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Standard PID Control 1

1.1

Application

Example01: Step controller

Example01 comprises a standard step controller (PID_ES) in combination with a simulated
process, consisting of an actuator with integrating behavior and a downstream third-order
delay element (PT3).

With the help of Example01, you can easily generate a step controller and parameterize and
test all properties of this controller offline in a typical process.

The example makes it easy to understand the operating principle and configuration of
controllers with discontinuous output, such as they are very often used to control processes
with motorized actuators. It can therefore also be used for familiarizing and training
purposes.

Functions of Example01

The main components of Example01 are the PID_ES and PROC_S instructions. PID_ES
represents the utilized standard controller, and PROC_S simulates a process with the
"Valve" and PT3 function elements. In addition to the controlled variable, information about
the position of the actuator and any triggered endstop signals are transferred to the

controller.
DISV
|
Setpoint ‘
Step controller ;
PID_ES |
= |
H T | (Actuator)} | PT3
Process [ I gl
End stop signals

value L,,,T ,,,,,, |
|
I
I
f
I

Standard PID Control Process

Figure 1-1 Example01, control loop

The PROC_S function block simulates a series connection that consists of the integrating
actuator and three first-order delay elements. The DISV disturbance variable is always
added to the output signal of the actuator, so that process disturbances can be manually
injected at this point. The GAIN factor allows determination of the static system gain.

Example projects for SIMATIC PID Professional
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Standard PID Control

1.1 Example01. Step controller

The parameter for the MTR_TM motor transition time defines the time that the actuator
requires for one endstop-to-endstop cycle.

QLMNR_HS ———
QLMNR_LS ——- |
} | Disv GAIN
\
\
g
INV_UP e ——- OouTVv
INV_DOWN — /-
MTR_TM LMNR_HLM TM_LAG1 TM_LAG2 TM_LAG3
LMNR_LLM

Figure 1-2  Structure and parameters of PROC_S process block

Block structure

Example01 comprises the EX01 function, which includes the blocks for the controller and the
simulated process, as well as the call blocks for warm restart (OB 100) and a cyclic interrupt
level (OB 35 with 100 ms cycle clock).

Table 1- 1 Blocks of Example01

Block Name Description

(in the toolbar)
OB 100 RESTART Warm restart OB
OB 35 CYC_INT1 Time-controlled OB: 100 ms
FC 100 EX01 Example 1
FB 2 PID_ES Step controller
FB 100 PROC_S Process for step controller
DB 100 PROCESS Instance DB for PROC_S
DB 101 CONTROL Instance DB for PID_ES

The DB 100 instance data block for the process and DB 101 instance data block for the
controller are assigned to the two function blocks.

OB 100 | T#100 ms

EX01

-{COM_RST
-/ — —~{CYCLE

— PDES H PROC S |-

|
I
|FALSE |}
OB 35 | ’7 —‘
(100 ms) T#100 ms |

Figure 1-3  Blocks of Example01: Interconnection and call

Example projects for SIMATIC PID Professional
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Standard PID Control

Parameters of the process model

1.1 Example01: Step controller

The parameters of the PID_ES controller block and their meaning are described in the online
help. The parameters of the PROC_S process block are listed in the following table.

Table 1- 2 Parameters of the PROC_S process block (DB100: FB100)

Parameter Type Value range Description

INV_UP BOOL Input signal up (more)
INV_DOWN BOOL Input signal down (less)
COM_RST BOOL Warm restart

CYCLE TIME |=21ms Sampling time

DISV REAL Disturbance variable

GAIN REAL Process gain

MTR_TM TIME Motor transition time
LMNR_HLM REAL |LMNR_LLM ... 100.0 [%] Upper limit of position feedback
LMNR_LLM REAL |-100.0...LMNR_HLM [%] Lower limit of position feedback
TM_LAG1 TIME |=CYCLE/2 Delay time 1

TM_LAG2 TIME |2 CYCLE/2 Delay time 2

TM_LAG3 TIME |=CYCLE/2 Delay time 3

ouTVv REAL Output variable

LMNR REAL Position feedback

QLMNR_HS BOOL Actuator at high endstop
QLMNR_LS BOOL Actuator at low endstop

After a warm restart, the OUTV output variable as well as all internal memory variables are

set to zero.

Example projects for SIMATIC PID Professional
Application Examples, 01/2012, ASE03806704-01




Standard PID Control
1.1 Example01. Step controller

Interconnection and call of Example01

The following figure shows how the step controller uses the EX01 function internally along
with the process model to interconnect to a control loop.

Obviously, if the LMNR - LMNR_IN connection is opened, this also produces a step control
without position feedback.

COMRST [~~~ ¢~~~ —~—— 77 |
CYCLE [——% "~~~ ~~—~—~————+—

PID_ES PROC_S
COM_RST
~ICYCLE
ouUTV
QLMNUP INV_UP LMNR
IQLMNDN INV_DOWN| |QLMNR_HS
QLMNR_LS

Figure 1-4  Interconnection and call of EX01 function

Parameters of the model process for step controller
The following figure shows the function scheme and the parameters of the process.

In case of a warm restart or hot restart, the control responds as described in the online help.

. PROC_S .
) )
COM_RST |BOOL | FALSE
CYCLE __[TIME | T#ls
GAIN REAL | 00 l

— — — ~|QLMNR_HS [BOOL | FALSE

ouTv REAL 0.0
— — — ~|QLMNR_LS [BOOL | FALSE

LVMNR REAL | 0.0
1 v

DISV REAL 0.0
INV_UP BOOL | FALSE \
INV_DOWN |BOOL | FALSE

1\
{

LMNR_HLM |REAL 100.0
LMNR_LLM |REAL 0.0
MTR_TM |TIME | T#30s
TM_LAG1 |TIME | T#10s
TM_LAG2 |[TIME | T#10s
TM_LAG3 |TIME | T#10s

Figure 1-5  Function scheme and parameters of process model PROC_S

*) Default for creation of new instance DB

Example projects for SIMATIC PID Professional
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Standard PID Control

Parameters and step response

1.1 Example01: Step controller

The reaction of a control loop with a simulated third-order PT process is shown based on a
specific parameter assignment of the step controller with Pl-action and activated dead band.
The selected process parameters with 10 s delay time in each case approximate the
behavior of a rapid temperature process or a fill level control.

Setting one of the delay times TM_LAGx = 0 s reduces the order of the process by one

degree.

The figure below shows the transient and settling response of the closed control loop after a
setpoint value change of 60 percent. The table contains the currently set values of the
relevant parameters for the controller and process.

Parameter Type Parameter Description
assignment

Controller:
CYCLE TIME 100 ms Sampling time
GAIN REAL 0.31 Proportional gain
TI TIME 19.190 s Integral action time
MTR_TM TIME 20s Motor transition time
PULSE_TM TIME 100 ms Minimum pulse time
BREAK_TM TIME 100 ms Minimum break time
DEADB_ON BOOL TRUE Dead band ON
DEADB_W REAL 0.5 Dead band width
Process
GAIN REAL 15 Process gain
MTR_TM TIME 20s Motor transition time
TM_LAG1 TIME 10s Delay time 1
TM_LAG2 TIME 10s Delay time 2
TM_LAG3 TIME 10s Delay time 3

100

50 —

0 -
-50 — ‘
|
|
|
-100 i
15:53 15:54 15:55 15:56 15:57 15:58 15:59 16:00 16:01
Figure 1-6 Control loop with step controller after setpoint step change

Example projects for SIMATIC PID Professional
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Standard PID Control

1.1 Example01. Step controller

Putting the example into operation

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EXO01 function.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the CONTROL technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.

Example projects for SIMATIC PID Professional
10 Application Examples, 01/2012, ASE03806704-01



Standard PID Control

1.2

Application

1.2 Example02: Continuous controller

Example02: Continuous controller

Example02 comprises a continuous controller (PID_CP) in combination with a simulated
process, consisting of a third-order delay element (PT3).

With the help of Example02, you can easily generate a continuous PID controller and
parameterize and test all properties of this controller offline in a typical process.

The example enables you to easily understand the operating principle and configuration of
controllers with analog output signal, in such a way as they are often used to control
processes with proportional-action actuators. It can therefore also be used for familiarizing
and training purposes.

Functions of Example02

The main components of Example02 are the PID_CP (FB 1) and PROC_C (FB 100) function
blocks. PID_CP represents the controller utilized, and PROC_C simulates a third-order self-
regulating process.

The example also includes a preconfigured time-dependent setpoint characteristic curve for
the time scheduler. The data required for this are stored in the DB_RMPSK global data
block.

DIsV

|
|
|
|
SP PID controller LMN |
() PID_CP ‘
PV |~ ‘
| PT3
T
|

Standard PID Control

Process
Figure 1-7  Control loop of Example02

The PROC_C function block simulates a series connection that consists of three first-order
delay elements. The DISV disturbance variable is always added to the output signal of the
actuator, so that process disturbances can be manually injected at this point. The GAIN
factor allows determination of the static system gain.

AIN
DISV G

O

TM_LAG1 TM_LAG2 TM_LAG3

Figure 1-8  Structure and parameters of PROC_C process block

Example projects for SIMATIC PID Professional
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Standard PID Control

1.2 Example02: Continuous controller

Block structure

Example02 comprises the EX02 function, which includes the blocks for the controller and the
simulated process, as well as the call blocks for warm restart (OB 100) and a cyclic interrupt
level (OB 35 with 100 ms cycle clock).

Table 1-3  Blocks of Example02

OB 100 RESTART Warm restart OB

OB 35 CYC_INT1 Time-controlled OB: 100 ms

FC 100 EX02 Example 2

FB 1 PID_CP Continuous PID controller

FB 100 PROC_C Process for continuous controller

DB 100 PROCESS Instance DB for PROC_C

DB 101 CONTROL Instance DB for PID_CP

DB 2 DB_RMPSK Global DB for call data of the time scheduler

The DB 100 instance data block for the process and the DB 101 instance data block for the
controller are assigned to the two function blocks.

