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1 Preface

Purpose of the Getting Started

The Getting Started gives you a complete overview of the commissioning of
the analog module SM331. It assists you in the installation and parame-
terisation of the hardware of a voltage transducer and a resistance ther-
mometer PT100. Furthermore, you will get an introduction to the configura-
tion of the analog module with SIMATIC S7 Manager.

The target audience of the Getting Started is a beginner with limited experi-
ence in configuration, commissioning and servicing automation systems.

What to expect

Step by step the procedures from mounting the module to storing analog
values in the STEP7 user program are explained in detail by means of an
example. You will be guided through the following sections:

¢ Problem analysis
¢ Mechanical setup of the sample station
¢ Electrical connection of the sample station with conventional wiring

o Electrical wiring of the sample station with system wiring SIMATIC TOP
connect

¢ Configuration with SIMATIC Manager

e Creating a small user program with STEP 7 which stores the read ana-
log value in a data block

e Triggering and interpreting diagnostic and hardware interrupts.

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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2 Requirements

21

Required basic knowledge

No special knowledge in the area of automation technique is required to
understand this description. As the configuration of the analog module is
done with the software STEP 7, knowledge in how to use STEP 7 would be
advantageous.

Further information on STEP 7 can be found in the electronic manuals that
were delivered with STEP 7.

Knowledge of PC or similar computer devices (e.g. programming devices)
using the operating system Windows 95/98/2000/NT or XP is assumed.

2.2

Required Hardware and Software

The scope of delivery of the analog module consists of two parts:
* Module SM331

* Front connector, which enables it to comfortably connect the power
supply and the data connections.

Table 2-1

Components of the analog module

Quantity

Article

Order number

1

SM 331, OPTICALLY ISOLATED 8 AE, ALARM
DIAGNOSTICS

6ES7331-7KF02-0AB0

20-pin front Connector with Spring contacts

Alternatively:
- 20-pin FRONT CONNECTOR WITH SCREW CONTACTS

- FRONTSIDE PLUG-IN MODULE WITH CONNECTION FOR
TWISTED RIBBON CABLE (System wiring TOP connect)

6ES7392-1BJ00-0AAQ

6ES7392-1AJ00-0AAQ
6ES7921-3AF00-0AAQ

SIMATIC S7 SHIELD CONNECTING ELEMENT

6ES7390-5AA00-0AA0

SIMATIC S7, , TERMINAL ELEMENT F. 1 CABLEW. 4 TO
13MM IN DIA.

6ES7390-5CA00-0AA0

Additional general SIMATIC components required for the example are as

follows:

Table 2-2

SIMATIC components of the sample station

Quantity

Article

Order number

1

POWER SUPPLY. PS 307 AC 120/230V, DC 24V, 5A
(incl. power supply bridge)

6ES7307-1EA00-0AAQ

CPU 315-2DP

6ES7315-2AG10-0AB0O

MICRO MEMORY CARD, NFLASH, 128KBYTE

6ES7953-8LG00-0AAQ

SIMATIC S7-300, Rail L=530MM

6ES7390-1AF30-0AA0

aAalalala

Programming device (PG) with MPI-interface and MPI cable
PC with corresponding interface card

Depending on the
configuration

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage

A5E00264161-01




If you want to set up the sample station with SIMATIC TOP connect, addi-
tional components as follows are required:

Table 2-3

SIMATIC Top connect components

Quantity

Article

Order number

1

FRONTSIDE PLUG-IN MODULE WITH CONNECTION FOR
TWISTED RIBBON CABLE FOR ANALOG MODULES OF
THE S7-300, POWER SUPPLY VIA SPRING TERMINALS

6ES7921-3AF00-0AAQ

TERMINAL BLOCK TPA, 3 ROWS FOR ANALOG MODULES
OF THE S7, CONN. WITH TWISTED RIBBON CABLE
CONNECTION VIA SPRING TERMINALS 1 PCK = 1 PIECE

6ES7924-0CCO00-0ABO

SHIELD SHEET FOR TERMINAL BLOCK ANALOG

6ES7928-1BA00-0AA0

CONNECTOR (FLAT SOCKET) ACC. TO DIN 41652, 16-PIN
INSULATION PIERCING CONNECTING DEVICE

6ES7921-3BE10-0AAQ

SIMATIC S7, TERMINAL ELEMENT F. 1 CABLE W. 4 TO
13MM IN DIA

6ES7390-5CA00-0AAQ

SIMATIC S7, TERMINAL ELEMENT F. 2 CABLES W. 2 TO
6MM IN DIA

6ES7390-5AB00-0AA0

TWISTED RIBBON CABLE WITH 16 CORES 0.14 MM2
LENGTH: 30 M, SHIELDED

6ES7923-0CD00-0BAO

Table 2-4

Software STEP 7

Quantity

Article

Order number

1

STEP 7 Software version 5.2 or later installed on the pro-
gramming device.

6ES7810-4CC06-0YX0

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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The following voltage transducers and resistance sensors can be used for
the acquisition of analog signals:

Table 2-5

Resistance sensor and voltage transducer

Quantity

Article

Order number

1

+5V Voltage transducer

Depending on the
manufacturer

3

PT100 Standard

Depending on the
manufacturer

Note

This ,Getting Started” describes only the application of voltage transducers and
resistance thermometers PT100 standard. If you want to use other transducers

then you have to wire and parameterise the SM331 differently.

Furthermore, the following tools and materials are necessary:

Table 2-6 General tools and materials

Quantity | Article Order number

Multiple | M6-bolts and nuts (Length depending on the standard
mounting place)

1 Screwdriver with blade width 3,5 mm standard

1 Screwdriver with blade width 4,5 mm standard

1 Wire cutting pliers and tools for stripping standard

1 Tool to mount the cable end sleeve standard

Xm Wire for grounding the rail, 10 mm? diameter. standard
Ring terminal with 6,5 mm hole, length according
to local conditions.

Xm Flexible wire with 1mm? diameter with fitting wire | standard
end sleeves, Form A in 3 different colours — blue,
red and green

Xm 3-wire power cord (AC 230/120V) with protective | standard
contact socket, length according to local condi-
tions.

1 Calibration device (Measuring instrument for Depending on the
commissioning, that can measure and supply manufacturer
current)

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage 6
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3 Task

The Getting Started will guide you successfully through a sample applica-

tion in which the following four sensors are installed:

o A pressure sensor which is connected to a voltage transducer (£5V).

e Three resistance thermometer type PT100

You will trigger failure diagnostics and hardware interrupts. You have the
analog input module SM331, AI8x12 Bit (Order number 6ES7 331-7KF02-

0ABO) available .

The module can trigger diagnostics alarms and hardware interrupts. It can
process up to 8 analog inputs. Each module is configurable to different
measuring modes (e.g. current measurement; voltage measurement; PT

100; thermo couple).

— or
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i
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Voltage transducer

Sample statiomr ====== == ===

PS 307 CPU SM 331

120V AC 60 Hz
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Programming device
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PT100 (4)

(3)

Pressure sensor

Calibrator

Figure 3-1

Components of the sample station
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You will be guided through these steps
¢ Mechanical setup of the sample station (see chapter 4)
» General mounting instructions for S7-300 modules

= Configuration of the SM331 for the two selected measure-
ment transducer types

o Electrical wiring of the sample station (see chapter 5)
= Wiring of the power supply and the CPU
= Setup of the analog module the conventional way

» Setup of the analog module with system cabling SIMATIC
TOP connect

¢ Configuration with SIMATIC Manager (see chapter 6)
» Usage of project wizard

» Completing the automatically generated hardware configura-
tion

» |ntegration of the supplied user program source
e User program testing (see chapter [7)
* Interpreting the read values
= Converting the measured values into readable analog values
o Utilizing the diagnostic capabilities of the SM331 module (see chapter 8)
= Triggering a diagnostic interrupt
*= Analyzing the diagnostics
o Application of hardware interrupts (see chapter 9)
» Parameterisation of hardware interrupts

» Configuration and analysis of hardware interrupts

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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Mechanical setup of the sample station

The setup of the sample station is divided into two steps. First the setup of
the power supply and the CPU is explained. After becoming acquainted
with the analog module SM331, its mounting is described.

Mounting the sample station

Before you can install the analog input module SM331, you need a basic
setup of general SIMATIC S7-300 components.

The mounting takes place from left to right as follows:
e Power supply PS307

e CPU 315-2DP

¢ Analog module SM331

Table 4-1 Mounting the sample station (without SM331)

Step

Graphics Description

Bolt together the rail to the base (screw size: M6) so that
at least 40 mm space remains above and below the rail.

If the base is a grounded sheet metal or a grounded
mounting plate, ensure that the rail and the base are con-
nected together with low resistance.

Connect the rail with the protective ground wire. An M6
size bolt for grounding is available for this purpose.

Mounting of the power supply:
e Hang the power supply to the top end of the rail

e and tighten it to the rail underneath

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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Step Graphics

Description

Connect the bus connector (delivered with SM331) to the
left connector on the back of the CPU

Mounting of the CPU:

Hang the CPU to the top end of the rail
Push it all the way left to the power supply
push it down

and tighten the screw to the rail underneath

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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4.2 Mounting the analog module

Before the mounting of the SM331 the measuring range modules should be
plugged in (see chapter 4.2.4).

In this section you will learn:
¢ Which components you need
o What the properties of the analog input module are
e What a measuring range module is and how it is setup

¢ How to mount the already setup module

4.2.1 Components of SM331 with conventional connection plug

A functional analog module consists of the following components:

o Module SM331 (in our example 6ES7331-7KF02-0AB0)

e 20-pin front connector. There are two types of front connectors:
= With spring contacts (Order number 6ES7392-1BJ00-0AAQ)
= With screw contacts (Order number 6ES7392-1AJ00-0AAQ)

Figure 4-1 Components of SM331

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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4.2.2 SM331 with system wiring SIMATIC TOP connect

The system wiring SIMATIC TOP connect for the SM331 module consists
of the following components:

e Front connector module (Order number 6ES7921-3AF00-0AAO0)
e Terminal block TPA (Order number 6ES7924-0CC00-0ABO)

e Multiple small parts (see. TabI

Figure 4-2 Components of the SM331 with system wiring SIMATIC TOP connect

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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Properties of the analog module
The module is a universal analog module designed for the most commonly
used applications.

The desired measuring mode should be set up directly on the module with
the measuring range modules (see chapter 4.2.4).

¢ 8 inputs in 4 channel groups (each group with two inputs of the same

type)
Measurement resolution adjustable for each channel group
User defined measuring mode per channel group:
= Voltage
= Current
= Resistance
= Temperature
Configurable diagnostic interrupt

Two channels with limit value interrupts (only channel 0 and channel 2
are configurable)

Electrically isolated against back pane bus

Electrically isolated against load voltage (exception: At least one module
is set to position D)

Scope of delivery of the module SM331 (Order number 6ES7331-7KF02-0AB0):

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage

Table 4-2 Scope of delivery of the module SM331

Components

Analog module SM331

Labelling strips

Bus connector

2 cable ties (not in the picture) to tie the external wiring
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424 Measuring range modules

The module SM331 has four measuring range modules (one per channel
group). The measuring range modules can be set to 4 different positions
(A, B, C or D). With the set position you determine which transducer can
be connected to the respective channel group.

Measurement

Position B (voltage) set
for CH6,7

Measurement range module

/i\ Zerstoerungsgefahr bei falsch eir

Danger of demage when measuring area is incorrectly set!

