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LOOP CONTROL AND MORE CONTROL FUNCTIONS

OBJECTIVE

In this chapter, the students get to know the essential components and the demands on a
block for continuously controlling process variables; they will also learn to set up and
configure a temperature control by using the blocks CTRL_PID and PULSEGEN.

THEORY IN SHORT

In the process industry, certain process variables have to be kept to a certain value
(disturbance variable), or process variables have to be set stability-oriented to specified
setpoints (response to setpoint changes). To this end, control loops are used as
shown in Figure 1.

Disturbance

variables z
System Manipulated
deviation e variable y Process variable =
controlled variable
Setpoint w Loop t—p System X
A controller

Figure 1: Control Loop

For our plant, the reactor temperature has to be set to a certain value for the reaction
control to be in accordance with the specification. The disturbance variables are the
ambient temperature and the materials that are used having different temperatures. For the
temperature to be regulated, we first have to ascertain it by measurement. This measured
value that corresponds to the actual value of the process variable is then compared with
the desired value (setpoint). The difference between theactual value and the setpoint is
called (system) deviation.

If the system deviation is known, counter-measures can be derived. Regarding
temperature regulation, the heater is switched on if the measured actual value is lower than
the specified setpoint. For the process to handle this autonomously, a controller is needed.
A controller that calculates the manipulated variable based only on the current deviation is
called a proportional controller (P-controller for short).

In practice, controllers prevailed that can, with the aid of a few parameters, be used for a
wide range of processes, the so-called PID controllers.

The PCS7 Standard Library V71 contains proven blocks that implement this function.
Below, the block CTRL_PID is used.
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THEORY

INTRODUCTION

The P-controller mentioned above is the simplest one. It works according to the principle:
the larger the current deviation, that larger the manipulated value. That is, its behavior is
derived directly from the current system deviation —which makes it fast and dynamically
relatively favorable. However, certain disturbances are not completely compensated; i.e., a
system deviation always remains.

Not every system tolerates a sustained system deviation. For that reason, additional steps
have to be taken. One option is adding an integral component, which changes the P-
controller into a Pl controller. The effect of the integral component is this: a sustained
system deviation is totaled. Thus, the manipulated value increases although the system
deviation remains the same.

If abrupt disturbances occur in a system, they can be quickly counteracted with an
additional differentiating component. The D-component calculates the manipulated
variable using the time deviation of the system deviation. However, this behavior causes
stochastic disturbances (noise). Here, an effective compromise has to be found. .

A combination of P, | and D components is referred to as a PID controller. In the process
industry, 95% of applications are implemented with these controllers since the PID
controller is set with only three parameters (gain, TN (reset time, integral action time) and
TV (rate time, derivative time). These few parameters already allow for a good adaptation
to numerous different dynamic processes.

However, setting the parameter presupposes knowledge of the system to be controlled.
The knowledge about the system can be gained from experience, it can be ascertained
experimentally, or it can be calculated by modeling the process. For a wide range of
processes that are not dominated by delays and respond in a similar manner to positive as
well as negative changes of manipulated variable interventions, it was possible to come up
with different rules for controller adjustment suitable in practice. Examples are the rules for
controller adjustment according to Chien, Hrones and Reswick [1], the method by Ziegler
and Nichols [2] as well as the T-Sum Rule [3].

The process control system PCS7 supports setting the parameters using a PID tuner.

For the controller block CTRL_PID, the three parameters are GAIN, TN for the integral
component, and TV for the differential component. In addition, there is the parameter
TM_LAG that sets the delay time for the D-component. The time is specified in seconds.
The input variable of the controller is the system deviation ER, and the output variable is
the manipulated value LMN that is calculated according to the following formula:

LMN = GAIN | 14+ —— 4TV .ER.
IN-s 1+TM LAG-s
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INDUSTRIAL SUITABILITY OF CONTROLLERS

For a controller to work day by day and meeting industrial demands, additional functions
have to be implemented. Primarily, these are:

— Bumpless changeover
— Anti reset windup (ARW)
— Support of different controlled system structures

The bumpless changeover is to prevent an abrupt change of the manipulated variable
when switching between the manual and automatic mode, between internal and external
setpoint selection, or when parameters are changed. A bumpless changeover between the
manual and the automatic mode is required, for example, when a process in process
engineering runs semi-automatically; i.e., when we perform the startup manually and then
switch to the automatic mode for regular operation. In the manual mode, the operator
specifies the manipulated variable directly, while in the automatic mode, the control
algorithm calculates the manipulated variable.

The function anti-reset windup (ARW) is to prevent that the integral component (reset) of
the manipulated variable continues to increase (wind up), since it is not possible to adjust a
system deviation because of the manipulated variable restriction, for example.

Supporting the different control structures allows for optimizing the control system without
having to replace the controller. In the chapter 'Expanded Control Structures’, some of
these control structures are explained in greater detail. With CTRL_PID from the PCS7
Standard Library V71, the following control structures can be implemented:

— Fixed setpoint control

— Cascade control (single/multiple cascades)

— Ratio control

— Synchro control

— Blending control

— Feed forward injection of disturbance variable

With this block, the majority of control structures common in the process industry can be
implemented. For connections going beyond thise -such as split range control, Smith-
Pradikator control and override control- the PCS7 Advanced Process Library V71
provides the continuous PID controller PIDConL.

EXPANDED CONTROL STRUCTURES

For some applications, single loop control loops are not sufficient so that expanded control
structures have to be used to attain the desired objective.

If for a process variable, the response to setpoint changes and to the disturbance variable
can not be optimized satisfactorily, a feed forward control /auxiliary variable control or a
cascade control can be used.

If the disturbance variable can be measured and its point of attack is known, a
compensation of the disturbance variable can be applied to the controller input or output.
With the feed forward control, the disturbance variable can be compensated
completely so the controller can be set to the optimum command behavior (response to
setpoint changes).
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Figure 2: Feed forward control at the input (1) or the output (2) of the loop controller

If it is not possible to set the disturbance variable but another variable in the system, this
auxiliary variable is connected with a controller to the controller input. Applying the
auxiliary variable reduces the influence of the disturbance variable, but does not
compensate it completely.

Auxiliarx
variable x;
t Compensation <
Disturbance
variables z
System Manipulated
_ deviation e variable y
Loo Process variable
Setpoint w p P Subsystem P Subsystem = controlled
controller 8

+ variable x4

Figure 3: Compensation by auxiliary variables

If the injection is made at the controller input, compensation and controller are not
independent of each other. That means: if the controller parameters are adjusted, the
compensation has to be adjusted also.

If applying the disturbance and auxiliary variable is not sufficient, or if it is not possible to
determine the point of attack of the disturbance variables with sufficient accuracy, or model
the subsystems with sufficient accuracy, a two or multi-loop cascade control is used.

When designing the cascade control, it is assumed that the underlaid control loops
(Controller 2 in Figure 4 -a socalled slave controller) respond faster than the overlaid
control loops (Controller 1 in Figure 4 -a socalled master controller). Thus, the control is
always optimized from the inside toward the outside.

The cascade control reduces the influence of the disturbance variable and makes the
control faster. To use the cascade control, correspondingly measurable variable have to
exist.

I < ) &1 yi=wa €2 Y2 X2
Loop Loop
Wi . controller 1 ) < > > controller 2 Subsytem Subsystem
- T ) N

Figure 4: Cascade control with two loops

\ 4
v

TIA Training Manual Page 4 of 36 Module P01_06
Status: 12/2010 PCS 7 for Universities



SI E M E N s Industry Automation and Drive Technologies - SCE

Ratio control is used if the process variable is determined in dependence of another
variable; for example, the ratio control of two liquid streams that are to be blended; i.e.,
controlling the composition of the blend; or the ratio control of combustion gas and fresh air
in a gas burner for optimum combustion. The setpoint of the process variable w; is
calculated from the ratio r,, and the process variable x;.

_> W- e

T, 2 2 Y2 X2

" Loop System 2
controller 2 |

v

€1 Loop Y1
controller 1

A4

System 1 X4

Figure 5: Ratio control

CONNECTING TO PROCESSES

The continuous output signal of the controller is not always read out at the process. This is
particularly inadvisable for great forces or large streams. For that reason, binary
connections are used. To this end, the analog signal is changed into a binary signal by
means of pulse width modulation. The PCS7 provides the elementary block
PULSEGEN [4] for this.

By modulating the pulse width, the function PULSEGEN transforms the input variable INV
(= LMN manipulated value of the PID controller) into a pulse sequence of a constant
period. It corresponds to the cycle time with which the input variable is updated, and has to
be parameterized in PER_TM.

