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1. I nterfaces of nodern automati on devices
1.1 Interface to the process
1.1.1 Bit-/Byte-/Wrd-oriented 1/0O

When tal ki ng about bit-oriented (binary) inputs and outputs it
is assuned, that each bit represents a conplete information
entity of its own, which descibes the state of a contact or the
presence or absence of a voltage in a process electric circuit.

If the program for exanple sets a bit to logically "1", the
closing of a contact (or switching of a transistor) in the
output interface is initiated. This can be used for exanple to
start an external device or to stop it.

The input and output interfaces are often nmanufactured as
nodul es, which can handle several inputs and outputs. These
nodul es have either a single external supply or different
supplies with electric isolation against each other. These
nodul es are used in so called nodular devices in contrast to
conpact devices, in which type and nunber of inputs and outputs
is fixed and can not be changed significantly.

a) Digital input nodul es

Digital input nodul es convert the external process signals into
internal signals of the automation device. Input signals can be
produced e.g. by manual pushbuttons, manual switches, proximty
swtches, relay contacs, et cetera. The process signals are
either DC or AC signals. Besides the conversion into interna
signals (nostly 5-Volt-TTL | evel ) the gal vanic i sol ati on bet ween
the process voltages and the internal voltage nust be assured.
Protection against overvoltage, reverse voltage and short
circuit is to be provided.
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Generally cicuits are wutilized, that are adapted to the
foll ow ng process voltage |evels:

- DC 24V

- DC 110V
- AC 120V
- AC 230V

The follow ng paraneters characterize the process signal input
nodul es:

- nunber of inputs

- i sol ati on process signals/ internal signals
- i sol ati on between process signals

- i nput current

- del ay

- adm ssi bl e cable length

- i nput voltage

- max. adm ssible input voltage

- swi tching threshol ds

Fig. 1.1.1.1 shows a typical schematic diagram for the
connection of a input nodule of a PLC

L1

Automation
device
Inputs
0—0}—
0—0}—
I =R
N
Fig 1.1.1.1: Connection of binary signal generators to an

aut onati on devi ce
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A typical ACinput circuit is displayed in Fig. 1.1.1.2.

From field wiring

4 4

Bridge
rectifier (Only if process voltage AC)
Signal
conditioning
Switching
stage ‘ "_ ] ]
Indication of logical

| | state
é Optical isolation

Logic

R

To Processor/Memory

Fig. 1.1.1.2: Input circuit of an automation device for binary
AC i nput signals

There is a bridge rectifier for the AC voltage. The bridge is
normally followed by a signal conditioning circuit, which
snoothens the signal to suppress disturbances and contact
bounci ng.

Then a circuit follows, which determnes, if the input voltage
is above or below a certain threshold. The logical state is
derived fromthe voltage level and the tine as well.

After this block has recognized the signal safely, it normally
passes an isolation stage, which prevents external circuit or
device faults from disturbing the internal circuitry. This is
usual | y obtained with an optocoupler.

The |l ast stage of a input nodul e contains a logic, that assigns
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the logic "0"- and "1"- states to the correct levels. Normally
the nonentary state of the input is displayed by providing a
LED, which shines in the case of the logic "1"-state.

The recognition of the exceeding of a voltage | evel in the input
nodul e and the danping of the signal generates a delay of the
recognition of a state change. This delay depends of the
structure of the particular input nodule and i s between 5 and 30
ms, wth 10 ns being a usual value. Oten the behaviour is
asymmetrical, i.e. changes fromONto OFF are recogni zed faster
t han changes from OFF to ON.

b) Digital output nodul es

The bit oriented discrete interface for output |looks simlar to
the input interface. Fig. 1.1.1.3 displays the basic concept.

L1

Automation
device

Outputs

X

&/

— 1+
[

Actor

Fig. 1.1.1.3: Connection of binary actors to an automation
devi ce
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A typical block diagram of an output nodule is shown in Fig.
1.1.1. 4.

From Processor/Memory

Indication of logical 2~ Logic
state

é Optical isolation

I_F'ﬁ_l

Switching
stage

Protection
circuit

v

To field wiring

Fig. 1.1.1.4: Block diagramof a binary output circuit

The | ogical signal produced by the PLC passes an isolation
stage, followed by a swtching stage. This circuit works with a
supply voltage fed fromexternal and is normally equi pped with
a protection against reverse voltage and overl oad.

For out put nodules the follow ng paraneters are inportant:

- nunber of outputs on a nodul e

- t he m ni nunf maxi mum supply volt age

- t he maxi num | oad current

- the isolation of the outputs against each ot her
- the protection against short circuit

- t he maxi num swi t chi ng frequency

Qut put nodules for AC are nornmally slower than DC nodul es.



c) Vari ables with N val ues

The nost comonly spread type of absolute encoder uses an
optical nmethod, in which a source of light spotlights a disk
wi th transparent and non-transparent regions. On the other side
of the disk a row of detectors is situated, one for each track

The output signal of each detector is one binary information
unit.

Source of Receiver
light

11

@ Binary Code @ Gray code

Fig. 1.1.1.5: Absolute angle encoder: a) Binary code; b) Gay
code

In Fig. 1.1.1.5 two disks with different codes are to be seen.
On the one hand we have the well known binary code, on the other
hand the Gray code. The reason for the fact, that in nost cases
the binary code is not used in position and angle transducers
is, that very small tolerances in the manufacturing of the disk
and the adjustnent of the detectors are necessary to avoid
i nternedi ate states, when several bits change their state at the
sane tine. This di sadvant age does not exi st when using the G ay
code, because there never two tracks change their state at the
sanme tine.

The absol utely coded angl e transducer has the advantage, that at
any tinme within the neasurenent accuracy the exact position of
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the shaft is known, even after a power failure. Going to a
reference position, which is sonmetimes necessary wth
i ncrenental encoders is not applicable here.

O her exnples of variables with N values (at the human machi ne
interface):

- i nput values froma decade switch

- out put val ues to nunber displ ays

Bot h of these variables are normally of the type BCD.
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Serial Transm ssion of angle informations: Synchronous serial
interface (SSI)

The parallel, absolute angle information inside an angl e encoder
is converted into a serial information by an internal parallel-
serial-transformer (shift register) and is transmtted
synchronously with a clock to a receiver electronics.

This angle information is generated inside the angle encoder in
Gray code and is also transmtted in Gay code. To reduce the
expense of conponents the information is not converted to binary

code until it reaches the receiver electronics.
Clock
Clock
G —
Data B B
<
> G —
B | Receicer
electronics
<
> G —
B
S/P
Fig. 1.1.1.6: Synchronous seri al data transm ssion with

several angle encoders: Serial Gay-binary
conversion (G B) and serial-parallel conversion
(S/P) in the receiver electronics

The synchronous transm ssion of the data word is initiated and
controlled by the receiver electronics by a clock signal. The
| ength of the clock sequence determnes the |length of the data
word, so that with this SSI systemarbitrarily |ong data words
can be transmtted. For the transmssion of an n bit |ong data
word a clock sequence of n + 1 clock pulses is necessary. The
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speed of the data transmission is determned by the clock
frequency. The maxi num val ue depends on the cable |lengh and is
in practice max. 200 kBit/s at 200 mtransm ssion | ength.

Exanple for the saving of strands with serial transm ssion

Regarding a nultitour angle encoder with parallel output e.g.
1024 Steps/revolution and 1024 revol utions (20 bit) for the data
transm ssion 20 strands are necessary. The SSI only needs a
twisted pair of strands for the data and a tw sted pair of
strands for the clock. For power supply and additional functions
(e.g. direction of code; enable) the expense is identical in
both cases. The m ni num nunber of strands in a cable is 6.

The SSI transm ssion protocol for multitour angle encoders

The logical levels nentioned |ater are related to the C ock+ and
dat a+ signals respectively. In the standby or idle state of the
SSI clock and data wire are logically "1". The receiver
el ectronics initiates the data transm ssion by a change of the
clock signal from logically "1" to logically "0". Wth this
change in the angl e encoder a retriggerable nonoflop is set, the
out put of which switches over a shift register fromparallel to
serial, whereby the data available in gray code are stored.

Wth the next change of the clock fromlogically “0" to “1" the
nost significant bit of the angle information is shifted to the
data output of the angle encoder. Each further rising edge of
the clock delivers the next bit until the least significnat bit
is at the output. At the sane tine with every falling edge of
the clock the nmonoflop is retriggered.
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The nonoflop tine of e.g. 20 us determ nes the pause between two
transm ssions and the m ni num cl ock frequency.

Control system

Schmitt-Trigger Parallel/Serial converter
Code disk Monoflop
j Input circuit
= S | Clock
_ Y
Si
-_— p Shift:
- 1
A T D
]
]

e
*—
(72}
@)
A 4

Data parallel Data serial

Photo emitter

Photo receiver Driver

Fig. 1.1.1.7: Basic schematic diagram of an absolute angle
encoder with serial output

Wth the last rising edge of the clock the data wire is set to
logically "0". Then the transm ssion of the conplete data word
is finished. Wien the cl ock signal remains logically "1" (End of
the clock sequence), the nonoflop is not retriggered any nore
causing the data signal to switch to logically "1" after the
nonof |l op ti nme has expired.

Wth this state the readyness for transm ssion of a new data
word is indicated.
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Transm ssi on exanple for an angle encoder with 18 bits

An angl e encoder with 1024 Steps/revolution (10 bits singletour)
and 256 revolutions (8 bits nmultitour) is assuned.

The transm ssion protocol is designed for a data word of 25 bit
in the standard version. 12 of these bits are provided for the
revolutions and 13 for the steps/revol ution.

Because the transm ssion always starts with the nmultitour bit
ML2 , but the nultitour part in our exanple is designed only for
8 bits, in the beginning 4 enpty digits with a |logical “0" are
transmtted and then the existing 8 bits of the nultitour part.
Afterwards the bits of the singletour part follow beginning
with S10 to S1. The 3 bit, which are not existing are also
transmtted as a | ogical "0".

- Data word with n =25 >
MSB Bit Nr. in Data word LSB
1|2|3|4|s|6|7|8|9|10f{11|12|13|14|25[16|17[28|19(20]21]22]23]24|25
4096 | 12 M1gM1IM1I M9|M8|M7[M6|M5 [M4[M3[M2[M1[s13|s12|S11[S10[ S9| S8 |S7[S6|S5|S4(S3|S2[S1| 8192 |13
2048 [11]| 0 M1gmM1igM9|M8|MT7|M6|M5|M4|M3|M2|M1]S12]S11]S10| S9 | S8|S7|S6|S5|S4]S3]s2|s1| o | 4096 |12
1024 |10] 0 | 0 M1gM9|M8|M7|M6|M5|M4|M3|M2|M1|s11|s10[S9[s8|S7|s6|S5|s4|s3|s2|s1|o |0 | 2048 |11
512 | 9| o |0 |0 |m9|mM8[M7|M6|M5|M4|M3|M2|M1|S10|S9|S8|S7|S6]S5]S4]|S3|s2]|s1]0|o]o| 1024 |10
256 | 8| o000 [mM8M7|M6|M5|M4|M3|M2|M1]|S9|S8|S7|S6|S5]S4]S3]|s2{st]o]ofo]o 512 | 9
128 | 7]0]0]0]0]0 |M7|M6|M5|M4|M3|M2|ML|S8|S7[S6|S5|s4|s3|s2|stfofofofo]fo 256 | 8
64 [6]o|o|o]|o]|o]o0 |mM6|M5|M4|M3|M2|M1|S7|S6|S5]S4]S3]|s2]|s1]oflo]o]ofo]o 128 | 7
32 |s|ofofofo|ofo]o|ms|malm3|m2(m1|sE|s5]|s4]|s3|s2|si|ofo]o]o]o]o]oO 64 | 6
16 [4]o]lo]o]o]o]o]o]o0|mM4Mm3|M2|ML|S5]|S4]s3]|s2|st]o]o]oflo]o]ofo]o 32 |5
8|3flofofofofofofofo]fo[m3m2fmi|s4|s3|s2|sifo[o]ofo]o]o]oO]O]oO 16 | 4
4 2fofofofofofofofofofo|m2fmifs3|s2|si|ofo[o]ofo]o]o]O]O]O 8|3
21]loflofo|lo|lofo)Jo|o|o]|oO]|oO]|m1|s2|si]o]o]o]o]o]oflo]o]ofo]o 4 |2
Revol. | Bit/ . . . . Steps/ | Bit/
count | rev.. Multitour - Bit Singletour - Bit rev. | rev.

Fig. 1.1.1.8: Transmission of angle information of different
wi dth at a agreed data word lentgh of 25 bit
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The control electronics of the SSI

The control electronics generates the clock sequence the
transm ssion of the data word from the angle encoder is
controlled by. In this electronics the serial data can be
converted to parallel and where applicable the gray code can be
recoded into binary code.

Clock line P/S ——f

Angle encoder 1 Driver P/S
Data line *
GB I v Shiftregister

Optocoupler Parallel output

G /B -GraytoBinary Converter

Angle encoder 2 P/*
i G [ v Shiftregister
— B L
Parallel output
Fig 1.1.1.9: Bl ock diagram of the control electronics of the

SSI
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| nput and output circuits of the SSI

The i nput (optocoupler) and output cicuits (Linedriver) can be
identical in the angle encoder and the control electronics.

Input circuit
OPTOCOUPLER
6N 137 91 Ohms 7 mA
+
100 Ohms
SZ 2V ZS LED |{ 1nF Clock input
100 Ohms
91 Ohms
II II \ Q -
Output circuit
T
.I a OUT +
¢ o OUT-
1L
SN 75176A or L
SN 75174

Fig. 1.1.1.10: Input and output circuits of the SSI

In the case of the output circuit we have a differential |ine
driver, which conplies to the electrical data of the RS 422
standard. By the differential, symetrical design a high anmount
of interference imunity is provided. By wusing optocoupler
i nputs ground | oops are avoided, increasing further the noise
immunity. This is especially inportant when several angle
encoders are connected to the control electronics.
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1.1.2 Counter inputs

Counter nodules provide the possibility to count fast pulse
trains, which are usual when using increnental displacenent or
angl e encoders. No pulses are allowed to get |ost, because in
that case the information about the position of the encoder
woul d be lost. Atypical task is to count two pul se trains which
are shifted in phase by 90 degrees against each other or
counting of forward and backward pul ses (siehe Fig. 1.1.2.1).

L_ Signal channel A

I_ Signal channel B

Zero tag

Code tracks on
the disk

Fig. 1.1.2.1: Qutput signal of an increnental displacenent or
angl e encoders and the coded tracks on the encoder disk

Typi cal paraneters and properties of counter cards are:
- max. counting frequency
- | nput vol tage | evel

- Cascadeability of several counters to increase the maxi mum
counting val ue

- | nput symmetrical /unsymretrica
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1.1.3 Analog 1/0O

Currents and voltages can be acquired by A/D converters and be
converted to digital values. Digital output values of the
application software can be converted into voltages and currents
with DA converters. Before the A/D converter or after the DA
converter we find conponents like instrumentation anplifiers,
mul ti pl exers, sanple- and hold bl ocks, isolation stages.