Figure 4-3 4 measuring range modules with default setting B (Voltage)
Table 4-3 Possible positions of the measuring range modules
Position Measurement type
A Thermo couple / Resistance measurement
B Voltage(default setting)
C Current (4-wire transducer)
D Current (2-wire transducer)

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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In our sample, input 0 of channel group CHO,1 is connected to a +5V volt-

age transducer..

For connecting the three resistance thermometers type PT100 you need a
complete channel group for each PT100 (CH2,3 / CH4,5/ CH 6,7).

The first measuring range module of the channel group CHO0,1 should keep
Position B (default setting) and the other modules should be changed to

Position A.

Table 4-4 Positioning of the measuring range modules

Step Graphics

Description

With a screwdriver, pull out the two measuring
range modules.

Turn the measuring range modules to the desired
position.

Plug the measuring range modules back into the
module

In our example, the module should have the fol-
lowing positions:

CHO0,1: B

CH2,3: A

CH4,5: A
CH6,7: A

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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425 Mounting the SM331 module

After you have prepared the analog module accordingly, mount it to the rail

as well.
Table 4-5 Mounting the SM331 module
Step Graphics Description
1 Mounting of the SM331:
e Insert the SM331 to the top part of the rail
e Push it all the way left to the CPU
e Push down
e and tighten the screw at the bottom to the rail
2 Mounting of the front connector:
e Press the upper release button of the front terminal
block
¢ Insert the front connector into the module until it
snaps into the upper position
3 Mounting of the shroud
Tighten the shroud on the lower side of the rail.
Insert the two shielding terminals into the shroud.
Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage 16

A5E00264161-01



4.2.6 Mounting of the TOP connect terminal blocks

The system wiring TOP connect requires a system specific terminal block

Table 4-6 Mounting of the TOP connect terminal block

Step Graphics Description

Insert the terminal block into the shielding support element

Snap the terminal block with the shielding support element
onto a top hat rail

Mount the shielding terminals onto the shielding support
element

Mechanically the sample station is now completely mounted.

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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5 Electrical connection

This chapter shows you how the various parts of the sample station are
electrically wired from the power supply to the analog module.

iz Warning
You might get an electrical shock if the power supply PS307 is turned on or the
power cord is connected to the line.

Wire the S7-300 only in power-off state.

5.1 Wiring of the power supply and the CPU

Figure 5-1 Wiring of the power supply and the CPU

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage 18
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Table 5-1

The sample station requires a power supply. The wiring is done as follows:

Wiring of the power supply and the CPU

Step

Graphics

Description

1

Open the front flaps of the power supply and the CPU

2

Unscrew the pull relief bracket of the power supply

3

Remove the insulation from the power cord, attach
the cable end sleeves (for multi-wire cords) and con-
nect it to the power supply

Tighten the pull relief bracket

Insert the power supply bridge between the power
supply and the CPU and tighten the terminals. The
grounding switch of the CPU does not have to be
changed as the SM331 is already set up electrically
isolated.

~ Info on the grounding switch of the CPU:

e Pressed: Electrically connected
(factory default)

e Pulled: Electrically isolated

Confirm that the voltage selector is set to your local
power line voltage

The power supply is set to a factory default voltage of
AC 230V

To modify the setting take the following measures:
Remove the protective cover with a screw driver. Set
the switch to your local power line voltage. Put the
protective cover back.

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage 19
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5.2.2

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
A5E00264161-01

Wiring of the analog module

The wiring of the analog module SM331 is dependant on the type of analog
measurement transducer.

Shielded wiring for analog signals

For analog signals use shielded and twisted pair wires. That minimizes in-
terference. The shielding of the analog wires should be grounded at both
ends of the wire.

If there are any voltage differences between the ends of the wires, a com-
pensation current might flow, which can interfere with the analog signals. In
this case you should either ground the shield only at one end or install an
appropriate compensation wire.

Voltage transducer wiring - principle

A voltage transducer should be wired as follows:

L+ 1
M 20
| Voltage * M+ 2 N
P | | transducer Ml 3 || Lo
ADU - Lo
] Back
|| pane
bus

Figure 5-2 Wiring principle: Voltage transducer for electrically isolated SM331

If you use the SM331 module in a high electrically polluted environment
(EMI) then you should connect M- to M,n,. Thus the potential difference be-
tween the inputs and the reference potential M,,, will not exceed the speci-
fied limit value.

20



5.2.3 Wiring principles of the resistance thermometer (PT100)

There are three possibilities to wire a resistance thermometer:
e 4-wire connection
e 3-wire connection
e 2-wire connection

For 4 wire and 3 wire connections the module delivers a constant current
from its Is+ and I.- clamps which compensates the voltage drop of the
measurement wires.

It is important that the connected wires with constant current are con-
nected directly to the resistance thermometer.

Note

Because of the compensation, measurements with 4 or 3 wire connections deliver
more accurate measurement results than a 2 wire connection.

4 wire connection of a resistance thermometer

The voltage at the resistance thermometer is measured at the M+ and M-
terminals.

Make sure that the polarity of the connection I+ / M+ and |- / M- is correct
and that the wires are directly connected to the resistance thermometer.

L+ L
M 20
M+| 6
M- | 7 N
le+| 8| ADU [ | Lo
«— gic
Ic le- [ 9 | Back
|| pane
bus
Mana
Figure 5-3 Wiring: 4 wire connection of a resistance thermometer
Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage 21
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3 wire connection of a resistance thermometer

Normally on a 3 wire connector a bridge should be connected between M-
und - .

Make sure that the wires I+ and M+ are directly connected to the resis-
tance thermometer.

L+ 1
M 20
M+ 12
M-[13 ]
c+114_| ADU [ || Lo-
— gic
Ic Ic- 115 ] Back
¢ || pane
bus
Mana
Figure 5-4 Wiring: 3 wire connection of a resistance thermometer

2 wire connection of a resistance thermometer

For a 2 wire connection, a bridge should be installed on the front connector
of the module between clamps M+ and I+ and another bridge between
clamps M- and I.-.

L+ 1
M 20
M+ 16
o M-| 17
] Lo-
I+ 18_| ADU — g
Ic-| 19 ] Back
- pane
bus
Mana
Figure 5-5 Wiring: 2 wire connection of a resistance thermometer
Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage 22
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5.24 Conventional installation of an analog module

This chapter explains the conventional wiring of an analog module with sin-
gle wires. The connection with system wiring TOP connect can be found in

chapter 5.2.6|

The wiring of the analog module consists of the following tasks:
¢ Installation of the power supply (red cable)
¢ Installation of the voltage transducer (green cables)

e Connect unused channel of a channel group (see chapter 4.2.4) in paral-
lel

o Wiring of the first PT100 with 4 wire connection (green cables)
e Wiring of the first PT100 with 3 wire connection (green cables)
e Wiring of the first PT100 with 3 wire connection (green cables)

e Wiring of the grounding (blue cables)

CPUZ5-2 DP

]
4 - -
3 oA
' .
&4 ]
—_—
— !
- s
e
—

-_ Iy

Figure 5-5 SM331 Front connector wiring
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Table 5-2

SM331 Front connector wiring

The tasks of the wiring are explained step by step below:

Graphics

Wiring

Comments

Open the front flap of the SM331

The terminals are pictured on the
front flap

Remove 6 mm of the insulation of the wire
ends that you want to plug into the front
connector and put the appropriate wire end
sleeves.

Wire the front connector as follows:
Terminal 1: L+

Power supply of the module

Terminal 2: M+ Sensor 1
Terminal 3: M- Sensor 1

Connect inputs in parallel:
Connect terminal 2 with 4
Connect terminal 3 with 5

Standard wiring for voltage
transducer of electrically isolated
modules

In order to maintain the diagnostic
functionalities of channel group 0,
you should connect the second

unused input in parallel to the first.

Terminal 6: M+ PT100 (4 wire)
Terminal 7: M- PT100 (4 wire)
Terminal 8: Ic+ PT100 (4 wire)
Terminal 9: Ic- PT100 (4 wire)

Standard wiring of a PT100 with 4
wire connection

Connect terminal 10 (Comp) with Mgn,

Connect terminal 11 (Mana) with terminal 3
and 5

Comp is not used for voltage
measurement and PT100

Recommended for voltage trans-
ducers

Terminal 12: M+ PT100 (3 wire)
Terminal 13: M- PT100 (3 wire)
Terminal 14:  PT100 (3 wire)
Connect terminal 15 (Ic-) with 13 (M-)

Standard wiring of a PT100 with 3
wire connection

Terminal 16: M+ PT100 (2 wire)
Terminal 17: M-PT100 (2 wire)
Connect terminal 18 (Ic+) with 16 M+
Connect terminal 19 (Ic-) with 17 (M-)

Standard wiring of a PT100 with 2
connection

Terminal 20: M

Grounding
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5.2.5 Wiring of the Connecting Terminals

In our example a terminal block replaces the connectors of the voltage
transmitter or the resistance thermometer. The voltage is supplied with a
calibrator and the resistance thermometer is simulated with a potentiome-
ter.

Voltage measurement

In our example we simulate the voltage transducer through the following
circuit:

750 ohm
resistor

Connection of the voltage
transmitter for supplying voltage

Figure 5-6 Terminal connection of the voltage transducer

Voltage transducer

Figure 5-7 Basic wiring diagram of the voltage transducer

The circuit required for your voltage transducer can be found in your volt-
age transmitter manual.

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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Resistance Thermometer PT100

If you want to install a PT100, then wire the connecting terminal of the re-
sistance thermometer as explained in chapter 5.2.3!.

In our example a terminal block replaces the connecting terminal of the re-
sistance thermometer. The desired resistance value is adjusted with a po-
tentiometer.

To simulate the wires we use resistors. A 5 Ohm resistor simulates a cop-
per connection with a cross sectional area of 0.6 mm?and a length of 171.4
m.

The length of the wiring is calculated based on the resistance using the
following formula:

% %
q P

Wire resistance

R
p: Specific resistance of the wire material (copper 0.0178Q mm?/m)
q: Cross sectional area of the wire

I

Length of the wire

M+ Ic+ lc- M- M+ Jc+ M- M+ M-

N 5 Ohm
for simulating the
wires
i ' '-I iy 5 ] e . P ;.
| e S g . o ST .
i A L
PT100 simulated

Figure 5-8 Terminal connection of PT100
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5.2.6 Wiring of the analog module with system wiring TOP connect

With the system wiring SIMATIC TOP you connect the sensor specific wir-
ing from the analog module to the TOP connect terminal block.

Terminal block 1 Terminal block 2

Figure 5-9 TOP connect wiring
To the voltage To the resistance
transducer thermometers PT100
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The following table describes step by step the wiring tasks for the connec-
tion of terminal block 1. The connection of terminal block 2 follows the

same procedures.

Table 5-3

Graphics

SM331 Front connector wiring

Wiring

Strip off the cable sheath from the top connect flat round

cable at an appropriate length and lay the 16-wire flat
cable open.

Shorten the shielding to 15 mm and roll it back.
Put the flat cable into the shielding terminal.

Put the flat cable into the connector and press it gently.

Make sure that the triangular mark of the connector
(green circle) and the yellow lead are on the same side.

'lﬂIJJIH'

nector of the analog module

If you need more than 4A current (in our example it is

not needed), then you should connect a power supply to
the front terminal of SM331 (see red circle).