The pulse duration for each period is proportional to the input variable. Here, the cycle
parameterized with PER_TM is not identical with the processing (machining) cycle of the
function block PULSEGEN. As Figure 6 shows, a cycle PER_TM () consists of several

processing cycles (1) of the function block PULSEGEN. The number of PULSEGEN calls
for each PER_TM cycle represents here the measure for the accuracy of the pulse width

modulation.
A
INV 100—
(LMN) = 80
- 50
50—
— 30
0 =
QPOS_P §
1 —_
| | g
D p—
Ho |
- -”2}
PER.TM =
Figure 6: Time curve of input INV to output QPOS_P with PULSEGEN [4]
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An input variable of 30% at 10 PULSEGEN calls for each PER_TM means the following:
— 1 at output QPOS for the initial three calls of the PULSEGEN (30% of 10 calls)

— 0 at output QPOS for seven additional calls of the PULSEGEN (70% of 10 calls)

At the start of each period, the pulse duration is recalculated. Through a sampling ratio of
1:10 (CTRL_PID calls to PULSEGEN calls), the manipulated value accuracy in this
example is limited to 10%. Specified input values INV can be mapped only in the raster of
10% to a pulse length at output QPOS. Correspondingly, accuracy increases with the
number of PULSEGEN calls for each CTRL PID call. If PULSEGEN is called 100 times and
CTRL PID only once, the resolution is 1% of the manipulated variable range.

A\

Note: You have to program the down scaling of the call frequency yourself.
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STEP BY STEP INSTRUCTIONS

TASK

OBJECTIVE

Corresponding to the information provided in the chapter 'Process Description’, we are
supplementing the CF charts in Chapter Functional Safety.

The following CFCs are created here:

A1T2HO003: Manual operation Educt BO03 to Reactor R001

A1T2HO007: Manual operation Reactor RO01 Stirring

A1T2HO008: Manual operation Reactor R001 Heating

A1T1S003: Pump Discharge Educt Tank BO03

A1T1X006: Open/Close Valve Inlet Reactor RO01 from Educt Tank BO03
A1T2X003: Open/Close inlet Reactor R0O01 from Educt Tank BO03
A1T2S001: Stirrer Reactor R001

A1T2T001: Temperature Reactor R0O01

The following lock conditions have to be noted:

Actuators are to be switched only if the main switch of the plant is switched on and the
emergency OFF switch is unlocked.

No container must overflow; i.e., there is either an encoder that signals the maximum
level, or the maximum level (here: 1000ml) is known numerically and is evaluated by
means of the measured level.

No pump must draw in air; i.e., there is either an encoder that signals the minimum
level, or the minimum level (here: 50ml) is known numerically and is evaluated by
means of the measured level.

A pump must not attempt to draw in liquid from a closed valve, or press liquid against a
closed valve.

The temperature in both reactors must not exceed 60°C.

The heaters in both reactors must be started only if they are covered with liquid (here: a
minimum of 200ml in the reactor).

The stirrers in both reactors should be started only if they come into contact with a
liquid (here: a minimum of 300ml in the reactor).

In this chapter, the student gains:

Additional experience in programming with CFCs

Knowledge of programming a continuous controller with pulse output and locks.
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PROGRAMMING

1. To program the manual operation for filling Reactor R001from Educt Tank B0O03, we
are setting up a new CFC in the SIMATIC Manager in the plant view for the EMSR
location A1T2H003. Follow the screen shots below and the entries:

_ SIMATIC Manager - SCE_PCS7_MP
File Edit Insert PLC Wiew Options ‘Window Help

(D 3T | & B ue [0 = %[0 & & | & |[<Nofko ~1Y | %R @

™ SCF PCS7 MP (Comnanant view -- D:\PraarammelSIFMEN.__ [ _ (M|

SCE_PCS7_MP
Bp SCE_PCST_Pyj
{7 Shared Declarations
SCE_factary
A1_multipurpose_plant
al T1_educt_tanks
A1T15003
A1T1=006
T2 reaction
[ A1T2H003

local operation educt BODS to reackor ROOL
Included in HID: no

(B A1T2HO1T
A1T200M
A1T25001

(B 41725003

] 41727001

[ 41722003

B3 T2 cendiint bowkoa

Press F1 to get Help, PC internal {local) '_,ﬁ

iB.CFC - [A1T2HOO3 -- SCE_PCST_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T2HO003]

1
ES_FF
"AL1.T2.A4T2HO@3F . HE+.ZTART" I+4.4
aduct BEEZ to veacktor ROOL start E

“AL. T2 A4AT2ZHEEI _HE-_STOP" I4.5

educt BEEI o veacktor ROOL stop
"Al_ALHE@A HE4-_EZTAET" I0.0

Main power switch multipurpose plant
"A1_ALHOEZ _HE+-_0FF" I0.4

emergency switch OFF

"A1_ALHEEE _HE4-_LOC" I0.2

lacal spevation mode zwitch

"AL1.T4 AATALO@S _LZA-_3A=-" I3.1

dewel monitering aduct tank BOOF switchp

- |
CHMP_E
EEAL-Com
T nWALTZLOEA(A,d1WLIzA+_AiTZloOd| | TS 6T
U Process walue 1808 . A—{IN3 | GE |-
EQ—
LE —
LT —
hel
AL i
Press F1 for help. |&/Sheet 1 |DB38 A1T2H003 A1T2HO033 7
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5. CFC - [A1T2H003 -- SCE_PCST_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T2H003] =13
Chart Edit Insert CPU Debug Wiew Options indow Help - a8 x

D@ &| & E BEE| S« eidn| 9 =% 5 BN Jaca 2EMme

E

L. nT2 veaction AAT 2XO0 3N SAAT2ZXOD3 (A, 10N
M1
---nT2_veactionALT 20055 SAITZXODS (A1)

- JSAATAXEOESNALTAXOEE (A, 1158
EES
- SAATAXOEES S ALTAXOOE (A, 1157
IES
- SAATAZOOESSALTAZ005 (A, 1044
M1

“A1. T2 _AITZHOOS  HO+=-_ 04" 043
educt BEOS to reactor FOD1 staotus

A/ LY ,

Press F1 for help. AdSheet 1 OB35 A1T2HOOZ A1T2HO0343

Table 1: New Blocks in Chart '"A1T2H003/Sheet1’

Block Catalog/Folder Number .°f
Connections

RS _FF / RS FlipFlop Blocks/FLIPFLOP

OR / Or function Blocks/BIT_LGC 6

CMP_R / Comparator | Libraries/PCS 7 Library V71/

for REAL values Blocks+Templates\Blocks/COMPARE

Table 2: Input Connections in Chart '"A1T2H003/Sheet1’
Input Connected to Inverted
RS FFA1.S ‘A1.T2.A1T2H003.HS+.START' / 14.4 / Start no
- Educt B0O03 to Reactor R001
OR.2.IN1 'A1.T2.A1T2H003.HS-.STOP’ / 14.5 / Stop no
- Educt B003 to Reactor R001

OR.2 IN2 ‘A1 ./_-\1HOO1 .HS+-.START’ /10.0 / Switch on yes
multi-purpose plant

OR.2IN3 ‘A1.A1H002.HS+-.OFF’ /10.1 / Activate yes
emergency OFF

OR.2.IN4 'A1.A1_HOO3.HS+-.LOC’ /10.2 / Activate local | yes
operation
‘A1.T1.A1T1LO03.LSA-.SA- / 13.1 / Level yes

OR.2.IN5 monitoring Educt Tank BO03 Operating Point
L

CMP R.3.IN1 A1T2L001(A,1)/ CH_AI.LISA+_A1T2L001.V

- Process value
CMP_R.3.IN2 1000.0
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Table 3: Block Connections in Chart '"A1T2H003/Sheet1’

Input Output Inverted
RS FF.1.R OR.2.0UT no
OR.2.IN6 CMP_R.3.GT no
Table 4: Output Connections in Chart ‘A1T2H0003/Sheet1’
Output Connected to Inverted
RS FF.1.Q 'A1.T2.A1T2H003.HO+-.0-' / Q4.3 / Educt no
- B003 to Reactor R001 Status value

The other connections that are visible here
RS_FF.1.Q are generated later from the charts

A1T2X003, A1T1X006 and A1T1S003.

