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Communication Basics
Ethernet + Profinet = Industrial Ethernet

« Profinet is complimentary to Ethernet

* Profinet is “Industrial Ethernet”

« Profinet devices include 10-controllers and I0-Devices
* Profinet is “Fast Ethernet” ie 100Mbit/s Full Duplex

 Profinet devices, connectors and cable are suited to
industrial applications
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Communication Basics SIEMENS
Transmission methods lngenuity for Life

 PROFINET follows a “Consumer-Provider” Model

« Cyclic, deterministic data transfer for time-critical applications

» Prioritization of time-critical data

- Acyclic data transmission for configuration, monitoring and diagnostics/alarming

|O-Supervisor

|O-Controller BOVe[[eNpETEE

. Process Data

Acyclic Data:
Parameterization, Diagnostics,
Monitoring/Controlling Acyclic Data:

Configuration, Alarms

Page 3



Communication Basics SIEMENS
Profinet communication channels lngenuity for Life

None Real Time (NRT) <100ms cycle
« Acyclic

- Uses TCP/IP /
« Left lane &

Real Time (RT) <10ms cycle

IRT IRT
* Cyclic NRT
« Skips the TCP/IP layers

L NRT _
. Over taking lane _RT M NRT

Isochronous Real Time (IRT) <1ms cycle

* Cyclic
e Reserved Bus lane
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Communication Basics
Controller selection

RT
« ~80% applications require RT only
* In this case any controller is suitable

IRT

« The remaining applications will require
high speed capabilities

« Synchronised Motion
* Precision Measuring
* Precision 10

 Ethernet switches can be used but
selection guidelines must be followed

* je IRT = Conformance Class C
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Communication Basics SIEMENS
OSI 7 layer model lngenuity for Life

« Each layer adds processing time

 NRT is used for configuration, web server, diagnostics and other none real time tasks
 RTis typically used for standard cyclic data acquisition

 |IRT is used for high speed data transfer

Application PROFINET NRT | PROFINET RT PROFINET IRT

Presentation

Session

Data Link

PROFINET NRT
PROFINET RT PROFINET IRT
IEEE 802 Modified 802.3

Acyclic Data: Cyclic Data:

Physical

Configuration, Process Data
Diagnostic/Alarms
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Communication Basics SIEMENS
OSI 7 layer model — closer look lngenuity for ife

The OSI layer model for structured communication
Services
Application HTTP, SNMP usw.

Layer

o

v

- IP TCP
Network IP > Header Header user data
Ethernet IP TCP Ethernet
Header Header Header user data Trailer

Data link Ethernet

TSI 100 Base TX/FX

Ethernet PN . Ethernet
—_— X
Header Header 2l pppelleion geis Trailer
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Profinet RT
No synchronization of cycles

. =
- Controller
r r

)

GQJ DD Device
F@

@

Qq.....
TECN |

Various uncoordinated cycles

\l

* T1: sampling of input

* T2: backplane bus ET 200
* T3: Profinet 1/0

« T4: CPU cycle (OB1)

* T5: Profinet 1/0

« T6: backplane bus ET 200
« T7: setting output
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RT — Real Time:

Real-time communication between controller and
device

Each device has its own update time
Processing in the standard user program (e.g. OB1)

Reaction time (input-output)

» Best case: sum of all individual cycles
» Worst case: 2 x (sum of all individual cycles)

Time precision of output signal (OBl-output)

2 x sum of all cycles from CPU to output (T4 - T7)




Profinet IRT SIEMENS
Isochronous mode for fast reaction time lngenuity for Life

System clock

T,: Read in ALL inputs of ALL devices at a fixed predefined

time
j OB OB OB: processing in the CPU
|0 QL1 \ | _ —— .
To: Writes ALL outputs of all devices at a fixed predefined
I\T time
T T
| O O IRT — Isochronous Real Time:

Controller

All cycles are synchronized with each other
« Special hardware is needed ie HF modules
* IRT packets are transmitted in a reserved bandwidth

Isochronous mode: Synchronized processing in the

C)JdDDD Device C)Jdﬂ D evice user program using "synchronous cycle" OB6x (T8)
IIE%FO IIE% O
Input Output

\l
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Profinet IRT
Additional capabilities

Typical 500 ps cycle Peripheral module separates PN
cycle into smaller sampling cycle.