1

Now connect the 16-pin flat connector to the front con-

Wiring to terminal
block 1

SIEMENS

Put the other end of the flat round cable into the terminal
block.

A5E00264161-01
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Table 5-4

SM331 Front connector wiring

Graphics |Wiring Comments
Terminal block 1 and 2: Up to a current consumption of 4A,
Terminal Y: Power supply of the the power supply can be connected
module through the terminal blocks. For
higher currents, the power supply
has to be connected directly to the
front connector of the module.
4 Terminal block 1: Standard wiring for a voltage
Terminal B: M+ voltage transducer transducer at an electrically isolated
' module.
Terminal C: M- voltage transducer
Connect terminal E and K
Connect inputs in parallel: To maintain the diagnostic functional-
Connect terminal B with D ities of channel group 0, the second
Connect terminal C with E unused input has to be connected in
parallel to the first.
5 Terminal block 1: Standard wiring of a PT100 with 4
Terminal F: M+ PT100 (4 wire) wire connection
Terminal G:M- PT100 (4 wire)
Terminal H:lc+ PT100 (4 wire)
Terminal I: Ic- PT100 (4 wire)
6 Terminal block 1: COMP is not used for voltage meas-
Connect terminal K Comp with A M,,, | Uring and PT100.
Recommended for voltage transduc-
ers
7 Terminal block 2: Standard wiring of a PT100 with 3
Terminal B: M+ PT100 (3 wire) wire connection
Terminal C: M- PT100 (3 wire)
Terminal D: Ic+ PT100 (3 wire)
Connect terminal E: Ic-  with C M-
8 Terminal block 2: Standard wiring of a PT100 with 2
Terminal F: M+ PT100 (2 wire) wire connection
Terminal G:M- PT100 (2 wire)
Connect terminal H:  Ic+ with F M+
Connect terminal I: Ic- with G M-
9 Terminal block 2: Grounding
Terminal Z: M

When an electrical isolation between the CPU and the analog module is required, then you should

supply the analog module from a separate power supply.
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5.2.7 Wiring of a PT100

The picture shows the connection of a PT100 with 4 wire connection. The
connection of the wires takes place in PT100 by itself.

Figure 5-10 Wiring of PT100 with 4 wire connection

5.2.8 Switch on now

If you want to test the wiring, you may now switch the power supply on.
Do not forget to set the CPU to STOP mode (see the red circle).

-, —
e = =

Figure 5-11 Successful wiring, CPU in position STOP

If a red LED is lit, then there is an error in the wiring. Verify your wiring.
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6 Configuration with SIMATIC Manager

In this chapter you will be guided through the following steps:
e Creating a new STEP 7 project

e Parameterisation of the hardware configuration

6.1 Create a new STEP 7 Project

Use STEP7 V5.2 or later version for configuring the new CPU 315-2 DP.

Start SIMATIC Manager by clicking the symbol ,SIMATIC Manager® on
your windows desktop and create a new project with the STEP 7 wizard
~.New Project".

Cre by ath the help of & wtard.

Figure 6-1 Execute STEP 7 wizard ,New Project*
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An introduction window pops up. The wizard will guide you through the

creation of a new project.

X JSIMATIC Manager

File PLC Wiew Options Window Help

=1l ]

D[ 22w %] @ v

STEP 7 Wizard: "New Project” x|

-"Qfé Introduction

104

STEP T Wizard: "Hew Project™

“ou can creste STEP 7 projects guickly and easily using
the STEP 7 Wizard. You can then start programming

immediately

W “-’1 Click one of the following options:

- © "Finish" to create your project according to the previsw .

' (w.‘ “Mext" to creste your project step-by-step
i |
-
1}

™ Display Wizard on starting the SIMATIC Manager:

Previgw==

= Back | Mext = I

Finish

Cancel | Help |

Press F1 to get Help,

Figure 6-2 STEP 7 wizard ,New Project”: Start

During the creation the following inputs are necessary:

¢ Selection of the CPU
¢ Define the basic user program
e Selection of organization blocks

¢ Project name

Click ,Next"
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6.1.1 CPU Selection
Choose the CPU 315-2DP for the sample project. (You can also use our
example for a different CPU). Then choose your CPU.
|
ﬂ Which CPU are you using in your project? 204y
e CPU Type Crder Mo I ;I
CPUZ14C-2DP BESY 314-6CFO0-0AB0
CPUZ14C-2PtP BESY 314-6BF00-0AB0 J
CPU3MS BESY 315-1 AFO3-04B0
CPLIS15-20F BEST 315-24G10-0480
CPU316-2 DP BESY 316-2AG00-0AB0 LI
CPU name: ICPU31 5-20P(1)
WP aclcdress: |2 w | [wiork memary 128 KB; 0.1 msA000 i’
instructions; MPI+ DP connection (DP
=
Previgw== |
= Back | Mext = I Finish | Cancel | Help |
Figure 6-3 STEP 7 wizard ,New Project”: CPU selection
Click ,Next"
6.1.2 Define the basic user program
Choose the SIMATIC language STL and select the following organization
blocks (OBs):
o OB1 Program Cycle Organization block
e OB40 Hardware interrupt
e OB82 Diagnostic interrupt
OB1 is required in every project and is called cyclically.
0OB40 is called when a hardware interrupt occurs.
OB 82 is called when a diagnostic interrupt occurs.
|
11 Which blocks do you want to add? 3040
ot Block Mame | Symbalic Mame | ;I
[ oB3s Cyclic Interrupt &
Hardware Interrupt 0
[ oB41 Harchware Interrupt 1 =
[JoB42 Harclware Interrupt 2
] oB43 Hardware Interrupt 3 LI
[~ Select &l Help on 0B |
Language for Selected Blocks —————————————————————
’7 & SIL LaD ¢~ FBD
[ Create with source files Presigy== |
= Back | Mext = I Finish | Cancel | Help |
Figure 6-4 STEP 7 wizard ,New Project”: Insert organization blocks
Click ,Next*
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6.1.3 Specify the project name

Select the edit field “Project name” and overwrite the name in it with “Get-
ting Started S7 SM331”

STEP 7 Wizard: "New Project™ x|
g What do you want to call your project? 404y
Project name: IGeﬂing Started S7-SM331
Exizting projects: Sample2 ;I

Sample3 =
Sampled LI

Check your nevy project in the preview.
Click "Finish" to creste the project with the displayed
structure.

Previgw== |
= Back | [Hext = | Finish I Cancel | Help |

Figure 6-5 STEP 7 wizard ,New Project®: Specify project name

Click ,Finish®. The basic STEP 7 project is now created automatically.

6.1.4 Resulting S7 project is created

The wizard has created the project “Getting Started S7-SM331”. In the right
pane you can find the inserted organization blocks.

WJSIMATIC Manager - Getting Started 57-5M331 -0l x|

File Edt Inssrt PLC View Options Window Help

0| B2|m| & || daf [2 2| ) [home> ——— FIT| %

% Getting Started 57-5M331 - C:\Siemens\Step7\s7proj\Gettine,

Getting Started 57-5M331 o OB1
- SIMATIC 300 Station Pl
=@ CPU3152DR() :
(51 §7 Program1)
B Sources
{2} Blocks

Press F1 to get Help. 4

Figure 6-6 STEP 7 wizard ,New Project”: Result
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6.2

6.2.1

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage

Configuration of the hardware configuration

The STEP 7 wizard has created a basic S7 project. You also need a com-
plete hardware configuration in order to create the system data for the
CPU.

Create the hardware configuration

You create the hardware configuration of the sample station with SIMATIC
Manager.

In order to do this, select the folder ,SIMATIC 300 Station” on the left hand
pane. Start the hardware configuration by double clicking the icon “Hard-
ware” on the right hand pane.

] 5
&JSIMATIE Manager - Getting Started §7-5M331 _ Ol x|

File Edit Insert PLC ‘iews Options Swindow Help
0| 22am| & ||| el [= 25| 2 =1 %| %8|a| B

[ Mo Fier >

127 Getting Started S7-5M331 -- C:\Siemens’,Step7 s IprojyGettine s

- Getting Started 57-5M331 I8 CPU315-20P(1)
=5 SIMATIC 300 Statioh
-[8 crums-zoPn)
[=-{z8 57 Program(1)
(B Sources
"-[ZH Blocks

Press F1 ko get Help, [ v

Figure 6-7 Starting the hardware configuration
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6.2.2 Insert SIMATIC components
First select a power supply module from the hardware catalogue.
If the hardware catalogue is not visible, open it with the shortcut key Ctrl+K
or by clicking the catalogue symbol (blue arrow).
In the hardware catalogue you can browse through the folder SIMATIC 300
to the folder PS-300.
From the right window pane, select the PS307 5A and drag it into slot 1
(see red arrow) of your rack.
E{;,HW Config - [SIMATIC 300-Station {Configuration) -- G55M331T2D] ;Iglil
@) Skation Edt Insert PLC Wiew Options Window Help =&l
D[22 (%) &) 2l | (o] 28wl
=il UR = Brofie [Standard |
a1 - 1 MP-EXTENSION -]
2 ng_ —| =arsan
X2 op . PS 307 104
: Hardware Katalog 6ffnen
8 :
3 " =1 sM-a00
7 =20 A1300
8 [ sM 33 Mize 2Bit
2 | (] oM 331 A2 2mi
- SM 331 AlZx12Bit
Shd 331 41241 2Bit
S 331 81241 2Bit
St 331 Al4x0/4 to 20ma, Ex
S 231 Al8x12Bi1
S 231 A5« 2Rt
= - S 331 Al8x12Bit
. ' sl | ot
=] o v VS ’
Ordes number Firmware | MPI address | address | O address gm 221 2:::;38;
g:ms—zwm BES7 315-2AG10-0AB0 1 gﬁ; ::S:EMxHTD,Ex g
EES;iUJELEVADE\:UaEﬁgD J230VAC24WDC /5 A 3
Press F1 ta gzt Help. | =
Figure 6-8 Hardware configuration: Basic configuration
Result: PS 307 5A appears in the configuration of your rack.
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Insert analog module

There are many SM331 analog modules. For this project we use an
SM331, Al8x12 Bit with the order number 6ES7 331-7KF02-0ABO0.

The order number is displayed at the bottom of the hardware catalogue
(see blue arrow).

Click on SM331 Al8x12Bit on the right window pane and drag it into the first
available field on slot 4 of your configuration table (see red arrow).

You have inserted all the modules into the hardware configuration. In the
next step you parameterise the modules.

[Hw Config - [SIMATIC 300-Station (Configuration) -- G55M331T2D] =gl x|
II“] Station Edit Insert PLC Wiew Options ‘window Help & x|
D[22 %] S| fele| dldl @] %8 |

S0IUR | Erofie [Standard |
PS 307 54 = -3 PROFIEUS OF -
CPU315-2DP(1) 388 PROFIBUSPA
22 = SIMATIC 300

i

2

3 = — {cr
4 £1812Bit [ £ cPam
. :
G

7

{3 cPU-300

{1 FH-300

{1 Gateway

{3 m-300

{1 MP-EXTENSION

{3 Ps-300

{1 RACK-300

{0 sM-300

=0 A3
- 5M 331 A2 2Bt

Sh 331 Al2412Bit
Sh 231 Al2+1 2Bt
Sh 331 Al2+12Bit
Sh 331 4124128t
Shi 331 AI4:0/4 to 20, Ex
’m 331 AlS412Bit
— 331 AlBK1 281
L—"" . 5331 aiizBt
_'LI N EES R =
4] | ' [ M 331 B3R
Sh 231 AlK14Bit
== o U / Sh 231 A/K16BR
Sh 231 AJH1BBR
Slat Module | Order rumber [ MPl address | | adkress | Q addhess | Com.. | [ smaz aRTD
1 F5 30756, BES7 307-1EAND-0AA - 5M 331 AIBKTC
CPU315-2DP(1) BES7 3155 [0ABD V2.0 2 J SM 231 AIBKTCAATD, Ex
oF En B

EEST 331-7KFO2-04B0

Analog |npulﬁA\Eﬂ 2to 14 bits

Insertion possible \lim A
Figure 6-9 Hardware configuration: Insert SM331

Order number of the module

L 1o

Result: You can now parameterise SM331.
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6.2.3 Parameterisation of the analog module

SIMATIC Manager inserts the analog module with its standard settings.
You can modify the parameters to change the sensor types, diagnostics
and interrupt capabilities.

