S7-300/400 Tip Analog Scaling Tip No. 1

SIMATIC

Group Topic
1 Scaling Analog Values
Overview

Analog Inputs and Outputs in an S7 PLC are represented in the PLC as a 16-bit integer. Over
the nominal span of the analog input or output, the value of this integer will range between -
27648 and +27648. However, it is easier to use the analog values if they are scaled to the
same units and ranges as the process being controlled.  This applications tip describes
methods for scaling analog values to and from engineering units.

Program Description

The program for scaling analog values consists of 2 function (FC) blocks. These blocks are
optimized for unipolar (0..27648) analog values, but will also work with bipolar analogs. Both
blocks are shown in two different languages: LAD and STL.

FC100 converts an integer in a nominal 0..27648 range to a floating point number in the
specified engineering units.

FC101 converts a floating point number in the specified engineering units to an integer in
0..27648 range.
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FC100 “Scale2Real” in LAD

Initial Value |[Comment

Data Type

0O.0fin Bamr INT u} walue from Analog Input card, 0..27642 range
Z_.0[in MinED RELL 0_.000000e+000 |Engineering Tnit walue corresponding to O raw
&_0|in MaxET REAL 1.000000e+00E |ET walue corresponding to 27648 raw

ot TalEDT REAL 0_000000e+000 |Raw, scaled to engineering units

, as F2-bit integer
...........................

as floating point number

FC1lO0 : Scale Analog Input to Engineering Tnits

Conwerts integer Analog Input walue from 0..27648 range to MinEU.  MaxET range.
Coversion equation is:

ValET = Paw* (MaxEU-MinEl) f27648 + MinET

Netywork 1 : Conwert Paw to Real
1_[rl LI_R
EHM EMDO EH EMDO
fi Brany —{ 1M OUT - § rauDI #RawnT —{IM OUT - grawn

Netwwork 2 : Calcuate EUT span

SUB_R
EN ENO

#MaxET —IN1 OUT - # T BT

FMinEr—{IM2

Netwwork 3 : Conwvert PawRE to EU range

Chv_R MUL_F
EN EMO EN EMO
#Rawp 1M1 OUT - gRawD #£Rawp - IM1 OUT [- gRawl
Z_7E4800e4
004 1Nz #EngEU —IN2

Netymork 4 : Add EU ocff=et

ADD_R
EN END

#Ramn 1M1 OUT - §7a1EU

FMinEIT —IN2
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FC100 “Scale2Real” in STL

Rddress (Decl. |[5ymbol |Data Type (Initial VYalue |[Comment
O.0]in Banr INT ul walue from Analog Input card, 0..27648 range
Z.0]|in MinETT |BEAL 0.000000e+4+000 [Engineering Thnit walue corresponding to 0 raw
&_0|in MaxET |[(REAL 1.000000e+00E (ET walus corresponding to Z7648 raw
10. 0fout TalET |(REAL 0.000000e+000 (Raw, scaled to enginesring units

| pmow
0. 0|cenp Dawk REAL , as real

FC1l00 : Scale Analog Input to Engineering Thits

Conwverts integer Analog Input walue from 0..27648 range to MinEU.  MaxET range.
Coversion edquation is:

TalET = Baw* (MaxEU-MinEW) /276428 + MinED
Netymork 1 Covert AT walue to real number
L #hanr
ITD fisign extend lé-bit Raw
LTER ffocovert Baw to Real
T f#Rawh
Netwwork 2 Scale Analog Input wvalues
L #MaxET fifcalculate EU span
L H#HMinET
-k
L fRawk fire-scale Paw to EU span
*E
L Z2.7648300=+004
FR
L H#MinET fradd EU offset
+E
T #WalET
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FC101 “UnscaleReal” in LAD

Data Type [Initial Value [Comment

REAL 0.000000e+000 |Engineering Unit walue to conwvert to 0. 27648

REAL 0.000000e+000 |ET walue corresponding to 0 raw

DEAL 1.000000e+00E |ET walue corresponding to 27648 raw

INT Analoy output walues in 0. . E7648 range

e R
P 53

peaceaiin, &

P s G BT span
By

diiunscaled walue as floating point

“dunscaled walue as 32-bit integer

FC1l0l : Tnscale from EUT range to analog output rangs

Tnscales from specified EU range o 0. 27648 Analog output range. Unscale
equation is:

Daw = (ValEU - MinEU) *EY7642/ (MaxEU - MinEll)
If WalET > MaxEDT or ValET = (E*MinElT - MaxEU) then WalEU may not be convertable

to a lé-bit integer. If this occurs, the output of this function i=s undefined.
The output is also undefined if MaxET = MinETl.

