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The formula for apparent power is:
P =Ef
P=El cos 6

True power is measured in watts.
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Eg = secondary voltage
Ep = primary voltage
/s = secondary current
/p = primary current
Ng = turns in the secondary coil
Np = turns in the primary coil

To find voltage:

Ep xlp Eg xlg
Ee =————— Ep=—2__+2

To find current:

Zprfp J’szS xIg

/
S Eg Ep

To find the number of colil turns:

=ES xNp Np

N
S Ep Eg
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2 3600
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% Slip = % x 100
o .. _ 1800 - 1765
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% Slip = 1.9%
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150&”
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60 Hz 50 Hz

115 VAC | 380 VAC

200 VAC | 400 VAC

230 VAC | 415VAC
460 VAC | 220/380 VAC
575 VAC
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E +15
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= -15

b -20
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% Voltage Variation
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Altitude

Derating Factor

3300 - 5000
5001 - 6600
6601 - 8300
8301 - 9900
9901 - 11,500

0.97
0.94
0.90
0.86
0.82

50 HP X 0.94 = 47 HP

Ambient
Temperature (°C})

Maximum
Altitude (Feet)

40
30
20

3300
6600
9900
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115

0
Frequency
460 _ 230 _
50 = 767 VIHz s — S8 ViHz
230 175 _
20 - 7.67 V/Hz 0 - 3.8 V/IHz

230 v <l 5 30 hz 228 oS ddan giall Ao yu e gilall Jariill
A5l 5 a8l

dg\eﬂ\dbl\'é&@u)%ujéc\ubﬂdw)ﬁucwﬁw\um
460 V 0o 2 o) oS Y clgdll (81

(:)’J\ dA:! B :\.c).d\ J\J‘}:’ B :Culi EJJS“ J.E;i U.J‘
Frequency  V/Hz

30 Hz 1.67
60 Hz 1.67
70 Hz 6.6
90 Hz 5.1

Flux (@) and torque (T) decrease:

E
o= T = kdlw

T ([decreases) x N (increases)
5250

HP (remains constant) =



Decreasing V/Hz

7Y o
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g 230 = Constant : Constant '

Torque ‘Horsepower:

0 T T T T T 711

0 30 60 90
Frequency
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JLI el il aie

225
200 Pt T
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100 \
75
50
25

0
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Frequency - Hz
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% Ful-Load Torque

300 300
275 275
250 250
225 225
200 S 200
T
175 ,E 175
150 \— 150
125 g 125
100 i 100
75 75 ,dﬁ
50 50
25 25 _,..r'/r,
% 0710 20 30 40 50 60 70 80 20 100 ® 0770 20 30 40 50 B0 70 B0 20 100
%% Synchronous Speed %% Synchronous Spead
Motor Load
Load Torque as % Full-
Load Drive Torque
Load Description :
Break- Accel- Peak
away erating | Running
Actuators:

Screw-down (rolling mills) 200 150 125
Positioning 150 110 100
Agitators

Liquid 100 100 100

Slurry 150 100 100
Blowers, centrifugal:

Valve closed 30 50 40

Valve open 40 110 100
Blowers, positive displacement,
rotary, bypassed 40 40 100
Calenders, textile or paper 75 110 100
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Torque = Force (F) x Radius (R)

Radius (R)
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Centrifugal pump
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125
100 600 Lb-Ft
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o
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50
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0 10 20 30 40 50 60 70 80 90 100
% Synchronous Speed
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% Synchronous Speed
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Screw down actuator
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Frequency ViHz

30 Hz 167
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Limit Swritch Style 320 mm 20 mm Bx8 mm
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InpirtfCutput Modules ASl Master
with Parallel Cabling with Simple 2 Conductor Cable

T TE
1 00 22

. T-Adaptar
e Sensors L“-l_l-l_ _| |_| H |.|

analog output iz A -9

M1

1

]
A w
% = — Current Outpirt
- | a1t ----. violtage Output
5 S
£ e 4
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1 2 3 4 B &
O-Hmm
JLaa Jlaa Sl
Shielded 1.5 10-30 VDC 3
8 SE8T
Unshielded 4 10-30VDC 3
12 Brass or| Shielded 2 10-30 VDC 3
SST Unshielded 8 10-30 VDC 3
15 Brass or| Shielded 5 10-30 VDC 3
SE8T Unshielded 12 10-30 VDC 3
30 Brass or| Shielded 10 10-30 VDC 3
SST Unshielded 20 10-30 VDC 3
A0x40 Plastic Shielded 15 10-30 VDC 4
iLimit Plastic | Unshielded 25 10-30 vDC 3
Switch Plastic | Unshielded 40 10-30WVDC 4
Style)
40x40 (Mini| Plastic Shielded 15 10-30 VDC 3




Capacitive proximity sensors

—:derd) 4y B

s g Ll 5 (S5 €0 Jlawe Al 59 &1 8 inductive proximity switchd! o s 4w 330
Gl o Jl gl 5 Gl S s 0 Jle W e sl dpiaaa, pluaY)

\Mwa_i‘)ﬂhe.um‘)}fm cu&d@h@\&\djﬂgy‘wzucg)bc}éww\cku
i a (15S5 (1 (5353 Lom A pall 2 58 503 8 Sl 130 B kg oS5 YT Jlanell J313 20y el
2k output 33 deas a5 Gaee 2a e caala 31131 A sall 538 30y Gubaals trigger 500 a8 sl
Jaa e Q.q(u.ugl\ Jaa C}_)ii\sjon}\off\.&\lc CilS Al apdall Leills e _).uv_uL;\) on ,OFF3 Ll
GU.'\\ e oscillatord! —ad iy g Aule il LS c;)ﬁ\ KAl a8 i C.Lu.d\ e\.a\ Sl o 3KV Jlal)
L@:\RA‘_A‘ @_ﬂoutputd\‘é)}bdaa.qﬁjnﬂll} triggerd\B}\JMW&;&%}A\B)ﬁ@dﬁJ:\;}A
Lz plall

Target pu

et B ¥
”',r Wity ‘\l'l‘i
L) ”!".'!“ LI |
Dielectric e .
Plae | HC 44,0

LIRS
|

Cselliator

| Trigger | - .
Output aunllobe  awxllsgzg )l Ll

-: Juagil) o Jalra g ulilall acal)

Standard target& dielectric constant

padly Gl ) e el 3508 ) ) awaall Qo i) ade Jalaa 2l 3 LalS

lgn X2
Jo 10
e
L.
BJJ.IW ll




S gl pe Jalaa Al J g2 llia

Alcohol 25.8|Polyamide 5
Araldite 3.6|FPalyethylens 2.3
Eakelite 3.6]Palyproplens 2.3
Glass 5|Palystyrene 3
Mica 6P alyvinyl Chloride 2.9
Hard Rubber 4|Parcelain 4.4
Faper-Based Laminate 4 5|Fresshoard 4
Wood 2. 7|Silica Glass 3.7
Cable Casting Compound 2.5]5ilica Sand 4.5
Air, Vacuum 1]Silicone Rubber 2.6
Marble 8] Teflon 2
Oil-lmpregnated Faper A Turpentine Qil 2.2
Faper 2. 3| Transformer Cil 2.2
Paraffin 2. 2|Water 80
Fetroleum 2.2|5oft Rubber 2.5
FPlexiglas 3.2|Celluloid 3
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18 Plastic Shielded 5 1065 VDC 3
30 Metal Shielded 10 20-250 VAC 3
Flastic Shielded 10 20-250 VAC 2
Metal Shielded 10 1065 VDC 4
Flastic Shielded 10 10465 VDC 4
40 Plastic Shielded 20 20-250 VAC 2
Flastic Shielded 20 1065 VDC 4
A0x40 Flastic Shielded 20 20-250 VAC 2
(Limit Flastic Shielded 20 1065 VDC 4
Switch
Style)
20x20 (Flat] Metal Shielded 5 10-30 VDC 3
FPack)
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Sensing X

Range (CM) "
(CM) &
6-30 =15

20-130 | =60

40-300 | =150 "

B0-600 | =250 '5’

80-1000 | =350

Lilee giad cludal 2 x (5,30 Vs

|
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6-30 | >120
20-130 | =400
40-300 |>1200
B50-600 |>2500
80-1000 |>4000

flat and irregular shaped surfaces z s zdaw g (o ghus dam

Flat Surfece
MNear Frea Zons

A—>
6130 | >3 | 6
20-130 | =15 | =30
70300 | =20 | =60
B60-600 | =40 | =60
801000 | >70 | =150
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D4 mm / M5 50 mm

12 250 mm
M18 250 mm
K31 250 mm
K30 500 mm
K40 750 mm
K80 500 mm
L18 150 mm
L50 (Diffuse) 30 mm

L50 (Thru-Beam) |80 mm
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Test Card (Matte White) 100%

White Paper 80%
Gray PVC 57%
Printed Newspaper 60%
Lightly Colored Wood 13%
Cork 65%
White Plastic 10%
Black Plastic 22%
Neoprene, Black 20%
Automobile Tires 15%
Aluminum, Untreated 200%
Aluminum, Black Anodized 150%
Aluminum, Matte (Brushed Finish) 120%
Stainless Steel, Polished 230%

ASaiall A el 5 5 30 3 ALl ) 3 LS

. Racalver Racotvar
PSD PSD
% [ _—— %‘ | —

Target

[ Tomet |
Diffuse scan effective beam
[ Torget |
Transmitter Terget

Effective Beam

\\\

dasd) 43, )k



Ermitber Recoivar
B
Light Path
Load Deensrgized
Emitter Ascaivar
BEBHHBHE
Light Path
L
Loged Enengined
TN

Operating Mode Light Path
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Thru beam for example

NC (light)

Load Status
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Blocked Deenergized Energized

Dark Cperate (DO) [Not Blocked |Deenergized Energized
Blocked Energized Cesnergized
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Thru-Beam Sensors

Sensor Range Voltage i Housing
D4AMS  [250 mm| 10-30 WVDC | X X X X X Metal
M12 4m [10-30VDC| X X X X X X Metal
M18 Bm | 1036 VDC| X X X X X X Metal
M18M 12m | 1030 VDC| X X X X X X Metal
M18P 12m | 1030 VDC| X X X X X X Plastic
K30 12m | 1036 VDC| X X X X X X Plastic
K35 5m | 1030 VDC| X X X X X X Plastic
K40 15m | 1036 VDC| X X X X X X X Plastic
K50 5m |1030VDC| X X X X X X X X Plastic
15-264 VAC
KBS 50m [10-30WVDC| X X X X Plastic
K80 50m [10-38 VDC| X X X X X X X X Plastic
20-320 VAC
L18 50m [10-30VDC| X X X X X Metal
(Laser)
slot Color mark
—
L7
G20 '
&
L]
L]



Sensor Applications

There are any number of applications where sensors can be
utilized, and as you have seen throughout this book there are a
number of sensors to chose from. Choosing the right sensor
can be confusing and takes careful thought and planning. Often,
more than one sensor will do the job. As the application
becomes more complex the more difficult it is to choose the
right sensor for a given application. The following application
guide will help you find the right sensor for the right application.
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Ultrasonic Sensors

