
effective derivative action, the mode. After switching over to automatic,
approach to the setpoint is the correcting variableis adapted and the
bumpless derivative action is deleted and the

setpoint is set to the actually reached
ramp setpoint (bumpless).

2 The effective setpointis set to the | Atfirst, the effective setpoint is set to the
process value first and after process value. After deleting the derivative
deleting a still effective derivative | action, the approach to the target setpoint
action, a setpoint step change to | is via a ramp. During this transition, the
the targetis made. During this PID parameters are effective (bumpless
step change, the PID parameters | starting with 0).
are effective. The derivative
action is a result of the step
change (not bumpless).

3 After deleting a still effective After deleting the derivative action and
derivative action, a step change | adapting the correcting variable, changing
from the instantaneous to the from the old to the new target setpoint is
target setpoint is made. During done via a ramp (bumpless) .
this step change, the PID
parameters are effective. The
derivative action is a result of the
new step change (not bumpless).

4, After deleting a remaining The effective setpoint is set to the process

5, derivative action, a setpoint step | value. After deleting the derivative action

6, change from the instantaneous to | and adapting the correcting variable,

7 the target setpoint is made. setpoint changing from the process value
During this step change, the PID | to the target setpoint is done via a ramp
parameters are effective. The (bumpless).
derivative action is only a result of
the new step change (not
bumpless).

8 The internal target setpoint is set | The internal target setpoint is set to the

to the actual process value or to
the external setpoint.
Subsequently, any still effective
derivative action is deleted and
the correcting variable is adapted
(bumpless).

actual process value or to the external
setpoint. Subsequently, any still effective
derivative action is deleted and the
correcting variable is adapted ( bumpless).
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Gentle line-out to the target setpoint with ramps

When using a setpoint ramp, a process value overshoot at the ramp end may occur. Due to the difference between
setpoint and process value in the course of the ramp, an integral action is built up and must be removed after the end
of the ramp. The longer the ramp, the higher the integral action. And the more exact the process value follows the
setpoint, the higher the probability that any integral action will cause an overshoot.

The target line-out function is used to adapt the integral action to the actual PD action at an adjustable distance be-
fore reaching the ramp end value, the D-dynamics is initialized and the setpoint is set to the ramp end value. Now the
controller dynamics re-starts bumplessly related to the new setpoint.

Controller parameter “a” can be used to define at which distance to the final setpoint the target orientation should be
switched over to the final setpoint. The target line-out function is activated under the following conditions :

1. W < Wend

2. W >Wend-2a

3. X >Wend-a

Marginal conditions / restrictions:

With internal setpoint ramps, the controller knows the future target setpoint. WWhen using external setpoints with ramp
function (programmer), the ramp end value must be bound to input X3 of the controller block. When the internal ramp is
active, line-out to the target setpoint is always related to the internal ramp end value, and the value at X3 is ineffec-
tive.

Target line-out is activated only, if the external ramp setpoint changes continuously.

The function can be used both with differentiation of control deviation (XW) and differentiation of process value (X).
With 3-element control, target line-out is omitted. The signification of parameter “a” is different and connection of an
external end setpoint is not possible.

With ratio control, target line-out is only restricted with fixed distance (1 in units of the physical quantity). The signifi-
cation of parameter a is different.
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p.l. % VAProcess value calculation

Standard controller

The process variable measured via analog input #1 is used
as process value by the controller. weff

—p— 1 i >X-W

+

Ratio controller

Process control frequently requires various components to be mixed into a product. These components must be mixed
according to a given ratio. The main component is measured and used as reference for the other components. With in-
creasing flow of the main component, the flow of the other components will increase accordingly. This means that pro-
cess value x used by the controller is determined by the ratio of two input variables rather than being measured as one
process variable.

For optimum combustion, the fuel-air ratio must be controlled. With stoichiometric combustion, the ratio is selected so
that there are no inflammable residues in the waste gas. In this case, the relative rather than the physical ratio is dis-
played as process value and adjusted as I.

If the transmitters used by the controller are designed with a stoichiometric ratio, A = 1 is met exactly with restless
combustion. With a process value display of 1,05, the instantaneous air excess is clearly 5%. The amount of air re-
quired for atomizing is taken into account by constant ‘HE’. For selecting a ratio controller, CT9Fe =REat. 1o must
be selected. Moreover, configuration word ‘E.at. 1o’ must be taken into account.

With ratio controller,
note that parameters <& and 188 must be set to the input range of connector X1.

Example of standard ratio control:

Standard ratio control at the example of stoichiometric
combustion. Analogainput INP1 is configured to 4...20 mA
with physical unit m’/h (air). Values 0 and 100 are allo- w= (X1+NO)/ (X2 w SFac)
cated to input variables 4 mA (&) and 20 mA (= 18@).
Atomizing air NO is added to this input.

E.g. INP5 is selected as second ratio3 input. This input is - —J7
also configured for 4...20 mA and m” /h (gas). x0 and x100

values 0 and 100 are allocated to the input variables. X1 ) == I Burner
Air

%1

Set-point Weff effective as relative ratio is multiplied by

stoichiometric factor =F &< (e.g. SFac=10), i.e. a Al

stoichiometric” flow ratio can be used for calculation of X2 D o sFac = Fuel

the control deviation. The instantaneous (controlled) pro- RN NO
. . . L Air

cess value is calculated from the physical ratio, multiplied

by 1/SFac and displayed as relative value.
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Material batching and mixing

The following examples are intended to show that various control possibilities can be used. This is necessary, since the
materials to be mixed (e.g. paste) are not always directly measurable due to their consistency. Other cases may require
a component to be controlled in relation to a total rather than to another component.

. X1+NO
Ratio=Tare 1 W=W
" oract w = (x1+N0) / (x2 * SFac)
The first case is obvious. Almost everybody knows what hap- i
pens during brewing. { ln2_
Yeast (x1) must be batched in relation to :gi
the original wort (x2). The set-point is adjusted x1[> I oK
in "%yeast’, e.g. W= 3%. The ratio inputs are scaled in equal >
units. The control deviation is A,
multiplied by "SF ac = 0,01" and calculated 2D FYm—
according to equation xw = (x1 + NO) - 0,03 w x2, so that ex-
actly 3% of yeast are batched with xw = 0. Process value dis-
play is also in %. Constant HE is without importance (HE& = 0)
. X1+NO
Ratio=Tare 2 W=
(X 14+ X2)- SFact w = (x1+N0) / (x1+x2) * SFac
. Y ®1
In this example, water (x1) must be batched as a percentage
of the total (paste; x1+x2). As the paste quantity is not avail- b £=
able directly as a measurement signal, the total is calculated > éﬁ oy
internally from x1 and x2. NO = 0 must also be adjusted in this | X Water i Paste
case.
2 —
§ D Flour
. X2—=X1+NO
Ratio=Tare 3 W=——"—
X 2- SFact w = (x2 - x1) / (x2 * SFac)
Y n2
Unlike the previous examples, yoghurt (x2) and the final prod-
uct (x1) are measured in this case. g [
X D:QE Grease
X
=P
X2 D T $X2
Yoghurt
Three-element control
With three-element control, process value calculation is ac- Stoam
cording to equation x,, =X1+a-(X2\ X 3 )whereby term ﬁ =~ X3
(x2\x3)is the difference between the steam and water flow
rates. Factor b for flow range matching used so far is omit-
ted, because the mA signals are converted directly into phys- - &
ical units during input value conditioning (x0, x100). The
calculated process value is displayed on the process value
display.
~ X2 Fw
For selecting a three-element controller, TF Uz = + |e<e
S—elem. "must be entered in the configuration. sanen |
+ e
<+
Water
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Correcting variable processing

The following considerations related to correcting variable processing are applicable to continuous controllers,
two-point, three-point and three-point stepping controllers with position feedback. The

diagram opposite shows the functions and interactions

of correcting variable processing.

Fig.: 17 Steps of correcting variable processing

AM - yly2 smy/hm off
correcting variable
inverfed
Ymax  Ymin
correcting value
display
w Y0 Y2 Y Y
| —
X Ypid < = N\ K
JA U muad
0] ED
p——{>Y2
Yadd 3
N S p>Youtl
y-Limitation £
ovC S b=—>Yout2
O
Yhm

Second correcting value

Similar to set-point processing, switch-over to a second preset correcting value 2 is possible. Switching over is done
via digital input ‘222

Whether Y2 has safety functions, or whether it is only a pre-defined start position in defined process conditions is de-
termined only by the use and integration into an automation concept.

Second correcting value '/ is evaluated with priority. When switching over to '/Z is done at one point
(interface or digital control input "2'22’), switching over at the other point is not possible.

Correcting variable limits

Parameters Ymir and Ymazx determine  Fig.- 18 Fixed limits
the limits of the correcting variable range v

within 0...100 %. With three-point and con-  1ge,
tinuous controller ,split range”, the correct-

ing variable limits are within -100 ... +100

2 o \/\ - \/\

Parameters %'mir and%'max areusedto ., o
specify fixed correcting variable limits.

0% =t
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External correcting variable limiting (override control)

Dependent of ‘TOLIZ" setting, the lowest Fig.:19  Maximum limit
(QLIC—), the highest (OLIC+) or lowest and
highest correcting value (QLMC+-0LIC—) can
be limited by analog input signals.

YA

100%
Ore, o

Override control is used where bumpless

switch-over to another controller when reaching \ /=

defined process conditions and mainly according ~ vmin

to other criteria is required. The basic principle is LT
that two controllers act on the same motor actua- % -
tor. !

Fig..20  Minimum limit

v
100%
Ymax F 4 v 1%
A
ol© -
0% =t
Fig.:21  Maxi- and minimum limit
12
100%
Orc + .
O\IC : v
>1%
0% = A
[t

Override control

Override control with continuous output
Override control with three-point stepping
output can be realized by a continuous con-
troller with the OVC function.

The correcting variable defined by the con-
tinuous controller is adjusted by a position
controller (three-point stepping).

Fig.: 22 Override control with continuous controller
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Override (limiting) control
using a three-point
stepping output

Override control is also possible by
means of a classical three-point
stepping controller. The positioning
signals of the limiting controller
must be connected as shown in the
example Fig.: 23.

Which one of the two controllers in-
fluences the process is decided in
the slave controller logic. The first
“close” pulse coming from the limit-
ing controller switches over to over-
ride control. The limited controller
automatically retrieves the position-
ing authority, when it first tries to
close the actuator further.