OB 100

OB 35
(100 ms) T#100 ms

EX02

[

\
| ¢ —+{COM_RST
&/ — —~{CYCLE

—| PID_cP

PROC_C |—

Figure 1-9  Blocks of Example02: Interconnection and call

Parameters of the process model

The parameters of the PID_CP controller block and their meaning are described in the online
help. The parameters of the PROC_C process block are listed in the following table.

Table 1- 4 Parameters of the PROC_C process block (DB 100: FB 100)

Parameter Type Value range Description

INV REAL Input variable
COM_RST BOOL Warm restart
CYCLE TIME >21ms Sampling time

DISV REAL Disturbance variable
GAIN REAL Process gain factor
TM_LAG1 TIME = CYCLE/2 Delay time 1
TM_LAG2 TIME > CYCLE/2 Delay time 2
TM_LAG3 TIME > CYCLE/2 Delay time 3

ouTVv REAL Output variable

12
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Standard PID Control

Interconnection and call of Example02

The following figure shows how the continuous controller uses the EX02 function internally

1.2 Example02: Continuous controller

along with the process model to interconnect to a control loop.

EX02

COMRST [~~~ ¢~~~ ————777 |
CYCLE 777T‘L7777777777777 ‘

I I

(| |1

[ I

I I

I PID_CP I PROC_C

| - —lcou ks LL'COM_RST

— ICYCLE —=ICYCLE
PV_IN LMN INV OouUTVv

Figure 1-10 Interconnection and call of EX02 function

Parameters of the model process for continuous controllers

The following figure shows the function scheme and the parameters of the process.

In case of a warm restart or hot restart, the control responds as described in the online help.

PROC_C

COM_RST |BOOL

FALSE

CYCLE TIME

T#1s

GAIN REAL

0.0

DISV REAL

0.0 l

INV REAL

™™ LAG1 |TIME

T#10s

T™M_LAG2 |TIME

T#10s

™™ LAG3 |TIME

T#10s

ouTv

REAL

0.0

Figure 1-11

*) Default fo

Function scheme and parameters of process model PROC_C

r creation of new instance DB

Example projects for SIMATIC PID Professional
Application Examples, 01/2012, ASE03806704-01

13



Standard PID Control

1.2 Example02: Continuous controller

Parameters and step response

The reaction of a control loop with a simulated third-order PT process is shown based on a
specific parameter assignment of a continuous controller with PID action. The selected
process parameters with 10 s delay time in each case approximate the behavior of a
pressure control or a fill level control.

Setting one of the delay times TM_LAG x = 0 s reduces the order of the process by one
degree.

The following figure shows the transient and settling response of the closed control loop after
a series of setpoint changes of 20 percent of the measuring range in each case. The table
contains the currently set values of the relevant parameters for the controller and process.

Parameter Type Parameter Description
assignment
Controller:
CYCLE TIME 100 ms Sampling time
GAIN REAL 1.535 Proportional gain
TI TIME 22.720 s Integral action time
TD TIME 5974 s Derivative action time
TM_LAG TIME 1195 s Delay time of derivative component
Process:
GAIN REAL 1.5 Process gain
TM_LAG1 TIME 10s Delay time 1
TM_LAG2 TIME 10s Delay time 2
TM_LAG3 TIME 10s Delay time 3
100 7= : : : : : :
i Manipulafed i i | !
i yariable i i i i
50 Tt T T W o N T ; ‘
e
D e S
i \. Controlled 3 3 3 3 3 3
T ! variable i i i i i i
-100 i\Hi\Hiwwwiwwwiwwwiwwxi\wwiwwwiw
17:15 17:16 1717 17:18 17:19 17:20 17:21 17:22 17:23

Figure 1-12  Control with continuous controller and setpoint step changes across the entire measuring
range

Example projects for SIMATIC PID Professional
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Standard PID Control
1.2 Example02: Continuous controller

Putting the example into operation

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX02 function.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the CONTROL technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help. If you want to
make use of the preconfigured time-dependent setpoint characteristic curve for the example,
activate the time scheduler by setting CONTROL.RMPSK_ON=TRUE.

Example projects for SIMATIC PID Professional
Application Examples, 01/2012, ASE03806704-01 15



Standard PID Control

1.3 Example03.: Cascade control

1.3

Application

Example03: Cascade control

Example03 comprises all of the blocks that are required to configure a cascade control with
one final controlled variable and one secondary controlled variable.

Example03 allows you to easily generate a cascade control with a master control loop and a
follow-up control loop. The structure can be easily expanded to include more than one
follow-up control loop.

Functions of Example03

16

Example03 includes the loop scheduler (LP_SCHED) with the associated global data block
(DB-LOOP), the FB 1 function block for the continuous standard controller (master
controller), and the FB 2 function block for the step controller (slave controller), together with
the two instance DBs for the configuration data of the controllers. The PROC_S and
PROC_C function blocks generate the simulated process. They are described in Example01
and Example02.

SP Master LMN Slave QLMNUP Process Process
— controller —»@—— controller QLMNDN Part 1 Part 2 —
PID_CP PID_ES PROC_S PROC_C
PV PV

Figure 1-13  Two-loop cascade control (Example03)

By means of the loop scheduler, the controllers are each called cyclically from the cyclic
interrupt level with 100 ms cycle clock.

The controller with continuous output (PID_CP) thereby acts as a master controller on the
setpoint of the slave controller in such a way that the final controlled variable at the output of
process section 2 is kept at setpoint SP. The step controller controls disturbances affecting
process section 1 in the secondary control loop (PID_ES) without influencing the PV final
controlled variable.

Example projects for SIMATIC PID Professional
Application Examples, 01/2012, ASE03806704-01



Standard PID Control

Block structure

1.3 Example03.: Cascade control

Example03 comprises the EXO03 function, which includes the blocks for the loop scheduler
and the two controllers, as well as the call blocks for warm restart (OB 100) and a cyclic
interrupt level (OB 35 with 100 ms cycle clock).

Table 1- 5 Blocks of Example03

Block Name Description

(in the toolbar)

OB 100 RESTART Warm restart OB

OB 35 CYC_INT1 Time-controlled OB: 100 ms
FC 100 EX03 Example 3

FC1 LP_SCHED Loop scheduler

FB 1 PID_CP Continuous PID controller
FB 2 PID_ES Step controller

FB 102 PROC_S Process section 1

FB 103 PROC_C Process section 2

DB 1 DB_LOOP Global DB for call data for LP_SCHED
DB 100 CONTROL_C Instance DB for PID_CP

DB 101 CONTROL_S Instance DB for PID_ES

DB 102 PROCESS_S Instance DB for PROC_S
DB 103 PROCESS_C Instance DB for PROC_C

The DB 100 and DB 101 instance blocks are assigned to the PID_CP and PID_ES function

blocks, respectively.

OB 100

EX03

hl
|
|
| = —~{COM_RST

| — —~{CYCLE

OB 35
(100 ms)

LP_SCHED

DB_LOOP

PID_CP

PID_ES

PROC_C

PROC_S

Figure 1-14  Blocks of Example03: Interconnection and call
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Standard PID Control

1.3 Example03.: Cascade control

Parameter assignment of Example03

The following figure reveals how the controllers use the EX03 function internally to
interconnect to the loop scheduler and with one another.

In case of a warm restart or hot restart, the control responds as described in the online help.

COMRST F———————————————————— ‘
77777777777777777777 | LP_SCHED
CYCLE |~ —.]COM RST
L — — +[TM_BASE
DB_LOOP — —+DB_NBR
DB_LOOP
- [ - PID_CP

GLP_NBR ] AT
ALP_NBR L COM_RST]
MAN CYC1 |
MAN_DIS1 (I TN
MAN_CRST1 (I R — CAS B
ENABLE1 - | —————~[CAsS ON
COM_RST1 -——- e
ILP_COU1 L - }
CYCLE1 =
MAN_CYC2 S PID_ES |
MAN_DIS2 \
MAN_CRST2 | == g%/lL ERST N
ENABLE2 |- ————— ‘ BV Ll
COMRST2 | —————— J SPEXT ocas 1 !
ILP_COU2
CYCLE2 T

Figure 1-15  Circuit diagram and parameters of EX03 function (representation without process
simulation blocks)

Putting the example into operation

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX03 function.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the CONTROL_C technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.

The commissioning interface of the CONTROL_S technology object (slave controller) can be
used to operate the follow-up control loop independently from the master controller.
However, this is not necessary to implement the example.

Example projects for SIMATIC PID Professional
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Standard PID Control

1.4

Application

1.4 Example04. Pulse controller

Example04: Pulse controller

Example04 comprises a pulse controller (PID_CP) with positive and negative output in
combination with a simulated process, consisting of a third-order delay element (PT3).

With the help of Example04, you can easily generate a pulse controller and parameterize
and test all properties of this controller in a typical process.

The example enables you to easily understand the operating principle and configuration of
controllers with binary pulse outputs, as they are often used to control processes with
proportional-action actuators. These types of controllers are used, for example, for
temperature processes involving electric heating. It can therefore also be used for
familiarizing and training purposes.

Functions of Example04

The main components of Example04 are the PID_CP (FB 1) and PROC_CP (FB 100)
function blocks. PID_CP represents the pulse controller utilized, and PROC_CP simulates a
third-order self-regulating process.

SP

PID controller

[
[
|  QPOS_P
I QNEG_P lL
oy T PID_CP ;
‘ P13
[
\
[

Standard PID Control

Process
Figure 1-16  Control loop of Example04

The PROC_CP function block simulates a series connection that consists of three first-order
delay elements. In addition to the POS_P and NEG_P pulse inputs, the DISV disturbance
variable also acts as an input signal in the process, so that process disturbances can be
manually injected at this point. The GAIN factor allows determination of the static system
gain.