Application

Level Measurement in
Large Vessels (Tanks,
Silos)

Sensar
3RGB1 13
Compact Range IlI

Application
Level Measurement in
Small Bottles

Sensar
3RGB1 12
Compact Range IlI

Application
Quality Control

Sensar
3RGB1 12
Compact Range IlI

Application
Bottle Counting

Sensor
3RGB2 43
Thru Beam

Application
Vehicle Sensing and
Positioning

Sensar
3RGBO 14
Compact Range IlI

Application
Anti-Collision

Sensor
3RG60 14
Compact Range |

Application
Height Sensing

Sensor
3RGB0 13
Compact Range |l

Application
Breakage Sensing

Sensor
3RG6112
Compact Range |

Application
Object Sensing

Sensor
3RGB0 12
Compact Range |l

Application
Stack Height Sensing

Sensor
3RG60 13
Compact Range ||
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Ultrasonic Sensors

Application
Contour Recognition

Sensor
3RG6113
Compact Range Il

Application
People Sensing

Sensor
3RG6E0 12
Compact Range ||

Application
Loop Control

Sensor
3RGB0 15
Compact Range |l

Application
Diameter Sensing and
Strip Speed Control

Sensor
3RGET 12
Compact Range Il

Application
Wire and Rope
Breakage Monitoring

Sensor
3RGED 12
Compact Range |



Photoelectric Sensors

Application
Verifying Objects in
Clear Bottles

Sensor
M12 Thru Beam

Application
Counting Cans

Sensor
K50 Polarized
Retroreflective

Application
Counting Cartons

Sensor
K65 Retroreflective

Application
Reading Reference
Marks for Trimming

Sensor
€80 Mark Sensor

Application
Controlling Parking
Gate

Sensor
SL Retroreflective

Application
Flow of Pallets
Carrying Bottles

Sensor
K40 Retroreflective

Application
Counting Bottles

Sensor
SL18 Retroreflective

Application
CarWash

Sensor
SLThru Beam

Application
Detecting Persons

Sensor
K50 Retroreflective

Application
End of Roll Detection

Sensor
K31 Diffuse
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Photoelectric Sensors

Application
Detecting Tab Threads

Sensor
KL40 Fiber Optic

Application
Counting Packages

Sensor
K80 Retroreflective

Application
Determining
Crientation of IC Chip

Sensor

L50 Laser with
Background
Suppression

Application
Detecting Orientation
of IC Chip

Sensor
Color Mark or Fiber
Optic

Application
Detecting Jams on a
Conveyor

Sensor
K50 Retroreflective

Application
Detecting Caps on
Bottles

Sensor

K20 Diffuse with
Background
Suppression and
K31Thru Beam

Application
Detecting
Components Inside
Metal Can

Sensor
K50 Background
Suppression

Application
Detecting ltems of
Varying Heights

Sensor
K80 Background
Suppression

Application
Controlling Height of a
Stack

Sensor
SL Thru Beam

Application
Counting Boxes
Anywhere on a
Conveyor

Sensor
SL18 Right Angle
Retroreflective



Photoelectric Sensors

Application
Counting IC Chip Pins

Sensor
KL40 Fiber Optic

Application
Detecting Presence of
Object to Start a
Conveyor

Sensor
K35 Retroreflective

Application
Verifying Liguid inVials

Sensor
K35 Fiber Optic

Application

Verifying Cakes are
Present in Transparent
Package

Sensor
KL40 Fiber Optic

Application
Detecting Labels with
Transparent
Background

Sensor
(G20 Slot Sensor

Application

Batch counting and
Diverting Cans
Without Labels

Sensor
K40 Polarized

Application
Detecting Reflective
Objects

Sensor
K80 Polarized
Retroreflective

Application
Veerifying Screws are
Caorrectly Seated

Sensor
KL40 Fiber Optic

Application
Veerifying Lipstick
Height Before Capping

Sensor
M5 or M12 Thru Beam

Application
Monitoring Objects as
they Exit Vibration
Bowvl

Sensor
K35 Fiber Optic
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Proximity Switches

Application
Detecting the
Presence of a Broken
Drill Bit

Sensor
12 mm MNormal
Requirements

Application
Detecting Presence of
Set Screws on Hub for
Speed or Direction
Control

Sensor
30mm Shorty

Application
Detecting Full Open or
Closed Valve Postition

Sensor
12mm or 18mm Extra
Duty

Application
Detecting Broken Bit
on Milling Machine

Sensor
18 mm

Application
Detecting Milk in
Cartons

Sensor
Capacitive

Application
Contralling Fill level of
solids in a bin

Sensor
Capacitive

Application
Detecting Presence of
Can and Lid

Sensor

30mm Normal
Requirements or
UBERO, 18mm
Normal Requirements
Gating Sensor
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bit , byte, word , double word

Bit
.
0 a 0 1 1 0 0 Q 0 0 0 1 1 0 0 ]
I Byte I
I Word I

nipple = 4 bit

byte = 8 bit

word= 16 bit = 2 byte = 4 nipple
dword= 2 word= 32bit= 4 byte= 8 nipple

J) ple a2 ¥ ki ¥ 0,1

) = PLC
Input 1

Off
Logic O
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MNumbers Mumbers
#] 0000
O T 1 1 1 0o
2 Q0o
2222 o
4
J’I \ \ B o101
[0000|[0010|[0000|| 0101] 8 31”?
EJ—E 1000
) 1001
Jlali16  HEXADECIMAL
16 digits 012 34,566,789 A, B,C,DEF
Base 16
Weights Powers of base 16 (1, 16, 256, 4096 ...)
A=10 D=13
B=11 E=14
C=12 F=15
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16° = 1
16' = 16
B = 11
16! 16°
2 B
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2x 16 =32
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NETWORK 1
LD 10.0
A 0.1
= Q0.0
NETWORK 2
LD 0.4
O 10.5
= Qo

- 11 FUNCTION BLOCK DIAGRAM (FBD)




st Lgie umyAlee JS ) iilenlly (ppemiiall Jgud o 5 ilenll Badlina alaind (325 e dna sl
( Lgbond

NETWORK 1
10.0—
AWD  — Q00
0.1 —|
NETWORK 2
10.4—
OR — Q0.1
10,5—
-12 PLC SCAN
J sl 4l 5 PLC

U asis PLC & ) aany 5 Jlat¥) ililens o sy o3 e Javnsall gealial) 35 5 oAl 36l i
Jhaae o aaiad dleal) 338 8 43k 33 58l g aaa e Ml 3y [/) OYLATY) A0S 3 SIA aas

N

-13 SOFTWARE

d\}).\}.\.mﬁ\t\k.muu_d\uu}u\PLC M&\ \‘)_\_\S\_amhﬂf\}ﬁ“ui:d)m@jk_.am\
i) Al

-14 HARDWARE

J) Jlia sl i s&all o PLC paiinall S 5 Al Slen



e —r—
(o
e e e S e A N e S
i
e
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KILO = K= 1000 UNIT
Sismasll e QIS 2ie 1K = 1024
N= 2" 1024
0585 (8as 1024 BIT ' 1024 BYTE ' 1024 WORD

1 K Memory 1 K Memory 1 K Memory
1 Bit 1 Byte 1 Word
2 Bits 2 Bytas 2 Words
3 Bils 3 Bytes 3Words
1024 Bits 1024 Bytes 1024 Words
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Input points

—1 L4
& %

Output points

Programming

port A

J a5l s A1 523 5l el S Haan lld dia s g1 5V Glazy 22 5 PLC sb Sl g 58 oaly
CPU 222 DC DC DC

AN & A Ll samall 6l Sl JLatll (a1 5



Feature CPU 221 CPU 222 CPU 224 CPU 226
Program 4 kbytes 4 kbytes 8 kbytes 8 kbytes
User Data 2 kbytes 2 kbyles 5 kbytes 5 kbytes
Memory Type EEFROM EEPROM EEPROM EEPROM
Memory Cartridge EEFPROM EEPROM EEPROM EEPROM
Data Backup 50 Hours 50 Hours 190 Hours 190 Hours
Local Digital I/O 5 In/4 Out 8 In/6 Out 14 In/10 Out 24 Inf16 Out
Maximun Number of
. Mone 2 7 7

Expansion Modules
Max Digital IO with Expansion |5 In/4 Out 40 In/38 Out 94 In/74 Out 128 Inf120 Out

- i 8 Ini2 Outor 28 In/7 Qutor 28 In/7 Outor
Max Analog IO with Expansion |None 0 Ini4 Out 0114 Out 0 In/14 Out
Boolean Execution Speed 0.37 ps/inst. 0.37 us/Inst 0.37 psiinst. 0.37 ms/inst
Internal Relays 256 256 256 256
Counters 256 256 256 256
Timers 256 256 256 256
Sequential Confrol Relays 256 256 256 256
For/Next Loops Yes Yes Yes Yes
Integer Math (+-*/) Yes Yes Yes Yes
Real Math (+-/) Yes Yes Yes Yes
Built-In High-Speed Counter |4 {30 KHz) 4 (30 KHz) 6 (30 KHz) 6 (30 KHz)
Analog Adjustments 1 1 2 2
Pulse Qutputs 2(20KHz, DC) |2(20KHz,DC) |2{20KHz, DC) |2(20 KHz DC)

N 1 Transmiti2 1 Transmit’2 1 Transmit’2 1 Transmit2
Communication Interrupts ) : . .
Receive Receive Receive Receive

Timed Interrupts

2 (1ms - 256ms)

2 (1ms - 2556ms)

2{1ms -255ms)

2 (1ms - 255ms)

Hardware Input Interrupts

4

4

4

4

Real-Time Clock Yes (Cartridge) |Yes (Carfridge) |Yes (Built-In) Yes (Built-In)
Password Protection Yes Yes Yes Yes
Number of Ports 1 {RS-485) 1 (RS-485) 1(RS5-485) 2 (R5-485)
PPI, MPI Slave, |PPI, MPISlave, (PPl MPI Slave, |PPI, MPI Slave,
Protocols Supported Port 0 : '
Freeport Freeport Freeport Freeport
Profibus Peer-to-Peer (NETR/MNETW) [(NETR/NETW) [(NETR/NETW) [(NETR/NETW)




mEE CPU227
AC/DC/RLY

1A E=STAKD

N = || —— Mode Switch
TERM
STOF

by

S [T Analog Adjustment

oo o 212-1BB20-DXE0 [

MODE SWITCH
RUN J 4 58 PLC e ¢l el ) 2 o gy 5 Jany

STOP J 48 (58 PLC <isia

TERM J 4 58 PLC Jeadidl) ol HLialy dae ) Slead sy puia s (8

Analog adjustment e dad ava < Mia PR 1l g dald s Sl das ! 45380 48 Ll CUA.A A
Llgilana 5 aE ) dlae 5l e

Al @S bl

el Jaliia S dlal 5 515 S Al
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g epu goall s daall @y K a5 el as clla

M cpu22l 6 input 4 5 output ASessahjasV

cpu 222 8 input 6 s output Gmblal oy S ddla) (S

CPU 221

6 Inputs, 4 Outputs
Mo Expansion

CPU222 EM | EM 8 Inputs, & Qulpuls

Accepts upto 2
Expansion Modules (EM)

CPU 224 EM | EM EM [ EM | EM Enl | EM 14 Inputs, 10 Outputs

Accepts upta 7
Expansion Maodules (EM)

CPU226| EM | EM En | EM | EM En | EM 24 Inputs, 16 Outputs

Accepts upto 7
Expansion Modules (EM)
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10.0 = Byte 0, Bit 0
10.1 = Byte 0, Bit 1
1.0 = Byte 1, Bit 0
1.1 = Byte 1, Bit 1
z AN 5 Jaal A6 )Y mamge Jsan 138

O] 9th Input JeO 1st Output SRR 9th Output |
1 10th Input S350 2nd Output 8551 10th Outp
| 11th Input [5300F)] 3rd Output |
| 12th Input [o05] 4th Output
4
5

10.0 11
10.1 1
10.2 1
1
1
1

"
.
.
.