Fig..23  Override control using 3-point stepping controllers

Controller

- L L
—slxz 2z OpF Eogoeig pi -
aner TTTT —wed  [imitation N
61 ZHlover controller . o
e s ewi SEeR VT
—freas e L
b coNTR W
=
»o repeater
reply
e 17T oo fon orebebecciedereders
6 —f BERRE R )
—slx3 » Eogot R0z TEUR f .
AINPS i —dlwet  positioner i
o i —e
i S R .
—alvhm H Eggusgﬁ"‘\rnuﬁ—s
o] radd e %S R 000
CONTR HEHT
101 ts=11

QLT
84 I

Bumpless auto/manual switch-over

Sudden process interventions by control mode switch-over are usually not desired. Excepted is purposeful switch-over y

— Y2

A — M switch-over is always bumpless; the last correcting value is frozen and can be changed manually. M — A
switch-over is different. Correcting value differences are compensated as follows: when switching over, the controller
integral action is set to correcting value Y, output last plus correcting variable portions of the controller P and D action

running in the background

(Y, =Yum+ Yep). Now, only the integrator, which adapts the correcting variable slowly to the stationary value according
to the actual control deviation, is active. Until the D action has decayed completely, the adaptation can be delayed or

accelerated

201

Fig.:24  Bumpless switchover

A correcting value y

upper correcting value limit y+

AUTOMATIC

Automatic-
mode YPD

Manual

AUTOMATIC

lower correcting value limit y-

i = Y- Yeo

ArM

ZN
MrA

> Time
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B nputs
25.1 LA NELEIGTRTTTE))

For direct connection of temperature sensors, for potentiometric transducers and standard signals

U
o1
—] _DE_EUuInM—k-
ARCw
AIMP1 l, l_ i, l,
—ﬁ—u— dec ——p
1
—-1ock— Cal inc——p
—p—hide— hand—:-—-}
' J fail—»
1
1
! = ~
o CHEE A s
N | | | |
' [Tor | [#Fail] [ =8 | [Tfm| [Bkorr !
- [Unit Fail| [x19@ w1lout !
v |STE ®lin :
| Tkref w2out. .
1 21N X

General

Function ‘AINP1" is used for configuration and parameter setting of analog input INP1. It is firmly allocated to block
number 61 and is calculated firmly in each time slot. The function provides a caorrected measurement value and a mea-
surement value status signal at its outputs.

Inputs/outputs

Digital inputs:

lqck Calibration locked (with 1ok =1 calibration is locked)

hide Display suppression (with kide =1 the calibration page is not displayed)
Digi_tal outputs:

fail Signals an input error (short-circuit, polarity error, ..)

a1 Manual signal

=) Increment signal

dec Decrement signal

Analog inputs:

Y | Qutput variable

Analog outputs:
InFl

[Signal input

Parameter and configuration data

Parameter Description Values Default
®lin Measured value correction P1, input -29999 ... 999 999 0
®1lout Measured value correction P1, output -29999 ... 999 999 0
®2in Measured value correction P2, input -29999 ... 999 999 100
H2out Measured value correction P2, output -29999 ... 200000 100
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Confi = D — =
Type L -200...900 °C Tare L
Type J -200...900 °C Tare J
Type K -200...1350 °C Tare K
Type N -200...1300 °C Tare H
Type S -50...1760 °C Tare 5
Type R -50...1760 °C Ture E
Type T-200...400 °C Tare T
Type W 0...2300 °C Tare I
Type E -200...900 °C Tare E
TyneBO..1820°C _ _ _ _ _ _______________________| Tare B
Ture Pt 100 -99.9...850,0 °C P10 25&
Pt 100-99,9...250,0 °C PLiga 25&8
2x Pt 100-99,9...850 °C ZPt18E 25
12xPt100-99,9..2500°C _ _ _ _ _____ _______________| 2Pt1B8 23
0..20 mA H...28mA t
4..20 mA 4. .. 28mAH
0..10V A...1a8L
200N L _______l 2... 180
Transducer 0...500 [ Fot.. trans
Resistance 0...500 Q linear H. . S3EE0kMm
Resistance 0...250 Q linear H. . 2580khMm
Fail function off dizsakbled
Fail Digital output fail =1,91 =x18A Urscale t
Digital output fail =1,91 =xH# Downscale
Digital output fail =1,91 =¥Fail Subst.wal.
Measured value correction off of t
skare Measured value correction an
adjustable
Urit. Unit=°C only effective with thermocouple|” = «—
Unit=°F and Pt100 setting 'f‘Ft =TC
Internal temperature compens. . . int.. t
STE External temperature compens. only effective with thermocouple st OO0
xH Physical value at 0% only effective with standard -29999 ... 999 999 0
=18A Physical value at 100% signals (0/4..20mA or 0/2..10V) -29999 ... 999 999 100
wFail Substitute value with sensor error -29999 ... 999 999 0
THm Filtertime constant [s] 0...999 999 05
Tkref Reference temperature at =Tk = ext.. TE 0..140 0

Measured value conditioning

Before the pre-filtered (time constant ..; limiting frequency ..)analog
input signals are available as digitized measurement values with ! | 72
physical quantiy, they are subjected to extensive measured value . [?Hﬁl_ oy [ |_,_||4 —

1 T T 1

conditioning. v [Tur | [WFail] [ =@ | [Tfm | [Rkorr] o
' [Unit| |[Fail| [x168| xlout|

v |5TK #1lin| !

- - - ' Tkref wZout|

Input circuit monitor S wsin]

EI Thermocouples
The input circuit monitor monitors the thermocouple
for break and polarity error. An error is determined if the measured thermovoltage signals a
value which is by more than 30 K below the span start.

(L Pt100 measurements and transducers are monitored for break and short-circuit.

EI Current and voltage signals
With current (0/4...20mA) and voltage signals (0/2...10V), monitoring for out-of-range (I >
21,5 mA or U > 10,75 V) and for short circuit
(l<2mAorU < 1V)with “life zero” signals is provided.

Sensor errors are output as digital output (Fai 1). In case of error, statuses UF=scale’, Diownscale’ or
"Sub=t..wal . defined in the configuration can be preset for the input circuit.
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Linearization
Thermocouples and Pt100 are always measured over the overall physical measuring range according to data sheet and

linearized according to the allocation table. Linearization is realized with up to 28 segment points by error curve approx-
imation.

Scaling

mA and V standard signals are always scaled according to the physical measuring range of the transmitter (=&,
=18A).

With transducer measurements, “calibration” is according to the proven method. Bring the transducer to start and then
to end position and “calibrate” it to 0 % or 100 % by key pressure. In principle, calibration corresponds to a scaling,
whereby gradient and zero offset are calculateed automatically by the firmware.

Additional measurements

Dependent of configured sensor type, additional and corrective measurements are required.

The amplifier zero is checked with all measurement types and included into the measurement value. The lead
resistances with Pt100 and transducer, and the cold-junction reference temperature (internal TC) are measured addi-
tionally.

Filter
A 1st order filter is adjustable in addition to the analog part filtering of each input signal.

Sampling intervals
The sampling interval for the INP1 is 200ms.

Linearization error

Thermocouples and Pt100 are linearized over the overall physical measuring range. Linearization is with up to 28 seg-
ments, which are placed optimally on the error curve by a computer program and thus compensate the linearity errors.
As error curve approximation is provided only by segments (polygons) rather than by an nth order polynomial, there are
points on the characteristic in which the residual error is zero. Between these “zero points”, however, the residual error
has very small, but measurable values. For the reproducibility, however, this error is irrelevant, because it would repeat
itself in exactly the same point and amount, if the measurement would be repeated under identical conditions.

Temperature compensation

Measurement of the cold-junction reference temperature is using a PTC resistor. The temperature error thus deter-
mined is converted into mV of the relevant thermocouple type, linearized and added to the measured value as correc-
tive value with correct polarity. The remaining error with varying cold-junction reference temperature is approx.
0,5K/10K, i.e. about one tenth of the error which would occur without compensation. Better results are possible

with controlled external TC, which is adjustable within 0...+140°C at the cold junction reference dependent of con-
trolled temperature. With cold-junction reference measurements for “reproducibility” assessment, however, utmost
care must be taken that constant environmental conditions are not exceeded when working with internal TC. An air
draft at the PTC resistor of the cold junction reference can be sufficient to falsify the measurement result.

Measured value correction
The measurement can be corrected in various ways using the measured value correction.

Pre-requisite: configuration “K.orr =2in
In most cases, the relative accuracy and reproducibility rather than the absolute one are of interest, e.g.:

-the compensation of measurement errors in one working point (set-point control)
-minimization of linearity errors in a limited operating range (variable set-point)
-correspondence with other measuring facilities (recorders, indicators, PLCs, ...)
-compensation of sample differences of sensors, transmitters, etc.

Measured value correction is designed for zero offset, gain matching and for both. It corresponds to scaling mx+b, with the
difference that the KS98 firmware calculates gain m and zero offset b from the value pairs for process value (1 i,
®211)and set-point (% 1 out.; =2cuat.) of two reference points.
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Example 1:

ted
Zero offset Esrarrzcc;ristic iy
%1in=100°C  =lout =100°C +1,5°C AR R
#21m=300°C =gt =300°C +1,5°C w2in. |

The corrected values are shifted evenly with reference

X input
to the input values over the complete range. ’

characteristic

\4

Example 2: 4 corrected

Gain change (rotation around the coordinate origin) characteristic fut

. P R . characteris
#1lin= 0°C =lout= 0°C Wain T o /
w2im=300°C  =2out =300°C + 1,5°C

The corrected values diverge despite equality with the
input values at=1ir and = 1out..

Alout =Klin

\4

corrected

A characteristic
Example 3:

zero and gain matching
%1im=100°C  1lout =100°C-2,0°C foin ]
#21m=300°C  =2owgt =300°C +1,5°C

Alout<
#lin =

The corrected values are shifted already at values
#1in and x1out and diverge additionally.

Sensor types

The input sensor type can be determined as thermocouple, resistance thermometer, potentiometric transducer or as
standard signal (current and voltage). The physical quantity is freely selectable.

A
Input thermocouple
12 :: The following thermocouple types are configurable as standard:
14] e Type L, J, KN, S, R, T, W, E and B according to IEC584.

15 = The signal behaviour can be affected by the configuration of the following points. Distinction between internal and ex-
ternal temperature compensation (r'=TK) is made.

16|
Internal compensation:

the compensating lead must be taken up to the multi-function unit connecting terminals. No lead resistance
adjustment is required.