CPU1518 V2.0: 125 ps All samples are sent to the PLC.

By optimized packing of data the
transmission time gets reduced:

" Lesstime on LAN [
= More time of the cycle for HHHD
Sync-OB
= More time for Non-IRT on LAN Value capturing

(7))
(@)
c
£3
c S
GJLO
U)\—|
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Rising and falling edge of signal
are transmitted with timestamp
-> high precision signal capturing

Outputs triggered with timestamp
—> high precision reaction

Synchronous OB




Profinet RT/IRT SIEMENS

Functional Overview lngenuity for ife
. . ———— o
* Real-time communication Real-time communication with  +« Real-time communication with

« Update time >=250us reserved bandwidth and synchronized OB61
- Applications: synchronized cycles - Synchronization of the user
. manufacturing * Update time >=125ps program to all other
engineering « Special hardware o synchronized cycles
* building automation * Requirement for '\‘0‘:\ » Requirement for further
- automation equipment isochronous mode 4 functions

* measuring technology

. Applications: - e.g. Oversampling and time-
. based 10
* Motion control P 0

. . : ications:

Co - Precise reactions ppiicatt
« Motion control
. i’e » Precise reactions f P‘
I |
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Profinet IRT SIEMENS
Key requirements lngenuity for ife

* Define Topology in TIA ‘Topology view’ er2005p Left Right PLC_1
I 155-5 Pr HF S210FN S210FN CPU 157T5TF-2 PR
o Ensures optimised data transfer el L L
o Allows scheduled transfers
J General || 10 tags || Sys_tem constants || Texts
¥ General

> Synchronization

w PROFINET interface [x1]

[ w [3]

General
« Configure interface real time settings and S S oo | [_oomein sexings ]
set synchronization role Opersing mode e e =

w Advanced options
Interface optiohs
Media redundancy

* Realtime settings
10 cormmunication
Syrnchronization

« Ensure correct settings for the sync fesltime oprons

d om al n J General || 10 tags || System constants || Texts
~ FROFINET Subnet I SoneDamain 1 ’
H . > whc-Damain_
I
o Optional High performance cerers |
= Domain management
. . * Syncdomains Syhc domain: |Sync>Domain_'I |
O Optl O n al FaSt fO rW ard I n g + B Corwerted name: |syn&domain>cb‘l 9993 |
¥ MRF domains
Overview isochronous mode Send clock
b PLC_1.PROFIMET 10-System f... Default domain

[W) Make 'high perfarmance’ possible

[#) Allows the use of fast farwarding'
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Profinet IRT
Key requirements

Insert Synchronous OB6x or Motion OB

SIEMENS

~ | Prograrm blocks
ﬁlé Add new block

2 Main [OB1]

I Synchronous Cycle [OB&1]

@ Data_block_1 [DE1]

Enable Isochronous mode on each 10 Device

* Will ensure 10 is sync’d with Motion or
OB6x

vvvvvvv

QOoOo00000
[sfs]alalalalala]a]

<] [ 1005
J General H 10 tags H System constants ” Texts
DI Canfiguration A
g 0 addresses
* Input0-7
Input addresses
strt oddress
End adress
[# 1sochranous mode
Organizstion block: | Synchronous cycle =
Frocess ima ge: [PIP2 -
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Profinet IRT

IRT in reality (oscilloscope)

Applikationsdetails

Applikationszyklus |

Veragerungszeit
Sendetakt

Teilprozessabbilder

TilTo-Werte des OB

IRT on the oscilloscope vs. TIA Portal
« TIA/ Step7 calculates timing beforehand

5
0.0145976
0.500

1

* Reaction time predefined
« Live result as expected
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Controller Application
T_DCp.1 (CACF = 1)

Controller Application

SIEMENS
Ihﬁ%ui\‘y'for(ift

T_DC, (CACF = 1)

Controller Application
T_DCpi1 (CACF = 1)

Time of acquisition
referring to the
IRT-cycle

“ | Time 10

Output
Valid

le———————»|

Y

Data In

Data Out \

| Data processing

\

*

i
N\

Data Data
processing| 'RT RT/NRT NRT | ocesaing
T To

Time of
acquisition
Minimum response time
Maximum response time

Change of the input signal ] <
ek i oi 1 AGHS

\ .

