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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ressions related to conformity assessment, as well.as information about ISO's adherg

ma}irn

procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. The different approval criteria needed for.th
bs of ISO documents should be noted. This document was drafted in accordance with tk
s of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all suth ‘patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standardss. the meaning of ISO specific

'ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

5 document was prepared by Technical Committee ISO/TC 23, Tractors and machinery for
forestry, Subcommittee SC 19, Agricultural-electronics.

5 third edition cancels and replaces. the second edition (ISO 11783-2:2012), which
nically revised. It also incorporates-the Technical Corrigendum ISO 11783-2:2012/Cor ]
changes compared to the previous edition are as follows:

inclusion of physical layer-aspects previously listed in other documents of the ISO 11783
addition of a twisted-pair physical layer;
updates to paranieters of the physical layer components to reflect the current state of a1
updates to testCriteria to verify the conformance of implementations to this document.
5t of all the)parts in the ISO 11783 series can be found on the ISO website.
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Introduction

ISO 11783-1 to ISO 11783-14 specify a communications system for agricultural equipment based on the
ISO 1189811 protocol. SAE J1939 documents, on which parts of ISO 11783 are based, were developed
jointly for use in truck and bus applications and for construction and agricultural applications.
Joint documents were completed to allow electronic units that meet the truck and bus SAE ]J1939
specifications to be used by agricultural and forestry equipment with minimal changes. General
information on the ISO 11783 series is to be found in [SO 11783-1.
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Tractors and machinery for agriculture and forestry —
Serial control and communications data network —

Part 2:
Physical layer

1
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Scope

11783 specifies a serial data network for control and communications on forestry or agricultural
tors and mounted, semi-mounted, towed or self-propelled implements. Its ptispose is to skandardize
method and format of transfer of data between sensors, actuators, controleléements, and infformation-
age and -display units, whether mounted on, or part of, the tractor orimplement. ISO [11783 also
vides an open interconnect system for on-board electronic systems.ised by agriculture aphd forestry

equiipment. It is intended to enable electronic control units (ECUs)te“communicate with pach other,
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viding a standardized system.

5 document defines and describes the network’s 250 kbit/s, twisted, non-shielded, jquad-cable
sical layer and an alternative cable and architecture named twisted pair physical layer (T|PPL) based
h 250 kbit/s, un-shielded, twisted pair cable network-layer which is fully backward cofnpatible to
sted quad based machines and devices.

E Where not differently specified, requirements-are valid for both twisted quad and TPPL.

Normative references

following documents are referred.to in the text in such a way that some or all of thgir content
stitutes requirements of this decument. For dated references, only the edition cited gpplies. For
ated references, the latest edition of the referenced document (including any amendmens) applies.

1724, Road vehicles — Gonnectors for the electrical connection of towing and towed vehicles — 7-pole
nector type 12 N (normal)for vehicles with 12 V nominal supply voltage

11783-1, Tractors~and machinery for agriculture and forestry — Serial control and communications
1 network — Part: General standard for mobile data communication
Termsiand definitions

the‘purposes of this document, the terms and definitions given in ISO 11783-1 and the followving apply.

ISO

3.1

and IEC maintain terminological databases 1or use In standardization at the rollowing ad dresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

ECU Type I
electronic control unit without internal termination

©IS
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3.2

ECU Type ] WEAK

electronic control unit with a weak split termination centrally coupled to ECU_GND with a capac
and that can be used for stubs only

Note 1 to entry: See 5.5.3.

3.3
ECU Type Il
electronic control unit with internal bus termination that can be used only at one or each end of the

itor

bus

Note 1 to erftry: See 0.4.3.2.

3.4
twisted p4qir physical layer
TPPL
250 kbit/s| unshielded, twisted pair cable-based network layer intended to be used as-an alternat
the twistefl quad physical layer and that is backward compatible with machines based on a twig
quad physilcal layer

3.5
machine
forestry orlagricultural tractor or mounted, semi-mounted, towed or self-propelled implement

3.6
twisted quyad physical layer
TQPL
250 kbit/s|unshielded, twisted quad cable-based network layer

4 Abbreviated terms

IBBC Implement Bus Breakaway Connector

IBBP Implement Bus Breakaway Plug

5 General requirements

5.1 Network physical layer

The physidal layer of ajnetwork is the realization of the electrical connection of several electr
control units (ECUs) tora-bus segment of the network. The total number of ECUs connected is limite
the electri¢al loadston the bus segment. In accordance with the electrical parameters specified by
document,|the limit shall be 30 ECUs per segment.

e to
ted

bnic
] by
this

5.2 Physiealmedia

This document defines two types of physical media.

a) TQPL: composed by four conductors, two of them, designated CAN_H and CAN_L, are driven with

the communications signals. The names of the ECU pins corresponding to these conductors
also designated CAN_H and CAN_L. The third and fourth conductors, designated TBC_PWR
TBC_RTN, provide power for the terminating bias circuits (TBCs) on the bus segments.

are
and

b) TPPL: physical media of twisted pair cable as described in SAE ]J1939-15. The conductors,
designated CAN_H and CAN_L, are driven with the communications signals. The names of the ECU

pins corresponding to these conductors are also designated CAN_H and CAN_L.

2 © IS0 2019 - All rights reserved
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5.3 Differential voltage

The voltages of CAN_H and CAN_L relative to the ECU_GND of each ECU are denoted by Vcan n and
Vcan L. The differential voltage, Viifr, between Vean 1 and Vean 1 is defined by Formula (1):

Vaitt =Vean H —Vean L (1)

5.4 Bus

5.44—Fevels

5.4/1.1 General

Thebus signal lines can be at one of two levels, and in one or the other of the two legical state§, recessive
or dominant (see Figure 1). In the recessive state, Vcan 1 and Vcan 1 are fixedat a bias vdltage level.
Vaqiff is approximately zero on a terminated bus. The recessive state is transmitted during buf idle when
all the nodes CAN drivers are off. The dominant state is transmitted when any of the node CIAN drivers
is on. The dominate state is represented by a differential voltage greater than a minimunj threshold
which is detected by the nodes CAN receiver circuits. The dominantstaté overwrites the rec¢ssive state
and|is transmitted when there is a dominant bit. (See also Clause 6]:

A
VC AN_H ——
-1 Wit
Ve,
1 2 1

Key]
1 |recessive
2 |dominant

Figure 1 — Physicalbitrepresentation of recessive and dominant levels or states

5.4{1.2 During arbitration

Duijing arbitratiof, a recessive and a dominant bit imposed on the bus signal lines during|a given bit
timg by two or.more ECUs results in a dominant bit.

5.4/2 Voltage range

The Bus voltage range is defined by the maximum and minimum acceptable voltage levels of CAN_H and
CAN_L, measured with respect to the ECU_GND of each ECU, Tor which proper operation is guaranteed
when all ECUs are connected to bus signal lines.

5.4.3 Bus termination

5.4.3.1 Twisted quad bus segment

The bus signal lines of a twisted quad bus segment are electrically terminated at each end by a
terminating bias circuit. When a nodes CAN driver is on, a current (I) flow is induced that is either sunk
by the CAN_H termination or is sourced by the CAN_L termination. This TBC shall be located externally
from the ECU, to ensure bus bias and termination when the ECU is disconnected (see Figure 2).