1.1.3.1 | sol ation anplifiers

One possibility toisolate the internal and external parts of an
automation device is the utilization of isolation anmplifiers.

The nost comonly used nethods to achieve isolation between
i nput and output are optical and transfornmer coupling.

a) Optical coupling

Optical coupling is a very interference safe isolation, because
it cannot be disturbed by electromagnetic interference. The
schemati c synbol of an optical isoloation anplifier is displayed
in Fig. 1.1.3.1.

\Y V-
+Vcc Ve
R, Shed
| B +
U
P
........ LY t
Ucm ‘ ‘
Common

Fig. 1.1.3.1: Optically coupled isolation anplifier
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b) Transformer coupling

Typical isolation anplifiers based on transfornmer coupling
provi de absolute separation, a small capacity < 10pF between
i nput and out put conmon and a common node rejection ratio of 110
dB at 50 Hz as well as comon node voltages up to 5 kV. Because
they are capable of transmtting mllivolt signals they are
applied e.g. in the nedical technology for neasuring ECG

si gnal s.
N
Rg
Output
) U
Shield
R, Shed.
. U hi
Do Input

R u.

5 i i low

- Common
UcwMm P . S—

+2500 V max. +300 V max.

Fig. 1.1.3.2: Transformer-coupl ed i solation amplifier
schemati c synbol
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1.1.3.2 Conversion of anal og values to digital

Behind the (isolating) anplifier in a neasurenent systemusually
a lowpass filter is utilized. The filtering is applied for two
reasons:

- to limt the bandwi dth of the signal to |less than half of
the sanpling frequency and to elim nate hereby the aliasing
ef f ect

- to filter out high frequency interference in the input
si gnal .

I f nmore than one anal og channel shall be A/ D converted an anal og
mul ti plexing is necessary to connect the analog inputs with the
single A/ID converter (cost-effective). Adigital multiplexingis
necessary to connect the outputs of all the A/D converters to
the following digital processing when using one converter per
channel (fast).

a) Anal og mul ti pl exi ng

Anal og mul ti pl exers allowtine-sharing of A/D converters between
several analog information channels. An analog multiplexer
consists of a group of MOSFET sw tches being connected to the
i ndi vidual inputs on the one side and with one another on the
ot her si de.
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Channel
1
o ./:/.
:
i
Inputs :
(]
Channel ; \
2 :
_/E/ | /
' !
: : Buffer
" !
a s
] !
Channel H !
N ; i
o ./t/. ;
i
]
i

Address lines

Fig. 1.1.3.3: Analog multiplexing

The switches are addressed with a digital code.

Output
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b) Digital multiplexing

If high troughput at a small nunber of neasuring channels is
demanded the nmethod of digital nultiplexing is applied. The
digital conversion results of several A/D converters are
switched onto the data bus of an automation device in tine
mul ti pl ex.

Analog inputs

—_> A/D- —_> A/D- __> A/D-
Converter Converter Converter

I U I

Bus driver/ Bus driver/ Bus driver/
:> Latch :> Latch :> Latch

U U !

< %

Data bus

<\/ \/ \/ >

Address bus

Fig. 1.1.3.4: Digital nmultiplexing into a mcroconputer bus
system

If the input signals vary with different speed, an access schene
is appropriate, where the channel with the highest dynamics is
accessed nore often than the others.
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Sanmpl e&Hol d

Bef ore the anal og signal arrives at certain A/D converters it is
usual ly fed into a sanpl e&hol d bl ock. The sanpl e&hol d bl ock has
a signal input , an output and a control input. It knows two
nodes of operation: hold or follow |In the follow node the
output follows the input, until the hold command cones. Then the
sanpl e&hol d bl ock hol ds the voltage of that point of tinme, when
the hold command came. Sanpl e&hold blocks usually have unity
gain and are non-inverting. The control input is TTL conpati bl e.

S~ :
- ’

|

Omimimimimimimimimimimimm

Mode of operation
Fig. 1.1.3.5: Basic structure of a S&H bl ock

A sanpl e&hol d bl ock in its basic | ayout consists of a switch and
a capacitor. If the switch is closed, the device is in the
fol |l ow node, whereas the output follows the input. If the switch
is opened the capacitor holds the last input voltage for a
certain tinme, which depends on the capacity and the |eakage
current. Praktical sanple&hold blocks have input and out put
buffers as well as optimzed switching technologies to avoid
| eakage current.

The task of the S&H block is, to keep the input signal of the
foll owi ng A/ D converter constant during the conversion interval,
whil e the preceding nultiplexer possibly already addresses the
next anal og channel. After conpletion of the conversion the S&H
bl ock follows again and the cycle can start again.
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Oten S&H bl ocks are intergrated in the A/D converter.

The Sanpl e- and- Hol d- Characteristics

An ideal Sanple&Hold block, also called a "zero order hold
el ement", takes a sanple of the input signal in zero tine and
holds this value for an infinite tine with highest precision.

In practice the sanple is taken in a tinme being short conpared
to the hold time. During the hold period the output signa
varies marginally and reduces in that way the accuracy of the
entire system

Sanpl e&Hol d speci fications:

................... Ue
2 -
/
]
/
J

/ FEED-
/ THROUGH HOLD / SAMPLE DELAY

SETTLING
TIME

SLEW RATE
LIMITED

SETTLING
TIME

UNCERTAINTY '/ /i

ACQUISITION
TIME

> <— APERTURE TIME

/

SAMPLE LOGIC INPUT SAMPLE

| |

HOLD

Fig. 1.1.3.6: Paraneters of a sanpl e&hol d bl ock

Real devices are specified with the deviation from the ideal
behavi our :

1. Acqui sition Tinme

The tinme span from the point of tine, when the follow command
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was given to the point of tine, when the output becones equal to
the i nput signal and stays inside a specified tol erance band. At
the end of the acquisition time the output follows the input.

2. Aperture Tine

The tinme span between the hold command and the point of tine,
when the switch is conpletely open.

3. Aperture uncertainty tine

The wuncertainty in the aperture tinme, i.e. the difference
bet ween the maxi num and m ni mum aperture tine.

4. Decay rate or Droop

The variation of the output voltage in tine in hold node.
5. Feedt hr ough

The anount of the input signal that appears at the output in
hol d node. Feedthrough depends on the signal frequency and is
sonetinmes specified as an attenuation in dB.

Besides in A/D conversion |ike described above S&H bl ocks are
applied for other purposes:

For instance a so called peak follower is synthesized froma S&H
and a conpar at or

v
4
I

Fig. 1.1.3.7: Peak follower wth sanpl e&hold
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If the input voltage is higher than the S&H out put voltage, the
positive output voltage of the conparator switches the S&H into
follow node. If the input voltage becones smaller than the
out put of the S&H, the conparator switches the S&H t o hol d node
until the input voltage again beconmes higher than the out put
vol t age.

A/ D converters

The analog-to-digital converter is at the core of any data-
acquisition system designed to transform data in the form of
continuous anal og variables into a discrete binary code suitable
for digital processing.

The ideal transfer curve for a 3-bit A/D converter is shown in
Fig. 1.1.3.8 with the analog | evels on the horizontal axis and
the digital outputs which correspond to those input values on
the vertical axis.

Ideal transition

718 111 |- \

Nominal quantized

34 110 | value (+1/2 LSB) \ \
558 101 | LSB ‘
12 100 f |

|
38 o011 |

| Ideally quantized

‘ analog input
14 010 | / gnp
1/8 001 \

48 |14 | 3B |12 | 58 | 3 R
0 000 \ \ | | | \ \ ﬁ

Digital output (Code and franctional value)

A
ol

0 1/8 1/4 3/8 1/2 5/8 34 7/8 FS

Analog input

Fig. 1.1.3.8: Conversion relationship for an ideal A/ D converter
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In order to select the best ADC for a given application, the
application engineer should be famliar with the various types
of converters avail abl e.

The checklist in table 1.1.3.1 outlines the proper priorities
for selecting an ADC. First and forenost, the required
resolution of the converter nust be determined. This wll
determ ne the nunber of recognizable quantization intervals in
the ADC transfer function. Since all ADCs exhibit a fundament al
guanti zation uncertainty of +%4SB, the application engi neer nust
choose an ADC wth sufficient resolution to reduce this
,digitizing noise“ to an acceptable | ow value. A useful rule of
thunmb is that each bit of resolution reduces quantization noise
an additional 6 dB. Thus a 10-bit converter exhibits ,best case”
guanti zation noise which is approximtely 60 dB below full
scal e.

Resol uti on however does not inply accuracy! Many A/ D converters
have been built with far higher resolution than accuracy (Reason
e.g. tenperature drift).

Conversi on speed i s anot her inportant selection factor, since it
defines the upper limt on systembandw dth. Generally speaki ng,
the conversion speed requirements wll dictate the type of
converter sel ected.

Resol uti on

Accur acy
- Initial (25° C
- Drift
Speed
Power requirenents
Ref er ence

i ntern/extern
Interfacing (ser./parallel output)
Cost
Size

Table 1.1.3.1: A/D selection features
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The supply voltages required have to be available in the
aut onat i on devi ce.

Applications that use a single ADC can be best satisfied by
choosing an ADC with built-in reference. In systens where the
ref erence nust be variable, or if a master systemreference is
avai l abl e, an ADC requiring an external reference can be used to
advant age.

Since nost ADCs are interfaced to microprocessors, it logically
folows, that interface logic should be included on-chip. Mst
newer ADCs include at least a three-state buffer for bus
interface. However, high-speed data buses wth significant
activity during the conversion period nay inject noise into the
ADC and cause erratic or unstable output data. The solution to
this problem (generally encountered only on 12-bit and hi gher-
resolution ADCs) is to use an external three-state buffer.

Converter types (Sanple)

Type Feat ures
I ntegrating (Single slope, Hi gh accuracy
dual slope, nulti slope) Low speed
Low cost
Successi ve approxi mation Hi gh speed

Accuracy at cost

Tracki ng (Count er/ Conpar at or) Hi gh speed in track
Suscepti ble to noi se

Mul ti conparator "Flash” Hi ghest speed
Hi gh resol uti on expensive

VI f Converter Fast respondi ng
Conti nous serial output

Table 1.1.3.2: A/D converter types

The list in table 1.1.3.2 contains the nost popular types,
especially those currently produced in integrated-circuit form



-26 -

The integrating A/ D design, one of the ol dest inplenentations of
this function, suffers from speed |limtation but can achieve
hi gh accuracy at relatively | ow cost.

The successive-approximtion A/D is the nost popular for data-
acqui sition systens, because of its noderately high speed and
resol ution.

The tracking A/D and the voltage-to-frequency converter can be
| ooked upon as variations of the successive-approximation and
the intergrator design techniques; in these types the digita
data are available on a virtually continuous basis.

The multiconparator |adder (or parallel) design provides the
hi ghest speed, at the expense of Ilimted resolution. Mst
nonolithic parallel converters are limted to 6- or 8-bit
resol ution. The parallel converter consists of a tapped resistor
network and an array of 2N -1 conparators (see Fig. 1.1.3.9).
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Each conparator provides a |ogic output indicating whether the
analog input is above or below a particular fraction of the
reference voltage. These logic outputs are then decoded to a
nore useful code (binary or Gay code, for exanple). The total
conversion tine for this type of converter is equal to the sum
of the propagation delays of the conparators and the decoding
logic. This may be as short as a few tens of nanoseconds,
translating into conversion rates of tens of negasanples per
second.

The disadvantage of the parallel converter is the limted
resolution available. A 10-bit converter would, for exanple,
require 1024 matched precision resisitors, 1023 high speed
conparators, and an extense logic array. Integrating this
conpl ex a device renmains currently beyond the practical state of
the art.

o

Start conversion [ ittt e L e T {

|
|
|
1y R c
Yo [ +—e—1 h Control
N Logic Clock

L 1 —I—_ Reset <€

SR K e ————o ]
2 1
+U O—‘b—:|—<—|:|—0 :D— v I-—-P Status

ref
. — >
< —_——
5 Ef] 1 : Digita
Ui -5 (Ui +U) At » output
Ut RC L (binary
Counter | Offset or
1 — T > 2’'s
5 (Ui+Ue) RC » complement)
— >
Uc — >
-
| e T >le At > | t
Comparator is tripped when:
1 oy )T At
? (UI +Uref) RC ref RC
U (Discharging time is proportional to the mean value of

a1 ( +1)
T - 7 U the input voltage)

ref

Fig. 1.1.3.10: Basic diagram of a dual-slope integrating A/ID
converter



-29.

The concept of the ,dual slope“ integrating A/ID is sinple. A
current proportional to the input signal charges a capacitor for
a fixed length of tinme - the capacitor is then discharged by a
current proportional to the reference until the starting point
is crossed. The discharge tinme is then directly proportional to
t he average val ue of the input signal.

The integration provides rejection of high-frequency noise and
averagi ng of changes that occur during the sanpling period. The
fi xed average period al so nakes it possible to obtain ,infinite"
nor mal - node rej ection at frequencies that are integral nultiples
of 1/T.

One of the nost inportant uses of D/A converters is in the core
of certain types of A/D converters. In these A/D converters, the
output of the internal DAC is conpared to the input level; the
logic section of the A/D uses the information from the
conparator (internal |evel above or below input) to nodify the
code to the DAC until the two levels are brought as close
together as possible (wthin the resolution |imt of the DAC).

In the sinple tracking A/D shown in Fig. 1.1.3.11, an up/down
counter drives the DAC in the proper direction to match the
i nput in response to commands fromthe conparator.

This converter can follow snmall changes quite rapidly (it wll
follow 1 LSB changes at the clock rate), but it will require the
full count to acquire full-scale step changes.
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Analog
input ° +
D/A converter {+—P——= U,
Digital
output Up/down
Pttt i1iiil

Up/down counter

l«—— Clock

Fig. 1.1.3.11: Tracking ADC

The successi ve-approxi mati on converter is nore popular for high
speed data acquisition systens since it is always able to
conplete a conversion with 8, 10, or 12 ,counts® or comparisons
(for 8, 10, or 12-bit resolution).

Comparator

Analog input .:.—\ Analog input

signal V +1/16 FS
. D/A output
Analog FS
Reference i
. £
D/A converter — 8
4 i
Digital output AAAAAAAAAA 8 | E i E E E
) ) 201y 000
Shift register, 8 T B
Stat ~ O—3»—— control logic, und Status BT
conversion OLI'[pUt register (Bus ) [ 1 ol >
‘F Yy Test Test Test Ti
. MSB Bit2 Bit3 ime
—>» serial output
y
Clock [——% Clock output

@ ®

Fig. 1.1.3.12: Successive approximation A/ D converter: (a)
bl ock diagram (b) three-bit weighting
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If a weight equal to one-half the smallest weight is added to
t he unknown side, it can be shown that the neasurenent is al ways
accurate to one-half the smallest weight.

