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Principle In a production process, there are a variety of physical quantities (pressure,
Use of Ana'og Modules temperature, speed, rotational speed, pH value, viscosity, etc.) that need to be
processed in the PLC for automation purposes.
Process Analog input module CPU E "
Sensor Measuring sensors respond to changes in the quantity to be measured by linear
expansion, angular ductability, alteration of electrical conductivity, etc.
Physical Standard
quantity analog signal Result Transducer Weasuring transducers convert these above-mentioned changes into standard
memory analog signals, such as: + 500mV, + 10V, £ 20mA, 4..20mA,

These signals are supplied to the analog input modules.

PiW

PIW = ey ADC Before these analog values can be processed in the CPU, they must be
HIW 352 | converted to digital form. This is done by the ADC (Analog-to-Digital Converter)

PIW A on the analog input module.

The analog-to-digital conversion is performed sequentially, that is, the signals
are converted for each analog input channel in fum.

Sensor  ransducer

» Pressure £ 500mV : .

* Temperaturg | £1V H Resuit Memory The result of the conversion is stored in the result memory and remains there

« Flow 5 1 until it is overwritten by a new value.

& 10V H The converted analeg value can be read with the Load instruction "L PIW.__"

* pH value £ 20mA

* Viscosity 4..20mA Analog Output The Transfer instruction “T PQW..." is used to write the analog values

. etc elc. Anslog output module calculated by the user pragram to an analog outplit module, where a DAG
(Digital-to-Analog Converter) converts them to standard analog signals.

Analog Actuators with standard analog input signals can be connected to the analog output
modules direct
Paw :
Physical Analog PaW PR
quantity actuator e 0 g LLEen e )

Type of Measurement You set the type of measurement and the measuring range by setting coding
keys on the measuring range module:
Special modules without coding keys have different terminals for voltage and
current measurement. Thus, the type of measurement can be set by wiring the
appropriate terminal.

Measuring Range Module

Measuring Range  The measuring range modules with ineir coding keys are located on the left-
Module hand side of the module. You must set them correctly before installing the
module.
The possible seffings are A", "8", *C" and 'D"
The settings for the various types of measurement and measuring ranges are
printed on the module.

Channel Groups ~ On some modules, several channels are grouped together to form a channel
group. In this case, the coding key setting applies to the whole channel group.

An a|°g Module Addresses with S7-200 Address Area The S7-300 has a special address area for analog inputs and outputs, which is
separate from the process image input and output tables for the digital modules
(PIPIC).
This address area extends from byte 256 to byte 767. Each analog channel
occupies 2 bytes.

B = Access You access the analog modules by means of Load and Transfer instructions.

IS Example: The stalement ‘L PIW256" reads the first channel of the first module in
Racks |Po| M | 640 704 | 720 | 736 | 752 rack 0.
P ]l D o 4IF o 4k o 3F o
654 718 734 750 766 §7-400 On the 57-400, the address area for the analog modules staris at byte 512.

Rack2 | Powr| M 512 | 528 | 544 | 560 | 576 | 502 | 608 | 624

526 | 542 558 | 574 590 606 622 638

Rack1 |Fowr| M | ag4 | 400 | 416 | 432 | 448 | 464 | 480 | 406
to o o ] lo o o to
398 414 430 446 462 478 494 510

‘5
:

R | Pows m | 266 | 272 | 288 | 304 | 320 | 336 | 352 | 368
0 Supgly | CPU | (Send) to to o fo to fo to to

270 | 286 | 302 | 318 | 334 | 350 | 36 | 382
St 2 3 4 5 6 7 8 9 0 1
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Analog Module SM335 (Inputs)

Properties - AM/ADAX14/12 bits - [(RO/S11)

o [ o [+ ]2 |
o

Gropdapen | LI e e e
vihwebekelede | T | C | © | T |
Mesuserent

Type ol madiusement V f et oW1
Measung ange: 110V {010V [eM0mA  JHlo20md
Codnghay 1eting [ACD)  [ACD) i€l [AC]

| S|

Deactved Desciated +10mA
= v Vo Oo20s

Diagnostic Interrupt When the diagnostic interrupt is activated and a hardware fault occurs, such as

Scan Cycle Time

Note

Measuring Range
Module

Resolution

a power supply failure, a diagnostic interrupt (OB 81) is triggered. As well, you
must specify in the "Diagnostics" field which inputs are to be monitored,
Awire break check is only possible with 4 to 20 mA power inputs.

The scan cycle time is the time it takes for the module to process ("convert”) all
the activated analog inputs once

The setting for the scan cycle time for A/D conversion can be between 0.5ms
and 16ms.