QPOS P pisv  GAN
100.0—| O {
00— ®

-100.0

—HAHA

T™_LAG1 T™M_LAG2 TM_LAG3

0.0

Figure 1-17  Structure and parameters of PROC_CP process block
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1.4 Example04. Pulse controller

Block structure

Example04 comprises the EX04 function, which includes the blocks for the controller and the
simulated process, as well as the call blocks for warm restart (OB 100) and a cyclic interrupt
level (OB 35 with 100 ms cycle clock).

Table 1- 6 Blocks of Example04
Block Name Description
(in the toolbar)
OB 100 RESTART Warm restart OB
OB 35 CYC_INT1 Time-controlled OB: 100 ms
FC 100 EX04 Example 4
FB 1 PID_CP Continuous controller with pulse generator
FB 100 PROC_CP Process for continuous controller with pulse inputs
DB 100 PROCESS Instance DB for PROC_C
DB 101 CONTROL Instance DB for PID_CP

The PROCESS DB 100 instance data block for the process and the CONTROL DB 101
instance data block for the controller are assigned to the two function blocks.

OB 100

OB 35
(100 ms)

7777777 a
| T#100ms } EX04

|

| ¢~ —=/COM_RST

o — —~ICYCLE

} } PID.CP [H PROC_C |—
| FALSE _ _ 1

\

Figure 1-18 Blocks of Example04: Interconnection and call
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1.4 Example04. Pulse controller

Parameters of the process model

The parameters of the PID_CP controller block and their meaning are described in the online
help. The parameters of the PROC_CP process block are listed in the following table.

Table 1-7 Parameters of the "PROC_CP" process block (DB 100: FB 100)

Parameter Type Value range Description

DISV REAL Disturbance variable
GAIN REAL Process gain factor
TM_LAG1 TIME = CYCLE/2 Delay time 1
TM_LAG2 TIME = CYCLE/2 Delay time 2
TM_LAG3 TIME = CYCLE/2 Delay time 3
POS_P BOOL Positive pulse
NEG_P BOOL Negative pulse
COM_RST BOOL Warm restart
CYCLE TIME =21ms Sampling time
ouTVv REAL Output variable

Interconnection and call of Example04

The following figure reveals how the continuous controller uses the EX04 function internally
along with the process model to interconnect to a control loop.

COMRST [———t————————————— 1
CYCLE ***T‘L************ﬁ‘ }
I I
I I
I I
I I
I PID_CP | PROC_CP
I _Jcom rstT | L Icom ReT
L — —~CYCLE P L —[CYCLE
EVAI QPOS P POS P OUTV
QNEG P NEG P

Figure 1-19 Interconnection and call of EX04 function
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1.4 Example04. Pulse controller

Parameters of the model process for continuous controllers
The following figure shows the function scheme and the parameters of the process.

In case of a warm restart or hot restart, the control responds as described in the online help.

X PROC_CP
) )
COM_RST |BOOL | FALSE
CYCLE  [TIME | T#ls
GAIN REAL 0.0 i
DISV REAL 0.0
POS_P  |BOOL | FALSE ouTV REAL 0.0
NEG_P  |BOOL | FALSE —

TM_LAG1 |TIME | T#10s T
TM_LAG2 |TIME | T#10s
TM_LAG3 |TIME | T#10s

Figure 1-20  Function scheme and parameters of PROC_CP process model

*) Default for creation of new instance DB

Parameters and step response

The reaction of a control loop with a simulated third-order PT process is shown based on a
specific parameter assignment of a continuous controller with PID action. The selected
process parameters with 10 s delay time in each case produce a more rapid process than is
achieved during temperature control, in practice. However, the relatively rapid process
allows you to test the controller function faster. By changing the lag time constant, you can
easily produce a simulated process whose characteristics approximate a real process.

The following figure shows the transient and settling response of the closed control loop after
a series of setpoint changes of 20 percent of the measuring range in each case. In this case,
the continuous manipulated variable of the controller is mapped and not the pulse outputs.
The table contains the currently set values of the relevant parameters for the controller and

process.

Parameter Type Parameter Description

assignment

Controller:

CYCLE TIME 1s Sampling time of the controller
CYCLE_P TIME 100 ms Sampling time

GAIN REAL 1.535 Proportional gain

Tl TIME 22.720 s Integral action time

TD TIME 5.974 s Derivative action time

TM_LAG TIME 1.195 s Delay time of derivative component

Example projects for SIMATIC PID Professional
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1.4 Example04. Pulse controller

Parameter Type Parameter Description
assignment
Process:
GAIN REAL 1.5 Process gain
TM_LAG1 TIME 10s Delay time 1
TM_LAG2 TIME 10s Delay time 2
TM_LAG3 TIME 10s Delay time 3
100 7 | | | | |
0 -+ e ——
0t ‘ L L L
50 ot R S
| '\ Controlled i i i i i i
! I variable ! ! ! ! ! !
-100 [TT T [T T T[T [T T [T T T [T T T [T T T [T TT T
17:15 17:16 17:17 17:18 17:19 17:20 17:21 17:22 17:23
Figure 1-21  Control with continuous controller with pulse outputs and setpoint step changes across

the entire measuring range

Putting the example into operation

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX04 function.

Use the TIA Portal to download the example to the CPU.
Open the commissioning interface of the CONTROL technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.

Example projects for SIMATIC PID Professional
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1.5 Example05: Optimize continuous controller with PID Self-Tuner

Overview

This example contains a simple control loop that consists of a PID controller and a Delay
time 2 element as a model controlled system for a temperature process. It is an example of
the application of the Self-Tuner with a continuous PID controller.

LMN PV

P
S—»O—» TUN_CON_C »  PROCC T

Figure 1-22  Control loop of Example05

Program structure

The IDB_TUN_CON_C block is an instance DB of the TUN_CON_C FB that contains the
calls of the Self-Tuner and controller. The TUN_CON_C FB and the PROC_C process
simulation FB are called in OB 35.

Process block for simulating a temperature process

The block simulates a process with a third-order delay element. For temperature processes,
you choose Delay time 2 response with a large and a small time constant (TM_LAG1 = 15 x
TM_LAG2 and TM_LAG3 = 0s).

DISV GiIN
.NVHH — L ooy

TM_LAG1 TM_LAG2 TM_LAG3

Figure 1-23  Block diagram of the process

Parameters
INV Input variable (manipulated variable of controller)
DISV Disturbance variable
GAIN Process gain

TM_LAG1 Delay time 1 (for temperature processes)
TM_LAG2 Delay time 2 (TM_LAG1 = 15 x TM_LAG2)
TM_LAG3 Delay time 3 (= 0 for temperature processes)
ouTv Output variable (e.g., temperature)

After addition of the analog input signal and a disturbance variable and multiplication with the
process gain, three first-order delay elements are run through.

During initialization, the output variable is set to OUTV = DISV x GAIN.

Example projects for SIMATIC PID Professional
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1.5 Example05: Optimize continuous controller with PID Self-Tuner

Operator control and monitoring

Operator control for the example is via the commissioning interface of the Self-Tuner, which
is described in the online help for the Self-Tuner. The commissioning interface can be found
in the "Technology objects" folder for the "tuner" technology object.

Putting the example into operation

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the IDB_TUN_CON_C.CYCLE_P sampling time.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the "tuner" technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.

Example projects for SIMATIC PID Professional
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1.6 Example06: Optimize step controller with PID Self-Tuner

Overview

This example contains a simple control loop that consists of a PID controller and a Delay
time 2 element with an actuator with integrating behavior as a model controlled system for a
temperature process. It is an example of the application of the Self-Tuner with a PID step

controller.

QLMNUP

SP—}O—} TUN_CON_S

vy

PROC_S

PV

T QLMNDN

-

Figure 1-24  Control loop of Example06

Program structure

The IDB_TUN_CON_S block is an instance DB of the TUN_CON_S FB that contains the
calls of the Self-Tuner and controller. The TUN_CON_S FB and the PROC_S process

simulation FB are called in OB 35.

Process block for simulating a temperature process

The block simulates a process with a third-order delay element. For temperature processes,
you choose Delay time 2 response with a large and a small time constant (TM_LAG1 = 15 x

TM_LAG2 and TM_LAG3 =0 s).

INV.UP  —p
INV_DOWN —ppf |~ » 7/

» LMNR
L » QLMNR_HS
L » QIMNRLS

MTR_TM LMNR_HLM
LMNR_LLM
DISV GAIN
v

X

i —> i —» OUTV

TM_LAG1

Figure 1-25 Block diagram of the process
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Parameters

1.6 Example06: Optimize step controller with PID Self-Tuner

INV_UP Manipulated variable signal up
INV_DOWN Manipulated variable signal down
DISV Disturbance variable
GAIN Process gain
MTR_TM Motor transition time
LMNR_HLM High limit of actuator
LMNR_LLM Low limit of actuator
TM_LAG1 Delay time 1
TM_LAG2 Delay time 2
(for temperature processes:
TM_LAG1 = 15 x TM_LAG2)
TM_LAG3 Delay time 3
(= 0 for temperature processes)
ouTVv Output variable (e.g., temperature)
LMNR Position feedback
QLMNR_HS High limit of endstop signal
QLMNR_LS Low limit of endstop signal

Depending on the INV_UP and INV_DOWN input signals, the LMNR position feedback is
calculated using an integrator. The position feedback is limited to LMNR_HLM and
LMNR_LLM . When the limit is reached, the QLMNR_HS and QLMNR_LS endstop signals
are set.

After addition of a disturbance variable and subsequent multiplication with the process gain,
three first-order delay elements are run through.

During initialization, the OUTV and LMNR output variables are set to zero.