© IS0 2019 - All rights reserved 3
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1 2
ECU_PWR — ECU_PWR —
/\ ECU_GND /\ ECU_GND
ECU_PWR 3
1T — T
I I
v TBC_PWR
CAN_H P
4 CAN L 5 P 4
TBC_RTN L
47 ECU_GND
Key
1 ECUNg1
2 ECUNdn
3  twisted quad cable
4 termingting bias circuit (TBC)
5 power for TBC_PWR and TBC_RTN
Figure 2 — Physical layer functional diagram
5.4.3.2 Twisted pair physical layer bus segment
The bus signal lines of a TPPL bus ségment are electrically terminated at each end with a passive Joad
resistor depoted by Ry, where Ry, =120 Q.
This document recommends.that R}, be located external to ECUs.
If a Type I] ECU is used.fop terminating the bus segment, that ECU shall contain the bus termination
resistor (see Figure 5)'and shall be located at one or both ends of an ISO 11783-2 bus system dnly.
Type 11 ECUs shall beyclearly marked. A Type II ECU shall only be used at an end of the bus, even when
the machir]e is attached to another machine by an IBBC.

Type I1 ECI|IS shall only be powered by ECU_PWR/ECU_GND.

See Figures 3 and 4.

© ISO 2019 - All rights reserved
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4 OO0

Key
1 |ECU TypelINo.1
2 |ECU TypeINo.n
3 |unshielded twisted pair
4 |terminating resistors Ry,

Figure 3 — TPPL functional diagram

1
3 |

Key

ECU Type |
ECU Type II with internal Ry,
unshielded twisted pair

Figure 4 — Physicallayer functional diagram (one side) with ECU Type II as a termjnation

— CAN H

Key

1 ECU Typell

2 60 Qresistors Ry,/2
3 coupling capacitor C

Figure 5 — Split termination

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=506500a51fb1ee98b744b3fea9501469

ISO 11783-2:2019(E)

5.5 Resi

stance and capacitance

5.5.1 Internal resistance (Rj,), capacitance (Ci,)

The internal resistance, Rj,, of an ECU is defined as the resistance between CAN_H or CAN_L and
ground (ECU_GND) in the recessive state, with the ECU disconnected from the bus signal line. The
measurement shall be made with the ECU both powered and unpowered, and the minimum value used

to confirm

The internal capac1tance Cin, ofan ECU is deflned as the capac1tance between CAN Hor CAN L and ECU_

compliance.

GND during ment
shall be made with the ECU both powered and unpowered and the maximum value used to conflirm
compliancg.
ECU internjal resistance and capacitance are illustrated by Figure 6.
1
/ . CAN_H
RI]’I
CAN_L

Key
1 ECU

5.5.2 Di

The differq
in the rece
made with

ECU_GND

Figure 6 — Internal resistance and capacitance of ECU in recessive state

ferential internal resistance (Rqiff), capacitance (Cgifr)

ntial internal resistance, Rqiff, is defined as the resistance seen between CAN_H and CAN_L
ssive state, with the ECU disconnected from the bus signal line. The measurement shalll be
the ECU both powered and unpowered, and the minimum value used to confirm compliapce.

The differ
CAN_ H an(

maximum value used to conflrm comphance

1 CAN_ L durlng the recessive state, w1th the ECU dlsconnected from the bus 51gnal lInes

entialsinternal capacitance, Cgiff, of an ECU is defined as the capacitance seen between

the

ECU differential internal resistance and capacitance are illustrated by Figure 7.

© ISO 2019 - All rights reserved
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A 4

CAN_H

diff diff

CAN_L

Key

5.5

For
opt
Wh

termination of minimum 750 Q + 750 Q with a 47 nF capacitor coupled with ECU_GND. The to

of Tl

Wit
ECU

5.6

The
dur
and
con
dat
tha

Ar
ECU
rest
con
con

The

ECU

Figure 7 — Differential internal resistance and capacitance of ECUinrecessive s

3 Weak termination for stubs

higher immunity and better EMC performance, TPPL nodes which are connected to t
onally be realized by using ECU Type I WEAK equipped.-Wwith a split-termination con
ere an ECU Type | WEAK is used, this document recommends the termination is realizeq

ype l WEAK ECUs used on a single machine shall notexceed 3 units.

h reference to 7.6.3.7, where an ECU is powered:bly'the PWR/GND circuit, the split termi
Type | WEAK shall be coupled with GND.

Bit time

bit time, tg, is defined as the duration of one bit. Bus management functions executed
tion, such as protocol controller synchronization, network transmission delay cor
sample point positioning, are defined by the programmable bit timing logic of the CAl
froller integrated circuit (JG): Bit time conforming to this document is 4 ps, which correg
h rate of 250 kbit/s. Bit time’selection generally demands the use of crystal oscillators at g
the clock tolerance given in Table 1 can be achieved.

bliable 1SO 11783 metwork shall be able to be constructed with ECUs from different
s from differeént-Suppliers cannot properly receive and interpret valid messages with
rictions achieved by specific timing requirements for the bit timing registers in ead
froller. Moreover, there are substantial differences between the bit segments used b
frollerdGimanufacturers.

physical signalling sub-layer entity shall be configured to support a bit rate of

tate

he bus can
figuration.
| by a split-

tal number

ation of an

within this
npensation
N protocol-
ponds to a
1l nodes so

suppliers.
out timing
h protocol
y protocol-

250 kbit/s.

Ad

single sample point method as defined in ISO 11898-1;

sample point at 80 % * 3 % of the bit time.

See Annex A for more information on protocol timing and naming, and a detailed description of bit timing.

5.7

AC parameters

Table 1 defines the AC parameters for an ECU disconnected from the bus. The timing parameters also

app

ly for an ECU connected to a bus segment.
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Table 1 — AC parameters of a node disconnected from the bus