When it has processed all the analog inputs, the medule can trigger a hardware
interrupt (= End of Cycle interrupt) (only if a scan cycle time for conversion
longer than 1ms has been selected).

Unused inputs must be short-circuited on the hardware and "Deactivated" in the
software.
Deactivated analog inputs reduce the scan cycle timel

When the type of measurement and the measuring range have been selected,
the necessary coding key sefting on the measuring range module is displayed.
Example: For the measuring ranges selected in the slide above, the measuring
range module must be inserted in position *C".

The analog inputs of the SM 335 have a resolution of 13 bits + sign, the analog
outputs 11 bits + sign.

Analog Module SM335 (Outputs)

Properties - Al4/AQ4x14/12 bits - (RO/511) [x]

G| Addeses | s Ot |

Enable

™ Disgnostc temgt

Ouput

==

Grow dgooss
Ouetvoe

Tipe:

Aoy

Reaconlo CPUSTOP.

—
v

v

v

v

[or10v

[ir-10v

[pr-10v

frov =4

owve

Jowve

Jowae

Jowve

|, Owloy
l

ALY Retan Last Vake

[ |

S
i

e
el

A0 e e st

b
A0 ) 0 e, i,
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Propesties - Al2x12 bits - (R0/510)

General| Addestes Inouts |

Analog Input Module SM331

Enable

I oo mensi r'u-dm'mu-mnvi--ﬁ
Irout [ o ]

Giroup diagnosis: I

\With wite break chack: r

Typed meswremert [V [

Parameters

Module as a Whole

You can set two groups of parameters for analog input modules with the “HW
Config” ool

+  Diagnostic Interrupt;
If the “Group Diagnosis” checkbox has been activated and a diagnostic event
occurs, the relevant information is entered in the diagnostics data area of the
module and the diagnostic interrupt (OBB82) is triggered.
The analog module can detect the following diagnostic events:
- Configuration/ parameter assignment errors
- Wire break (if "With Wire Break Check" is activated)
- Above measuring range
- Below measuring range
- Noload voltage L+

Hardware Interrupt when Limit Value Exceeded

If the input value exceeds the range set by the entries for "Upper Limit
Value" and "Lower Limit Value", the module triggers a hardware interrupt.
Note: Only the first channel in a group can monitor the input value for
violation of the selected limit values!

Measuing tange: [+ 10V
Individual Inputs Type of Measurement: When you click this box, the possible types of
Codrgkey settng 18] measurement (voltage, current...) are displayed. For unused channels or
channel groups you select the "deactivated" option. You must connect these
Integration Time 20 ms channels to chassis ground on the module
Trigger for 0 %e«;ﬂ;unn R?n e:  When you lclggjhls bo)_: the possible measuring ranges
P e r the type of r 1ent selected are displ
0 Coding Key Setting: A very specific setting of the measuring range module
Lower it valus: becomes necessary when you select the type of measurement and the
measuring range. This is displayed here.
The integration time and interference frequency suppression  are
E _I L] interdependent (see next page).
= 7 Representation Analog values are represented as the two's complement.
Analog Value Representation and Measured Value Resolution The vl s positve 18 No 150 el ngallve it o'
Resolution If the resolution of an analog medule is Iess than 15 bits, the analog value is

written into the accumulator lefi-justified. The unused less significant bit
positions are filled with “0°s.

Integration Time The resolution is specified indirectly by selecting an integration time with the

“HW Config” tool
Bit no. Units 15|14 (13 |12|11 |10 9 | 8 7 ] 5| 4 3 2 1 0 The following table for the SM331 illustrates the relationship between integration
time, resolution and interference frequency suppression
Bitvalue |Dec.|Hex. |[|VZ |2 |23 2221 (210 20 | 28 1 27 | 28125 | 24|23 )22 |2 |20 '"'e(gn"?;"" fime gﬁi“’g‘““ sme(erle)enoe frequency suppression
25 9 +sign bit 400
e | o] w]o|a|a]|w]|e 166 12 +sign bit 60
8 | 128 | 80 1ijojojojojofo}|o0 20 12 + sign bit 50
100 14 + sign bit 10
9| 64 | 40 *T*1* 011l 1"l *]l*11BomOomOOm OO
Accuracy Resolutions of between 8 and 15 bits are possible, depending on the type of
module.
10( 32 | 20 b B B (S R R B Sl Bl B E [ 0 [0 [ [0
Time  The conversion time depends on the conversion procedure used in the module
1] 16 10 bl (el et e (el e e el e e B 0 (0 [ (Y i proceaure, ive approxi )
The conversion times of the different modules are given in the $7-300 manual.
12| 8 8 s el o]l [*]*]*[*1*1100lolo ﬁ:ﬁ;‘%@ The SM344 has a conversion time of enly 5 ms for all 4 input
13| & 4 s o w] oo of[e]*]*]]*]*]1]0f0
14| 2 2 sl =]=]=0=1=]"]|1%0
15 1 1 s oo o] =]>]>]=]=]=|~]1