Time of output
referring to the
IRT-cycle

Time of output
(response to the
process)

=Ti+T_bc+ Ty

=Ti+2xT_pc+ Ty



Profinet IRT SIEMENS
Time slice model lngenuity for ife

Partitioning of the bus cycle

« Separate time slices (time domains) for IRT and rest (RT, TCP/UDP,..)
« High precision cycle synchronization

« Based on optimized switch ASIC - special hardware needed

IRT- Standard IRT- Standard IRT-
channel channel IchannelI channel channel
+— Cycle 1 > < Cycle 2 > < Cyclen —
= time domain
Synchro- E.g. 1 ms position control cycle
hization
Isochronous RT/ Standard
‘ communlcatlon communication _
I . IRT-data RT-data / TCP/IP-data
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Profinet IRT
Time slice model in detall

Fixed bandwidth for IRT in theory:

IRT- Standard IRT- Standard

SIEMENS
lngenuity for tife

Overview in TIA Portal:
Reserved bandwidth can be set in TIA Portal

Used bandwidth is displayed separately for IRT and
RT

> Details

1 Bandwidth use |I\-1aximum 50% cyclic 10 data. Balanced proportion. |v|

Maximurn bandwidth for cyclic 10 data: |500_000 ps |

Maximum bandwidth for IRT

Maximum bandwidth for cyclic |0 data

channel channel
channel channel
«—— -—
Cycle 1 Cycle 2 «—
Send clock 250us
PN IO
g RT/IRT - NRT o
- 1 T 40% PN
: ' 0-100
0% lofiéxHs 250ps HS
Send clock 500us — 1ms
PN IO
o RT/IRT - NRT -
- 1y T max 50% PN
: ' : 0-500ps
0% 50% 100%
Send clock > 1ms
PN IO
— RT/IRT - NRT -
- - > ~50%-125% PN
| 1 )
0% 500ps 1155- 0-500us
fix 4ms
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v
1000.000 ps
!

500.000 ps '
500.000 ps

I Calculated IRT bandwidth: [14.976 ps| [1.498 % |

N
I Calculated RTbandwidth: [172.160 ps|  [17218 % |
Calculated bandwidth for cyclic 10 data: |1S?.136 ps | |18.?14 %|




Profinet IRT SIEMENS

Fast forwarding lngenuity for ife
e To forward frames, a device needs to
see the frame ID I} P2y o
320 ns 1440 ns

without fast forwarding | |

» This typically takes 1440ns ! !

—gom—— - | ——aopm - | —— fommm—

« Using performance mode, this is with fast forwarding
improved to 320ns —m—— 2 e

o~

— — — — s ——— ——

* Frame ID leads the Profinet frame

» > Sync-Domain_

Syhc domain: | Sync-Diorain_1

Converted natme: | syhc-dormainxb19995

Send clock | 1.000
Cefault domain

E Make ‘high performance’ possible

Allowes the use of 'fast forwarding'
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Profinet IRT
Dynamic Frame Packing

 Each DFP frame includes a specific
device data along with other devices
on the line

« Each device takes its data and
forwards on

 This leads to an overall improvement
in network bandwidth
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@0 ®@ 006

The PROFINET IO frame contains the user data for all 3 10 devices (green, blue and orange).

The PROFINET 10 frame reaches the first 10 device. The 10 device takes its user data (green)
from the frame and forwards the remaining frame.

The PROFINET IO frame contains the user data for two 10 devices (blue and orange).

The PROFINET IO frame reaches the second 10 device. The |0 device takes its user data
(blue) from the frame and forwards the remaining frame.

The PROFINET IO frame contains the user data for one IO device (orange).

The PROFINET IO frame reaches the last 10 device. The IO device saves the entire frame
including user data (orange).



Profinet IRT SIEMENS
Fragmentation lngenuity for ife

« A complete standard Ethernet TCP/IP " 250us R 250ps
frame takes 125uS so cycle time cannot
be reduced

Max. TCP/IP telegram

- Performance mode allows fragmentation / \ g
of these frames into sub frames . 125ps . 125ps

®

@ A standard Ethernet frame with TCP/IP data is up to 125 ps.
@) During fragmentation, the standard Ethernet frame is divided into frame segments.