Operator control and monitoring

Operator control for the example is via the commissioning interface of the Self-Tuner, which
is described in the online help for the Self-Tuner. The commissioning interface can be found
in the "Technology objects" folder for the "tuner" technology object.

Putting the example into operation

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 20 ms. If a time-out occurs in the cyclic
interrupt level, you must increase the cycle time. In this case the simulation is then executed
more slowly. If you are controlling a real process, the cycle time of OB 35 must agree with
the IDB_TUN_CON_S.CYCLE_P sampling time.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the "tuner" technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.

Example projects for SIMATIC PID Professional
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1.7 Example07: Optimize pulse controller with PID Self-Tuner

1.7

Overview

Example07: Optimize pulse controller with PID Self-Tuner

This example contains a simple control loop that consists of a PID controller with pulse
generation and a Delay time 2 element as a model process for a temperature process. It is
an example of the application of the Self-Tuner with a continuous PID controller with pulse
generation.

QPOS_P
= PV

Py O;} TUN_CON_P PROC_HCP
T QNEG P

Figure 1-26  Control loop of ExampleQ7

vy

Program structure

The IDB_TUN_CON_P block is an instance DB of the TUN_CON_P FB that contains the
calls of the Self-Tuner and controller. The TUN_CON_P FB and the PROC_HCP process
simulation FB are called in OB 35.

Process block for simulating a temperature heating zone

28

The block simulates a typical temperature process for heating and cooling as it can occur as
a control zone in a extruder, an injection molding machine, a tempering machine or as a
separate furnace in reality.

POS_P DISV.H GAIN_H
DISV_OUT
100——
e e
TM_LAG1_H TM_LAG2_H

NEG_P DISV_C GAIN_C
-100 ——
N e

TM_LAG1_C TM_LAG2_C

ouTv

Figure 1-27 Block diagram of the process
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Parameters

1.7 Example07: Optimize pulse controller with PID Self-Tuner

POS_P Binary input signal heating

NEG_P Binary input signal cooling

DISV_H Disturbance variable heating

DISV_C Disturbance variable cooling

DISV_OUT Disturbance variable at output (e.g., ambient temperature)
GAIN_H Process gain heating

GAIN_C Process gain cooling

TM_LAG1_H Heating delay time 1

TM_LAG2_H Heating Delay time 2

TM_LAG1_C Cooling delay time 1

TM_LAG2_C Cooling Delay time 2

ouTVv Output variable (e.g., control zone temperature)

The binary input signals are converted to continuous floating-point values (-100, 0, 100).
After addition of a disturbance variable (for example, ambient temperature) and multiplication
with the process gain, the two first-order delay elements are run through. This procedure is
performed separately in the heating and cooling processes.

During initialization, the output variable is set to
OUTV = DISV_H x GAIN_H - DISV_C x GAIN_C + DISV_OUT.

Operator control and monitoring

Operator control for the example is via the commissioning interface of the Self-Tuner, which
is described in the online help for the Self-Tuner. The commissioning interface can be found
in the "Technology objects" folder for the "tuner" technology object.

Putting the example into operation

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 20 ms. If a time-out occurs in the cyclic
interrupt level, you must increase the cycle time. In this case the simulation is then executed
more slowly. If you are controlling a real process, the cycle time of OB 35 must agree with
the IDB_TUN_CON_P.CYCLE_P sampling time.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the "tuner" technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.
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1.7 Example07: Optimize pulse controller with PID Self-Tuner
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2.1 Example08: Step controller
211 Overview
Control loop

Example08 comprises a PID step controller (fixed-setpoint controller with switching output for
actuators with integrating behavior) and a simulated process.

The following figure shows the complete control loop of Example08.

SP PID- Process
( ) Step controller PROC_S
Iy

PV

End stop signals

Position feedback

Figure 2-1 Control loop of Example08
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2.1 Example08: Step controller

Block call and interconnection

32

The following figure shows the block call and the interconnection of Example08.

0B100
0B35 (100ms)

TRUE (OB100) Exo08

FALSE (0B35) —|COM_RST
T#100ms —|CYCLE

DI1_CRP_IN.STARTVAL

EX08

COM_RST

CYCLE ,

PIDCTR_S PROC_S
{COM_RsST COM RST| [QLMNR HS
CYCLE CYCLE QLMNR LS
LMNR HS QLMNUPj
LMNR LS QLMNDN INV_UP OUTY
INV_DOWN

LMNR —‘

rDIZ CRP_IN.STARTVAL

Figure 2-2  Block call and interconnection of Example08
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21.2 PIDCTR_S: Fixed-setpoint controller with switching output for actuators with
integrating behavior

Application
The PIDCTR_S block realizes a PID step controller for actuators with integrating behavior
(for example, motor-driven control valves in process engineering applications). The following
figure shows the block interconnection of PIDCTR_S.
PIDCTR_S
COM_RST [—o . =
CYCLE | SP_GEN ROC_LIM
o—COM_RST o—{ COM_RST]
o—{CYCLE o—{CYCLE
SP_IN DF_OUTV | [OUTV INV ouTvy
LMNR_HS 1
LMNR_LS 1 LMNGEN_S L8
5] PID L6 ] o—|COM RST
DEADBAND T o—{CYCLE | [QLMNUP_|—{QLMNUP
_ QLMNDN _[—{QLMNDN
" —[CYCLE ELVNR_HS
INV | |ouTv ER LMNR_LS
- LMNR_IN
|—> LMNG_PID| PID_LMNG »|PID_LMNG | LMNG PID—l-
LIMALARM [4
CRP_IN 3 o—|COM_RST
INV
PV_PER INV_PER | [OUTV |—
CRP_IN 7
LMNR_PER INV_PER | [OUTV

Figure 2-3  Block interconnection of PIDCTR_S
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2.1 Example08: Step controller

Description of functions

The SP_GEN setpoint generator specifies the setpoint whose slope is limited by the
ROC_LIM ramp-function generator. The 1/O process value is converted to a floating-point
value by means of CRP_IN and monitored for preset limit values by the LIMALARM limit
monitor. The control deviation is fed via a DEADBAND dead band element to the PID PID
algorithm. The position feedback is read in via a second CRP_IN block. The LMNGEN_S
manipulated variable processing block sets the QLMNUP and QLMNDN output signals.

Warm restart

Each individual block is called at a warm restart. Individual blocks with a warm restart routine
are called in their warm restart routine.

21.3 PROC_S: Process for step controller

Application
The PROC_S block simulates an integrating control valve with a third-order delay process.

The following figure shows the block diagram of PROC_S.

QLMNR_HS

QLMNR_LS
j gy GAN
INV.UP | ;L é
INV_DOWN | ~ ﬁ/ /- [ % [ | % [ OouTV

MTR_TM LMNR_HLM TM_LAG1 TM_LAG2 TM_LAG3
LMNR_LLM

Figure 2-4  Block diagram of PROC_S

Description of functions

The block generates a series connection of an integrating control valve and three first-order
delay elements. The DISV disturbance variable is always added to the output of the control
valve. The MTR_TM motor transition time is the time that the valve requires to pass from
endstop to endstop.

Warm restart

At a warm restart, the OUTV output variable and the internal memory variables are all set to
0.
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214 Putting the example into operation

Use the "device configuration” to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EXO08 function.

Use the TIA Portal to download the example to the CPU.

You can then carry out operator control of the control system using the watch table
contained in the example.

Deactivate manual mode by setting DI_PIDCTR_S.DI_LMNGEN_S.MAN_ON=FALSE.

You can specify a setpoint directly with the DI_PIDCTR_S.SP_IN parameter.

If you want to the use the setpoint generator instead, set
DI_PIDCTR_S.DI_SP_GEN.DFOUT_ON=FALSE. You can then use the OUTVUP and
OUTVDN input parameters of the setpoint generator to continuously increase or decrease
the setpoint.

You can monitor the process value with the DI_PIDCTR_S.DI1_CRP_IN.OUTV parameter
and the actuation signals with the DI_PIDCTR_S.QLMNUP and DI_PIDCTR_S.QLMNDN
parameters.
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2.2 Example09: Conftinuous controller

2.2

2.2.1

Control loop

Example09: Continuous controller

Overview

Example09 comprises a continuous PID controller and a simulated process.

In this example, the process simulation is expanded to include a dead time element. This is
realized with the DEAD_T function block, which uses the DB_DEADT global data block for
data buffering.
If you want to deactivate the dead time element, connect EX09
DI_PIDCTR_C.DI_LMNGEN_C.LMN directly to DI_PROC_C.INV.
The following figure shows the complete control loop of Example09.

Continuous
PIDcontroller

LMN

Process

DEAD_T ||PROC_C

L,(W ) —
PV

Figure 2-5

Control loop of Example09

Block call and interconnection

36

-

The following figure shows the block call and the interconnection of Example09.

0B100

OB35 (100ms)
TRUE (OB100) EX09
FALSE (OB35) —IGOM RST

T#100ms —CYCLE
EX09
COM_RST
CYCLE
PIDCTR_C DEAD_T PROC_C
L COM_RsT L{COM_RST COM_RST
L | CYCLE CYCLE
CYCLE DB_DEADT{DB NBR ouTv
—{ DI_CRP_IN.STARTVAL T#1S-|DEAD_TM | [OUTV INV
DI_LMNGEN_C.LMN INV

Figure 2-6

Block call and interconnection of Example09
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222 PIDCTR_C: Fixed-setpoint controller with continuous output

Application

The PIDCTR_C block realizes a PID controller for continuous actuators. The following figure
shows the block interconnection of PIDCTR_C.

