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Functional safety

1

Goal

After working through this module, the students will know the basic requirements for functional
safety. They will become familiar with methods for identifying potential hazards and for evaluating
resulting risks. They will know methods and design concepts to safeguard plants by means of

process control engineering. They will learn the basic logic operations for interlocking of controls.

Prerequisite

This chapter builds on chapter 'Control module functions'. To perform the tasks in this chapter,
you can use an existing project from the previous chapter or the archived project 'p01-04-
exercise-r1905-en.zip' provided by SCE. The download of the project(s) is stored on the SCE

Internet for the respective module.

The simulation for the SIMIT program can be retrieved from the file 'p01-04-plantsim-v10-r1905-

en.simarc'. It can be run in demo mode.
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3 Required hardware and software

1 Engineering station: Requirements include hardware and operating system
(for further information, see Readme on the PCS 7 installation DVD)
2  SIMATIC PCS 7 software V9 SP1 or higher
e Installed program packages (contained in SIMATIC PCS 7 Software Trainer
Package):

e Engineering — PCS 7 Engineering
e Engineering — BATCH Engineering
e Runtime — Single Station — OS Single Station
e Runtime — Single Station — BATCH Single Station
e Options — SIMATIC Logon
e Options — S7-PLCSIM V5.4 SP8

3 Demo Version SIMIT Simulation Platform V10

2 SIMATIC PCS 7
V9 SP1 or higher

1 Engineering Station

3 SIMIT V10 or higher
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Theory

Theory in brief

In modern production plants, process variables are used to control and safeguard technical
processes. Permissible and impermissible ranges are defined for these variables based on the
given technical constraints. The state of the overall plant results from the current values of all
process values. The objective of functional safety is to prevent the plant from entering an
impermissible state. To this end, appropriate interlocking mechanisms are set up. The objective
of interlocks is to prevent signal combinations, sighal sequences and characteristics of signals as
a function of time that can lead to impermissible fault states.

This can be done by means of process control engineering through so-called safety instrumented
systems. They prevent fault states from occurring, or they limit the harm if an impermissible fault
state has occurred despite all measures taken. In order to design suitable interlocking
mechanisms, a safety concept must be developed for the plant. This task requires exact
knowledge of the chemical and process- and plant-related constraints. For this reason, the safety

concept is developed by an interdisciplinary team using a HAZOP or PAAG analysis.

The technical implementation of the mechanisms in a process control system should be designed
to be as simple, direct-acting and straightforward as possible. For this reason, recurrent standard

protective circuits are frequently turned to in practice. They can be grouped into four categories:

Combination circuits are used to generate switching conditions through direct combination of the
corresponding process signals. For this purpose, the input signals are combined with the logic
operations AND, OR and NOT. The state of the output signal of such a combination circuit can

thus be defined at any time through the states of the input signals.

Prioritization circuits permit giving certain signals precedence over other signals. This is often
necessary in the case of operating mode selection as well as for start and stop functions.

Prioritization circuits are often implemented using combination circuits.

Interlocking circuits prevent the simultaneous setting of differently acting signals. If a certain
sequence is required for several control signals, this is referred to as a sequence interlock.

Interlocks are implemented using RS flip-flops that are connected to each other.

Circuits with timing behavior allow for delayed switch-on/switch-off, the definition of a minimum or
maximum runtime and the implementation of safety functions that require a certain response

time. Various pre-assembled timer blocks are available for implementing such functions.
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Process variables

Production plants are used to produce material goods. To that end, they control and monitor
material and energy flows, which can be described with physical variables such as volume, mass,
temperature and flow. Based on process- and plant-related constraints, the physical variables
that are relevant to the technical process and measurable are defined and specified. These

variables are referred to as process variables.

Process variables are used to control or safeguard technical processes. The intended ranges for
each process variable (the OK range) are specified based on the chemical and process- and
plant-related constraints. In addition, ranges outside the OK range in which no safety-related
restrictions for further operation exist (permissible fault range) are defined. If a process variable is
outside these ranges, undesired events that result directly in bodily injury or environmental

damage must be expected (impermissible fault range).

The values of the process variables are acquired and evaluated by means of process control
engineering. The current state of the plant is determined from this. Three basic states are

differentiated:

— OK state: The values of all process variables are within their respective OK range, and no

danger is emanating elsewhere from the plant.

— Permissible fault state: The values of one or more process variables are in the respective

permissible fault range. No danger is emanating elsewhere from the plant.

— Impermissible fault state: The values of one or more process variables are in the respective
impermissible fault range or a danger is emanating elsewhere from the plant. Impermissible
fault states always exist when humans are at risk, the environment will be damaged,
technical equipment will be destroyed or the production results will be impaired. In this case,

it is enough that the probability of occurrence of any one of these events is sufficiently high.

[1].

Functional safety

Functional safety refers in general to the safeguarding of the process plant against fault states
[1]. For many processes and states in process plants, certain events can occur that result in
harm. The combination of the frequency of occurrence of a harm and the extent of the harm is
called the risk of the corresponding process or state. The goal of functional safety is to take
safety measures that decrease the existing risks to the extent that the remaining risk is below an

acceptable risk to be defined [2].
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The interlocking mechanisms described in chapter 'Control module functions' protect the plant or
plant units from device-related fault states. These include all those fault states that are caused by
a malfunction of the devices themselves, or by operating the device outside the permissible
operating range (for example, overheating of a pump because of an undetected dry run). These
fault states are device-specific and can be detected independent of process- and plant-related

constraints.

By nature, the examined interlocking mechanisms cannot independently protect against process-
related fault states (for example, the running dry of a pump). That is because they depend on
process- and plant-related events (for example, dropping below a minimum tank level causes the
pump to run dry). For this reason, plants must be safeguarded by implementing suitable process-
related interlocks. These often utilize and expand the interlocking mechanisms of the control
module functions (see chapter 'Control module functions'). All modes of intended plant operation

must to be taken into account for this.

Intended operation refers to the operation for which the plant is intended and designed according

to its technical purpose [2]. This usually includes the following operating modes:

Normal operation

Startup and shutdown operation

Commissioning and decommissioning

Test mode

Inspection, maintenance and repair activities

A safety concept for the plant is initially developed within an interdisciplinary team for this. The
team systematically identifies hazard potentials and faults that can lead to hazards. Established

methods for hazard analysis are used, for example, the PAAG method [3].

The risks that result from the identified hazards must then be evaluated. Different methods for the
tiered evaluation of the risk to be covered are available, for example, the ALARP method, the
LOPA method and the method of the risk graph specified in [2]. If the initial risk of a hazard is
greater than the specified acceptable risk, safety measures must be taken that reduce the risk

accordingly.

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Functional safety by means of process control engineering

In general, it is preferable to use safety devices that are not based on process control
engineering means for functional safety. Often, however, due to the size or complexity of the
plant, use of such devices is either inadequate or technically infeasible. The corresponding
solution may also be economically infeasible. In this case, safety functions are implemented by
means of process control engineering. For this reason, we distinguish between two types of
process control systems:

Basic process control systems (BPCS) implement the automation functions required for
production and thus also serve to operate the plant as intended within its OK range [2]. Process
control monitoring devices react if one or more process variables leave the OK range. They
signal permissible fault states or automatically takes steps to return the process variables back to
the OK range. From the perspective of functional safety, no requirements are placed on basic

process control systems.

Safety instrumented systems (SIS) serve to reduce the risk of identified hazard potentials. They
do this by either preventing an event or acting in a way that limits the harm. The goal of safety
instrumented systems is to prevent an impermissible fault state from occurring in the plant in the
first place. They reduce the probability of occurrence of an undesired event, thereby reducing the
risk connected with this event. Damage-limiting safety instrumented systems, on the other hand,
aim to lessen the extent of harm of an undesired event after it occurs and thus to reduce the

associated risk. Such control systems are only used very rarely.

Figure 1 shows the basic mode of functioning of process control systems within the framework of
functional safety. Curve 1 shows a process variable that cannot reach the impermissible fault
range for process-related reasons. For this reason, a process control monitoring device is
sufficient here. In Curve 2, on the other hand, it is possible for the limit of the impermissible fault
range to be exceeded. But because a non-process control safety device is present, a process
control monitoring device is also sufficient in this case. In Curve 3, there is no such safeguarding
of the plant. Therefore, a safety instrumented system is used to prevent the process variable from

reaching the impermissible fault range.

For the process control systems of a plant, it must be clearly defined whether they implement a
basic process control function or a safety instrumented function. This differentiation facilitates

planning, setup and operation, but also the subsequent change of process control systems.
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Figure 1: Schematic representation of mode of functioning of process control systems according to [2]

Because functions of safety instrumented systems are required only very rarely, their
components may also sometimes be used by basic process control systems for economic
reasons. In this case, signals for triggering the safety instrumented function must always take

precedence over signals of the basic process control system.

Measures that are as simple, straightforward and direct-acting as possible must be used to
implement the safety instrumented functions. It should be possible to directly acquire the utilized
process variables with simple and proven methods. It follows that the control design itself is
characterized by relatively low complexity.

Standard protective circuits for functional safety

The objective of safety instrumented systems with the resources of process control engineering is
usually to control certain signal combinations, signal sequences, signal characteristics as a
function of time or priorities of signals in a way that impermissible process states are prevented.
The user realizes these functions with recurrent standard protective circuits. The most important
standard protective circuits are presented below.

Combination circuits

In many cases, certain control signals are permissible only if the process is in a certain state.
This state can be described as a combination of the corresponding process signals. To combine
individual signals to form a switching condition, simple combination circuits can be used. They
have the ability to determine the state of an output signal at any time through the state of a set of
input signals. To this end, the input signals are logically combined with the logical operations
AND, OR and NOT. The combination circuits themselves are stateless, which means they have

no storage properties.