Anti- Sample AID
—— Aliasing H&Id Converter :>
0

Fig. 1.1.3.13: Usual configuration of a data acquisition
channel
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1.1.3.3 Conversion of digital into anal og val ues

A digital -to-anal og converter converts digital code to an anal og
paraneter by switching successive-ratio analog bit-weights to a
common summ ng point. The concept of the binary weighting of
switched analog levels is illustrated in Fig. 1.1.3.14:

O ...etc.

o)y A)EwJd
C 1]

MSB LSB

U

ref

out

Fig. 1.1.3.14: Basic DA conversion technique, continuous
bi nary-wei ght ed

The D/ A converter can be thought of as a digitally controlled
potentionmeter that produces an analog output that is a
normalized fraction of its ,full-scale* setting. The output
voltage or current depends on the reference value choosen to
determne ,full-scale” output. If the reference may vary in
response to an anal og signal, the output is proportional to the
product of the digital nunber and the anal og input.
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718 |- . \

3/4 |- P
1LSB \
5/8 |- B

12 - . \

Analog output

3/8 - °
1/4 = °

1/8 |- . \

0 | | | | | | | ‘
000 001 010 011 100 101 110 111

Digital input

Fig. 1.1.3.15: Conversion relationship for an ideal 3.bit DA

converter
10 V Full scale

Resol uti on: Wi ght of the least significant bit (LSB)

8 bit 1 LSB=239,1nv=0,391 %FS = 3906 ppm
1/2 LSB = 19,5 nV = 0,2 % FS = 1953 ppm

10 Bit 1LSB=9,77 nv = 0,1 %FS = 977 ppm
1/2 LSB = 4,88 nV = 0,05 % FS = 488 ppm

12 bit 1 LSB =244 nV = 0,024 %FS = 244 ppm
1/2 LSB = 1,22 nV = 0,012 % FS = 122 ppm

14 bit 1 LSB=20,61nv =0,006 %FS = 61 ppm
1/2 LSB = 0,305 nV = 0,0031 % FS = 31 ppm

16 bit 1 LSB =0,153 nvV = 0,0015 % FS = 15 ppm

1/2 LSB = 0,076 nV = 0,00076 % FS = 8 ppm

Fig. 1.1.3.16: Data converter error term nol ogy
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Besi des the unavoi dable quantization error according to Fig.
1.1.3.16 possibly also the following errors occur in the static
accuracy:

- of fset errors

- gain errors

- linearity errors (relative accuracy)

- differential Nonlinearity (step w dth)

If the differential nonlinearity exceeds certain limts, the

converter becomes nonnonotonic and the A/D converter using it
may m ss one or nore codes.

FS/
7/8 |- \

Nonmonotonic |
34 - due to excessive ‘
differential ‘ ‘
nonlinearity ‘
5/18 |
2
5 12 F |
O I
(o))
< \
g 38 | ‘
<
\
1/4 = ‘
1/8 |

000 001 010 011 100 101 110 111
Digital input
Fig. 1.1.3.17: Nonnonotonicity
The tenperature performance of a D/ A can be conpl etely descri bed

by ist offset, gain, and differential-nonlinearity tenperature
coefficients.

Monot oni ¢ behaviour is achieved if the differential nonlinearity
is less than 1 LSB at any tenperature in the range of interest.
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In nost new IC designs not the circiut in Fig 1.1.3.14
(continuously binary wei ghted) but the inverted R-2R or current
switching | adder is being used:

R R
U, O 1 LT
2R 2R 2R 2R []

o o | -
| |
\ l \ J \
1 ! 1

U

‘ ‘ ‘ out
\ \ \
o o o L

MSB Bit 2 LSB

Bild 1.1.3.18: R-2R D/ A converter

| mportant paraneters of D/ A converters:
- resol ution

- vol tage and/ or current out put

- Ref erence i nternal / external

- Latches integrated or not
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1.2 Interfaces to other automation devices

1.2.1 -- Chapter is left blank --

1.2.2 Serial Point-to-Point-Link (RS232-C and TTY)

RS232-C is the nost comonly used communication protocol. It

uses the logical voltage |evels according to Fig. 1.2.2.1.

The RS232-C-Signals are usually assuned to be nom nal +12V or
-12V. Thereby the +12V represent the logical "0" and the -12V
the logical "1".

Output Input
+15V +15V

logically "0 logically "0

+5V

% """"" +3V

2V noise margin

ﬁy ---------- -3V
5V ""-""Jﬁf

logically "1 logically "1

-15 V -15V

Fig. 1.2.2.1:. RS232-C-voltage |levels

The wi de bands for the two logic levels and the wde band in
bet ween provide a substantially higher noise imMmunity than e.qg.
the TTL-1evel.

Further elctrical specifications are e.qg.:

- The vol tage at open outputs nay not exceed 25V

- A driver circuit nust be able to survive a short circuit on
each term nal w thout damage for itself or other connected
circuits
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The nmechani cal arrangenent of the RS232-C-interface is also
defined, so that the pin assingnment of the 25-1ead Cannon pl ug
is like shown in Fig. 1.2.2.2:

GND_DTR TxD RxD DCD
N\ | [ [/

13121110 9 8 7. 6 5 4 3 2 1 5 4 3 2 1
o\ © © 000000600000 )qn o\© 00050 )n
25 24 23 22 21 20 19 18 17 16 15 14 9 8 7 6

O o oo 0ooo oo oo

RI CTS RTS DSR

1 Protective ground

2 Transmtted data (TxD)

3 Recei ved data (RxD)

4 Request to send (RTS)

5 Clear to send (CTS)

6 Dat a set ready (DSR)

7 Si gnal ground

8 Data carrier detect (for Modemnm
9/ 10 reserved

11 not used

12 Secondary received |line signal detector
13 Secondary clear to send

14 Secondary transmtted data

15 Transmt signal elenent timng
16 Secondary received data

17 Recei ve signal elenent timng
18 not used

19 Secondary request to send

20 Data term nal ready (DTR)

21 Signal quality detector

22 Ring indicator (RI)

23 Data signal rate detect

24 Transmt signal elenent timng
25 not used

Fig. 1.2.2.2: Pin asignnment of the 25-lead RS232-C interface
(9-lead wvariant not standardized, therefore
manuf act urer specific)

Most of the conputer interfaces utilize only very few of these
pins. This is possible, because RS232-C allows variability in
its definition. Fig. 1.2.2.3 shows the conplete arrangenent,
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that allows a full duplex connection together with a 3-wire-
connection, used for the sane purpose and al so call ed RS232-C.

Data Terminal Equipment Data Communication Equipment
Permcrimitmitmeitmesmen P.-\.. -.E PE FA'R -------------------- i

] . )

: DTE l.. ..g ........ :f.).(.[.)..........;.. e o ; DCE :

: g R0 7|2 ,

; 2 RIS A ;

- e le_cis ¢ ,

' e.g. 6 € DSR 2l I e.g... i

! PC, PLC bl Ground : | Modem i

! i DCD : i

' 8 DR 2 i

' 22 , : |

i "~ i ! i Complete
‘mcimesmoismosmoismecsmosmocamos e’ meismesmismoesmoesmoesmoesmoesmosmo interface
D T T , gremremm e

] ] ] N

: : !
(L )

: 3 l€—RXD 2 I i

: : : i

: ! : ;

: : : i

: : Ground : i

: [ I . i

! ! ! :

: i : i

i i : :

' \_/ i i\ i Minimum
limicmicmismesmosmesmesmesmes ] Sermcemccmcemermeememee st Conflguratlon

Fig. 1.2.2.3: Full duplex signal traffic on the RS232-C
interface

The standard RS232-C defines the data transm ssion between two
equi pments of different type, nanely between a "Data
Communi cation Equi pnent (DCE)" and a Data Term nal Equi pnent
(DTE)". The send data (TxD) are an output of the DTE and the
receive data (RxD) are an input to the DTE. Unfortunately it is
al so possible, to connect devices of the same type. Then in the
connection cable the assignnent of pins 2 and 3 has to be
tw sted! The sane applies analogously to the signal wres at
the termnals 4 and 5 as well as 6 and 20.



-39-

Between the two extrema in Fig. 1.2.2.3 there are a nunber of
further possibilities, which represent all an inprovenent
against the 3-wire solution. Full-Duplex data transm ssion
according to the RS232-C protocol takes place under utilization
of the signals Request To Send RTS und Clear To Send CTS (see
timng diagramin Fig. 1.2.2.4)

|, X
é

o A B

\ [
|

Fig. 1.2.2.4: Timng diagram of the serial data transm ssion

TXD

There are a nunber of restrictions with the RS232-C, especially
the maxi mum transm ssion distance of approx. 20 m For this
reason often the so called current interface is utilized, which
is able of serving up to a tansm ssion di stance of approx. 300m

The so called 20-mA interface uses 20 mA to represent a | ogica
"1" and O mA for logical "0". The necessary arrangenent is
displayed in Fig. 1.2.2.5. The m ninmum nunber of strands for
full -dupl ex operation is 4.

/J\\ ¢
=y — i
Current source Transmission
o /’L\
R — |\ &
Current source

Fig. 1.2.2.5: Full duplex current interface
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On the RS232-C interface a Byte-oriented asynchronous data
transfer takes place. "Byte-oriented" neans, that the small est
effective data unit is not a single bit but a conbination of 5 -
8 bits. Such a character is stored in the nenory of each
comuni cation partner in a byte. The word "asynchronous" neans,
that the sender does not send a clock signal together with the
data. The receiver has to synchronize itself to the data stream
received again and again. This happens on the basis of a
transm ssion rate negotiated between sender and receiver, the
Baud rate in bits/s.

The transm ssion of a character starts with the so called start
bit. The following bits are data bits, 5 to 8 in nunber. The
data bits are followed by an optional parity bit and one, one
and a half or 2 stop bits. The Baud rates are standardi zed with
the fol l ow ng val ues: 50, 75,110, 134, 150, 300, 600, 1200, 1800,
2400, 3600, 4800, 7200, 9600 and 19200.

Digital asynchronous data transmission

~
—

Idle |

Start [ Dy D, Dy [Parity | Stop
(| .
1, 1,5 or 2 bits
Number of bits: 5, 6, 7 or 8 &
optionally even
or odd;

not necessarily present
Data flow

Fig. 1.2.2.6: General format of a character on the asynchronous
interface
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1.2.3 Net wor ks
1.2.3.1 Topol ogi es

For economc and operating efficiency and operational
reliability the |logical arrangenent and the kind of connection
of the comruni cation partners in the network - thus the topol ogy
of the network - is a decisive factor.

There are three | ogically possible basic topol ogies: Star, ring
and bus (Fig. 1.2.3.1)

Fig.1.2.3.1: Star, ring and bus topol ogy
St ar networ ks

In a star network the routing is taken in hand by a single node,
to which all participants are connected. In popular multi-user-
systens the star node is forned by the central conputer, which
is accessed by a nunber of termnals. Though in such systens it
i s possible to deposit nessages for other participants; a direct
comuni cati on bet ween t he singl e connected participants does not
take place in this inplenentation of the star topology. In real
star shaped networks nodes are wused, which allow data
transm ssion from one participant to the other and performif
necessary data preprocessing or protocol conversion
("I'ntelligent node").
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The conmon di sadvant age of the star topology is the fact that in
case of a failure in the central node all the conmunication
pathes are disrupted. Furternore the node beconmes bulky in
har dware and software, if it shall be able to hold up multiple
connecti ons.

Ri ng net work

The ring network avoi ds the di sadvantage of a central node and
connects each participant via an own node with its right and
|l eft partner wuntil the <circle is closed. Because the
intelligence of a central node is nowrelocated i nto a nunber of
nodes, the structure of these nodes is fairly sinple.

In a ring network the information is transmtted in one
direction fromnode to node. There is no way to be found ; each
information is sinply passed on, until it reaches the recipient.
Thi s requires from the single nodes only the ability to
eval uate addresses and to recognize them as the the own one.
Fromthis fact results |l ow cost for the term nation

A di sadvantage of this topology is, that the failure of one
station paralyzes the whole ring, or costly neasures have to be
taken to avoid this.

An exanple for a practically inplenented ring network is IBMs
Ri ng network (1 BM Token-Ring).

Bus net wor k

The nost nodern network topology is the "Bus". Like the ring the
bus network avoids a central node, connects instead a nunber of
nodes with their neighbours however wthout formng a ring.
Messages spread from a sending node to both sides and are
recei ved bei the destination node.

The di sadvant ages of other topologies are avoided; instead the
fol |l om ng advant ages ari se:

- A central station is not necessary and the network control
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is distributed to the nodes/participants connected

- easy reconfiguration; nodes/participants can be added or
switched off without any influence on the operation of the
net

- failure of a node/participant does affect neither the other
participants nor the net. Merely a damage of the transport
medi um (Cabl e break, short circuit) can bring the net out
of servi ce.

As transport nmedium for bus networks besides coaxial cable
tw sted pair cables, optical fiber, and radi o comruni cation are
applicable. Atypical exanple for a network with bus topology is
PROFI BUS.



-44 -

1.2.3.2 Transm ssi on net hods
1.2.3.2.2 RS 485

This standard specifies the electrical characteristics of
senders ("Generators") and receivers for the interchange of
binary signals in nultipoint interconnections of digital
equi pnent .

The circuits whose characteristics are specified herein will be
utilized normally in data, timng or control interconnections
where the data signalling rate is up to 10 negabit/s.

El ectrical characteristics

Fig. 1.2.3.5 shows an interconnection application of generators
and receivers according to RS 485. The elenments in the
application are: generators, receivers, transni ssion cables, and
termnation resistances. The |oad on an active generator shal
be defined in terns of unit | oads. The | oad on the system caused
by each receiver and passive generator shall be specified by the
nunber of unit |oads each presents. The electrical paraneters
specified in RS 485 are selected so that a generator can drive
a total |oad having the value of 32 unit | oads and an effective
total term nation resistance as | ow as 60 ohns.
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Load characteristics

e tcaecaecaraeaas B s meeaee LT TIPS e s s s snanat st ss s s sasane — I/\
R mrmtmemm———— O S, B R \ ) ......... - R
{] | \\\§§:7 []t
Balanced interconnecting
cable
<

G - Generator

R - Receiver

G/R - Combination Generator/Receiver

L - Length of stub, the guidelines assume length of stube to be effectively zero

R, - Termination resistance; location and value are not specified in this standard, but a generator can driver
32 unit loads plus two termination resistances of 120 ohms each.

Fig. 1.2.3.5: RS485 as nultipoint interconnect application

+1 mA

Load -1V -3V

5V +12V

-0,8 mA

A load is a passive generator, areceiver or acombination generator/receiver

Fig. 1.2.3.6: Unit |load input current-voltage neasurenent

In order that the current required from a generator in the
active state be limted to a practical value, the | oading effect
of generators in the passive state and receivers is specified in
terms of the | oading produced by a hypothetical unit |oad. Wth
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the voltage U, (or U,) ranging between -7 V and +12 V volts,
while U, (or U, is held at 0 volts (grounded), the resultant
i nput current I;, (or I;,) shall remain within the shaded region
shown in the graph in figure 1.2.3.6 for one unit | oad.