PIDCTR_C
COM_RST [©
CYCLE [ SP_GEN 1 ROC LIM L2
c—{COM_RST COM_RST|
o— CYCLE o | CYCLE
SP_IN DF_OUTV| [OUTV INV ouTV
: 6
PID LMNGEN_C crRP OUT U
o—COM_RST =—{COM_RST
LI o—{ CYCLE oY CYCLE OUTV_PER|HLMN_PER
IG —_ER LMN T INV
|—>LMNG_PID PID_LMNG | pp|PID_LMNG | [LMNG_PID —|
4
LIMALARM
2 o—{COM_RST,
CRP_IN
NV
PV_PER INV_PER ouTV

Figure 2-7  Block interconnection of PIDCTR_C

Description of functions

The SP_GEN setpoint generator specifies the setpoint whose slope is limited by the
ROC_LIM ramp-function generator. The 1/O process value is converted to a floating-point
value by means of CRP_IN and monitored for preset limit values by the LIMALARM limit
monitor. The control deviation is applied to the PID PID algorithm. The LMNGEN_C
manipulated variable processing block generates the LMN analog manipulated variable,
which is converted to the I/O format with CRP_OUT.

Warm restart

Each individual block is called at a warm restart. Individual blocks with a warm restart routine
are called in their warm restart routine.
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2.2 Example09: Conftinuous controller

223

Application

PROC_C: Process for continuous controllers

The PROC_C block simulates a third-order delay process.
The following figure shows the block diagram of PROC_C.

DISV GAIN

s eABE -

TM_LAG1 TM_LAG2 TM_LAG3

Figure 2-8  Block diagram of PROC_C

Description of functions

Warm restart

224

38

The block generates a series connection of 3 first-order delay elements. The DISV
disturbance variable is always added to the INV input.

At a warm restart, the OUTV output variable and the internal memory variables are all set to
0.

Putting the example into operation

Use the "device configuration™" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX09 function.

Use the TIA Portal to download the example to the CPU.

You can then carry out operator control of the control system using the watch table
contained in the example.

Deactivate manual mode by setting DI_PIDCTR_C.DI_LMNGEN_C.MAN_ON=FALSE.

You can specify a setpoint directly with the DI_PIDCTR_C.SP_IN parameter.

If you want to the use the setpoint generator instead, set
DI_PIDCTR_C.DI_SP_GEN.DFOUT_ON=FALSE. You can then use the OUTVUP and
OUTVDN input parameters of the setpoint generator to continuously increase and decrease
the setpoint, respectively.

You can use the DI_PIDCTR_C.DI_CRP_IN.OUTYV parameter to monitor the process value
and the DI_PIDCTR_C.DI_LMNGEN_C.LMN parameter to monitor the manipulated variable.
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2.3 Example10: Pulse controller
2.3.1 Overview
Control loop

2.3 Example10: Pulse controller

Example10 comprises a pulse controller and a simulated process.

The following figure shows the complete control loop of Example10.

Pulse controller

QPOS_P

DISV

_Sp_,,
PV

Process
PROC_P

Figure 2-9

Control loop of Example10
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Block call and interconnection

40

The following figure shows the block call and the interconnection of Example10.

Note

You must set the cycle time of OB 35 to 10 ms in the device configuration once you have
selected your CPU.

0B100
0B35 (10 ms)
EX10
TRUE (OB100)
False (OB35) —|COM_RST
T#10 ms —| CYCLE
EX10
COM_RST LP_SCHED M
\—COMiRST
CYCLE L TM BASE
DB_LOOP—| DB_NBR
DB_LOOP
GLP_NBR 2
ALP NBR 0 PIDCTR
LOOP_DAT[1.MAN_CYC | 4s
LOOP_DAT[1.MAN_DIS__|FALSE COYM LREST
LOOP_DAT[1.MAN_CRST|FALSE CYc
LOOP DAT[1].ENABLE _ |FALSE LVN
LOOP DAT[1].COM RST |FALSE
LOOP_DAT[1].ILP_COU _|FALSE DLCRP_IN.STARTVAL
LOOP_DAT[1].CYCLE s
LOOP_DAT[2.MAN_CYC |20 ms
LOOP_DAT[2|.MAN DIS__|FALSE
[OOP_DAT[2] MAN CRSTFALSE] | | PULSEGEN_M
LOOP DAT[2.ENABLE _ |FALSE H COM RST
LOOP DAT[2.COM RST |FALSE H VGLE 505 P
LOOP_DAT[2[.ILP_COU _|FALSE QPOS._
LOOP DAT[2].CYCLE 20ms H' “{PER_TM
LN
PROC P
COM_RST
CYCLE
ouTvV
POS_P

Figure 2-10  Block call and interconnection of Example10
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2.3.2 PIDCTR: Master controller for continuous controller with pulse generator

Application
The PIDCTR block realizes a PID controller with continuous output. It is used to calculate the
analog manipulated variable within a pulse-pause controller. It is furthermore used as a
master controller in ratio and blending controls and in the cascade control. The following
figure shows the block interconnection of PIDCTR.

PIDCTR

COM_RST|-—o 2

OYOLE Lo SP_GEN 1 ROC_LIM
COM_RST o—{COM_RST
CYCLE o CYCLE

SP_IN DF_ouTV | [QUTV INV oUTV

DEADBAND > PID 6] LMNGEN_C !
o_|COM_RST 5—|COM_RST
- o[CYCLE “fevce
I INV OouTV ER LMN LMN
|-> LMNG_PID [PID_LMNG}—{PID_LMNG | [LMNG_PID —|
PV
cRPN L3} LIMALARM 4
o— COM_RST]
PV_PER INV_PER| [OUTV INV

Figure 2-11  Block interconnection of PIDCTR

Description of functions

Warm restart

The SP_GEN setpoint generator specifies the setpoint whose slope is limited by the
ROC_LIM ramp-function generator. The 1/O process value is converted to a floating-point
value by means of CRP_IN and monitored for preset limit values by the LIMALARM limit
monitor. The control deviation is applied to the PID PID algorithm. The LMNGEN_C
manipulated variable processing block generates the LMN analog manipulated variable.

Each individual block is called at a warm restart. Individual blocks with a warm restart routine
are called in their warm restart routine.
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2.3.3 PROC_P: Process for continuous controller with pulse generator

Application

The PROC_P block simulates a continuous control valve with digital input and a third-order
delay process.

The following figure shows the block diagram of PROC_P.

QLMNR_HS

QLMNR_LS
GAIN
JLMNR Disy
POS_P _{ pemodulation /%—@ /- - % - % L ouTv

PER_TM LMNR_HLM TM_LAG1 TM_LAG2 TM_LAG3
LMNR_LLM

Figure 2-12  Block diagram of PROC_P

Description of functions

The block converts the binary input values of the pulse width modulation into continuous
analog values and delays the output signal with three first-order delay elements after the
feedforward control.

Warm restart

At a warm restart, the OUTV output variable and the internal memory variables are all set to
0.
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234 Putting the example into operation

Use the "device configuration” to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 10 ms. If a time-out occurs in the cyclic
interrupt level, you must increase the cycle time. In this case the simulation is then executed
more slowly. If you are controlling a real process, the cycle time of OB 35 must agree with
the CYCLE sampling time of the EX10 function.

Use the TIA Portal to download the example to the CPU.

You can then carry out operator control of the control system using the watch table
contained in the example.

Deactivate manual mode by setting DI_PIDCTR.DI_LMNGEN_C.MAN_ON=FALSE.

You can specify a setpoint directly with the DI_PIDCTR.SP_IN parameter.

If you want to the use the setpoint generator instead, set
DI_PIDCTR.DI_SP_GEN.DFOUT_ON=FALSE. You can then use the OUTVUP and
OUTVDN input parameters of the setpoint generator to continuously increase or decrease
the setpoint.

You can monitor the process value with the DI_PIDCTR.PV parameter and the manipulated
variable with the DI_PIDCTR.LMN parameter.
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24 Example11: Single-loop ratio controller
241 Overview
Control loop

Example11 comprises a single-loop ratio controller and a simulated process.

PROC_C is used as the process simulation block. This is described in Example09.

In this example, the RMP_SOAK time scheduler is used to simulate the time-dependent PV1
process value, which cannot be influenced by the controller. The time schedule for the PV1
process value is stored in the DB_RMPSK global data block. The output value of this time
scheduler is then used in conjunction with the PV2 process value of the PROC_C block to
generate the PV process value.
The following figure shows the application of Example11 in a complete control loop.

SP ® Continuous

LMN

PV1

Process

PROC_C

RMP_SOAK —‘

controller
PV .
/l

PV2

Figure 2-13  Control loop of Example11

Block call and interconnection

The following figure shows the block call of Example11.

0B100
OB35 (100ms)

TRUE (OB100) EX11

FALSE (0B35) —|COM_RST
T#100ms —|CYCLE

EX11

COM_RST

CYCLE

ﬂ

ﬁDIZ CRP_IN.STARTVAL

RATIOCTR PROC_C RMP_SOAK
L [CoM RsT LiIcoM ReT COM RST
CYCLE CYCLE CYCLE
DB_RMPSK-| DB _NBR
DI_LMNGEN C.LMN 1INV Y TRUE-RVESK ON [5(57y
DI1_CRP_IN.STARTVAL W cYc o W

Figure 2-14  Block call and interconnection of Example11
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242 RATIOCTR: Single-loop ratio controller

Application

The RATIOCTR block realizes a single-loop ratio controller for continuous actuators. The
following figure shows the block interconnection of RATIOCTR.

RATIOCTR
g?c'\:"l_—ERSTj . PID 5] LMNGEN_C 6]
ERR_MON o |COM RST o—{COM_RST
|CYCLE o—{CYCLE
SP_RATIO SP LMN
ER ER
PV
’—>LMNG_PID PID_LMNG |—»|PID_ LMNG LMNG_PID—‘
7
CRP_OUT
CRP_IN 1
; INV_| [OUTV_PER LMN_PER
PV_PER1 —{INV_PER | [OUTV K
CRP_IN 2 LIMITER 3
PV_PER2 {INV PER | [OUTV —{INV ouTvV -

Figure 2-15  Block interconnection of RATIOCTR

Description of functions

The ratio setpoint is defined with the SP_RATIO input parameter. The PV_PER1 and
PV_PERZ2 1/O process values are converted to floating-point values by means of CRP_IN
and the ratio is generated. The floating-point value of PV_PER2 is limited by LIMITER so
that division by zero is not possible. The control deviation is applied to the PID PID
algorithm. The LMNGEN_C manipulated variable processing block generates the LMN
analog manipulated variable that is converted to the 1/0 format with CRP_OUT .