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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The relationship between input and output signals can be described completely with a function
table. The corresponding logic function is always be represented in (at least) two standardized

forms.

Disjunctive normal form (DNF) In this representation, the user first defines all combinations of the
inputs for which the output signal is to be set (all lines of the function table for which A = 1).
These combinations are represented as AND operations of the input signals. The outputs of
these AND operations are then connected to each other by means of an OR operation. As a

result, the output is set as soon as one of the located combinations occurs.

Conjunctive normal form (KNF): In this representation, the user first defines all combinations of
the inputs for which the output signal is not to be set (all lines of the function table for which A =
0). These combinations are inverted and represented as OR operations of the input signals. The
user connects the outputs of these OR operations to each other by means of an AND operation.
Inverting the located combinations has the effect that the output is set only if none of these

combinations occur.

Figure 2 shows an example of a function table with three input signals and the corresponding

combination circuits in the disjunctive and conjunctive normal forms.

| 12]113] 0 11 —9 11
0 0 0 0 12 & 12 21
0 0 1 0 13 3
0 1 0 0
N ERERE = I
1o o] o 2 —q & 12 21
1 0 1 1 I3 — I3 —(g
21 —A & /A

1 1 0 1 n —| 1
1 1 1 1 PR Y 2 —d=1

I3 —9 13

11 11 —9

2 — & 12 21

I3 — I3 —
Functions table Disjunctive normal form (DNF) Conjunctive normal form (CNF)

Figure 2: Structure of basic combination logic circuits

Prioritization circuits

Safety functions must always take precedence over operator control and monitoring functions. In
this case, multiple control signals control the behavior of an actuating signal. For this reason, the
control signals have to be prioritized accordingly. In most cases, prioritization is static, and is

implemented using a combination circuit.
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Latching circuits

It is not always possible to represent the conditions for an output state by the current state of the
inputs alone. If, for example, output signal Q is to be set by the input signal 11 and reset by
another input signal 12, this can no longer be represented combinational. Q must also remain set
when I1 is reset. Only when 12 is set is O to be reset. This makes the effect of 12 dependent on
whether 11 was previously set, and thus on the current Out state of the system. This state must
be stored in the circuit. These latching circuits also called sequential circuits. Storing the Out

state can be implemented using a reset-set flip-flop (RS flip-flop).

As shown in Figure 3, such a circuit has two inputs: one input for setting (S) and one input for
resetting (R) the output. It is important here to define how the output is to be switched when both
inputs are set. Depending on the implementation of the RS flip-flop, either setting or resetting is

dominant (refer to Figure 3).

51 11 —'S
1 —— S —
& o
Q
12 — R — O
12 R Q
R-S-Flip-Flop with dominated
reset input
12 —
& R
2 —— R —
21 o
Q
— — O
1 S 11 S Q
R-S-Flip-Flop with dominated
set input

Figure 3: Design and function icons of RS flip-flops

Interlocking circuits

Often, attention must be paid that certain control signals are not set simultaneously. For example,
an electric motor with two directions of rotation must not be simultaneously switched to run

forward and in reverse. The two signals F (forward) and R (reverse) must be mutually interlocked.

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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An interlock is realized using two interconnected RS flip-flops. Two interconnection possibilities
exist. The interlock takes place via either the set inputs or the reset inputs. Both variants are
shown in Figure 4. Note that the interlocking via the reset input only works if the reset input is

dominant.
11— 11 —S
& S
02 —(g
12—
i jO1 set 12 R o1 o2 o M
2 |O1 reset Q
I3 102 set 13 3 S
14 102 reset & s
01 —-g
14 ——
=1 R Q— 02
4 —R Qf— 02 (o1 —
Locked by set input Locked by reset input

Figure 4: Mutual interlocking of two output signals

In some cases, the sequence in which specific control signals can be set must also be specified.
A sequence interlock is implemented in this case. This can also be implemented by a stinging
together of flip-flops. You need as many RS flip-flops as steps that are to be coordinated. Figure

5 shows a sequence interlock for two signals.

11 S 11 S
11 O1 set 2 — R QI— O1 2 —R QI— O1
12 O1 reset
13 02 set o1
14 O2 reset & S I3 ——'S
02 only, if O1 I3 —
01 —(g
4 — R QF— 02 21 R QI— 02
14 —

Sequential lock by reset

Sequential lock by set input input

Figure 5: Sequence interlock of two output signals

Note here that only activation sequences are implemented with these circuits and not signal

sequences. Setting O2 does not cause O1 to be reset. In case of an interlock via the reset input,

02 is also reset automatically when O1 is reset.
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Circuits with timing behavior

Circuits with timing behavior also take into account the time since the occurrence of one or more
events. This principle is explained below using the two-hand interlock as an example. The
purpose of this interlock is to prevent workers from being injured when operating a machine, such
as a press. It can only be released by simultaneous actuation of two pushbuttons, which prevents
the worker from still having one hand in the danger zone of the machine. This task can also be
solved by using a combination circuit. To prevent one pushbutton from being permanently fixed
with adhesive tape, however, it must also be ensured that both buttons are pressed within a fixed
time span. To this end, pulse elements are used that set the output signal for a specified time and
then reset it automatically, regardless of the time duration of the set input signal. Only a state
change of the input (from reset to set) generates a reset of the output signal. Figure 6 shows the

function icon and the switching behavior of a pulse element.

n —— 1 Set | | [ 1 [ [ 1
Reset | |
Ti — TW
me Output signal | | |_|
2 —R Q}—— O 'Fime

Figure 6: Function icon and switching behavior of a pulse element

The corresponding circuit for a two-hand interlock is shown in Figure 7. If one of the pushbuttons
is actuated, output Out of the pulse element is set for duration T. If the second button is then
actuated while Out is set, all conditions of the AND element are met, and output O is set. The

pulse element is bypassed through the OR operation with output O.

11 |Button left hand
12 | Button right hand T— ™ 12 & o)
T |Actuating time

Figure 7: Two-hand interlock when using a pulse element

Timing elements are also used for many other safety functions. For example, they are used for
safety gate controls in which open gates close automatically after a specified time and for motor

startup controls in which, after a futile start attempt, a rest period for drive recovery is forced.
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5 Task

According to the requirements in chapter 'Process description', manual operation is to be added
for the pump motor =SCE.A1.T2-P001 in the CFCs from chapter 'Control module functions'. The

following interlock conditions must be observed:

— The pump motor may only be switched on when the main switch of the plant is switched on

and the Emergency Off switch is unlocked.

— The pump must not take in air. The minimum level (here: 50 ml) in reactor =SCE.A1.T2-R002

is numerically known and will be evaluated using the measured level.

— The pump must not pump liquid against a closed valve. When the pump is switched on,
valve=SCE.A1.T3-V001, valve=SCE.A1.T2-V007 or valve =SCE.A1.T4-V003 must be open.

=SCE.A1.T2R001
I Reactor

SO+

=SCE.A1.T2P001

[ XV '\ [/ GO+ \
\Q1T4X003/ \Q1T4X003/

=SCE.A1.T4-V003
GO+-
A1T3X001

=SCE.A1.T2-V007

XV
A1T3X001

(AN =SCE.A1.T3-V001

i

Figure 8: Section of the P&ID flow chart of the reactor pump with its connections
Note:

— For the approach to a solution, please note the details regarding latching circuits in the theory

section.
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6 Planning

The manual control A1T2HO011 (see Figure 10) for emptying reactor RO01 consists of three parts:
— Adigital input for the Start command: 'A1.T2.A1T2H011.HS+.START'/17.2

— Adigital input for the Stop command: 'A1.T2.A1T2H011.HS-.STOP' / 17.3

— Adigital output for the status feedback: 'A1.T2.A1T2H011.HO+-.0+'/ Q4.2

These are already contained in the symbol table and only still have to be combined.

The manual control influences both pump A1T2S003 and valve A1T3X001 (see also Figure 9),
which must be expanded accordingly.

The interlocks mentioned in the task description can all be implemented with previously created

sensors and actuators.

< < 5
o A VI AN (V) W—
? \amaxons / % LT
( TSA+\/ TIC \/
harzrooyrzrony/ \/I =SCE.A1.T2R001
| Reaktor

A1T2T001

Van
A/

\A1T4XOO3/ \A1T4X003/ XV

=SCE.A1.T4-V003
=SCE.A1.T2-VC

Produkttank

A1T3H001

=SCE.A1.T3-H001

-w =SCE.A1.T3B001
W

Figure 9: Portion of the P&ID flow chart to be programmed
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Local operator panel ‘

On Emergency stop

Reactor RO01

START STOP STATUS

Educt BOO1 Q ”s+> C HS’) QH°+'>
1T2H001 A1T2H001 1T2H001
HS+ Hs- HO+-
canesooz (5) () (B0
1T2H002 A1T2H002, A1T2H002,

Reactor R002

START STOP  STATUS
Hs+ Hs- HO+-
A1T2H004/ \A1T2H004/ \A1T2H004,
HS+ Hs- HO+-
A1T2H005/ \A1T2H005/ \A1T2H005,
HS+ Hs- HO+-
A1T2H006/ \A1T2H008/ \A1T2H006,

HS HS- HO+-
Educt BO03 ¥ *
A1T2H003, A1T2H003, A1T2H003,
. HS+ HS- HO+-
Stir
1T2H007 A1T2H007, 1T2H007
HS+ HS- HO+-
Heat
1T2H008 A1T2H008 1T2H008