CGenerator characteristics

A generator is either in the passive or in the active state.
Wiile in the passive state, the generator |oad characteristics
shall be specified in ternms of the nunber of equivalent unit
| oads. While in the active state, the generator electrical
characteristics are specified in accordance wth the
measurenents illustrated in fig. 1.2.3.8. A generator cicuit
neeting these requirenents results in a | ow i npedance bal anced
vol tage source, that will produce a differential voltage applied
to the interconnecting cable in the range of 1.5 volts to 6.0
volts. The signalling sense of the voltages appearing across the
i nterconnection cable are defined as follows:

a) The A term nal of the generator shall be negative with
respect tothe Btermnal for a binary 1 (MARK or OFF)
state.

b) The A term nal of the generator shall be positive with
respect tothe Btermnal for a binary 0 (SPACE or ON)
state.

Open circuit nmeasurenent

For either binary state, the magnitude of the differential
vol tage (U,) neasured between the two generator output termnals
shall be not less than 1.5 V and not nore than 6.0 V; and the
magni tude of U, and U, neasured independently between each
generator output term nal and generator circuit ground shall be
not nore than 6.0 V.
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o>

> e

= 15V < |Ug | <6.0V;

O W

0 < |Ugal < 6.0V

0 < |Ugpl < 6.0V

Fig. 1.2.3.8: Cenerator open circuit measurenent

Si mul taneous activity of nultiple generators on the cabl e nust
be possi bl e wi thout destruction of the generators. Therefore the
maxi mumcurrent in current source node and in current drain node
as well islimted to a peak value of 250 mA
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Recei ver characteristics

The receiver electrical characteristics are specified in
accordance to the load specifications above (Unit load). A
cicuit neeting these requirenents results in a differential
recei ver having a high input inpedance and a threshold that |ies
in the region between -0.2 und 0.2 volts.

Indeterminate Region
Un (0,4 V wide)
+12V +11,8V
1,8v
R
Space, On
co TV Ug
@D l +12V
Mark, Off
-6,8V
-6,8V A%

Fig. 1.2.3.9: Receiver input voltage range
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1.2.3.4 Sel ected communi cation systens
1.2.3.4.1 PROFI BUS

1.2.3.4.1.1 The | ayer nodel of Profibus

Anwendung
Layer 7
......... A (Application, APP) FMAT
Darstellung "Empty"”
Layer 6 (Presentation)
Layer 5 Sitzung "Empty” ENS0170
(Session)
"Empty"
Layer 4 Transport "Empty"
(Transport)
Vermittlung "Empty"
Layer 3 (Network)
FDL-User FMAL1/2-User
Interface services,
Layer 2 Transmission and Manage-
media access protocol ment EN50170
(FDL) (FMAL/2)
Layer 1 Transmission technology
(PHY)
Layer "0"
FDL = Fieldbus Data Link; FMA = Fieldbus Management

Fig. 1.2.3.33: 1SO | ayer nodel of PROFIBUS

As transm ssion technology Profibus utilizes RS 485 or fiber
optics. Transm ssion rates are standardi zed up to 12 MBaud. Data
are transmtted asynchronously in UART format.
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1.2.3.4.1.2 Bus access and transm ssion protocol (Data Link
Layer, FDL)

The PROFIBUS utilizes a bus access with a hybrid bus access
met hod, nanmely following the principle of Token Passing and
additionally following the Master Slave principle. The access
control is located in every active participant. The passive
participants are neutral with regard to bus access, i.e. they
don”t exercise any autononous sending activity, but only send on
request.

The initiative of communi cation always emanates fromthat active
partici pant, who gets the bus access right, the token. The Token
is passed in a logical ring from an active participant to
another and determnes the point of tinme, when an active
participant is allowed to access the nedi um

|->2—>4—>6—>

9 active
participants
passive

1 3 5 7 ¢ o o 10 | participants
Fig. 1.2.3.34: Logi cal Token Ring of active participants

with direction of Token passing

If the logical ring consists of only one active participant and
the network contains nmultiple passive participants, then this
corresponds to a pure Master- Sl ave- System

The followng faults and special operational states in the
system are managed:

1) Mul ti pl e tokens

2) Lost token

3) Failure in token passing

4) Mul ti pl e usage of identical participant addresses

5) participants with faulty sender/receiver

6) Addi ng and renoving of participants during operation

7) Arbitrary conbi nati ons of active and passive participants
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1. Transm ssi on nodes of operation and FDL control

The nessage exchange takes place in cycles. A nessage cycle
consists of a request tel egram (request- or send/request frane)
of an active participant and the respective acknow edgenent or
response frame of an active or passive participant. Hereby user
data nmay be transmitted in the request (Send) telegram and in
t he response tel egramas well. The acknow edgenent tel egram does
not contain user data.

The conplete nessage cycle is only suspended in the token
passing and in sending data w thout notification of receipt -
(e.qg. necessary for broadcast nessages). In both nodes of
operation an achnow edgenent is not applied.

In case of broadcast nessages all other participants are
addressed by one active participant (lnitiator) with a globa
address (nmax. participant address, all address bits binary "1")
at the sanme tine (Application e.g. tinme synchronisation).

1.1 Token rotation tine

When an active partici pant has got the token, the neasurenent of
the token rotation time begins. At the next taking over of the
token this time nmeasurenent ends for the expired cycle with the
real rotation time Tgzx as the result. At the sane tinme a new
measurenent of the next rotation time begins. The Tg IS
inportant for the handling of Iow priority nessage cycl es.

For keeping of a certain system reaction tinme inplied by the
application a target rotation time T of the token in the
| ogi cal ring nmust be given.

As system reaction tinme the nmaximum difference of time (worst
case) between two successive, high priority nmessage cycl es of an
active participant, related to the FDL interface at full |oad of
the bus capacity is defined.

Every active participant can independently of the real token
rotation tinme basically always performone high priority (Hi gh)
nessage sequence per token receipt.
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For the handling of the lowpriority (Il ow) nessage cycles at the
time of the handling the Tg has to be less than T, otherw se
the participant has to keep back queued |low priority nmessage
cycles and transmt them at the next token receipt or at the
fol |l ow ng ones.

1.2 Acyclical request- or send/request operation

In the acyclical request- or send/request operation sporadically
si ngl e message cycl es are handl ed. The FDL control of the active
participant initiates this operation at the token receipt as a
result of a request by the user. If multiple request are pending
this node of operation can be perforned until the max.
adm ssi bl e token rotation tinme has expired.

1.3 Cyclical send-request operation

In polling node the active participant addresses other part-
icipants cyclically according to a predeterm ned order, the pol

list, with the request "Send and Request Data |ow'. The pol

list is handed over by the user of the active participant to the
FDL control. Inthis list all active and passive participants to
be polled are marked. Those participants, who do not respond
during the polling procedure in spite of request repetitions,
are marked as "not operative". In later request cycles these
participants are addressed on a trial basis w thout repetition.
| f thereby participants reply, they are marked as "operative".

2. Tel egram structure

2.1 Telegram characters (UART characters)

Each tel egramis nade up by a nunber of telegramcharacters, the
UART characters. The UART character (UC) is a Start-Stop

character for asynchronous transm ssion and has the follow ng
structure when used i n PROFI BUS:



Bit order on the 1 2 3 4 5 6 7 8 9 10 11

medium

C e 20 27
Significance
of the bits LSB MSB

bl | b2 | b3 | b4 | b5 | b6 | b7 | b8 | P 1

Start bit Stop bit
Parity bit
(even)

Fig. 1.2.3.35: Character transm ssion

Transm ssion rul e

Each UART character has 11 bits, nanely a start bit (ST) with
bi nary "0" signal, 8 Information bits (I) with binary "0" or "1"

signal, a even parity bit (P) with binary "0" or "1" signal and
a stop bit (SP) with binary "1" signal.
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3. Tel egram format s

The figures contained in the follow ng text don"t show sequences

(Request ---> Acknow edge or response), but telegram formats of
equal category (Hamm ng di stance HD=4, fixed | enght wi th/w thout
Data field and variable length), i.e. different acknow edge or

response tel egrans can foll owthe request tel egrans (see Chapter
5).

3.1 Formats with fixed length of the information field w thout
data field

A) Format of the request tel egram (Request-Frane):

({4

S‘?N SD1 | DA SA FC | FCS | ED

| L I

B) Format of the acknow edgenent frane:

SD1 | DA SA FC | FCS | ED

I L I

@) Format of the short acknow edgenent

SC

SYN = Synchroni sation bits, mn. 33 bit idle state

SD1 Start byte 1 (Start Delimter), Code: 10H

DA = Destination address

SA = Source address

FC = Frane Control

FCS = Frane Check Sequence

ED = End Delimter, Code: 16H

L = Length of information field, fixed nunber of Bytes L = 3
SC = Single character, Code: E5H

Fig. 1.2.3.36: Frame format with fixed legth without data field
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Transm ssion rul es
1. Idle state of the wire corresponds to a binary "1"-signal.

2. Bef ore each request telegram a mninmum |l ength of 33 bits
(Syn tine) idle tine is required.

3. Bet ween the UART characters of a telegramno idle states
are al |l oned.
3.2 Formats with fixed length of information field with data

field

A) Format of the request tel egram (Send/ Request-Frane):

({4
)

SYN [ SD3 [ DA SA FC | DATA_UNIT| FCS [ ED

£
?

| L |

B) Format of the response tel egram (Response-Frane):

({4
)

sD3 | DA | sA | FC | DATA UNIT| Fcs | ED

I L I
SYN = Synchronisation bits, min. 33 bits idle state (ldle)
SD3 = Start byte 3 (Start delimter), Code: A2H
DA = Destinati on address
SA = Source address

FC = Frane Control
DATA UNIT = Data field, fixed length (L-3) = 8 bytes

FCS = Frane Check Sequence
ED = End Delimter, Code: 16H
L = Length of Information field, fixed nunber of Bytes L = 11

Fig. 1.2.3.37: Frane fornmat of fixed length with data field
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3.3 Formats with variable information field |length

For a variabl e nunber of data bytes the actual length has to be
transmtted in the tel egram header. This length indication is
| ocated twi ce (because of transm ssion security) at the tel egram
beginning in a fixed tel egram header.

A) Format of the request tel egram (Send/ request frane):

£ £

SYN | SD2 LE LEr | SD2 | DA SA FC | DATA_UNIT | FCS | ED
) : L 97 :

B) Format of the response tel egram (Response frane):

{4

sp2 | LE | LEr [sp2 | DA | sa | Fc | paTA UNIT| Fcs | ED
| L —

SYN = Synchroni sation bits, mn. 33 bits idle state (1dle)
SD2 = Start byte 2 (Start delimter), Code: 68H

LE = Length, Value: 4 to 249

LEr = Length byte repeated (repeat)

DA = Destination address

SA = Source address

FC = Frane Control

DATA UNIT = Data field, variable Length (L-3), max 246 bytes
FCS = Frane Check Sequence

ED End Delimter, Code: 16H

L Length of information field, variable nunber of bytes L =
4 bis 249

Fig. 1.2.3.38: Frane format with variable | ength
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4. Token Tel egram
SYN |SD4 | DA | SA
SYN = Synchroni sation bits, mn. 33 bit idle state (ldle)
SD4 = Start byte 4 (Start Delimter), Code: DCH
DA = Destination address
SA = Source address

Fig. 1.2.3.39: Token tel egram
5. Transm ssion rul es
In the followng text possible telegram sequences (nessage

cycles) are displayed. Failure sequences are not included, also
Broadcast/ Mul ti cast and nessages not to be acknow edged.

SYN [ SD1 | DA SA FC | FCS | ED

_J

SC Short acknowledge E5H

or

SD1 | DA SA FC | FCS | ED | ACKpos./negative

or response

sp3 | A | sa | Fc | baTA UNIT| Fcs | ED | fixedlengn

or

{4
L2

SD2 | LE LEr | SD2 | DA SA FC | DATA UNIT| FCS [ ED | variable length

Fig. 1.2.3.40: Request of fixed length without data
(Send/ Request - Fr ane)
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| SB}N | spa | pa | sa | Token

J
-

syN |sp3 [pa | sa | Fc |DATA:’:,_UNIT Fcs | ED

{
SC Short Acknowledge E5H

or
lsp1 [ pa | sa | Fc [ Fcs| ED | Ackposinegative

or response

£C
27

SD3 | DA SA FC | DATA UNIT [ FCS [ ED fixed length

or

|sp2 | te [ Ler [sp2 [ pAa | sa | FC |DATA:':'_UN|T| FCS | ED | variable length

- _J
syN [spa | pa | sa | Token
Fig. 1.2.3.41: Token tel egram and request of fixed |ength

w th data (Send/ Request - Frane)

<< £

SYN SD2 LE LEr | SD2 | DA SA FC | DATA_UNIT| FCS | ED

SC Short acknowledge E5H

or

SD1 | DA SA FC FCS ED ACK pos./negative

or response

SD3 | DA SA FC | DATA UNIT [ FCS | ED | fixed length

or

£¢

SD2 LE LEr | SD2 | DA SA FC DATA:_UNIT FCS | ED | variable length

Fig. 1.2.3.42: Request wth variable |ength (Send/ Request-
Fr ane)
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1.2.3.4.1.3 Interface to Profibus |ayer 2

1. FDL- User - FDL-i nterface

FDL-User FMA1/2-User
Layer 2 FDL
FMAL1/2
Layer 1 PHY

Layer "0"

Fig. 1.2.3.43: Interface between FDL-User and FDL in the |ayer
nodel

At the FDL-User-FDL-interface a (or nore) data transm ssion
service is handled via a service access point (Link Service
Access Point, LSAP). At the active and passive participants
multiple LSAPs at the sane tine are adm ssible. For this case in
case of a transm ssion of a nessage the respective LSAP has al so
to be transmtted. For the SSAP (Source Service Access Point) a
value of 0 to 62, for the DSAP (Destinati on Service Access Poi n-
t) a value of 0 to 63 can be choosen. The DSAP value 63
represents the global access address. This DSAP is only
adm ssible in case of the Send-Data services "SDA" and "SDN'.

If transm ssion of LSAPs is abandoned for telegram efficiency
reasons, the data transm ssion services are to be handl ed using
t he Def aul t - LSAP.
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1.1 Overview of the services

The followi ng services are provided to the user of |ayer 2:
- Send Data with Acknow edge (SDA)

- Send Data with No Acknow edge ( SDN)

- Send and Request Data with Reply (SRD)

- Cyclic Send and Request Data with Reply (CSRD)

Send Data with Acknow edge ( SDA)

This service allows the user of the FDL (Layer 2) of an active
participant (called Local-User in future), to send user data
(Link_Service data unit, L _sdu) to a single renpote participant.
At the renote participant the L_sdu, in case of being received
w thout failure, is transferred to the user (called Renote-User
in future). The local user receives a confirmation about the
receipt or non-receipt of the user data. If a transm ssion
failure occurs, the FDL of the |ocal user repeats the data
transm ssi on.