External temperature compensation:

A separate cold-junction reference with a fixed reference temperature must be used (between 0 and 140°C
configurable) (— Tkref)

The compensating lead must be taken only up to the cold-junction reference, the cable between reference and
multi-function unit terminals can be of copper. No lead resistance adjustment is necessary.

The action of the built-in TC break protection can be configured for uF=Cale (set-point << process value)
ordownscale (set-point >> process value) or fixed to asubstitute value (-Fail).

For measured value processing, a filter time constant with a numeric value between 0,0 and 200000 is
adjustable (— T¥m).

A process value correction is configurable (— Bk arr).
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Inputs

Resistance thermometer input

Resistance thermometer, temperature difference

With a resistance thermometer, the signal behaviour with sensor break can be determined

(rFail). Notemperature compensation is required and is therefore switched off. With temperature difference mea-
surement, calibration by means of short circuit is required. If lead resistance adjustment is necessary, it can be realized
by means of a 10€ calibrating resistor (order no. 9404 209 10101). Dependent of signal source type, the unit is config-
ured for one of the following inputs:

resistance thermometer Pt 100 with linearization
temperature difference with 2 x Pt 100 and linearization

® linear potentiometric transducer

For measured value processing, a filter time constant with a numeric value within 0 and 999 999 can be adjusted (—
T+m). Process value correction can be configured (— #k art).

Resistance thermometer Pt 100
The two ranges -200,0...+250,0 °C and -200,0..+850,0 °C are configurable (— taF).

Connection in two or three-wire circuit is possible. Copper lead must be used for measurement. The input circuit monitoring re-
sponds at -130°C (sensor or lead break). The action is configurable for:

IlF=cale (set-point << process value)
Diowrnscale (set-point >> process value)
Substitute walue (the entered value is used as measured value in case of failure.

Resistance thermometer in Z-wire connection:
For lead resistance adjustment, disconnect the input leads from the Ra
multi-function unit terminals and short circuit them in the connecting head ]

of the resistance thermometer. Measure the lead resistance by means ofa ~ ;*; Ra - RL1+RL2 -
resistance bridge and change lead adjusting resistor (Ra) so that its value + RL1 as= * RLZ;

is equal. T zﬁ i

Resistance thermometer in 3-wire connection:

The resistance of each input lead must not exceed 30 €. No lead re-
sistance adjustment is necessary, provided that the resistances of the RL1 = RL2

input leads R, are equal. If necessary, they must be equalized by R T
means of a calibrating resistor. L RLY RLZ

A |

Temperature difference 2 x Pt100

Range 850°C: X0=-950°C; X100=950°C (TwFe =2Ft.16@ 25)
Range 250°C; X0=-250°C; X100=250°C (TeF= =2ZFt.168 25) xeff = 91 - 92

For lead resistance adjustment, the two thermocouples must be o T
short-circuited in the connecting head. Select calibration according to i RL1 RLZ

Fig.: 25. With blinking Set. [if', wait until the input has settled i 92
(minimum 6 s). Press M — Cal dorne is displayed — Lead resis-
tance adjustment is finished. Remove the two short-circuits.

Fig.:25  Selection of calibrating page

Bur

Main menu Miscell. Calibration | DD D
Level 1 data Date. time %gaﬂi!*?h- B61: ATHPL — I
) Paraneter ) |bevice data, 4l e @ = ooor| D (Al
v e v] FiERE S v f [a]| |18 = 166, BA 0 oW 00
— End ﬁail = B'EEE i
d ™ = 8.5|
f . J f . J L@ it
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Potentiometric transducer

Overall resistance <500 Q incl. 2 w RL.
Calibration or scaling is with the sensor connected.

X3~ Before calibration, the mains frequency required for operation must be adjusted.
MainmenurMiscellaneous - Device data -5 Freaus.

Calibration is as follows.

Potentiometric transducer calibration is possible via interface and front panel operation.

Select=et. BX as shown in Fig.: 26. After pressing the selector key, =&t. B starts blinking. Bring the trans-
ducer into the position pertaining to X, (mostly lower end position). The instantaneously valid value for INP1 is dis-
ﬁ played "' Press the selector key again to store this actual value as X,.

Select=et. 1EEX . After pressing the selector key, ==t. 1ERX starts blinking. Bring the transducer into the
11009 position pertaining to X;qq (Mostly upper end position). The instantaneously valid value for INP1 is displayed . After
pressing the selector key again, this actual value is stored as X;qq.

Fig.: 26 ~ Selection of calibrating page

Main meru Mizcell. Calibration |

Level 1 data Date, time E%FE%“E?&- 8e1: AIHPL = >
(4] Parameter (4] Device data (4] : [‘] ekl
10 data Online0ff1line End 8

[v] (4] ﬁlaa

mnononuon
=
=
=
=
E
7)

Confisuration [v]
Miscellaneous | .
End v $a11

85| )
t . J t . J L@ it

Standard 0/4...20 mA current input

The input resistance is 50 |

A During configuration, distinction of 0...20 mA and 4...20 mA is made. For 4 ... 20 mA standard signal, the signal behav-
iour with sensor break can be determined (F&1 1). Additionally, physical input signal scaling using a defined value of
#B and # 188 is possible. For measured value processing, a filter time constant with a numeric value between 0,0
and 200000 can be adjusted (— T+'m)

0/2...10 V voltage signal input

! The input resistance is > 100 k&2

[ Volt - During configuration, distinction of 0...10 V and 2...10 V is made. For 2 ... 10V standard signal, the signal behaviour

: with sensor break can be determined (F a1 1). Additionally, physical input signal scaling with a defined value of #E
and ® 1@ is possible. For measured value processsing, a filter time constant with a numeric value within 0,0 and
200000 can be adjusted (— T+m)

1T
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For standard signal connection

General

— Inp3|—= — Inpdf—= — InpSp—=
i i i
AINP3 ! AINP4 ! AINPE !
63 64 65
F oo o e e mmmmi—m oo :
5 fail——p
' | |
1 s— / .
o> HEHEH K~|_r4—rnpel—>
1 | | | | .
| Tur | [WFail] [ =@ | [ Tfm] [Bkorr
¢ |Unit| [Fail] [x18@ xlout !
. #1lin !
| s2out. !
| ®2in :
1

Inputs

AW ARAINP3...AINP5 ( analog inputs 3..5 )

Functions "AINP3...AINP5" are used for configuration and parameter setting of analog inputs INP3...INP5. They are
firmly allocated to block number 63...65 and are calculated in each time slot. The functions provide corrected measure-
ment values and measurement value statuses at their outputs.

Inputs / outputs

Digital outputs:

fail

|Signals an input error (short-circuit, wrong polarity, ..)

Analog outputs:

InFl

|Signal input

Parameter and configuration data

Parameter Description Values Default
xlin Measured value correction P1, input -29999...999999 |0
xlout Measured value correction P1, output -29999...999999 |0
®Zin Measured value correction P2, input -29999...999999 {100
xZ2out Measured value correction P2, output -29999 ... 999999 100
nfiguration | Description Values Default
0..20 mA 0...20mA
4..20 mA 4..20mA
Ters 010V 0..10V f
2.0V 2..10V
Fail function off disabled
Fail Digital output f'ail =1,91 =x18& Upscale ;
Digital output fail =1,91 =xH@ Downscale
Digital outputfail =1,21 =¥Fail Subst.val.
Measured value correction off off
Akorr Measured value correction adjustable on !
=H Physical value at 0% effective only with standard signals [-29999 ... 999 999 0
=1EA Physical value at 100% (0/4..20mA or 0/2..10V) -29999 ... 999 999 100
T+m Filter time constant [s] 0...999 999 0,5

209
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A JIMAINPG ( analog input 6 )

For direct connection of potentiometric transducer and standard signal

L
00
— Y _DE_EUr_'.Ian—e-
SRCB
AINPE LIl
66
E o e Lol .
R U E—r— et ——r—P
—p-lock{ Cal ine——p
—p—hice—] hand——p

1
L[ TuR ] RFail] [ =8 \ TFm | [Rkorr]
\ Fail| |x1@8@ xlout |
; w=1lin !
, w2out !
; ®2in|

1

General

Function "AINP6" is used for configuration and parameter setting of analog input INP6. It is firmly allocated to block
number 66 and is calculated in each time slot. The function provides a corrected measurement value and a measured
value status signal at its outputs.

Inputs / outputs

Digital inputs:

lock Calibration disabled (with 1ock =1 calibration is disabled)

hide Display suppression (with hide =1 the calibration page is disabled)
Digital outputs:

fail Signals an input error (short circuit, wrong polarity, ..)

24T Manual signal

inc Increment signal

dec Decrement signal

Analog inputs:
i | Output variable

Analog outputs:
InF1 | Signal input

Parameter and configuration data

Parameter Description Values Default
x1lin Measured value correction P1, input -29999..999999 |0
xlout Measured value correction P1, output -29999...999999 |0
®Zin Measured value correction P2, input -29999...999999 |100
xZout Measured value correction P2, output -29999 ... 999999 (100

AINP6 ( analog input 6 ) 210
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Configuration | Description Values Default
0..20 mA H...z28mA 1
Ture 4..20 mA 4...268MA
Transducer 0...1000 | Fol.trans.
Fail function off dizabled
Fail Digital output fail =1,91 == 184 Urzcale t
Digital output ¥ail =1,91 =x8 Downscale
Digital output ¥ail =1,91 =¥Fail Sﬁﬂ-ual-
Measured value correction off u] t
Akorr Measured value correction adjustable oh
=H Physical value at 0% only effective with standard signals|-29999 ... 999 999 |0
=186 Physical value at 100% (0/4..20mA or 0/2..10V) -29999...999999 [100
wFail Substitute value with sensor error -29999...999999 |0
T+m Filter time constant [s] 0...999 999 05

Input value conditioning

Before the pre-filtered (time constant ...; limiting fre- | -1 vi
quency ...) analog input signals are available as digi-  —— > ﬁ — K — [ — |L —Lb

tized measurement values with physical quantity, : = | T }II_ |
they are subjected to extensive input value process- o | Tor | [¥Faill | <@ | [ Tém | [korr
in ! Fail| |=1@a@ lout|
g I x1lin| !
Input circuit monitor ' xlout|
; ®2in| .

EI Transducers are monitored for break oo oo oo oo oo oo oo oo !
and short circuit.

D Current signals Out-of-range monitoring (I > 21,5 mA) with current signals (0/4...20 mA) and
short-circuit monitoring (I < 2 mA) with “life zero"” signals are provided.