Parameter Symbol Min. Nom. | Max. | Unit Condition
Bit time tB 3,998 4,000 | 4,002 us 250 kbit/sa
Measured from 10 % to 90 %
Transition time tt — — 500 ns of the voltage of the prevail-
ing stateb
Internal delay time tecy 0,0 — 0,9 us c
. 250 kbit/s for CAN_H and
Internal capacitance Cin 0 — 200 pF CAN_L relative to groundd
Differential internal capacitance Caiff 0 — 100 pF d
CMR 40 — — dB DC. to 50 kHz
Common mjode rejection 5 MHz may linearly.decrealse
CMRsmHz 10 o o dB between 50 kHz dnd 5 MHz
Available time tavail 2,5 — — us with 40'm-bus lengthe
a  Including initial tolerance, temperature and ageing.
b The mafch between the drive voltages and impedances (or currents) on the CAN_H_and) CAN_L lines are equally
important irf determining emissions, owing to the spectra presented being determined by the”actual wave shape.
¢ The valjie of tgcy is guaranteed for a differential voltage of Vgirr = 1,0 V for a transition from recessive to dominfant,
Vaie = 0,5 Vlfor a transition from dominant to recessive. With the bit timing givendn this table, a CAN-interface delay of
500 ns is nominal possible (controller not included), with a reserve of about 300 1is. This allows slower transmitter slqpes
and input filfering. Delay values are for the implement bus and are at the discretion of the original equipment manufactiirer
(OEM) for thle tractor bus.
The minima] internal delay time can be zero. The maximum tolerable value is determined by the bit timing and the|bus
delay time.
Total time dplay when arbitrating is tt(rise1) + tt(riser) + tt(repeater) + tr(riser) + tr(repeater) + 2tt(line) + tT(noded). If
there is 0 ddlay for the line, repeater and the loop back in nodep, @nd the transition time is > = 1/4 bit time, the transifion
times still cqnsume all available bit time.
d In addifion to the internal capacitance restrictions,*a~bus connection should also have as low as possible sefries
inductance. [[he minimum values of Cj, and Cyiff can be-O;-while the maximum tolerable values shall be determined by|the
bit timing anjd the topology parameters L and d (see.Table 15). Proper functionality is guaranteed if cable resonant wayes,
if occurring,|do not suppress the dominant differential voltage level below Vgifr= 1V, nor increase the recessive differerjtial
voltage levelabove Vi = 0,5 V, at each individual ECU (see Table 7 and Table 8).
e The avallable time results from the bit timing unit of the CAN controller protocol IC. For example, as shown in Anngx A,
this time in nost CAN controller ICs corgésponds to tTSEG1. Due to poor synchronization it is possible to lose the length of
two synchrgnization jump widths (SJW,), 0 that t,vai) with one instance of this poor synchronization is tTSEG1-SJW. A ime
quantum (tq) of 250 ns with SJW = 2.¢qtTSEG1 = 12 tq, tTSEG2 = 3 tq, results in tayai = 2,5 us.
6 Bus spgment specifications
6.1 Twisted quad bus segment
A linear tv ich

provides tt

Figure 2), w

The bus is in the recessive state if the bus transmitters of all nodes on the bus are switched off, with the
mean bus voltage being generated by the TBCs on a particular bus segment (Figure 2). A dominant bit is
sent to the bus signal lines if the bus transmitter of at least one of the nodes is switched on. This induces
a current through each side of the TBCs, with the consequence that a differential voltage is produced
between the CAN_H and CAN_L lines.

The dominant and recessive bus levels are passed into a comparator input in the receiving circuitry to
be detected as the recessive and dominant states.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=506500a51fb1ee98b744b3fea9501469

6.2

1SO 11783-2:2019(E)

TPPL bus segment

A linear TPPL bus segment shall be terminated at each end by a resistive termination (see 5.4.3.2) to
suppress reflections.

The bus is in the recessive state if the bus transmitters of all nodes on the bus are switched off on a
particular bus segment. A dominant bit is sent to the bus signal lines if the bus transmitter of at least one
of the nodes is switched on so that a differential voltage is produced between the CAN_H and CAN_L lines.

The dominant and recessive bus levels are passed into a comparator input in the receiving circuitry to
be detected as the recessive and dominant states.

7 |Electrical specifications

7.1| Electrical data

7.1{1 General

The parameters specified in Table 1, Table 2 and Table 7 to Table 10 shall be complied with 1
the|operating temperature range of each ECU. These parameters allow a maximum of 30
conpected to a 40 m bus segment. Any stub may have its ECUunplugged, but an unplugge
counts towards the maximum ECU limitation. The limits given in'Table 1, Table 2 and Table ]
apply to the CAN_H and CAN_L pins of each ECU, with the ECU disconnected from the bus
(seq Clause 8).

7.1)2 Absolute maximum ratings

Tabje 2 specifies the absolute maximum DC voltages which can be connected to the bus §

hroughout
ECUs to be
d ECU still
 to Table 9

ignal lines

ignal lines

without damage to transceiver circuits. Although the connection is not guaranteed to operdte at these
confditions, there is no time limit (operating:CAN controllers go “error passive” after a period of time).
Table 2 — Limits of Vcan y and Vcan 1 of bus-disconnected ECU
Parameter Symbol Minimum | Maximum Unlit
Maximum DC voltage?2 VcaN_H
o & , - -16,0 16,0 y
Conditions 12 ¥ nhominal supply voltage VeaN L

NOTE 1 Operation-ef the connection cannot be guaranteed under these conditions.

NOTE 2 No timie limit (although operating CAN controllers go “error passive” after a period).

a  Separately (only CAN_H or CAN_L is connected) or common mode. No damage may occur td the

transceiyer circuitry.
Relative t6"ECU_GND pin of ECU (transceiver shall handle wider range if there is voltage drop along the
lingsdnternal to ECU).
7.1.3 DC parameters
7.1.3.1 Power supply operating ranges

Table 3 — Limits of power supply operating ranges
Parameter Symbol Minimum | Maximum Unit
Operating range PWR
P grang i 10,0 16,0 \Y%
12 V nominal supply voltage | ECU_PWR

© IS0 2019 - All rights reserved 9
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7.1.3.2 Power supply minimum current
The minimum current capacity available from the implement bus ECU_PWR shall be 15 A.

The minimum current capacity available from the implement bus PWR shall be 50 A.

7.1.3.3 Requirements for DC voltage supplied by tractor through the IBBC

Electrical power on the tractor is supplied by the 12 V supply and alternator system to various electrical
loads on the tractor and implement. While the system voltage is regulated at the alternator terminals,
electrical loads that are connected through long electrical leads will experience a voltage drop due to
resistance [of the supply and return leads. If this voltage drop becomes excessive, the electricahload
can functipn improperly. To ensure that the tractor can adequately supply electrical power“to|the
implement| the following voltage requirements apply at the IBBC/TPPL-BC electrical supply términgls.

The minimum current capacity available from the tractor implement bus ECU_PWR/EGU_GND cirfuit
shall be 15|A under conditions reported in Table 4.

Table 4 — ECU_PWR limits at tractor IBBC/TPPL-BCs

Quantity Min Max Units
V(ECU_PWR) - V(ECU_GND) 10,5 16,0 \

(Jonditions for measurement:

- Measured at all tractor IBBC/TPPL-BC terminals
- 15 ADC electrical load

— Engine at normal operating min-1 range (as defined by,manufacturer)

-+ Tractor electrical loads on (lights, fans, etc.)

The mininfum current capacity available from the tractor implement bus PWR/GND circuit shal| be
50 A under|the conditions reported in Table 5.

Table 5 — PWRlimits at tractor IBBC/TPPL-BCs

Quantity Min Max Units
V(PWR) - V(GND) 10,5 16,0 \Y
(Jonditions for measurement;

- Measured at all tracter IBBC/TPPL-BC terminals
- 50 A DC electrical Toad

— Engine at nermal operating min-1 range (as defined by manufacturer)

- Tractoreléctrical loads on (lights, fans, etc.)

To prolong component life and to prevent damage, the maximum simultaneous combined curfent
supplied from/a single IBBC through ECU_PWR/ECU_GND and PWR/GND circuits shall be a continjous
current of 55 A.

7.1.3.4 Requirements for DC voltage drop on implements
Electrical power on an implement is supplied by the PWR and ECU_PWR circuits through the IBBC.