Netywork 1 : Calculate EUT span

SUE_FR
EH END

#Max BT -{IN1 OUT - § P g BT

FMinEr—{IN2

Netwywork 2 : PRemove offset & conwvert VWalET to 0.1 span

SUB_R DIV _R
EH ENO EMN ENO
£7a1ET-{IN1 OUT - #Rawh #Rawh - IM1 OUT - $Dawh
FMinErr —IM2 FImgET —{IH2

Netwwork 3 : Conwvert output to 0..EZ7648 range

MUL_R
EN ENO

#Rawn —{IN1 OUT - gRawD

Z.7642800=+
004 —INZ

Netwwork 4 : Conwvert to Integer

TRUNC hi OWE
EN EHO EH EHO
#Pann —{IN OUT - §RawDI #DawDhT —IN OUT [~ gRaw
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FC101 “UnscaleReal” in STL

hddrezss (Decl. Symbol (Data Type [Initial Value |Comment
0O.0]in WalET |REALL O.000000e4+000 |Engineering uhnit walue to conwvert o 0. 27648
4_0]in MinET |REAL 0.000000e4000 |ET walue corresponding to 0 raw
8.0|in MaxEUT |REAL 1.000000e4+00E |ET walue corresponding to 27648 raw
1z . 0|out Banr INT u} Analog output walue in 0. 27648 range
FC1l01 Tnscale from EU range to analog oubput rangs

equation is:

Raw =

If WalET > MaxEU or WalET =
to a lé-bit integer.

[Z*MinEU - MaxEM)
If this occurs,
The output is also undefined if MaxET =

Tnscales from specified EUT range o 0. 27648 Analog output range.

(ValET - MinEln *E7&48/ (MaxET - MinEl)

MinETl.

then TalEU may not be convertable
the output of this=s function is undefined.

Tn=cale

Netywork 1 Tn=cale WalED
L #Max ETT
L H#MinET
-B
T #PngET
L #WalET
L FMinET
-B
L FPRngET
iR
L £.764300=+004
*R
RN
T f#Raw

fifocaloulate EU span

fistore here for now

firemove EUT offset from walue

flfocovert to O..1 scale

ffcovert to O..E7648 =cale

flfconwert to DINT
fifstore resultc
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Scaling Example

The following gives an example of calling each of the scaling blocks from within your program.
The main thing you need to remember is that MinEU is the engineering unit value corresponding
to a reading of 0 V or mA, and that MaxEU is the engineering unit value corresponding to the
nominal maximum reading of the analog point.

Netwwork 1 :

Convert Analog Input to Engineering units.

MinEll must

Az long as
set to the

For this example,
a 4-z20 mA signal,

—-1& inches.

assume that there i=s a lewel transmitter at PIWZLEE, generating

with 4 wmi = 0 inches, and Z0 md = 48 inches.

he set to the Engineering unit walue corresponding to 0 md, which is

MaxET is set to the EU walue corresponding to £0 md, or 48 inches.
the Analog Input signal is between 4 and 20 mid, tank lewel will be
current height in inches.

"ScalelZBeal"

EN

PIWZLE {Raw

-1_zZ00000e+

ENO

WAlEU = ftank lewal

ool

4.200000=240

o1

- hdinELl

- hlaxEU

Netwwork 2

Convert setting in Engineering Units to Analog Output

In this exanple,

assume that POWEZ7E connects to a control walue that i=s fully

closed at a 0 ¥ output,

atid fully open at a 10 ¥V output.

hetween 0 and 100,

indicating the walwe open percentage.

valve pos is a number

EMN

fralve_pos = WalEL

0. 0o00000e+0
oo - hinEL

l.000000e+0
0z - hlaxEL

"Tnscalaebeal"

ENO

Rawi pOwmz72z
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General Notes

The SIMATIC S7-300/400 Application Tips are provided to give users of the S7-300 and S7-400
some indication as to how, from the view of programming technique, certain tasks can be solved
with this controller. These instructions do not purport to cover all details or variations in
equipment, nor do they provide for every possible contingency. Use of the S7-300/400
Application Tips is free.

Siemens reserves the right to make changes in specifications shown herein or make
improvements at any time without notice or obligation. It does not relieve the user of
responsibility to use sound practices in application, installation, operation, and maintenance of
the equipment purchased. Should a conflict arise between the general information contained in
this publication, the contents of drawings or supplementary material, or both, the latter shall take
precedence.

Siemens is not liable, for whatever legal reason, for damages or personal injury resulting from
the use of the application tips.

All rights reserved. Any form of duplication or distribution, including excerpts, is only permitted
with express authorization by SIEMENS.
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