HO+

HS+ HS- HO+-
A1T2H009 1T2HO009, A1T2H009
S > >

A1T2H010, 1T2H010, A1T2H010,

Discharge
HS+ Hs- HO+-
Clean
A1T2H013, 1T2HO013, 1T2H013
HS+ HS- HO+-
Decant
A1T2HO015, 1T2HO015, 1T2H015

HS+> H -
HS+ HS- HO+-
A1T2H012/ \A1T2H012/ \A1T2HO12
HS+ HS- HO+-
1T2H014, 1T2H014, 1T2H014,
HS+ HS- HO+-
A1T2HO16 1T2H016/ \A1T2HO16,

Figure 10: Local operator station

7 Learning objective

In this chapter, students learn the following:

— Implementation of advanced constraints and the manual operation

— Creation of interconnections between CFCs
— Additional possibilities for programming with CFCs
— Use of additional sheets in the CFCs

— Testing the program using the control functions in the CFC
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8 Structured step-by-step instructions

8.1 Creating the manual operation A1T2H011

1. Rename the chart to 'A1T2H011' and open it with a double-click.
(— A1T2HO011) To program the manual operation for draining reactor ROO1, create a new
CFC in the plant view of SIMATIC Manager in the Reactor RO01 folder of the T2_reaction

unit. (— SIMATIC Manager — View — Plant View — reactor R0O01 — Insert New Object —

CFC)

, (=] 3
File Edit Insert FLC View Options Window Help =1 |
D (205 | 4 B dalle % %08 [ <o Fiter > - V@B M|

=-{2&] S5CE_PCS7_MP @M T2L001 [y a1T25002
= SCE_PLST_Pi
{17 Shared Declarations
- A1_multipurpose_plant
T1_educt_tanks
educt_tank BOO1
educt_tank BOD2
educt_tank BOO3
Cut Ctrl+x
Copy Ctrl+C
product_tank  Paste Ctrl+V
product_tank
T4 finsing Delete Del
r|n§|ng_tank Insert New Object Hierarchy Folder |
&g SCE_PCS7_Lib
bccess Protecton I
} SFC
Print »
Additional Document
Charts 3 i
, Picture
Plant Hierarchy 3
Report
Process Tags 3
Models 3 Equipment Properties
SIMATIC BATCH ] Equipment Property
Rename F2
Object Properties... Alt+Return
Inserts CFC at the cursor position. o
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2. Rename the chart to 'Al1T2H011' and open it with a double-click.
(— A1T2HO011)

.SIHAT_[C Manager - [SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\SIEMENS\STEP7\S7Pro 1ol =l
File Edit Insert PLC View Options Window Help ===l
DS 885§ B@|dallo %5 [ < Mo Fiter > - BE| BE M
=-{2&] SCE_PCS7_MP i ATTZL001 [y a1T25003
=& SCE_PCS7_Py

[#{_7] Shared Declarations

a] A1_mulbipurpoze_plant
T1_educt_tanks
educt_tank BOD1
educt_tank BOD2
educt_tank BOO3
reaction

reactar ROOT
reactor RO02
T3_product_tanks
product_tank BOOT
praduct_tank BOO2
T4 _rinzing

B rinzing_tank BOO1
[+ SCE_PCS7_Lib

Press F1 to get Help. |CP1623.RFC1006.1 i
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3. In the CFC Editor, drag the 'FlipFlop' block from the 'LogicDi' folder in the 'Blocks' catalog to
the first sheet of the chart. You now have a storage element. For the reset or switch-off to be
dominant, you must set the mode to 1.

(— Libraries —» PCS 7 AP Library V90 — Blocks+Templates\Blocks — LogicDIl — FlipFlop —
Mode — Value: 1)

ECF{ - [A1T2HO11 -- SCE_PCS7_Prj\A1_multipurpose_plant\T2_reaction\reactor R001] =10] x|
[# Chart Edit Insert CPU Debug View Options Window Help 15| x|
DEs|s e mE =5 ek vx==2 B0 2E0 |
[l New Chart L =
New Text | |
&1l CFC Library [current CFC library]
il LogicMatrix
=14l PCS 7 AP Library V90 |
=I-[£R Blocks+Templates\Blocks
|| 1
-y Contral Fl lPFl op QB35
@ Convert | SE/RS-F1
-4 Count 0 |||r 1
+]- 4@y DE_FUNCT — . .
% @ Dosage 1—Mode Out —
- OP - - -t T i 4
QDrwes U— aEtLl LOWVUL
Q Genrator || - — ==
= @ IEC |—] B3CL1
-4 Interlck
Q LogicAn |
- @ LogicDi
-3 And04 [FC355: Logical AND with 4 inputs] —
& And08 [FC jcal AND with 8 inputs] b
S-FlipFlop] | o
-3 Not01 [FC382: Negate binary signal]
~$F Or04 [FC364: Logical OR with 4inputs] |
& Or08 [FC365: Logical OR with 8 inputs]
& RedDi02 [FC386: Selection of two redundant digital values]
37 SelD02In [FC391: Select one out of two digital values] |
£ StrctCom [FC393: Structure composer for 32 Bit structures]
& StrctDeC [FC396: Structure decomposer of a 32 Bit structure] —
-3 Trigger [FB1821: Detection of the rising and falling edge]
-3 XOr04 [FC388: Logical XOR with 4 inputs] |
EII--Q Maint
- Math =
oo | Bicnes i Libraries |
| | .
o 3 -
I~ Find initial letter _S wu _’I
Press F1far help. T [ [a/shest 1 [0B35 A1T2HOIT AIT2F

Note:

— Additional information about the utilized blocks is provided in the detailed online help. To
access the help, select the corresponding block and press 'F1' on the keyboard.
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4. Next, drag the 'Or08 block from the ‘'LogicDi' folder to the chart.
(— Libraries - PCS 7 AP Library V90 — Blocks+Templates\Blocks — LogicDI — Or08)

FC - [A1T2HO11 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R001] -3 x|
[® Chart Edit Insert CPU Debug View Options Window Help =] x|

DE&| 4R @D B2+ el 8 ox=y % B0 Jaa|2EmMN|
- {f%) New Chart -

New Text i
& g CFC Library [current CFC library]

|»

2] LogicMatrix
By PCS 7 AP Library ¥a0
-|-[£H Blocks +Templates\Blocks

@ COM_FUNC 1
& Comm FlipFlop
@ Control SR/RS-F1 G

@ Convert B out —

OB 35|

InvOut [—

£ And04 [FC355: Logical AND with 4 inputs] = — (Z;roa
-3 And08 [FC356: Logical AND with 8 inputs] Logical
-3 FlipFlop [FC389: SR /RS-FlipFlop] |
~$F Notd1 [FC382: Megate binary signal]

-3 RedDi02 [FC386: Selection of two redundant digital values]
£ SelD02In [FC391: Select one out of two digital values]
-3 StrctCom [FC393: Structure composer for 32 Bit structures]
-3 StretDeC [FC396: Structure decomposer of a 32 Bit structure] —
~§F Trigger [FB1821: Detection of the rising and faling edge]
-3k XOr04 [FC388: Logical XOR with 4 inputs] |

(- 4 Maint
-4y Math = ||
oo | Bicres il Libraries |
| al
I~ Find initial letter B mu ;I_'I
Press F1 for help. ] [ A/Shest 1 [0B35 AIT2HOIT AIT2F
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5. Now, drag the '‘CompAn02' block from the 'LogicAn' folder in the PCS 7 AP Library V90 in the
‘Libraries' catalog to the chart. You will need it in order to take into account the numerical

value of the level of reactor RO01 for the interlock. (— Libraries — PCS 7 AP Library V90 —

Blocks+Templates\Blocks — LogicAn — CompAn02)

ECFC - [A1T2H011 -- SCE_PCS7_Pri\Al_multipurpose_plant\T2_reaction\reactor RO01] ;|g|i|
[ Chart Edit Insert CPU Debug View Options Window Help - ﬁ'lﬂ

DES|eemP e o8 «x=5gB0daazsmw|

~-{f%) New Chart = =
New Text | |
-l CFC Library [current CFC library] 1
- LogicMatrix - FlipFlop 0B35
£l il pcs 7 AP Library va0 SR/RS-F1 i
E=1-{£H Blocks +Templates\Blocks .