The implement may provide a rear IBBC receptacle to allow daisy chain connection of additional
implements that acts like electrical loads.

In case of a daisy chain connection, if the voltage drops due to the resistance of supply and return leads
on an implement is too high, the following implement may experience an insufficient operating voltage
for correct operation. To avoid such a situation, and to ensure that an implement can adequately supply
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electrical power to the following one, the maximum allowed voltage drop on an implement shall be in
accordance to Table 6.

The maximum current sink of an implement shall be reported in the operator manual.

Table 6 — Maximum allowed voltage drop in an implement

Quantity Min Max Units

Implement voltage drop on ECU_
PWR/ECU_GND circuita

tmptement vottage drop o PWRY
GND circuitb

a 15 Aprovided at the implement rear IBBC.

— 1,5 \Y

— 1,5 Vv

b 50 A provided at the implement rear IBBC.
Conditions for measurement (see Figure 8):
— Measured between implement plug and implement rear IBBC

— Any load on the implement under test shall be disconnected

— 1,5 Vis the total drop of both power supply and return path

Test Fixture Implement Under Test Test Fixture

N A A
s N4 N4 N

Y
Power Supply| BBC IBIC IBBC IBIC N
= — =Y

k Volt Meter

Volt Mete
() >= Ve~ 13)
Volt Meter Volt Mete
d >=(V,..- Lp)

All loads
disconnected

Figure 8 — Voltage drop measurement

7.1{3.5 Bus-disconnected ECU

Tabje 7 and Table8 défine, respectively, the DC parameters for the recessive and dominant gtates of an
ECU disconnected<from the bus.
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Table 7 — DC parameters for recessive state of bus-disconnected ECU

Parameter Symbol Min. Nom. Max. Unit Conditions

Vean_n

Bus voltage output behaviour - 2,0 2,5 3,0 \% ab
VcaN_L

Differential output voltage behaviour Vaits or | -1 200 — 50 mV

Differential internal resistance g Raiff 2 — 100 kQ f

Internal resistance 8 Rin 5 — 50 kQ f

Internal resistance match — -5 — 5 % df

Input differfential voltage detected as Viise IR 10 — 0,5 v o

recessive -

a  The ECUis powered.

b The Thdvenin equivalent resistance of the input biasing circuit appear in series from both the CAN_H and CAN_L
terminals to[the input bias source. This input bias is required to provide a known state for the network-signals of an ECU
disconnectegl from its bus segment.

¢ Receptign shall be ensured within the common mode voltage range defined in Table 9 and Table.10.

d  The phyfsical layer utilizes field cancellation techniques. The match between the drive voltages and impedanceq (or
currents) onfthe CAN_H and CAN_L lines are equally important in determining emissions, ewing to the spectra presented
being determined by the actual wave shape.

e Although Vqifr < -1,0 Vis only possible during fault conditions, it should be interpréted as recessive for compliance yvith
fault requirgments.

f The minimum of the value with the ECU powered or unpowered per 5.5.1'and 5.5.2.

g  Only for|Type I ECUs.

Table 8 — DC parameters for dominant state of bus-disconnected ECU

Parameter Symbol | ~Min. Nom. Max. Unit |Conditions
VeanH 3,0 3,5 5,0
Bus voltage X ac
VGAN L 0,0 1,5 2,0 v
Differential voltage output Vit op 1,5 2,0 3,0 ac
Differentia| voltage detected as dominant Vaift 1D 1,0 — 5,0 ab,c

a 60 Qisdonnected between CAN_H apd'CAN_L.

b Receptipn shall be ensured withifi the common mode voltage range defined in Table 9 or Table 10.

¢ An ECU|Type [ (normal or weak)’has a 60 Q across CAN_H, CAN_L externally to the ECU. An ECU Type Il has a 140 Q
resistor acrqss CAN_H, CAN_L.externally to the ECU.

7.1.3.6 Bus-connected ECU

Table 9 and Table.10 define, respectively, the DC parameters for the recessive and dominant states df an
ECU connefted\to a bus segment and other ECUs.
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Table 9 — DC parameters (bus voltage) for all bus-connected ECUs in recessive state,
without faults

Parameter Symbol | Min. | Nom. | Max. | Unit Conditions
VcaN_H .
Bus voltage - 0,1 2,5 4,5 V  [Measured with respect to ground of each ECU2
CAN_L
Differential bus voltage | Vgiff R | —400 0 12 mV i\;[;sssglged ateach ECU connected to bus signal

a2 The maximum recessive value of 3,0 V (see Table 7) plus the maximum ground offset of 2,0 V.

b Lanl) bl £oll DT Th f
TITC ulucn cuucu uu.) vuu.asc s uCLCl uuucu u_y LuC Uu\,puL ucuavu}ul oTair CUS uul 1115 LuC recesstre-state erelore,

Vaitf is approximately zero (see Table 7).

¢ |Although Vyifr < -1,0 Vis only possible during fault conditions, it should be interpreted as recessive-forjcompliance with
fault requirements.

Table 10 — DC parameters (bus voltage) for all bus-connected ECUs inndominant{state,
without faults

Parameter Symbol | Min. | Nom. | Max. | Unit Conditions

VeaN_H — 3,5 7,0 _
Bug voltage = V  |Measuted with respect to ground ¢f each ECU2
Veann | -2,0 | 15 —

30 Measured at each ECU connected to bus sig-

Differential bus voltage | Vaifr p 1,2 2,0 V. {nal linesb
5,0 During arbitration

a  |The minimum value of Vcan n is determined by the mininium value of Vcan 1 plus the minimum value| of Vyifr. The
maximum value of Vcan |, is determined by the maximum value.of Vcan_y minus the value of Vyir.

b |The loading on the bus signal lines as ECUs are added-to a given bus segment of any network is due to Rdiff and Ri, of
each of the ECUs. Consequently, Vyiff can decrease. The\miinimum value of Vyisr typically limits the number of HCUs allowed
on the bus. The maximum value of Vyjfr occurs during arbitration when multiple ECUs are driving the bus signpl lines. This
maximum value of Vyifraffects single-ended operation and shall not exceed 3 V.

7.144 Bus voltages (operational)

The bus voltage parameters specified in Table 10 apply when all ECUs (from 2 to 30) are cdnnected to
a cqrrectly terminated bus,segiment (see 5.4.3). The maximum allowable ground offset betjveen ECUs
or HCUs and TBCs on the bus‘is 2 V. The voltage extremes associated with this offset can occlir in either
the|[dominant or recessive‘state.

7.1{5 Electrostatic discharge (ESD)

Thg CAN_Hcarid CAN_L signals shall be tested for ESD while disconnected from the CAN bus, in
accprdance-with ISO 10605 and using a maximum test level of 15 kV for both the componen{ packaging
and handling (unpowered) and component immunity (powered) test methods.

Forlthe—eompenentpackagingand handhinstestaminimum et three plses—ofeachpdlarity and
voltage shall be applied to the CAN_H and CAN_L pins (disconnected from the CAN bus signal lines)
of the unpowered ECU using a 150 pF/2 kQ discharge network with the following sequence: +4 kV
contact, +8 kV contact, and +15 kV contact.