. Frag mented frames reassembled at the (®  The frame segments are divided into multiple short send clocks.
target device

* Cycles times <250us are achievable

CPU 1518-4 PN/DP IM 155-6 PN HS IM 155-6 PN HS IM 155-6 PN HS

 Fragmentation requires one port to be
blocked on the 10 controller

x Port 1 of the X1 interface of the CPU is deactivated.
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IRT Use Case 1: Motion Control SIEMENS
Iug,%uffyforhfa

Flying Saw

< Saw axis is synchronised to the primary feed axis

« Configuration of Topology
« Each Servo drive is assigned to a Technology Object (TO) l

Primary = Positioning axis

Saw = Synchronous axis [“E;T | _
« Syncronisation done via OB91 MC-Servo

(B E
m ET 200MP/SP TP 1500 Comfort
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IRT Use Case 2: Time based IO SIEMENS
Ihg,ehuf\ty‘for(,{fe

Measure box length on conveyor

Reading the sensor signal with 2 digital input
| -

Speed detection can be from various sources
Sinamic Drive/Servo
Profinet encoder
TM Timer DIDQ and a suitable encoder

Acquisition of the cbjects with an optical sansar

« Sensor input via TM Timer DIDQ 16x24V or TM Timer DIDQ
1 OX2 4V .' PROFINET 10 (isochronous)

« Sensor input rising and failing edges are time stamped

Encoder for position and speed acquisition

* Measuring function block is called within Synchronous OB6x

* Independant of varying cyclic variations of standad OBs
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IRT Use Case 3: Precise Control

Precise hydraulic pressure control

SIEMENS
lngenuity for tife

- L1 1 g
« Utilises ET200SP TM Pulse 2x24V —
» Various output modes to suit proportional valve 7 2 o | M
- PWM [ @ ol
« Pulse train Euj
LY |
‘ On/Off delay Proportional Valve
* Freq output
* PWM with DC motor
» Dithering can be superimposed on the PWM output to ensure SIMATIC S7-1516  TM Pulse 2:24V
easy movement even with sticky valves U pcurcoontol 1 :
P&LIE
PID p»{NenLin

* Isochronous mode improves control properties but not :

essental 0 mEemmmemeeee————
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IRT Use Case 4: Precise measurements SIEMENS
Iug&c«uf\ty‘for(n‘fa

CAM shaft measurement

* Measure each cam during rotation with high accuracy

- Measurements are syncronously caputured while in motion N\ wsaslidales

lllll IIIIIII]IIlllIIIII

llllllllllllllllllllllll
|IIIIIIIIIIIIIIIIIIIIIII

|IIII|IIIIIIIIIIIIIIIIII

180°

ﬁlllllllllllllllllllll
—

*  Program code is managed within Synchronous OB6x

Camshaft

* Due to high speed measurements, machine cycle is reduced
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IRT Use Case 5: Measured values SIEMENS
Iugfx«uf\ty‘for(n‘fa

Signal Oversampling

« Allows high speed inline testing of product e WW/\M
N R Eymr s i i
« Can be activated in ET200SP High Speed (HS) modules o
PROFINET RT IRT b RT RT [iR7]
* Requires distributed 10 ' , . y
b Application (OBgyn) | | 0B6x | oB6x E/
- Oversample range 2 -16 sub cycles/cycle E-M-E

* Requires Isocronous mode via OB6x

: 1 1 1 1 1 1
1 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1 1 1 1 1 1 1
I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
HH
I 1
| 1
| : :
< value capturing >
I l
| 1
I
|
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Profinet RT vs IRT SIEMENS
Ihg,ehuf(y{orbtfe_

LIVE DEMO

Unrestricted © Siemens 2020
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Q&A SIEMENS
lngenuity for tife

Robert Westlake
Siemens — Application Engineer

robert.westlake@siemens.com

Subject to changes and errors. The information given in this document only contains general descriptions and/or performance features which may
not always specifically reflect those described, or which may undergo modification in the course of further development of the products. The requested
performance features are binding only when they are expressly agreed upon in the concluded contract.

All product designations, product names, etc. may contain trademarks or other rights of Siemens AG, its affiliated companies or third parties.
Their unauthorized use may infringe the rights of the respective owner.

siemens.com
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