10.3

[0 5thinput |10 1] 13th Input | e00] 5th Output |
10.5 =1 14th input [S5E] 6th Output |

10.6
10.7

1] 7th Output |
vl 8th Output |

Ja3 input input simulator JAAl) AR g el ) LaAY

(MO0 0702 03 240405 05 070 [ W Ls]

08900980899

Input Devices
Connected Here

Pushbutton Switch




z. A output
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Light

From Input Power Supply
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RAM EEPROM Optional EEPROM
Memaory Cartridge

]

Executed
Program

I

annnonnonnn

Program
Backup Program
— and

Current Parameters

Data

[

Super Parameters

Capacitor

qubououdooad

Nemory
Bits,
Timers,
Counters

7Y
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Uooooooooooooooon

A ymanual (g 5 ) Gkl mua sl ple  s7 300, 400, 200
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Frogramming PPI Protocol

Device Cable
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Programming Port
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RS-<185 to RS-232
[nterface

BarCode Decoder

BarCode Reader

Freeport Mode

[BM ar
IBM Compatible PC

311111

FF| Interconnection
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SYMBOL " CONTROL ON"=10.0

-2 CONTACTS
|| | /|
|| /1
Narmally Open Mormally Closed
INO) {NC)
-3 COILS

—{ )
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Metwaork 1

10.0 101 Q0.0

___—Cursor

N
S

ilaidl) cileall
AND

And (&) Function And (A) Function . i
Ladder Diagram Representation

Input 1 10.0
Output 1 .
Input2 . Metwork 1

0.0 0.1 ao.a
Input 1| Input2 | Output 1 0o | w1 | oo
T Lo T o To o | L1 | ¢
0 1 0
S - I AN
1 1 1

0 1 0
1 0 0
1 1 1

Statement List Representation

Metwork 1
L[ 0.0
A [0.1
— 00.0

Function Block Diagram Representation

Metwork 1

10,0— — Q0.0

10.7—




Or(0) Function Or (0] Function
Input 3 04
Qutput 2 (
Input 4 0.5
nput3 | Input4 | Cutput 04 | 05 | Q0
0 0 0 0 0 0
0 l I 0 I 1
l 0 I l 0 1
l l I l I 1

zealisal) L)

Ladder Diagram Representation

Metwork 1

0.2 Q0.1

N

Statement List Representation

Metwark 1

LD 0.2
] [0.3
= 201

Function Block Diagram Representation

Metwark 1

10.2— — 0.1
OR

10,3
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Switch
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Status Bit On
Contacts Closed

Status Bit Off
Contacts Open

Status Bit
Forced On
Contacts Closed

Status Bit
Forced Off
Contacts Open

Normally
Open
Contacts 10.0 10.0
Status Bit On Status Bit Off Status Bit Status Bit
Contacts Open Contacts Closed Farced On Forced Off
Contacts Open Contacts Closed
Normally
Closed
Contacts 0.1 10,1
Status Bit On Status Bit Off Status Bit Status Bit
Cail Energized Cail Deenergized Farced On Farced Off
Coil Energized Coil Deenergized
OQutput
Coi
L Q0.0 00.0
Light —o//o—

" (EEERESEREBER

T8S555055850
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ANALOG INPUT
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WWeight
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1 Transmiller
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Sensor
Transducer

PLC

Analog Input

0 - 10VvVDC
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(alial) &8 gl interrupt

LY
aYlayl -1
goA sdaall 2
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Q0.0 |

4 Pulses - 4 Pulses
500 milliseconds Each; 1000 milliseconds Each
Irlterlrupr.
Ococurs

PWM

Jl sl duty cycle %10 25 on %90 5 off



Cn Off Cn Off

Q0.0 | | J

L 10% 50%
" Duty Cyele ' Duty Cyele

Transmit

bl modem das LA 3 3¢

i) eNLaN) network communication
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SIMATIC S7-200

ET 200 0]
[ R
I:_"FE SIMATIC S7-400

e —I
SIMATIC 57-300

SIMATIC CY

] i

Programming Device
SIMATIC 55

ASH Compatible Sensor
Attached to 2-Core ASH Cable

2=Core A5« Cable

[T 11
| QOO0
Sensor with Sensar with Operator Panel

AS-l Interface AS- Interface
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1 Cost Savings ?
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Actuator/ U
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Sl el (A IS 2ae Qi A aadiid bosch , intel 48 5 8 (e aaa

SIEMENS ( simatic S7-300 ) J dawbial) culSudd)

1-MPI ( multi-point interface )

(OP ) Jraiill 3 jga) 5 dae ) 3 g e Loy )l

2-AS-1
il (5 st J81 051 <l Lal elany Jaat il i) g ciluloall oy )

3-PROFI-BUS




FMS ( field bus message specification ) aeazn ple J k)l -1
PROFIBUS-DP ( distributed peripheral) plc Jb <laslaall J&i o) jal day 1 -2
Profibus-PA -3

MPI ( multipoint interface )
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CONFIGURATION OF A MPI NETWQORK
The configuration of an MPI network is shown as follows:

PC or program device
Operator Panel OP7 with MPI interface

SIMATIC 87-300

LGNyl Max [0 Repeater

MPI addr.: | i MPI addr.: 4 I I I

Terminator: ON

MPI addr.: 5

MPI addr.: 2

Terminator: ON

il il Bl A A 5 5650 aladid (Saall e 32 M T (e ol siad) 5 k83 32 Y Jle

< P

m ’“"
TOE BE  BoE

fegment Mos Repeater

H

Example of a tree structure under the use of repeaters

plc J) om k)l
Cpu3lx cpu4l2  cpu4l3 cpu4l4 cpu4l6
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EE Hw Conhg - [SIMATIC 300(1) [Conhgurabion] - st

Bl Stalicer Ecil Irmell PLC Wiew Oplions ‘wihdow Help

NETES
el Rk R = e
= Bl [5 anca [l

P 07 28, =- FROFIBUS DF
--gg PROFIELS-FA
{ SIMATIC 300
=-fi SIMATIC 400
-l SMATIC PL B ased Cortol J00:400

\ [ B BIMATIC PC Stalicn

Double click on CPU!

J . of

= | o] LR

Mrduie Drcer rumber Froware | M. [0 5. ]c. |

1 [ Fe=avan FES7 207 1BAN0-0AAT |

2 CFU F14C-2 PP EES7 314-6BFD0-0ABD V1.0 2 ]

e[ A [T E
Eall W [EA = FROFIBU SO sloves o SIRATIC 57

NG | T G| M7 and C7 [catnbuted ack]

Pres< F1 1 get Help. |

Then click on— Properties.

Properties - CPU 314C-2 PtP - (RD/52)

Trne-of-Day | nterrupts I Cyclic Interrupt I Diagnostice/Clock | Protzction I Ceommignication
Generd I Startup | Cycle/Clock. tMemony | Retentive Memany | Inlerrupts

Short Descriotion: CPU 314C-2 FiF

48 KB work memary: 0.1 ms/1 000 instructions; DI24/D016; AlB0AD2 &
integrated; 4 pulze outputz (2.5 kHz); 4 channel: counting and

meazurng incremental encoders 24% (50 kHZ); integrated positioning
farction; kP PP akachment [RS-422/485 [ASCH, 2984(R). REE 2 LI

Click on ‘Properties’
OrderMo./ fimware  BES 314-6BF00-04E0 /1.0

Marne: [cPu a2 P o
~Interface

Type: MFI

Address 2

M etwark.ed: Mo

Commert:

Ok Concel |  Hep |




Properties - MPI interface CPU 314C-2 PP [RDA52)

General  Parameters |

Address: |5 *I _\\
Highest address: 31

MPI address

Transmission rate: 187.5 Kbps specified!

Subnet:

- ot nehworked -

187 5 Kbps

\ Choose MPI subnet!

Delete |

Choose ‘Properties’ of t
MPI subnet!

1] % |

Abbrechen I Hilfe: |

Properties - MP1

Georeral  Mebwerk Sotings |

Highest MF! address: ] o rghagg —————— |

Tranzmission 1ate

Choose highest MPI
address!

T Specify transmission
rate!

Abbrachen

Hife




[ HW Conhg - ISIMATIC 2001 [Contigurabion)

]
Al Stalice Eit Irwet PLC Wiew Opticn: widow Help

el R N R T = =

P57 28,

Click on ‘Download to

Frafle |3 1andad

=y FROFEUS OP
-- FROFIELS-Fa
[+ SIMATIC 300
= SMATIC 400
[F-{ff SIMATIC PC Based Contol S004400
(i JB, BIMATIC PL Stafice

Module™
I _'IJ
|| o) UR
Slol M odule Order number Frmviane O.|C. |
1 |l FsaTas EES Y 207 1EA00-0480 =]
2 CPU HAC-2 P EEST 314-6BF00-0ABD V1.0 |
- > = FROFIBL S0P = o SIMATIC 57 H
oy SRS LML) A |ENES (01 .
o i AN | M7 and CF [chstnbuted rack |

Fresz F1 1o gt Help.




6D - MPI(1)

GD Table Edit lrzet PLC View ‘window Help

(8| gl /[le] | e ofc] dl vl

A& MPI[1] [Global data) - startup

G ID

L0 - RS BT =, I SR

SR ST PROSIRURPR

SIMATIC SIMATIC
F00(L)N F00(2)\
CPV 314C-2 PLP |CPV 314C-2 PLP

Global data table

Function not possible!

The received input 10.1 is written by
the reading process-image input table
(PI}. If the output Q4.0 is not received,
the output cannot be assigned in the
control program of the receiving CPU.
The /O range cannot be transferred.