Warm restart

Each individual block is called at a warm restart. Individual blocks with a warm restart routine
are called in their warm restart routine.
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Putting the example into operation

Use the "device configuration™ to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX11 function.

Use the TIA Portal to download the example to the CPU.

You can then carry out operator control of the control system using the watch table
contained in the example.

Deactivate manual mode by setting DI_RATIOCTR.DI_LMNGEN_C.MAN_ON = FALSE.
You can specify a ratio setpoint directly with the DI_RATIOCTR.SP_RATIO parameter. It
must be between 0.75 and 3.0.

You can use the DI_RATIOCTR.DI_ERR_MON.PV parameter to monitor the ratio of the
process value and the DI_RATIOCTR.DI_LMNGEN_C.LMN parameter to monitor the
manipulated variable.
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2.5 Example12: Blending controller
251 Overview
Control loop

Example12 demonstrates a blending controller. It consists of a master controller, three slave
controllers, and the associated simulated processes.

PROC_C is used as the process simulation block. This is described in Example09.

The PIDCTR block from Example10 is used as the master controller. Its mode of operation is

described there.
The following figure shows the application of Example12 in a complete control loop.

BLENDFAC
sp Master |LMN Slave  |LMN Process PV

Z==OH controller Sealing - |——pg-~ ? controller DI1_PROC_C:PROC_C I

BLENDFAC
Slave |LMN Process PV

s | Scalin
9 E=O controller bi2_pROC_CPROC_C T ®

T

BLENDFAC
Slave LMN Process PV

Scaling ZaaO8 controller DI3_PROC_C:PROC_C

Figure 2-16  Control loop of Example12
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Block call and interconnection

The following figure shows the block call and the interconnection of Example12.

0B100
0B35 (100ms)

TRUE (OB100) EX12
FALSE (OB35) _=om ReT

T#100ms —CYCLE

EX12
COM_RST ‘L LP_SCHED_M
CYCLE | ————— —|COM_RST DI_PIDCTR : PIDCTR
CYCLE
COM_RST
DB_LOOP —| DB NBR CYCLE
LMN
DB_LOOP W
GLP_NBR 1
ALP_NBR 0 DI1_RB_CTR_C:RB_CTR C
LOOP_DAT[1].MAN_CYC 800ms
LOOP_DAT[1].MAN_DIS FALSE COM_RST
LOOP_DAT[1].MAN_CRST FALSE CYCLE
LOOP_DAT[1].ENABLE FALSE |-
LOOP_DAT[1].COM_RST FALSE |—
LOOP_DAT[1].ILP_COU 0 +— SP_IN
LOOP_DAT[1].CYCLE 800ms _|——
LOOP_DAT[2].MAN_CYC 800ms
LOOP_DAT[2].MAN_DIS FALSE
LOOP_DAT[2].MAN_CRST FALSE DI2_RB_CTR_C:RB_CTR C
LOOP_DAT[2].ENABLE FALSE
LOOP_DAT[2].COM_RST FALSE COM_RST
LOOP_DAT[2].ILP_COU 0 OYCLE
LOOP_DAT[2].CYCLE 800ms
LOOP_DAT[3].MAN_CYC 800ms
LOOP_DAT[3].MAN_DIS FALSE +—— SP_IN
LOOP_DAT[3].MAN_CRST FALSE =
LOOP_DAT[3].ENABLE FALSE
LOOP_DAT[3].COM RST FALSE
LOOP_DAT[3].ILP_COU 0 DI3_ RB_CTR C:RB_CTR C
LOOP_DAT[3].CYCLE 800ms I _
LOOP_DAT[4].MAN_CYC 800ms COM_RST
LOOP_DAT[4].MAN_DIS FALSE CYCLE
LOOP_DAT[4]. MAN_CRST FALSE
LOOP_DAT[4].ENABLE FALSE
LOOP_DAT[4].COM_RST FALSE 5PN
LOOP_DAT[4].ILP_COU 0 =
LOOP_DAT[4].CYCLE 800ms

Figure 2-17  Block call and interconnection of Example12 (representation without process simulation
blocks)
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252 RB_CTR_C: Continuous slave controller for multi-loop ratio or blending controls

Slave controller

The RB_CTR_C block is used as a slave controller. This block is a continuous PID controller
that can be used as a slave controller in a multi-loop ratio or blending control. The following
figure shows the block interconnection of RB_CTR_C.

RB_CTR_C
COM_RST |-
CYCLE s soaLE O
SP_IN INV
ouTV
RATIO_FAC T
LMN
DEADBAND™ PID 5 LMNGEN_C 6 crP.OUT L
+ o—{COM_RST o—|COM_RST
_MINV o—{CYCLE o—{CYCLE
ouTVv ER LMN INV OUTV_PER}HLMN_PER
»|CMNG PID| [PID_LMNG}—»{PID LMNG LMNGPID—‘
PV
CRP_IN 2 LIMALARM 3
o—COM_RST
PV_PER1 |—{INV_PER | [OUTV INV

Figure 2-18 Block interconnection of RB_CTR_C

Function description of the slave controller

The mode of operation of the RB_CTRL_C slave controller is similar to that of the PIDCTR_C
continuous PID controller from Example09. The input of the slave controller is adapted to the
output of the master controller by means of scaling and is multiplied by a preset ratio or
blending factor.

Warm restart

Each individual block is called at a warm restart. Individual blocks with a warm restart routine
are called in their warm restart routine.
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Putting the example into operation

Use the "device configuration™ to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX12 function.

Use the TIA Portal to download the example to the CPU.

You can then carry out operator control of the control system using the watch table
contained in the example.

Deactivate manual mode by setting DI_PIDCTR.DI_LMNGEN_C.MAN_ON = FALSE.

You can specify a setpoint directly with the DI_PIDCTR.SP_IN parameter.

If you want to the use the setpoint generator instead, set
DI_PIDCTR.DI_SP_GEN.DFOUT_ON = FALSE. You can then use the OUTVUP and
OUTVDN input parameters of the setpoint generator to continuously increase or decrease
the setpoint.

You can monitor the process value with the DI_PIDCTR.PV parameter and the manipulated
variable of the master controller with the DI_PIDCTR.LMN parameter.

The blending factors for the slave controllers are stored in the DIx RB_CTR_C.RATIO_FAC
parameters. The sum of all blending factors must equal "1".

You can use the DIx_RB_CTR_C.PV parameters to monitor the process values and the
DIx_RB_CTR_C.LMN parameters to monitor the manipulated variables of the slave
controllers.
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2.6 Example13: Controller with feedforward control
2.6.1 Overview
Control loop

Example13 comprises a controller with feedforward control and a simulated process.
PROC_C is used as the process simulation block. This is described in Example09.

The following figure shows the application of Example13 in a complete control loop.

DISV
Feedforward
control
SP O Continuous " LMN Process PV
controller PROC_C

Figure 2-19  Control loop of Example13

Block call and interconnection

The following figure shows the block call of Example13.

OB100
OB35 (100ms)

TRUE (OB100) EX13
FALSE (0B35) —|COM_RST

T#100ms —|CYCLE

EX13

COM_RST

CYCLE

CTR_C_FF PROC_C
com_RsT COM RST
CYCLE CYCLE
DI_LMNGEN_C.LMN INV ouTv
DI1_CRP_IN.STARTVAL DISV
rDIZ_CRP_IN.STARTVAL

Figure 2-20 Block call and interconnection of Example13
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2.6.2 CRT_C_FF: Controller with feedforward control

Application

The CRT_C_FF block is a PID controller with feedforward control for continuous actuators.
The following figure shows the block interconnection of CTR_C_FF.

CTR_C_FF
COM RST| <
CYCLE |- SP_GEN 1 ROC_LIM 2
o—|{COM _RST o |COM RsT
—{CcYCLE o—|CYCLE
SPIN DF OUTV | [OUTV NV OUTV
PID 8 LMNGEN_C 9 crP ouT 10
o—|{COM RST o |COM_RST
- o[CYCLE —{CYCLE
I ER LVN INV_| [OUTY |— | PER
= DISV =
rILMNG_PID PID_LMNG |—|PID LTMNG| [[MNG PID =
CRPIN 3 LIMALARM 4
o—|COM _RST
PV_PER NV _PER| [OUTV NV
CRPIN 1 LAGIST (6 NONLIN 7
DISV_PER INV_PER| [OUTV INV_| [OUTV INV_| [ouTV

Figure 2-21  Block interconnection of CTR_C_FF
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Description of functions

The SP_GEN setpoint generator specifies the setpoint whose slope is limited by the
ROC_LIM ramp-function generator. The 1/O process value is converted to a floating-point
value by means of CRP_IN and monitored for preset limit values by the LIMALARM limit
monitor. The control deviation is applied to the PID PID algorithm. The I/O disturbance
variable is converted to a floating-point value by means of CRP_IN , smoothened with
LAG1ST, and linearized with NONLIN via a characteristic curve. The LMNGEN_C
manipulated variable processing block generates the LMN analog manipulated variable that
is converted to the 1/O format with CRP_OUT .

Warm restart

Each individual block is called at a warm restart. Individual blocks with a warm restart routine
are called in their warm restart routine.

2.6.3 Putting the example into operation

Use the "device configuration” to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX13 function.

Use the TIA Portal to download the example to the CPU.

