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Ethernet w samochodach i przemysle - standardy
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Po co sie¢ w szafie sterowniczej?

* Redukcja czasu ztozenia

Petna konfigurowalnosc

Zdalna diagnostyka

i b 4
e I |
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Ethernet - przewaga dzieki warstwom
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Single Pair Ethernet -

IEEE 802.3 802.3cg-2019
Reference Clause 147
OPEN Alliance TC14
Bit Rate (Gbps) 0.010
Baud Rate (MBd) 12.5
2-Level DME

Encoding

Cabling U

(Unshielded Twisted Pair)
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popularne standardy
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«  Zrédto obrazka: GRL

UTP
(STP optional)
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STP
(Shielded Twisted Pair)
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Differential Manchester Encoding - prosta synchronizacja odbiornika

Bitstream 1 1 0 1 0 o0 1 1 1 0 1

Clock r: S QRS QS [ L il
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Ethernet dla najprostszych urzadzen

SWITCH A SWITCH B SWITCH C SWITCH D DOTYCHCZAS:

OITTTEE) ([OOYTTEED) (CTYTYTED (CFYYYYER - Switchw kazdym urzadzeniu

* Wysoki koszt
«  7réd#to obrazka: Gigamedia

 Duza moc

Stub Cable Length
<10cm

T DO * Brak switchy
* Niski koszt

* Oszczednos¢ mocy

10BASE-T1S multi-drop:

End Node Drop Node Drop Node Drop Node End Node

*

* » 8-40 urzadzen

100o0hm Differential » Zrédto obrazka: GRL 100o0hm Differential
Termination Termination
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Topologia sieci I0BASE-T1S, impedancje urzadzen

MDI attachment points at ends, without MD|S>‘

11— K
Edge : Edge
termination : ) ) : termination
100 €2 ! | stub1 1 [ stub2 : L] [1000
PMA driving 5 5
positive or — —
negative level
— o
\ -T-F - -MDI .-F- - - MDI
1100 nF _J100 nF o PMA in high
T T impedance state
Stub
termination

—>

Figure 147-20—Multidrop line termination and PMA
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10BASE-T1S z interfejsem SPI?

SPletc NCN26010
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PMA +DME encoding
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PLCA - efektywna transmisja bez kolizji

BEACON - COMMIT - DATA SILENCE

0 lof1]. ~n[ol o NS 23 NS . vn[0o] o
|| L | J
TO_TIMER ] MAX Packet Size

!

MIN PLCA Cycle = MIN Latency

Minimum latency PLCA cycles. No one has anything to transmit in cycle 1, so total latency is equal only to the

number of nodes times the TO_TIMER. Only Nodes 1 and 3 have transmissions in cycle 2, so all the other nodes
cede their transmit opportunity. Node 1 immediately transmits DATA; Node 3 sends a COMMIT followed by DATA.

«  Zrédto obrazka:
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PLCA - efektywna transm|SJa bez kO|IZjI

Lo u\w \HM\M\ HH'\‘ :
il Il | NG L

Data from a node will expand the time between two BEACON-=% .,
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PLCA performance: latency vs utilization

Latency vs Utilization

100000
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* Simulation example — bandwidth varies

IEEE P802.3cg 10Mb/s Single Pair Ethernet Task Force — Jan 2018 Interim, Long Beach, CA USA

. Rockwell
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PLCA performance: bandwidth

70% load 100% load
10.00 / - = 0 m o o o o o °
e
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Transmitting Nodes Transmitting Nodes
--CSMA/CD + PLCA =m=CSMA/CD -8-CSMA/CD + PLCA =8=CSMA/CD

* Simulation example — bandwidth varies

IEEE P802.3cg 10Mb/s Single Pair Ethernet Task Force — Jan 2018 Interim, Long Beach, CA USA

. Rockwell
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Wymagania elektryczne dotyczace kanatu i urzadzen

Table 147-4—MDI impedance limit parameters

Parameter name Unit of measure Minimum value Maximum value
R kQ) 10 —
L pH 80 — ' _ '
1.o+w 03 <f<10
C F — 180 -
fot P Insertion loss(f) <4 2.6 + 2.3(f=10) 10 <f<33 dB
C F L 15 23
node p - 23(f-33) .
49+=——=—— 33 <f<40
ol ]
Power Spectral Density V 14 0.3 £f<21 10 ]
Return loss(f) > £ dB
14-10log,[ £ | 10 <f<40
= 10/
where

_ f is the frequency in MHz: 0.3 < /<40

¥

a

g 43 0.3 <f<20

dB

Mode conversion loss(f) > A
l 43-20logg &) 20 <7=200 J

where
¥ is the frequency in MHz: 0.3 /<200

......... R RN AR R R R
16.16 M 202M 24.24M 2828M 3232M 3636 M X

Frequency (Hz)
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Emisjai odpornosc¢ - przewaga skretki UTP/STP

* Redukcja sprzezenia indukcyjnego
* symetryzacja impedancji

e Current am Magnetic Field

« Zrédto: emianalyst
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ODVA - ptaski kabel dla prostoty montazu
Czy moze zastgpic¢ popularng skretke?