PROFIBUS




PROCESS FIELD BUS

l'll@IS_T 5

Overview
Date 09/06/00, Page 8

4 L 11 Overview
1'-1@1'51' J

U Solution for all your ... (continued)

‘ ™ 1,900 products from more than 280 different vendors

Software
Drivers

Controllers m

Network '
Components

’ PC Boards ‘

’ Valves- ‘ ’ Tools ‘

Training &
Services

MI \

S Overview
Date 09/06/00, Page 9
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Overview

U Solution for all your ... (continued)

M Peer-to-Peer (Fieldbus Message Specification -
FMS) Peer-to-Peer

v" Connection oriented communication

v' Definition of communication objects

v" Transmission rate up to 12 Mbaud

v Several masters can participate

v' Master-master communication

v Several master can write to the same fiel

v' Up to 244 bytes of user data

"

PR S :
[1UI°1 2

Overview

U Solution for all your ... (continued)
M High Speed I/0 (Decentralized Periphery - DP) .&

v High speed data exchange

v" Transmission rate up to 12Mbaud
v Several masters can participate
v" ONE master ONLY can write to a field device
v" Up to 244 bytes of user data

v' Same cables & components as Peer-to-Peer

v Operation together with Peer-to-Peer in one
network possible




1

Overview

U Solution for all your ... (continued)
M Hazardous Area (Process Automation - PA) @

v Protocol is DP - PA field devices are controlled by
standard DP Master

v According to IEC 1158-2 - different physical setup
v" Transmission rate 31.25kbaud

v Power and data are transferred via the same wire

1

D Tl =
PR S : .
LIVI°T )

Overview

0 Reliable & Future Oriented ﬂ

M ...because PROFIBUS is deterministic

M ...because methods for diagnostic & error detection
are built into the system

M ...because PROFIBUS International ensures the
quality together with test labs

M ...because a detailed test & certification proced
available & established




PROCESS FIELD BUS A
ITTT13

Overview

O Cost Savings ?

H

Terminal blocks

Terminal block

Terminal block l Safety barrier
001 11— 111

Fieldbus

‘ \nstallaﬁon I
J

Overview h
Date 09/06/00, Page 17

v Infrared & RF components L

Bus Physics & Wiring h
Date 09/06/00, Page 1 A




U PROFIBUS Segments

Connected via

reieaters

New segment when

maximum length or
number of devices per
segment |s reached

é
S Bus Physics & Wiring J
Date 09/06/00, Page 3

PROCESS FIELD BUS

II113)

N/
O PROFIBUS Segments - Repeater i

| —
Segment 1

Isolation

S Bus Physics & Wiring
Date 09/06/00, Page 4




Es@ﬂéis_ » Bus Physics & Wiring 3

U PROFIBUS Segments - Nodes/Devices
v Up to 126 addressable nodes per network

v Up to 32 devices per segment

U What counts as “device”?

PROFIBUS
Nodes (e.g. I/0)

Uptical Link
Modules
OLMs

Repeater

S Bus Physics & Wiring
Date 09/06/00, Page 6

| ﬁ Bus Physics & MQ Q

e | Up to 126
U PROFIBUS Segments - Example addressable

nodes per |

Address #0 fusnununs Address #30 Address #31 [aas .| Address #60 I - network

H @ No Address B;L:]m‘ L L1 AUpTO_ 32

devices per
| Address #120 | l Address #91 | | Address #90 |.---l Address #61 |

segment
) P

C____l]

[ Address #121 |.....s [ Address #125 |

1)
|

S Bus Physics & Wiring
Date 09/06/00, Page 7




U Installation

Bus Physics & Wiring
Date 09/06/00, Page 8

Bus Physics & Wiring

U Installation - Shielding & Grounding
v Improves EMC behavior

v Provides a low impedance (short) return path for no
current

v' Reduces the emission from the bus

Shield is not always connected to
protective GND within the devices;
therefore, make sure the cable shield
will be connected to GND before it

enters or leaves the cabinet
m

S Bus Physics & Wiring
Date 09/06/00, Page 9




PROFIBUS Basics )

Devices

Active Stations

) » E

ations (Field Device

S PROFIBUS Basics
Date 09/06/00, Page 1

Power ON/Reset of Master or Slave

Download of Parameters into the Field
Device (selected during Configuration
by the User)

Download of I/0O Configuration into the
Field Device (selected during
Configuration by the User)

4

Cyclic Data Exchange (I/O Data)
and Field Device reports Diagnostics

s PROFIBUS Basics
Date 09/06/00, Page 5




Parameter Download (up to 244 bytes)

Master z

-

5w = Parameterization Data z = Confirmation (Data Received)

E}IUI@_TJ_. PROFIBUS Basics -

U Parameterization (continued)

v' Parameter selection with Configuration Tool

% Slave properties X

0K

PROFIBUS address: El i . NAR .

Station name: DF slavee 3> EEMeas. Type / Meas. Range CH 1 —

Station type: B-44l2  DP Channel Mot Activated - 0K I E g
altage +/-10%

Order number: EES7 134-0HFO1-0B0 el

(L5 Parameterize: B-4Al-2 DP #3 <DP Voltage +-2.5Y
Valtage +/-1.25% =
et I
Parameter name Parameter value: 2z
156 Diagnostics Alarm enahble
157 |Limit Yalue Alarm disable —
17 |Meas Type fMeas. Range CHO “oltage 10 Help
18 Meas. Type f Meas. Range CH1 “oltage +-10Y
19 Meas. Type fMeas. Range CH2 Current 4 20 ma
20 |Meas. Type fMeas. Range CH3 Current 0..20ma Select... |
21 Upper Limt Yalue CHO i Hes..
23 Lower Limt Walue  CHO a —

T —



Configuration Download (up to 244 bytes)

Master

M

= Configuration Data

O Possible 1/0 Selections described in GSD File
O Processed by Configuration Tool
[ Selected at Configuration

O Examples

v/ 8DI (1 Byte), 8DO (1 Byte)

v 2Al (2 Words), 2A0 (2 Words)

v RS232 Interface, Counter Module

z = Confirmation (Data Received)

PROFIBUS Basics
Date 09/06/00, Page 8

U Configuration Tool (continued)

v 1/0 selection with Configuration Tool

BEST 321-7ADO0-0ABO
BEST 321-1FFO=0&40

BEST 321-1BHO*0440
BEST 321-1EHO*0440
BEST 321-1BH5"0a40
BEST 321-1FFO0-08A0
BEST 321-1FFO1-0AM0
BEST 321-1BHO0-0440
BEST 321-1BH*1-0440
BEST 321-1EHO0-0440
BEST 321-1EHO1-0440
BEST 321-1BH50-0440
E£E 57 321-7EHO0-04B

PROFIBUS Basics
Date 09/06/00, Page 9



PROFIBUS Basics

U High-Speed I/O - Data Exchange & Diagnostics

Data Exchange (up to 244 bytes)

L=6

Master

Slave indicates diagnostics to report

Master ,I‘ =

= Output Data a = Input Data = Diagnostic Indicator

S——

- e

EBFJE]:_T PROFIBUS Basics

| D
F

U Data Exchange & Diagnostics (continued)

Diagnostic Request and Response (up to 244 bytes)
AN

Master F Y
@@l.f_"i‘

Data Exchange (up to 244 bytes)

L=

AN AN (

/;r.
1)
&= ' = Diagnostic Request > == Diagnostic Response

Master

S



ITST * PROFIBUS Basics

7N
U Diagnostic Response (continued) =

| Upto244Bytes |

Header

6 Bytes Device Identifier Channel
Related Related Related
(Optional) (Optional) | (Optional)

S PROFIBUS Basics
Date 09/06/00, Page 13

II117 PROFIBUS Details {

U PROFIBUS DP Services

0 Read Diagnostic

Q Upload, Download
_ Q (De)Activate Parameters

Q iDeiActlvate Slaves L
m :‘ . '
AR

O Read Diagnostic
O Set Station Address
QO Read Configuration

0 Read I/O
0 Take Over Control of 1 Slave
v’ Parameterization
v’ Configuration

Y L v Data Exchange
Field Device (Slave)

_dlor Class 2 and/or Slave can be implemented in one Device !

QO Parameterization
Q Configuration

Q Cyclic Data Exchange
0O Read Diagnostic

S PROFIBUS Details

Date 06/22/00, Page 1



PROFIBUS Details

O Electronic... (continued)

v' Each slave/class 1 master device needs an Electronic
Device Data Sheet (= GSD file)

v All features/characteristics/parameters of the device
are defined in this file

v Simple text file (ASCIll-format)

v Information out of the data sheet is read by
configuration tools

v File is created by device manufacturer

v/ On www.profibus.com you’ll find...

x ... a GSD editor tool to create data sheets
% ... a GSD checker (included in the editor)
% ... aGSD library

"

PROFIBUS Details

O Electronic... (continued) <y’

¥ File extension identifies language

v “.gsd” as minimum requirement (language should be English

v' Either “.gsd” or all other
x English = “.gse” B—

% French = “.gsf” l l

x German = “.gsg” -

Italian = “.gsi” I I

Portuguese = “.gsp”

x

x

x Spanish = “.gss”




PROCESS FIELD BUS

II117T

Q Electronic... (continued) - File Structure /

#Profibus_DP

;<Prm-Text-Def-List>
PrmText=...

EndPrmText

;<Ext-User-Prm-Data-Def-List>

ExtUserPrmData = ...

EndExtUserPrmData

;<Unit-Definition-List>
GSD_Revision = ...

;Slave-specification
Freeze_Mode_supp = ...

;<Module-Definition-List>
Module = ...

EndModule

— | Text Description For Parameters (O) I" .

g

< | Extended Parameter Definition (O) |

— | General Data (M)

— PROGESS FELD BUS

II1171

PROFIBUS Details
Date 06/22/00, Page 4

O File Structure... (continued)

\@mamw % B s s R

T

File 4]
Wkeys | || i----mmmmmmmm General Info —-—-—-----=---—- "
1_supp (€ #Praflbus P
_supp (6 GSD_Revision =1
5_supp ( :
supp (B Vendor_Hame = "GE Fanuc" '
supp 67 Hodel Hame = "ersaMax NIU" . »
_supp(E || Revision = "i.05" b 3
supp (B8 Ident Humber = Ox086L
supp (61 Protocol_Ident =0 g
5_supp [ Station Type =0
i_supp (5 FMS_supp =0 ’
1_Revisic| || Hardware_Release = "Br
dware_Re Software_Release = myi.iom ~
t_Numbe :
Ted 15 | :-----——--——- Netvork Baud Rates Suppo
Tdr 124 9.6_supp =1
Tse_197—] | 19.2_supp -3
Tsdi_19. 93.75_supp -1
Td_3M 187.5_supp =1
Tseh 500 || 500_supp -
Tadr_EM 1.3 supp -
Tsdr 36 am_supp =1
Tsdr 33 6M_supp =1
ef_Marme 12 supp .
ocol_lder :
ision (52) MaxTsdr 9.6 = 60
ware_Fe MaxTsdr_19.2 = &0
jon_Type || MaxTsar _93.75 = &0
dor_Nam I
Von ;

S PROFIBUS Details

Date 06/22/00, Page 5
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= PROFIBUS Details ({1 &

U File Structure... (continued) / "