Q Channel -
@y CLK_FUNC
-y COM_FUNC
Q Comm
Q Control
Q Caonvert
Q Count
-4y DB_FUNCT —-—
Q Dosage
-8y DP -
Q Drives
Q Genrator
-4y IEC
Q Interlck
EQ LogicAn
E 3 CompAn02 [FC omparator for two analog values]
-3 Limit [FE1829: Limiter] —
£ MuxAn03 [FB1860: Selection of an analog value to increase avi
3 MuxAnd8 [FB1831: Selection of an analog value from 8 process | 3
-3 Ratelim [FB1882: Gradient imitation] (CompAn02 BEEE
~§F RedAn02 [FC385: Selection of two redundant analog values] (Comparat f/43
-3 SelAd2In [FB1836: Select one out of two analog values] 0.0—Inl GI[—
£ SelA1sIn [FB1888: Select one out of 16 analog values] 0.0—{In2
=4 LogicDi
-3 And04 [FC355: Logical AND with 4 inputs]
3 And08 [FC356: Logical AND with 8 inputs] — B
-~ FlipFlop [FC38%: SR /RS-FlipFlop] it
& Notd1 [FC382: Megate binary signal] ||
& Or04 [FC354: Logical OR with 4 inputs] | _'LI
»

4
|
i eocks | B3 chans -Linﬂ'iesl

OB35|

o
=

=)
5

l |

_ 3 (=l
I~ Find initial letter _S wu _’I
Press F1forhelp T [ [A/Sheet 1 [OB35 AIT2HOIT AIT2F
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6. Then, drag the driver block for the digital output signal 'Pcs7DiOu’ to the chart. (— Libraries
— PCS 7 AP Library V90 — Blocks+Templates\Blocks — Channel -PCS7DiOu)

ECF{ - [A1T2H011 -- SCE_PCS7_Pri\Al_multipurpose_plant\T2_reaction\reactor R001] - Ellil
[ Chart Edit Insert CPU Debug View Options Window Help - ﬁ'lil
DE&| =R [@EE< |7+ e 8ox="gB00daa 23mW|
% New Chart -~ =
[ New Text
[ CFC Library [current CFC library] 1
- ffjl§ LogicMatrix FlipFlop 0B35S
=14l PCS 7 AP Library V90 SR/R5-F1 6/1
=1-(£H Blocks+Templates\Blocks PP r— o
b All blocks 0— Setli Invlut [—
il @ @SYSTEM - N -
=8 by Channel 0— S
£ FbAnIn [FB1813: Analog input driver for
-3 FoAnOu [FB1814: Analog output driver {
37 FbAnTot [FB1817: Totalizer Function Blo 2
&+ FbDiln [FB1815: Digital input driver for fi oros e
37 FbDIOu [FB1816: Digital output driver fo Logical a2 -
£ FoDrive [FB1905: Channel Block for Mot o
-3 FbEnMe [FB1508: Channel Block for Enet
3 FOSwWtMMS [FB1907: Channel Block for 5— 4 X
~$F Pes7AnIn [FB1869: Analog input driver] P‘?S?Dlou
-3 Pcs7ANOU [FB1870: Analog output drive (Lo ol
-~ Pes7Cnt1 [FB1833: Counter driver FM 3!
37 Pes7Cnt2 [FB1834: Counter driver DI NA
£ Pcs7Cnt3 [FB1835: Counter driver ET201
-3 PcsTDiIn [FB1871: Digital input driver]
872: Digital input driver wil
£ PcsTHaAO [FB1932: Analog input driver 3 e
-4y CLK_FUNC Comphn02 0B35S
-4y COM_FUNC Compaa 6/3
E:I--Q Comm 0.0 GI[—
+]- 4@y Control 6.0 eEl—
[]--Q Convert EQl—
EII--Q Count IE |-
[+ 4y DE_FUNCT
(-4 Dosage 0 —
(-4 DP
[+ @y Drives =
| | v
T ooces | Bichas (i Libraries I
[ L =
E3 -
I~ Find initial letter et :II[‘ n ,—lu I o
Press F1 for help. 0 [ [A/Sheet 1 [0B35 ATT2HOTT ATT2F

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
p01-05-functional-safety-v9-tud-0719-en.docx



Learn-/Training Document | PA Module P01-05, Edition 02/2020 | Digital Industries, FA

7. Assign names to the blocks as shown. (— Block — Object properties — Change name —

ECFC - [A1T2HO11 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R0O01] 10| x|
[ Chart Edit Insert CPU Debug View Options Window Help 8] x|
DE&E sl [BDE= |- k|3 e x=2% B0 Jaa|aEDN|
- {f%) New Chart = 2
(8] Mew Text
-4l CFC Library [current CFC library]
2] LogicMatrix
Bl PCS 7 AP Library V90
= Blocks +Templates\Blocks
& All blocks
+- @@y BSYSTEM
=1 Channel
37 FbAnIn [FB1813: Analog input driver for
£ FoAnOu [FB1814: Analog output driver 1
-3 FbAnTot [FB1817: Totalizer Function Blo OR_R1T2HO11
-3 FbDIIn [FB1815: Digital input driver for fi oros e
~$F FbDiOu [FB1816: Digital output driver fo Logical 6/2
-3 FbDrive [FB1905: Channel Block for Mot o—{1a1 ot —
&7+ FbEnMe [FB1908: Channel Block for Enel . - -
gk FoSWiMMS [FB1907: Channel Block for 5— 0l [PE bl
£ Pes7AnIn [FB1869: Analog input driver] 0—In3 PFS?Dlou
-4 Pcs7ANOU [FB1870: Analog output drive 0—In4 Digital
-3 Pes7Cnt1 [FB1833: Counter driver FM 3! 0— In5 0—{EV_In
-~ §F Pcs7Cnt2 [FB1834: Counter driver DI NA 0— Iné 0— SimOn PV_Out [—
37 Pes7Cnt3 [FB1835: Counter driver ET201 0—In7 0—{5imF¥_In PV_ChnST |—
# Pes7Diln [FB1871: Digital input driver] 0— In8 Propertics - Block —- A1T2H011\ALT2H011 x|
37 Pcs7DIT [FB1872: Digital input driver wil =1
£ Pcs/DIOU [FB1873: Digital output driver] ~
3 PcsTHaAT [FB1931: Analog input driver f Type:
-3 Pcs7HaAO [FB1932: Analog input driver CME_AIT2HOL1 Name:
-y CLK_FUNC Comp2n02 0B35S =
- Comment piying RODT =
- 4y COM_FUNC Comparat 6/3 ¢ j
(-4 Comm 0.0—Inl 6T
@ Control 0.0 cz 1 5 I OCH possible
- Q Convert EQ Inteml idertifier FC389 T
E%g EEUEENG’ - e [¥| Create block
[]..Q Dc;agE L fene ' forep
Faril: LogicDi
S I HES relevart
[+ @ Drives =2 Auther: AdvLb30
4| | 3
T = il . Tobe insededin OBAsks: [~ Specia properties
&
I ? [V Readback enabled J
Find initial |t 4
L “ — [ ET50a /Ll I I
Press F1for help. A
pi Coel [ |t
Block Name
FlipFlop A1T2HO11
Oro8 OR_A1T2H011
CompAn02 CMP_A1T2HO011
Pcs7DiOu Out_Al1T2HO11
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8. Now, you start interconnecting the blocks with one another. To do so, click the 'Out’ output of
the 'FlipFlop' block and then the 'PV_In' input of the 'Pcs7DiOu’ block. The layout of the line

of this interconnection is created automatically and cannot be changed in the CFC Editor. (—
FlipFlop —» Out —» Pcs7DiOu — PV_In)

ECFC - [A1T2H011 -- SCE_PCS7_Pri\Al_multipurpose_plant\T2_reaction\reactor RO01]
[ Chart Edit Insert CPU Debug View Options Window Help

DE&| &ER

OB |8 o= x| B0 deaBEmK |

=10l
=lalx|

Out_RIT2HO11
PcsT7Di0u
Digital

=
Bl

~-{f%) New Chart =
New Text
- il CFC Library [current CFC library] RIT2HO11
-4l LogicMatrix FlipFlop oR3s|
£l il PCS 7 AP Library ¥90 Emptying i
Cut
InvOut —
& FbAnIn [FB1813: Analog input driver for
37 FbAnOu [FB1814: Analog output driver 1
£ FoAnTot [FB1817: Totalizer Function Blo OR_R1TZHO11
37 FbDiln [FB1815: Digital input driver for fi loros e
37 FbDIOU [FB1816: Digital output driver fo Logical a2 -
-~ §F FbDrive [FB1905: Channel Block for Mot out —
-3 FbEnMe [FB1508: Channel Block for Enel
& FoSwtMMS [FB1907: Channel Block for 5—
37k Pes7AnIn [FB1869: Analog input driver]
£ Pcs7ANOU [FB1870: Analog output drive
~$F Pcs7Cnt1 [FB1833: Counter driver FM 3!
-3 Pes7Cnt2 [FB1834: Counter driver DI NA
-~ §F Pcs7Cnt3 [FB1835: Counter driver ET201
-~ Pcs7DIIn [FE1871: Digital input driver]
£ PcsTDIIT [FB1872: Digital input driver wil
37 Pcs7DiOU [FB1873: Digital output driver]
£ PcsTHaAL [FB1931: Analog input driver f
p Pcs7HaAC [FE1932: Analog input driver CMP_RIT2H011
-y CLK_FUNC [ aB3s|
- COM_FUNC Comparat i
EII--Q Comm 0.0 GT—
- Contral 0.0 GE—
(-4 Convert Eg—
[]--Q Count |
-4 DB_FUNCT
-4y Dosage LT[—
- DP
14y Drives hd
| | v
i eocks | Bhchans (il Livraries I
| )
- {<
™ Find initial letter e WY ]
Press F1for help T [

[A/sheet 1 [DB35 AITZHOIT ATT2E 4
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9. To allow the status of the operator prompt to be displayed, interconnect the 'PV_Out' output

of the 'Pcs7DiOu’ block with the corresponding address from the symbol table. (— Pcs7DiOu

— PV_Out — Interconnection to Address)

ECFC - [A1T2H011 -- SCE_PCS7_Pri\Al_multipurpose_plant\T2_reaction\reactor RO01]

[ Chart Edit Insert CPU Debug View Options Window Help

DE&| LEB

@O g5 e 8 o= 5 | BO0 Daa|BEmKe|

=10l
=lalx|

~-{f%) New Chart
= -- New Text

[ CFC Library [current CFC
[+ fil§} LogicMatrix

-

=] PCS 7 AP Library Vo0
| Blocks +Templates'\Bloc

& FoAnln [FB18
-4 FbAnOu [FBIE
& FbAnTot [FBL
p FbDiln [FB181
&7 FbDIOu [FB18
&2 FbDrive [FB1S
- FbEnMe [FBLS

4 FoSWiMMS [F—
-3 PcsTAnIn [FB
-5 Pes7ANOuU [FE

Jut RITZHO11
Pca7Di0u
Digital

QE35|

~§F Pes7Cnt1 [FB
-3 Pes7CNt2 [FB
L Pes7Cnt3 [FB
-3 PcsDIIn [FB1
£ PcsTDIT [FB1
~$F PcsTDiOu [FB
-3 PesTHaAlL [FB
- Pes?HaAO [FE
- 4y CLK_FUNC
[+ 4 COM_FUNC
(-4 Comm
£ Q Cantral
E:I--Q Convert
[]--Q Count
- %% DE_FUNCT
EII--Q Dosage
£
E

- OP
+]- 4@ Drives =2
4 I »

I~ Find initial letter

Press F1 for help

Interconnectic
Interconnection to Runtime Group...