Functionality of the sample station

The table below shows the parameters to be set for our sample station

Table 6-1 SM331 Functionality of the sample station

Function

Description

Process reactions

Diagnosis - active

Hardware interrupt when limit value exceed - active

Sensor 1

Voltage transducer
Group diagnostics
Measuring range 5V

Limit value -3 Volt and +3 Volt

Sensor 2

Resistance thermometer PT100
Group diagnostics
Wire break detection

Limit value -20 °C and +50 °C

Sensor 3

Resistance thermometer PT100
Group diagnostics

Wire break detection

Sensor 4

Resistance thermometer PT100
Group diagnostics

Wire break detection

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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Open the parameterisation
Double click slot 4 that has the SM331 in it.
Select the tab inputs.

Parameterise as follows:

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage

Diagnostic interrupt - checked
Hardware interrupt - checked
Input 0-1:

o Measuring type: U

o Measurement range 5

o Group diagnostics - checked
Input 2-3, 4-5 and 6-7

o Measuring type: RT

o Measuring range PT100 standard

o Group diagnostics - checked

o Wire break - checked
Interference frequency

o Select your local power line frequency (50 Hz or 60 Hz)
Trigger for hardware interrupt channel 0

o High limit +3 'V

o Low limit -3V
Trigger for hardware interrupt channel 2

o High limit +50 °C

o Low limit-20 °C

A5E00264161-01
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Propetrties - AI8x12Bit - (RD,/54)

Generall Addiezzes  Inputs |

— Enable
¥ Diagnostic Interupt W Hardware Interupt WWhen Limit Exceeded
Input | o1 | 23 | 45 | &7
Dhagnostics
Group Diagrnostics: v W v v
with Check for ‘Wire Break: r v v v
M easuring
b eazuring Tope: |E |HT |HT |F|T
Measuring Range: f+/-5 [Pt1005td.  [Pe1005td. P00 Std
Poszition af Meazuring
R ange Selection Maodule: [B] [A] [A] [A]
interference frequency |5EI Hz IEEI Hz IEEI Hz IEEI Hz
Trigger for Hardware Intermupt  Channel 0 Charinel 2
High Limit; faoo0 v [s00 °C
Lows Limit; 3000 ¥ 200 °C
Cancel Help

Figure 6-10 SM331: Parameterisation

Explanation of the individual settings for SM331

Diagnostic Interrupt

Activating the "Diagnostic Interrupt” configures OB86 to be called when the

grounding or the supply voltage is missing..
Hardware interrupt

Activating the parameter ,Hardware Interrupt When Limit Exceeded “ con-
figures the hardware interrupt OB40 to be called when the set limit values

exceed or fall below.

The limit values can be parameterised in the same window under , Trigger

for hardware interrupt”.

Group diagnostics

By selecting Group Diagnostics, channel bound diagnostic interrupts are
activated (see chapter 8.3). When a diagnostic event occurs, OB86 is

called.

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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Wire break detection

By activating the Check for Wire Break, wire breaks are diagnosed. The di-
agnostic OB86 is called.

Measuring type
U stands for voltage

RT stands for resistance (Resistance, Temperature).

Measuring range

Specification of the measuring range of the voltage transducer and the type
of PT100.

Position of the measuring range module

The position of the measuring range modules is shown (chapter 4.2.4).

Interference frequency (interface frequency suppression)

Set the interference frequency to your local power line frequency.

Trigger for hardware interrupt

If the parameter ,Hardware Interrupt When Limit Exceeded “ is selected,
you can specify the limit values. If the specified value exceed or fall below,
the hardware interrupt OB40 is called.

Only channels (inputs) 0 and 2 are hardware interrupt capable.

Completion of the hardware configuration
Close the parameter window.
Compile and save the project via Station -> Save and Compile (Ctrl+S)

With this the hardware configuration of the project is completed.
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6.2.4 Power up test

For testing, do a power up test and download the system data.

Power up

Table 6-2 Power up

#

Graphics

Description

1

Erase your Micro Memory

’ﬁ Edit Imsert PLC Wiew Options ‘Window Help Card Wlth a POWer PG or

e, ..

‘Mew Project’ Wizard...
Cpen. ..

Open Yersion 1 Project..,
Close

@il 5 PC with external pro-

cl+0  gramming device:
In SIMATIC Manager click

Multiprojeck

v “File > S7 Memory Card

57 Memary Card

Memary Card File

- Delete ...”
* The MMC is deleted.

Save As...

Chrl+5

Turn off the CPU’s power supply.
Insert the MMC into the CPU.
Turn on the power supply.

If the CPU is in RUN mode, set it to STOP
mode.

Turn on the power supply again.

If the STOP LED blinks, the CPU requests for a
reset. Acknowledge this by turning the mode
switch to MRES for a quick second.

Connect the CPU to the PG with an MPI cable.

To do this, connect the MPI cable with the CPU’s
MPI port. Connect the other end to the PG inter-
face of your programming device.
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Download hardware configuration

Download the hardware configuration into the CPU with HW Config.

Click the symbol ,Load to module” (shown in the red circle).

[ HW Config - [SIMATIC 30

@l station Edit Insert PLC Wiew Options Window Help

=0l x|
==l x|

Dl e-1% %) &) ole] () @I ) ol

Select Target Module x|
=(0] UR
1 % 207 54 - Target modules:
2 CPU315-2DP[1] Module Racks | Slot
s De 1] 2
3
4 4181 2Bit
5
E
7
g
|
— d| Selectal |
E Cancel Help |
1] | 3|

Press F1 ko get Help,

[cha 4

Figure 6-11

Download the CPU’s hardware configuration (1)

When the dialog window ,Select Target Module® pops up, click “OK” (see
red arrow).

Select node address x|
Dver which station address is the programming devics connected ta the madule
CRU3I5-2DF(1]?

Rack =]
Slot: 2 _|:
TargetStatior: & Loca|
¢ Canbe reached by means of gateway
Enter connection to target station: [
MPI address | Module type | Station name | CPU name | Plant designation |
CPUS1S-20P
Accessible Nodes
View
Cancel Help
Figure 6-12

x|
Station:
SIMATIC 300-Station
Module:
[0/2/0] CPU315-2DP(1)
[ |

Download the CPU’s hardware configuration (2)

The dialog window ,Select node address” is shown. The system data are
now transferred into the CPU.
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Start CPU
Set the CPU to RUN mode

If the hardware configuration is done right, two green LEDs (RUN and
DC5V) should be lit on the CPU

. SIEMENS

Figure 6-13 CPU in error free state

If the RUN LED light is not lit, then there is an error.

Read the diagnostic buffer with a PG in order to localize the error. Possible
causes are:

= The wiring is connected wrong
= The coding device is inserted wrong

= You have entered the wrong parameters for SM331
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6.3

6.3.1

STEP 7 User Program

Function of the user program

The sample user program:

= Stores the sensor values in a data block

= saves the status information of the hardware interrupts in a memory

word.

The status information is acknowledged by means of a bit. Furthermore the
channel values (values of the input words) are stored in another data block.

In the user program the following tasks have to be performed:

1. Cyclical storage of the analog input values in a data block (DB1)

2. Cyclic conversion of the analog input values to floating point values
(FC1) and storage in a data block (DB2)

3. Acknowledgement of the hardware interrupt status when the acknowl-
edge marker (M200.0) is TRUE.

4. Store the status in a marker word (MW100) when a hardware interrupt

occurs.
Table 6-3 Structure of the user program
Execution Responsible Programming task | Used block or marker
mode organization
block

Cyclic execu- | OB1 Store analog input DB1

tion values
Convert and store FC1, DB2
the sensor signals
Acknowledge hard- | M200.0
ware interrupt

Execution 0B40 Store status MW100

triggered by

hardware

interrupt

Execution 0OB82 Has to be imple- -

triggered by mented because a

diagnostic module with diagnos-

interrupt tic capabilities is
used

Diagnostic interrupt OB82

OB82 is used for modules with diagnostic capabilities in the STEP 7 pro-

gram.

If the module detects a failure (coming and going events), the module re-
quests the CPU for diagnostics. As a reaction to this the operating system

calls OB82.
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In our example we only use OB82 in order to prevent the CPU from chang-
ing to STOP mode. You can program OB82 to react on hardware interrupts.

6.3.2 Create User Program

There are two ways to create a user program:

o If you know how to program STEP 7 STL, then you can create and pro-
gram the necessary blocks and function blocks in the Blocks folder of
STEP 7.

o You can insert the user program from an STL source into the project. In
this “Getting started” we describe this way.

Creating a user program in STEP 7 requires three steps:
1. Download of the source file directly from the web page
2. Import source file
3. Compile source file

1. Downloading the source file

You can download the source file directly from the web page from which
you loaded this “Getting Started”. Click on “Info”. The download window will
open.

¢ Note the name of the source file

¢ Save the source file to your hard drive.
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2. Import source file
You can import the source file into SIMATIC Manager as follows:
¢ Right click the folder ,Sources*

o Select ,Insert new Object” > External Source...

KJSIMATIC Manager - GS7-5M331 =0l

[« NoFiter » jﬁl ﬁl_{

File Edit Insert PLC VYiew Options Window Help

D] 82|&| & (== daf [ 2g| )7

EEGS?-SMS:SI -- C:\,Program Files'Siemens'Step 7' s7proj!
-2 GS7-SMIN

E|-- SIMATIC 300 Station
=-[@ cruzs-2DP()
57 Program(1]

= ﬁ Cut Chrl+%

= Copy Chrl+C
Paste CErlH-

Delete Del

Insert Mew Object STL Source

SCL Source
5 = SCL Compile Contral File
a_wame X GRAPH source
Object Properties. .. Alt+Return

Special Object Properties

Inserts external source in the current source Folder, v

Figure 6-14 Import external source

In the dialog window ,Insert external source® browse for the source file that
you have already downloaded and saved on your hard drive.

Select the source file GSSM331T2DE.AWL (see red arrow).
Insert external source
Laak in: IE} GHE j 4= £5 B2~

G55M331T1SP. &MWL

File name: |GSSM331T1 SP AL

Files of type: IS:::uru:es[ Lawl® gr? o scl inp s 20t sdg sdJ Cancel |

Figure 6-15 Import external source

Click ,,Open*
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SIMATIC Manager has opened the source file. On the right pane you can
see the source file.

| KJSIMATIC Manager - GS7-5M331 =10l x|
| File Edit Insert PLC ‘iew Options Window Help
D] 8%(m| % |E|e| d [o 2| 2af%- mE 1% Ve =

B57-5M331 ) G55M3IITISP

SIMATIC 300 Station

=@ cruzts-2oe)

- 57 Pragram([1]
Sources

“{fH Blocks

Figure 6-16 Storing the source file

3. Compile Source Code

In order to create an executable STEP 7 program, the STL source has to
be compiled.