I\Eﬁlalual BB 2 s b

File  a|| MaxTsdr_3M = 250 .
IKeyx !Iaszdr 6 = 450

1_supp [E uaxum;mu = 800 S
_supp (B : 1
5 _supp fmmmm—eoneenena PROFIBU3AE

Lsupp (B Freeze Mode supp =1

supp (67 Sync_Mode_supp =1

_supp (66 || Auto_Baud supp =1

Supp (B8 Set ! Sh\ra Add_supp =0

supp [B1 Min_Slave Intervall = 1

5 _supp

supp (B || s-mmmmmmm e Network Communicatic o
1_Revisic Hnau.‘l.ar_station =1
jware_Re || Max Module = 65 : Max My
#t_Numbe HMax Input Len = 244 : Max le
Tsdi_15 Max_Output_Len = 244 : Max le
Tsdi 124 Max Data Len =375 : The :u
Tsedi_187— uax Diaq Data Len = 11 : Maxim
Tsdi_18. Slave Family =3 : Slave
Tsdri_3M
Tods ROF
S PROFIBUS Details

Date 06/22/00, Page 6

P/ R O

1%1%’? PROFIBUS Details b

U Data Exchange - SYNC/UNSYNC

v" In Normal Mode, When the Outputs Are Received by the Slave®
ASIC, They Are Immediately Given to the Slave Firmware for ‘._\
Writing to the Physical Outputs "

MASTER Physical Outputs

v When a SYNC Control Command is Sent, the Last Set of Received
Outputs is Transferred to the Slave Firmware and Then This
Transfer is Blocked

SYNC
MASTER

Outputs to Slave

DATA x

Outputs to Slave

MASTER

v" Normal Mode Operation Resumes After an U

S PROFIBUS Details
Date 06/22/00, Page 7
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i1113 PROFIBUS Details

U Data Exchange - SYNC/UNSYNC

Receive Buffer

User’s Buffer

Outputs (x) to Slave 3 m W Physical Outputs = x
1 1 x
Outputs (y) to Sl 4 Physical Outout Time Lag Between Data
utputs (y) to Slave | ysical Outputs = v Appearing at Physical
DATA
I_y, DATAY Outputs of Different Slaves
Outputs (z) to Slave 5 |BA_I_A B : m Physical Outputs = z
] : Physical Outputs = DATA| DPata is Immediately
SYNC Broadcast - 1 DATA ,m‘ yeoe e Transferred to User’s
H H Buffer & Physical Outputs
H y
: Appear “Simultaneously”
m‘ H m Physical Outputs = DATA For.AII Slaves in Groups
— [ Eicaliadl
Outputs (a) to Slave 3 Physical
puts (a) IDATA B X DATA x =X
4 After SYNC, Data Transfer
[ to User’s Buffer Is
Outputs () to Slave 4 I" Physical Outputs =y onl
ATA a2 X ..Only

Outputs (2) to Slave 5

Buffered in Receive Buffer
for All Slaves in Groups
Indicated

PROC FIELD B

i1113 PROFIBUS Details

U Data Exchange - SYNC/UNSYNC

Receive Buffer

User’s Buffer

SYNC Broadcast 31 [ | Physical Outputs = a
DATA a DATA
— il
Data is Immediately
Physical O Transferred to User’s
A ysical Outputs = a Buffer & Physical Outputs
DATA & DATA 2 Y “gi Vel . pu”
| | Appear “Simultaneously
For All Slaves in Groups
Indicated
S [~ Physical Outputs = a
DATA a
I luATA a

Outputs (b) to Slave 3

Outputs (b) to Slave 4

Outputs (b) to Slave 5

I DATA bI

I DATA b [-oereene

DATA b [-rreeeeee

Physical Outputs = a
X e,

Data Transfer to User’s
Buffer Is Blocked...Only
Buffered in Receive Buffer
for All Slaves in Groups
Indicated

UNSYNC Broadcast

Data is Immediately

Transferred to User’s
Buffer, Physical Outputs
Appear “Simultaneously”

& Slaves Go Back Into
Normal Mode For All Slaves
in Groups Indicated




U PROFIBUS Message Structure

sD LE LEr SD
0x68 X X 0x68 X X X 0x3D 0x3E X ..
SD: Start Delimiter
LE: Net Data Length (DU) + DA, SA, FC, DSAP, SSAP
LEr: Length repeated
DA: Destination Address (Where the message goes to)
SA: Source Address (Where the message comes from)
FC: Function Code ( FC=Type & Priority of Message)
DSAP: Destination Service Access Point (Communication Port of Receive
SSAP: Source Service Access Point (Communication Port of Sender)
FCS: Frame Checking Sequence
ED: End Delimiter

= Included in FCS

PROFIBUS Details
Date 06/22/00, Page 11

U PROFIBUS Character Format

PROFIBUS Details
Date 06/22/00, Page 12
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U Communication Ports (Service Access Points)

\\8 =
1

You got
mail...




PROFIBUS Details

U Communication Ports (continued)

DP Master DP Slave
Function

Dec. Hex Dec. Hex

Data_Exchange - - - -

RD_Inp 62 3E 56 38
RD_Outp 62 3E 57 39
%5 |Slave_Diag 62 3E 60 3C
Set_Prm 62 3E 61 3D
@Chk_Cfg 62 3E 62 3E
Get_Cfg 62 3E 59 3B
Global_Control 62 3E 58 3A
Set_Slave_Add 62 3E 55 37
S PROFIBUS Details

Date 06/22/00, Page 15

U Startup Sequence (continued)

Power ON/Reset of Master or Slave

Download of Parameters into the Field
Device (selected during Configuration
by the User)

Download of /0 Configuration into the
Field Device (selected during
Configuration by the User)

4

Cyclic Data Exchange (I/O Data)
and Field Device reports Diagnostics

s PROFIBUS Details
Date 06/22/00, Page 17
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U Startup Sequence - Parameterization

sD LE LEr sD DA SA FC | DSAP | SSAP FCS ED
0x68 x X 0x68 x x x 0x3D 0x3E X.. x 0x16

- P
- - o - -
| Upto244Bytes |
\ NN
\ ’ S
7 Bytes Device Specific
Mandatory (Optional)
S

D D =

—

F

IIT13 PROFIBUS Details

U Parameterization (continued)
v' Parameters are sent once after Power On/Reset
v’ First 7 bytes are mandatory for every field device

v' Mandatory parameterization consists of:

x Response Monitoring Time

*x Tspr Time for Master/Slave Timing

x Freeze/Sync Mode

% Lock or Unlock Slave for this Master
x Assignment to Group

x Master Address

x Ident Number

v’ Slave confirms receipt with short acknowledge




D

LT rs PROFIBUS Details

U Parameterization (continued) - Mandatory

1

7 ~~0

[T T T TTIL][ostet]
eer

Reserved
WD_ON (1=Response Monitoring (Watchdog) Activated)

Freeze_Req (1=Support of Freeze Mode Required)

Sync_Req (1=Support of Sync Mode Required)
Unlock (See Table below)

Lock (See Table below)

Lock| Unlock | Meaning
0 0 Min TSDR and User Par ters are allowed to be ovi
0 1 DP-Slave is NOT locked for other Masters
1 0 DP-. i .
1 1 DP- Slave is NOT locked for other Masters

" PROFIBUS Details

’
’

Ké
[ocetz | (T TTTTTTJWPFacts 7777

|Octet3 || TTTTT T T |WD_Fact_2 (Watchdog (s)=10ms * WD_Fact_1 * WD_Fact_2)

| Octet 4 | TTTTTT T T sor(Time the field device waits before it responds)

| Octet 5 | [TTTTT T T |PROFIBUS ident Number (high byte)

| Octet 6 | [TTT T T T T |PROFIBUS Ident Number (low byt

| Octet 7 | [TTTTTT T ] Group_ldent (8 groups; bit x is%et -> devices belongs;to group x)




v' Each device can use Octets 8 - 244 for device/
module-related information (e.g. startup
information)

v Takes the place of DIP switches (e.g. set range
measurement for an analog channel)

=r=) =

ITITT

U Parameterization (continued) - Example GSD File

1

Ext_User Prm Data Ref(2)

Module = "EES7 135-4GEO0-OLED 2A0 T " Ox61
Ext_Module Prm Data Len = 7

Ext_User Prm Data Const(0j = 0Ox50,0x00,0x00,0x00, 0x00,0x00, 0x00
Ext_User Prm Data Ref(1) = 10

Ext_User Prm Data Ref(1) = &6

Ext_User_Prm Data Ref(1) = &7

Ext_User_Prm Data Ref(1) = 31

Ext_User Prm Data Ref (2} L5 Parameterize: ET 2005 [IM151]) #3 <DP slave<3>>

Ext_User_Prm Data Ref (3]

Ext_User_Prm Data Ref (Sy/= 33 Parameter name Value - .

EndModule 230 |Group diagnosis disable o
232 | Diagnosis: Wire bresk 00 enable JE——

ExtUserPrmbata = 34 "Output type/area of  [DA010SIS Vre bresk 01 B Help

Eitlrea{0-3] 3 0,3,4 Behavior at CPU-STOP Output de-energized

Pum Text Ref - 1% Output typeiarea OO Currert 4. 20ma

. Output typedarea 01 Fap—y PR Calant
EndExtUserP ta e S (L1 O utput type/area 00 [ x]
27 |Substiuts valus O1 -
deactivated oK I
Current 4. 20 md
Cancel

PrmText = 13
Text (D) = "deactivatsd " =
Text (3] = "Current 4 .. 20 mA"

Parameter value: 4
Text (4] = "Current +/- 20 mA"

EndPrmText ‘ '



U Startup Sequence (continued)

Power ON/Reset of Master or Slave

Download of Parameters into the Field
Device (selected during Configuration
by the User)

Download of I/O Configuration into the
Field Device (selected during
Configuration by the User)

vy

Cyclic Data Exchange (I/O Data)
and Field Device reports Diagnostics

s PROFIBUS Details
Date 06/22/00, Page 24

PROFIBUS Details

U Startup Sequence - Contiguration

sD LE LEr sD DA SA FC | DSAP | SSAP FCS
0x68 X X 0x68 x x x 0x3D 0x3E X.. x

Simple and/or Special
Identifier Format

s PROFIBUS Details
Date 06/22/00, Page 25
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IT11L3 PROFIBUS Details

S i

(N (continued)

v Configuration is sent once after Power On/Reset

x Master sends configurations to Slaves
— any device-specific configuration
— /O configuration
v" Slave confirms receipt with short acknowledge
% acknowledge configuration (Short Acknowledge “E5”h)
% check configuration information for validity

' D

[LTLy PROFIBUS Details

a (continued) - Simple Format

l Additional Configuration Data (Simple and/or Special Format) I

1 7 -9

u—I—I—Data Length for Input and/or Output Data (NOT for Special Format)
0000=1 Byte/Word...
1111=16 Bytes/Words

Data Definition

00=Special Format (see page 28)
01=Input

10=Output

11=Input & Output

Size Data Unit (NOT for Special Format)

0=Byte y
1=Word 1
Data Consistency (NOT for Special Format)
0=Byte/Word

1=Whole Length




PROFIBUS Details

(N (continued) - Example Simple Format

1010=11 Words

Data Definition
10=Output

‘ | | l—I—I—I—Data Length

Size Data Unit (NOT for Special Format)
1=Word

-
Data Consistency (NOT for Special Format)
0=Word

PROFIBUS Details

a (continued) - Special Format

’
’

1/0 Data Vendor Additional Config Data
Specification | Specific Data | (Simple or Special Format)

~
~

o
‘ ‘ ‘ u—I—I—Length of Vendor Specific Data

7

0000=No Data

0001-1110=1-15 Bytes

1111=No Data

00=Special Format (FIXED It
Input/Output

00=No I/O

01=One Byte for Input Data Specification follows

10=0One Byte for Output Data Specification follows

11=0ne Byte for Output & 1 Byte for Input Data Specification follows

T



U Contiguration (continued) - Special Format

~
1 A ~
1 \ ~

\ ~
| ) .