Sensor errors are output as digital output (f'&1 1). In case of error, statuses ‘UF=scale’, Downscale’ or
"“Subst . wal’ defined in the configuration (Fa1 1) can be used for the input circuit.

Scaling

The mA standard signals are scaled according the the physical measuring range of the transmitter (=8, = 1 BE). With
potentiometric transducer measurements, “calibration” is according to the proven method. Bring the transducer to start
and then to end position and “calibrate” to 0 % or 100 % by key pressure. The calibration principle corresponds to scal-
ing, whereby gradient and zero offset are calculated automatically by the firmware.

Filter
A 1st order filter is adjustable in addition to filtering in the analog part of each input signal.

Sampling intervals
The sampling interval for INP6 is 400ms.

Measured value correction
Measured value correction can be used for various types of measurement correction.

Pre-requisite: configuration #Korr =ein
In most cases, the relative rather than the absolute accuracy and reproducibility are of interest, e.g.:

-measurement error compensation in a working point (set-point control)
-minimization of linearity errors within a limited operating range (variable set-point)
-correspondence with other measuring facilities (recorders, indicators, PLCs, ...)
-compensation of sensor, transmitter, etc. sample differences.

The measured value correction is designed both for zero offset, gain matching and for both. It corresponds to scaling mx+h,
with the difference that the KS98 firmware calculates gain m and zero offset b from the defined value pairs for process value
(#1im;=21r)and set-point (1 ot =20t of two reference points.
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Example 1:

corrected
Zero offset characteristic
=1ir =100 =1out. =100+15
%21 =300 w2out. =300+ 15 S

The corrected values are shifted evenly with reference to

—— input

the input values over the complete range. characteristic
Hlout<
Alin = >
Examp|e 2: 4 corrected
Gain change (rotation around the coordinate origin) characteristic
#=1lin= 0 #lout. = 0 —
#21m =300 #20out =300+ 15 fgaut
input

The corrected values diverge despite equality with

. . characteristic
the input values at 1 ir and x1lout.

Alout =Xlin

\4

corrected
A Characteristic

Example 3:

Zero and gain matching

®x1in =100 ®1lout =100-2,0 ‘
#2221 =300 2ot =300+15 w2in o AN ‘

input

. . characteristic
The corrected values are already shifted at input o

values x1im and = 1awut. and diverge additionally.

\4

Sensor types

The input sensor type can be defined as potentiometric transducer or as standard current signal.

Potentiometric transducer

Overall resistance < 1000  incl. 2 w RL.
Calibration or scaling are with the sensor connected.

I3~ Before calibration, the mains frequency required during operation must be adjusted.
MainmenurMiscel laneous - Device data - Freaus.

Calibration is as follows.
A Transducer calibration is possible via interface and front-panel operation.
Select=et. BX as shown in Fig.: 26. After pressing the selector key, =&t. B starts blinking. Bring the transducer
% into the position corresponding to X0 (usually lower end position). The instantaneously valid value for INP6 is displayed
P . Press the selector key again to store this actual value as X;.
g Select=et. 1EEX After pressing the selector key =&t. 1 EEX starts blinking. Now, bring the transducer into the
position corresponding to X;q (mostly upper end position). The instantaneously valid value for INPG is displayed .
Press the selector key again to store this actual value as X;g.

- O © ® N O»
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6| m——
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Q| m—1 1
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Q| m———

17 | ———

Inputs

Fig ..27  Selection of calibrating page
r—.ﬁ r—h
Main mernu Mizcell. Calibration |
af|kevel 1 data aff|Date: time gel: AIHPL
ey petie il L P
at.a hline ine h =
[v]] | Conf iauration [v] (a]| |x1BE =
iscellaneals nfo LI =
End v $a11 =

Standard 0/4...20 mA current input

The input resistance is 50 [
During configuration, distinction between 0...20 mA and 4...20 mA is made. For standard
4 .. 20 mA signal, the signal behaviour with sensor break can be defined (Fai 1). Additionally, physical input signal
scaling using a defined value of #¥E and ¥ 1 E1& is possible. For measured value processing, a filter time constant

with a numeric value within 0,0 and 200000 can be adjusted (— T+ )

213
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% SDINPUT ( digital inputs )

T 0 00 S 0D P 00
HHHMHMHMNHMNH

oNPTT 11110111 )

a
py
H

+—z 12

—
—
2]

di1" HARDWARE, '

ol 7 1 ~ z1.
di2 | So—|: o1 t

di3 5
di4 Il ——
1di12 i S

Function ‘DINPUT" is used for digital input configuration and parameter setting. The function is assigned firmly to block
number 91 and is calculated invariably in each time slot. Inversion of each individual signal can be configured. If inputs
di3...di12 are provided is dependent of the KS98 hardware option.

Outputs

Digital outputs:
1,22 Signal at digital inputdil orcdid.

(digital inputs i 1 anddiZ are available in each unit also without options).
23.Z7 Signal at digital inputdil orcddiZ.

(Digital inputs 1.3 to i ¥ are only provided with option B).

28.z12 |[Signal at digital input di1 or i 2.

(Digital inputs 413 tordi 12 are only provided with option C).

Parameter and configuration data

Parameter | Description Values Default

Irul Transfer behaviour ! _-:ilr*ect out.Fut _dlr*ect t
| inverted outrut inverse

Iru? Transfar behaviolr I _-:ilr*ect outFut _dlr*ect t
: inverted outrFut inverse

) | direct output direct t
iz fransfer behaviour : inverted output inverse

DINPUT ( digital inputs ) 214
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BT Outputs
y/: % BO0UT1 and OUT2 ( process outputs 1 and 2 )

—l 1 —ef 1
oL ouT2
i g2

Functions OUT1 and OUT? are used for process output OUT1 and OUTZ configuration and parameter setting. Dependent
of hardware, the outputs can be analog or relay outputs. Function OUT1 is firmly allocated to block number 81, function
QUT2 is firmly allocated to block number 82. They are calculated invariably in each time slot.

With digital input 1 used as signal source, it is switched to the digital output as specified in Mlade on an instru-
ment with relay output. With continuous output, switch-over is between 0 and 20 mA as with a logic output.

Analog input %1 used as signal source is taken to the continuous output linearly between xE and x 1 B8 dependent
of configuration. With switching output (relay or logic), switching from xE to = 1 BE is from 50% (hysteresis = 1%).

Inputs / outputs

Digital input:
dl | Input signal with digital signal conversion

Analog input:
#1 ||nput signal with analog signal conversion

Configuration parameters:

Parameter Description Values Default
. Digital input d 1 Ligital 1
Src Signal -
\gnat sodree Analog input 31 Analoa
; : direct/normally open direct t
Mode | t ; :
Signal source action inverse/normally closed 1nverse
logic 0/20 mA logic
TaFe Function of the continuous output 0...20mA H...2H8MA t
4..20mA 4. .. 28mA
) Analog input value =1 at 0% -29999 ... 999 999 0
=186 Analog input value %1 at 100% -29999..999999 | 100
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y{:2M0UT3 ( process output 3 )

=

Function OUT3 is used for process output OUT3 configuration and parameter setting.
This analog output is provided only with hardware option C.
The function is firmly allocated to block number 83, it is calculated invariably in each time slot.

With digital input 1 used as signal source, it is switched over between 0 and 20mA as a logic input.
Analog input 21 used as signal source is taken to the continuous output linearly between xE and = 1 B& according
to configuration.

Inputs / outputs

Digital input:
ol | Input signal with digital signal conversion

Analog input:
x1 |Input signal with analog signal conversion

Configuration parameters:

Parameter Description Values Default
. Digital input d1 LDigital
S I ,
Signal source Analog input 1 Araloa t
. . direct/normally open direct t
Mode Signal t - :
gnat sotree action inverse/normally closed lnverse
logic 0/20 mA logic
TaFe Continuous output function 0...20mA H...Z28mA t
4__20mA 4, . . 20mA
) Analog input value 21 at 0% -29999 ... 999 999 0
x1806 Analog input value 1 at 100% -29999..999999 | 100

OUT3 ( process output 3 ) 216
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y{: 3 3M0UT4 and OUTS5 ( process outputs 4 and 5 )

— T — E
ouT4 QuUTa
84 85
R R
—Xe I : ] :0UT5
1
. [Grc ][ =@ |[Mode] 3 N Y
g %108 [ | \©
: H 'S
1
-g | 2
| | E
s .
'S ,: 1
9 | !
1 [N} !

Functions OUT4 and OUT5 are used for process output OUT4 and OUT5 configuration and parameter setting. These two
relay outputs are always provided as standard. Function OUT4 is firmly allocated to block number 84, function OUT5 is
firmly allocated to block number 85. They are calculated firmly in each time slot.

With digital input d1 used as signal source, it is switched to the relay output as specified in Mode . If analog input
#1 is used as signal source, switching from < to x 1 E8 is from 50% (hysteresis = 1%).

Inputs / outputs

Digital input:
=} | Standard signal with digital signal conversion

Analog input:
w1 | Input signal with analog signal conversion

Configuration parameter:

Parameter Description Values Default

~ ‘Digital inputedl ______ |__ Digital | .
Src Signal source -rAnaloq input 1 Analoa

- - direct/normallyopen____ |__ direct | o
Mode Signal source action “invers/normally closed Mueroe
s Analog input value 1 at 0% -29999 ... 999 999 0
=186 Analog input value 1 at 100% -29999..999999 | 100
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r{:X.JDIGOUT ( digital outputs )

L

— Mmoo
TTTDTTT

DIGOUT
95

T IR ESEERSC PPEIP D ST

—Pp!
pid2 LDO— o
> 'd3 —

o4 Model
—pd5 -
_>:d5 . 4

] I_f

. | |

1 SOFTWARE

Function ‘DIGOUT" is used for digital output configuration and parameter setting. It is firmly allocated to block number
95 and is calculated invariably in each time slot. Inversion of each individual signal can be configured. If all digital out-
puts are provided is dependent the KS98 hardware option.

Inputs
Digital inputs:
Al d4 Signal sources for control of digital outputs a1 to .
(Digital outputs a1l to Ao are provided only in units with hardware option B).
Al d4 Signal sources for control of digital outputs do5 and .
(Digital outputs oS and & are provided only in units with hardware option C).