2. To program the manual operation for the stirrer in Reactor R001, we are setting up a

new CFC in the SIMATIC Manager in the plant view for the EMSR location
A1T2HO007. Follow the screen shots below and the entries:

& SIMATIC Manager - SCE_PCS7_MP

% SCF PCST. MP (Comnanent view) -- D:\Prosramme\SIFMFN._. [_ 771 |

SCE_PCS7_MP [Plant View) -
-8 SCE_PCST_Pri
¢ -] Shared Declarations

BX

Press F1 to gek Help,

ha] SCE_factory

Bq] A1 _multipurpogse_plant
~[E A1T15003

©[ER ATT1X006

] T2 reaction
B 4172H003
[ A1T2HO07

local operation reactor RO skirring
Included in HID: no

B A1 T2
[ A1T 25007
B A1T25003
[ A1T2T007
B A1T 24003

M @3 T credink bonln

|PC inkermal {local)
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3 CFC - [A1T2ZHOOT -- SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T2H0O07]

[@% Chart Edit Insert CPU Debug Wiew Options ‘Window Help e o
£ 1, B oa | - o S
NE&| s =8 hoE Cendn| 9 e x =% @O KA BEMN
A
T 2
RS_FF .
"A1.TZ. AITZADET _AS+ START" I&.6
veacker ROOL skivring skark &
"A1.TZ. AATZAO0T HS-.STOF" 147 2
veacter RODL stirring skop | 0E
“A1.AIHODA HS+-.START" I8.0
Main power switch multipurpese plank
“A1.AAHEEZ HI+- OFF" I&_4
smwavgency suiteh OFF
"A1.AAHEDE HT+-_LOC" 1.2
local operation mede switch
T NNRITZLGDA(A,AVNLISA+ _ALTZLO0A THA T sl
U Process walue 300 .8—IN2 ] GE
Eal-
LE-
LT
v
1 B\CYARN »
Press F1 far help, |A75heet 1 |0B3% A1T2HOO7 A1T2HOO7A3

i3 CFC - [A1T2HOOT - SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T2H007] =13
[ Chart Edit Insert CPU Debug Wiew Options Window Help e ek s
= DB BEE| & | edn| ¥ ax=E | BON ] ea =SMse
Za
coonT2_veaction W AAT2E004%%ALT2E@OL (A, 40
I
A1 T2Z_ALTZHAOT _HO+-_.0+" A4_7
reactor RO@1 stirvrrinae status
v
Al »
i [A/Shest1  |OB35 ATTZHOO7 ATTZHOOT\3
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Table 5: New Blocks in Chart '"A1T2H007Sheet1’

Number of

Block Catalog/Folder Connections

RS_FF / RS-FlipFlop Blocks/FLIPFLOP

OR / Or function Blocks/BIT_LGC 5
CMP_R / Comparator | Libraries/PCS 7 Library
for REAL values V71/Blocks+Templates\Blocks/COMPARE

Table 6: Input Connections in Chart '"A1T2H007Sheet1’

Input Connected to Inverted
RS FFA1.S ’A_1 ._T2.A1T2HOO7.HS+.START /14.6 / Start No
- stirring reactor R001

'A1.T2.A1T2H007.HS-.STOP’ / 14.7 / Stop No

OR.2.IN1 -
stirring reactor R001

OR.2.IN2 'A1.A1H001 .HS+-.START’ / 10.0 / Switch on yes
multi-purpose plant

OR.2.IN3 'A1.A1H002.HS+-.OFF’ / 10.1 / Activate yes
emergency OFF

OR.2.IN4 'A1.A1_H003.HS+-.LOC /10.2 / Activate local | yes
operation

CMP R.3.IN1 A1T2L001(A,1)/ CH_AILISA+ A1T2L001.V

- Process value
CMP_R.3.IN2 300.0
Table 7: Block Connections in Chart 'A1T2H007Sheet?’

Input Output Inverted

RS FF.1.R OR.2.0UT no

OR.2.IN5 CMP_R.3.LT No

Table 8: Output Connections in Chart '"A1T2H0007Sheet1’

Output Connection to Inverted
A1.T2.A1T2H007.HO+-.0O-" / A4.7 /| Reactor | nein

RS_FF.1.Q ROO01 stirring Status value

RS FF.1.Q The second connection visible here will be

- generated later from chart A1T2S001.
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3. To program manual operation for heating in Reactor R001 we are setting up a new
chartin the SIMATIC Manager in the plant view for the EMSR location A1T2H008.
Follow the screen shots below and the entries:

E2 SIMATIC Manager - SCE_PC57_MP

File Edit Insert

PLC  Wiew Options windomw  Help

DB | & B @ |l |[o % | %[5

SCF PCST MP (Comnnnent view) -- D:\Prooramme)\SIFMEN.__ [ _ [ |
&% SCE_PCS7_MP [Plant View) -- D:\Progra
SCE_PCS7 _MP
-2 SCE_PCS7_Pyj
I-{L] Shared Declarations

Press F1 ko get Help,

SCE_factory

g] T1_educt_tanks
A1T15003
(B3] A1T 1006

g T2_reaction
A1T2HOO3

- A1T2H007
i A1T2HO03

|ocal operation reactor R.O0O1 heating

Incduded in HID: no
B A1T25001
A1T25003
A1T27001
A1TZ=003

M B3 T3 memdiint balia

IToH

| < No Fiter >

mme\SIEMENSASTEP 71....

T B

COEX

|PC internal {lacal) | 2

B CFC - [A1T2HOOB -- SCE_PCS7 Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T2H008]

Y Chart Edit Imsert CPU Debug View Options ‘Window Help

o et | S ax= | X BOMJa]|mEM

“RAd.T2_ RAT2ZHOEE _HE+ _ START"
veacter RO heating start

;
=— x|_

Is.@

“A1.TZ.AAT ZHODE HE-_STOP"
veacter REO@1 heating stop

I5.4

“A1_A1HE@L HEZ+-_STAET"
fain power switch multipurpese plant

Io.a |

"Ad_AiHOBEZ _H54+- _OFF"
ameraency switeh OFF

a1

"A1_ALHO@SF HE+-_LOCH
locol opevation mode switch

Im.2

3
CHF_R
REAL-Gom
T mAATZLOGIT AL L1 nLISAT _AITZLER1 THA BT -
V Process value 280 0—{INZ GE |-
Ear—
e
]
oA/l
Press F1 for help, - \&/Shest 1

N |~ %

|0B35 ATT2HO0S A1T2H00243
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LEx

[y Chart Edit Insert CPU Debug Wiew Options Window Help = o

D& & | BB ehgn 9 ¢ ¥ BEONd®E | BEMmN

Ea

ctionSAAT2TEEASSAAT2TOOL (A, 405

E
K ah . nTZ_veack

EaES

L nTZ_veack

RRES

FRI-TZ.ALTZABEE.A0T- .0+ G5.0

cEianSAAT2TEEASSAIT2TOOL (A, 10%
[reactor EO@1 heating status

AL >

Press F1 for help. A/Sheet 1 OB35 A1TZHO0S A1T2HO0SM3

Table 9: New Blocks in Chart 'A1T2H008Sheet1’

Number of

Block Connections

Catalog/Folder

RS_FF / RS FlipFlop Blocks/FLIPFLOP

OR / Or function Blocks/BIT_LGC 5

CMP_R / Comparator | Libraries/PCS 7 Library

for REAL values V71/Blocks+Templates\Blocks/COMPARE

Table 10: Input Connections in Chart '"A1T2H008Sheet1’

Input Connection to Inverted
'A1.T2.A1T2H008.HS+.START’ / 15.0 / Start no

RS_FF.1.8 heating Reactor R001

OR.2.IN1 'A1.T2.A1T2H008.HS-.STOP’ / 15.1 / Stop no

- heating Reactor R001

OR.2.IN2 'A1.A1H001 .HS+-.START’ /10.0 / Switch on yes
multi-purpose plant

OR.2IN3 'A1.A1H002.HS+-.OFF’ / 10.1 / Activate yes
emergency OFF

OR.2.IN4 'A1.A1_HOO3.HS+-.LOC’ /10.2 / Activate local | yes
operation

CMP R.3.IN1 A1T2L001(A,1) / CH_AILISA+_A1T2L001.V

- Process value
CMP_R.3.IN2 200.0
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Table 11: Block Connections in Chart '"A1T2H008Sheet1’

Input Output Inverted
RS_FF.1.R OR.2.0UT no
OR.2.IN5 CMP_R.3.LT no

Table 12: Output Connections in Chart '"A1T2H0008Sheet1’

Output Connection to Inverted

'A1.T2.A1T2H008.HO+-.0-’ / Q5.0 / Heat no
Reactor R001 Status value

RS_FF.1.Q

The other two connections visible here are

RS_FF.1.Q generated later from chart A1T2S001.