\ ~

Vendor

r 1/0 Data
| Specific Data

Specification

Additional Config Data
(Simple or Special Format)

7= 0
LI T T 11111
LLLTT]

000000=1 Byte/Word...
111111=64 Bytes/Words

Size Data Unit
0=Byte

1=Word

Data Consistency
0=Byte/Word
1=Whole Length

Data Length for Input or Output Data

PROFIBUS Details
Date 06/22/00, Page 30

0 1 ofojgofo 1 1 1 Byte for Input Data Specification & 3 Bytes
Vendor Specific Data follow

1 01 0joj1jojo 36 Bytes of Input Data with Consistency

ololololol1 1 0 over whole Length

1110101l olalalo 3 Bytes of Vendor Specific Information

1jo0g1§141§41jo0p1

PROFIBUS Details
Date 06/22/00, Page 31




1st 2nd 3rd
Module | Module | Module

- = Simple Format
- = Special Format

S PROFIBUS Details
Date 06/22/00, Page 32

T — T
g\ > )

. i /7
e

Q Configuration (continued) - Example GSD File

LaL usLs s suuu mes jaug Le

Ext_User Prm Data Ref [16)-128

EndModule

Module="6EZS7 3Z1-1FFO*-0JALD SDI™ Ox43,0x00, Q€00 0x9F, OxC1

EndModule

Module="6EZ7 3Z1-1BHO*-0JALD ieDpI™ Dx‘lﬁ,UxUlIDxUU,UxEF,UxCZ
EndModule

Module="6EZ7 3Z1-1EHO*-(JALD 16DI™ Ox43,0x01, 0x00

|
L O0x9F, 0xc2 1 Vendor-specific data \ ‘
o .

* [
ET ZEIEII:A (IM153-1]

Module selection for position 4

o
] £ AT i oo |
BES7 321 1EHGCAR0
FES7 321-1BHE- 0840

BES7 321-1FFOD-0AAD

BEC7 271 AFEN.AAAN

CP S613/CP 5614

s PROFIBUS Details
Date 06/22/00, Page 33




U Startup Sequence (continued)

Power ON/Reset of Master or Slave

Download of Parameters into the Field
Device (selected during Configuration
by the User)

Download of I/O Configuration into the
Field Device (selected during
Configuration by the User)

Cyclic Data Exchange (I/O Data)
and Field Device reports Diagnostics

S PROFIBUS Details
Date 06/22/00, Page 34

U Startup Sequence - Data Exchange Request '

SD LE LEr SD DA SA FC DU.. FCs ED
0x68 X X 0x68 X X X X .. X 0x16
-
- -~ 4
- /

- /

Application Specific
Data

S PROFIBUS Details
Date 06/22/00, Page 35




Application Specific
Data

PROFIBUS Details
Date 06/22/00, Page 36

S7HeaderCnf=3
OnlySpeciallModules=1
DiagBufferable=1
OffsetFirstMPDElock=3
ETERDe lay=200
MaxResponseDe lay=2
Freeze Mode_supp=1
Sync_Mode supp=1
Auto_Baud_supp=1
Fail_Safe=1

Min Slave Intervall=1
Max Diag Data Len=239
Modul Offset=1

Slave Family=3@TdFEET200M

Max Module=11

Max Input Len=128
Max_Output_Len=128
Max Data Len=256

T TimarDrmhara: Tanmrh and Drasar -

PROFIBUS Details
Date 06/22/00, Page 37




D |
,

PROFIBUS Details

U Startup sequence (continued) - Diagnostic
U When does the master request diagnostic?

v Before sending the parameter download to make sure
the field device is available

v Before entering the data exchange mode to validate
parameters and configuration and make sure the field
device is ready

v During data exchange whenever indicated by the field
device

D D =

—

1ELD BU

I PROFIBUS Details

U Diagnostic (continued)

Power ON/
Reset 75

bt

c=90

1/0 Configuration
7

Are you there?
(Check whether field device is available)

Parameters & configuration ok?
(Validation of download)
Are you ready for data exchange?

What happened?
(Master fetches diagnostic as indicated by
field device)

=l'o>

S



PROFIBUS Details

U Diagnostic (continued) - How is it indicated
during the Data Exchange?

sb LE LEr sD DA SA FC ~ FCS ED
0x68 x x 0x68 X X 0x0A X.. x 0x16
-
- -~ /
- / Field device raises “red flag” in J |
- 4 Data Exchange response
Up to 244 Bytes | b4
~ '
- S~o
- S~
- - -
~ -
~ ~ - - -
~ ~ -
~ -~ - -

Application Specific
Data

sD LE LEr sD DA SA FC | DSAP

0x68 x x 0x68 X X X 0x3C

s PROFIBUS Details
Date 06/22/00, Page 41




%ﬁmjﬁgmﬁ’ PROFIBUS Details (| L

U Diagnostic (continued) - Response from Field Device

0x68

6 Bytes Device Related | Identifier Related

Channel Related
Mandatory (Optional) (Optional)

(Optional)

PROFIBUS Details
Date 06/22/00, Page 42

l%émj-? PROFIBUS Details R

U Diagnostic (continued) - Mandatory

-0
[TTTTI1 I[ocet]

Diag.Station_Non_Exist (Field device doesn’t answer; set by master)

L————Diag.Station_Not_Ready (Field device not ready for data exchange)

Diag.Cfg_Fault (Error in configuration data)

Diag.Ext_Diag (Field device reports extended diagnostic information)

Diag.Not_Supported (Requested feature not supported by field device)

Diag.Invalid_Slave_Response (Set by mast%’)

Diag.Prm_Fault (Error in parameter data, e.g. Ident Number)

PROFIBUS Details
Date 06/22/00, Page 43




/f ~~ 9
[TTITITIT [octe2]

Diag.Prm_Req (Field device needs to be paramterized)

Diag.Static_Diag (Field device can not provide valid data

always set to “1”

Diag.Sync_Mode (Field device is operating in SYNC mode)

Reserved

Diag.Deactivated (Set by master)

S PROFIBUS Details
Date 06/22/00, Page 44

-

|0ctet3||_| I I I I I II
Reserved

| Octet 4 | [T T T T T T T |Diag.Master_Add (Address of controlling master; FFh if none)
| Octet 5 | [T TTTTT T |PROFIBUS Ident Number (High byte .
| Octet 6 | [T T T T T T T |PROFIBUS Ident Number (Low

s PROFIBUS Details
Date 06/22/00, Page 45




Data length
(including header)

00 (Fixed)

PROFIBUS Details
Date 06/22/00, Page 46

U Diagnostic Device Related (continued) - Examp

GSD File

muLu_suun_supr
Set_Slave Add supp
Min Slave Intervall
Modular Station
Modul Offset

Fail Safe

Slave Family

woooRr o

BTAFAWIND loc

Unit Diag Bit(0 }

"FIELD WVOLTAGE MISSING™

User Prm Data Len
Module
EndModule

0x00
"DP-Kompaktgerast CNT™

Ox5:

Meaning: Bit 0 of the Device Related
Diagnostic is set to “1” - Field
voltage missing!

PROFIBUS Details
Date 06/22/00, Page 47




. No additional description

- necessary
LIT T I IT111

Data length
(including header)

01 (Fixed)

S PROFIBUS Details
Date 06/22/00, Page 48

| Identifier 8 (Module 9) with Diagnostics

0 0 | Identifier 23 (Module 24) with Diagnostics

s PROFIBUS Details
Date 06/22/00, Page 49




[octet1 | LI T 111111

Identifier number

10 (Fixed)
[octet2 | L LT 1 1 1111 1-short circuit

I—I—I—I—I—I—Channel number 2-under voltage

01 = Input 3-over voltage

10 = Ouput 4-overload

11 = Input/Output 5-over temperature
[ostets] [JTITIT1] 6-wire break

RN Error type 7-upper !im_it exceeded
001 = Bit 100 = Byte 8-lower limit exceeded

9-error
10-15 reserved
16-31 manufacturer specific

010 =2 Bit 101 =Word
011 =4Bit 110=2Words

S PROFIBUS Details
Date 06/22/00, Page 50

1Jojojojog1jogo

ol 1]olo]ofo] o] 1] ]channel1(=input)with Diagnostic

ofol1lo] ol 1] 1] o] ]|Bitorganized; wire Break

1lolofolo] 1] 1] 1] [channelRelated Diagnostic; Identifier 7 (Module 8)
1lolofolo]o] 1] 1] [cnannel 3(=output) with Diagnostic

1ol 1] 1100 o] 1] o| [Wordorganized; Manufacturer specific code

S PROFIBUS Details

Date 06/22/00, Page 51 -
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U Data Exchange (continued) - DP Master
U Four main operation modes for a DP Master:

v" OFFLINE - No activity

v STOP - Communication to a Master Class 2 possible;
no communication to field devices

v' CLEAR - Master communicates with field devices;
output data are set to “0” or output length = 0 in case
of field devices that support “Fail Safe” feature

v OPERATE - Standard operation mode; dataexchange
between master and field devices

1111y Diagnostic &
ITTIJ  Troubleshooting

U Always the 15t step - Stay out of Trouble!

v Installation according to PROFIBUS Installation
Guideline (Document 2.112, available from PTO)

v" Use REAL PROFIBUS cable according to the
standard

COM PROFIBUS

v' Choose a master with an “easy to use”
configuration tool




1

11113 Diagnostic &
I'TT173  Troubleshooting

U Check the Physical Setup - with the BT 200

M Wire break/crisscross

M Short circuit

M Termination

M Bus scan

M Length

M Reflections \
M RS 485 interface

PROEW Diagnostic &
I'TT173  Troubleshooting

U How to use the BT 200?

v' Connect test plug with first connector and BT200 with
last connector

v" Termination “ON” at the test plug only while testing
the cable

v" Turn the BT 200 “ON” and press the test key

v If everything is ok, you see the message “cabling o.k.
(1R)” otherwise an error message appears

Connector ‘ |
Termination =2

ON, interrupts Test

daisy chain Plug

L




Diagnostic &

BUS

ITITIT  Troubleshooting

U How to use the BT 2007 (continued)

v In case of an error - work your way “up”