Send Data with no Acknow edge ( SDN)

This service allows the local user, to send data (L_sdu) to a
single renote participant, to multiple (Miulticast) or to all
(Broadcast) renote participants at the same tinme. The | ocal user
receives a confirmation about the termnation of the
transm ssion, but not about the proper receipt of the data. At
the renote participants this L_sdu, in case of being received
wi thout failure, is transferred to the Renote-User. However
there is no confirmation, that such a transm ssion has taken
pl ace.

Send and Request Data with Reply (SRD)

This service allows a local user, to send data (L_sdu) to a
single renpte participant and to request data (L_sdu) at the
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sane time, which have been provided by the renote user
previously. At the renpte participant the L_sdu received, in
case of being without failure, is transferred to the renote
user. The service also allows a | ocal user to request data from
the renote user, without sending data (L_sdu = Null) to him

The local wuser receives either the data requested or an
indication, that the data have not been available or a
confirmation about not having received the the data sent. Wth
the first two reactions also the receipt of the data sent is
confirmed.

If a failure in the transm ssion occurs, the FDL of the |oca
user repeats the data transm ssion with request.

Cyclic Send and Request Data with Reply (CSRD)

This service allows the local wuser to send data (L_sdu)
cyclically to renpote users and to request data fromthemat the
sane tinme. At the renote participant the data received w thout
failure are transferred cyclically to the renote user. The
service allows a |l ocal user also to request data fromthe renote
user without sending data to him

The | ocal user receives cyclically either the requested data or
an indication, that the data have not been available or a
confirmation about not having received the data sent. Wth the
first two reactions also the receipt of data sent is confirned.
In case of failures in the transm ssion the FDL repeates the
data transm ssion with request.

The desired renote participants and the nunber and the order of
data transm ssions with request for the cyclical operationisto
be provided by the local user with the Poll [ist.

1.2 Overview of the interactions

The services are provided by using a set of service primtives
(marked by FDL_...). To request a service, a request primtive
is used by the user. A confirmation primtive cones back to the
user after conpletion of the service, in case of services with
cyclical repetition after every send/request cycle. If an
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unexpect ed event occurs at the renote participant, an indication
primtive is transferred to the renote user. For the services
menti oned above the following primtives are transferred:

Possi bl e for t he
foll ow ng participants

Send Data with Acknow edge ( SDA)

FDL_DATA ACK. r equest active
FDL_DATA ACK. i ndication active and passive
FDL_DATA ACK.confirm active

Send Data with No Acknow edge ( SDN)

FDL_DATA. r equest active
FDL_DATA. i ndi cati on active and passive
FDL_DATA. confirm active

Send and Request Data with Reply (SRD)

FDL_DATA REPLY. r equest active
FDL_DATA REPLY. i ndi cation active and passive
FDL_DATA REPLY. confirm active
FDL_REPLY_UPDATE. r equest active and passive
FDL_REPLY_ UPDATE. confirm active and passive

Cyclic Send and Request Data with Reply (CSRD)

FDL_SEND UPDATE. r equest active
FDL_SEND UPDATE. confirm active
FDL_CYC _DATA REPLY. r equest active
FDL_CYC DATA REPLY. confirm active
FDL_CYC_ENTRY. r equest active

FDL_CYC_ENTRY. confirm active
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FDL_CYC _DEACT. r equest active
FDL_CYC DEACT. confirm active
FDL_DATA REPLY. i ndi cati on active and passive
FDL_REPLY_UPDATE. r equest active and passive
FDL_REPLY_UPDATE. confirm active and passive

Timng relations of the primtives for the services:
In the follow ng figures neans:
.reg= .request .ind = .indication .con = .confirmation

L_sdu = Link_service_data_unit

L_pci = Link_protocol _control _information
L _pdu = Link_protocol data_ unit
L pdu = L_pci + L_sdu
acti_vt_a active/passive
participant participant
1 n
FDL_DATA_ACK.req
L_pd
(L_sdu) (L_pdy)
FDL_DATA_ACK.ind
(L_sdu)
FDL_DATA_ACK.con
< (L_pdu)

Fig. 1.2.3.44: SDA service
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active active/passive
participant participants
1 2 3 4 n
FDL_DATA.req
(L_sdu) Lpdyy P~

—~— FDL_DATA.ind
B =

(L_sdu)
FDL_DATA.con
<€

Fig. 1.2.3.45: SDN service

active active/passive
participant participant
1 n

FDL_REPLY_UPDATE.req
(L_sdu)

FDL_REPLY_UPDATE.con

4
FDL_DATA_REPLY.req
(L_pdu)
(L_sdu) FDL_DATA_REPLY.ind
>»
(with/without L_sdu)
FDL_DATA_REPLY.con
< (L_pdu)

(L_sdu)

Fig. 1.2.3.46: SRD service
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active active/passive
participant participant
1 2
FDL_CYC_DATA_REPLY.req
g
FDL_CYC_DATA_REPLY.con
FDL_SEND_UPDATE.req -
»

FDL_SEND_UPDATE.con >
pr

<

FDL_REPLY_UPDATE.req

<&
<

FDL_CYC_IiZNTRY.req < FDL_REPLY_UPDATE.con

»

A 4

FDL_CYC_ENTRY.con
pr

<

FDL_DATA_REPLY.ind

>
>

FDL_CYC_DATA_REPLY.con
pr

<

FDL_REPLY UPDATE.req

A

FDL_CYC_ENTRY.req FDL_REPLY_UPDATE.con

»
r

>

\ FDL_DATA_REPLY.ind
>

>

FDL_CYC_ENTRY.con

<

FDL_CYC_DATA REPLY.con

< <

FDL_REPLY_UPDATE.req

A

FDL_CYC_ENTRY.req FDL_REPLY_UPDAIE.COH

>

\ 4

FDL_CYC_ENTRY.con
A

<

\ FDL_DATA_REPLY.ind

»
>»

FDL_CYC_DATA_REPLY.con
A

<

Fig. 1.2.3.47a: CSRD service start
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<
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1.2.3.47b: CSRD service end

T

active/passive
participant

New Poll List
Cycle

FDL_REPLY_UPDATE.req

<
<

FDL_REPLY_UPDATE.con
A .

r o

FDL_DATA_REPLY.ind
A -

>

FDL_REPLY_UPDATE.req

FDL_REPLY_UPDATE.con

»

>

FDL_DATA_REPLY.ind

»

r

FDL_REPLY_UPDATE.req

<
<

FDL_REPLY_UPDATE.con

»

>

FDL_DATA_REPLY.ind

»

>
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1.2.3.4.1.6 Appl i cation Layer, FNM5
1. Gener al

1.1 Architecture and subsunption into the 1SO OSI | ayer node

Application process

Pt

FMS-Services FMA7-Services

Layer 7 FMS FMA7
Application Layer LLI M

a

n
Layers 3-6 3

e

m

e
Layer 2 FDL n

t
Layer 1 PHY

FMAL/2
Layer"0"
Physical Media
Fig. 1.2.3.57: Subsunption into the 1SO OSI | ayer node

2. Fi el dbus Message Specification (FMV5)

The comruni cati on syst em PROFI BUS provi des a variety of services
for usage of open conmunication to the user system

This variety of services is not necessary in all devices and in
all application sectors. A restriction takes place by
application specific profiles.
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Short description of services at the interface between
application and FM5:

Initiate (establish a connection)

Wth this service a connection between two comunication
partners is established. At this mutual connection specific
agreenents about the manner of conmuni cation usage (Context) are
made. All the other conmunication services are not allowed until
a successful establishnment of connetion has taken place in a
connection oriented node of operation.

Abort (Abort a connection)

An existing connection between two comunication partners is
aborted. Resum ng a communication is in a connection oriented
node of operation not possible until a new connection
establishment (Initiate).

Rej ect (reject an inadm ssible service)

Wth the reject service the FM5 protokoll rejects a PDU
(protocol data unit). Reasons for the rejection are:

- Violation of the transm ssion protocol

- Failure in an call of a service

- Failure in the processing of a service

- Servi ce not executable

- Service violates the context agreenent

Status (Read device or user status)

Unsolicited-Status (report status unrequestedly)

Wth this service the device/ user status is sent spontaneously.

Identify (Read manufacturer, Type and Version)

Wth this service vendor nane, nodel nane and revision of a
devi ce are read.

Get- OV (Read hj ect description)



- 69 -

Wth this service one or nore object descriptions are read from
the object directory (OV). For this purpose in the get-OV-Ser-
vice the index or the nane of the object description wanted nust
be specified or the option to read all object descriptions can
be chosen.

Initiate-Put-OV (Initiation of reading the OV)

Wth this service a client announces to a server, that it wants
to provi de object descriptions.

Put - OV (Load an obj ect description)

Wth this service the client provides object descriptions to the
server for the object directory of the server.

Term nate-Put-OV (Term nation of |oading the OV)

Wth this service the client announced to the server, that it
term nates the transfer of object descriptions.

I nitiat e-Downl oad- Sequence

Wth this service a transfer of data (Paraneters, Program
code....) on a block by block basis fromthe "Cient" into a
Donmai n of the "Server" is announced.

Downl oad- Segnent (Transmt downl oad data bl ock)

Wth this service the "Server" fetches a block of data at the
"Client". The "Client" sends together with the data a nessage
i ndi cati ng whether or not nore data are ready for transm ssion.
Ter m nat e- Downl oad- Sequence

Wth this service the "Server" inforns, that the data transfer
on a block by block basis in its domain is term nated.
Additionally the "Server" reports if the transm ssion was

successfully term nated.

Request - Domai n- Downl oad
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Wth this service the "Server" requests a dowoad from its
"Client". In the request the "Server" indicates optionally, from
which file of the "Client" the data are to be read.

Not e: The response (Acknow edgenent) to this request takes
pl ace not before the downl oad is handl ed conpletely.

I nitiate-Upl oad- Sequence

Wth this service a transfer of data (Paraneters, Program
code...) on a block by block basis froma Donain of the server
i s announced by the client.

Upl oad- Segnent (Transmit upl oad data bl ock)

Wth this service the client fetches an block of data from a
domain of the server. The server sends together with the data a
nmessage indicating whether or not nore data are ready for
transm ssi on.

Ter m nat e- Upl oad- Sequence

Wth this service the client inforns, that the data transm ssi on
bl ock by block fromthe server to the client is term nated.

Request - Domai n- Upl oad

Wth this service the "Server" requests an upload from its
"Client". In the request the "Server" indicates optionally into
which file of the "Client” the Upload data are to be witten.

Not e: The response (Acknowl edgenent) to this request takes
pl ace not before the conplete handling of the upload.

Creat e- Program | nvocati on (Conpose a program

Wth this service donains (e.g. code, data damains), described
in the object directory are online conmposed to a program
i nvocation object. This object is afterwards addressed with a
| ogi cal address.
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Del et e- Program | nvocati on

Wth this service a programinvocation object is deleted.
Start (Start a program- after reset)

A programis started and is executed fromits very begi nni ng.
Stop (Stop program

A running programmis stopped, but not reset to the beginning.
Resune (Resune Program - after stop)

A stopped program is brought to the state RUNNING but not
reset.

Reset (Reset program

A stopped programis set to its beginning.

Kill (Shut down a program

A program invocation is independently of its nonmentary state
brought to the state UNRUNNABLE.

Read (Read a vari abl e)

The val ue of a vari abl e object described in the object directory
s read.

Wite (Wite a variable)

A value is assigned to a vari abl e object described in the object
directory.

Read- Wt h-Type (Read a vari abl e)

The value and the data type description of a variable object
described in the object directory is read.
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Wite-Wth-Type (Wite a vari able)

A value is assigned to a vari abl e object described in the object
directory. The data type description is added to the val ue.

Phys- Read (read of a physical access object)
Wth this service the value of a physical access object is read.
Phys-Wite (Wite a physical access object)

Wth this service a value is assigned to a physical access
obj ect.

| nformati on- Report (Send data - w thout acknow edgenent)

The val ue of a vari abl e object described in the object directory
is transmtted to all the other participants e.g. for
synchroni sati on

I nformati on- Report-Wth-Type (Send data - without
acknow edgenent)

The value and the data type description of a variable object
described in the object directory is transmtted to all the
ot her participants e.g. for synchronisation.
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Def i ne-Vari abl e-Li st (Conpose a variable |ist)
Wth this service variable objects described in the static
obj ect directory are conposed online to a new vari abl e object
called variable list. This object is afterwards addressed with
a | ogi cal address.
Del et e- Vari abl e- Li st
Wth this service a object variable list is deleted.

Event - Notification

Wth this service a predefined event nessage is transferred to
anot her conmuni cati on partner.

Event-Notification-Wth Type

Wth this service a predefined event nessage is transferred to
anot her communi cation partner. The data type description is
added to the event data.

Acknow edge- Event - Noti fi cati on

Wth this service the receipt of a event is acknow edged.

Al ter-Event-Condition-Mnitoring (enable/ disable event)

Wth this service the transm ssion of an event is enabled or
di sabl ed.
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1.2.3.4.1. 7 PROFI BUS- DP

PROFI BUS-DP is designed for fast data exchange on the sen-
sor/actor level. Here central control devices (e.g. PLCs)
comuni cate via a fast serial link with peripheral input and
out put devices. The data exchange with these peri pheral devices
predom nantly takes place cyclically. The central controller
(Master) reads the input informations fromthe slaves and wites
the output informations to the slaves. Here the bus cycle tine
has to be shorter than the program cycle tine of the central
controller, which anbunts to approx. 10 ns i n many applications.

1.2.3.4.1.7.1 Basic properties
Pr ot ocol architecture:

In PROFIBUS-DP the layers 3-6 are not filled. Also the
application layer (7) is omtted to obtain the necessary speed.
The Direct Data Link Mapper (DDLM provides a confortable access
to layer 2 to the user interface. The application functions
usable by the user as well as the system behaviour and the
devi ce behavi our of the different PROFIBUS-DP device types are
defined in the user interface.

PROFIBUS-DP PROFIBUS-FMS
Sl Application process >
PNO

EN User-Interface Profile ( Application Layer Interface (ALI) )
50170
( Direct-DatarLirk-Mapper (DDLM) ) Application-Layer (7)
EN C Fieldbus Message Specification (FMS) )
Layers 3to 7 50170 C Lower Layer Interface (LLI) D
are not present Layers 3t0 6
are not present
EN Data-Link-Layer (2) = Data-Link-Layer (2)
50170 |C__ Fieldbus DataLink (FDL) ) a7 C Fieldbus Data Link (FDL) D)
(Subset) Physical-Layer (1) Physical-Layer (1)
I PROFIBUS transmission media I
<€ >

Fig. 1.2.3.67: Protocol architecture of PROFIBUS-FMS and - DP
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Speed:

For transm ssion of 512 bits of input and 512 bits of output
data distributed to 32 participants PROFIBUS-DP needs at a
transm ssion rate of 1,5 Miit/s approx. 6 nms and at 12 Miit/s
| ess than 2 nms. The demand for a short systemreaction tine is
fulfilled therewith. Fig. 1.2.3.68 shows the transm ssion tine
of PROFI BUS-DP dependi ng on the nunber of participants and on
the transm ssion speed.