For the component immunity test, a minimum of three pulses of each polarity and voltage shall be
applied to the CAN_H and CAN_L pins (disconnected from the CAN bus signal lines) of the powered
ECU at the contacts of the diagnostic connector. The cable length between the device and the diagnostic
connector shall be 1,5 mto 2,5 m.

150 pF/330 Q shall be used as the discharge network with the following sequence: +4 kV contact, +8 kV
contact, and #15 kV contact.
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After ESD testing, the ECU shall be tested to confirm that it still conforms to the DC and AC parameters
in Table 1, Table 7, and Table 8 for a node disconnected from the bus.

NOTE Usually contact discharges are applied to conductive parts (e.g. pins), air discharges are applied to
non-conductive parts (e.g. cable insulation). Air discharges can be applied to conductive parts according to test
plan but are less reproducible and are hard to be coupled to single pins, especially if a connector is installed.

7.2 Physical media parameters

7.2.1 Unshielded twisted quad cable

The paramleters for the twisted quad cable (see Figure 9)shall be as specified in Table 11.

Table 11 — Physical media parameters for twisted quad cable

Pargmeter Symbol | Min. Nom. Max. Unit Condijtions
7 Measured at b MHz between
H either signalline and ground
Impedance 7 70 75 80 € |with TBC_PWR and TBC_RTN
grounded
a
Specific reqistance Rp 0 25 50 m(/m
Measured at 20 °C
Specific ling delay Tp — 5,0 — ns/m b
> ] Ch 0 40 75 pE/m Between CAN_H and CAN_L
Specific capacitance )
Ca 0 70 110 pF/m  |Between adjacent conductors

Cross-section to be formed from
Conductor fize Ac — 0,5 = mm?2 16 or greater strands of 32 AWG
tinned or bare copper.

Select the correct sealing type} N,

Conductor insulation D 2,0 2,k 3,05 mm T or E for Implement Breakawhy

diameter connector plug (see Figure 10)
[ . - Left-hand lay sequence TBC_
Conductor fwist 48 50 52 mm/turn PWR, CAN_H, TBC_RTN, CAN L
Jacket size Tj — 0,5 — mm —
Cable diampter D¢ 6,0 6,2 8,5 mm —
C
Temperatufe range F -40 - +85 °C Continuous operation without

degradation

a  The diffprential voltage on the bus segment sensed by a receiving ECU depends on the line resistance between it and the
transmitting ECU. Therefore, the total resistance of the signal conductors is limited by the bus level parameters of each ECU.

b The miffimuin delay time between two points on a bus segment can be zero. The maximum value is determined by]the
bit time and [the-delay times of the transmitting and receiving circuitry.

¢ Higher temperature range could be required in areas where the ambient temperature exceeds +85 °C.

Table 12 reports the recommended colours for the insulation of the wires in the cable. A detailed
description of the wires colour shall be included in the manufacturer’s instruction handbook

Table 12 — Recommended colours for conductor insulation

Red TBC_PWR
Colour of conductor Yellow CAN_H
insulation Black TBC_RTN
Green CAN_L
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The parameters for the unshielded twisted pair cable shall be as specified in Table 13.

Table 13 — Physical media parameters for twisted pair cable

Parameter Symbol | Min. Nom. | Max. Unit Conditions
Three-meter sample length
Impedance z 108 | 120 | 132 o  |measuredatlMHzbetween the
two signal wires, using open/
short method
a
Spdcific resistance Ry — 25 50 mQ,/m
Measured-at 2¢ °C
Spdcific line delay Tp — 5,0 — ns/m b
Spdcific capacitance Cy — 40 75 pF/m Between)GAN_H and CAN_L
Cross-section to be formed from
7 or more strands of tihned or
Conpductor size Ac — 0,5 — mm?2 bare copper.
Conductor construction depends
on the use case.
Depends on the environmental
sealing application, th¢ used con-
Cpr ductor insulation Dei 2.0 211 3,05 mm nectors anq its contact-sealing.
diameter Design engineers shoulld ensure
compatibility between| cables/
wires, connectors and|contacts.
Corjductor twist — 24 — 52 mm/turn
Jacket size Tj — — — mm d
Temperature range T -40 — +85 °C ¢

a | The differential voltage on the bus segiment sensed by a receiving ECU depends on the line resistance betwyg

enitand the

trappsmitting ECU. Therefore, the total resistance of the signal conductors is limited by the bus level parametersof each ECU.

b |The minimum delay time betweén‘two points on a bus segment can be zero. The maximum value is determined by the

bit fime and the delay times of the transmitting and receiving circuitry.

¢ |Higher temperature rangeicould be required in areas where the ambient temperature exceeds +85 °C.

d |Ajacketis not requiredif the communication channel characteristics are maintained for the product lifetipne.
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Key
1 unshiel
2 unshiel

Ac conduc

D¢ conduc
Tj jacket§
The bus lix

jacket is ye

7.3 Tops

To avoid cable reflections, the wiring topology/of'a bus segment shall have, as nearly as possible, a lix

structure.
Figure 9. T

lengths should not all be of the same-length. The dimensional parameters of this topology as show

Figure 10 5

ded twisted quad

ded twisted pair

for size

for insulation diameter
ize

Figure 9 — Cable cross-section

e consists of CAN_H and CAN_L conductors. It is recommended the CAN_H conductor
[low while the CAN_L conductor wire jacket is green (see Figure 9 and Table 14).

Table 14 — Recommended colours for conductor insulation

Colour of conductor | Yellow CAN_H

plogy of twisted quad physical layers

[n practice, it is necessary to connect short stubs to a main backbone cable, as show
b minimize standing waves, nodes should not be equally spaced on the bus segment and §

hall be as given in Table™17%

vire

ear
N in
tub
h in

16

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=506500a51fb1ee98b744b3fea9501469

1SO 11783-2:2019(E)

5
7 8
2 6
S l
4
4 T 4 4
1 — . o o «— 1
— d&°—>
Key
1 |terminating bias circuit (TBC)
2 |2 wires, CAN_H and CAN_L
4 |twisted quad cable
5 |ECU1
6 |[ECUZ2
7 |ECUn-1
8 |ECUn
a  |Distance d should be random, but not less than 0,1.m.
b 12 wire length shall be less than 0,15 m.
Figure 10 —Topology of bus-segment wiring
Table:15 — Topology dimensional parameters
Parameter Symbol | Min. Max Unit Conditions
Bus length L 0 40 m Not including stubs
Stub length S 0 1 m —
Node/distance d 0,1 40 m —
7.3]1 ECUWcennection to TBC_PWR and TBC_RTN
To dense the status of the network, each ECU on the bus may provide a pin for TBC_PWR and TBC_RTN.
Loalding limits shall be those given in Table 16.