Parameter and configuration data

Parameter | Description L Detault
Il Transfer behaviour for d1 : i:\i/::r: : l;tuptl;tut idnlureepcgte :
Inwz Transfer behaviour for d2 i i:\il;er:; ; l;ﬁl;zt idnlur'“:':;e :
. ; .
Inuwe Transfer behaviour for d6 E i:\i,:i:; : l;tlil;tut idﬁqueE'FEEt-E :
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Additional functions
27.1 [ISTEIE

99y

— 0 msr
TTTT

4
A
EEHE

o

_________________________________

Function LED is used for control of the 4 LEDs. It is firmly allocated to block number 96 and is calculated in each time
slot. The statuses of digital inputs 41 . . « < are output toLEL* 1. . . <. The statuses can be inverted via pa-
rameter Irs.

Inputs:
I Desorioti

d1 LED 1

s LED 2

.5 LED 3

g LED 4
Parameters:
Parameter Description Range Default
Irnw 1 Invi=0 2d1=1LED1islit Inv1=12 d1=0 LED1 is lit 0...1 0
Inw 2 Inv2=0 2 d2=1LED2islit Inv2=12 d2=0 LED? is lit 0...1 0
Inw 3 Inv3=0 2 d3=1LED3is it Inv3=12 d3=0 LED3 is lit 0...1 0
Inw 4 Inv4=0 2 d4=1LED4 is lit Invd =12 d4=0 LED4 is lit 0..1 0

Example:

If a simple flashing function is to be produced, this is possible with the following example.
The sampling-time period code of the NOT-function indicates the flash frequency.

Alarrn_
'l; 111 Blinklicht
; ooy il
E 1;] TGO
2 M
NOT AND I LED
100 ts=34 101 ts=11 96

219 LED (LED display)
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4 2CONST ( constant function )
COMST T’l\ma_b
; C1 Y1,
!
) y16!
| / X
1
; El—_’1 ;
. L}———
16 analog constants at output'21 . « « =1 & and logic statuses 0 and 1 are made available. The block number is firmly
configured with 99.
Outputs:
| Digital outputs
5 Logic 0 is always output at this output.
1 Logic 1 is always output at this output.
Analog outputs
Q1 Constant C1 is output.
o2 Constant C2 is output.
3 Constant =3 is output.
4 Constant C¢ is output.
40 Constant G5 is output.
HE Constant C& is output.
14 Constant C7 is output.
s Constant C& is output.
49 Constant 9 is output.
418 Constant Z1E is output.
Q11 ConstantZ11 is output.
912 |ConstantC12 is output.
913 |ConstantC13 is output.
914 |Constant C14 is output.
9413 [ConstantC15 is output.
916 |Constant C1E& is output.
Parameters:
Parameter | Description Range Default
Cl..C1& |Analog constants -29999...999 999 0

CONST ( constant function )
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.y M IBINFO ( information function )

WL

WO nma—

TOTOGOTTGTT .~
TTT

IMNFO

This function can be used for display of 12 user texts with max. 16 characters each by setting the relevant input
dl...d12 Theinformation is displayed in the “header” of operating pages (level 1 data) in alternation with the
description of the called up operating page. If several texts are available simultaneously, they are displayed succes-
sively.

The block number is fixed to 97 and calculated once per time slot.

Inputs:

| Digital inputs
d1 =1 — the information configured in Text. 1 is displayed.
o2 =1 — the information configured in Tt 2 is displayed.
3 =1 — the information configured in Tt 3 is displayed.
dd =1 — the information configured in Text. & is displayed.
3 =1 — the information configured in Text. 5 is displayed.
& =1 — the information configured in Text. & is displayed.
o7 =1 — the information configured in Text. ¥ is displayed.
a3 =1 — the information configured in Tt  is displayed.
o3 =1 — the information configured in Text. 2 is displayed.
d18 | =1  the information configured in Text. 18 is displayed.
d11 =1 — the information configured in Tt 11 is displayed.
d12 | =1 — the information configured in Tt 12 is displayed.

Parameters:
Parameter | Description Range Default
Textl alohanumeric >INFORMATION 1<
User text with max. 16 characters each r‘:)harali:tersl
TextlZ >INFORMATION 1<

221 INFO ( information function )
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ry N SRSTATUS ( status function )

L
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LAELGERERAC L Mo
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The function provides information from the KS98 instrument status byte at its digital outputs. The block is fixed to 98
and updated per time slot.

Input Description

c—hide With c-hide = 1, a configuration change via operation is disabled.

F—hide |- 1 parameters/configurations via operation disabled

m—hide |1 The main menu is not displayed, operating pages are displayed only during online mode.
b-block |=1The use of the bus interface is blocked.

STATUS ( status function ) 222
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Output Description

c—hide |- 1 configuration change disabled

F—hide | =1 parameters/configurations disabled

m—hide |1 The main menu is not displayed, the operating pages are displayed only during online mode

b-block | =1 the use of the bus interface is blocked

fail =1 common message sensor error of inputs AINP1... AINPG

safe =1 safety status set via interface with code 22, Fbno. 0, Fctno. 0

Furchl | Power-fail check. This value is always at reset(0) after power-on. It can be activated(1) by an interface
message and permits a response to any power failure.

switch | S| L switchopen=0 closed = 1. This information permits blocking via the hardware.

=tart With change from offline to online, =t.art. is 1 during 800 ms. During this time, all time groups were
calculated at least once.

Minute | Minute of the real-time clock 0...59

Hour Hour of the real-time clock 0...23

Lad Day of the real-time clock 0...31

Month Month of the real-time clock 1...12

Year Year of the real-time clock 1970....2069

Week-[ | Weekday of the real-time clock 0..62 Su...Sa

Larnau Language German = 0 language English = 1 Language selection is in

Mizcellaneous, Device data

With missing real-time clock option,, these outputs provide =0
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4 RIS AFE ( safety function )
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Function SAFE is used for generation of defined analog output values and digital statuses dependent of digital input se-
lect or of the status received via the interface. In the normal case select = 0 and status = 0, the values applied to the in-
puts are switched through to the outputs without change. For select = 1 or status = 1, configured dataz1 .. =& and
a1 .22 are switched through to the outputs.

SAFE ( safety function ) 224
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E KS98 1/0 extension modules

Can be used in KS98: 9407 - 9xx - x3xx1 and 9407 - 9xx - x4xx1.
Safety hints

A
A ESD!
Contains electrostatically sensitive components
Original packaging protects against electrostatic discharge (ESD)
Transport only in the original packaging
During mounting, follow the rules for protection against ESD.

Connection:
Note the KS98 engineering! It determines the allocation of connector positions and the signification of connections.

Maintenance:
The instruments do not require any particular maintenance.

A When opening the instruments, live parts may be exposed. The instruments must be completely de-energized
before any work is done. The instruments contain electrostatically sensitive components.

1/0 modules 9407-998- 00 1 (0069 (68167) | (Blocko.)
4 2 1 Slot

Module type:

Analog inputs:

Pt 100/ 1000, Ni 100 /1000, 20

Resistance , potentiometer

Thermocouple, mV, 0/4..20mA 21

-50...1500mV, 0...10V 22

Analog outputs:’

0/2..10V, 0..£10V 30

0/4..20mA, 0..£20mA 31

Digital inputs/output: = i

Digital I/0 (universal) 40 e R

Frequency/counter M =

The various modules

are distinguished by label inscription.
The 5 last digits of the order number
are given in the upper line.

Mounting

After releasin? the locking screw, withdraw the
KS98 module from the housing. (AL- Insert the
module into the required socket &0 with the
printed label pointing downwards into the green
connector and click it in positinnin the small,
white contact (b) at the top. €%

1)

PERFORMANCE LIMITS

Due to the maximum permissible self-heating, the number of analog output modules per KS98 is limited:

max. one current output module! Max.one voltage output module, if there is already a current output module (but in different, galvani-
cally isolated module groups)! The total of performance factors (P-factor, — Technical data must not exceed 100% ! Exceeded perfor-
mance limits are displayed in the engineering tool. Unless a current output module is used, all sockets can be provided with any
modules. Max. 1 current output module (on any socket)! Max 1 current and max. 1 voltage output module, but on galvanically isolated
sockets!

Example: current output module on slot 1 or 2 and voltage output module on slot 3 or 4.

The total of P factors is 95%. |.e. 1 more resistance or 1 TC/mV/mA madule can be fitted.

2)Galvanic isolation: Slots 1-2 are galvanically isolated from 3-4.
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KS98 I/0 extension modules

Electrical connections of modular option C

i
A

Quadrature counter

Connect acc. to engi

(print out using ET/KS 98plus)

R1

R1

4-wire 3-wire

ML it () — L dilf— UL
L i 2 (+)—

di1/2()— di1/2()—

Slot 1
(block 67)

Slot 2

. (block 68)
neering

Slot 3
(block 69)

Slot 4
(block 70)

T di2—

Up/down counter 2 x counter a.

2-wire potentiometer

+, .
_ U P

-

do1— dil(+)—

do1/2(+)—

di 2 (+)—
i 1/2 (-} —+

do2—
do1/2(-)—

di1(+)—i s di1(+)—i:
di2(+)— L di2(+)—
di1/2(-)—

+
"
[

o o)
o e

9499 040 50611

Resistance input
(9407-998-0x201)

TC, mV, mA / Vinputs
(9407-998-0x211) /
(9407-998-0x221)

Voltage /
current outputs
(9407-998-0x301) /
(9407-998-0x311)

Combined
digital inputs/ outputs
(9407-998-0x401)

Frequency / counter inputs
(9407-998-0x241

:: ;C Connector Basic unit

N I i

1=« P CB A B A
1=l ETEEE TG
1|7 A= == = EE
-1 ‘_8:::::::::::i : E E E E o E
—1=19 A= == |z —| &=
=110 A=l == = =|.¢=
—f=— |11 i - | |= = = -
e ENEERE MG
1= 1% 16 INTERBUS
—t =15 ;

— = |16
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m Modular I/0 - extension-modules
Al BTC_INP (analog input card TC, mV, mA)

Inp_afj—=
OO |np_bl—=
-Ell _|_| -
g

Teome L]

67
e fail a
|

Z : [> ﬁ J | : | /_— | yZ "'InF_a
! T I T T T !
1 | Ter_a| |Fai l_a‘ AE_a ‘ Tfr_a ‘ Hakort 1
' |Unit_a| |¥aFail| |%18@_s xlain| !
I | 5TK_a w1a Out) 1
! Tkreta ®2a in '
! w2a out| !
! rail_hk

o B PP ] s

. | Terb| Fail bl | ®8b | Tfr_b| |Hbkorr|
1 |Unit_b| MbFail [X18@_b wlbin|
| STE_b xib Out] |
' | Tkrefb #2b in !