The substantial increase of speed conpared to PROFIBUS-FMS is
especially to be traced back to the fact, that the transm ssion
of the input and output data is realized in one nessage cycle by
using the SRD service (Send and Request Data Service) of |ayer
2. Additionally mninmum requirenments for the protocol
i npl enment ati on have been defi ned.

Di agnosi s functions:

The extensive diagnosis functions of PROFIBUS-DP provide a fast
| ocal i zation of failures. The di agnosi s nessages are transferred
via the bus and sunmed up by the master. They are divided into
three | evels:

. Station rel ated di agnosi s
Messages about the general readiness to operate of a
participant |like e.g. overtenperature or supply voltage
bei ng | ow.

. Modul e rel ated di agnosi s

These nessages indicate, that in a certainl/Opartial area
(e.g. 8 Bit output nodule) of a participant a diagnosis is
pendi ng.

. Channel rel ated di agnosi s
Here the cause of a failure related to a single in-
put/output bit (channel) is indicated, e.g. short circuit
on output No. 7.

Handl i ng and install ation:
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The RS-485 transm ssion technique is very easy to handle. For
the installation of the twisted pair cable no expert know egde
is necessary. The bus structure allows the connection and
di sconnection of stations wthout disturbing the other
participants and the stepwise commsioning of the system
Expansions at a |ater date have no influence on the stations
al ready being in operation.

Bus cycle time
[ms]
18 ™
14 =
500 kBit/s

10 =

6 = 1,5 Mbit/s

2= 12 Mbit/s

DP-Slaves

>

I 5 I 10 I20 |30

Boundary condition: Each slave has 2 bytes of input data and 2 bytes of output data.
The minimum Slave-Intervall-Time amounts to 200 microseconds

T = 37 Bit times, T, = 11 Bit times

Fig. 1.2.3.68: Bus cycle tinme of a PROFIBUS-DP Mono- Master
system

1.2.3.4.1.7.2 Systemconfiguration and device types

Wth PROFIBUS-DP Mono or Milti-Master systens as well can be
inplenented. So a high degree of flexibility in the system
configuration is provided. Max. 126 devi ces (Master oder Sl aves)
can be connected to one bus. The definitions for the system
configuration include the nunber of stations, the assignnment of
the station addresses to the |I/O addresses, data consistency of
the I/0O data, format of the diagnosis nessages and the bus
par anmet ers used.

Each PROFIBUS-DP system consists of different device types.
According to the respective task the device types are
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di st i ngui shed:
DP- Master Class 1 (DPM)

Here we are tal king about a central controller, which exchanges
informations in a fixed nessage cycle with peripheral stations
(DP-Sl aves). Typical devices are e.g. Programmable Logic
Controllers (PLC), Nunerical Controls (CNC) or Robot Controls
(RO .

DP- Master Cl ass 2

Devices of this type are programmng, configuration, and
di agnosis devices. They are utilized during commsioning to
create the configuration of the DP system

DP sl ave

A DP-Slave is a peripheral device (Sensor/Actor), which reads
input informations and wites output informations to the
peri phery. Al so devices are possible, which provide only input
or only output informations. Typical DP slaves are devices with
bi nary i nputs/outputs for 24 V oder 230 V, anal og i nputs, anal og
out puts, counters etc..

The anpbunt of input and output informations is depending on the
device and is allowed to be maxi num 246 bytes of input and 246
bytes of output data. For expense and inplenentation reasons
many of the devices available today work with a max. effective
data | ength of 32 bytes.

I n Mono- Master-Systens in the operation phase of the bus system
only one master is active at the bus. In Fig. 1.2.3.69 the
system configuration of a nono master systemis displ ayed.
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DP-Master(DPM1)

PLC

A B

< 1 \\ \ """“MMPROFIBUS-DP >

| .. %%"‘m
%}“‘sa
| = &%’2-,»
™

! - —
|\ % @
Actor Sensor Drive

peripheral inputs and outputs

& DP-Slaves

Fig. 1.2.3.69: PROFIBUS-DP Mno- Master system

The PLC is the central control conmponent. The DP-Slaves are
coupled to the PLC by neans of the transm ssion nedium Wth
this configuration the shortest bus cycle tine is achieved.

In Multi-Master-QOperation nultiple masters are situated at one
bus. They either establish subsystens i ndependent of each other,
each consisting of a DPML and the respective DP-Slaves or
addi tional configuration and diagnosis devices (see fig.
1.2.3.70). The input and output inages of the DP-slaves can be
read by all DP-Masters. Witing of outputs is only possible for
one DP-Master (The DPML assigned in the configuration). Milti-
Mast er systens achi eve a nmedi um bus cycle tine.
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DP-Master(DPM2)

DP-Master(DPM1) PC DP-Master(DPM1)

T
=1° °|=H |=
peripheral inptisandytpts

A
DP-Slaves >
Multiple masters can access (reading) the data of the DP-Slaves

peripheral inputs and outputs

o
~

Fig. 1.2.3.70: PROFIBUS-DP Multi-Master System
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PLC Programmi ng

Introduction to the basics of industrial automation
.1 Ter s

Logi c control

A logic control assigns certain |logic states of the
output singnals to certain states of the input signals
with the help of bool ean operations. Al so control systens
with logic operations and single nenory and tim ng
functions are called the sane.

Sequence conr ol

A sequence control is a control with an inevitably

st epwi se sequence, in which the transition fromone step
to the follow ng step(s) according to the programtakes
pl ace depending of transition conditions.

Program of a contro

The program of a control is the entirety of all control
statenents and decl arations for signal processing, by
which a plant to be controlled (process) is affected
according to the task.

Remark: This definition is valid independently of the
si gnal processing being connection oriented or nenory
pr ogr ammed.



-2 -
1.1.1.1 Differentiation regardi ng the program
i npl ement ati on

Connection oriented control
A connection oriented control is a control, the program
of which is defined by the type of the functional units
and by their connections.

Control with fixed program

A control with a fixed programis a connection oriented
control, where program nodifications are not planned.

Repr ogrammabl e contro

A reprogrammabl e control is a connection oriented
control, where program nodifications are provided for and
are easy to carry out.

Programmabl e | ogi ¢ control

A programmabl e logic control is a control, the program of
which is stored in a program nmenory.

Freely progranmabl e control

A freely programrabl e control is a progranmable |ogic
control with read/ wite nenory (RAM as progranmm nenory,
whose entire content can be nodified even in arbitrarily
smal | extent w thout nechanical intervention into the
control device.
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Control with replaceabl e program

A control with replaceable programis a programmbl e

l ogic control with read-only-nenory (ROM as program
menory, whose content can be nodified after progranm ng
bei ng once conpleted only by a nechanical intervention
into the control device.

Automation
system

coC PLC

program
stored in a
program memory

programmed by
connections

freely

program fixed

(wiring)

reprogrammable
(e.g. by

selector switch,
pin-board matrix

programmable by
means of a read/
write memory
(Harddisk,Floppy,
RAM)

replaceable
program memory
(ROM, PROM,
EPROM, Memory
card)

Figure 1.1.1.

1:

Different possibilities of program
i npl enent ati on
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1.1.1.2 Differentiation regarding the hierarchical
al l ocation

I ndi vi dual control, drive contro

A individual control or drive control is a functional
unit for the control of a single final control elenment or
a drive.

I ndi vi dual control |evel, drive control I|eve

The individual or drive control |evel summarizes al

parts of a control systemthat act directly on the
process by nmeans of final control elenments or drives.

G oup control

A group control is a functional unit for the control of a
coherent process part, which is superordinated to the

bel ongi ng i ndividual or drive controls.

G oup control |evel

The group control |evel sumrarizes all parts of the
control unit that act on certain partitions of the

i ndi vidual control |evel

Remar k: The group control |evel can be split into several
hi erarchi cal ly arrangend | evel s.

Process control

The process control is the functional unit superordinated
to the group controls for the control of the entire
process.

Process control | evel

The process control |evel sunmarizes all parts of the
control unit that act on the group control |evel.



Complexity of . )
individual devices (PPS = Production planning system)
A
e.g.. PPS
MAP 1 Backbone
Process Process control level
computer
CSMA/CD, Token Ring 1 Plant bus
PLC PLC Group control level
Master/Slave 1 l Field bus
Individual (Drive)
control level
Actor Sensor Drive Actor Sensor Drive
\J
Reaction speed
Figure 1.1.1.2: Hi erarchi cal arrangemant of an autonation

system

Pages 6-9 intentionally |eft blank
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1.2 Sof tware of PLC devices
1.2.1 Organi sation of the operational software in PLC
devi ces

For structuring of the software in PLC devices so called
bl ocks or program organi zation entities (POES) are enpl oyed.
The bl ock types are separated into

- Organi zati onal bl ocks (OB)

- Functi on bl ocks (FB) and functions (FC

- Dat a bl ocks (DB)

- System funktions (SFC) and system function bl ocks (SFB)

A block is a part of the application programthat is delimted
by function, structure or purpose. There is a differentiation
bet ween code bl ocks, containing statenments for data processing
(OBs, FCs, FBs) and bl ocks containing data (DBs).

Certain organi zati onal bl ocks establish the interface between
application software and system program They are call ed by
the system program and cont ai n execut abl e code deposited by
the user. By deposition of the code in very certain

organi zati onal bl ocks the user deci des whether the code is
executed cyclically, tinme controlled or alarmcontroll ed.

1.2.1.1 Cyclical processing

The cyclical processing is the normal processing node in
programuabl e | ogic controllers (Figure 1.2.1.1). After a

si ngul ar processing of a start up block the processor starts
automatically the cyclical processing at the top of the
application program It processes the statenents sequentially
up to the end of the application program passes through sone
systemroutines and then starts again the processing at the
top of the program

Certain blocks (e.g. SIEMENS: OBl) are the interface between
the system program and the cyclical processing of the
application program The first statenent in such a block is at
the sane tine the first statenent of the application program
so being the sane as the programstart.



Start up block

Application program

Trigger CyCIe #

duration
monitoring

update PII /
OB1

Invoke
OB1

FCxx

Invoke
output PIO FCxx
Figure 1.2.1.1: Cyclical processing

In these key bl ocks the functions and function bl ocks of the
cyclical programare invoked. In these bl ocks being invoked
again programinvocations are possible, up to a certain
nesting depth, which is depending on the device or its
manuf act urer.

The processing tine of the application programresults from
the sumof all blocks being invoked. If a block is invoked n
times its processing tinme has to be considered n tines in the
sunmat i on.

[ Raw structuring of the application program

In the bl ock being invoked fist the raw structuring of the
application programis |ocated. The docunentation of this

bl ock shall show the fundanmental program structures at the
first glance (Figure 1.1.2.2) or highlight interrelated pl ant
parts (Figure 1.2.1.3).



OB1
CALL FC"A"
CALL FC"B"
CALL FC'C'

Figure 1.2.1.2:

FC"A"

12

FB

Program for
mode of operation

FC "B"

Sequential control

FC"C"

Message output

Raw structuring of the application program
foll owi ng the programstructure

Stop of plant
Emergency stop

FB

Go to initial state

FB

Control of
sequence chain

FB

Message output
by means of
process periphery

FB

Message output
by means of
standard periphery

DB

Message texts
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OB1 FC"X" FB
Plant part "X" Individual control
FB
Closed loop control
CALL  FC"X'
FB
Messages
FC"Y" FB
Plant part "Y" <l Sequential control
CALL  Fcry
FB
Messages
Figure 1.2.1.3: Raw structuring of the application program

1)

follow ng the plant structure
Expl anation to the bl ock types:
Organi zati onal bl ocks

The organi zati onal bl ocks are the interface between the
system program and the application program They are
call ed by the operating systemand control the cyclical
and alarmcontroll ed program processing, the start up
behavi our of the automation system and the error
treatnment. They can be separated into two groups:

- The first group is being called by the system
program The nenbers of this group control the
program processi ng, the start up behavi our of the
processor and the behaviour in case of an error.
These OBs are to be programed by the user.



2)

3)

4)

5)
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- The second group are the integrated special
functions. The are inherent parts of the system
program and are called in the application programif
required.

Functi ons

A function is a code block w thout nenory. FCs are
paranet eri zabl e and provide a return val ue (output
paranmeter) to the invoking bl ock.

Functi on bl ocks

A function block is a code block with menory. FBs serve
for programm ng of frequently recurring or also conplex
functions ( e.g. digital functions, sequence control,

cl osed | oop control, nmessage functions). A function bl ock
can be invoked by superinposed bl ocks several tinmes and
can be provided with new operands (paranetererized) at
each call.

Dat a bl ocks

DBs contain (fixed or alterable) data the application
program works with. This type of bl ocks does not contain
execut abl e code and differs basically fromthe other

bl ocks in its function.

The data of a DB can be:

- arbitrary bit patterns, e.g. for plant states

- Nunbers (hexadeci mal, dual, decimal) for tine
val ues, conputing results

- al phanuneri cal characters, e.g. for nessage text

System functions (SFCs) and system function bl ocks (SFBs)

Not every function is to be self-progranmed. |In nmany
cases it is possible to revert to prefabricated bl ocks
bei ng available in the operating systemof a CPU card,
e.g. for programm ng of conmunication functions. In
detail these are the follow ng bl ocks:
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a) Systemfunctions (SFC), with properties |ike functions
(FO)

b) System function bl ocks (SFB), with properties like
function bl ocks (FB)

[ Interrupt of the cyclical processing
The cyclical program processing can be interrupted by

- al arm processi ng

- time controlled processing

- Programm ng failures and device failures

- Signal s fromthe hardware

- Change of node of operation (caused by the switch at the
devi ce or by the progranm ng tool)

1.2.1.1.1 The i mage table
[ Process image table of the inputs (PII)

At the beginning of each cycle the states of all binary inputs
are scanned and stored in the process imge of the inputs.
During program processing the central processing unit accesses
the signal states in the process inmage table but not the
signal states of the inputs. During one cycle of the
application programthe states of the inputs therewith are
consi stent.

[ Process image table of the outputs (PlA)

If an output is assigned a value during the processing of the
application programor the system programthe central
processing unit stores this information in the process inmge
table of the outputs. At the end of a cycle the central
processing unit copies the process inage table of the outputs
to the outputs. Afterwards a new cycle starts (see figure
1.2.1.1).