Table 16 — ECU loading of TBC_PWR and TBC_RTN

Parameter Symbol Min. Max. | Unit Conditions
Measured between TBC_PWR and any other
. Rrac_pwR 30 o k@ signal in ECU
DCresistance M d between TBC_RTN and any other signal
RTBC_RTN 30 o kq |Measured between _ and any other signa
in ECU
C . 200 nF Measured at 1 MHz between TBC_PWR and any
] TBC_PWR other signal in ECU
Capacitance
C . 200 nF Measured at 1 MHz between TBC_RTN and any
TBC_RTN other signal in ECU

© IS0 2019 - All rights reserved
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7.3.2 Power for TBC_PWR and TBC_RTN

TBC_PWR and TBC_RTN for a given bus segment shall be supplied at only one point. This single
connection point shall be selected to meet the requirements in Table 17. Filtering and regulation may be

provided within the module providing this interconnection (see Annex B).
7.4 Topology of twisted pair physical layer

7.4.1 General

Themam 08Y [ OTAT - N A T o

— multiplle splice.

The minimum distance between two stubs/splices shall be 50 cm.

7.4.2 Simple stub
The simplegstub is intended to connect one single ECU to the bus. The'maximum allowed length is 3,

A simple stub located close to the bus termination shall have @length 50 cm lower than the distd
from the sfub junction to the termination.

w O‘s>

Figure 11 — Simple stub

ECU

L2>L1+50cm !

D m.

nce

| L1

Key

T  termination

L1 length of stub

L2 length of stub junction to termination

Figure 12 — Simple stub close to bus termination
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7.4.3 Compound stub

A compound stub is made by a common stub spliced at the end. The maximum number of splices is
three and each one shall have a different length. The maximum length of the main stub is 1,5 m. The
minimum length of a splice is 0,2 m and the maximum length is 0,5 m.

A compound stub located close to the bus termination shall have the longest branch in the splice at least
50 cm less than the distance from the stub junction to the termination.

There shall be only one compound stub on a machine.

L]
LECU
et
1
\

S

\I,

w G1>

Figure 13 — Compound,stub

y

]
R |
A

s’
A\,

-
-

"L3>L1+L2+50cm

Key]
T |termination

L1 |length of mainstub

L2 |length of lofigest spliced stub

L3 |length ofstub junction to termination

Figure 14 — Compound stub close to bus termination

7.4.4 Multiple splice

A multiple splice is the connection of more than one stub to a single joint point on the bus. The maximum
number of stubs from a single splice is three. The stubs shall have different length with a minimum
value of 0,5 m up to a maximum of 1,5 m.

A splice located close the bus termination shall have the longer stub length at least 50 cm lower than
the distance from the stub junction to the termination.

There shall be only one multiple splice on a machine.
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Key
T termingtion
L1 length
L2 length

f the longest splice

7.5 TBC(C|parameters

e
" L2>L1+50cms

f stub junction to termination

Figure 16 —Multiple splice close to bus termination

The termirlating bias circuit for twisted quad physical layers connects all four conductors of the twigted

quad cable, not only fireviding the bias for the CAN_H and CAN_L signals but also the common n10de
resistive termination’ for the respective conductors. Figure 17 illustrates the Thévenin-equiva

ent

circuit reqyiirediby-the TBC, of which there shall be one for each end of every bus segment in the network

(see Annex B). The TBC shall comply with the parameters specified in Table 17.

Table 17 — Terminating bias circuit (TBC) parameters

Parameter Symbol |Min.| Nom. Max. | Unit Conditions

; Un shall be capable of sourcing
CAN_H bias voltage Uy 2,25 2,5 2,75 \% 5 mA and sinking 90 mA to GND

; Uy, shall be capable of sourcing
CAN_L bias voltage Uy, 2,25 2,5 2,75 \% 90 mA and sinking 500 pA
CAN bias tracking UL-Uy -0,1 — 0,1 \% —
CAN_H terminating resistance Rty 70 75 80 Q  |Thévenin equivalent of TBC
CAN_L terminating resistance Ry, 70 75 80 Q  |Thévenin equivalent of TBC

a  Resistance tracking is specified as Re/((1/2)(Rer + Rer)) and Ry /((1/2) (Rew + Rer))-

20
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Table 17 (continued)
Parameter Symbol |Min.| Nom. | Max. | Unit Conditions
Resistance matching a 0,98 — 1,02 — —
Parallel capacitance CoL, — — 15 pF |CAN_H or CAN_L to ground
Series inductance Lgl, — — 0,1 uH —
Operating supply . 25 mV peak to peak ripple in
range 12Vsystem | TBC_PWR | 8 16 v 20 kHz to 2 MHz range
Fault tolerance on bus signal Shorts to Conti
. — — — — ontinuous
lines supply
Fauylt tolerance on bus signal Shorts to Conti
. — — — — ontinuous
lings ground
a  |Resistance tracking is specified as Ryy/((1/2)(Ren + Rer)) and Rer/((1/2) (Ren + Rer))-
Table 18 — TPPL Passive termination parameters
Parameter | Symbol | Min. | Nom. | Max. | Unit | Conditionls

Single resistor

Terminating resistance | Ry | 114 | 120 | 126 | Q |Power rating min 250 mW
Split resistora

CAN_H terminating resistance Rin 58,8 60 61,2 Q Power rating min 125 mW
CAN_L terminating resistance Ry 58,8 60 61,2 Q Power rating min 125 mW
Coypling capacitance Csplit 10 47 200 nF
Serjes inductance Lsplit — =~ 0,02 uH
a |Allowed in Type Il ECUs only R_tL/((1/2)(R_tH + R_tL)).

| e » TBC_PWR

; R, |

: 17 N\ » CAN_H

. R, |

! U, » CAN_L

o » TBCRTN

7.6 Connectors

7.6.1 General

b n il ra_] b ml - 1 B - Ll " - - LM da sl aVah
rigulc 17 — LYUIVdICIL LCTIIIIIdUITIZ DIdS CITCUIL (1 DU)

Three types of connectors are required for the network’s implement bus segment (see Figure 18):

— the implement bus breakaway connector (see 7.6.3);

— the in-cab connector (see 7.6.4);

— the diagnostic connector (see 7.6.5).

© IS0 2019 - All rights reserved
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In addition, a bus extension connector may be provided (see 7.6.2).

NOTE For further information on the different bus segments and their interconnections, see Figure B.1.

7.6.1.1 Electrical performance

The connectors and associated terminals used to connect bus lines on a bus segment shall conform to
the electrical parameters specified in Table 19.

7.6.1.2 Mechanical characteristics

The conneftors should have locking, polarizing and retention devices that meet the requireméntfs of
a specific [application. They should also incorporate environmental protection appropriate, to |the
applicatior].
1 2
7
. 40 3 s
——]jo—
6 6
] 5

6 6
Key
1  tractor
2 implenjent
3 breakayay connector
4 bus extgnsion connector
5 diagnogtic connector
6  termindting bias circuit
7  in-cab ¢onnector

Figure 18 — Example of physical layer architecture, showing the four connector types
Table 19 — Bus connectors electrical parameters