Object Properties. ..

Alt-+HReturn

ATEha /L

=
B

[ |

|A/Sheet 1

[oB35 ATTZHOTT ATT2F

10. From the symbol table that is then displayed, select output Q 4.2 "A1.T2.A1T2H011.HO+-

.O+" for the status display of the operator prompt. (— AL.T2.A1T2H 011.HO+-.0+)

"A1.T2.A1T2HO11.HO+-.0+"

G ALT2ATIHIOZ.HO+-0+  BOOL Q 40
&) A1T2.ATT2HO07.HS+.5TART | BOOL I &6
& ALT2 ATT2HO07.HS-5TOP | BOOL 1 &7
&) ALT2AITIHIOE.HO+-0+  BOOL Q 41
&) A1.T2.ATT2HO08. HS+.5TART | BOOL 1 7.0
&AL T2 ATT2HO0E. HS-5TOP | BOOL 171
&) ALT2ATTIHI09.HO+-. 0+  BOOL Q 50
) A1T2.ATT2H009, HS+.5TART | BOOL I 46
&AL T2 ATT2HO09,HS-5TOP | BOOL 1 47
G ALTZATIHII0.HO+-.0+  BOOL Q 51
)AL T2 ATT2HO10,HS+.5TART | BOOL I 50
& ALT2 AIT2HIL0.HS-5TOP  BOOL I 541
ALT2.AITZHO11.HO+-.0+ Q 42
)AL T2 ATT2HOL1LHS+.5TART | BOOL 1 7.2
GALT2ZAIT2HILLHS-5TOP | BOOL 1 7.3
GALTZATT2HI12.HO+-0+  BOOL Q &2
AL T2 ATT2HO12,H5+.5TART | BOOL 1 52
G ALT2ZAITHIL2 HS-5TOP | BOOL I 53
G)ALT2ZATTHI13.HO+-0+  BOOL Q 43
&AL T2 ATT2HO13.H5+.5TART | BOOL 1 7.4
G1ALT2AITHO13.HS-5TOP  BOOL I 75

4

reactor R0O01 stir status value
reactor ROO1 stir start

reactor ROO1 stir stop

reactor RO01 heating status value
reactor R001 heating start
reactor RO01 heating stop
reactor R0O02 stir status value
reactor RO02 stir start

reactor RO02 stir stop

reactor R002 heating status value
reactor R002 heating start
reactor RO02 heating stop

[

reactor R001 empty status value
reactor RO01 empty start
reactor RLO01 empty stop

reactor R002 empty status value
reactor RO02 empty start
reactor R.O02 empty stop

reactor R001 rinsing status value
reactor RO01 rinsing start
reactor RO01 rinsing stop
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11. Continue interconnecting the blocks with one another. Connect the output of the 'Or08' block
to the 'RstLi" input of the 'FlipFlop' block. Then, connect the 'LT' output of the '‘CompAn02'
block to an input of the 'Or08' block. (— Or08.0ut — FlipFlop.RstLi —» CompAnO2.LT —
0Or08.1n8)

iCFC - [A1T2HO11 -- SCE_PCS7_Prj\A1l_multipurpose_plant\T2_reaction)\reactor ROD1] =101 x|
[3 Chart Edit Insert CPU Debug View Options Window Help =151

DE&|see@D s ad iax=ux B0 daa|asme|

- {[8) New Chart -~
New Text A1T2H011
I:I---g CFC Library [current CFC | FlipFlop .

[ LogicMatrix Erptying s
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All blocks
+- @y @SYSTEM
EIQ Channel
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5o o] T O e
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£ FbDrive [FB19 o
-7+ FbEnMe [FB19
%% FESWHMMS [FE
~& Pes7AnIn [FB1
-4 Pes7AnOu [FB
& Pes7Cntl [FB1
- § Pes7Cnt2 [FB1
£ Pes7Cnt3 [FB1
&3 Pes7DIIn [FB1E
4 PesTOIIT [FBLE
&3 Pcs7DIOu [FB1
&} PesTHaAL [FB: CMP_A1T2HO11
- & PcsTHaAC [FB [CompAn02 oB35 16
- @ CLK_FUNC IComparat a1
-8 COM_FUNC 0. o— l—
[]--% Comm i -._ _
[
[

1—Mode

(=%

H o
R

+- @ Control o -
]--@ Convert - _’:‘
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[~ Find initial letter ;I
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Note:

— The 'LT output of the 'CompANn02' block has the state 1 if 'In1' is less than 'In2'.
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12. The comparison value is set at input 'In2' by opening the properties with a double click. Enter
50.0 as the value and apply this change with OK. (— CompAn02 — In2 — Value — Value:

50.0 > OK — Close)

ﬁCF{: - [A1T2HO11 -- SCE_PCS7_Prj\A1l_multipurpose_plant\T2_reaction\reactor R0OD1] 1ol =l
[ Chart Edit Insert CPU Debug View Options Window Help -8l x

DS meBmDE=|a-ed ex=4gE00daaBSm |

-{[ Mew Chart =

) New Text B1T2HO11
[]---g CFC Library [current CFC | FlipFlop

[+l LogicMatrix Erptying 6
= jiilll PCS 7 AP Library V30

[=] Blocks +Templates\Bloc
-y All blocks

@ @SYSTEM

EQ Channel

g FbAnin [FB13
3 FbAnCu [FEIE OR_A1T2HO11 Out_ALT2HO11
FbAnTot [FB1f orog Pc3TDiCu
FbDiln [FB181 Digital

o
-4} FbDIOU [FB18

o

o

o

Logical =

FbDrive [FB19 0= Inl Ou EV_In
FbEnMe [FB13 0
FhSwiMMS [FE

~&3 Pes7AnIn [FB1

& Pcs7AnOu [FB

& Pes7Cnt3 [FB1
-3 Pes7Diln [FB1E
& Pes7DIT [FB1E
~§3 PesTDiOu [FB1
£ PesTHaAI [FE: CMP RIT2H011

- & PesTHaAD [FB |CompAn02 OR335)
+- @ CLK_FUNC Comparat £/1

+1- ¥ COM_FUNC 00— =/

[

i u.0

=9 Comn o e
[

[

]"Q Control o
]--Q Convert = _ -

A e _>|_| .
BEENEE™ il vier...
™ Find initial letter ;I
[AETA Al | 0

Press F1 for help A/Sheet 1 0B35 A1TZHD11
4

||

13. Next, create a cross-chart interconnection of input 'In1' with the measured level of reactor

=SCE.A1.T2.R001. To do this, select 'In1' on the 'CompAn02' block. (— CompAn02 — Inl)

S PCS 7 AP Library vo0
[=I-{£H Blocks+Templates\Bloc

ﬁ(ﬂ: - [A1T2HO11 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor RO01] -0l x|
[ chart Edit Insert CPU Debug View Options Window Help - ﬂlil
DE&| =R (@D ad ex=4% B0 J2a/BE0 |
{I% New Chart - " __-: fe |
B MewText 2 Out_R1T2HO11
[+ CFC Library [current CFC 3 PFS?DIOH
- ffjl§ LogicMatrix 4 Digital

CMP_R1T2HO11
47 FoDiIn [FE181 CompaAn02
& FoDiOu [FB18 Comparat A
£ FbDrive [FB1S 0.0
i 3 FbEnMe [FB1 s0.0— 102
i LT FoswtMMS [FI In1
: L A AaTe ED IN - STRUCT
| 0.0 IE|—
Analogue Value 1|

EETNEEY T
l—

il
o e |
I~ Find initial letter =4 mu | _’I
Press F1far help. T [a/shest1 [0B35 A1T2HO1T AIT2F
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14. Then, open the CFC 'A1T2L001' in the plant view with a double-click. (— SIMATIC Manager
— Plant View — A1T2L001)

=
File Edit Insert PLC View Options Window Help
D87 % B (aall= %)% [[ <o fiker> 7 (¥E BED W
(£ SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\..\STEP7\S7Proj\SCE_PCS7_MP\SCE_ MP =18 x|
El-{=a SCE_PCS?_MP | [EyA1T25003 T A1T2HOT
18 SCE_PCS7_Pi
&) Shared Declarations
- A1_rmultipurpoze_plant
1_educt_tanks
educt_tank BOOM
educt_tank BOOZ
educt_tank BOO3
= 2_reaction
reactar ROOT
] reactor AO02
T3_product_tanks
praduct_tank BOO1
product_tank BO0Z
= 4_rinsing
rinsing_tank BOO1
£ GCE_PCS7_Lib
#1-{_7] Shared Declarations
@ Models
Process tag types
Press F1 to get Help. PC internal Jocal. 1 v
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15. In the open chart 'A1T2L001', click the 'PV_Out' output of the 'Pcs7AnIn' block. The cross-
chart link is created and displayed for both charts on the sheet bar. In the chart '"A1T2L001",
the destination of the interconnection is shown on the right. In chart 'A1T2H011' the source of

the interconnection is shown on the left. (— A1T2L001 — Pcs7Anin — PV_Out)