Analog Value Representation of Different Measuring Ranges

Voitage Current Resistance Temperature
eg eg. eg eg PU00
Range
Meas range| Units Meas range| Units Meas. range| Units Meas range Units
10V 4. 20mA 0...3000hm -200.. +850°C
Overflow >=11.759 | 32767 >= 22815 | 32767 >=352.778 | 32767 >= 1000.1 32767
Ovemange 11.7589 | 325M 22810 | 32511 352767 | 3251 1000.0 10000
10.0004 | 27649 200005 | 27649 300011 | 27649 850.1 8501
10.00 27648 20.000 27648 300.000 | 27648 850.0 8500
7.50 20736 16.000 20736 225.000 |20736
Rated range :
-5 -20736 -
-10.00 -27648 4.000 0 0.000 0 -200.0 2000
Underrange -10.0004 | - 27649 39995 -1 Negalive -1 - 2001 - 2001
-1759 [-32512 | | 11852 [-4ee4 | | YOV | .44 | | -2430  [-2430
Underflow <=-11.76 |-32768 | [<=1.1845 |-32768 | | Possble [ 3a7gg | [e=-2431 |[.32788

Resistance

Temperature

Voltage, Current Encoding the symmetrical voltage or current ranges
(Symmetrical)

= £ 80mV 125V + +32mA

+250 mV - 15V - +10mA
- £500mv - 20V - +20mA
- 1V

results in a rated range of -27646 to +27648

Voltage, Current Encoding the asymmetrical voltage or current ranges
(Asymmetrical)

+ 0to2V + 0fo20 mA
+ 105V + 41020 mA

results in a rated range of 0 to +27648.

Encoding the resistance ranges

0to 150 Ohm
010300 Ohm
+ 010600 Ohm

results in a rated range of 0 o +27648.

Temperatures are measured with resistance thermometers or thermocouples.
Encoding results in a rated range of fen times the temperature range:

Sensor: Temperature range:  Rated range when encoded
Pt 100 -200to + 850 °C -2000 to + 8500
Ni 100 -60 to+250°C -600 to+2500

Thermocouple type K -27010 + 1372°C -2700t0 + 13720
Thermocouple type N -27010 + 1300 °C -2700 to + 13000
Thermocouple type J -2101o + 1200 °C -2100to + 12000
Thermocouple type E -2701o + 1000 °C -2700 to + 10000.
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Scaling Analog Input Values

': Scaling Analog Values

FC105

PIw3s: — 1IN RET_VAL
5.000000e+
002

 LIM

0.000000e+
000

_l io—Blm

—LO LIM

Symbol Information:

ENO,

OUT,

~Mu102

~MD104

[*c108

SCALE

Scaling Values |

27648

Example

Scaling

Program

LO_LIM, HI_LIM

ouTt

BIPOLAR

RET_VAL

The level in a tank is to be measured in liters. The measuring transformer was
chosen in such a way that 500 liters have an analog value of 10 V.

The analog module encodes the analog value 10V as the integer value 27 648
This value now has to be converted to the physical quantity “liters™. This is
known as “scaling” the analog value.

Standard block FC 105 is used for scaling analog values. FC 105 is supplied
with the STEP 7 software in the library "Standard Library" in the S7 Program
"TI-S7 Converting Blocks"

The analog value at input IN can be read in from the module direct or read from
a data interface in INTEGER format

Inputs LO_LIM (low limit) and HI_LIM (high limit) are used for specifying the
limits for conversion to physical quantity. In the example the reading is scaled to
the range 0 to 500 liters.

The scaled value (physical quantity) is stored as a real number at output QUT.

The input BIPOLAR determines whether negative values are also fo be
converted. In the above example, memory bit M0.0 has a signal "0" and thus
indicates that the input value is unipolar.

The output RET_VAL has the value 0 if execution is free of errors.

D104 —IN

1.000000e+

002 —HI_LIM

0.000000e+
000
M0

.0
—| |——BIRCLAR

10 LIM

Symbol Information:

FC106

: Unscale Real-Number for Analog output

RET_VAL 144108

OUT - pCui3 52

Unscaling a Real Number for Analog Output

27648 Foeromm e eanes

[¥cios

UNSCALE

Unscaling Values |

0.0

100.0

Example The user program calculates an anaolg value in the range O to 100.0%. This
vale i o be output via an analog output module.