You can then carry out operator control of the control system using the watch table
contained in the example.

Deactivate manual mode by setting DI_CTR_C_FF.DI_LMNGEN_C.MAN_ON = FALSE.
You can specify a setpoint directly with the DI_CTR_C_FF.SP_IN parameter.

If you want to the use the setpoint generator instead, set
DI_CTR_C_FF.DI_SP_GEN.DFOUT_ON = FALSE. You can then use the OUTVUP and
OUTVDN input parameters of the setpoint generator to continuously increase or decrease
the setpoint.

You can monitor the process value with the DI_CTR_C_FF.DI1_CRP_IN.OUTYV parameter
and the manipulated variable with the DI_CTR_C_FF.DI_LMNGEN_C.LMN parameter.
You can inject a disturbance with the DI_PROC_C.DISV input parameter of the simulated
process.

You can also use the DI_CTR_C_FF.DI_PID.DISV_SEL input bit of the controller to
deactivate the feedforward control by resetting the bit.
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2.7 Example14. Range selection controller
271 Overview
Control loop

Example14comprises a range selection controller and a simulated process.
The following figure shows the application of Example14 in a complete control loop.

SP Continuous
controller

Range splitting for 2
continuous
output signals

LMN1

DIfV

Process
PROC_HCC

LMN2

Figure 2-22  Control loop of Example14

Block call and interconnection

The following figure shows the block call of Example14.

0B100
OB35 (100ms)

TRUE (0B100)

EX14

FALSE (0B35) —|COM_RST

T#100ms —|CYCLE

EX14

COM_RST

CYCLE

SPLITCTR

COM_RST

CYCLE
DI1_LMNGEN_C.LMN
DI2_LMNGEN_C.LMN

DI_CRP_IN.STARTVAL

-

PROC_HCC
COM_RST
CYCLE
INV_HEAT ouTVv
INV_COOL

Figure 2-23  Block call and interconnection of Example14
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2.7.2 SPLITCTR: Range selection controller

Application

The SPLITCTR block is a PID controller with range selection for 2 continuous actuators. The
following figure shows the block interconnection of SPLITCTR.

SPLITCTR
COM_RST |—o ; >
CYCLE |- SP_GEN ORI
o—{COM_RST °—|COM_RST
o—|CYCLE o—CYCLE
SN 5 ouTv | [OUTY. INV OUTV
PID S LMNGEN.c
o—|{COM_RST c—{COM_RST
+ o—{CYCLE o—|CYCLE
) ER LVN
»|LMNG _PID| [PID_LMNG}—»{PID_LMNG| [[MNG_PID —‘
CRP_IN 3 LIMALARM 4
o—{COM_RST
PV PER  —INV_PER |[OUTV INV
SPLT RAN 7 LMNGEN.C 8 -
o—{COM_RST o—{COM_RST CRP_OUT
o—{CYCLE o—{CYCLE
INV LMN INV | [OUTV —{LMN1_PER
SPL_LMNG »IPID LMNG
SPLT_RAN 10 LMNGEN. ¢ 11 =
o—{COM_RST o—|{COM_RST CRP_OUT
o—|CYCLE o—|CYCLE
INV LMN INV | [OUTV}—{LMN2_PER
SPL_LMNG »|PID TVMNG

Figure 2-24  Block interconnection of SPLITCTR
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Description of functions

Warm restart

273

Application

The SP_GEN setpoint generator specifies the setpoint whose slope is limited by the
ROC_LIM ramp-function generator. The 1/O process value is converted to a floating-point
value by means of CRP_IN and monitored for preset limit values by the LIMALARM limit
monitor. The control deviation is applied to the PID PID algorithm. The LMNGEN_C
manipulated variable processing block generates the LMN analog manipulated variable. The
manipulated variable range is split into 2 ranges by means of 2 SPLT_RAN blocks. An
analog manipulated variable is determined for each range with LMNGEN_C and converted to
the 1/0O format with CRP_OUT.

Each individual block is called at a warm restart. Individual blocks with a warm restart routine
are called in their warm restart routine.

PROC_HCC: Process with heating and cooling branches

The PROC_HCC block simulates a third-order delay process. It consists of a heating branch
and a cooling branch with one continuous input signal each. For this reason, the block is
suitable for simulating temperature processes that have an actuator for heating and an
actuator for cooling.

The following figure shows the block diagram of PROC_HCC.

Description of functions

Warm restart

56

The block generates a series connection of 3 first-order delay elements. The process
structure is doubled for realizing the additional cooling branch so that the block has two
continuous inputs. The DISV_H and DISV_C disturbance variables are always added to the
INV_HEAT and INV_COOL inputs, respectively.

DISV_H GAIN_H AMB TEM

INV_HEAT ——<£ V— . V— . V— l outv

TMLAG1_H TMLAG2_ H TMLAG3_|

I

DISV_C GAIN_C

INV_COOL ——é) V_ L. V— . V—

TMLAG1_C TMLAG2_C TMLAG3_C

Figure 2-25 Block diagram of PROC_HCC

On warm restart, the output variable is set to
OUTV = (INV_HEAT + DISV_H) * GAIN_H - (INV_COOL + DISV_C) * GAIN_C + AMB_TEM.
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274 Putting the example into operation

Use the "device configuration” to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX14 function.

Use the TIA Portal to download the example to the CPU.

You can then carry out operator control of the control system using the watch table
contained in the example.

Deactivate manual mode by setting DI_SPLITCTR.DI_LMNGEN_C.MAN_ON = FALSE.
You can specify a setpoint directly with the DI_SPLITCTR.SP_IN parameter.

If you want to the use the setpoint generator instead, set
DI_SPLITCTR.DI_SP_GEN.DFOUT_ON = FALSE. You can then use the OUTVUP and
OUTVDN input parameters of the setpoint generator to continuously increase or decrease
the setpoint.

You can monitor the process value with the DI_SPLITCTR.DI_CRP_IN.OUTV parameter and
the manipulated variable with the DI_SPLITCTR.DI_LMNGEN_C.LMN parameter.

You can use the DI_SPLITCTR.DI1_LMNGEN_C.LMN and
DI_SPLITCTR.DI2_LMNGEN_C.LMN parameters to monitor the manipulated variables that
result from the range splitting for the continuous actuators.
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2.8 Example15: Override controller
2.8.1 Overview
Control loop

Example15 comprises an override controller and a simulated process.

PROC_S and PROC_C are used as the process simulation blocks. They are described in
Example08 and Example09.

In the example, the override controller is parameterized as a limit controller. For this
purpose, the controller with the smaller manipulated variable is used to generate the
actuation signals.

The DI_OVR_CTR.DI1_PID controller is active in normal operation and controls the PV1
process value from PROC_C to the SP1 setpoint.

The DI_OVR_CTR.DI2_PID controller only intervenes if the PV2 process value from
PROC_S approaches the SP2 limit value (default 50.0) too closely.

The following figure shows the application of Example15 in a complete control loop.

SP1(~ PID controller 1 Ocv;r:[:g? QLMNUP Process
with step | o npny |PRoc_s|» PROC_C
controller
SIZENE PID controller 2

PV2 PV1

Figure 2-26  Control loop of Example15

Block call and interconnection

The following figure shows the block call and the interconnection of Example15.

0B100
OB35 (100ms)

TRUE (OB100) EX15
FALSE (0B35) —|COM_RST
T#100ms —|CYCLE

EX15
COM_RST
CYCLE
OVR_CTR PROC_S PROC_C
LICOM_RST -/COM RST][ LMNR _|— | -{COM_RST
—{_CYCLE CYCLE_|[QLMNR_HS|— CYCLE
LMNR_IN_| [[QLMNUP :IINV_UP QLMNR LsT
—|LMNR_HS]| [ QLMNDN INV_DOWN[ _ouTv INV ouTv
LMNR_LS
DI1_CRP_IN.STARTVAL
’}DIZ CRP_IN.STARTVAL
]

Figure 2-27 Block call and interconnection of Example15
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2.8.2 OVR_CTR: Override controller

Application

The OVR_CTR block is an override controller. Two PID controllers are connected to a step
controller output. The following figure shows the block interconnection of OVR_CTR.

OVR_CTR
COM_RST o
CYCLE | SP_GEN 1 ROC_LIM 2
o—|COM_RST o—{COM_RST
o—{CYCLE o—{CYCLE
SP_INT DF_OUTV | [OUTV INV ouTv
LMNR_HS N
LMNR_LS
LMNR_IN i
DEADBAND "> PID 6]
o—|COM_RST
" o—{CYCLE
) INV__| [OUTV ER
|—>LMNG7PID PID_LMNG
LIMALARM 4
CRP_IN 3 +—{COM_RST
- {INV
PV_PER1 HINV PER |[OUTV H
OVERRIDE 13 LMNGEN_S 14
o—|COM_RST
o—|CYCLE ||
SP_GEN ! ROC_LM 8 gtmgz __g::mgz
o—{COM_RST |COM_RST LMNR_HS
—CYCLE o—{CYCLE LMNR_LS
SP_IN2 —{DF OUTV | |[OUTV }—INV ouTV —|PID1_OVR LMNR_IN
—»|PID2_OVR]| [OVR_LMNG|—{PID_LMNG | |[LMNG _PIDH
DEADBAND PID 12
o—|COM_RST
" —{CYCLE
“HINV_ | [oUTV ER
—»|CMNG PID| [PID_LMING

CRP_IN 9 LIMALARM (10
o—|COM _RST,
PV PER2 |—INV_PER | [OUTV NV

Figure 2-28 Block interconnection of OVR_CTR
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Description of functions

Warm restart

2.8.3

60

The SP_GEN setpoint generators specify the setpoints whose slopes are limited by the
ROC_LIM ramp-function generators. The I/O process values are converted to floating-point
values by means of the CRP_IN instruction and monitored for preset limit values by the
LIMALARM limit monitors. The control deviations are applied to the PID blocks. The
manipulated variables of the two PID blocks are suppled to an OVERRIDE block. Here,
either the maximum or the minimum of the two manipulated variables is determined and
forwarded to the LMNGEN_S manipulated variable processing block. LMNGEN_S can only
function in "Step controller with position feedback" mode in the override controller.