ﬁ(ﬂ: - [A1T2L001 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R0O01] -0l x|
[ chart Edit Insert CPU Debug View Options Window Help - ﬂlil

DE&|BE([EDY=|F - e e xss % B0 J2a|BED |

% New Chart - =]

[ New Text

&l f@;"r:_” [eurrent CFC Level R1TZLO0L

o P?:i 7.:P IIi('h van Fealhnln

S ibrary Foiler 2

[=I-{£H Blocks+Templates\Bloc

...\T2_reaction\reactor ROOIN\AIT2HO11 (A, 1) \CME A1T2HO
Inl Analogue Value 1

£ FoDiln [FB181
37 FbDiOu [FB18
£ FbDrive [FB1S
& FbEnMe [FB1<

i -3 FoswiMMs [Fl =
EETNEEY T

I~ Find initial letter 0l
Press F1 for help. [ [A/sheet 1 [DB35 AITZLOM AITZL 4

2%

ECF{ - [A1T2HO011 -- SCE_PCS57_Pri\Al_multipurpose_plant\T2_reaction\reactor RO01] -0l x|
[# Chart Edit Insert CPU Debug View Options Window Help -7

NE&| BR[O Ee |2« edn| 9 k=5 BNl =&a 2Em

[l New Chart -

New Text 1]

- jil§ CFC Library [current CFC 1— In

- LogicMatrix _ ::

-l PCS 7 AP Library Y30
E=1-{£H Blocks +Templates\Bloc

& Al blocks

- @ @SYSTEM

EQ Channel

i &% FbAnIn [FB18

4+ FbAnOu [FB1 ...\reactor ROO1Y\A1TZLO01 (A,1)\Level R1T2L001 Inl

g EESTTDt[Fg:IBSII PV_Out Process value incl. 5T| 50.0— In2

in

4 FoDiou [FB18 -

47 FoDrive [FB15 il

& FoEnMe [FB1S —I

| E FoswivMS A
y : T AT AnTe rzl—l
BETHEEY T

I~ Find initial letter

-

CMP_RITZHO11
\CompAn02
\Comparat 6/1

[
[3TA AL | »

[ A/Shest 1 [0B35 AITZHDIT ATT2F

|22

Press F1 for help.
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16. The signals that require the reset must be connected to the 'Or08' block. These signals are
shown below and are also listed in Table 1 at the end of this section. Please note that some
signals are connected inverted. Right-click on the I/O to open the shortcut menu and select

Invert.
5. CFC - [A1T2HO11 -- SCE_PCS7_Pri\Al_multipurpose_plant\T2_reaction\reactor R001] =10l x|
[@ Chart Edit Insert CPU Debug View Options Window Help =1 x|
DE&| s me [BDES |7« w86 x=4 %[B[0 Jaa RSN
e
B en [Epcying B
[ @@
[ @(3)
- )
[l @(5)
[l @)
[ @)
[ @CPU_RT OR_A1TZHO11
- AHOOL [t 0B35
- A1HDO2 [aipesl 6/2
-8 A1H003 Inl Cut
-85 ATT2HO11
- AIT2L001 0 3
A1T25003 m_
% ALT3L001 Invert Ctrl+R
21 _multipurpose_planth\A1H002 (B, 1} \A1HOO2 - InS
MJE@MTSWDI BV_Out Process value incl. 5T # Iné Delete Interconnection(s) Del
. \product_tank BOO1\\AI1TSLOOI (&, 1)\A1T3LO0L_LSAH 7 | W5imp From SheetBar
PV _Out Process value incl. ST Ing N
AL multipurpose plant\\A1HOO03 (&, 1)\A1H003 Object Properties... Alt-+Return
PV_Out Process value incl. 5T
21 _multipurpose_planth\A1H001 (B, 1} \A1HOO1 — CMP_R1T2HO11
PV _Out Process value incl. 5T CompAn02 RE
Comparat 6/1
b I _’I ... \reactor ROOINNAIT2LO01(A,1)\Level AIT2L0O01 —I 50.0—In2 GE[—
ﬂﬂm— BV_Out Process value incl. 5T EQ—
—
I Find initial I e ;I
— [ Sl | Bl
Press F1for help. [ [A/Sheet 1 [OB35 AITZHOT A

17. To complete the chart, the two signals that start and stop the manual operation A1T2H011
are needed. To read in these signals, insert two driver blocks for a digital input signal. (—

Libraries —» PCS 7 AP Library V90 — Blocks+Templates\Blocks — Channel — PCS7Diln —

Pcs7Diln)
ﬁ(F{ - [A1T2HO11 -- SCE_PCS7_Prj\A1l_multipurpose_plant\T2_reaction\reactor R0O01] |0 il
[ Chart Edit Insert CPU Debug View Options Window Help == 5[
DE&|see[moEe |2+ wdIox=" x| B0 Jeaasmw|
E'i PCS 7 AP Library V90 S| 5 [
=] Blocks+Templates\Blocks I 5:;12;" caay|
&/5

&} FbAnIn [FB1813: Analog input driver for field devic
4 FbAnCu [FB1814: Analog output driver for field de -
-3 FbAnTot [FB1817: Totalizer Function Block for PR(
-~ FbDIIn [FB1815: Digital input driver for field device —
-3 FbDiOu [FB1816: Digital output driver for field dev
p FbDrive [FB1905: Channel Block for Motor Drives T
4 FbEnMe [FB1908: Channel Block for Energy meter -
-3 FbSwiMMS [FB1907: Channel Block for Switch_Mar
-~ Pcs7anIn [FB1869: Analog input driver] —
-3 Pcs7AnOu [FB1870: Analog output driver]

-3 Pes7Cntl [FB1833: Counter driver FM 350]
4 Pes7Cnt2 [FB1834: Counter driver DI NAMUR] -

A1TZENL
FlipFlep
[E=ptying £1a

-3 PcsTOITT [FB1872: Digital input driver with time sta
4 PesDiOu [FB1873: Digital output driver]
3 Pcs7HaAL [FB1931: Analog input driver for field de -

-3 Pes7THAAO [FB1932: Analog input driver for field di gl:n,:immu -
-y CLK_FUNC — Fereer, L

-y COM_FUNC
.o

4
i Biocks | @i chans (i Libraries

| o [

| al| | =
I~ Find intial letter x4 A 1L | = ﬂ
Press F1for help. [ [ [A/Sheet 1 [0B35 ATT2HOTI A
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18. To differentiate the blocks, change the name and add a comment. In the result, the blocks
can now be easily distinguished.
(— Pcs7Diln — Object properties - Name: A1T2H011_HS+ — Comment: empty start —

Name: A1T2H011 _HS+ — Comment: empty stop)

iCFC - [A1T2HO11 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R0O01] - |EI|5|
[ Chart Edit Insert CPU Debug View Options Window Help _|ﬁ||5|
NS&E| s 2RB([MEE=|2 | edn| 8 o= % BO|h vl|@za|%Em|w|
=i °CS 7 AP Library V50 =l T FITZEOLL B+ El
=] Blocks+Templates\Blocks — :::_:“2 [+
(- Al blocks
-8 @SYSTEM M
(1@ Channel ||

p FbanIn [FE1813: £
& FbAnOu [FE181%: =
- FbAnTot [FB1817:
-4 FbDIn [FB1815: Di [
p FbDiOu [FB1816:
- FbDrive [FB1905: ¢
-4 FbEnMe [FB1908: | —
p FbswtMMS [FB150
- Pes7AnIn [FB1869 m

3 Pes7AnCu [FB1870 AITZROLL_ES-
p Pcs7Cntl [FE1833 ;::;Dx |
-3 Pes7Cnt2 [FB1834 GIE

£ Pes7Cnt3 [FB1835
-4 Pes7Diln [FE1871:
-3 PesTDIIT [FB1872:

AITZHILL
FlipFlep -
Exptying e a

3 PcsTDIOU [FB1873 Out_RITZEOIL
37 Pcs7HaAl [FB1931 LS
= OB_A1TZE0IL Digical .

- {F PesTHaAO [FE193:
1@y CLK_FUNC
1@y COM_FUNC

- Crmm o
4 I »

T ook | Bones ) Libr..

oo

| L

™ Find initial letter 3 — | ﬂ
Press F1 for help. [ [ [A/Shest 1 [DB35 ATTZHOT1 A
19. Then, interconnect both driver blocks with the respective signal.

(— Pcs7Diln — PV_In — Interconnection to Address — A1.T2.A1T2H011.HS+.START / E7.2
and A1.T2.A1T2H011.HS-.STOP / E7.3)

ECFC - [A1T2HO11 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor RO01] 10l x|
[ Chart Edit Insert CPU Debug View Options Window Help _|ﬁ'|1|

D@\ 58 (PO E| 5 ek s x=m g BOFdac=amw|
[ Al P<s 7 AP Library vaD =|

[=I-/£H Blocks+Templates \Blocks H
-8y Allblocks
@ @svsTeM M
=I-# Channel

- FbAnIn [FB1813: £

Textual Interconnection. ..