[F] Connector

s

[ﬂ Termination ] 124
ON, interrupts Test — 51200
daisy chain Plug o
=] g
Test
Plug

Master

12 Mbaud |  jasaca =} 8SIM 11E 31.25 kbaud
““““ RS 485 § "R IEC 11582

Intelligent Slave

w
=
a
w
TO000

Simple Slave




Technology

U Simple Field Devices

ooooo
oooonQ D D
= e = o
dLSPM2k 4SPM2p
o o O o
= o a o
ooooo oo
MQFB, 80 Pin, 2cm? PQFB, 120 Pin, 10cm?

v' Transmission rate up to 12Mbaud
v DP Protocol completely integrated
v No processor required

v' Data Volume:

x LSPM 2 - 32 bit I/0 & 8 bit diagnostic
x SPM 2 - 64 bit I/O & 16 bit diagnostic

Technology

Technology
Date 10/17/00, Page 3

U LSPM2 Block Diagram

48 MHz
EI Clock pulse M TxD I_>
- generator L RxD
Interface for ;
=1 ser.EPROM| | S
shift register : <
— :Iaoc ;nter- : )
n G
NORMOPER «¢——— : <
DIAERROR <—— v
Watchdog Baudrate Generator

/ 4

80 PIN QFP-Housing
321/0's

RS 485 Interface

o

1/O /Diag
1/0 /Diag
1/0 /Diag

Diagnostics

Technology
Date 10/17/00, Page 4



AAATY  Tocppol
III17 chnology

U Features LSPM2/SPM2

M Timer for response monitoring integrated (watchdog)

v Automatic detection of transmission rate

v EEPROM interface for station address & Ident
Number

M Shift register interface

™ I/O interface

M Parameterization ports

M Diagnostic data is specified

M LSPM2/ SPM2 supports all mandatory a

‘optional
services for field device/slave solutions

Technology

U Intelligent ASICs

ASPC2 SPC 3 SPC 41 DPC 31

icati icati Application Application
Application Application
pl\ﬁellstelr Slave Slave Slave

PROFIBUS

PROFIB.| PROFIBUS T
DP FMS PROFIBY FMS

1 PROFIBUS Part:f::] |1 PROFIBUS
viDmdbikeLayért$ - 12ty
4 Bhysicat-LayérSnchpdoud ; 2
PROFIBUS
RS 485 (max. 12Mbaud)
E Hardware S il
D Software
PROFIBUS (intrinsic safety)

IEC 1158-2 (31.25kbaud)
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PR - =1 :
ITTIIT

Technology

U Intelligent ASICs - continued

aSPC3E aspcn

gEEPCM

Max. Transmission 12 12 12

Rate [Mbaud]

Transm. Medium RS 485 RS485 / IEC 1158-2 (with SIM 11) RS 485
Protocol DP (DPV1) DP/FMS/PA DP/DPV1 DP/DPV1/FMS N
Message Buffer 1.5 1.5 6 1,000

[kByte] external

Housing PQFP, 44 Pin|PQFP, 44 Pin PQFP, 100 Pin MQFP, 100 Pin

a ——

'_

01 Technology @

U Intelligent ... (continued) - SPC3
up to 244 byte automatic search

of data of baudrate 9.6kbd-12Mbd

| \

3 buffers for each: DP slave

input & output . — protocol integrated
data; 1 for PRM; —

1} '_
2 for CFG & DIAG ' / 1 K

\ interface to:
l Intel (8032, 80x86)
Motorola (HC11/16/916)

firmware available 1.5 kByte Siemens (80166/80167)

b

internal RAM



Technology @

U Intelligent ... (continued) - DPC31

up to 244 byte automatic search

9.6kbd-12Mbd

\

of data of baudrate

3 buffers for each:

DP slave
input & output — protocol integrated
data; 2 for PRM,—
CFG & DIAG g ’ K

interface to:
/ \ Intel (8032, 80x86)
Motorola (HC11/16/916)
Siemens (C166)

firmware available

e~ Technolo @
riris 9
U Intelligent ... - DPC31 (continued)
31.25kBd firmware includes
integrated synchronous

complete DPV1

8031 core / ‘
\ synchronous

serlal interface
100 pin PQFP
_— |

housing

standard interface

up to 40
bits 1/10

: /
6 kByte

for memory expansion .
y exp internal RAM




nnvnjnn
~
@)
w
+

1]

=
w
@)
w

nn:n =]

+
2]

(depends on
implementation)

nl:l(;)nn
=]
a
S
nn:‘nn
+

(30 kByte)

S —— Technology
Date 10/17/00, Page 11

U Development Kit DP & PA - Test Board

Internal/ |
- External

Crystal or
- Oscillator 1

Socket for
80C31 |
Emulation {

: IRES1

64 kB ]
Flash
1 L

Host interface

PROFIBUS
DP

EIchaloX Sl X7}

PROFIBUS
Fiber Optic

0zZ<0>
xcz

PROFIBUS
PA

Mode Configuration '

LEDs '
- Microprocessor DIP switch '

Area for additional |
applications Boot/Bus DIP switch '

External

MU @O

S Technology
Date 10/17/00, Page 19




The R5-485 transmission technique in PROFIBUS has the following physical characteristios:

Metwark topology: Bus, terminated at both ends with the characteristic impedence; attachment of
ndes sither directly using bus conneclors or via bus terminals with connesting
cables.

The use of a maximum of 9 RS 485 repeaters (see Chapter 5) allows a network
span between two nodes of a maximum of 10 segment lengths at the appropriate
data rabe.

Medium: Shiglded, twisted pair cable

Prssible segment lengths:
{depending on the cable
typ=, see Table 2.1 )

1,000 m  for ransmission rates up to
800 m far fransmission rate of

400 m far fransmission rate of
200 m far fransmission rate of

100 m for transmission rales

53.75 Kbps
187.5 Kbps

500 Kbps
1.5 Mbps
3. Gand 12 Mbps

Mumber of nodes:

Maximum 32 on one bus segment
Maximum 127 per network when using repsaters

Traremission rates:

.6 Kbps, 10.2 Rbops, 05,75 Kbps, 1675 Kbps, G00 Kbps, 1.6 Mbps, 3 Wbps,

& Mbps. 12 Mbps




Terminating Hesistor On/CF

Figura 5. 2 shows tha sating for e orminating rsksior

Tarminalng Fesisior
on

i £l

Tammirating Resistor

ol

]

Fgue & 2 Zaling ol he Terminatirs] Resisior

Segments 1 and § Terminated

Figura & 3 shows horw b0 coment the RS 485 ropaoier o e onds bokvaon bwo soomaonis

Seqmant 1

Segqrment 2

Seqment 1

Terminals bus
zagmanl 1

Segment 2

(=1 (=1 =]

Termmirele bus
saqmeni 2

Figua & 3: Conmecting Two Bus Sagmants o iha AE 485 Aopealer (1]




Sagqment 1 Temnin ated, Segment 2 Connected Though

Figura & 4 shows the comneclion bshvaen bvo segrmenis via an RS 436 repsaier wih ons ssqmeni comnecied

hrough
Segment 1 Segment 1
oE B || sgmenit
sagmenl 1
-]
*

¥ = Seqrmant 2

i | oo ncttarminais

bars segmenl 2

Scoyment 2

Fgua & 4: Comedtion of Two Bus Scqmenis on tha RS 485 Repeator [3]

Soggments 1 and 2 Connected Through

Figura & & shows the comnection of o segmenls ve an RS 485 mpsalar wih boh LAN cables oonnescied

hrough on e mpeglar

Seqment 1

Seqgmant 2

EEH]
*
H: |

TSNS

Segment 1

Oo rol kemmirala
b sogmant 1

O nok baminala
bus seqmeni 2

Figue & 5 Comeotion ol o Eus Scgmenis on tha RS 485 Ropealar [3)
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Corentional

AS-1

Prewlous costs: 100 S

A5 Intarfaca

|:| Contral
[ ] canles
|:| Cable assembly

|:| 142 distrbution materal

Superdsony kevel

- i3 distribution assambly

[] v caning

B v caing assembly

I:l Se{s0rs

m

Ethernet

Courtesyaf:  TU Minchan
Prof. Rainhard
Prof. Kllberg

h.'s-_\-_'__d

Hast computer

Froduction or
process control level

I PROFIEUS

Actator!
sensor level

[T
1+

Programmable controllers
a.q. SIMATIC 57

Sensors, actuators
2q. BERC, contactors,

coLpling relays

The various levels in indus
trial commurmication



o
L | n
o
- a3
IMaster |
a
o m
(=] a
o o
[ |
5|
Ml configura-
Tres | tion of an AS inter-

face network

1] 5]
a = o =]
5]
BB
Bus, star, ar tree
AS interface nebwork
configurations are possible
Foweer supply Powwer supply Poner supply
!
Master Extender Repeater Slewe

Slave Shve Sleve Slave
!
| | | |
| | | |
| | | |
Segment Segment meant
I macioom ! max 100 m ' e 0 I

mag. 31 Slaves for 62 A'B Slaves) together!

The maximum length
per AS interface seq-
ment is 100 m. The
netwaork length can
oy be extended fo
Maximum 3 seqmernts
using extender and’ or
repeater modiiles.



How many inputs and outputs are needed?
The number of inputs and outputs tells you how many AS interface net-
works you need.

How much power de the /0s consume?

The total power requirement of the required modules determines which AS
interface power sUpply unit you need. As it is not possible to connect power
sUpply units in parallel, a power supply unit sized to the power requirement
must be used.

Are special cables required?

Any combination of profiled and round cables is possible. External conditions
determine whether mbber, TPE or FUR cables have to be used. Repeaters or
extenders (See Page 18] have to be used for cable lengths above 100m.

Is address assignment comect?

For clarity's sake, a plan should be drawn up, clearly showing which addresses
ara assigned to which slaves. Double assignments are not necessarily recodg-
nised as arrors by the master.

Which modules belong to which addresses?
Modules and slaves that are addressed should be labelled clearly.




-
6. When are the modules mounted?
Cnly when points 4 and 5 have been dealt with. Cables can be routed in army way.

?. How is it all configured?
The configuration is simply read in by entering the AS interface profile for each
slave inthe master. This usually happens automatically but can be done manual -
L Iy inthe controller software.

. ™
8. Are the slaves detocted?
First you must check whether the master has recognised all its slaves. Cnly
then can you switch to protected operation and switch the controller to RLIN.

b o

’
9. Haow is testing done?

Inputioutput tests are performed by the Familiar PLC method, i.e. the sensors
are activated locally and then checked in the FLC.