Double click the source file in the Sources folder. The source code editor is
called.

In the window of the source code editor you can view the source code
(Code from chapter 10).

ELAD,.-"STL,."'FBD - [GSSM331T15P - GSSM331T2D'SIMATIC 300-Station’CP! = ||:||1|
File Edit Insert PLC Debug WYiew Options ‘Window Help 18] x|
D8] 8| # =@ o|=| eulda| =| 5| <> OE w2
DATA BLOCE DE 1 -

TITLE =Analogbaugrupre Handle Werte
VERSION : 1.0

STLUCT
CH_O : WORD ; f/Eanal 0
CH_1 : WORD ; fiEanal 1
CH_Z : WORD ; fi/Eanal 2

Figure 6-17 Source code editor
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After the source code is loaded, start the compilation.

Press the shortcut key Ctrl+B or select File > Compile. The compilation
starts immediately.

HHLAD/STL/FBD - GSSM331T15P

File Edit Imsert PLC Debug Wiew Options ‘Window Help

(
puiiyy oo L OE ¥

Cpen ONLINE Chrl+F3
Close Chrl+F4
Save Chrl+S
Save As...

Properties. ..

Check and/Update fccesses
Check Consistency Chrl+alk+k

Compile

Generate SOUMCE, .. Chrl+T

Prink. .. Chrl+P
Prink Presiew ...

Page Setup...

Print Setup...

1 G35M331TZ20YSIMATIC 300-5kationtCPUS1S-2DP(L,  WOBS2-OFF
2 SR315alt\CPU315-2DPYCPU 315-2 DPY.. \OE1-OFff

3 SRI1SCEMYCPUZ15-2DPYVCPU 315-2 DPY, . OB 1-OFF

4 SR315altyCPU315-2DPYCPL 315-2 DPY,., \OB8S-OFF

Exit AE+F4
END_DATA_BLUCE

DATA BLOCK DE 2
TITLE =Messumformerwert {in mi}
VEREION : 1.0

STRUCT

SE_1 : REAL ;
SE_z : REAL ;
SE_3 : REAL ;
END_STHUCT ;

Figure 6-18 Translation of the STL source

In case of warning or error messages, check the source code.

ELJ\D,.-"STL,.-"FBD - [GSSM3IFIT1ISP - GSSM3IZ1TZDYSIMATIC 300-Station’ CPU31 = II:Ilil
File Edit Insert PLC Debug Yiew Options ‘Window Help -7 =l
D@ @ 52| ol okl =] & <! OE 2|
DATA BLOCK DE 1 i’
TITLE =inalogbasugruppe Hanidle WMerte

VERSION @ 1.0

STRUCT
CH_O : WORD ; /fKanal 0
CH_1 : WORD ; //Kanal 1
CH_z : WORD ; /fKamal 2
CH 3 : WORD ; //Kanal 3

o il

EICompile: GEEMIZLTZDY STMATIC 300-5taci
W7 T, 000103 Col D ax error at S
E Lwx 000103 Col 0Z1: Statement is waiting for addresses.
E Lwn 00010& Col 01%: Syntax error at Z58.

E Lm 00010& Col 0Z1: Statement is waiting for addresses. -

4| | B

[ 4» w0 T:Emar A Zlnfo A 3 Crosseterences A 4 Addessinfo. A 5 Modfy A B Dia
E Ln 000103 Col 018: Synkax error ab 256, |oFfline L5 cn L Insert [Cha 2

Figure 6-19 Source code editor, messages after compilation

Close the source code editor.
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After compiling the STL source without errors the following blocks should
appear in the Blocks folder:

OB1, OB40, OB82, FC1, DB1 and DB2

]
K] SIMATIC Manager - G57-5M331 -10] ]
File Edit Insert PLC Wiew Options indow Help

02| 2%

=R G57-5M3AN Spstemn D ata 3 OB1
- SIMATIC 300 Station 4z OB40 3 DBE2
=-[@ cPuz1s-2DP(1) o FC1 3 DB1
=-{z1] 57 Program(1] o DE2

Press F1 to get Help, A

Figure 6-20 Generated blocks
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7 Testing the User Program

71 Download system data and user program

Hardware and software are ready now. The next step is to download the
system data and the user program into the automation system. To do this,
execute the following steps:

Table 7-1 Download user program and system data
Step Description
1 Download the system data (containing hardware configuration and the

user program) into the CPU using SIMATIC Manager.

File Edit Insert PLC Miew Options ‘Window Help
Dlﬁ:l %E’Iﬂl éﬂllﬂ.ﬂ ﬂl IQ_EI |<NOFilter>
=10l x|

Hardware

o [ D
Open Object Chrl+al+0
Cuk Chrl+3
Copy ChrlH+C
Paste Chrl44,

Delete Del

Download
Compile And Download Objects
Copy RAM b ROM...

oo -

Follow the instructions on the

SIEMENS screen.

| If all sensors are properly con-
nected, the CPU and the
SM331 do not show any red
error lights.

The error free state of the CPU
is displayed by the green
-RUN* light.
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Smart Label

The labelling strips for the modules were created with Siemens S7-SmartLabel
(Order number.: 2XV9 450-1SL01-0Y X0)

The original size of the labelling strips is displayed in Figure 7-1

Figure 7-1

PEW 256

PEW 258

PEW 260

PEWW 262

LA PEW 256
w4 S7-
SmartLabel

PEW 264

PEW 265

PEW 268

PEW 270

S7-SmartLabel labelling strip for the example
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7.2 Visualisation of the sensor signals

In order to visualise the sensor signals, insert a variable table as follows

into the project. To do this, select from the context menu of the Blocks
folder:

Insert new object -> Variable table

K JSIMATIC Manager - GS7-5M331

File Edit Insert PLC ‘Wiew Options Window Help

0| 83| & [E=(w| sl [= =)

[ < NoFiter >

o
=8 GE57-5M331 Syztem Data
E|-- SIMATIC 300 Station ik 0B1
=@ CPU315-2DP(1) o OE40
=-{=7] 57 Program(1] F OBS2
iF FC1
Chrl+3
Chrl+C
e
Delete Del
Insert Mew Object Organization Block
PLC b Function Block
o Function
EAIFINg. . . Daka Elack.
Compare Blocks. ..
Data Type
Reference Data 4 :
_ Yariable Table
“harlk Black Cancickanes

Figure 7-2 Insert Variable Table

Fill in the new variable table as follows:

M Control_Display -- GS5M331T2D'SIMATIC 300-5ta
Al ddress Symboal | Display Format Status value | Modify value

1| 44 Channel values

2 DE1.DEW 0 HE*. ~N

3 DB1.DEwW 2 HE*

4 DB1.DEW 4 HE* .

5 DE1.DEW E HE* In this area you can

B DE1DBwW 8 HEx > monitor the channel

7 DE1.DEw 10 HE® values

g DEB1.DBwW 12 HE®

9 DB1.DBwW 14 HE®

10 -~

11 / Bnalog values

13 DEZ.DED 4 FLOATING_POINT can monitor the

14 DEZ2DBED 8 FLOATING_POINT | lues

15 DE2.DBED 12 FLOATING_POINT analog va

16 44 Process control status X

17 WMo 200.0 BOOL In this area you can

18| w100 EIN } monitor and modify

12 the status values
Figure 7-3 Variable table Control_Display
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Monitoring of variables

In order to monitor variables, open the online view of the controller by click-

ing the Eye Glasses symbol. Now you can monitor the values in the data
blocks and markers.

{17

kil ¥ar - Control_Disp -|D|ﬁ|

Table Edit Insert PLC  Variable Wiew Options Window Help
| Di|a| 8] #|le[o|~] x| P 2] W
s3] o |

|ﬁl Control Diselax -- ®G55M331T2D% S5IMATIC 300-Station',CPU315-2DP... — |O] %

| Al nddress Symbol | Display format Skatus walue Modify value
1 ## Channel values
2 CDE1.DBEW 0O HEX WH1EH0000
3 DE1.DEW 2 HEX WH1EH0000
4 DE1.DEW 4 HE* WH1EHO09C
L] L)
L) [
. .
|18| MW 100 ‘EIN . 2H0000_0000_0000_0000
[FE] I I— ;
G55M33LTZ0VSIMATIC 300-5kationt, . \57-Programmil @ RUM S
Figure 7-4 Online view of the variable table

Specifics for monitoring the variables

While monitoring the values you will notice that the channel values are dif-
ferent from the analog values. The reason for this is that the analog module

only supports the binary format “Word” (16 bits). Therefore the values of the
analog module have to be converted.

Modifying variables

For controlling the Process Control Acknowledgement enter the desired
value (TRUE or FALSE) into the column ,Modify Value®. The value de-

pends on whether you want to activate or deactivate the acknowledgement.
Click the symbol with the two arrows.

% ¥ar - Control_Displa E _|EI|5|
Table Edit Imsert PLC  Varisble View Options ‘Window Help

| Dje(E| 8| &l=e]o]] x| 2] x|
DR ) sl 4] ]

IEI Control DisEIa: - @WGS5SM331T205IMATIC 300-Station',CPU315-2DP... —|0O0]
| ;“ Address Symbol | Display format Status value | IModify value
1 /¢ Channel values
2 DB1.DBEW O HE> W HTERO00D
B DE1.DEW 2 HEX, WHTERODOD
L) L]
L) L]
L[] L]
14 DE2DBD & ¢ CFLOATING_POINT . 276
15 DB2DBD 12 (FLOATING_POIMT © 431
16 /¢ Process contbral statys
17| M 2000 BOOL 1 talse e |
18 | Mw 100 BIM © Z#0000_0000_0000_0006-
19
G55M331TZDYSIMATIC 300-Station, .. \57-Programm(1) 4> (RN v
Figure 7-5 Modifying variables
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7.3

Analog value display

Analog input modules convert the analog process signal into a digital for-
mat (16 bit word).

If you want to display the analog process variables, you should convert the
digital values of the module to decimal values. In our example program, the
process variable is displayed in a readable format in Volt (V) or for PT100
in °C. The conversion of the digital values to decimal values is implemented
in the programmed function FC1.

Five ranges have to be taken into account when converting from digital to
analog values. The following table describes these ranges.

7.31 Analog value display of a * 5V voltage transducer
Table 7-2 Analog value display for a + 5V voltage range
Analog value dis- Voltage Scope Comment
play range
Decimal | Hex de-
cimal
32767 7FFF 5,926V From hex value 16#7F00 on, the sensor
32512 7E00 Overflow yalue is abovg the over steering range and
is no more valid.
32511 T7TEFF 5,879V This range corresponds to a tolerance
Over steering band before the overflow range is reached.
27644 6C01 range Within this range the resolution is not opti-
mal.
27648 6C00 5V
20736 5100 3,75V
1 1 180,81V The nominal range is the normal range for
0 0 oV Nominal range | acquiring measurement values. This range
guarantees optimal resolution.
-1 FFFF
-20736 | AF00 -3,75V
-27648 | 9400 -5V
-27649 | 93FF Under steering | Range corresponding to the over steering
-32512 8100 -5,879V range range but for low values.
-32513 80FF From hex value 16#80FF on, the sensor
32768 | 8000 5,926V Underflow signal is below the con_figured measure-
ment value range and is no more valid.