- 16 -
1.2.1.2 Al ar m processi ng

In this node of operation the cyclical operation is
interrupted by a signal on a interrupt line. A certain block
is then invoked by the system program (I nterrupt service
routine), by neans of which the user can initiate a wanted
reaction. After the processing of this programthe processor
returns to the interrupt |ocation and resunes the cycli cal
processi ng.

The process al arm processing so provides to the user the
i mredi ate reaction to process signals.

1.2.1.3 Time controll ed processing

Atime controlled processing is present if a signal com ng
froman "internal clock™ causes the processor to interrupt the
normal cyclical processing and to call a certain block, by
means of which the user can let a programbe run controlled by
tinme.

After processing of this programthe processor returns to the
interrupt location in the cyclical programand resunes its

processi ng there.

Time controlled processing is in the mgjority of cases
necessary for closed | oop control tasks.

Pages 17-19 intentionally left blank
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1.2.2 Language el enments of the application software
1.2.2.1 Bi nary operations
1.2.2.1.1 Qper and types

The operand types |listed bel ow are appli ed:

Type: Oper and i ndi cat or:

- | nput s E, %8 or X

- Qut put s A % or %X

- Menory bits M 9%V or %W

- Local data L

- Ti nmers T

- Count er C

- Data bits DBX, DI X

- System nenory bits SM
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1.2.2.1.2 Bi nary (Bool ean) operations
Name Mat h. Qper ati on Swi tching |G aphical
Synbol tabl e synbol in FBD
| anguage
AND
Q
—
; ; - 0 0O
Conj unct i on A I, N1, =Q o 110 &
1 010 l, —] — Q
AND function S
OR *)
Q
Di sj unction V I, VI1,=0 o ol o L — 1
0 1|1 =
OR function i g i l, = — Q
. | T
=l =1 0o | 1 —Q
110 -
NOT = at an i nput
Negat i on _ Q| Q
—Q=Q 0 1 N—
110 |
at an out put
ANTI VALENCE l, @1, =Q
[, —]
Excl usive OR ® (I, A =aly) V =1
(s A1y = Q . —Q
XOR function

Table 1.2.2.1: Bool ean operations for
with switching table and graphica
*)Representation not according to standard but
de facto standard

synbol

bi nary oper ands
(excerpt);
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1.2.2.1.3 RIS-flip flops

ARSTflip flopis a storing function with two input variabl es
R and S and an output variable Q where the value Q=1

bel ongs to the input states R=0 and S =1 and Q = 0 bel ongs
to the input states R=1 and S = 0. Here is to be declared
which value is taken by Qin the case of R=1 und S = 1,
whereas Q keeps ist previous value in case of R=0 und S = 0.

R 1S | Qu
S 0 0 Q
0 1 1
R1 (2___ 1 0 0
1 1 0
a) G aphical synbol b) Switching table
Figure 1.2.2. 1: Definition of a RS-flip flop with

overriding R input

It proves workable in the software inplenentation to define
the priority of the inputs by their order (the statenent
processed | ast determnes the result of the | ogic operation
RLO) .

a) overrriding R input b) overriding S input

Figure 1.2.2.2: RS flip flop, dom nance is determ ned by
the order of processing
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1.2.2.1. 4 Bi nary Tiners

Synt ax Meani ng
SI' T Start a tiner as a pul se tiner
SET Start a tiner as an on del ay
SAT Start a tinmer as an off del ay

On delay | ﬂ
Dot : : Etf :

Off delay _, |_| L

<> <>
Figure 1.2.2.2: Behavi our of tiners
1.2.2.2 Al gebrai ¢ operations

1.2.2.2.1 Data types

Beneath the data type BOOL the are e.g. data types as foll ows
(here: Exanpl e SIEMENS):

Dat a Description (W dt h) Exanpl e for constant notation
type
BYTE Byt e 8 Bits | B#16#01
8- bit hexaeci nal
nunmber
CHAR One character (ASCI) 8 Bits |, A
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WORD Word 16
16-bit hexadeci nal Bits WE16#F100
Nunber
16-bit binary nunber 2#1100_0011_1001_0110
Count val ue, 3 decades
BCD C#250
2x8-bit unsi gned
deci mal nunbers B#( 20, 103)
DWORD Doubl e word 32
32-bit hexadeci mal Bits DWt16#E800_0054
nunber
32-bit binary nunber 2#00111100_11000011_10010110_11110000
4x8-bit unsi gned B#( 1, 55, 3, 0)
deci mal nunbers
| NT Fi xed- poi nt nunber 16 -32768 to +32767
Bits
DI NT Fi xed- poi nt nunber 32 -2 147 483 648 to +2 147 483 647
Bits
REAL Fl oati ong- poi nt nunber 32 Deci mal nunber with dot (1.0) or
Bits exponenti al representation
(+1. 234567E-01)
S5TI ME Tinme value in S5- 16 S5T#0ms or S5TI ME#2h46n80s
f or mat Bits
TI ME Time value in | EC 32 T#0ns or Tl ME#24d20h31nR3s647ns
f or mat Bits
DATE Dat e 16 D#1990- 01- 01 or DATE#2168-12-31
Bits
TIME_OF | Time of day 32 TOD#00: 00: 00
_DAY Bits or TI ME_OF_DAY#23: 59: 59. 999

Table 1.2.2.2: Overview

of elenentary data types

Data type Description Exanpl e
DATE_AND TIME | Date and tine | 64 Bits DT#1990- 01- 01- 00: 00. 000
DATE_AND_TI ME#2168- 12- 31: 23: 59: 59. 999
STRI NG String of variable | String of ASCI|I characters, e.g.
characters ,String 1
ARRAY Field, array variable | Array of conponents with same data type
STRUCT Structure variable | Structure of conponents with arbitrary
data types

Table 1.2.2.3: Overw ew

of extended data types
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1.2.2.2.2 Qper and types

The foll ow ng operand types are applied:

Type: | ndi cat or:

constants - wthout indicator -
i nputs E, U *)

out put's A )

menory data M % *)

| ocal data L *)

peri phery inputs PE *)

peri phery outputs PA *)

- tinmers T

- counters C

- dat a D *)

- system dat a SM *)

*): Here the indicator is to be supplenented by a second
character (e.g. Wfor WORD or D for DOUBLE WORD) to
determ ne the type exactly.

1.2.2.2.3 Comput i ng operati ons

[ Conpar e operati ons

The result of a conpare operation is a bool ean vari abl e,
whi ch can be further processed by binary operations, but
whi ch can al so be used to nake the program fl ow depend on



it.

[ Basic arithnetic operations

Syntax e.g. ADD, SUB, MJ, DV
(SIEMENS. +,-,*,/ each with specification of the data
type: | for INT, D for DINT, R for REAL)

Tip: On Multiplication and Division the nunber
representation is to be regarded!

The result of a Fixed-point-Miltiplication of two nunbers
of a certain wdth (e.g. Type WORD with 16 bit) is a
nunber which requires a representation in twice the width
(e.g. Type DOUBLE WORD with 32 bits).

Because: 2% x 2% = 230

On division the result (Quotient) gets the sane type as
the D vidend.

Because: 2 : 1 = 2%

The representation in Floating Point is |like the Fixpoint
reprentation definded only for a certain (bigger) nunber
range. Overflow in the exponent is to be treated by the
progranmer!

On division always the division by O is to be taken care
of !

This can either take place by making sure that the

di vi sor can never be zero (by programm ng) or by

eval uating the status informations of the processor and
by exception processing.

1.2.2.2. 4 Load and assi gnnent operations

The | oad operation serves to provide a input variable for
an operation.

Qperator indicator: L or LD
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Sonme aut omati on devices al so know the transfer function.
Wth the aid of it a value is assigned to a variable
(e.g. the content of the accunulator). Basically this
function can al so be inplenented by the = character.

Qperator indicator: T or ST

1.2.2.2.5 Organi zational functions
Branch functions, conditionally or unconditionally.
Condi tions: RLO, internal status variables

Exanpl es to the syntax:

SPA [l abel ] Branch unconditionally
SPB [ abel] Branch conditionally
(dependi ng on RLO)
SPO [ abel] Branch on overfl ow
1.2.2.2.6 Shift functions

Shift and rotate (to the left or to the right) on
accurul ator or nenory vari abl es.

Exanpl es to the syntax:

SLW 3 Shift left by three
positions in a word

SRW 5 Shift right by five
positions in a word

RLD 6 Rotate left by six

positions in a double word
1.2.2.2.7 Type conversi ons
Exanpl es to the syntax:
BTI Fi xed poi nt conversion fromBCD to

| NT
| TB Fi xed point conversion fromINT to
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BCD

DTR Conversion of a fixed point nunber to
a floating point nunber

RND Conversion of a floating point nunber

to a fixed point nunber

Page 29 intentionally left blank
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1.2.3 Ki nds of representation of the application software
1.2.3.1 Statenent |ist (STL)
1.2.3.1.1 Control statenents

As shown in table 1.2.3.1 a statenent |ist consists of a
nunber of control statenents. Each control statenent has to
start in a new line and has to contain an operator (eventually
with a so called Mddifier). If necessary for the particul ar
operation the control statenent contains one or nore Operands,
separated from one another by a conma.

The control statenent can contain a preceding Label, followed
by a colon (:). If a coment is present it has to be the | ast
elenent in a line. Between the control statenments blank |ines
can be inserted.

Label Oper at or Oper and Comment
START: L 10.1 Pushbut t on
AN M. 5 Not | ocked

S Q. 2 Fan on

Table 1.2.3.1: Exanples for the fields of a statenent

In case of binary operands the pre-occupation of the RLO can
al so be done by the first statement of a AND or OR operation.
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1.2.3.1.2 Qperations, Mdifiers and Operands

Some operators with their nodifiers and operands are shown in
Table 1.2.3.2 bel ow.

If the definition in Table 1.2.3.2 is not different, the
semantics as follows is to be applied:

RLO = RLO OP Operand
(RLO : Result of the preceding | ogic operation)

This neans that the new val ue of the RLO energes fromist old
val ue by processing it with the operator and the new operand,
e.g.. the statenent

A , Val ue®
is to be understood as

RLO = RLO AND , Val ue“.

The Modifier "N' causes the bool ean negation of the operand;
e.g. the statenent

AN , I NPUT_1"
is to be understood as

RLO = RLO AND NOT(, I NPUT_1")
The Modifier left parenthesis "(" indicates, that the

processi ng of the operator is suspended, until an operator
right parenthesis ")" occurs; e.g. the series of statenents

A(

O ,INPUT 2"
O ,INPUT 3"
)

is to be interpreted as
RLO = RLO AND (, I NPUT_2" OR , I NPUT_3")

The Modifier "C' (conditionally) indicates, that the
respective statenent is only processed, if the previously
determned RLOis a boolean "1" (or a boolean "0", if the
operator is conbined with the "N'-nodifier).
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Qper at or Modi fi er Oper and Semanti cs
A N, ( Bool e bool ean AND
N, ( Bool e bool ean OR

N ( Bool e bool ean NOT

XOR N, ( Bool e bool ean
EXCLUSI VE OR

=, ST N, see Rem 3 |all variable Assi gnnent

types

S see Rem 1 Bool e sets bool ean
operand to , 1"

R siehe Bem 1 Bool e sets bool ean
operand to , 0"

) Eval uati on of
t he suspended
oper ati on

CF Count er val ue Count forward

CB Count er val ue Count backward

ADD, + I nt eger, Real Addi ti on

SUB, - I nt eger, Real Subt racti on

wul, * I nt eger, Real Mul tiplication

DV, I nt eger, Real Di vi si on

Gr, > see Rem 2 I nt eger, Real Conparison: >

GIE, >= see Rem 2 I nt eger, Real Conpari son: >=

EQ = see Rem 2 I nt eger, Real Conmparison: =

LT, < see Rem 2 I nt eger, Real Comparison: <

LTE, <= see Rem 2 I nt eger, Real Conpari son: <=

BTI | nt eger Code converter
Deci mal / Bi nary

| TB | nt eger Code converter
Bi nary/ Deci mal

NOP Nul | operation
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Qper at or Modi fi er Oper and Semanti cs
L all variable Load (provides
types t he operands
for subsequent
oper ati ons)
SP C Label Junp to | abel
BA C Nane I nvocation of a
bl ock
CALL C Nane I nvocation of a
bl ock
BE C Bl ock end
Rem 1: These operations are only processed, when the result

Rem 2:
Rem 3:

of logic operation RLOis of the value "1".
result is of Type "Bool"
Only with binary Operand

Table 1.2.3.3
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1.2.3.2 Ladder di agram (LAD)

A LAD program provi des processing, test and nodification of
data by neans of standardi sed graphical synbols. These
sysnbols are displayed in networks in a nmanner simlar to the
current pathes (rungs)in a relay |ogic diagram LAD networks
are limted to the left and to the right by conductor rails.

o Conductor rails

A network is limted to the left by a vertical |ine, knows as
the "left conductor rail", and to the right by a verti cal
| ine, known as "right conductor rail". The right conductor

rail may be omtted.
o Connection el enents and states

Connection el enents are horizontal or vertical |lines. The
state of a connection elenent is ON or OFF, coresponding to
t he bool ean values 1 or 0 resp.

The state of the left conductor rail nust be regarded as ,ON';
unless it is connected to an inactive step (Definition of a
step see later in chapter 1.2.4 about sequence control). For
the right conductor rail no state is defined.

A connection elenment is displayed by a line. A horizontal
connection elenent transfers the state of an elenent to its
left to the elenent on its right side.

Synbol Descri ption

Hori zontal connecti on

Vertical connection in
conbi nation with horizont al
connecti ons
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The state of the vertical connection is the OR function of the

"ON' states of its |eft hand horizontal connections; this

neans the state of the vertical connection is as follows:

- OFF, if the states of all connected horizontal |ines on
its left side are OFF

- ON, if the state of one or nobre connected |lines on ist
|eft side is ON.

The state of the vertical line determ nes the state of al
hori zontal |ines connected to the right side. The state is not
copied to one of the connections on the |eft side.

[ Scan operations (Contacts)

A contact is an elenent, that passes the state of the

hori zontal connection on its left side to the horizontal
connection on its right side, if the state of the
correspondi ng bool ean i nput, output or nmenory variable is ON
A contact does not change the state of the correspondi ng

bool ean vari abl e.

Synbol Beschr ei bung

"NO Contact" (normally open)

|| The state of the |eft connection is
| | passed to the right connection, if
the state of the corresponding

bool ean variable (marked with ***)
is ONN Oherwise the state of the
connection to the right is OFF.

"NC Contact"” (normally closed)

Tl The state of the left connection is
|l| passed to the right connection, if
the state of the corresponding

bool ean variable (marked with ***)
is OFF.
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[ Assi gnnent operations ("Coils")

A coi

t akes over the state of

copies the state of
state of

its left hand connection to the

its right hand connection w thout any change and

its left hand connection into the

associ at ed bool ean vari abl e.

Assi gnnent

operations ("Coils")

Synbol

Beschr ei bung

"Coil "

The state of the |left hand
connection is copied to the bool ean
vari able and to the right hand
connecti on.

