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Agenda

Swiat analogowy.

Przyktadowy sterownik S7-1200 z dwoma wejsciami analogowymi.
Dane techniczne.

Podfgczenie wejscia analogowego.

Charakterystyka przetwarzania wejscia analogowego.

Konwersja z liczby n bitowej na 15 bitowa.

Minimalna zmiana wartosci rejestru.
Przyktad.
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Dlaczego analog w cyfrowym Swiecie?

I

AGH
Dzisiejszy Swiat systemow sterowania to gtéwnie ,,swiat cyfrowy”, ale otaczajgca nas
rzeczywistos¢ to ,,Swiat analogowy” — stad potrzeba konwersji miedzy tymi Swiatami.
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Przyktadowy S7-1200
(CPU 1214C DC/DC/DC, 6ES7 214-1AG40-0XBO0)

Analog inputs

Number of analog inputs . 2 E
,ﬁputranges R
* Voltage Yes
Input ranges (rated values), vnn‘ges
e 0to+10V Yes
SICMCKE — Input resistance (0 to 10 V) 27100k c:-hm%‘

-

* Resplution with overrange (bit including sign), E 10 bit

max.
* |ntegration time, parameterizable Yes
¢ Conversion time (per channel) 625 ps

L\

17, \d
%Qurtdeaignﬂtiﬂn: |ﬁ.l:|1 Signal board

DES{riptiun:E Signal board AQ1 x 12 bits; plug-in terminal blocks; output:+-10V and O to =
2| 20 mA; configurable diagnostics; configurable substi dftputvalue E
.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII” IIIIIIIIIIIIIIII“
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Alokacja naturalna pamieci dla AlO, All, AQO

I

AGH

AIO (wejscie analogowe — kanat 0) IW64
AI1l (wejscie analogowe — kanat 1) IW66

AQO (wyjscie analogowe — kanat 0) QWs80
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Ul

AGH

Dane techniczne dla omawianego przypadku

Technical data CPU SB SM
Type Voltage (single-ended) Voltage or current (differen- | Voltage or current (differen-
fial) tial), selectable in groups of 2
Range Oto 10V +10V, 15V, +2.5, +10V,+5V, £25V,
0 to 20 mA, or 0to 20 mA, or
4 mAto 20 mA 4 mAto 20 mA
Resolution 10 bits 11 bits + sign bit 12 bits + sign bit
| B B B B B B B B B B B BN B m B BN B B B BN N B I e
Full scale range 0to 27648 -27,648 to 27,648 -27,648 to 27,648
(data word)
Accuracy 3.0% [/ 3.5% of full-scale +0.3% / £006% of full scale | £0.1% / £0.2% of full scale

(25 °C/-20 to 60 °C)

Overshoot / undershoot range
(data word)

Voltage:
27,649 to 32,511

Voltage:
32,5611 to 27,649/

Voltage:
32,511 027,649/

(See note 1) -27,649 to -32,512 -27.649 40 -32,512
Current: N/A Current: Current:
32,511 to 27,649 / 32511 to 27,649/
0 to -4864 0 to -4864
Overflow / underflow (data Voltage: Voltage: Voltage:
word) 32,512 10 32,767 32,767 to 32,512/ 32,767 to 32,512/
(See note 1) -32,513 to -32,768 -32,513 10 -32,768
Current: N/A Current; Current:
32,767 t0 32,512/ 32,767 to 32,512/

-486510 -32,768

-43865 to -32,768
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Dane techniczne dla omawianego przypadku

Technical data CPU SB SM

Type Voltage (single-ended) Voltage or current (differen- | Voltage or current (differen-
_____________________________________ fial) tial), selectable in groups of 2
| Range \ 148 Oto 10V UI +10 V, 5V, £2.5, +10V, 5V, £2.5V,
: |0 to 20 mA, or 0 to 20 mA, or
: |4 mAto 20 mA 4 mAto 20 mA
| Resolution 10 bits | 11 bits + sign bit 12 bits + sign bit

EEr PR PR PR PR PR PR B R B R B R B R B R B L D BB

Full scale range
data word

Accuracy
(25 °C/-20to 60 °C)