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage

With the aid of a voltage source (calibrator) you can now compare the given
values with the values of the analog value display in the table. The values
will be identical.
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7.3.2 Analog value display of a * 10V voltage transducer
Table 7-3 Analog value display for a £10V voltage range
Analog value dis- Voltage Scope Comment
play range
Decimal | Hex de-
cimal
32767 7FFF 11,851V From hex value 16#7F00 on, the sensor
32512 7F00 Overflow value is above the over steering range and
is no more valid.
32511 7TEFF 11,759V This range corresponds to a tolerance
Over steering band before the overflow range is reached.
27644 6C01 range Within this range the resolution is not opti-
mal.
27648 6CO00 10V
20736 5100 7,5V
! ! 361,71V The nominal range is the normal range for
0 0 ov Nominal range | recording measurement values. This range
guarantees optimal resolution.
-1 FFFF
-20736 | AF0O0 -7,5V
-27648 | 9400 -0V
-27649 | 93FF Under steering | Range corresponding to the over steering
-32512 18100 11,759 V range range but for low values
-32513 | 80FF From hex value 16#80FF on, the sensor
32768 | 8000 11,851V Underflow signal is below the configured measure-
ment value range and is no more valid.

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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7.3.3 Analog value display of a 0 - 10V voltage transducer
Table 7-4 Analog value display for a 0-10V voltage range
Analog value dis- Voltage Scope Comment
play range
Decimal | Hex de-
cimal
32767 7FFF 11,851V From hex value 16#7F00 on, the sensor
32512 7F00 Overflow value is above the over steering range and
is no more valid.
32511 7TEFF 11,759V This range corresponds to a tolerance
Over steering band before the overflow range is reached.
27644 6C01 range Within this range the resolution is not opti-
mal.
27648 6C00 10V
20736 5100 7,5V The nominal range is the normal range for
Nominal range | recording measurement values. This range
1 1 361, 7uV guarantees optimal resolution.
0 0 ov
Under steering A negative value is not possible
range

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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7.34 Analog value display of PT100 Standard
Table 7-5 Analog value display for resistance thermometer PT100 standard
Analog value dis- Voltage Scope Comment
play range
Decimal | Hex de-
cimal
32.767 7FFF >1000°C From hex value 16#2711 on, the sensor
Overflow value is above the over steering range and
is no more valid.
10.000 2710 1000 °C This range corresponds to a tolerance
Over steering band before the overflow range is reached.
range Within this range the resolution is not opti-
8.501 2135 850,1 °C mal.
8.500 2134 850 °C
The nominal range is the normal range for
Nominal range | recording measurement values. This range
guarantees optimal resolution.
-2.000 F830 -200 °C
-2.001 F82F -200,1 °C
Under steering | Range corresponding to the over steering
range range but for low values.
-2.430 F682 -243 °C
-2431 F681 From hex value 16#F681 on, the sensor
3 Underflow signal is below the configured measure-
-32.768 |8000 <-243°C ment value range and is no more valid.

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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7.4

Influence of PT100 wiring on analog value display

The wiring of the PT100 has a great influence on measurement value ac-
quisition.
The connecting wires from the SM331 module to the PT100 thermometer

have a resistance that is dependant on the wire’s material, the length and
the cross section of the wires.

If you want to compensate the wiring resistance, then you should choose 3
or 4 wire connection.

Measure the environmental temperature with the three PT100 with a wiring
resistance of 5 Ohm (170m copper wire 0,6mm?). You get the following
measurement values:

Table 7-6 Influence of the wiring on temperature measurement

PT100 Environ- Analog value Measured tem- Absolute error
Connection | mental tem- | display perature

type perature

4 wire 17,0 °C 00AA Hex. 17,0 °C 0°C

3 wire 17,0 °C 013C Hex. 31,6 °C 14,6 °C

2 wire 17,0 °C 01BD Hex. 44,5 °C 27,5°C

[~ Control rapiny M

Table Edit Insert PLC  Wariable ‘Miew Options W;ndow Help

| (e S| #[mleo]«| x| 8z
e ‘ PT100

Wil —II—Il &I 4 wire connection

[E5 Control_Display -- @GSSM331T2D',SIMATIC 300-Station’CPUSL., - |0 x|

=10l

11 A Analog values

1z| DB2DBD O FLOATING_POINT . 0.0

13| DB2DBD 4 FLOATING_POINT|__156

14| CB2DBD B8 FLOATING_POINT| 276

15| CBz2DBD 12 FLOATING_POINT] 421

16 /¢ Process conbral status

17| M 2000 BOOL 1 false

1G] tw 100 BIN ¢ 2#0000_0000_0000_0000

19

G53MI31 TZDNSIMATIC 300-Station, .\ 57-Programmi 1) @ RUN %
Figure 7-6 Direct comparison of the three connection types
Note

The wire resistance does not increase with the temperature. It remains constant.
If you measure high temperatures, the relative failure is smaller.
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Al nddress Symbol | Display format Status value Todify
1_ A Channel values . PT100 )
z | DBIDEW O HEx WHTEHI00D 3 wire connection
3 DB1.DBw 2 HE= /11 EH0000
4 CB1.DBw 4 HE= ' H1EH009C PT100
5| DE1DEW 6 HEX WHBHTFFE 2 wire connection
5 DE1.DEW & HEX WHTEHDT7 4
7 DB1.DBw 10 HE= ‘W H1BHTFFF
g CB1.DEWw 12 HEx W HTEHOT1AF
9 DE1.DEW 14 HE= WHIEHIFFF
10




8 Diagnostic interrupt
Diagnostic interrupts enable the user program to react on hardware fail-
ures.
Modules must have diagnostic capabilities in order to be able to generate
diagnostic interrupts.
In OB82 you program the reaction on diagnostic interrupts.
8.1 Triggering Diagnostic Interrupt
The analog input module SM331 Al8x12 has diagnostic capabilities. Diag-
nostic interrupts that occur are signalled by the red ,SF“ LED on the SM331
and on the CPU.
Table 8-1 Simulation of a hardware failure
Graphic Description
Release the voltage supply
from terminal 1 on the front
connector of the module or
from terminal Y of TOP
connect terminal block
Result: A diagnostic inter-
rupt is triggered, the red
LED “SF” is lit.
The cause for the error can be found “Online” through a query of the mod-
ule information.
Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage 60
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8.2

In order to see the module information "Online", do the following:
o Select the SM331 in the hardware configuration

o Click the menu item PLC --> Module Information... in order to perform a
hardware diagnosis.

E{.J:_,:HW Config - [SIMATIC 300-5tation {Configuration) - GSSM331
Eﬂ] Station Edit Insert | PLC  View Options Window Help

Dl@lgﬂl |I'?'|'|':|_é Download. .. Chrl+L

Upload. ..

== (0] UR Povwnload Module identification. .,

PS 307 BA Upload Madule Identification to PG, .,
CPU315-2
DE

Faulty Modules. ..

Module Information. .. Chrl+Dr
@perating Mode. ., Chr[ 4T
Clear/Reset,,,

Seb Time af DEw.

Figure 8-1 Module information

General Diagnostic Messages

You will find information on the reported error in the Diagnostic Interrupt
tab. The interrupts are not channel dependent and affect the whole module.

=101 x|

FT Module Information - Alax12Bit

Path: |GSSM331T2D'\SIM.&TIC 300-5kationtCRLU31 Operating mode of the CPLU: @ RUM
Status: #Ze Error

General Diagnostic Interrupt |

Standard Diagnosis of the Module:

External eror
Faulty

ody
flo external ausiliary volags

ChannelSpecific Diagnosis [Channel Ha. O ta Maximurm):

Channel no. | Error

Help on selected diagnostic row: Display |
Cloze I Update | Fririt... | Help |

Figure 8-2 Diagnostics for SM331
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8.3

8.3.1

8.3.2

Getting Started SM331 Al 8x12bit Part 2: PT100 and voltage
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Channel dependant diagnostic messages

There are five channel dependant diagnostic messages:
¢ Configuration or parameterisation errors

e Common mode errors

¢ Wire break (not for the voltage measurement type)

e Underflow

e Overflow

Note

Here we only show you the channel specific diagnostics for the measuring mode
PT100 and voltage. Other measuring modes are similar but not described here.

Configuration / Parameterisation errors

The position of the measuring range module does not match the measuring
mode set in the hardware configuration.

Common mode errors

The voltage difference U, between the inputs (M-) and the common volt-
age potential of the measuring circuit (Man,) is too high.

In our example this failure cannot occur, because for a voltage transducer
Mana is connected to M-.
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8.3.3

Wire break (only for measurement type PT100)

If the measurement type is set to voltage, there is no way to check for a
wire break. You cannot choose this in the SIMATIC Manager either (see
Figure 6-10, input 0-1). For the measurement type PT100 a wire break is

detected and reported.

FET Hodule Information - ATax1z6it SR
Path:  |GSSM331T2DASIMATIC 300-Station\CPU3 Operating mode of the CPL
Status: #Z4 Emor

=10 ]
<> AUN

General Diagnostic Interupt I

Standard Diagnosis of the Module;

I&] ¥ar - Control Di;:play —_1Of x|
Table Edit Insert PLC  Wariable Wiew Options Window
Help

#| D(E] 8| &[5e o] X|[m= 2]

7 =] ) |

External emor =
i =

i;‘;‘r‘g :—Q?ad;l'?annel o, Mtontrul_mspla

,‘; Address Symbaol | Display Format Status value

1 DE1.DEW 0 HEX WH1EH0000
2 DE1.DBW 2 HEX
3 DE1.DBW 4 HEX C___ WHIBHTFFE ]
4 DE1.DBW & HEX WHEHFFFF

ChannhelSpecific Diagnosis (Channel No. 0 to Magimum]: 5 DE1DBEW & HE WHIEHD114
6 De1.oEw 10 HEX WH1EHFFFF
7 DE1.DBW 12 HEX WHIGHDTAF
8 DE1.DEW 14 HEX WH1EHPFFF
d
10 DEZDBD 0O FLOATING_POINT 0.0
1 DBZDBD 4 FLOATING_POINT 3276.7
1z DEZ2DBD & FLOATIMG_POINT 278

Help on selected diagnastic row. Display 13 DB2DBD 12 FLOATING_POINT 431
14

Close I Update I Eiirt.. I Help | 15 Ml 10 HEY A1 EHNANN
G55M3FLT2ONSIMATIC 300-Station',. . \S7-Pragrammil)
Figure 8-3 Left: Diagnostic message for wire break / Right: Variable table

The analog value display immediately shows overflow (HEX 7FFF) be-

cause an infinite resistance is measured.

8.34 Underflow

The two measurement types voltage and PT100 can trigger the diagnostic

interrupt ,Analog input measuring range / Low

Voltage

Pathy  |G55M33NT2DASIMATIC 300-5tationtCPU31  Operating mode of the CPL
Status: #Z4 Emor

=10i=
G RUN

General Diagnostic Interupt I

Standard Diagnosiz of the Module;

limit exceeded”.