\ 4
r- ™y
10. How do you get the whole thing up and running?
You can either create your own controller software in the usual way or use
existing software. In the latter case, you might have to adapt the symbalic
. assignment of addresses. )
by slave 28, o

is assigned ad




rTip 1 - Power supply unit
Cn no account must A% interface be grounded!
Mever use a normal power supply unit only AS interface power supply units
(PELY) with integrated data de- coupling and connect “ground (GMD) " with sys.
tern ground.

rTi|J- 2 = Network extention
Without repeaters or extenders the AS interface cable must be no longer than
108 m - including all feeders to the assembly terminals!
If you want to expand the network please note the folowing:
Expansion with extenders:
+ The maximum cable length between the extender and the master must be no
longer than 100 m
+ Donot connact any slaves or AS interface network powear supply unit betwean
the master and the extender.
+ Mever confuse the "+ " and "-" lines.
Expansion with repeaters:
+ Up to two repeaters can be connected in series - this increases the cable
length to maximum 300 m (i.e. 3 segments with maximum 100 m)
+ An A5 interface power supply unit must be connected at every repeater.

L - Under normal conditions, anextender must not be connected beyond a repeater

Tip 3 - Slaves
Each slave address must only be used once. Only use addresses 1to 371 or 1A
to 318 in &/B technology (Specification 2.7).
Please note: Modules that contain chip SAP 4.0 (see operating instructions), can
be re-addressed 15 times. After that they retain the last address.

L.

FTi|:t 4 - Additional auxillary power
If slaves are to be given an additional auxiliary power supply
+ APELY power supply unit and, if necessary, the black profiled auxiliary power
cable should e used for 24 % DC and, a red profiled auxiliary cable for 230% AC




Tip 5 - Routing of the cable

Whean laying the AS interface cable please note the following:

+ Always use the yellow profiled AS interface cable where possible, brown for
"+" and blue for -7,

+ Even whilst communication along the AS interface cable offers a high degree of
EFRAC immunity, it should still be routed away from power cables, even in the con-
trol cabinet!

= Every AS interface line requires its own cable. AS interface cables must not be
laid together with others in a bus cable.

= IF individual cores are used (2.9. in the control cabinet), always lay parallal core
pairs. In standard stranded wires, lay individual cores together or twist tharm.

L

Tip 6 - Ensuring EMC

Connect all inductance's, e.q. contactor and relay coils, valves, brakes, with sup-
presser diodes, varistors or RC elemeants. If frequency convertars are used,
always use network filters, output filters, and shieldad motor cables.

.

IrTi|:|- 7 - Sensor and actuator power

Sensors and actuators must be supplied directly from the associated input or out-
put of the slave. The cables should be kept as short as possible and away from
energy cables, i.e. the slave modules should be as close as possible to the sen-

L sors and actuators.

r-Ti|:r & - Installation of frequency converters

= Always follow the assembly guidelines in the operating instructions.,

= Connect the cable shield, &.qg. between filtar and frequency converter and
between the frequency converter and the motor, directly at both ends with a
large contact surface, and with a sufficient cross section (at least 4rnrn2:|.

+ Connect all metal parts to system ground.

.

’
Tip % - System expansion 2.1
Operation of AR slaves and "new " analogue slaves is only possible with a mas-

L ter complying with Specification 2.17.

Tip 10 - Status/diagnostics
For speady diagnostics, the status and diagnostics bits should be analysed in the
PLC.
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Problem Effect Solution

Sag Computer shutdown Voltage regulator, power
resulting in lost data, line conditioner, proper
lamp flicker, electronic  |wiring.
clock reset, false alam.

Swell Shorten equipment life | Voltage regulator, power

and increase failure due
to heat.

line conditioner.

Undervoltage

Computer shutdown
resulting in lost data,
lamp flicker, electronic
clock reset, false alam.

Voltage regulator, power
line conditioner, proper
wiring.

Overvoltage

Life expectency of
motor and other
insulation resulting in
equipment failure or fire
hazard. Shorten life of
light bulbs

Voltage regulator, power
line conditioner.

Momentary
Power
Interruption

Computer shutdown
resulting in lost data,
lamp flicker, electronic
clock reset, false alam,
motor circuits trip.

Voltage regulator, power
line conditioner, UPS
system.

Noise Erractic behavior of Line filters and
electronic equipment, | conditioners, proper
incorrect data wiring and grounding.
communication
between computer
equipment and field
devices.

Transients Premature equipment | Surge suppressor, line
failure, computer conditioner, isolation
shutdown resulting in  transformers, proper
lost data. wiring, grounding.

Harmonics Overheated neutrals, Harmonic filters, K-rated

wires, connectors,
transformers,
equipment. Data
communication errors.

transformers, proper
wiring and grounding.

Power Factor

Increased equipment
and power costs

Power factor correction
capacitors.
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duty cycle Jeall 350

S Continuous Running Duty

S2 Short-Time Duty

S3 Intermittent Periodic Duty Without Starting

54 Intermittent Periodic Duty With Starting

S5 Intermittent Periodic Duty with Starting and
Electric Braking

S6 Continuous Operation Periodic Duty

ST Continuous Operation Periodic Duty with Starting
and Electric Braking

S8 Continuous Operation Periodic Duty with Related
Load/Speed Changes

S9 Continuous Operation Duty with Non-Periodic Load
and Speed Variations
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A
85% Efficlency
OQutput
0.634 KW (0796 KW x 01.85)
103.73 Nm (76.5 Ib-ft)
£8.3 RPM

Input

0.746 kW
4,088 Nm {3 b-ft)
1750 RPM

Quiput Tarqua = (nput Torgue x Retio x Efficency
Output Torque = 4.068 x 30 x 8%
Output Tarque = 103.73 Nm

Qutput Speed = Input Speed / Ratk

Quiput Speed = 1760/ 30
Qutput Speed = 59.3 RPM
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Offset Printing Offset printing traditionally uses a mechanical line shaft to
synchronize the different color print stations. The mechanical
devices involved require high maintenace, and the system is
limited in speed.

The mechanical line shaft system can be replaced with
individual servomotors which are precisely synchronized
through the MASTERDRIVE MC and SIMOLINK.
Communication to higher level controls, such as a SIMATIC S7
PLC, for evaluation of system status and drive setpoint signals,
is accomplished with PROFIBUS-DP

" . u PROFIBUS-DP

33D

SIMOLINK

Application Web Handling with Synchronization
Requirement

(PR A R AT SR (e Sy nchironization: Virtual Master, Real Master,
Feature Gear Box (Electronic Line Shaft)
WA AR e Increased Accuracy and Production Print Speed.

Solution/Benefit Flexibility to Add and Remove Print Stations
with Minimum Downtime.




Bottle Filling

Some bottle filling applications, such as cosmetics, require the
distance between the filling pipe and the liquid level in the
bottle to be kept constant. In addition, the filling pump must
maintain a constant flow. These two axes can be precisely
synchronized with the MASTERDRIVE MC.

In this application, the pump drive acts as the master and the
filling gantry acts as the slave. As the pump provides a constant
flow of product, the filling gantry movement is synchronized,
through a cam profile that corresponds to the bottle contour.
This maintains a constant filling pipe to liquid distance.

Application 2-Axis Synchronized Control
Requirement

(PR R S (B Synchronization with Cam Profiling
Feature

L= AT S B Quick Cam Profile Change to Accommodate
Solution/Benefit Bottle Contour Change. Increased Production for
Multi-Product Line Runs.







Horizontal Bagging

This application involves a continuous roll of foil for horizontal
bagging. The sealing station handles the foil transport.
Electronic line shaft and print mark registration ensure the foil is
synchronized with the products being packaged. Electronic line
shafting also ensures the product feeder belt and the foil are in
continuous position synchronization. Print mark registration will
accelerate or decelerate the foil to make up for possible stretch.
This ensures that printed labels on the foil will be correctly
positioned on the package.

The transverse sealing station must travel with the line in order
to achieve continuous packaging. This is accomplished with the
MASTERDRIVE MC's electronic line shaft and electronic cam
functions. The sealing station is accelerted with the electronic
line shaft function to the speed of the product (x-axis). The

electronic cam function closes the sealing jaws (y-axis) while

the sealer moves across and simultaneously seals the package.

Profibus-DP

3%

Simolink

Application Continous Positioning and Synchrenization.
Requirement Continuous Packaging

(RN R R (OB Print Mark Registration
Feature Synchronization: Electronic Line Shaft Control
Including Cam Profile

(R E eI A (O] Continous Adjustment to Compensate for Foil
Solution/Benefit Stretch. Multi-Axis Coordination for Sealing and
Bagging Sections.




Composite Drilling

Profibus-DP
<

Positioning the x- and y-axis to locate the drilling tool can be
accomplished with the manual data input (MDI) mode. Once the
drilling tool has reached the desired location, the automatic
function takes over and controls the movement of the z-axis.
The following instruction set is an example of a drilling profile.

1 I Simolink

. Moving from A to B the drilling gantry rapidly traverses to
justin front of the board and starts to reduce the feed
velocity.

. At point B the drill reaches the reduced feed velocity to
drill through a plastic laminate.

. Moving from B to C the drill slows to drill through the
laminate.

. Moving from C to D the drill increases to normal velocity to
drill through core.

. Moving from D to E the drill reduces velocity to drill
through bottom laminate.

. Moving from E to F the drill returns with increased velocity.

el [T d el B =TT =T T 3-Axis Positioning (Composite Drilling).
MASTERDRIVE MC MDI Point-to-Point Positioning. Automatic Mode
Feature Positioning.

MASTERDRIVE MC High Accuracy Drill Bit Placement and Optimized
Solution/Benefit Drilling Speed to Improve Quality of Cut and Tool
Life.







Cut to Length
Rotary Knife/Sheater

In Cut to Length applications, the purpose is to cut material to a
precise length. For a fixed cut length, and a knife circumference
of the same length, it is simply a matter of maintaining a
constant speed between the web and the knife. However, for
products that require various cut lengths, the knife's
circumference would have to vary to match these new cut
lengths. Since this would not be practical, the knife speed is
often profiled. By varying the knife speed various cut lengths
can be obtained. Furthermore, the rotary knife is accelerated so
that as the cutting edge comes into contact with the material it
is traveling at the same velocity. This is done to avoid "ripping”
the material.

To accomplish this task a Cam profile is often employed.
Using the technology features of the MASTERDRIVES MC, a
number of cam profiles can be created to perform the needed
contoured movement that is synchronized with the material to
perform the cut.

Application Variable Speed and Product Cut Lengths.
Requirement

(R AR A SR (] Sy nchronization with Cam Profiling
Feature

WA R S (e Short Current Rise Time allows for High
Solution/Benefit Dynamic Response. Multiple Cam Profiles

Allow for Quick Changeover to Various Product
Lengths.




Pick and Place

Pick and Place applications involve the precise movement of
product from one location to another. Using the Point-to-Point
positioning features (MDI mode) of the MASTERDRIVES MC,
this precise movement can be realized. Typically the gripper
claw is "homed" to the starting location during initialization of
the system. From that point, as product is sensed, the gripper
closes on it and the Point-to-Point move is made. Once the final
destination point is reached the gripper releases the product
and the return move to home position is carried out. SIMOLINK
is the perfect choice to coordinate these actions. It allows for
easily sending all of the appropriate status and control signals
from one axis drive to the next.
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Application Pick and Place Positioning
Requirement

e Eede I S I VDT Point-to-Point Positioning
Feature

e =l SR (B High Accuracy Organization and Location of
Solution/Benefit Product Packaging