"Negative Coil"

The state of the | eft hand
connection is copied to the right
hand connection. The inverse state
of the left hand connection is
copied to the associ ated bool ean
variable.i.e. if the state of the

| eft hand connection is OFF the
state of the associated variable is
set to ON and vice versa.

Menory functions ("Set and Reset Coils")

Synbol

Descri ption

*k%k

"SET coil"

The associ at ed bool ean variable is
SET to the ON state, if the left
hand connection is in the ON state
and remains set until the coil is
RESET.
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"RESET coi l"

The associ at ed bool ean variable is
RESET, if the left hand connection
isin the ON state and rennins
reset until the coil is SET.

Pages 38-39 intentionally left blank
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1.2.3.3 Function bl ock di agram ( FBD)

Wth function block diagrans arbitrary conbi natory and
sequential controls including associated arithnetic and cl oded
| oop control functions can be inpl enented.

Like in | adder diagramdirectly connected functional elenents
can be denoted as Networks. The single networks are separated
from one another explicitly.

Nane Character in STL Synbol in FBD
AND A
& I
OR O
>1 —
NOT N at the input
_O _

at the out put

Excl usi ve- OR XOR
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Nane Character in STL Synbol in FBD
Assi gnnent = ST )
*k*k
Set S e
— S
Reset R S,
—R
Count forward CF e
Count (+1) when
si gnal changes from
"0" to "1"
Count backward CB e
—1-m
Count (-1) when
signal changes from
"0" to "1"
Add ADD, +
+ I
Subt r act SUB, -
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Nane Character in STL Synbol in FBD

Mul tiply MUL, * |

x —
Di vi de DIV,
G eater than GrT ]

> I
G eater than or GTE
equal o

>= |—
Equal EQ
Less than LT

< I
Less than or equal LTE
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Nane Character in STL Synbol in FBD
Pul se ti ner Sl Tx Tx
] | [
t
On del ay tinmer SE Tx Tx
— o
Of delay tiner SA Tx Tx
___O t____
Code converter BTI
Deci mal / Bi nary —1DEZ/BIN
Code commverter | TB
Bi nary/ Deci nal —BIN/DEZ

pages 44-49 intentionally left blank
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1.2. 4 Sequential function chart (SFC

The el enents of the sequential control | anguage provi de neans
to subdivide a PLC programinto a set of Steps and

Transi tions, which are connected with one anot her by
directional connections. To each step belongs a set of Actions
and to each transition belongs a transition condition.

1.2.4.1 St eps

A step corresponds to a situation, in which the program
behaves with regard to its inputs and outputs according to a
set of certain rules. These rules are defined by the actions
bel onging to the step. A step is either active or inactive; at
each given point of time the state of the systemis defined by
the set of steps being active and the val ues of the internal
and external vari ables.

As indicated in table 1.2.4.1 a step is represented by a
synbol containing a Step nane. The directional connection
comng to the step is represented by a vertical |ine coonected
at the top. The directional connection(s) leaving the step are
represented by vertical |ines connected to the bottom of the
st ep.

The Step flag (active or inactive state of the step) is
represented by a bool ean variable. This boolean variable is
"1", if the corresponding step is active and "0", if it is
i nacti ve.

The initial state of the programis determined by the initial
values of its internal and external variables and by the set
of initial steps, i.e. by the steps being active at the
begi nni ng.

Ainitial step kann be marked by twin lines at the margin.
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Synbol Descri ption

Step - Graphical representation

- wth directional connections
S2 - "S2 | Step 2" = Step nane
Step2 (exanpl e)

Initial step
- Graphical representation
S2 - with directional connections
- "S2 /Step2" = Nanme of initia
step (exanpl e)

Step2

Note: The directional connection on
the top is not necessary if the
initial step has no predecessor

Table 1.2.4.1 Step and initial step
1.2.4.2 Transi tions

A transition specifies the condition which causes the control
to nove fromone or nore steps preceding the transition to one
or nore steps following the transition along the directional
connection. The transition is represented by a horizontal |ine
crossing the vertical directional connection. A bool ean

vari abl e or expression, which specifies the transition
condition, is associated with it( see Table 1.2.4.2).

The direction of control novenent is fromthe bottom side of a
predecessor step (or nore than one) to the top side of a
foll owi ng one (ore nore than one). It noves along the

di rectonal connections.

Each transition has an associated Transition condition, which
is the result of the analysis of a single bool ean expression.

A transition condition, which is always true, is to be
represented by the synmbol "1".



- 52 -

A transition condition can be connected to a transition by one
of the follow ng neans (see Table 1.2.4.2):

(a)

(b)

(c)

(d)

by a | adder diagram network in the | anguage LAD, whose
output is linked to the vertical directional connection
i nstead of a conductor rail.

by a network in the FBD | anguage, whose output is |inked
to the vertical directional connection.

by a LAD or FBD network, whose output is linked to the
vertical directional connection by a connector.

by application of a transition |abel in the formof an
identifier on the right side of the directional
connection. This label refers to a construction defined
by one of the followng entities: (The analysis of the
entity ends with the assignenent of a bool ean value to
the transition | abel)

- a network in the LAD or FBD | anguage;

- a list of control statenents in the STL | anguage.



Nr . Exanpl e Descri ption
(a)
S7
Step7 Precedi ng step
124 12.3
I Transition condition
S8
Step8
Fol | owi ng step
(b)
S7 :
Step? Precedi ng step
12.4 —
& Transition condition
12.3 —
S8
Step8 .
Fol | om ng step
(c)
S7 .
Step? Precedi ng step
>TRAN78>——— Transition condition
S8 ,
Step8 followi ng step

Table 1.2. 4.2 Part 1
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Nr . Exanpl e Descri ption
2.4 12.3
1 |F—>TRAN78> Transition condition
LAD | anguage
(d)
S7 _
Step7? Precedi ng step
T78
_?an578 L.
Transition mark
S8
Step8 Fol | owi ng step

TRANSI TI ON TRAN78

TRAN78

| { )
I \ )

END_TRANSI TI ON

Transition condition

LAD | anguage

TRANSI TI ON TRAN78

2.4 —
& |—TRAN78
2.3 —

END_TRANSI TI ON

Transition condition

FBD | anguage

TRANSI TI ON TRAN78
L I 2.4
A Il 2.3
= TRAN78

END_TRANSI TI ON

Transition condition

STL | anguage

Table 1.2.4.2 Part 2




1.2.4.3 Acti ons

To each step one or nore actions can be associated. The
actions define the operations that are always to be perforned
when the respective step is active. A step, that has no
associated actions is to be considered to have a Waiting
function (i.e. to be waiting for a followng transition to
becone true).

As indicated in table 1.2.4.3, actions can be concatenated
with a step by a direct connection of the step synbol, nanely
fromthe right side of the step block to:

(a) the left conductor rail of a | adder diagramin LAD
| anguage;

(b) one or nore networks in the FBD | anguage;

(c) an action block according to chapter 1.2.4.3.1

(d) a block of control statenents in the STL | anguage



above.
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Connectors can be applied to extend the direct connections

Actions are to be considered to be perforned continuously as

|l ong as the associated step is active.
associ ated actions nust be performnmed at

with a step flag having now the value "0".

If a step is reset, the
| east one nore tine

Nr . Exanpl e Descri ption
(a) 01 MO3 Q7.0
0
S8
Step8
EN
LAD | anguage
Co LT M10.0 guag
D ———(S
(b) 10.1 —
MO0.3
& Q170
S8
Step8
EN FBD | anguage
C—H LT
D— S ~M10.0
(c)
N ACTION 1 | M5.3
S8
Step8
Action bl ock
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Table 1.2.4.3 Part 1

Note: If S8 is inactive, the inpact is fed to the logic
connected; e.g. Q17.0:= 0 und M 10.0 keeps its previous
state.

Not e: The bl ock "Comparator with Enable input” applied above
is a user defined block (so called Function block) and is not
part of the basic operation pool of a PLC



Nr . Exanpl e Descri ption
STEP S8:
0.1 MO.3 Q17.0
— (—
EN
LAD | anguage
C— LT M10.0
D — —————(S)—
END_STEP
STEP S8:
0.1 -
MOST & | qiro
S8
Step8 FBD | anguage
EN
C— LT
D— S ~M10.0
STEP S8:
L S8
A 10.1
A M. 3
= QL7.0 STL | anguage
L C
LT D
A S8
S MLO. O
END_STEP

Table 1.2.4.3 Part 2




1.2.4.3.1 Action bl ock

An action block permts the concise representation of conplex
actions. It is a neans to connect a "Control structure" to a
st ep.

The action block al so provides a neans to determ ne a bool ean
f eedback vari abl e, which can be used by the associated action
to showits termnation. Wien this field ("c" in Table
1.2.4.4) is not present, the boolean variable in field "b" is
to be regarded as feedback variable if necessary.

Action bl ocks can, as displayed in table 1.2.4.4, be arranged
in a row graphically. Such groups of action blocks nay have
several feedback variables but they nust have only one bool ean
i nput variable, which acts on all bl ocks simultaneously.

Synbol Er kl arung
Ceneral synbol
— "3 b C "a": Qualification of the
command acc. to Table
1.2.4.5

"b": Textual description of
t he conmand

"c": Reference |abel of the
correspondi ng check
back vari abl e
(optional)

Exanpl e for action bl ocks
N ACTION_L|BACK arranged in a row
SD
= Motor 1 left
10s
D M7.7 MO.0

Table 1.2. 4.4
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In Table 1.2.4.5 the valid values for the timng
characterization of the action ("a" in table 1.2.4.4) are
i ndi cated, in conbination with the associated control
structure in the FBD | anguage.

Ti m ng Descri ption Control structure/ remarks
N not stored
llbll
S set/ stored s
Ilbll
— R
R reset
D not stored,
but del ayed mt 0———"U'
L Not stored,
but tinme L_
. . llbll
limted &
—
t 0
SD stored and
del ayed S
R r eset —R o "
DS del ayed and
st ored —F—s
t O I ||b
R reset R

Table 1.2.4.5
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1.2.4.4 Sequence rul es

The Initial situation of a sequence chain is characterized by
the Initial steps, which are in an active state during the
initialization of the program

The sequence of the active step states takes place along the
di rectional connections, triggered by the switching of one ore
nore transitions.

A transition is enabled, if all preceding steps connected to
the respective transition synbol are active. Switching of a
transition takes place if the transition is enabled and at the
sane time the transition condition is fulfilled.

Switching of a transition |l eads to the sinultaneous activation
of all directly follow ng steps being connected to the
respective transition synbol and to the deactivation (or
"reset") of all directly precedi ng steps.

The change step/transition and transition/step is always to be
assured in the sequence plan, i.e.:

- Two steps nust never be connected directly; they have
al ways to be separated by a transition.

- Two transitions nmust never be connected directly; they
have al ways to be separated by a step.

If the swwtching of a transition |leads to the activation of
multiple steps at the sane tine, then the sequence chains
these steps belong to are called Sinmultaneous chains. After
their activation the sequence of each of these chains is

i ndependent. To enphasi ze the special kind of these
transitions, the branching and joining of sinmultaneous chains
is displayed by a twin horizontal |ine.

Table 1.2.4.6 defines the syntax and senmantics of possible
conbi nati ons of steps and transitions in the sequence
| anguage.
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Si mpl e chai n:
S3 The change step-transition is
Step3 al ways repeat ed.

Exanpl e:

—C A sequence fromstep S3 to 4 only
takes place if step S3 is in an
active state and the transition
condition c is fulfilled.

S4

Step4

Branching in case of chain
sel ection:

éii A sel ection between several chains
is displayed by as many transition
synbol s under the horizontal Iine,

as different possible sequences are
present .
- e - f
Exanpl e:
S6 S7 A sequence from S5 to S6 nmay take
Step6 Step? place only, if S5 is active and the

transition condition e is
fulfilled, or fromS5 to S7 only if
S5 is active and f is fulfill ed.

Table 1.2.4.6, Part 1
Remark to "Branching wth chain selection":

For selecting only one chain it is necessary, that the
transition conditions connected to the chains are nutually
exclusive, so that they are never true at the sanme tine. It is
al ways possible to include a order of priority into the

formul ation of the transition conditions.



Joining with chain selection

The end of a chain selection is

éi; §§i di spl ayed by as nmany transition
synbol s above the horizontal Iine,
as selection paths to be finished
exi st.

=—h - Exanpl e:
A sequence from S7 to S10 may take

S10 place only, if S7 is active and the

Step10 transition condition his fulfilled
or fromS9 to S10 only if S9 is
active and j is fullfilled.
Branchi ng of sinultaneous chains:

s11 Only one common transition synbo

Step11 directly above the twi n horizontal
synchroni zation line is possible.
Exanpl e:

b A sequence from S11 to S12, S14,
may only take place if Sl11 is
active and the transition condition

S12 S14 b, which is belonging to the conmon

Step12 Step14

transition, is fulfilled. After the
synchronous activation of S12, Sl14,
and so on the chains sequences are
i ndependent of one anot her.

Table 1.2.4.6, Part 2
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S13 S15
Stepl3 Stepl5
—b

S16

Stepl6

Joi ni ng of simultaneous chains:

Only one common transition synbol
directly under the twin horizontal
synchroni sation line is possible.

Exanpl e:

A sequence from S13, S15, ...may
only take place, if all steps being
above the and connected wth the
twin horizontal line are active and
the transition condition d, which
bel ongs to the comon transition,
is fulfilled.

Table 1.2.4.6, Part 3

Figure 1.2.4.1 denonstrates the application of the rules
menti oned above. In this figure the active state of a step is
illustated by a asterisk in the respective block; this
representation is not part of the sequence |anguage but is

only for denonstation.




S10 S9 S13 S22

Stepl10 Step9 Stepl3 Step22

= Transition condition = Transition condition true or false
true or false

S11 S15 S16

Stepll Stepl5 Stepl6

Transiti on not enabl ed

The transitions are not enabl ed, because the steps 9 or 10
resp. are not active. The corresponding transition conditions
may be true or false.

Fig. 1.2.4.1: Transitions not enabl ed, enabled or swtching
resulting fromsone preceding steps, first part of figure.

Remar k: The shaded step sysnbol shows the active state of a
st ep.



S10 S9 S13 S22

Step10 Step9 Step13 Step22

e

= Transition condition === Transition condition false

_.,
D
7
®

S11 S15 S16

Stepl1 Stepl5 Stepl6

Transition enabl ed

The transitions are enabl ed, but can not sw tch, because the
coresponding transition conditions are false.

S10 S9 S13 S22

Step10 Step9 Step13 Step22

E)

mmmm Transition condition =mmm Transition condition true
true

S11 S15 S16

Stepll Stepl5 Stepl6

[

Transition has sw tched

The transitions have swi tched now, because the correspondi ng
transition conditions are true.

Figure 1.2.4.1: Transitions not enabl ed, enabled and sw tched
resulting fromsone precedi ng steps, second part of figure
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