0to 27643

3.0% [ 3.5% of full-scale

-27,648 to 27,648

--wmw v

-27,648 to 27,648

+0.3% [/ +0.6% of full scale

+0.1% / £0.2% of full scale

-486510 -32,768

Overshoot / undershoot range” | Voltage: Voltage: Voltage:
(data word) 27,649 to 32,511 32,511 to 27,649/ 32,511 to 27,649/
(See note 1) -27.649 to -32,512 -27,64910 -32,512
Current: N/A Current: Current:
32,511 to 27,649/ 32,511 t0 27,649/
0 to -4864 0 to -4364
Overflow / underflow (data Voltage: Voltage: Voltage:
word) 32,512 t0 32,767 32,767 to 32,512/ 32,767 to 32,512/
(See note 1) -32,513 t0 -32,768 -32,513 10 -32,768
Current: N/A Current; Current:
32,76/ to 32,512/ 32,767 to 32,512/

-43865 to -32,768




Dane techniczne dla omawianego przypadku

Technical data CPU SB SM
Type Voltage (single-ended) Voltage or current (differen- | Voltage or current (differen-

fial) tial), selectable in groups of 2

————————————— S s B R Rl R EEEEEEEEEEEEEEEE

| Range Oto 10V ! +10V, 15V, +2.5, +10V,+5V, £25V,

: |0 to 20 mA, or 0 to 20 mA, or

: |4 mAto 20 mA 4 mAto 20 mA

| Resolution 10 bits | 11 bits + sign bit 12 bits + sign bit

v & g\ g e e Em————

| Full scale range 0to 27648 : -27,648 to 27,648 -27,648 to 27,648
|

(data word)

+0.3% [/ +0.6% of full scale

+0.1% / £0.2% of full scale

Overshoot / undershoot range” | Voltage: Voltage: Voltage:
(data word) 27,649 to 32,511 32,511 to 27,649/ 32,511 to 27,649/
(See note 1) -27.649 to -32,512 -27,64910 -32,512
Current: N/A Current: Current:
32,511 to 27,649/ 32,511 t0 27,649/
0 to -4864 0 to -4364
Overflow / underflow (data Voltage: Voltage: Voltage:
word) 32,512 t0 32,767 32,767 to 32,512/ 32,767 to 32,512/
(See note 1) -32,513 t0 -32,768 -32,513 10 -32,768
Current: N/A Current; Current:
32,76/ to 32,512/ 32,767 to 32,512/

-486510 -32,768

-43865 to -32,768
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Parametry konwersji dla rozpatrywanego
przypadku

Voltage Measuring Range

0to 10V

32767

7FFF
T

11.851V

11.759 V

Overshoot range

E"'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'i'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'.'-'.'-'-'-'-11111111111111111111111"

27649
27648

6CO01
6C0o0

10V

Rated range

:

20736 5100 7.5V
£34 22 12 mV
0 0 Y

e - -
HEEEEA I EEEE N EEEEEEEEEEEEEEGENEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEESR

Negative values

MNegative values are not sup-

ported
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Charakterystyka przetwarzania wejs¢
MJ analogowych

Charaktefystyka przetwarzanja!wejscia
analegowego sterownika PEC S7-1200

33000 |

11,851 V; 32767

28000
10,00 V; 27648 A+

1h]
N 23000 10,759 V; 32511
i
Q' 18000
=
2 13000
o
4: |
g 8000
3000
-2000 , 4 6 8 10 12

Napiecie na wejsciu Ai0 V
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AGH boly Ll |

111111

) §

b/

DD, | DDD

y

o’

M7 0 1 2 3 405 M 0 1

Dib 2l A |
CINPUTS ANALOG
INPUTS

q __.---"""ﬂ

1Tutaj 0 — 10V
J'Spotykane inne przypadki w zaleznosci
lodmodutu analogowego, np. +/- 10V,



AGH iTutaj 0 - 10V .
bty Lol Fediaks d | _ - o
//////// D= ————— _Spotykane inne przypadklwzaleznosu:

lod'modutu analogowego, np. +/- 10V, |
i
DO |
67 N A 2 3 4 5
DIb
CINPUTS
q

A (analog)

D (cyfra)