4. Now we are gong to program the individual drive functions with locks for the 'Pump
Outlet Educt Tank B003’ in a CF chart with two sheets.

To this end, in the SIMATIC Manager in the plant view in the folder ' MOTORS’ we
copy the process tag type 'MOTOR’ from the master data library to the hierarchy folder
for the EMSR location A1T1S003. Then, we make the other corrections and
expansions in the CFC. Follow the screen shots and the entries below:

B SIMATIC Manager - SCE_PCS7_MP

=5 _PC57_Fij
- [ Shared Declarations

| E SCE_factary
A1_multipurpoze_plant
Eal T1_educt_tanks
- |B) A1T15003

‘|pump outlet educt tank BOO3
=|Incuded in HID: no

A1TZHOO03
A1T2HOO7
A1TZHOO0S
A1T2HO
A1T20L00
a| A1T25001
A1T25003
[+ A1TZT00 ]
; A1TZ2<003
(B T3 product_tanks o

e

o —

Press F1 to get Help. [ IP(-:Et_eH (|D?a|:l
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5. First we program in the second sheet of chart A1T1S003 the locks for 'Pump outlet
Educt Tank B003'.

: S[=1ES
[ Chart Edit Insett CPU Debug View Options Window Help — e e
D& 4 =R MEE | eigm 9 o= K BHOR RS BEMN

interlock and
protection

T

"H1_AIHE@@A _Hi+-_ EZTAET" I0.@
Main powsr switch multipurpese plank
“A1_AIHOE2 _HE+-_0FF" I@_4

emeraency switch OFF

"AL. T4 _RAATALOEE _LEZA-.ZA-" I3.4

level monitoring educt taomk BOOS switchp |

"HL. T AATAXEEE GO+-_0+" I5.9
walwe outlet sduct tank EODF feedback =i

1
BT} TN N NN T E N T e M 1000 . o—{1N2 GE -
U Frocess walus Eal-
LE|-
LT~
TRI.TZ.A1TZREET . G0F- .0t 16.7 o7
valve inlet veactor ROOY from sduct tank AMD
"Rr Tz RiTZoEE cor- b Tams 4 |
valve inlet veactsy ROOZ from sduck tank 3
hA/Ld | .
Press F1 for help. \A/Shest 2 (0B322 A1T15003 A1T1S00/0UTRUT

6. Then the other connections for 'Pump Outlet Educt Tank BOO3’ in the first sheet of
chart A1T1S003 follow.

[ Chart Edit Imsert ©PU Debug  Yiew Options  Window  Help g X

D& dBE BOE ehaim | 9 = BOD ) BEMO N

"Al.AdHEEE HE+-_LOC" I0.2

local eperation mode switch

e NT2_ veactionhAAT 2ZHOASINSNALTZHOOSI (A, 10N
]

AATAZEEI (A, 2048
out

LOCK
LOCK_0OM
B—AUTO_ bl
O—L_RKESET
153 |
; [543
- FE_OM
G(5)1(A,41%0I32«0C24U_4 M0 DE AEAD ac_FE_oull
OMODE_26 Mode Channel 26 ,7\””_”5 [ a AC_ASTAR
"AL.TA RATAEE@S 504 .0+ 1352 O—VALUE_A&¢ QUALTITY O—LIOP_SEL
pump outlet sduct tamk BOA3 feedback run B—ZIM_ 0ok B— AUT_L
O—{STH_T On [MOMITOR
B—|LAST _ 0N 48.@ | TIME_ON
Manual [AUT_OW_0

= feedback =izna
of the block FE_RUR
The start output fc
VALUE output of thev
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[ Chart Edit Insert CPU Debug Yiew Options ‘Window Help o
s o : : :
R==] BB R G omim | 9 o HEON I ag BEMm
~
nale Zpead and Fingle Diveackion
pump_AAT1300 5
MaT0F =
o tor .
LOGH BHES 5T [—
LOCKk_0on anon _ERE [—
B—AUTO_ Ok HGE_ERF [— auTPUT
@—L_RESET GRUM — CH_DO B 7
A—lE s ASTOP— Digital % S
SF ASTAET haDE QEAD
FE_ON 9C_GSTAR [— l— URLUE—I_
QC_FE_ON | |amAN_AUT [~ QUALITY " A1.TA1_AATAZ0@3F SV _C" &@ .3
AC_RSTAR burmp cutlet educt tank BEE3F controel sisn
@—LIOP_ZEL
@—AUT_L
On |MOMITOR
A@ . @ |TIME_MOk
ual [AUT_OW_0
AT muszt be connected fo The WAL inpu
LU
for the motor must be connected to the
he QUTPUT block.
W
ANA/ L ,
Press F1 for help. &/5heet 1 [0B32 &1T15003 ATT1S00OUTPUT
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Table 13: New Blocks in Chart 'A1T1S003/Sheet2’

Block Catalog/Folder Number .°f
Connections
OR / Or function Blocks/BIT_LGC 6
AND / And function Blocks/BIT_LGC 2
AND / And function Blocks/BIT_LGC 2
CMP_R / Comparator | Libraries/PCS 7 Library
floating point numbers | V71/Blocks+Templates\Blocks/COMPARE
Table 14: Input Connections in Chart '"A1T1S003/Sheet2’
Input Connection to Inverted
OR 8.IN1 'A1.A1H001 .HS+-.START’ / 10.0 / Switch on yes
multi-purpose plant
OR .8.IN2 'A1.ATH002.HS+-.OFF’ / 10.1 / Activate yes
emergency OFF
'A1.T1.A1T1L003.LSA-.SA-"/ 13.1/ Level yes
OR.8.IN3 monitoring Educt Tank BO0O3 operating point
L
'A1.T1.A1T1X006.GO+-.0+ /13.4 / yes
OR.8.IN6 Open/close valve outlet Educt Tank BO03
Feedback Open
'A1.T2.A1T2X003.GO+-.0+' /16.4 / no
AND.1.IN2 Open/close valve inlet Reactor R0O01 from
Educt Tank BO03 Feedback Open
'A1.T2.A1T2X003.GO+-.0+' /16.4 / yes
AND.7.IN1 Open/close valve inlet Reactor R001 from
Educt Tank BO03 Feedback Open
'A1.T3.A1T2X006.GO+-.0+' /110.4 / yes
AND.7.IN2 Open/close valve inlet Reactor R002 from
Educt Tank BO03 Feedback Open
CMP R.9 IN1 A1T2L001(A,1) / CH_AILISA+_A1T2L001.V
- Process value
CMP_R.9.IN2 1000.0
Table 15: Block Connections in Chart '"A1T1S003/Sheet2’
Input Output Inverted
AND.1.IN1 CMP_R.9.GT no
OR.8.IN4 AND.1.0UT no
OR.1.IN5 AND.7.0UT no
Table 16: New Blocks in Chart '"A1T1S003/Sheet1’
Block Catalog/Folder Number .°f
Connections
AND / And Function Block/BIT_LGC 2
AND / And function Block/BIT_LGC 2
OR / Or function Block/BIT_LGC 5
OR / Or function Block/BIT_LGC 2
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Table 17: Input Connections in Chart 'A1T1S003/Sheet?’

Input Connection to Inverted
AND.3.IN2 'A1.A1_H003.HS+-.LOC’ /10.2 / Activate local | no
operation
AND.2.IN2 'A1.A1_H003.HS+-.LOC’ /10.2 / Activate local | no
operation
OR.4.IN1 A1T2HO03(A,1) / RS_FF.1.Q no
OR.5.IN2 A1T1S003(A,2) / OR.8.0UT no
'A1.T1.A1T1S003.S0+.0+' / 13.2 / Pump no
CH_DI.FB_RUN.VALUE outlet Educt Tank BO03 Feedback On
MOTOR.Pump_A1T2S003. on
MONITOR.
MOTOR.Pump_A1T2S003. 10.0
TIME_MON '
Table 18: Block Connections in Chart '"A1T1S003/Sheet?’
Input Output Inverted
AND.3.IN1 OR.4.0UT yes
AND.2.IN1 OR.4.0UT no
OR.5.IN1 AND.3.0UT no
MOTOR.Pump_A1T1S003. no
LOCK OR.5.0UT
MOTOR.Pump_A1T1S003. no
LOCK_ON AND.2.0UT
MOTOR.Pump_A1T1S003. no
FB_ON CH_DILFB_RUN.Q
CH_DO.OUTPUT.I MOTOR.Pump_A1T1S003.QSTART no
MOTOR.Pump_A1T1S003. OR.ERROR OUT no
CSF
OR.ERROR.IN1 CH_DI.FB_RUN.QBAD no
OR.ERROR.IN2 CH_DO.OUTPUT.QBAD no
Table 19: Output Connections in Chart 'A1T1S003/Sheet?’
Output Connection to Inverted

CH_DO.OUTPUT.VALUE

'A1.T1.A1T1S003.SV.C’ / Q0.3 / Pump outlet
Educt Tank BO03 Actuating signal

no
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7. Next, we program the individual drive function with locks for the 'Open/Close valve
outlet Educt Tank B003’ in a CFC with 2 sheets.