» SPE+, SPE-dla rdznicowej transmisji, Z0=100 Q

* NP+/-(Network Power) dla zasilania wszystkich urzadzen w sieci

« SP+/-(Switching Power)to zasilanie do zadan specjalnych
 Select Line - linia dla odkrywania topologii sieci, tgczy tylko z najblizszymi sgsiadami

SPE+ SPE- Select

PUBLIC « Copyright ®2023 Rockwell Automation, Inc. 18 EL@ Eafgggﬂon



EMC z ptaskim kablem?
SP- SP+ NP+ SPE+SPE- NP- Select




Limit urzadzen w sieci - zalezny od topologii

Skupiska urzgdzen powodujg odbicia sygnatu

Even distribution:
B8 8 8 8 8 8 80
Clumped distribution:

A
4.
—

\ 45mm spacing, impedance
drops to ~40 Q

(_»

Node 2 will see the sum
of reflections from
clumped nodes, and
second-order reflections
from the transmitter (N1)

. Rockwell
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Limit urzadzen w sieci - zalezny od topologii

Przyczyna lokalnego obnizenia impedancji - lokalny wzrost pojemnosci tgcza po dotgczeniu urzadzen

Impedance drop in clumped nodes regions -
Cable model L "
‘ aple mode ‘ ZO ~ j: — 100 Q g :
C -0.2

3 B 80 5 D ‘ ‘ o 10 20 3 nmio.' . 50 60 70 80
ﬁﬁ:’;é%gégf L Te Tomai L IG Temd L Te Tema L e TJoma : Te Toma L Te o o4
: Cumped dstibuion | N 0.2 1
B B X COBanEns L & ool

EEE S : < 100 Q (e.g. 40-600Q) g

C+CMDI "

0 10 20 30 40 s0 60 70 80
PUBLIC - Copyright ®2023 Rockwell Automation, Inc. 21 ELQ ‘R\afgggﬂon Aime f ns



Limit urzadzen w sieci - jak z 8 urzadzen osiggnelismy 40?

Skupiska urzgdzen powodujg odbicia sygnatu

----------

. L
Al c+CMDI

< 100 Q

MDI MDI
L] ; L] .
Iink_segmenté Cmdi ?Iink_segment Cmdi Elink_segment 7
' _ : — : 0
Z0=100 Z0=100 Z0=100
L L
Mot : MDI |
Linline/4 Linline/4 Linline/4 Linline/4 |
link_segment cmdil ._link_segment ! cmdi2 link_segment
Z0=100 20=100 Z0=100

Linline/4

Linline/4

Linline/4
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Przyktadowy system Ethernet IP in-cabinet

Przecinamy
magistrale SPE,
wstawiamy cewki
kompensujgce
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Dodanie cewek kompensujacych do konektorow
Eye diagrams, clumped distribution

rR=10kQ, C=25pF (Lind=4*65nH), L=N/A (without PoDL)

16 nodes, 50m cable, 45mm clumped section spacing, 10cm stubs

0.6 1

o
o

0.4 1

o
S

0.2 1

e
[¥]

Voltage / V
o
[=]

Voltage / V
[=]
[=]

—0.2 —-0.2
0.4 ~0.4 1
0.6 - 0.6
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Time / ns Time / ns

- ] with inline inductors
no inline inductors
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Dodanie cewek kompensujacych do konektorow - Sdd11(odbicia)

S11 of MDI, with and without 4*39nH inline inductors
16 nodes, Rphy=10k, Cphy = 13/14/15.6/17/18/19pF. No PoDL.

S11(v1)

no inductive compensation used £

match 15.6p
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Live demo

@ Logix Designer - GW_EMC in GW_2xB00F_1x100E.ACD [1756-L85E 35.11]

File Edit View Search Logic Communications Tools Window Help

A C R N [uprime oo V% % 5 Al el
I Run Mode . P2
I ———— E | Path: AB_ETH-11192. 168. 1. 139\Backplane % & B JER MSE bl =l A M R U ALk

:EDDQKSW*DK Rem Run EE Mo Forces F_ | No Edits E‘- Redundancy Iov ‘Favorites | Add-On  PlantPax Safety Alarmz Bt Timer/Counter Input’Cutput Compare Compute/Math  Move/Logical File/Misc.  File/Shift  Sequencer  Egui

3 Module Propete: ETH_caRD:132.t6s.1.1 isz+-aene +oor) < |
Controller GW_EMC 1834-AENTR, Gateway

<7 Controller Tags Parent: ETH_CARD
Controller Fault Handler IP address: 192.168.1.120 KwikLink/1P address: 192.168.1.1

Power-Up Handler
4 Tasks
4 £ MainTask INFORMATIOM
A _ Actual Topology
9 Overview
Unscheduled . 3 fiew A i 5
b Motion & Device Information View last updated Devices Status
etien Laraups ) 41172024 9:05:06 AM 4 oK
B Alarm Manager Online Valuas
Actual Topology T3
B Logical Model _ ; KwikLink/IP
4 /O Configuration Predictive Maintenance | |
.. Catalo , .. Seria
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&2 [0] 1756-L85E GW_EMC Number Number
- Cannaction | [ ' ' - '
4 ﬂ [311756-EN2TR ETH_CARD 0 192.168.1.1 1834-AENTR Communication Gateway 1.001 Rockwell Autom... 5C4220 00:00:EC:02:02:1B
4 85 Eéhe"“?t Gateway
1756-EM2TR. ETH_CARD O EQ ET O
- Reference Topology A 1 192.168.1.2 BOOF-INT-L Operatorinterface... Lamp1 1.001 Rockwell Autom... FFFFDS2CO 3A:CO:F9:ET:0D:32
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4 g KwikLink/IP Internet Protocol 2 192,168.1.3  BOOF-INT-L Operatorinterface.. | Lamp2 1.001 Rockwell Autom... | FFFFDOA3 34:C0:F9:ET:0D:CE
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£5) 800F-INT-L/A Lamp2 Networ .
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4 5 Ethernet
[ 1756-L85E GW_EMC
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