I .
Tutai 0 =10V
AGH T T T T T T jrutal

|
NS ——___ 1Spotykane inne przypadki w zalenoéci |
- -
/ / [ / / / / tod'modutu analogowego, np. +/- 10V, i
|

QDD D)

677 0 1 2 3 4 5
Dib
CINPUTS

q

:Cecha charakterystyczng tej czesci jest |
irozdzielczos¢ wyrazana w liczbie bitow: 1
]na ktorych zapisywany jest wynik
.konwersn A/D, a jednoczesniesliczba
p02|omow rekonstrukcji (reprezentacji)




______ J'Spotykane inne przypadki w zaleznosci

iTutaj0— 10V

tod modutu analogowego, np. +/- 10V,

DD

6

g

3

q

CINPUTS

'4 20 mA

1Cecha charakterystyczna tej czedci jest |
irozdzielczoé¢ wyrazana w liczbie bitdw |
4na ktdrych zapisywany jest wynik

15 bitow na zapis wartosci

|

|

f .konwerspA/D a jednoczesnie liczba !
.p02|omow rekonstrukgji (reprezentaql)l

W tym przypadku 10 bitow

Nr tﬁh&

15

14

13

12

11

10

g

7 b 5 4 3

%PIW64 | ...

1

0 0 0 0 0 0 0 0




) 15 bitow

W tym przypadku 10 bitow

855

Co kryje sie w ,,chmurze”? — czyli konwersja

1= == i
:Znak I
0- |
Jp— - |
"+H-‘~\ na 15 bitdw ze znakiem
1 — ”-I’ Nrm. 15 14 13 12 11 10 a8 7 (] 5 4 3 2 1 (]
Wartos¢ 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
\ 4 \ 4 \¢
W ,,chmurze” kryjg sie konfi wgwalne filtrowanie i wygtadzanie. @09
W przypadku czystych d% onwersja wyglada’rbyjal‘ izej. 4@0

Nrbitu m 9 8 7 6 5 a 3 2 1 0
Wartosc® ] 1 0 1 0 1 0 1 1 1

Nrbitu | 15 u| 14 13 12 11 10 9 8 7 6 5 |m 4 2 1 0
| |
Wartos¢| Q0 = 1 1 0 1 0 1 0 1 1 1 0 0 0 0

OGPIWEA = e e e e
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Dziatka elementarna

I

AGH Wejscie analogowe PLC to jednak miernik cyfrowy (te informacje programiscie
niekoniecznie sq potrzebne) — jaka jest jego dziatka elementarna przy rozdzielczosci 10
bitow

____________________________________________________________________________________________________________________________________________

:Liczba standw wi'Czesci dodatniej 10 bitowej zmienne;
typu INT =2:10=1024

____________________________________________________________________________________________________________________________________________

Dziatka elementarna przy zatozeniu liniowosci w catym zakresie
=11 851 mV / 1024 dziatek = 11}57 mV/dziatke



Dziatka elementarna

I

____________________________________________________________________________________________________________________________________________

. Zmiana wartosci wejsciowej o wartosc¢ dziatki elementarnej spowoduje '
‘ § Zzmiane w rejestrze o: '

____________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________

32768

WRejestrzeNaDziatkeElementrng =

:w przypadku kart np. 12 bitowych zmieni sie jedynie mianownik
powyzszego ilorazu, czyli bedzie 32768/4096



“ Przykiad
M m EDo wejscia analogowego AI0 PLC z przyktadu podtgczono przetwornik temperatury o
AGH i zakresie pomiarowym 50'— 200°C. :

ENa wyjsciu przetwornika otrzymujemy napiecie z zakresu 0 — 10 V.

:Na panelu HMI pokazana zostanie tempetatura z rozdzielczo$cia co 0,1 °C

____________________________________________________________________________________________________________________________________________

l NORM_X
Int to Real
——— EN —awa
0 —
MIN { 03567347
9863 "WARS".
{ WARS" Voltage —WALUE ouT — normalizedinput
2T 045 — ps
SCALE_X
Real to Int
EM
>0 — . 104
0.3567347 VAR
"\ARS". QUTE=Temperature
normalizedinput —yaL UE l
200 — e



Przyktad - prezentacja



Dlaczego analog w cyfrowym Swiecie?