To do this, we copy in the SIMATIC Manager in the plant view in the folder
'VALVES’ the process tag type 'VALVE’ from the master data library to the hierarchy
folder for the EMSR location A1T1X006. Then, we make the other corrections and
expansions in the CFC. Follow the screen shots below and the entries:

_ SIMATIC Manager - SCE_PCS7_MP
File  Edit PLZ  Miew Options  Windoma  Help

[0 @ (277 & B i s |[® %%

Insert

Shared Declarations
SCE_factom

T1_educt_tanks
A1T15003
© B A1T1X006
openjclose valve outlet educt tank BOOS
Included in HID: no

- A1T2H007
A1T2HO0S
A1T2HO
A1T2L00
A1T2500
A1T25003
A1T2T0M i
A1T 24003
T3 product_tanks ol

=i —

ress o gek Help. internal (loca
Press F1 ko get Hel |PC internal {local)

8. The lock for the 'Open/close valve outlet Educt Tank BO03’ is programmed in Sheet2
again.

5 CFC - [AMT1X006 -- SCE_PCS7_Prij\SCE_factory\1_multipurpese._plant\T1_educt_tanks\A1T1X006] M[=1E3
[ Chart Edit Insett CPU Debug Miew Options Window Help - 8 X

D@ e |0 =« 9o x= % @0k BSMW|

interlock and
protaction

"Al.AIH@EL  HE+-_ZTRET" I0_@
Main power switch multipurpese plant
“HA1.AIHDOZ _HE+-.0FF" I@.1 ;

amevgency switch OFF
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9. All additional connections for the 'Open/close valve outlet Educt Tank BO03’ are made
in Sheet 1.

Chart  Edit Insert <PU Debug View Options Window Help - O %

D& =B BhE B : eigin | 9 = | % BON Jee BEMIN

"AL_A1HOO 3 _HE+-.LOCH I@.2

local cpevation meds switch
. 5T2 veactionSAAT2ZHOEBINSAAT2ZHODS (AL10% 4
]

BOZ) AL 205003200240 0 _5_ 1
OMODE_03 flade Channal 3

alve: Finale Drive <

valve R1T43
VALVE

AATAXEOE (A, 2158 Single-D
aut FE_OPEN {u_Lock |[ac
GH_DIL UL_0FEM | [ac
Digital uL_clozE| [
EISHAd0DI52x0Czdn_1 0 0E GERD a—AuTo_oc || &
OMODE_28 Mode Channel 28 ALUE | Q 055 _POS an
TRL.Td ALTAXEEE _GO+-_ O+~ L3 # | O—UALUE_ac| [ GUALITY o—L_EESET |[a0
valve cutlet educt fank BOD3 feedback =i o5 on TS 4
O—SIM_T FE_OFEM | [ac
O—[LAST _ON ac_FB_OF|[ 4

FE_CLOSE

4C_FE_CL

FE_CLED BC_QcoMT

CH_DL - On [MONITOR

Digital | O—[LIOF_SFL

i ———— 4BRD a—AuT_L
TISI(Ad1"0I52x0C2Tv_1 ALUE 0 16.@ [TIME_mon
OMODE_30 Mode Channel 3@ o—uaLuE_ac| [ aualoE3Z Manual [AUT _onM_o
AL Td_ALTIiXGEE _G0+-_0-" 136 a—{SIH_on ALTLX006

valve cutlet educt fank BOD3 faeedback =i o—{ZIM_L = feedback signals
| of the blocks FE_OFER

The control ocutput o
SR

HALIIE vk oo

SCE_PCS7_Prj\s factory\A1_multipurpose_pl educt_tanks\A1T1X00
[ Chart Edit Insert CPU Debug Yiew Options ‘Window Help - X
o oo 3
O & & A=A G =R Gl | 9 o o “AHBON dee BEMIN
Tl
[Falwe: Zingle Orive and Dual Feedback |
valve AITAXODE
VALVE
Sinale-D
— (¥ _LOCK BCOMTEOL
—(ML_OPEN GC_QcoMT —
—(¥L_CLOSE]| |amON_ERE [—
B—RAUTO_0C AGE_ERE [—
O—E5_PO3 aWAN _RUT — oQuUTPUT
@—L RESET BOPEMIMG [— CI:l_I?D
——C5F QOPENED [— Digital |
—{FEB_OFEN BCLOSTIMNG [— MODE AEAD
—(ac_FE_OF QG:LOSED — VALUE "A1.T41_ AATAXEE6.XV.C" @4.1
—{FB_cLOSE QUALITY valve cutlet sduct tank EOES control sia
—EC_FE_CL
AC_QCONT
On |MOMITOR
B—LIOP_SEL
B—AUT _L
-E | TIME _Hah
al |AUT_OKW_0
The feedback =sianals must be connected to the WALUE inpuf
of the blecks FE_OPEM and FE_ CLSD.
The control output for the walve must be connected to the
VALUE sutput of the OUTPUT bBlock.
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Table 20: New Blocks in Chart '"A1T1X006/Sheet2’

Block Catalog/Folder Number .°f
Connections
OR / Or function Blocks/BIT_LGC 2
Table 21: Input Connections in Chart 'A1T1X006/Sheet2’
Input Connection to Inverted
OR.9.IN1 ‘A1 .A1HOO1 .HS+-.START’ /10.0 / Switch on yes
multi-purpose plant
OR.9.IN2 'A1.ATH002.HS+-.OFF’ / 10.1 / Activate yes
emergency OFF
Table 22: Block Connections in Plan 'A1T1X006/Sheet2’
Input Output Inverted
None None no
Table 23: New Blocks in Chart 'A1T1X006/Sheet1’
Block Catalog/Folder Number .°f
Connections
AND / And function Blocks/BIT_LGC 2
AND / And function Blocks/BIT_LGC 2
OR / Or function Blocks/BIT_LGC 5
OR / Or function Blocks/BIT_LGC 5
Table 24: Input Connections in Chart 'A1T1X006/Sheet1’
Input Connection to Inverted
AND .1 IN2 'A1.A1_HOO3.HS+-.LOC’ /10.2 / Activate local | no
operation
AND .2 IN2 'A1.A1_HOO3.HS+-.LOC’ /10.2 / Activate local | no
operation
OR.7.IN1 A1T2HO03(A,1) / RS_FF.1.Q no
OR.8.IN1 A1T2HO003(A,1) / RS_FF.1.Q yes
'A1.T1.A1T1X006.GO+.0+' /13.4 / no
CH_DI.FB_OPEN.VALUE Open/Close valve outlet Educt Tank BO03
Feedback Open
'A1.T1.A1T1X006.GO+.0+' / 13.6 / no
CH_DI.FB_CLSD.VALUE Open/close valve Educt Tank BO03 Feedback
Closed
VALVE.Ventil_A1T1X006.V A1T1X006(A,2) / OR.9.0UT no
_LOCK
VALVE.Ventil_A1T1X006.M on
ONITOR
VALVE.Ventil_A1T1X006.TI 10.0
ME_MON '
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Table 25: Block Connections in Chart 'A1T1X006/Sheet?1’

Input Output Inverted
AND.1.IN1 OR.7.0UT no
AND.2.IN1 OR.8.0UT no
VALVE.Ventil_A1T1X006.V no
L_OPEN AND.1.0UT
VALVE.Ventil_A1T1X006.V no
L_CLOSE AND.2.0UT
VALVE.Ventil_A1T1X006.F no
B_OPEN CH_DIL.FB_OPEN.Q
VALVE.Ventil_A1T1X006.F no
B_CLOSE CH_DI.FB_CLSD.Q
CH_DO.OUTPUT.I VALVE.Ventil_A1T1X006.QCONTROL no
\s/?LVE.Vent|I_A1T‘IXOO6.C OR ERROR.OUT no
OR.ERROR.IN1 CH_DO.OUTPUT.QBAD no
OR.ERROR.IN2 CH_DIL.FB_CLSD.QBAD no
OR.ERROR.IN3 CH_DIL.FB_OPEN.QBAD no

Table 26: Output Connections in Chart 'A1T1X006/Sheet1’
Output Connection to Inverted

'A1.T1.A1T1X006.XV.C’' / Q1.1 / Open/Close | no

CH_DO.OUTPUT.VALUE valve outlet Educt Tank BO03 Control signal
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10. Now, we are going to also program in a CFC with 2 sheets the individual drive function
with locks for the 'Open/Close Valve Inlet Reactor RO01 from Educt Tank BO03'.