Unscaling Standard block FC106 is used for unscaling (conversion of a real number from 0
10-100.0% to & 16-Dit infeger between 0 and 27648)

out The unscaled analog value at output OUT can be transferred in the form of a 16-
it infeger fo a data interface or to the module direct,

Program FC 106 is supplied with the STEP 7 software in the library "Standard Library"in

the 57 Program "TI-87 Converting Blocks".

Analog Value Representation for the Analog Outputs
Voliage Current
EA0ON e Output ranges: Output ranges:
0o 10V [ 1o 5V | £ 10V 0o 20mA | dloml £ 20mA
Overfiow | >=32767 0 0 0 0 0 0
Overrange | 32511 1.7589 | 587984 11.7589 23515 2281 23515
27649 10.0004 | 50002 10.0004 200007 | 20005 20.0007
27648 10.0000 | 5.0000 10.0000 20.000 20000 | 20,000
0 0 1.0000 0 0 4000 0
Rated range | -6912 . pEo) : 2 2 e :
-6913 0 (]
[ (]
- 27648 -10.0000 -20.000
Underrange | - 27649 - 10.0004 - 20.007
- 32512 - 11.7589 =23.515
underfiow | <=- 32513 0 0

Voltage, Current
Symmetrical

Voltage, Current
Asymmetrical

Overflow

For symmetrical voltage or current ranges a rated range of
-27648 to +27648 is converted to:

+ 10V
+20mA.

For asymmetrical voltage or current ranges a rated range of
010 +27648 is converted to:

0to 10V

1to 5V

0to 20mA
* 410 20mA,

If the value to be converted reaches the overflow range, the analog output
module is disabled {0V, OmA).
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Note Depending on which analog module is in your fraining unit, you are to do either
this exercise or the one on the following page.
Goal To get to know how to change the settings and parameters of anaiog modules.
What to Do Change the settings of your analog module to correspond to those in the slide.
RestenoCPUSTOR  [OC | [, | | e | |
Duagrantss
Gooup dagronms.
With wee beesk chack: [ r fid =
Mestuemtrt
Typo of maameeant. M 3 ¥- =
[ | Mesnngrance TIE T =
Codr [aCD]  [ACD) 18] 18]
Abteochen it
=] Fastwcn | e
AniATiA AT . =
Exercise: Assigning Parameters to the Analog Module SM331 Note Depending on which analog module is in your training unit, you are te do either
this exercise or the one on the previous page.
Al
Gensat] T Goal To get to know how to change the settings and parameters of analog modules.
- Enable What to Do Change the settings of your analog module to correspond to those in the slide
E F " - r [T wihen e vah, ded
| & Do !
Input [ o ]
Diagrostics
Group diagnonis:
With wire bresk check: Jist
Type of measurement: v
Measuring range: In‘ v
Coding key setting: (8]
Jirtegration Teme [20ms
Teipget for hasdware interrupt.  Channel 0
Uppet it valoe: I
Lowset lemit vakse: I
L1 Ltachn || |
geooe " " Task The fank has a maximum capacity of 600 liters. The level is measured using a
Exercise: Controlling the Level in a Tank measuring fransducer. It has an analog value of 10 V when the maximum level
is reached. This analog value is to be converted to a physical quantity (number
of liters) using the FC 105 block. If the level goes below the minimum 50 liters,
the output @ 9.2 (Q 5.2) is to flash until the leve! is once more 50 liters or more.
The first potenfiometer on the simulator specifies the level
What to Do 1. Create an FC 20 block in the S7 program "FILL" according to the task.

Level

1ransmitteo

Max. level of 600 I,
equals 10 V at
analog channel 0

Min. level 50 I.

When the level falls below|
this, a message is to be
output at output Q9.2
(@5.2).

2. CallFC 20in OB 1 as well.
3. Download the FC 20, FC 105 blocks and the OB1
3. Test your program

Page 1
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Exercise: Diagnostic Interrupt from an Analog Module

Analog input module

Rated range

When the value measured at an analog
channel of the module exceeds the
overflow range, OBB2 is called, as well
as when it re-enters the range.

Task:

Output Q 9.1 (Q 5.1) is to flash as long
as one of the encoded values is in the
overflow range.

Task

Note

What to Do

Solve the problem shown above using the diagnostic interrupt OB&2 and the
diagnostics capability of the analog input module,

If you want to specifically evaluate which channel is in the overflow range, you
have to use a system function here,

1. Write a program for OB82 in the S7 program "FILL" according to the task.
2. Supplement the program in OB 1 to control the output Q9.1 0r Q5.1

3. Test your program.
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