3 FbAnOu [FB1814: H Object Properties... Alt+Return

-3 FbAnTot [FB1817:

{7+ FbDiIn [FB1815: Di m

- FbDiOu [FB1816: || RITIHOLL

FbDrive [FB1905: ( ElipElep ;
= E E=ptying E3

p FbEnMe [FB1908: | —
& FbSwiMMs [FB150
-3k Pes7AnIn [FB1865 1
-4 Pes7AnOu [FB187C AITZRO11_ES-
& Pes7Cnt1 [FB1833 ;;;Di
3 Pes7Cnt2 [FB1834
p Pcs7Cnt3 [FE1835
-3 PesTDiln [FB1871:
I3 Pcs7DIT [FB1872:

- PesTDIOU [FE1873 Out_RITZROLL
Ec=7DiCu
- EF PesTHaal [FB1931 Tt e »

& PesTHaAO [FB193
(1@ CLK_FUNC
- ¥y COM_FUNC

.- Crmm ¥
4 I »

i socks | Bicnens il Libr...

ocoe
Logical P

| £

I~ Find initial letter ¢ j
= | [

Press F1 for help. [ [ AdSheet 1 0B35 ATT2HOT1 A
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20. Finally, the 'PV_Out' output of the block for starting must be connected to the 'SetLi' input of

the flipflop, and the 'PV_Out' output of the block for stopping to an input of the 'Or08' block. (
— Pcs7Diln (A1T2H011_HS+) — PV_Out — FlipFlop — SetLi —»Pcs7Diln (A1T2H011_HS-)
— PV_Out — 0Or08 — In3)

iCFC - [A1T2HO11 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R0O01]

[ Chart Edit Insert CPU Debug View Options Window Help

NS &| %8

=il PCS 7 AP Library Va0 =]
=] Blocks+Templates\Blocks

4| »
T ook | Bones ) Libr..

(- Al blocks
-8 @SYSTEM
(1@ Channel
-k FbAnIn [FB1813: £
& FbAnOu [FE181%:
- FbAnTot [FB1817:
-4 FbDIn [FB1815: Di
&7k FbDiOu [FB1816:
- FbDrive [FB1905: ¢
-4 FbEnMe [FB1908: |
&7k FhSwtMMS [FB190
- Pes7AnIn [FB1869
£ Pes7AnOu [FB187L
-7k PesTCnt1 [FB1833
-3 Pes7Cnt2 [FB1834
3 Pcs7Cnt3 [FB1835
-4 Pes7Diln [FE1871:
-3 PesTDIIT [FB1872:
3 PcsTDIOU [FB1873
L PesTHaAl [FB1931
&7 PesTHaAO [FB193:
1@y CLK_FUNC
1@y COM_FUNC
1. Camm

B

"R1.T2. A1TZH011.HS+ START" I7.Z
reactor BO0L expey stast)

RITZE011_HS-
BesThiln
stop Exp P

"Rl T2 A1TZH011 HS- STOP" 172
reactor B0 empy =top

purpoze_plant\\A1EOCL (2, 1) \R1EOCL]
BV _Out Brocess walue inel. 3T|

P =
INETEY

BOEe|E - ed| 8 ox= g BO0 dea(BEMN|
AITZHO11_HS+ ;I

RITZROLL
ELipElop
Exptying £i5

OB_ALTZHOIL
008
Logical

™ Find initial letter

|23

Press F1 for help.

purpose_plant\\A1H00Z (3, 1) \ 215002
EV_Out Process value inel. ST|
purpose_plant)\A1HO0E (2, 1) \A1EOCS

a1l

=l

b

[A/Sheet 1

|oB35 ATTZHD11 A 4

21. The final step is to insert a text field for the description. The inserted text field can be edited

ECFC - [A1T2HO11 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor RO01]

with a double-click. (— Right click — Insert New Text — "Manual control for emptying reactor

R0O01 to product tank BO01")

[ Chart Edit Insert CPU Debug View Options Window Help

D= & %E:.

BEES|F o9 e = 2 B0 daa(REmN|

=1olx]
=]

=) i PCS 7 AP Library Vo0 =

[=]-[£H Blocks+Templates
-8 All blocks
@ @svsTeM
=I-# Channel
- FbAnIn [F
3 FbAnOu [
-3 FbAnTot
& FbDIn [FI
& FbDIOu
&k FbDrive [I
- FbEnMe [
-4k FhSwiMME
& Pes7AnIn
- PesTAnCU
-3 Pes7Cntl
3 Pes7Cnt2
-4 Pes7Cnt3
- Pcs7Diln
3 Pes7DIIT
- Pes7DiOu
3 PesTHaAT
- PesTHaAC
(1@ CLK_FUNC
- ¥y COM_FUNC

. .. 8 Comm _>l_|
Ta. |Boes [
| 4

I~ Find initial letter 3

Press F1 for help.

A1TZHO11 HS+
Pc=7Diln
Jtars Em

OB3s|
a

21TEHO11 HI-
Ec=7Diln
Stop Emp

manual contrel for emptying reactor
R001 to preduct tamk BOO1

RITZHO11
FlipFlop
Expeying

OR_21T2HO11
lo=08
[Logical

—{1n1
0—Inz

In3

Ing

Insert Mew Chart

Insert New Text

Catalog F2
Overview Cirl+0
Zoom In Ctrl+Num +
Zoom Out Ctrl+Num -
Select All Cirl+A

Cut_BITZHOLL
PeaTDiCu
Digisal B

AlSheet 1

OB35 ATT2HON A
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22. Using the tables below, check the interconnections you have just created for AL T2HO011.

Note:

— The cross-sheet interconnections are all structured the same. Their structure will be

explained in the following example.

'A1T2L001(A,1) / Level A1T2L001 PV_Out Process value incl. ST' stands for:
— Chart A1T2L001

— Subchart A, Sheet 1

— Block Level_A1T2L001

— /O PV_out Process value including ST (STRUCT consisting of value and ST)

Input: Interconnection to: Inverted

Pcs7Diln.HS+.PV_In | 'A1.T2.A1T2HO011.HS+.START' / 17.2 / reactor R0OO1 | No
empty start

Pcs7Diln.HS-.PV_In | 'A1.T2.A1T2H011.HS-.STOP' / 17.3 / reactor RO01 empty | No
stop

Or08.1n4 A1HOO01(A,1) / AIHOO01 PV_Out Process value incl. ST Yes

Or08.1n5 A1HO002(A,1) / AIH002 PV_Out Process value incl. ST Yes

0Or08.1n6 A1HO03(A,1) / AIHO03 PV_Out Process value incl. ST Yes

Or08.In7 A1T3L0O01(A,1) / A1T3L001 _LSA+ PV_Out Process value | No
incl. ST

CompAn02.In1 A1T2L001(A,1) / Level _A1T2L001 PV_Out Process value | No
incl. ST

CompAn02.I1n2 50.0

FlipFlop.Mode 1

Table 1: Input interconnections in chart 'A1T2H011/Sheetl’
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Input: Output: Inverted
FlipFlop.SetLi Pcs7Diln.HS+.PV_Out No
FlipFlop.RstLi Or08.0ut No
Or08.1n3 Pcs7Diln.HS-.PV_Out No
Or08.1n8 CompAnO2.LT No
Pcs7DiOu.PV _In FlipFlop.Out No

Table 2: Block interconnections in chart 'A1T2H011/Sheet1'

Output: Interconnection to: Inverted

Pcs7DiOu.PV_Out 'A1.T2.A1T2HO011.HO+-.0+' / Q4.2 / reactor RO01 empty | No

status value

Table 3: Output interconnections in chart 'A1T2H011/Sheet1'

Interlocks of pump A1T2S003

1. The first step is to create the interlock conditions for the pump 'Drainage Reactor RO01'. To
do this, open the CFC 'A1T2S003' in the plant view with a double-click. (— SIMATIC
Manager — Plant View — A1T2S003)

i

File Edit Insert PLC View Options Window Help

D@ Bwl s el =[xt & |[ <o Fiter> AR e mEM e

(% SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\...\STEP7\57Proj\SCE_PCS7_MP\SCE__MP

El-{25] SCE_PCS?_MP ot A1 T2L001 T Aa1TZHIM
E1-8p SCE_PCST_Pi

(2 Shared Declarations

=1-[Ea) &1 _multipurpose_plant
EHE

T1_educt_tanks
educt_tank BOO1
fa] educt_tank BOO2
educt_tank BOO3
2_reaction

reactar RO07T
reactor RO02

3 praduct_tanks

product_tank BOO1
product_tank BO02
inging
insing_tank BOOT
E-§% SCE_PCS7_Lib
Cl Shared Declarations
@ Models
-- Process tag tvpes

Press F1 to get Help.

[PCinternal.local. 1 7
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2. The Motor_Lean template contains other blocks besides the control module function for the
'MotL' motor. There are three 'Intlk02" blocks for the interlock of 'MotL'. The first is called
'Permit’ and permits control of the motor only when the conditions are met. Here, you connect
the signal of the main switch of plant ALHOO1. For this, you first delete the connection to the

'Permit' placeholder on the left margin. Next, you create a cross-chart connection. The result

is shown here and in Table 4 at the end of the section.
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3. Now, do the same for the 'Protect’ block. The 'Protect’ block is used for connecting interlocks
that require an acknowledgment for the motor to be enabled again. Here you connect
EMERGENCY OFF. The connection is shown in Table 4 at the end of the section.
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4. The 'Interlock’ block is intended for general interlock conditions. Here, you will implement the
conditions from the task description (for example, at least one valve open). Because more
than two conditions exist in this example, you must group them first before they can be
logically combined. For this, you first change to sheet 2 of the CFC.
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5. On the new sheet, insert an 'Or04' block from the library. The feedback signals (FbkOpen) of
the valves must now be connected to this block. Because only 1 of the 3 valves has been
created so far, you can create placeholders for these signals using textual interconnections.
These produce warnings when the program is compiled, but the program still functions. You

can find an overview of the connections created here in Table 5 and Table 6 at the end of the

section.
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6. Next, the minimum level must be queried using the 'CompAn02' block, and the conditions can

be combined with an 'And04'. The connections are shown in Table 5, Table 6 and Table 7 at

the end of this section. The result looks like this.
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7. The next step is to connect the 'Out’ output of the 'And04' block on sheet 2 to the 'In01' input
of the 'Interlock’ block on sheet 1. For this, you must delete the textual interconnection on the