Parameter Symbol | Min. |[Nom.|Max.| Unit Conditions
Dielectric leakage at At 1 500 V; any pin to any other pin or to connec-
withstanding voltage o — | 7| ? | ™A torshell
Contact resistance R — — 20 | mQ |Measured at 100 mA
Current I 0 32 | 70 | mA —
Peak current Ip 2,5 — — A |Time restriction: 2 s
Operating voltage %4 — | 25| 40 \ —
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Table 19 (continued)
Parameter Symbol | Min. |[Nom.|Max.| Unit Conditions
Characteristic im- Maximum connector length should not be greater
pedance than twice the interfacial connector length.
Ze 60 (120|175 | Q
Measured between CAN_H and CAN_L connector
circuits.
Parallel capacitance Between CAN_H or CAN_L and all other pins and
Cp — | — | 35 | pF
shell
Corner frequency f 10 | — | — |[MHz |3 dB point with 1 V p-p signal
7.6{2 Bus extension connector
7.6]2.1 General
A mjating connector pair may be provided to extend the bus signal lines of the implement bugwithin the
tragtor, as needed in the field for additional devices such as virtual terminals.
7.612.2 Dimensions
The bus extension connector receptacle shall have the dimensions shown in Figure 19, ahd the bus
ext¢nsion connector plug shall mate with the receptacle shown.
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1
a

b

Dimensions in millimetres

18,42
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1
a +0,05
\I ¢ 156 -0,01
18,29° ,\%
20,83 ‘19
Vv
A-A %‘b
19,81 A
B N
B »
a7
10,16 +0,05 UARPRN %
R 152 -0,13 e)
6,73 2 Q)
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@
t
" : N >§ 30° +5°
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~ f ; Q’- /
l \ 0,05 2
©— @W RIS iy (_R063 013 <
_ i & ' ' + =}
+h {} | { | = :9\§ - -
xD
I ~ 15° £5°
@ 3 6,86 0,63
9.12 +0,03 ! R 4323013
. 17.91
© 40,05
g 19,81
_-| .59 -0,13 '
B O
O . B_B
2
full radjus pin typ Q_O
Hold tojerance w@%length of seal area = 5,97 min.
0,31 max. x 45@&amfer typ.

7.6.2.3 Pin allocations

The four bus extension connector pins shall have the following allocations:

24

Pin 1: TBC_PWR (reserved for TPPL)

Pin 2: CAN_H

Pin 3: TBC_RTN (reserved for TPPL)

Pin 4: CAN_L
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3 Implement bus breakaway connector

3.1 General

A receptacle shall be placed on the rear of the tractor adjacent to, and oriented in, the same direction
as the existing towed-equipment lighting connector, in accordance with ISO 1724. The receptacle shall
have a dust and weather cap that covers the connector when the towed equipment is not connected.

An optional receptacle can be installed on the front of the tractor adjacent to the front-mounted
hydraulic outlets when front-mounted implements are accommodated. This connector shall meet the

Sperifir‘:lh'nnc inAnnex B

A plug that mates with the above receptacle shall be placed on the hitch of the implements
sha|l have sufficient cable length to reach the receptacle. If additional implements €an be
to the implement, a receptacle as specified in 7.6.3.4 shall be placed at the attachment

conpector shall have a dust and weather cap that covers it when the towed equijpment is not

Power on pin 5 of the receptacle disconnects the termination from the implement bus. Pin 5
is shorted to pin 4, the ECU_PWR connection.

7.6
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3.2 Terminating bias circuit for TQPL IBBC

BC shall be located at each implement bus breakaway congector receptacle. This active ¢
bn the receptacle connection side of the bus. Whenever the implement bus breakawayj
b is connected to the receptacle, the TBC on the receptagle connection side of the bus seg
lisconnected from CAN_H and CAN_L.

loading of this disabled TBC on TBC_PWR and, TBC_RTN shall be less than 20 mA.

3.3 Terminating circuit for twisted pair'physical layer IBBC

minating Ry, = 120 Q resistors shall be located at each implement bus TPPL breakaway
bnever a TPPL breakaway connector-plug is connected to the receptacle, the terminating
receptacle connection side of the-bus segment shall be disconnected from either CAN_H

3.4 Dimensions

implement bus breakaway receptacle shall conform to the dimensions shown in Figu
tor or implement-utounted receptacle shall contain pin contacts.

mating plug,shall have the dimensions given in Figure 21. This implement-mounted|
fain socketicOntacts.

implement bus breakaway connector containing the receptacle and automatic switchin
form t0 the mounting dimensions given in Figure 22.

. This plug
connected
point. This
connected.

of the plug

ircuit shall
connector
ment shall

receptacle.
resistor on
pr CAN_L.

re 20. This

plug shall

b TBC shall
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Figure 20 — Implement bus breakaway receptacle dimensional requirements
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Dimensions in millimetres
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Figure 21 — lmpleugﬁt bus breakaway plug dimensions
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ON 44) ——

— (43.87) =

—— (68.47) ——=

Key
1 |0 5,68-0 5,40 blind hole, 15,24 deep, suitable for M6 x 1,0 self-threaded screw

Figure 22 — Maximum dimensions of afi.implement bus breakaway connectdr

7.6{3.5 Pin allocations

Thed implement bus breakaway connectorshall have the pin allocations shown in Table 20 (dxamples of
wirg colours are also given). However,an implement bus breakaway receptacle that includes|a TBC may
alsq have a connector with the pin allocations given in Table B.2. A connector with the pin pllocations
shown in Table B.1 may be used.to connect ECU power to the TBC in the receptacle.

NOTE The power to the implement bus breakaway connector or TPPL implement bus breakaway connector
is cqntrolled by the Tractot ECU.

7.6{3.6 Ground/selation

Thegground circuits for GND and ECU_GND shall be connected only at one location, which is recpommended
to He at the.tractor’s power source’s (12 V supply) negative terminal. To avoid ground loops, no other
conpections between GND and ECU_GND shall be made on the tractor or any connected Jmplement.

Resjistahce measurement taken between pin 1 (GND) and pin 2 (ECU_GND) of a single implement’s
bus MWWMMWMMMM% on the

implement. It is recommended that the ECU functions, including CAN communication, are powered by
the ECU_PWR/ECU_GND circuit. However, an ECU on an implement may use only the PWR/GND circuit
with no connection with the ECU_PWR/ECU_GND circuit.

For TQPL IBBCs, ECU_PWR and ECU_GND shall only be connected to the TBC included with the
implement bus breakaway receptacle. No connections between ECU_PWR and TBC_PWR or between
ECU_GND and TBC_RTN shall be made at other TBCs connected to the ISO 11783 bus on the tractor or
any connected implement. No connections between PWR and TBC_PWR or between GND and TBC_RTN
shall be made at any TBCs connected to the network. Resistance measurement taken between pin 4 and
pin 6 or between pin 2 and pin 7 of an implement’s bus breakaway connector plug with TBC connected
and without any ECUs connected shall be greater than 5 M ().
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For TQPL the resistance measurement taken between a connected TBCs TBC_RTN pin and ECU_GND

harness connection shall be greater than 1 M Q.