To do this, we copy in the SIMATIC Manager in the plant view in the folder 'VALVES’
the process tag type 'VALVE’ from the master data library to the hierarchy folder for
the EMSR location A1T2X003. We then make the other corrections and expansions in
the CFC. Follow the screen shots below and the entries:

_ SIMATIC Manager - SCE_PCS7T_MP
File Edit Insert PLC Yiew Options ‘Window Help

D@7t e

=%

SCE_PCS?_Pri
271 Shared Daclarations

A1T2HO03
A1T2HO07
A1T2HODS
A1T2HON
A1T2000
A1T25001
A1T25003
A1T2T00 =
: B H 41T 24003
openfclose valve inlet reackor ROO1 From educt tank BOOS
Included in HID: no
Press F1 to gek Help, [ " [PCinternal (local)

11. The lock for the 'Open/close valve inlet reactor RO01 from educt tank BO03’ is
programmed on Sheet2.

[y Chart Edit Insert CPU Debug Wiew Cptions ‘Window Help = 4

NES 4 mEE 2« e 9 x== % @0 BEM| |

interIock and
protection

"Al.AIH@@L . HE+- . ZTART" I0.@

fMain powey zwitch multipuvpese plant
“A1_AIHOOZ _HE4+-_0FF" I0._1 ;
ameraency switch OFF
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12. In Sheet1, the other connections for the 'Open/close valve inlet reactor RO01 from
educt tank B003’ are set up.

—CFC—[MTZKUGS SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plantiT2_reaction\A1T2X003]
Chart Edit Insert CPU Debug Miew Options ‘Window Help =8

D& a0 mMBEE| S« | thsn| ¥

BE5)(AL6I4D0G2xDC24N_O_5_2

OMODE_24 Mode Channel 24

---4T2_veaction~A1T ZHOOSYSALTZHOOS (A, 10 —I
a

"HAL1_A1HOOS _HE+-_LOC" I@.2
local cperation mode switch

walve AT 2

UALVE
AT 2X@A3 (A, 2153 Zingle-0
our FE_OPEN I—u LOCK ag
GH_DL VL_OFEM | [0
Digital uL_cLoSE| [an
G(5)(A,5)5DI32xDC2tu_2 o DE QEAD o—AuTOo_oc || &
OMODE_28 Mede Channel 20 ALUE o o—ss pos | [am
“H1.TZ.AATZXEEG G0t-. 0+ 164 = O—WALUE_ac|[ UALITY O—|L_RESET |[a0
valve inlet reackor ROO4 from =duck tank a—sIm_on GiF A
O—FIH_T FE_OPEM |[ac
O—[LAST _ON ac_FE_oF|[ &
FE_CLOSE =
aG_FE_CL
|HC_aConT|

On |HMOWITOFR

O—{LI0F _SFL
O—{AUT _L

i@ [TIME Ok

fanual |AUT _OKW_0

BIS)CA,SINDI32xDC240_2

OMODE_24 Mode Channel 24

"R T2 AATZXEEE . G04+-_0-" I7.@

walve inlet veactor EOO1 from educt tawmk

<k :
ck=s

e feedba
of the ble

W

[% Chart Edit Insert CPU Debug Yiew Options ‘Window Help =6
~a o 01 o] :
0= & SN ;=R Ghogin | 9 A BON Jdes BEMIN
~
Valve: Sinsle Driwe and Dual Feedbach |
walve A1T2XO03
VALNE QUTRUT
Sinsle-D [0 cH_DO gEaz
u_LOCK |[acoMTROL Diaital [ Fo5
ML _OPEN GC_QCONT ;— MODE AEAD
UL_cLosE| [amon_ERE |- UALUE A1 TZ.AATZREEE XY Cr G7-0
o—{RuTo_oc || ask_ERE QUALITY valve inlet veactor RO@4 from educk tank
o—{ss_pos | [amAn_AuT |-
o—{L_RESET |[a0PEMING|—
CSF Q0PEMED |-
FE_OPEN |[acLosinG |-
ac_FE_0F| [ GCLOSED |
FB_CLOSE
ac _FE_CL
ac_acoNT
On |MOMITOR
o—{LIoP_SEL
o—{AuT L
HO .0 [TIME_moN
ual [AUT oM o
The te=dback sianals must be connected Lo the WALUE inpuk
of the blocks FE_OPEM and FE_ CL3D.
The contrel output for the valve must be connected o the
VALUE cutput of the OUTPUT block.
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Table 27: New Blocks in Chart 'A1T2X003/Sheet2’

Block Catalog/Folder Number .°f
Connections
OR / Or function Blocks/BIT_LGC 2
Table 28: Input Connections in Chart 'A1T2X003/Sheet2’
Input Connection to Inverted
OR.9.IN1 ‘A1 ./_—\1HOO1 .HS+-.START’ /10.0 / Switch on yes
multi-purpose plant
OR.9.IN2 'A1.ATH002.HS+-.OFF’ / 10.1 / Activate yes
emergency OFF
Table 29: Block Connections in Chart 'A1T2X003/Sheet2’
Input Output Inverted
None None no
Table 30: New Blocks in Chart 'A1T2X003/Sheet1’
Block Catalog/Folder Number .°f
Connections
AND / And function Blocks/BIT_LGC 2
AND / And function Blocks/BIT_LGC 2
OR / Or function Blocks/BIT_LGC 5
OR / Or function Blocks/BIT_LGC 5
Table 31: Input Connections in Chart 'A1T2X003/Sheet1’
Input Connection to Inverted
AND .1 IN2 ‘A1 .A1_H003.HS+-.LOC’ /10.2 / Activate local | no
operation
AND .2 IN2 ‘A1 .A1_H003.HS+-.LOC’ /10.2 / Activate local | no
operation
OR.7.IN1 A1T2HO03(A,1) / RS_FF.1.Q no
OR.8.IN1 A1T2HO003(A,1) / RS_FF.1.Q yes
'A1.T2.A1T2X003.GO+.0+'/16.4 / no

CH_DI.FB_OPEN.VALUE Open/Close valve inlet reactor R001 from
educt tank BO03 Feedback Open

'A1.T2.A1T2X003.GO+.0+ /17.0/ no
CH_DI.FB_CLSD.VALUE Open/close valve inlet reactor R0O01 from
educt tank BO03 Feedback closed

VALVE.Ventil_A1T2X003.V
_LOCK

VALVE.Ventil_A1T2X003.M
ONITOR

VALVE.Ventil_A1T2X003.TI
ME_MON

A1T2X003(A,2) / OR.9.0UT no

On

10.0
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Table 32: Block Connections in Chart 'A1T2X003/Sheet?1’

Input Output Inverted
AND.1.IN1 OR.7.0UT yes
AND.2.IN1 OR.8.0UT no
VALVE.Ventil_A1T2X003.V no
L_OPEN AND.1.0UT
VALVE.Ventil_A1T2X003.V no
L_OPEN AND.2.0UT
VALVE.Ventil_A1T2X003.F no
B_OPEN CH_DIL.FB_OPEN.Q
VALVE.Ventil_A1T2X003.F no
B_CLOSE CH_DI.FB_CLSD.Q
CH_DO.OUTPUT.I VALVE.Ventil_A1T2X003.QCONTROL no
\s/?LVE.Vent|I_A1T2X003.C OR ERROR.OUT no
OR.ERROR.IN1 CH_DO.OUTPUT.QBAD no
OR.ERROR.IN2 CH_DIL.FB_CLSD.QBAD no
OR.ERROR.IN2 CH_DIL.FB_OPEN.QBAD no

Table 33: Output Connections in Chart '"A1T2X003/Sheet1’
Output Connection to Inverted

'A1.T2.A1T2X003.XV.C’' / Q7.0 / Open/close | no
CH_DO.OUTPUT.VALUE valve inlet reactor RO01 from educt tank BO03
Controlling signal
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13. Now, we are going to program in a CFC with two sheets the individual drive functions
for the stirrer 'Reactor R001’

To this end, we copy in the SIMATIC Manager in the plant view in the folder
'MOTORS’ the process tag type 'MOTOR’ from the master data library to the hierarchy
folder for the EMSR location A1T2S001. Then, we make the other corrections and
expansions in the CFC. Follow the screen shots that follow and the entries:

, SIMATIC Manager - SCE_PCS7_MP
File Edit Insert PLC Yiew Options ‘Window Help

e

(D [877 | % Ba i3 aa |[® 220

A1T15002
A1T 1006
A1T2HO03
A1T2HOO7
A1T2HO0S
A1T2ZHO11
A1T2L00

A1T25001

|

ress o get Help. PCinl ernal (local [z
Press F1 ko get Hel |PC internal (local

14. The locks for the 'Stirrer Reactor R001’ are programmed in Sheet 2.

:i CFC - [A1T25001 -- SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\1T25001]
[ Chart Edit Insert CPU Debug View Options Window Help - O %

D& /2B ROE P« 8o x=%x%B0FJea mSmw|

interlock and —
protaction

| 1

"A1_AIABE _HE+- . STAET" I0.0 # 0F
Main power switch multipurpase plant
"A1_AAAGEZ _H5+- OFF" I@.1 o—|

emerasncy switch OFF o—
11
ChP_FE
EEAL-Com
,71!&11 BT —
- nWRATZLEGATA,d I WLIsAT_ALTzLoed| | SOE 0—InZ ] GE —
V Process walue Ed |-
EE
LT
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15. Other connections for the 'Stirrer Reactor R001’ are programmed in Sheet 1.

& CFC - [A1T25001 -- SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plant}T2_reaction\A1T25001] |
Chart Edit Insert CPU Debug View Options ‘Window Help -G x

D& & =N il =l Gigin | 9 o= | BON Jd&e BEMIN

~
“A1.ATHEEG _HE+-. LOC" I 2 | s
local spevation mode switch a0k
- NT2_yeaction\RATZHEOTNALTZHEET (A 41N a—
o on—
o
AAT 25001 Ay 2) 9 ctov: Simgle Tpeed amc
aut
stivrer_R:
Motk
Motor I
LOCK
LOCK_0ON
FE_RUN a—AUTO_0N_|
GH_DI @—{L_RESET
Disital [[ 1-{wzs
Gi5106,11D132x0CZ40_3 —————————mope | GEAD CEF
OMODE_46 Mode Channel 46 VALUE a FE_OM
VAL TZ_A4T2EEOZ_50+- 0+ 1d0.@ | o—{uaLUE_ac| [ auaLTTy ac_FE_0n
stivrer veacter ROO2 feedback =ignal on @—SIM_oM 4C_QsTAE
O—{SIM_T O—{LI0P_SEL
O—[LAST _on O—AUT_L
on [MONITOR
100 [TIME oM
Manual AUT oM _10

BI5] (A, 61 0052x0CET0_B_5_2
OMODE_47 Mode Channel 47 The feadback ziznal must be connectsed ko

of £he block FE_EM.

The start cutput for the motor must be o

VALUE output of the OUTPUT block.

FC - [A1T25001 -- SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plantiT2_reaction\A1T25001]

[y Chart Edit Insert CPU Debug VYiew Cplions ‘Window Help
T 2= 5 e z J a1 5
0SS 2 BhEE & Ghgig Y 0 w52 | BN - aa Be
A
|ﬁoto1’: Trale Speed and Sinele DivecEion |
stivrver AITZI001
T oF :
il ko v l
LOCK s 51—
LOCGKE _0On AMOM _EEFR [—
o—{auto_on | [ ace_ERR|-
a—{L_RESET ARUMN [— QuTRUT
1z s asTor |- cH_DO
CSF ASTAET Digital | |
FE_ON ac_asTAR HGOE ABAD
AC_FE_ON| [GhAN_AUT [— VALUE “R1.TZ.A1TZs00d 5V, G0 66.1
ac_asTAR AUALITY stivrer veactor ROB4 comtrel sigznal
@—{LIOF_SEL
o—{AuT _L
on [MOMITOR
16.0 [TIME_MON
Manual [AUT _om_0
The feedback signal must be connected to the VALUE input
of the black FE_RUN.
The start outpu® for the motor must be connacted to the
UALUE cutput of the OUTPUT block.
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Table 34: New Blocks in Chart 'A1T2S001/Sheet2’

Block Catalog/Folder Number .Of
Connections
OR / Or function Blocks/BIT_LGC 5

CMP_R / Comparator | Libraries/PCS 7 Library
Floating point numbers | V71/Blocks+Templates\Blocks/COMPARE

Table 35: Input Connections in Chart ,A1T2S001/Sheet2’

Input Connection to Inverted
ORA.IN1 A1.A1HOO1 .HS+-.START /10.0 / Switch on yes
multi-purpose plant
ORA.IN2 A1.A1H002.HS+-.OFF’ / 10.1 / Activate yes
emergency OFF
CMP R.11.IN1 A1T2L001(A,1)/ CH_AILISA+_A1T2L001.V
- Process value
CMP_R.11.IN2 300.0
Table 36: Block Connections in Chart 'A1T2S001/Sheet2’
Input Output Inverted
OR.1.IN1 CMP_RA1.LT no
Table 37: New Blocks in Chart '"A1T2S001/Sheet?1’
Block Catalog/Folder Number _Of
Connections
AND / And function Blocks/BIT_LGC 2
AND / And function Blocks/BIT_LGC 2
OR / Or function Blocks/BIT_LGC 5
OR / Or function Blocks/BIT_LGC 2
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Table 38: Input Connections in Chart 'A1T2S001/Sheet?’

Input Connection to Inverted
AND.3.IN2 A1.A1-H003.HS+-.LOC /10.2 / Activate local | no
operation
AND.2.IN2 A1.A1-H003.HS+-.LOC /10.2 / Activate local | no
operation
OR.4.IN1 A1T2H007(A,1)/ RS_FF.1.Q no
OR.5.IN2 A1T2S001(A,2) / OR.1.0UT no
'A1.T2.A1T2S002.S0+.0+' / 110.0 / Stirrer
CH_DI.FB_RUN.VALUE reactor R0O01 Feedback On
MOTOR:.Stirrer A1T2S001. on
MONITOR.
MOTOR:.Stirrer A1T2S001. 10.0
TIME_MON '
Table 39: Block Connections in Plan 'A1T2S001/Sheet1’
Input Output Inverted
AND.3.IN1 OR.4.0UT yes
AND.2.IN1 OR.4.0UT no
OR.5.IN1 AND.3.0UT no
MOTOR:.Stirrer_ A1T2S001. no
LOCK OR.5.0UT
MOTOR:.Stirrer A1T2S001. no
LOCK_ON AND.2.0UT
MOTOR:.Stiier_ A1T2S001.F CH_DI.FB_RUN.Q no
B_ON
CH_DO.OUTPUT.I MOTOR:.Stirrer A1T2S001.QSTART no
MOTOR.Stirrer_A1T2S001. OR ERROR.OUT no
CSF
OR.ERROR.IN1 CH_DO.OUTPUT.QBAD no
OR.ERROR.IN2 CH_DIL.FB_RUN.QBAD no
Table 40: Output Connections in Chart 'A1T2S001/Sheet1’
Output Connection to Inverted
'A1.T2.A1T2S001.SV.C’ / Q6.1 / Stirrer no

CH_DO.OUTPUT.VALUE

reactor R001 Control signal
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16. Now we are going to program in a CFC with 2 sheets the individual drive function with
locks for 'Temperature Reactor R0O01’. We are going to use a continuous PID controller
for this.

First, in the SIMATIC Manager in the plant view we are setting up a new CFC for the
EMSR location A1T2T001. Next, we make the other corrections and expansions in the
CFC. Follow the screen shots below and entries:

_ SIMATIC Manager - SCE_PCS7 MP
File Edit PLC Wiew Options

(D227 5% 2@ dal[o %%

Inserk wWindow Help

~% | R @

1 SCE_PCS7_MP [Plant View) -- D:\Programme\SIEMENSAS TEP 7\s 7 proj\S

SCE_PCS7_Pr
[[7] Shared Declarations

A1_multipurpoze_plant
T1_educt_tanks
A1T15003
(B A1T 1008
T2_reaction
A1TZHOOZ
A1T2HOO7
A1TZHOOS
A1T2HO
A1T2L0M
A1T25001
A1T25003
A1T2T000 .

temperature reactor ROO1
r#-{Incuded in HIE: no

s .