Interlock block beforehand. The new interconnection is shown in Table 8.
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8. Below you are provided a further overview of all the new interconnections in the 'A1T2S003'

chart.
Interconnection to: Inverted
Permit.In01 A1HO001(A,1) / AIHO01 PV_Out Process value incl. ST No
Protect.In01 A1HO002(A,1) / A1H002 PV_Out Process value incl. ST No

Table 4: Input interconnections in chart 'A1T2S003/Sheet1'
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Block: Catalog/Folder:

0Or04 / OR function with 4 inputs Libraries/PCS7 APL V90/ Blocks+
Templates \Blocks/LogicDi

And04 / AND function with 4 inputs Libraries/PCS7 APL V90/ Blocks+
Templates \Blocks/LogicDi

CompAn02 / Comparison of analog | Blocks / LogicAn

values

Table 5: New blocks in chart 'A1T2S003/Sheet2’

Input: Interconnection to: Inverted

0ro4.In1 A1T3X001(A,1) / FokOpen_A1T3X001 PV_Out No

Process value including ST

Or04.1n2 A1T4X003\FbkOpen.PV_Out (textual interconnection) No
Or04.In3 A1T2X007\FbkOpen.PV_Out (textual interconnection) No
CompAn02.In1 A1T2L001(A,1) / Level _A1T2L001 PV_Out

Process value including ST

CompAn02.In2 Value: Value=50.0 Comment=Minimum level

Table 6: Input interconnections in chart 'A1T2S003/Sheet2’

Input: Output: Inverted
And04.In1 Or04.0ut No
And04.In2 CompAn02.GT No

Table 7: Block interconnections in chart ‘A1T2S003/Sheet2’

Output: Inverted

Interlock.In02 And04.0ut No

Table 8: Block interconnections between chart 'A1T2S003/Sheet1' and 'A1T2S003/Sheet2'

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
p01-05-functional-safety-v9-tud-0719-en.docx

43



8.3

Learn-/Training Document | PA Module P01-05, Edition 02/2020 | Digital Industries, FA

Manual operation of pump A1T2S003 and valve A1T3X001

1. Insheet 1 of chart 'A1T2S003', you now make the interconnections for manual operation with
A1T2HO011 (for emptying reactor RO01). Because other manual operations can also access

the pump, an 'Or04' is created on sheet 3.
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Catalog/Folder:

Or04 / OR function with 4 inputs Blocks/LogicDi

Table 9: New blocks in chart 'A1T2S003/Sheet3'

Interconnection to: Inverted
Or_Local.In1 A1T2HO011(A,1) / Out_A1T2HO011 PV_Out Output value No
Or_Local.In2 A1T2H013\Out_A1T2HO013.PV_Out (textual | No
interconnection)
Or_Local.In3 A1T2H015\0Out_A1T2HO015.PV_Out (textual | No
interconnection)

Table 10: Input interconnections in chart 'A1T2S003/Sheet3'

Input: Output: Inverted
MotL.Pump_A1T2S003.StartLocal Or04.0r_Local.Out No
MotL.Pump_A1T2S003.StopLocal 0Or04.0r_Local.Out Yes

Table 11: Block interconnections between the 'A1T2S003/Sheetl' and 'A1T2S003/Sheet3' charts
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2. Switchover to local operation is required for the local start and stop of the manual operation

to work.

Interconnection to: Inverted

MotL.Pumpe_A1T2S003 | A1HO03(A,1) / A1HO03 PV_Out Process value incl. | No
.LocallLi ST

MotL.Pumpe_A1T2S003 | 1 (— Connection invisible — Double-click on block

.LocalSetting and open I/Os — Change value)

Table 12: Additional input interconnections in chart 'A1T2S003/Sheet1'
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3. For the manual operation A1T2H011, valve A1T3X001 is needed in addition to pump
A1T2S003; the valve was implemented in the exercise in the previous chapter. The

interconnections additionally created for the manual operation in chart A1T3X001 are shown

below.
Interconnection to: Inverted

VIvL.Ventil_A1T3X001 A1HO003(A,1) / AIHO03 PV_Out No
.LocalLi Process value including ST
VIvL.Ventil A1T3X001 A1T2HO011(A,1) / Out_A1T2HO11 PV_Out No
.OpenLocal Process value including ST
VIvL.Ventil_A1T3X001 A1T2HO011(A,1) / Out_A1T2HO11 PV_Out Yes
.CloseLocal Process value including ST
VIvL.Ventil_A1T3X001 1
.LocalSetting

Table 13: Input interconnections in chart 'A1T3X001/Sheet1’
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Optimizing the run sequence

All blocks used in the charts are integrated in the run sequence of the overall program when

inserted. Clicking on the symbol = displays the run sequence. To improve the data flow within

the overall program, it is recommended that the run sequence be optimized after creating the

program. To do so, select "Optimize Run Sequence' in the "Options” menu of the CFC editor

(irrespective of which view you are in). (— Options — Optimize Run Sequence — OK)
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8.5 Checklist — step-by-step instruction

The following checklist helps students to independently check whether all steps of the step-by-
step instruction have been carefully completed and enables them to successfully complete the

module on their own.

No. Description Checked
1 Manual control A1T2HO011 created and completely interconnected
2 Interlocks combined in motor A1T2S003
3 Manual control combined in motor A1T2S003
4 Manual control combined in valve A1T3X001
5 Run sequence optimized
6 Interlocks and manual control successfully tested (optional)
7 Project successfully archived

Table 14: Checklist for step-by-step instructions
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O Exercises

In the exercises, you apply what you learned in the theory section and in the step-by-step
instructions. The existing multiproject from the step-by-step instructions (p01-05-project-r1905-
en.zip) is to be used and expanded for this. The download of the project is stored as zip file

"Projects” on the SCE Internet for the respective module.

In the following exercises, you can design and implement additional interlocks on your own. Keep
in mind that for the valve interlock, only the EMERGENCY OFF switch, the main switch and the
level(s) of the respective tank(s) are needed.

9.1 Tasks

The following tasks are geared to the step-by-step instructions. The corresponding steps of the

instructions can be used to assist with each task.

1. Complete the interlocks for the existing valve:
— A1T3X001

2. Create the CFC for the level of educt tank BOO1.:
— A1T1L001

3. Create the CFCs of the following valves, including interlocks:
— A1T1X004
— A1T2X001

4. Create the CFC for the following pump including interlocks:
— A1T1S001

5. Create the CFC for the following manual operation:
— A1T2HO001

6. Test the implementation with the simulation! You should now be able to pump from educt
tank BOO1 to reactor RO01 and then to product tank BO01 with the manual controls.
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Figure 11: Excerpt from the local operator station

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.

p01-05-functional-safety-v9-tud-0719-en.docx

50



Learn-/Training Document | PA Module P01-05, Edition 02/2020 | Digital Industries, FA

=SCE.A1.T1-V001

=SCE.A1.T1B001

Edukttank

[ sV \ SO+

GO+

A1T2X003

SCE.A1.T2-V002

SCE.A1.T2-V003

A1T2X002

TSA+ TIC

{

=SCE.A1.T2R001
Reaktor

A1T2T001/NA1T2T001

3

A1T2T001

=SCEA1T2P001 [ | Yool n ) s
A1T2

N7

=SCE.A1.T4-V003

Il
n

=SCE.A1.T3B001
Produkttank

' ............. >6

Figure 12: Excerpt from P&ID flowchart
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9.2 Checklist — exercise

The following checklist helps students to independently check whether all steps of the exercise
have been carefully completed and enables them to successfully complete the module on their

own.
No. Description Checked
1 Interlocks combined in motor A1T3X001
2 Level 'Educt tank BOO1\A1T1L001' created and configured
3 Valve 'Educt tank BOO1\A1T1X004' created, configured and
interlocked

4 Valve 'Reactor ROO1\A1T2X001' created, configured and interlocked

5 Pump 'Educt tank BOO1\A1T1S001' created, configured and
interlocked

6 Manual control 'Reactor RO0O1\A1T2HO001' created and configured

7 Manual control A1T2H001 combined with pump A1T1S001 and valve
A1T2X001

8 New elements successfully tested (optional)

9 Project successfully archived

Table 15: Checklist for exercises
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10 Additional information

More information for further practice and consolidation is available as orientation, for example:
Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial software/

firmware, under the following link:

siemens.com/sce/pcs?

Preview "Additional information"

Getting Started, Videos, Tutorials, Apps, Manuals, Trial-SW/Firmware

SIMATIC PCS 7 Overview
SIMATIC PCS 7 Videos

Getting Started

Application Examples
Download Software/Firmware
SIMATIC PCS 7 Website
SIMATIC S7-400 Website

WOW W W W W N
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Further Information

Siemens Automation Cooperates with Education
siemens.com/sce

Siemens SIMATIC PCS 7
siemens.com/pcs7

SCE Learn-/Training Documents
siemens.com/sce/documents

SCE Trainer Packages
siemens.com/scel/tp

SCE Contact Partners
siemens.com/sce/contact

Digital Enterprise
siemens.com/digital-enterprise

Industrie 4.0
siemens.com/future-of-manufacturing

Totally Integrated Automation (TIA)
siemens.com/tia

TIA Portal
siemens.com/tia-portal

SIMATIC Controller
siemens.com/controller

SIMATIC Technical Documentation
siemens.com/simatic-docu

Industry Online Support
support.industry.siemens.com

Product catalogue and online ordering system Industry Mall
mall.industry.siemens.com
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