AGH
Dzisiejszy Swiat systemow sterowania to gtéwnie ,,swiat cyfrowy”, ale otaczajgca nas
rzeczywistos¢ to ,,Swiat analogowy” — stad potrzeba konwersji miedzy tymi Swiatami.

1 "VAR5".io3rate := #I0 State; b RRS™.ic6. 162001
2 "WVLRS".laddr := #LRDLCR; 3 RRS5 addr 269
3 "VARS".channel := $Channel; 2 VEES" . cha. ..
4 "™VARS".multiError := $MultiError; |} @‘ ' A \dd
] General || 10 tags System constants || Texts |
| Show hardware systern cu:unstantl v|
MName fa ___I?y_pe Hardware identi. Used bj'"
S Local-Pulse_2 Hw_Pwrni 266 RLG
1 T"VARS".loState := $#10_Strpy P "2\ Local-Pulse_3 Hw_Pwm 267 PLC_1
2 TVARS".laddr := #LADDR; P "B = local-Pulse 4 Hw Pwm 268 PLC 1
3 "VAES".channel := #Channel; 3 {;" Aq" 1
4 "VEARS".multiErrat i= #EulltiErru:r; 2 LA 4
General || 10 tags System constants || Texts | 1
| Show hardware system i:u:umtanti v| 1
= ~ | CPU operator pa‘ne.l- ) Name __ 4 Type _ [ﬂ;?d;vare identi. Used by
= Logal-Pulze_2 Hw_Pwrn 266 PLC_1
k- PLC_1 [CPU 120%CDCIDCIDC] B Local-Pulse_3 Huw_Pwm 267 PLC_1
< [ RUNFSTOP RUN B Local-Pulse_a Hw_Pwm 268 PLC_t
. =9 STOP = — J= Local-PROFINET interface_1 Hw_Interface G4 PLC_1
&= Local-AQ_1=12BIT_1 Hw_SdbMadule 269 PLC_1
il i J2l Local~PROFINET interface_1~Port_1 H#wInterface G5 PLC_T




Dlaczego analog w cyfrowym Swiecie?

e '\ G
a A 4
Online access fl & 7212020 11:06:17.759 AM _ High limit exceeded [
Diagnostics 7 7I2/2020 11:06:17 722 AM, \High limit exceeded
General 8 71212020 11:06:17.674AM ~ High limit exceeded
Diagnostic status 9 7i2/2020 11:06:17637 AM  High limit exceeded

Diagnostics buffer
Cycle time
hermory
b PROFINET interface [¥1]
Functions
Assign IP address
Settime
Firrmware update

Reset to factory settings
Format memaory card

Assign PROFIMET device na...

=l |

Freeze display |

Details on event

EventID

| 16% 06:01C

|PLC_1/57-1200 station_1.AQ TX12BIT_1

|Rack0/5lot 1.3

Description

Error: High limit exgeeded on Output channel Volt
PLC_11PLC_1.4Q 4%12BIT 1

a V9

Help on even

Forsensors: The measured value exceeds the measuring range.
For actors: The ocutput value exceeds a high limit value.
Solution: Check the interaction between the module and the sensor or actu:



Dlaczego analog w cyfrowym Swiecie?

AGH
Kalibracja: 2V —5529; 4V, 11058; 5V, 13822; 10V, 27645; 11,5V —31775; 11,75V 32457,

11,76V(overflow) - 32491

w | CPU operator panel
1 WITAERO™ s Ot oo s M T+ otom LLd LU
1 _r:—Ru .io5tate ¢ qu_..,t-;t,_. 2 VARS".io5. .. 1580010 PLC_1 [CPU 1214C DCIDCIDC]
2 "WVARS".laddr, %5 #LADLCE; b "WARS".laddr 258
3 "VARS".chafnel := #Channel; } "VLRS".cha... 1 M RuN/sSTOP RUMN
4 "VARS" . mulTiError := #prltiErru:r; 13 "WABS".mul... FALSE . ERROIR STOP
#MnltiBrror FALSE
ALl LIS [+ ] v 32767
- N N —— [ | [ | [ e | E——
General || 10 tags System constants || Texts
| Show hardware system consta ntr_v|
Marne . ___ o Type Hardware IE;H_EI Used by
@ﬁ Local~Commaon Hw_Subhodule 50 PLC_1