I&] ¥ar - Control D{splay =10 ﬂ
Table Edit Insert PLC Variable Wiew Options Window
Help

w| D@ 8] »|mes]-] x| [F s

e e e |

External erar
Faulty module: ﬁ\?’tuntrul_Displa
There iz a channel ermar, <]
o= Address Symbal | Display Format Status value
1 DB1.DBW 0 HEx ‘w1 EHO000
2 DE1.DBW 2 HEX WwHTEH0000
3| DBIDBW 4 HEX W/ #E000
4 DE1.DBW & HEX “wH1BH?FFF
ChannelSpecific Diagnosis (Channel No. 0 to Maximum]: 5 DB1.DBW 2 HEX WHIEHDT14
e i, & DE1.DEW 10 HEX WHIGH?FFF
Channel 0 7 DE1.DBW 12 HEX WwHTEHDTAF
Channel 1 & | DBE1DBW 14 HEX /i1 GHPFFF
E
i0 DEZDED 0 FLOATING_POINT :  -5.924273
11 CE2DBD 4 FLOATIMG_POINT: 1225
1z DEZDBD 8 FLOATIMG_POINT 276
Help on selected diagnostic rov Display 13| DE2DBD 12 FLOATING_POINT - 431
14
. 15 hduat AN HF% fut EHONNN
Ehig I Eodcls I (Rt I &I GSSM331 T2OASIMATIC 300-Station). . |57-Programmi L) ;
Figure 8-4 Left: Diagnostic message with underflow / Right: Variable table
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We have connected the two channels in parallel to maintain the diagnostic
capabilities of the channel group. Consequently we get the diagnostic mes-

sage for the second channel as well.

If you get this message during commissioning, then check if the measure-
ment range of the transducer and the parameterisation concur.

PT100

AT Module Tnformation - Atax1zBit QU o |1

Path:  |GSSM331 TZDAVSIMATIC 300-5tationtCPU 31 Operating mode of the CPU: @ RUMN
Status: #79 Error

General Diagnostic [ntemupt |

Standard Diagnosis of the Module:

Help

ﬁ] ¥ar - Control Dius:play

Table Edit Insert PLC ‘Variable Wiew Options ‘Window

=1al]

#| D(E| 8| 5 (wle o= ¥l

Off o] sifa o]

Eutemal emor -
;i\lélrtg ir:Dadsl"annnel e %Enntrnl_mspla -
é Address Symbol | Display Format Status value
1 DB1.DEW 0 HEx= /i BHOOO0
2 DB1.DBW 2 HEx /B 60000
3| DBIDBW 4 HER WHTERZ000|
4 DB1.DEW 6 HEx= W/ BHTFFF
Channel-Specific Diagnosis [Channel No. O ta Maximurn], 5 DE1.DEW & HEx W GH0T14
Channel no Errar & DB1.0BW 10 HEx W/ BHTFFF
Lhaninel 2 Analog [k g range. Low fi e 7 DB1.DBW 12 HEX Wi BHOTAF
[ DB1.DBW 14 HE® Wi BHTFFF
9
10 DB2DED O FLOATING_POINT 0o
1 DB2DBD 4 FLOATING_POINT -3276.8
1z DB2DED & FLOATING_POINT 276
Help on selected diagnastic raw: Display | 13| DBZDED 12 FLOATING_POINT - 431
14
I [YINYIRET)) [11=9) W EHANAN

Cloze | Update | Print. | Help

GSSM331T2D4SIMATIC 300-Stationh. . .\S7-Programmi1)

Figure 8-5 Left: Diagnostic message with underflow / Right: Variable table

This message occurs when the temperature is below -243 °C or PT100
has a very low resistance. Most likely the PT100 connection has a short

circuit or it is defective.
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8.3.5 Overflow

In the two measurement types voltage and PT100 the diagnostic interrupt
»+Analog input measuring range / High limit exceeded” can be triggered.

Measurement type voltage

P& Module Information - ATex1z6it IR | x| | [3¥ar - Control_bisplay o] x|
Path:  [GSSM3FIT2DASIMATIC 300-Gtation\CPUZT  Operating mode of the CPU: <> RUN Table Edit Insert PLC Varishle Wiew Options  Window
Status: #Z4 Emor Help

General Diagnostic Interrupt I ﬂl Dl@lm @I tX: Ilad 'OI nl 5' EEI
Standard Diagnosis of the Module: Wﬁl 5‘:(; .4;|| ﬁI |
External ermor
Faulty module &'ﬂtontrulibispl
There is a channel eror &
S| Address Symbaol | Display Format Status value
1 DeloeEw 0 HEX WH1EH0000
2 DE1.DBW 2 HEX w1 EHO000
3 DE1.DBW 4 HEX wH1EHE000
4 DE1.DBW 6 HEX WHIEHFFFF
ChannelSpecific Diagnasis [Channel Mo. 0 to Maximurm]: 5 DE1.DBW 8 HE® WHIBHO114
Channel no 5 DE1.DEW 10 HEX WH1EHPFFF
Channel 0 7 DE1.DBW 12 HEX WHIEHD1AF
Channel 1 & | DE1DBW 14 HEX w/H1EHPFFF
9
pli] DEZDBD 0 FLOATIMG_POINT - 5524273
11 DEZDBD 4 FLOATIMG_POINT = 1225
1z DBZDBD 8 FLOATIMG_POINT . 27.6
Help on selected diagnastic row. Display 13 DeZDBD 12 FLOATING_POINT © 431
14
. IC [T HES LA EHONNN
Cose | Updwe | P | M (55M331T2DVSIMATIC 300-Station). , \S7-Programm(1) 5
Figure 8-6 Left: Diagnostic message with overflow / Right: Variable table
Measurement type PT100

ST Module Tnformation - Atexizeit I =0 x| | [4] var - Control_pisplay _ 13l x|
Path: IGSSM33TT2D\SIMAT\C 300-StationtCPU3T  Operating mode of the CPU: @HUN Table Edit Insert PLC Variable Wiew Options Window
Status: #24 Eror Help

General Diagnostic [ntermupt |

Standard Diagnosiz of the Madule:

w5 Dl=l|] 8] »[me] o] X| [ el
fer e 644 o]

Extemnal enar
Faulty module
There it a channel enar. —
£=| Address Symbal | Display Format Status value
1 DE1.DBW 0O HEX W HTEHO000
2 DB1.DBW 2 HE= “w/H1EH0000
3 DE1.DBW 4 HEX W/ BHTFFF |
4 DB1DBW & HEx /1 GHTFFF
Channel-Specific Diagnosis [Channel No. O to Maximum) 5 DB1DBW & HEx WwWHTEHDT1 4
Chaninel no. [} DB1.DEW 10 HE® W HTEHTFFF
Channel 2 - 7 DE1.DEW 12 HE= /BT EHOTAF
g DE1.DBW 14 HEX w1 EHTFFF
| ]
10 CB2DBD 0 FLOATING_POINT 0.0
11 DE2DEBD 4 FLOATING_POINT -3276.8
1z DE2DBD 8 FLOATING_POINT 276
Help on selected diagnastic row: Display | 13| DB2DED 12 FLOATING_POINT - 431
14
Close | Update | Fifit | Help 1 [T ] HE S EHNNAN
GS5M331T2DVSIMATIC 300-Skationt, . \S7-Programmi 1) b
Figure 8-7 Left: Diagnostic message with overflow / Right: Variable table
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9 Hardware Interrupt

A special feature of the SM331 Al8x12bit is its capability to trigger hard-
ware interrupts. Two channels (0 and 2) can be configured that way.

Defining the limit values for hardware interrupts:

The limit values for resistance thermometer PT100 have to be defined in °C
and not in °F or K.

The limit values of the voltage transducers have to be defined in Volts (V)
and not in the unit of the installed sensor.

Example:
You have a pressure sensor with a physical unit of Pascal (Pa). The limit

values are not entered in Pascal but in Volts of the voltage transducer.

Features of the hardware interrupt triggering

In order to trigger a hardware interrupt the limit values have to be in the
nominal range of the measurement type.

Example:

You use a voltage transducer (+5V) with a nominal value of -5V and +5V.
When you enter the lower limit value of -6V, this value is accepted by the
system, but the hardware interrupt will never be triggered because the di-
agnostic interrupt (underflow of the nominal range) is always activated first.

In our example we have configured channel O (voltage transducer) with the
following limit values:

e Lower limit value: -3V
e Upper limit value: +3V

When these values within the nominal values exceed, then the hardware in-
terrupt OB40 is triggered.

Hardware interrupt OB40

In general a hardware interrupt calls an organisation block of the CPU. In
our example OB40 is called.

In STEP 7 programs OB40 is used for hardware interrupts. Depending on
the CPU, additional hardware interrupts can be configured.

If a hardware interrupt occurs, OB40 is called. In the user program of OB40
you can program the reaction of the automation system on hardware inter-
rupts.

In the sample user program, OB40 reads the cause of the hardware inter-
rupt. This can be found in the temporary variable structure
OB40_POINT_ADDR (Local bytes 8 to 11).
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HEEEEEEEEEEEEAE
\Under-run of the lower limit value of channel 0
Under-run of the lower limit value of channel 1

Overflow of the upper limit value of channel 0
Overflow of the upper limit value of channel 1

Figure 9-1 Start-up information of OB40: Which event has triggered the
hardware interrupt for which limit value

In the example, OB40 only transfers the local data variables LB8 and LB9
into a memory word (MW100). The marker word is monitored in the existing
variable table.

You can acknowledge the memory word in OB1 by setting marker bit
M200.0 or by setting the marker to TRUE in the variable table.

Simulation of a hardware interrupts

When you supply channel 0 with 4V using a calibrator, you get the binary
value 0000 0001 0000 0000 for MW100 in the variable table. This means
OB40 was called and an overflow of the upper limit value of >4V has oc-
curred in channel 0.

Table Edit Insert PLC Varisble Yiew ©Options ‘Window Help

#| Diel@] 8l &[mle]o|-| x| E 8| |
I | 58] w|

-0l x|

[ ol_Display — @ 1331T2DSIMATIC 300-Station',CPU3L... — (O] x|
é Address Symbal | Display Format Status value Modify

1 A4 Channel values

2 DBE1.DBW 0 HE® ‘W1 BRO000

3 DR 2 HE® WH1EH0000

4 DB1DBW 4 HE® ‘W BHODEC

B DE1DBW 6 HEx WHTBHTFFF

B DB1DBW 8 HE® WHIBHD114

5 DE1.DBW 10 HEx WHTEHTFFF

B DB1.DBW 12 HE® W BHOAF

B DE1.DBW 14 HEx W BHTFFF

10

11 A Bnalog values

12| DB2DBD 0 FLOATING_POINT . 4000433

13| DB2DED 4 FLOATING_POINT . 156

14| DB2DBD 8 FLOATING_POINT . 27.6

15| DB2DED 12 FLOATING_POINT . 431

16 /¢ Process control status

17| M 2000 BOOL T fake

18| Mw 100 FER * 2H0000_0000_0000_0000

19
G55M33LTZDSIMATIC 300-Station), .. |\S7-Programm| L [ < Rw
Figure 9-2 Hardware interrupt: Lower limit value underflow in Channel 0
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10 Source code of the user program

In this chapter you will be provided with a quick overview of the user pro-
gram’s functions of the sample station. A flow chart will show you a general
program structure. The complete program is listed in detail in the STL

source code.

You can also download the source code as an STL file directly from the
HTML page from which you have loaded this “Getting started”.

Flow chart

The text marked in red is the source code of the user program.