B

Press F1 to get Help, [ [PC internal local)

17. The locks for "Temperature Reactor R001’ are programmed in Sheet2.

i CFC - [A1T2T001 -- SCE_PCSY Prj\SCE_factory\A1_multipurpose_plant}T2_reactionYA1T2T001]
[ Chart Edit Insert CPU Debug Wiew Options ‘Window Help i fed S

Ded@| 4 0@ DS E & 8o x=5x B0k Qa mEMN|

interlock and ="
protaction
| 22
“A1.A1HO@1_HS+-_3TART" IO.@ E
Main power switch multipurpose plant
“Al_A1HDOZ HE+-_0FF" I0._41
emergency switch OFF
20
CHP_E
EEAL-Com
_'—Irdi GT I~
o NSALTZLEE1 (AL A)SLISA+_AAT 2L001 208 _0—IN j GEI
Y Procass valus EQ—
LE—
LT
24
CHP_F
EEAL-Com
_l—INi GT
AAT2TE@4 A, 41540 BE_O—IN2 | GE -
U Process wvalue Fal-
LE-
LT |-
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18. In Sheet 1 of chart A1T2T001, the other connections of 'Temperature Reactor R0O01’
are programmed.

i CFC - [A1T2T001 -- SCE_PCST_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T2T001]
[y Chart Edit Insert CPU Debug Wiew Cphions ‘Window Help .G

DS& e BB 5 e 9o o0 =% 8 BO0 - &6 BEMK

BIS)(ALEI50052DC240 _@_5_2 —I PTOT e _AATOTRRA
OMODE _0@ Mode Channel @ CTEL_PID

FID Cont |
©.0 |DEADE W | [@SPEXTON —
1. O— GAIM AR _HLM —
10.0—TH ALhIM _LLI [—
o.a—7uy |aMAM_AUT —
1.0—TH_LAG BCAS_CUT —
400 .8 (W _LMMHE Lhik
©.0 W _LHNLE Ac_Lih —
FU_TH EE—
A6#E0— @G _PV_IN 5P [—

403 .3 | _PUHE
0.0 [WH_PULE
a.8—pIsy

O—L5F

Track |sp _TEK_O
O.0—Sp_EXT

4@ . @— SPEXT HLI
0. O— EPEXTLLH

O—LI0F_IHT
O SPEXON_L

ADE . B—] Liib _H LI
O @— Lk _L Lbd
O .0— LhM_TEK

E—{ Lkt _SEL
O—{LI0F _HAR
O—{AUT _L

LHME _TH

AB# 30— A0 _LMME_

A6 0BG _LWN_T

]

a

FATZTEO1 (A, 2122 b
out [ )

c--NT2 _rveactionSAAT ZHRAENSALTZHOOS (A, 10N
]

BIZ)(A.FIMAIGA26it 1

OMODE_02 Mode Channel 2
"AL.TZ.AAT2TOOL. TIC.M" IWSdE

current level tempevature veactor ROODA

reaction\A1T2T001]

[ Chart Edit Insert CPU Debug Wiew Options ‘Window Help i e
D& t=E mOE - Ghogin | 9 o o EBON e BEDIN
-~
5
PULSEREN
Pulse ze
Ty
1s—|PER_TH ANEG _P—
S@ms— P _E_Thi
1.0—{RATIOFAC
O—ETEPS_OM
@—{ST261_oN
HAN_ 0K
BOZ_P_ON
a—{HEE_P_ON
1—{Z4M_ 0l
44
CH_DO
Dizital [
L TmooE QEAD —
—1 1 | wALuE R TZ_AATZTE@A_TW._5" 04 @
— 0k :gﬁgs @—STtd_0k | auaLITy - temparature veacter E@OY contysl signal
| Cadsei] O—SIM_T
RITZTOE1(A,2) 521
TMi Input Walue 4
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Table 41: New Blocks in Chart 'A1T2T001/Sheet2’

Block Catalog/Folder gumber .°f
onnections
OR / Or function Blocks/BIT_LGC 4

CMP_R / Comparator | Libraries/PCS 7 Library
floating point numbers | V71/Blocks+Templates\Blocks/COMPARE

CMP_R / Comparator | Libraries/PCS 7 Library
floating point numbers | V71/Blocks+Templates\Blocks/COMPARE

Table 42: Input Connections in Chart '"A1T2T001/Sheet2’

Input Connection to Inverted
OR.22 IN1 ’A1.A1HOO1 .HS+-.START’ /10.0 / Switch on yes
multi-purpose plant
OR .22 IN2 'A1.A1H002.HS+-.OFF’ / 10.1 / Activate yes
emergency OFF
CMP R.20.IN1 A1T2L001(A,1) / CH_AILLISA+_A1T2L001.V
- Process value

CMP_R.20.IN2 200.0

CMP_R.21.IN1 A1T2TO001(A,1)/ CH_AI.10.V Process value

CMP_R.21.IN2 60.0

Table 43: Block Connections in Chart '"A1T2T001/Sheet2’

Input Output Inverted

OR.22.IN3 CMP_R.20.LT no

OR.22.IN4 CMP_R.21.GT no

Table 44: New Blocks in Chart 'A1T2T001/Sheet1’

Block Catalog/Folder gumber .°f
onnections

8I§$@TES/PID Libraries/PCS 7 Library

V71/Blocks+Templates\Blocks/CONTROL
controller
PULSEGEN / Pulse

Libraries/CFC Library

width modulation for | = =" 400\Blocks/CONTROL

PID controller

CH_AI/ Driver block Libraries/PCS 7 Library

Analog value input V71/Blocks+Templates\Blocks/DRIVER
CH_DO / Driver block | Libraries/PCS 7 Library
Binary output V71/Blocks+Templates\Blocks/DRIVER
AND / And function Blocks/BIT_LGC
OR / Or function Blocks/BIT_LGC
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Table 45: Input Connections in Chart 'A1T2T001/Sheet1’

Input Connection to Inverted
OR.1.IN1 A1T2HO008(A,1) / RS_FF.1.Q no
OR.1.IN2 A1T2T001(A,2) / OR.22.0UT no
AND.2.IN1 A1T2HO008(A,1) / RS_FF.1.Q no
AND.2.IN2 A1T2T001(A,2) / OR.22.0UT yes
A1.T2.A1T2TO01.TIC.M / IW516 /
CH_AL10.VALUE Temperature actual value Reactor R0O01
CH_AIL.10.VHRANGE 100
CH_AIL.10.VLRANGE -100
PULSEGEN.8.STEP3 ON 0
Table 46: Block Connections in Chart 'A1T2T001/Sheet?’
Input Output Inverted
CTRL_PID.PIDTemp_A1T2
T001.PV_IN CH_AL10.V
CTRL_PID.PIDTemp_A1T2
T001.LMNR_IN CTRL_PID.PIDTemp_A1T2T001.LMN
PULSEGEN.8.INV CTRL_PID.PIDTemp_A1T2T001.LMN
PULSEGEN.8.MAN_ON OR.1.0UT no
PULSEGEN.8.POS P _ON | AND.2.0UT no
CH_DO.11.1 PULSEGEN.8.QPOS_P no
Table 47: Output Connections in Chart 'A1T2T001/Sheet1’
Output Connection to Inverted

CH_DO.11.VALUE

A1.T2.A1T2T001.TV.S’ / Q4.0 / Temperature
Reactor R0O01 Control signal

no

CH_AL10.V

A1T2T001(A,2) / CMP_R.21.IN1
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EXERCISES

We are going to apply what we learned in the theory chapters and the step by step
instructions to the exercises. We are using the already existing multi-project from the step
by step instructions (PCS7_SCE_0106_R1009.zip) and expand it.

The PID controller set up in the step by step instructions is to be expanded. First, we are
going to implement the required settings for a setpoint/actual value follow up.

TASKS

The tasks below are based on the step by step instructions. For each task, we can use the
corresponding steps of the instructions as an aid.

1.

A few inputs of the controller function block have to be wired as described in Table 48
below for the setpoint/actual value follow-up when the manual mode of the plant is
activated.

The changeover from the automatic mode to the manual/follow-up mode takes place
by means of the input 'AUT_L’. When this input is set to 0, it indicates the
manual/follow-up mode; when set to 1, correspondingly to the automatic mode. There
are two application cases where the follow-up mode is needed: Either the plant is in
the manual mode, or it is in the automatic mode. However, there is no setpoint for the
controller.

Implement a combinational circuit that takes input 'AUT_L’ to the correct state when
the plant is put into the manual mode. Also, the combinational circuit is to have an
additional unwired input that activates the follow up. This input is used later in the
automatic mode.

Table 48: Inputs of Controller Function Block

Input Value
LMN_SEL 0
LIOP_MAN_SEL 1
SPBUMPON 1
SPEXTSEL_OP 0
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