1 w“2b out ;51.:.1;_1.5

Analog input, plugs into modular options card C
For configuration and parameter setting of the analog inputs E_IHMF.
Calculation of the inputs is fixed to once per time slot.

Digital outputs:

slotid

0 = correct module fitted

1 =wrong module fitted

fail_a

0 = no measurement error at channel a detected

1 = measurement error at channel a detected; e.g. sensor break
fail_b

0 = no measurement error at channel b detected

1 =measurement error at channel b detected; e.g. sensor break

Analog outputs:

IriF_a — measurement value channel a
IriF_b — measurement value channel b

227 TC_INP (analog input card TC, mV, mA)



Modular I/0 - extension-modules

TC_INP (analog input card TC, mV, mA)
e e e e e

Parameter Beschreibung Values Default
xla in Measured value correction Inp_a, P1 input value 0
wlalut. | Measured value correction Inp_a, Ploutputvalue - - _ - ___ | | _____ 0 _____
®2a in Measured value correction Inp_a, P2 input value 100
w2alut. | Measured value correction Inp_a, P2 output value - _ - _ _ _ __ Real F---- 100 ____
®1lb in Measured value correction Inp_b, P1 input value 0
lb0ut | Measured value correction Inp_b, Pl outputvalve . - _ _ ____ | | _____ 0_____
®2b in Measured value correction Inp_b, P2 input value 100
#2b0ut. Measured value correction Inp_b, P2 output value 100
Configuration Description Values Default

Type L -200...900 °C 00

Type J -200...900 °C 01

Type K -200...1350 °C 02

Type N -200...1300 °C 03

Type S -50...1760 °C 04

Type R-50...1760 °C 05

Type T-200...400 °C 06
TaFr_a Type W(C) 0...2300 °C 07 %0
TaF_b Type E -200...900 °C 08

Type B 0...1820 °C 09

TypeD0..2300°C_ _ _ _ _ _ ____ o ____l___ 10 __

Voltage 0...30mV 27

Voltage 0...100mV 28

 Voltage 0..300mV _ _ _ _ _ _ _ o ____|___ 2 __

Standard signal 0...20mA 30

Standard signal 4...20mA 31

) Switched off 0

Fail_a Upscale, Inp_a (Inp_b) = x100_a (x100_b) 1 1
Fail_h Downscale, Inp_a (Inp_b) = x0_a (x0_b) 2

Substitute value, Inp_a (Inp_b) = XaFail (XbFail) 3
Rakart Measured value correction Inp_a (b) switched off 0 0
bk ot Measured value correction Inp_a (b) effective 1
U 1 t_a Unit of the measured value of Inp_a (b) = °C 1 .
Unit_b Unit of the measured value of Inp a (b) = °F 2
=TE_a Internal temperature compensation_ _ _ _ _ _ _ _ _________| ___ 1o 1
STE_b External temperature compensation 2
®E_ad) | Physical value_Inp_a(lnp_blat0% _ _ _ ______________| __ Real_ _ | ____U( 0 ____|
x188_ab) Physical value Inp_a (Inp_b) at 100% Real 100
“abFail Physical value Inp_a (Inp_b) at 0% Real 0
Tfm_ab) Filter time constant of _a (Inp_b) in seconds Real 05
Tkretakb) Reference temperature for Inp_a(b) at STK_a(b) Real 0

TC_INP (analog input card TC, mV,

mA) 228
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yA:JAlF Inp (frequency/counter input)

The frequency/counter input plugs into the modular options card C.

F_INP
1]

+—{fail

stora resets

stor b  resetb

For configuration and parameter setting of input F — ITHF'.
Input calculation is fixed to once per time slot.

Digital inputs:
reseta —1=thevaluefor InF_aisresetto0.
stoFr a  —1=theinstantaneous value for I iF—a remains unchanged.

teseth  —1=thevaluefor InF_bisresetto 0. stor b
—1 = the instantaneous value for IriF_k remains unchanged.

Digital outputs:
=lotid  — 0=correct module fitted 1 = wrong module fitted

fail —1 =inserted module is detected, but no communication to the module.

Z_a — signal status of HW input a

z_hb — signal status of HW input b

oL —1 =frequency at HW input a exceeds the maximum permissible 20kHz

o _b —1 =frequency at HW input b exceeds the maximum permissible 20kHz

Analog outputs

InF_a —output value for channel a

InF_k —output value for channel b

Configuration |Description Values Default
Diglnput_ _— controlinput _ _ _ _ _ _ _ ___ _________|._____ 0_____
Count 1_ _— upcounter _ _ _ _ _ _______________|._____ |
Count 2_ _— up/downcounter  _ _ _ _ _ ___________|._____ 2 _____ 1

Func.-a Count 3 — up/down counter with direction signal 3
Count_4_ _— quadraturesignal_ _ _ _ _ _ __ _________|______ L S R
Frequenz — frequency measuring 5
Diglnput_ _ = controlinput _ _ _ _ _ _ _ ____________|._____ 0_____

Func_hk Count 1. _— wupcounter | 1T 1
Frequenz — frequency measuring 5

Time for frequency measuring in seconds 0,1...20 10

229 F_Inp (frequency/counter input)
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yA IR Inp (analog input card )

L
[
g8
—&=lY_a - Inp_aj—=
—ulv_b T rul ml rul rli|.D|‘D|-D|'D| Inp_b—
SE5eanted
rawe LI
69
T TS T m s mmmim—im—m—o o | dec_a
—P;_ inc_a
—>— CO Vasm_a
S CE— —

9
V
[
TFL
:
L
N
3

a , T T T T ;
.| Tor_a ‘Fa11_a‘ ‘ “A_a ‘ ‘ Tfm_a ‘ Hakorr \
' lunita| [xaFail] [x108_3 xtain|
- | STK_a pola Out) |
: Tkrefa #2a in .
. 2a outf 1
' | dec_a
\ inc_a
——Ca =
N CE— —
1 |
' fail_a
! —>
: ﬂ J |C /  Ingp_a
\ =
o PO
T T T T :
b ' Tor_a ‘Fail_a‘ ‘ HE_a ‘ ‘ Tfr_a ‘ Hakorr :
! |Unit_a| [XaFail] |x188_3 #lain| -
N laout |
: Tkrefa EvERTY | lotid
X 2a out| = ot

Analog input card for Pt100/1000, Ni 100/1000, resistance and potentiometer
Analog input, plugs into modular options card C

For configuration and parameter setting of analog inputs E_IHF.
Input calculation is fixed to once per time slot.

Digital inputs:

1ok =1 — calibration disabled

hide =1 — calibration display suppressed

Digital outputs:

=lotid

0 = correct module inserted

1 =wrong module inserted

fail_a)

0 =no measurement error at channel a (b) detected

1 =measurement error at channel a (b) ; e.g. sensor break
asm_al)

Status of manual key — 0 = automatic

Status of manual key — 1 = manual

inc_alkb) =1 —[a]-key pressed

dec_a(b) =1 —[v]key pressed

Analog inputs:

Y_a(b) — position feedback

Analog outputs:

InF_a — measured value channel a
InF_h — measured value channel b

R_Inp (analog input card ) 230
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Parameter Description Value Default
®la in Measured value correction Inp_a, P1 input value 0
xlalut. | Measured value correction Inp_a, P outputvalve . | | ____ 0 ____
®2a in Measured value correction Inp_a, P2 input value 100
#2alut. | Measured value correction Inp_a, P2 outputvalue -~ ____ | Real |- 100
®1lb in Measured value correction Inp_b, P1 input value 0
x1b0ut. | Measured value correction Inp_b, P outputvalve . | | ____ 0 ___
x2b in Measured value correction Inp_b, P2 input value 100
w2b0ut Measured value correction Inp_b, P2 output value 100
Configuration | Description Value Default
Pt100 (850) -200 ... 850 °C 00
|P1100(100) -200...100°C _ _ _ - _________________ | __ 0 __ ]
Pt1000 (-1) -200 ... 850 °C 02
PI000(:2) -200..100°C | 03 |
Ni100 -60 ... 180 °C 04
Ni1000 60..180°C | 05 |
TaFr_a R160 resistance 0 ... 160 Ohm 06 0
TaF_b R450 resistance 0 ... 450 Ohm 07
R1600 resistance 0 ... 1600 Ohm 08
| R4500_resistance 0... 45000hm _ _ _ _ _ ______________ | __ 09 __ |
Potentiometer 160 Potentiometer 0 ... 160 Ohm 10
Potentiometer 450 Potentiometer 0 ... 450 Ohm 1"
Potentiometer 1600 Potentiometer O ... 1600 Ohm 12
Potentiometer 4500 Potentiometer O ... 4500 Ohm 13
Switched off 0
Fail_a Upscale, Inp_a (Inp_b) = x100_a (x100_h) 1
Fail_b Downscale, Inp_a (Inp_b) = x0_a (x0_h) 2 1
Substitute value, Inp_a (Inp_b) = XaFail (XbFail) 3
Aakorr Measured value correction Inp_a (b) switched off 0
sbkorr Measured value correction Inp_a (b) effective 1 0
Uhit_a Unit of the measured value of Inp_a (b) = °C 1
Uhit._b Unit of the measured value of Inp_a (b) = °F 2 1
InF_a and InF_br: 2-wire connection _ || _( 0___|
Made InFP_a: 3-wireconnectionno InF_bb | ] 1] 0
IrnF_a: 4-wire connection no InF_kb 2
#B_ak) | Physical valuelnp_a(np_blat0% __________________]__ Real _ | ____ 0 ____
#1BBE_ab) | Physical value Inp_a (Inp_b) at 100% Real 100
walm)Fail | Substitute value with sensor error at Inp_a(b) Real 0
Tfm_a®) | Filter time constant of _a (Inp_b) in seconds Real 05
F.al_lad) |1st calibration value Inp_a(b) (read only) Real 0
K.al_Za(b) | 2nd calibration value Inp_al(b) (read only) Real 100
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Modular I/0 - extension-modules U_INP (analog input card -50...1500mV, 0...10V)

AR BU INP (analog input card -50...1500mV, 0...10V)

Inp_af—
ThO np_bl—=
+l_|_| -
Wil
VAN
70
TTTTmrmsmimsimsimo s "eail_a
1
: D ﬂ —l : /_— | yz 'InF_a
Q j | | | 1
1
a - | | | | !
! ‘ Tur_a ‘ Fail_a “B_a ‘TFm_a ‘ Hakorr .
1
. #aFail] |(H“1B6_g #lain 1
: =1a Out .
: ®2ain !
1 wZa out) 1
!'Fail_b

o >HEFEHAHA-5

b ! | | | | :

1 [Tercb] [Failg [ web \Tﬁ:m_h | [#bkarr
! HbFail) |4188_b wilbin|
! w1k Out
#2b in 1

! %Zbout|  zlotid

Analog input, plugs into modular options card
For configuration and parameter setting of the analog input LI_THF".
Input calculation is fixed to once per time slot.