;

Cyclic execution
ORGANIZATION_BLOCK OB 1

v

Read analog value
display from SM331

L PEW xxx

Store analog value

display in DB11
T DB1.DBW xxx

A4

Analog value display
Convert and save

CALL FC1
RawValue := DB1.xxx

MeasuredValue := DB2.yy

Acknowledge
hardware

interrupt
U M200.0

v
Hardware
interrupt
Delete display

L w#16#0
T MD100

Figure 10-1 OB1 Flow chart
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Variable description

Table 10-1 Variable description

Variable Description

DB1.DBW 0 Channel 0 Analog value display
DB1.DBW 2 Channel 1 Analog value display
DB1.DBW 4 Channel 2 Analog value display
DB1.DBW 6 Channel 3 Analog value display
DB1.DBW 8 Channel 4 Analog value display
DB1.DBW 10 Channel 5 Analog value display
DB1.DBW 12 Channel 6 Analog value display
DB1.DBW 14 Channel 7 Analog value display
DB2.DBD 0 Transducer1 voltage (V)

DB2.DBD 4 PT100 with 4 wire connection (°C)
DB2.DBD 8 PT100 with 3 wire connection (°C)
DB2.DBD 12 PT100 with 2 wire connection (°C)
M200.0 Acknowledge hardware interrupt
MW 100 Hardware interrupt status

STL source code

DATA BLOCK DB
TITLE =Analog
VERSION : 0.1

STRUCT

CH 0 : INT ; //Channel 0
CH 1 : INT ; //Channel 1
CH 2 : INT ; //Channel 2
CH 3 : INT ; //Channel 3
CH 4 : INT ; //Channel 4
CH 5 : INT ; //Channel 5
CH 6 : INT ; //Channel 6
CH 7 : INT ; //Channel 7
END_ STRUCT ;

BEGIN

CH 0 := 0;

CH 1 := 0;

CH 2 := 0;

CH 3 := 0;

CH 4 := 0;

CH 5 := 0;

CH 6 := 0;

CH 7 := 0;

END DATA BLOCK

DATA BLOCK DB 2

1
value display

TITLE =Process values

VERSION : 0.1

STRUCT
SE_1 : REAL
SE_2 : REAL
SE_3 : REAL
SE_4 : REAL

//Voltage Transducer

; //PT100 (4)
; //PT100 (3)
; //PT100 (2)
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END_ STRUCT ;

BEGIN
SE 1 := 0.000000e+000;
SE 2 := 0.000000e+000;
SE 3 := 0.000000e+000;
SE 4 := 0.000000e+000;

END_DATA BLOCK

FUNCTION FC 1 : VOID
TITLE =Convert analog value display to process values
VERSION : 0.1

VAR INPUT
RawValue : INT ;
Factor : REAL ;
Offset : REAL ;
OverFlow : INT ;
OverRange : INT ;
UnderRange : INT ;
UnderFlow : INT ;

END VAR

VAR_OUTPUT
MeasuredValue : REAL ;
Status : WORD ;

END VAR

VAR TEMP
TInt : INT ;
TDoubleInt : DINT ;
TFactor : REAL ;
TOffset : REAL ;
TFactorl : DINT ;
TFactor2 : REAL ;

END VAR

BEGIN

NETWORK

TITLE =Conversion

L #RawValue;

ITD ;

DTR ;

L #Factor;

*R ;

L #0ffset;

+R ;

T #MeasuredvValue;
NETWORK

TITLE =Analog value display monitoring

L W#16#0;

T #Status;

L #RawValue;
L #OverFlow;
>=T1 ;

SPB m of;

L #RawValue;
L #OverRange;
> ;

S

=1
PB m_or;

L #RawValue;
L #UnderFlow;
< ;

S

=I
PB m uf;

#RawValue;
#UnderRange;
=T ;
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SPB m ur;

SPA end;

m of: L W#16#800;
T #Status;
SPA end;

m or: L W#16#400;
T #Status;
SPA end;

m uf: L W#16#200;
T #Status;
SPA end;

m ur: L W#16#100;
T #Status;
SPA end;

end: NOP 0;
END_FUNCTION

ORGANIZATION BLOCK OB 1
TITLE = "Main Program Sweep (Cycle)"
VERSION : 0.1

VAR TEMP

OB1 EV _CLASS : BYTE ; //Bits 0-3 = 1 (Coming event), Bits 4-7 = 1 (Event
class 1)

OBl SCAN 1 : BYTE ; //1 (Cold restart scan 1 of OB 1), 3 (Scan 2-n of
OB 1)

OBl PRIORITY : BYTE ; //Priority of OB Execution
OBl OB NUMBR : BYTE ; //1 (Organization block 1, OBI)
OBl RESERVED 1 : BYTE ; //Reserved for system
OBl RESERVED 2 : BYTE ; //Reserved for system
OBl PREV CYCLE : INT ; //Cycle time of previous OBl scan (millisec-
onds)
OBl MIN CYCLE : INT ; //Minimum cycle time of OBl (milliseconds)
OBl MAX CYCLE : INT ; //Maximum cycle time of OBl (milliseconds)
OBl DATE TIME : DATE AND TIME ; //Date and time OBl started
END_ VAR
BEGIN
NETWORK
TITLE =Transfer of channel values into data block DB1

// Channel 0 -> Data block
L PEW 256;
T DB1.DBW 0;

// Channel 1 -> Data block
L PEW 258;
T DB1.DBW 2;

// Channel 2 -> Data block
L PEW 260;
T DB1.DBW 4;

// Channel 3 -> Data block
L PEW 262;
T DB1.DBW 6;

// Channel 4 -> Data block
L PEW 264;
T DB1.DBW 8;

// Channel 5 -> Data block
L PEW 266;
T DB1.DBW 10;
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// Channel 6 -> Data block
L PEW 268;
T DB1.DBW 12;

// Channel 7 -> Data block

L PEW 270;
T DB1.DBW 14;
NETWORK

TITLE =Converting analog value display -> Measurement value

// Channel 1 : Voltage transducer 1 to 5V

CALL FC 1 (

RawValue
Factor

Offset
OverFlow
OverRange
UnderRange
UnderFlow
MeasuredValue
Status

// Channel 2 : PT100

CALL FC 1 (

RawValue
Factor

Offset
OverFlow
OverRange
UnderRange
UnderFlow
MeasuredValue
Status

// Channel 3 : PT100

CALL FC 1 (

RawValue
Factor

Offset
OverFlow
OverRange
UnderRange
UnderFlow
MeasuredValue
Status

// Channel 4: PT 100

CALL FC 1 (

NETWORK
TITLE =

)

FP

RawValue
Factor

Offset
OverFlow
OverRange
UnderRange
UnderFlow
MeasuredValue
Status

Acknowledge hardware interrupt

M 200.0;
M 200.1;

SPBN m001;

L

0;

DB1.DBW 0,

= 1.447000e-004,
= 1.000000e+000,
= 32512,
= 27649,

-1,

= -4865,
= DB2.DBD 0,

MW 10);

DB1.DBW 4,

= 1.000000e-001,
= 0.000000e+000,

10001,

= 8501,
= -2001,
= -2431,
= DB2.DBD 4,

MW 20) ;

= DB1.DBW 8,
= 1.000000e-001,
= 0.000000e+000,

10001,

= 8501,
= -2001,

-2431,

= DB2.DBD 8,

MW 30);

= DB1.DBW 12,

1.000000e-001,

= 0.000000e+000,
= 10001,
= 8501,
= -2001,

-2431,

= DB2.DBD 12,
= MW 40) ;
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T MD 100;

T MW 104;

T MW 106;

R M 200.0;
m001l: NOP 0;

END ORGANIZATION BLOCK

ORGANIZATION BLOCK OB 40

TITLE = "Hardware Interrupt"
VERSION 0.1
VAR TEMP
OB40_EV CLASS BYTE ; //Bits 0-3 = 1 (Coming event), Bits 4-7 = 1
(Event class 1)
OB40_ STRT INF BYTE ; //16#41 (OB 40 has started)
OB40 PRIORITY BYTE ; //Priority of OB Execution
OB40 _OB_NUMBR BYTE //40 (Organization block 40, OB40)
0B40 RESERVED 1 BYTE ; //Reserved for system
OB40 IO FLAG : BYTE ; //16#54 (input module), 16#55 (output module)
OB40 MDL ADDR WORD ; //Base address of module initiating interrupt
OB40 POINT ADDR DWORD ; //Interrupt status of the module
OB40 DATE TIME DATE AND TIME ; //Date and time OB40 started
END VAR
BEGIN
NETWORK
TITLE =
L #0B40_IO_FLAG; // OB40_TIO_FLAG 16#54 = Input module
T MB 104; // 16#55 = Output module
L #OB40_MDL_ADDR; // OB40_MDL_ADDR Start address of the
T MW 106; // triggering module
L #0B40 POINT ADDR; // OB40 POINT ADDR : LB8 = Exceeding high
// limit value
T MD  100; //
NOP 0; // OB40 POINT ADDR LBY9 = Under-run of low limit wvalue
NOP 0; //

END ORGANIZATION BLOCK

ORGANIZATION BLOCK OB 82

TITLE = "I/0 Point Fault"

VERSION 0.1

VAR TEMP
OB82 EV CLASS BYTE ; //16#39, Event class 3, Entering event state,

// Internal fault event
OB82 FLT ID BYTE ; //16#XX, Fault identifcation code
0B82 PRIORITY BYTE ; //Priority of OB Execution
OB82_OB_NUMBR BYTE ; //82 (Organization block 82, 0OB82)
OB82 RESERVED 1 BYTE ; //Reserved for system
OB82 IO _FLAG BYTE ; //Input (01010100), Output (01010101)
OB82 MDL ADDR : WORD ; //Base address of module with fault
OB82 MDL DEFECT BOOL ; //Module defective
OB82 INT FAULT BOOL ; //Internal fault
OB82 EXT FAULT BOOL ; //External fault
OB82_PNT_INFO BOOL ; //Point information
OB82 EXT VOLTAGE BOOL ; //External voltage low
OB82 FLD CONNCTR BOOL ; //Field wiring connector missing
OB82 NO_CONFIG BOOL ; //Module has no configuration data
0OB82 CONFIG ERR BOOL ; //Module has configuration error
OB82 MDL TYPE : BYTE ; //Type of module
OB82 SUB MDL ERR BOOL ; //Sub-Module is missing or has error
0B82 COMM FAULT BOOL ; //Communication fault
OB82 _MDL_STOP : BOOL ; //Module is stopped
OB82_WTCH_DOG_FLT : BOOL ; //Watch dog timer stopped module
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OB82 INT PS FLT : BOOL ; //Internal power supply fault
OB82 PRIM BATT FLT : BOOL ; //Primary battery is in fault
OB82 BCKUP BATT FLT : BOOL ; //Backup battery is in fault
OB82 RESERVED 2 : BOOL ; //Reserved for system
OB82 RACK FLT : BOOL ; //Rack fault, only for bus interface module
OB82 PROC_FLT : BOOL ; //Processor fault
OB82 EPROM FLT : BOOL ; //EPROM fault
OB82 RAM FLT : BOOL ; //RAM fault
OB82_ADU FLT : BOOL ; //ADU fault
OB82 FUSE_FLT : BOOL ; //Fuse fault
OB82 HW INTR FLT : BOOL ; //Hardware interupt input in fault
OB82 RESERVED 3 : BOOL ; //Reserved for system
OB82 DATE TIME : DATE AND TIME ; //Date and time OB82 started
END VAR
BEGIN
END ORGANIZATION BLOCK
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