S Local-Device Hw_Device v PLC_1
J8 Locdl<Gonfiguration Hw_SubModule 33 PLC_1
J2l Lacal~Exec Hw_Subhodule 52 PLC_1
L&l (Local Hw_Sublodule 49 PLC_1
& Local~DI_14_DQ_10_1 Hw_SubModule 257 PLC_1
S Local-AlL2_1 Hw_Subhodule 258 PLC_1



Dlaczego analog w cyfrowym swiecie

General

Diagnostic status
Diagnostics buffer
Cycle time

Memory

b PROFINETinterface [X1]
* Functions

Assign IP address
Settime

Firrmware update

Reset to factory settings
Format memary card

Assign PROFINET device na...

T = T =

9 7212020 11:06:17.542 AM _High/limit exceeded

Freeze display |

Details on event

m
3

tiD: (16& 06:0M

il

Module: [PLC_1{PLC_1.A12_1

Rackislot |Rack01’5|nt1.2

Description: | Error: High limit exceeded ofdnput channel Al_1
PLC_11PLC_1.A12 1

For sensors” The measured value exceeds the measuring range.
For dctors: The ocutput value exceeds a high limit value.
Selution: Check the interaction between the module and the' sensor oractu

?



SICMLKE

’ov |§. Properties

General || 10 tags || ﬁmm constants || Texts |

|"_i.LIrrfD i
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v General
r Analog ocutputs
Channeld

'O addresses

General
'a E 4
© o
AQ Tx12BIT 1
[ O il
“ nt:
W
X ) W\ \¢
Catalog infomrmation
v )
)

Short designation: |ﬁQ1 Signal board

Description: |Signal board AQ1 x 12 bits; plug-in terminal blacks;
output: +-10% and 0 to 20 mA; configurable
diagnostics; configurable substitute output value ‘

A

IO addresses

Output addresses

Start address
End address

‘ga nization block:

9 Process image
AW

: |80

: |81

. |--- i(Autornatic update)

: |}-'-.u1:|:|mati|: update




www.agh.edu.pl

Np. 1214 DC/DC/DC

Analog inputs
Mumber of analog inputs

» \Voltage Yes; 0 to 10V
o 0to+10V Yes
— Input resistance (0 to 10 V) 2100k ohms

s shielded, max. 100 m; shielded, twisted pair

Analog outputs
Number of analog outputs 0

s shielded, max. 100 m; shielded, twisted pair

Analog value generation for the inputs

* Resolution with overrange (bit including sign), 10 bit
max.
* |ntegration time, parameterizable Yes

» Conversion time (per channel) 625 ps



Rozdzielczos¢

10 bitdw,

1024 probki

teoretyczna rozdzielczosc

10000 mV/1024 = 9,8 mV praktycznie:

czyli zauwazalna zmiana to 10 mV
czyli odczyt powinien sie miesci¢ w zakresie +/- 10 mV od wartosci zmierzonej

w rejestrze np IW64 zmiana o 10 mV na wejsciu AlO powinna da¢ zmiane o okoto
27648/1024 = 27 i taka jest rozdzielczos¢ kanatu

Wyjscie analogowe 1 bitow + znak

teoretyczna rozdzielczosc¢

10000 mV /4096 = 8 mV

czyli zauwazalna zmiana to 8 mV

czyli odczyt powinien sie miesci¢ w zakresie +/- 8 mV od wartosci zmierzonej

Czyli zmiana na wejsciu Al o 8 mV powinna w rejestrze spowodowac zmiane o okoto 7



www.agh.edu.pl

» with voltage outputs, min. 1000 0

* with current outputs, max. 600 02

* shielded, max. 10 m; shielded, twisted pair
Measurement principle Differential

* Resolution (incl. overrange) Vi12 bit, 1/11 bit

® parameterizable Yes

Errors/accuracies
Temperature error (relative to output range), (+/-) 25°C 10.5%, 0 55 °C +1%