Digital outputs:
slotid

0 = correct module fitted
1 =wrong module fitted
fail_a

0 =no measurement error at channel a detected
1 =measurement error at channel a detected; e.g. sensor break

fail_b

0 = no measurement error at channel b detected
1 = measurement error at channel b detected; e.g. sensor break

Analog outputs:

InF_a — measured value channel a
InF_h — measured value channel b

U_INP (analog input card -50...1500mV, 0...10V) 232
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Parameter Description Value Default
x1ain Measured value correction Inp_a, P1 input value 0
(x1a0ut _ _ | Measured value correction Inp_a, P1 outputvalue_ . _____| | ____ 0____
XZa in Measured value correction Inp_a, P2 input value 100
x2a0ut Measured value correction Inp_a, P2 output value 100
] Attt e SR T Real  f---------
x1bin Measured value correction Inp_b, P1 input value 0
xab0ut [ Measured value correction Inp_b, P1 outputvalue_ _ _____| | ____ 0____
xZb in Measured value correction Inp_b, P2 input value 100
x2b0ut Measured value correction Inp_b, P2 output value 100
Configuration | Description Value Default
Voltage 0..10V 0
TeF-a Voltage -50...1500mV 1 0
Switched off 0
Fail_a Upscale, Inp_a =x100_a 1 :
Downscale, Inp_a=x0_a 2
Substitute value, Inp_a = XaFail 3
PT—. Measured value correct@on Inp_a switched off 0 0
Measured value correction Inp_a effective 1
Tur_b Voltage 0.00V. _ _ ___ ____________________|____0_____ 0
Voltage -50...1500mV 1
Switched off 0
. Upscale, Inp_b =x100_b 1
Fail-b Downscale, Inp_b=x0_b 2 1
Substitute value, Inp_b = XbFail 3
Wk o Measured value correct@on Inp_b switched off 0 0
Measured value correction Inp_b effective 1
a8-a |l Physical value Inp_aat0% ___________________| ___Real __| 0 |
®18E_3 Physical value Inp_a at 100% Real 100
naFail Substitute value with sensor error at Inp_a Real 0
Tfm_a Filter time constant of Inp_a in seconds Real 05
=Eb ] Physical value Inp_bat0% ___________________| ___Real __| 0 |
=186 _k Physical value Inp_b at 100% Real 100
nhFail Substitute value with sensor error at Inp_b Real 0
Tfm_b Filter time constant of Inp_b in seconds Real 05
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Modular I/0 - extension-modules I_OUT (analog output card 0/4...20mA, +/-20mA)
-~~~

yA: K3 OUT (analog output card 0/4...20mA, +/-20mA)

Analog output, plugs into modular options card C

+—slotid

— +/-20mA—" OUTa
] #“o}—0..20 /f}
_>! llé =4 20ma " [> ;
RN D L
! : /-20 ! E :
' ’ — +/-20mA—:1 10UTb
— #ob—o0..20 :HLL :
— l.é “—a20mA 3 [> |
5= i g
For configuration and parameter setting of analog output I _OUT.
Output calculation is fixed to once per time slot.
Digital output:
slotid
0 = correct module fitted
1 =wrong module fitted
Analog inputs:
A — output value for channel a
w_b —> output value for channel b
Configuration | Description Values Default
0...20mA 0 0
ToF_a 4..20mA 1
+/-20mA 2
xB-a . | Physical value Inp_aat0% __ ________________________| Real ____| 0____
x188_a Physical value Inp_a at 100% Real 100
0...20mA 0 0
ToF_b 4..20mA 1
+/-20mA 2
b | Physical value Inp_bat0% __ ________________________| Real ____| 0 ____
x188_b Physical value Inp_b at 100% Real 100
|_OUT (analog output card 0/4...20mA, +/-20mA) 234
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A 3U OUT (analog output card 0/2...10V, +/-10V)

Analog output, plugs into modular options card C

+—]slotid

— +/-10v —!! ,OUTa
—» o —0..10V
L i [
o] g [ i
1 E B
: ° L 10V — ' OUTb
— o —0..10vV —§ —
: llé °—2...10v3?[> :
i [ xa_b ] ot
' x106_b 1 'Ltbd
For configuration and parameter setting of analog output I1_OILIT.
Output calculation is fixed to once per time slot.
Configuration Description Values Default
0..10V 0 0
ToF_a 2..10V 1
+/-10V 2
x8-a ] Physical value Inp_aat0% _ ___________________._ Real _____| 0______.
x188_a Physical value Inp_a at 100% Real 100
0..10V 0 0
TaF_b 2..10V 1
+/-10V 2
xe-b ] Physical value Inp_bat0% _____________________ Real _____| 0_______
®x186_b Physical value Inp_b at 100% Real 100

Digital output:
slotid

0 = correct module fitted
1 =wrong module fitted

Analog inputs:

W3 — output value for channel a
w-_b — output value for channel b

235 U_OUT (analog output card 0/2...10V, +/-10V)
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yA: ) ADIDO (digital input/output card)

Digital input/output card, plugs into modular options card C

69
d1:__.__.__.__.__.__.__.7.’ _____ :
a2 Alpo{™ S -0

] -
] Model I )
. 1
| 1 1
S SOFTWARE. . _ _ . _ _ !/ _HARDWARE
P AR Lo oo r o SRS )
. HARDWARE _/, !
2 ~ 2,
o———r 2
| ' Inwl |
| Y !
1 . 1
] ! SOFTWARE ;slotid

For configuration and parameter setting of digital inputs/outputs [+I [0
Function block calculation is fixed to once per time slot.

Digital inputs:
dl — if configured as an output: hardware output a
oz — if configured as an output: hardware output b

Digital outputs:

slotid
0 = correct module fitted
1 =wrong module fitted
| — status of hardware input a; if configured as an output: the output value read back
=2 — status of hardware input b; if configured as an output: the output value read back
Configuration | Description Values Default
Inw_la  [direct-HWinputdildirectatzl ________________________|l 0. _____ 0
inverse - HW input dilinverted at z1 1
Iru_Th direct - HW inputdiz directat 22 ___________________|( 0. ____. 0
inverse - HW input di2 inverted at z2 1
T direct - d1.directon HW outputdol_ _ _ _ ____________________|! 0. ____. 0
inverse - d1 inverted at HW output do1 1
Iru_Ob direct - d1 direct on HWoutputdol _ | 0. ____. 0
inverse - d2 inverted on HW output do2 1
Mode_ 5 Input-only AW inputdtatzl | 0. ____. 0
Qutput - d1 at HW output do1 with feedback at z1 1
Made_b Input-only HW.inputd2atzz o o |l 0. ____. 0
Output - d2 at HW output do2 with feedback at z2 1

DIDO (digital input/output card) 236
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Function management

m Function management

Max. 450 function blocks can be used. Each function requires a defined portion of the working memory and a defined
calculation time.
The used up resources can be examined in the engineering Tool under .

Memory requirement and calculation time

30.1 [Function |[Time % |Memory % | [Function |Time % |[Memory % [Function __ |Time % |Memory % |
Scaling and calculating functions Time functions Additional functions
ABSV 04 0,1 LEAD 0,7 0,2 LED 0,2 0,1
ADSU 0,9 0,2 INTE 0,6 0,2 INFO 0,2 09
MUDI 09 0,2 LAG1 05 0,1 STATUS 04 0,2
SORT 1,3 0,1 DELA1 09 2,2 CONST 0,2 0,4
SCAL 3.2 0,1 DELA2 09 2,2 SAFE 0,3 0,4
10EXP 3.0 0,1 FILT 0,6 0,1
EEXP 1,6 0,1 TIMER 05 0,2 Visualization
LN 1,6 0,1 TIME2 0,5 0,2 VWERT 04 1,8
LG10 1,6 0,1 VBAR 0,3 08
Selecting and storage VPARA 2,5 11
Non-linear functions EXTR 05 0,2 VTREND 0,8 14
GAP 0,3 0,1 PEAK 0,3 0,1
CHAR 0,9 04 TRST 0,3 0,1 Communication
SELC 0,3 0,2 L1READ 0,3 0,2
Trigonometric functions SELP 0,3 0,2 L1WRIT 0,3 04
SIN 14 0,1 SELV1 0,3 0,1 DPREAD 0,5 0,3
Ccos 2,0 0,1 SOuUT 0,3 0,1 DPWRIT 0,5 0,3
TAN 1,4 0,1 REZEPT 0,7 04
cot 29 0,1 20F3 1,4 0,2 Programmer
ARCSIN 24 0,1 SELV2 04 0,1 APROG 3,6 0,8
ARCCOS 24 0,1 APROGD 09 0,4
ARCTAN 18 0,1 Limit value signalling / limiting DPROG 3,6 0,7
ARCCOT 19 0,1 ALLP 0,8 0,2 DPROGD 0,9 0,4
ALLV 0,8 0,2
Logic functions EQUAL 0,6 0,1 KS98+ CANopen
AND 02 01 VELO 05 02 C RM2x 3,0 10
NOT 0,2 0,1 LIMIT 14 0,3 R_M DI 05 03
OR 0,2 0,1 ALARM 04 0,2 RM_DO 05 05
EXOR 02 1 0 RM_AI 05 07
BOUNCE 0,3 0,1 Inputs RM_AO 0'5 0'5
FLIP 0,2 0,1 AINP1 0,5 0,5 CRC_V 4'0 0’3
MONO 1,0 0,2 AINP3 04 0,2 ! !
STEP 08 | 02 AINP4 04 0,2 CSEND 2 L
TIME1 1,2 02 AINPS 04 02 C_KS8x 3.0 0.8
AINPG 05 05 KS8x 03 03
Signal converters DINPUT 0,3 0,2
ABIN 15 0,2 Modular Option C
TRUNC 0,3 0,1 Outputs TC_Imp 0,5 0,5
PULS 09 0,1 ouT1 09 0,1 F_Imp 0,9 0,2
COUN 0,4 0,2 ouT2 09 0,1 R_Imp 0,9 0,7
MEAN 09 0,1 ouT3 09 0,1 U_Imp 09 0,4
ouT4 09 01 I_Out 0,5 0,2
Controller ouUT5 09 0,1 U Out 05 0,2
CONTR 10,0 33 DIGOUT 0,2 0,2 DIDO 05 0,2
CONTR+ 10,0 3,6
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{2l Sampling intervals