Each individual block is called at a warm restart. Individual blocks with a warm restart routine
are called in their warm restart routine.

Putting the example into operation

Use the "device configuration™" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the CYCLE sampling time of the EX15 function.

Use the TIA Portal to download the example to the CPU.

You can then carry out operator control of the control system using the watch table
contained in the example.

Deactivate manual mode by setting DI_OVR_CTR.DI_LMNGEN_S.MAN_ON = FALSE.

First specify a low SP1 setpoint (e.g., 28.0) for the DI_OVR_CTR.SP_IN1 parameter, and
wait until the control has responded.

Then specify a high setpoint (e.g., 92.0) for the DI_OVR_CTR.SP_IN1 parameter.

From the DI_OVR_CTR.DI_OVERRIDE.QPID1 and DI_OVR_CTR.DI_OVERRIDE.QPID2
parameters, you can recognize that the second controller takes over the actuation signal
generation for a limited time when this setpoint step change occurs. This prevents process
value PV2 DI_OVR_CTR.DI2_CRP_IN.OUTV from exceeding its limit value SP2
DI_OVR_CTR.SP_IN2 (default 50.0).

You can also use the DI_OVR_CTR.DI_OVERRIDE.PID1_ON and
DI_OVR_CTR.DI_OVERRIDE.PID2_ON input bits to manually specify which controller is to
be used to generate the actuation signal.

You can monitor the PV1 process value with the DI_OVR_CTR.DI1_CRP_IN.OUTV
parameter and the actuation signals with the DI_OVR_CTR.QLMNUP and
DI_OVR_CTR.QLMNDN parameters.
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2.9 Example16: Optimize continuous controller with PID Self-Tuner

Overview

This example contains a simple control loop that consists of a PID controller and a Delay
time 2 element as a model controlled system for a temperature process. It is an example of
the application of the Self-Tuner with a continuous PID controller.

PV

P
S—»O—» TUN_CON_C LMN 1 proC C T

Figure 2-29  Control loop of Example16

Program structure

The IDB_TUN_CON_C block is an instance DB of the TUN_CON_C FB that contains the
calls of the Self-Tuner and controller. The TUN_CON_C FB and the PROC_C process
simulation FB are called in OB 35.

Process block for simulating a temperature process

The block simulates a process with a third-order delay element. For temperature processes,
you choose Delay time 2 response with a large and a small time constant (TM_LAG1 = 15 x
TM_LAG2 and TM_LAG3 = 0s).

DISV G¢IN
o)

Figure 2-30 Block diagram of the process

—> —» 4 —» OUTV

TM_LAG1 TM_LAG2 TM_LAG3

Parameters
INV Input variable (manipulated variable of controller)
DISV Disturbance variable
GAIN Process gain
TM_LAG1 Delay time 1 (for temperature processes)

TM_LAG2 Delay time 2 (TM_LAG1 = 15 x TM_LAG2)
TM_LAG3 Delay time 3 (= 0 for temperature processes)
OouTVv Output variable (e.g., temperature)

After addition of the analog input signal and a disturbance variable and multiplication with the
process gain, three first-order delay elements are run through.

During initialization, the output variable is set to OUTV = DISV x GAIN.
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Operator control and monitoring

Operator control for the example is via the commissioning interface of the Self-Tuner, which
is described in the online help for the Self-Tuner. The commissioning interface can be found
in the "Technology objects" folder for the "tuner" technology object.

Putting the example into operation

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 100 ms (default setting). If a time-out
occurs in the cyclic interrupt level, you must increase the cycle time. In this case the
simulation is then executed more slowly. If you are controlling a real process, the cycle time
of OB 35 must agree with the IDB_TUN_CON_C.CYCLE_P sampling time.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the "tuner" technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.
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2.10 Example17: Optimize step controller with PID Self-Tuner

Overview

This example contains a simple control loop that consists of a PID controller and a Delay
time 2 element with an actuator with integrating behavior as a model controlled system for a
temperature process. It is an example of the application of the Self-Tuner with a PID step
controller.

QLMNUP
PV

SP—»O—} TUN_CON_S PROC_S
T QLMNDN

Figure 2-31  Control loop of Example17
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Program structure

The IDB_TUN_CON_S block is an instance DB of the TUN_CON_S FB that contains the
calls of the Self-Tuner and controller. The TUN_CON_S FB and the PROC_S process
simulation FB are called in OB 35.

Process block for simulating a temperature process

The block simulates a process with a third-order delay element. For temperature processes,
you choose Delay time 2 response with a large and a small time constant (TM_LAG1 = 15 x
TM_LAG2 and TM_LAG3 =0 s).

INV.UP  —p \4 > —\—: auum
INV_DOWN —— > 7/ I E—— gtmi‘ﬂf

MTR_TM LMNR_HLM
LMNR_LLM

DISV GAIN

4&% a —> | —> | —» ouTv

TM_LAG1 TM_LAG2 TM_LAG3

Figure 2-32  Block diagram of the process
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Parameters

INV_UP Manipulated variable signal up
INV_DOWN Manipulated variable signal down
DISV Disturbance variable
GAIN Process gain
MTR_TM Motor transition time
LMNR_HLM High limit of actuator
LMNR_LLM Low limit of actuator
TM_LAG1 Delay time 1
TM_LAG2 Delay time 2
(for temperature processes:
TM_LAG1 =15 x TM_LAG2)
TM_LAG3 Delay time 3
(= 0 for temperature processes)
ouTVv Output variable (e.g., temperature)
LMNR Position feedback
QLMNR_HS High limit of endstop signal
QLMNR_LS Low limit of endstop signal

Depending on the INV_UP and INV_DOWN input signals, the LMNR position feedback is
calculated using an integrator. The position feedback is limited to LMNR_HLM and
LMNR_LLM. When the limit is reached, the QLMNR_HS and QLMNR_LS endstop signals
are set.

After addition of a disturbance variable and subsequent multiplication with the process gain,
three first-order delay elements are run through.

During initialization, the OUTV and LMNR output variables are set to zero.

Operator control and monitoring

Operator control for the example is via the commissioning interface of the Self-Tuner, which
is described in the online help for the Self-Tuner. The commissioning interface can be found
in the "Technology objects" folder for the "tuner" technology object.

Putting the example into operation

64

Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 20 ms. If a time-out occurs in the cyclic
interrupt level, you must increase the cycle time. In this case the simulation is then executed
more slowly. If you are controlling a real process, the cycle time of OB 35 must agree with
the IDB_TUN_CON_S.CYCLE_P sampling time.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the "tuner" technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.
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Overview

2.11 Example18: Optimize pulse controller with PID Self-Tuner

Example18: Optimize pulse controller with PID Self-Tuner

This example contains a simple control loop that consists of a PID controller with pulse
generation and a Delay time 2 element as a model process for a temperature process. It is
an example of the application of the Self-Tuner with a continuous PID controller with pulse
generation.

QPOS_P
= PV

SP—»O—} TUN_CON_P PROC_HCP
T QNEG_P

Figure 2-33  Control loop of Example18
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Program structure

The IDB_TUN_CON_P block is an instance DB of the TUN_CON_P FB that contains the
calls of the Self-Tuner and the controller. The TUN_CON_P FB and the PROC_HCP process
simulation FB are called in OB 35.

Process block for simulating a temperature heating zone

The block simulates a typical temperature process for heating and cooling as it can occur as
a control zone in a extruder, an injection molding machine, a tempering machine or as a
separate furnace in reality.

POS_P DISV.H  GAIN_H

DISV_OUT
100——
A e

TM_LAG1_H TM_LAG2_H l l

NEG_P DISV_C GAIN_C
-100——
S W

TM_LAG1_C TM_LAG2_C

ouTv

Figure 2-34  Block diagram of the process
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Parameters

POS_P Binary input signal heating

NEG_P Binary input signal cooling

DISV_H Disturbance variable heating

DISV_C Disturbance variable cooling

DISV_OUT Disturbance variable at output (e.g., ambient temperature)
GAIN_H Process gain heating

GAIN_C Process gain cooling

TM_LAG1_H Heating delay time 1

TM_LAG2_H Heating Delay time 2

TM_LAG1_C Cooling delay time 1

TM_LAG2_C Cooling Delay time 2

ouTVv Output variable (e.g., control zone temperature)

The binary input signals are converted to continuous floating-point values (-100, 0, 100).
After addition of a disturbance variable (for example, ambient temperature) and multiplication
with the process gain, the two first-order delay elements are run through. This procedure is
performed separately in the heating and cooling processes.

During initialization, the output variable is set to
OUTV =DISV_H x GAIN_H - DISV_C x GAIN_C + DISV_OUT.

Operator control and monitoring

Operator control for the example is via the commissioning interface of the Self-Tuner, which
is described in the online help for the Self-Tuner. The commissioning interface can be found
in the "Technology objects" folder for the "tuner" technology object.

Putting the example into operation
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Use the "device configuration" to adapt the configuration of the hardware structure from the
example to your real plant. Choose the appropriate CPU (right-click "Unspecified CPU" ->
"Change device"), and set the cycle time of OB 35 to 20 ms. If a time-out occurs in the cyclic
interrupt level, you must increase the cycle time. In this case the simulation is then executed
more slowly. If you are controlling a real process, the cycle time of OB 35 must agree with
the IDB_TUN_CON_P.CYCLE_P sampling time.

Use the TIA Portal to download the example to the CPU.

Open the commissioning interface of the "tuner" technology object in the "Technology
objects" folder, and perform the commissioning as described in the online help.
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