The table opposite shows the sampling intervals for conversion _Input or output Sampling interval
of the input signals into internal values and conversion of the INP1 at intervals of 200 ms
internal values into output signals (hardware conversion). INP3 / INP4 at intervals of 100 ms
The sampling interval for software calculation of function INP5 atintervals of 800 ms
blocks AINP1, AINP3...AINP6, DINPUT, STATUS, CONST, LED, INP6 at intervals of 400 ms
INFO, OUT1...0UT5 and DIGOUT is 100 ms. din.di12 at intervals of 100 ms

QUT1...0UT5 / do1...do6 at intervals of 100 ms

Time slot
. ts 2 3 4 5 6 7 8 Samplinginterval

Calcqlatlon of the other 1 X X X X X X X atintervals of 100 ms
functmln blOCde'.S at equ]Ja_l I 21 X X X atintervals of 200 ms
Intervals according to their alloca- :
tion to the 8 time slots of 100 ms 22 X X X X atintervals of 200 ms
each. -
Allocation of a block to one or g; X x X :: :2:;:::: g; igg mz
several time slots (at intervals of 33 X X atintervals of 400 ms
100, 200, 400 or 800 ms) is in the .
engineering. For each block, the en- 3 x X atintervals of 400 ms
gineering tool provides an identifi- i atintervals of 800 ms
cation (ts) which can be used to " X atintervals of 800 ms
determine the allocation from the 13 X atintervals of 800 ms
table opposite. L 44 X atintervals of 800 ms
The total of calculation times of all 45 X atintervals of 800 ms
required function blocks must be < 46 X atintervals of 800 ms
100 % for each time slot. 47 X atintervals of 800 ms

48 X atintervals of 800 ms

30.3 [H3L{EE]

Data are stored in non-volatile EEPROM. The manufacturers specify approx. 100 000 permissible write/read cycles per
EEPROM address, in reality, however, this value can mostly be exceeded by a multiple. If parameters and configura-
tions are changed exclusively manually, exceeding the max. number of write/read cycles is almost precluded. With dig-
ital interface or automatic parameter changes, however, taking the maximum number of write/read cycles into account
is indispensable, and measures against excessively frequent parameter writing must be take
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m Examples

31.1

During installation of the engineering tools, several examples were included. These are in path:
C:\Pmatools\Et98\prj\example

Useful small engineerings

Cascaded counter with pulse generator( ZAEHLER.EDG)
An INTE is used for generating pulses.

Max. parameter =1, time constant to 3600 sec.

An input value at x1 of e.g. 20 weighted via the MUDI generates 20 pulses per hour.

The first counter counts to 1000, the second counter counts the (1000s) overflows.

Simple password function (PASSWORT.EDG)
A VWERT is used for password entry. The output is not fed back to the input, for suppressing display of the entered

value after pressing the enter key.
The current hour of the status block is used as a password (only with clock). The EQUAL block determines the condition
for disabling the parameter level.

Password from the CONST block (PASSWORD.EDG)
A VWERT is used for password entry. The output is not fed back to the input, for suppression of the display of the en-

tered value after pressing the enter key. A value of the constant block is used as a password. The EQUAL block deter-
mines the condition for disabling the parameter level and display suppression of the VWERT page.

Macro for dynamic alarm processing (ALARMSEL.EDG)
ASELV2 can be used to select one of 4 values for alarm processing.

An ALLV compares the value with an upper and a lower limit definable via a VWERT.

The alarms are displayed at the second VWERT and output to a relay via an OR. Each of the two VWERT can define or
display two further alarm limits. Therefore, the configuration can be extended by another ALLV. As an example, possi-
ble alarm acknowledgement via a flipflop is provided. Alarms are held in the LED display and the alarm line until ac-
knowledgment via the VWERT (alarms) .

Alarm acknowledgement of 5 alarm bits (ALAMQUIT.EDG)
The flipflops hold the alarms individually until acknowledgement via the VWERT. The acknowledge output is fed back

to the Store input instead of the corresponding input bit.
Thereby, the acknowledge bit is reset automatically.

Alarm acknowledgement of 5 alarm bits,
which are not lost also after prolonged power failure (ALQITSAV.EDG)
Flipflops are also used for storing. In this case, the status change of the flipflop must be stored in non-volatile recipe

blocks. Moreover, the flipflops must be loaded with the content of the recipe block for restoring the last status after
power recovery. In VWERT, the alarms are displayed and acknowledged, if necessary.
Further display via LED, DIGOUT and INFO.

Parameter number display via texts (PRNRE.EDG)
The current parameter number (variable in VWERT) is compared with constants via EQUAL.

With equality, a bit at VWERT is set, whereby a digital text is displayed.

Two-point operation of a programmer (RUNFLIP1.EDG)
As entry of commands via the operating page is not possible with a programmer, if the relevant digital inputs were con-
nected, the toggle key (fkey:a/m) must be used for realizing the Run/Stop order on the operating page. A maonoflop gen-
erates a short pulse on the positive and negative flank. The external command (key or switch) from the control panel via
d1 is also taken via a monoflop. With a key, only d1 (positive flank) is connected, with a switch, d1 and d2 are con-
nected (positive and negative flank). The pulses are taken to a flipflop, which switches over between Run and Stop.
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31.2

Controller applications

Weekly timer for a switch-on and a switch-off time (SCHALTUHR.EDG)
Prerequisite: options card B with clock. 3 ADSUs convert the day, hour, minute information from the status block and
the switch-on/switch-off time from VWERT into a minute value. If the time from the status block is higher than the
switch-on time, the flipflop is set, if the time is higher than the switch-off time, the flipflop is reset.

Recipe input via VWERT (REZEPT2.EDG)
Three configuration examples with different restrictions for operation.

The VWERT displays its own outputs, but not the actually selected recipe. Editing of an existing recipe is not possible.
The VWERT displays the selected recipe, but only, when storage was done after editing. The current values disappear
after pressing the Enter key. VWERT has an additional edit function. This bit was applied to the manual input of the
recipe block for output of the currently changed values on the display via the operating page. When storing and switch-
ing over to the next the recipe number (ALLP), the edit mode is reset automatically via OR and AND (due to the handling
order).

Controller applications

Minimum controller configuration (C_SINGL.EDG)

Ratio controller with split-range or thre%po\}ntsgf%%ig? controller with position feedback
The position feedback input is defined as a potentﬁmetfic transducer (which can be calibrated) and linked to the con-

troller with its fail, a/m, inc, dec outputs. The use of process outputs can be configured at the controller and
ouT1/0UT2.

Slave controller for testing the start of internal switching functions (C_SW_SL.EDG)

Circuit proposal for cascade configurations _ (KASK.EDG)
The master controller correcting variable must follow the slave set-point or process value, when the slave is switched
to internal or manual mode, in order to ensure bumpless return to the automatic mode.

Programmer fragments

Analog output with 4 recipes (2*20 segments 2*10 segments) (PROG.EDG)
Selection of the recipe/program no. is via the VWERT and cannot be selected any more via the programmer operating

page. The ALLP limits the input range.

Caution: the display is correct, however, the edit buffer contains the last output value, which may be too high. Entry of
the preset time is via the programmer operating page. For input of the preset time via a VWERT, the digital connection
(PRESET) must be provided.

Programmer with coupled outputs (PROG2.EDG)
The programmer blocks are coupled for program number, elapsed net time and RUN / RESET commands.

Programmer output with 10 programs with 20 segments (PROGRAMM.EDG)
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31.3 NELUEIGENONEE I

A detailed description of the standard engineerings is available on request.

Single controller (96xxx001.edg / C9800014.edg)
Versions with standard setting

Basic versions

9407-963-00001 (switching)

- Signallers, 2-pnt., 3-pnt., 3-pnt. stepping

- Process value preprocessing (filter and characterizer)

- 2alarms (selectable: x, xw,weff,y)

- Trend display for x, xw and weff

- Bargraph display of x and weff

- Programmer with 4 recipes each with 20 segments

9407-965-00001 (continuous) as switching version, but:
- Continuous controllers incl. split range, switching controllers with logic output
- Analog output for x, xw,weff or y2

Versions with option B function as basic version, plus:

- Operation disabling via control inputs

- Output of the programmer output signals

- Weekly timer for programmer start/stop (option B with clock)

Versions with option C function as basic version, plus:
- 3-element controller

- Override control +, or hard manual

- Galvanically isolated ratio control (x1 ® x2)

- Qutput of the programmer set-point

- Two additional control outputs for the programmer

Cascade controller (96xxx101.edg / C9800009edg)
Master controller

- Process value input INP5

- Process value preprocessing (filter and characterizer)

- Trends for control deviation and process value

Slave controller

- As master controller, but process value input INP1

- Adjustable controller types dependent of switching/continuous version as basic versions
- Position feedback via INP6

Flow controller (96xxx201.edg / C9800007.edg)
[1 Temperature and pressure-corrected flow measurement for mass flow (with or without square root extraction )
- Cycle 100 ms

- with or without control function

- trend display for flow and control deviation

- Totalization with creep flow cut-off

- Flow display up to 99.999.999

- Total reset via front panel after entry of a code number

- Counter pulse output (ones, thousands)

- Adjustable controller types dependent of switching/continuous version as basic versions

Programmer with 10 recipes (96xxx301.edg / C9800008.edg)
- 10 recipes with 20 segments

2 analog output

- 6 control outputs

- one controller per analog output

- operation via the analog programmer front panel
- operation disable via control input
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Calorlflc counter (only with option B) (96xxx401.edg / C9800006 .edg)
Flow and heating and refrigerating quantity totalizing

- Creep flow cut-off

- Pulse generation for flow and heating/refrigerating quantity (OUT4,5)
- Flow and heating quantity output as a 0/4..20mA signal

- Galvanically isolated flow outputs (option C)

- Temperature, flow alarm monitoring (option C)

FIowcaIcuIator (possible without option B and C) (96xxx501.edg / C9800015.edg)
Temperature and pressure-corrected flow measurement for mass flow

(with or without square root extraction)
- Cycle 400 ms
- Trend display for flow, pressure and corrected flow
- Creep flow cut-off
- Pulse generation (OUT4)
- Temperature, pressure or flow monitoring (OUT5)
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