Table 20 — Implement bus breakaway connector pin allocations

Pin Name Co_ntact Wire colour Comments
no. sizea
Connected separately from ECU_GND to the tractor’s
1 GND A Black power source (12 V supply) negative terminal. All major
power loads (motors, etc.) shall use this return path.
CiTcuttto be [imited to providing etectrical returmn for
electronic control units mounted on tractors or imple=
2 EQU_GND B Black ments. This pin shall further be electrically isolated frgdm
GND and shall be connected to the tractor’s power source
(12 V supply) negative terminal.
3 PWR A Red Power for all, motors, etc. that normallys'eqtiire significant
power and tend to generate transients.on the supply ling.
Good source of clean positive 12 V.supply power that shall
4 EQU-PWR B Red be used for powering the ECUsimeunted on implementy.
Exists only within the connéctors (i.e. not for external
5 TBC DIS C N/R connections) to control reldy for automatic terminating
- bias connection/remowal, Connected to pin 4 on imple-
ment connector plug:
Power for the TBCsxand which shall not be used for any
6 |THC_PWR| C See Table 12 other purpose.
Connected ¥0~ECU_PWR for TPPL IBBC
Providesireturn path for TBCs and shall not be used for
7 | THRCRTN | C See Table 12 any gthiér purpose.
Connected to ECU_GND for TPPL IBBC
8 dan u C See Table 12 Data transmission line pulled toward higher voltage in
- g dominant state.
9 dAN L C See Table 12 Data transmission line pulled toward lower voltage in
- TS dominant state.
a  Defined|by Figure 10.
7.6.3.7 Backward compatibility
To guarantee backward{compatibility, TPPL tractors shall provide power to twisted quad bdsed
implement|{TBC circuit. This shall be achieved by connecting the TBC_PWR pin to the ECU_PWR line and
the TBC_RTN pin ta'the ECU_GND line.
In accordance with the electrical values of the bus connector, the fuse(s) to connect TBC_PWR to BCU_
PWR shall pe1A.

The following images are showing the possible connections.

30
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1[ GND
4 2| ECU_GND
3] PwR
4| ECU_PWR
1 FUSEﬁ 5 118
........... 6| TBC_PWR
| 7| TBC_RTN
; %L 8
1 >120Q 9| can.L
1
1
1
1
1

...........

Key

N U1 A W N

Key

front terminating resistor Ry,

TPPL IBBC circuit for automatic Ry, termination connection/removal
normally closed relay

power lines

TPPL IBBC
TPPL IBBP or IBBP
Figure 23 — TPPL tractor with reac TPPL Breakaway Connector
ECTE Jrom P D
7PWR 3 gl’it(!t'orl e ® 3 PWl{
ECU_PWR | 4 esest:r;a [e] 4 | ECU_PWR
TBC_DIS 5 . FUSE@ 5 | TBC_DIS
TBC_PWR | 6 6 | TBC_PWR
TBCRTN | 7 - 7 | TBCRTN
8 8
CANL |9 9 | CAN_L

Ul s W N

TPPL IBBC circuit for automatic Ry termination connection/removal
normally closed relay

primary TPPL IBBC

secondary TPPL IBBC

TPPL IBBP or IBBP

Figure 24 — TPPL tractor with front and rear TPPL Breakaway Connector (single fuse)
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1
ECU. gﬁlljj from 1l GND
“PWR ; tractor 2| ECU GND
ECUPWR | 4 electriCa] mmm—" Ot Z ZUE
TBC_DIS FUSE system o ECU PWR
P : FUSE 5| TBC DIS
TBC_PWR 6 Smens-
AR : 7| 1BC RTN
) 8
CANL | 9 4 S

TPPL IBBC circuit for automatic R, termination connection/removal
normalTy closed relay

primary TPPL IBBC

secondary TPPL IBBC

TPPL IBBP or IBBP

Figure 25 — TPPL tractor with front and rear TPPL Breakaway Connector (double fuse)

1 2
1[ aND
2] ECUGND
3] PWR
4] ECu_PWR -
5[ TBC_DIS T
6| TBC_PWR 3
7
8
9

TBC_RTN
CANL e 120 Q%

TPPL IiBC
TPPL IBBP

termingting resistor Ry

Figure 26 — TPPL implement
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GND
ECU_GND
PWR
ECU PWR
TBC_DIS
TBC_PWR
TBC RTN

GND
L
ECU_GND
PWR
ECU PWR °
TBC DIS

FUSE Ij
TBC_PWR
TBC_RTN

—9

© @ N0 o s fw e =
o w|uofnlsful ]~

CAN L CAN L

Key
TPPL IBBC
TPPL IBBP

TPPL IBBC circuit for automatic R}, termination connection/removal

BwWw N R

normally closed relay

Figure 27 — TPPL implement, daisy chain (single fuse)

1 2 1 2

GND
ECU_GND
PWR
ECU_PWR
TBC_DIS
TBC_PWR
TBC_RTN

GND
ECU_GND
PWR

ECU_PWR
TBC_DIS T
TBC_PWR
TBC_RTN

O NS e e
o ® N o jn | e b |-

CAN_L CAN_L

TPPLIBBC
TPPL IBBP

TPPL IBBC circuit for automatic Ry, termination connection/removal

Bw N R

normally closed relay

Figure 28 — TPPL implement, daisy chain (no fuse)
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7.6.4 In-cab connector

7.6.4.1 General

An in-cab connector shall be available to be used to connect existing components, for example VT’s,

auxiliary inputs or other ECUs mounted in a tractor cab to the ISO 11783 bus.

7.6.4.2 In-cab connector receptacle dimensions

The in-cab connector receptacle shall have dimensions according to Figure 29.

7.6.4.3 Ip-cab connector pin allocations

The nine connector pins shall have the following allocations.
— Pin 1: Connected to ECU_PWR

— Pin 2: CAN_L input

— Pin 3: CAN_L output

— Pin 4: CAN_H input

— Pin 5: CAN_H output

— Pin 6: TBC_PWR (Connect.to ECU_PWR for TPPL IBBC for backwards compatibility)

— Pin7: ECU_PWR

— Pin 8: TBC_RTN (Connect to ECU_GND for TPPL IBBC\for backwards compatibility)

— Pin 9: ECU_GND

The loading limit on TBC_PWR and TBC_RTN shall be in accordance with 7.3.2.

2

34
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Figure 29 — In-cab receptacle dimensional requirements

7.6.4.4

In-cab connector plug dimensions

The connector plug for the in-cab connector shall have dimensions according to Figure 30, to mate with

the in-cab connector receptacle.
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Dimensions in millimetres
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1 polyester, black

2 glass filled nylon, 6/6 black
3  AMP pqrtno

4  matingfface

NOTE The optional in-cab connector plug specifications are met by AMP 206708 1.

Figure 30 — In-cab plug dimensional requirements

7.6.4.5 In-cab connector cable coannections for TQPL

The conneg¢tion of the in-cab cofinector to ISO controllers or display terminals is as shown in Figurd 31
A shorting|plug is not required to connect CAN_L input to CAN_L output and CAN_H input to CAN
output when no controllerZor terminal is connected to the in-cab connector. When not powered
normally closed relay cibcuit is used to maintain the CAN_H and CAN_L connections.

The follow|ng threé.connection configurations are possible, as shown in Figure 31.
a) Aloop|through the in-cab connector to extend the bus. The relay is powered by a connection to[the

ECU_PWRterminal to interrupt the bus on the “tractor side”. Stub bus connections are provided for
connection of multiple ECUS.

b) When the ECU connection from the in-cab connector is more than 1 m, the ECU is connected by a
stub connection to the bus that is looped through the in-cab connector. The TBC_PWR and TBC_
RTN connections are not returned through the in-cab connector but are left open circuit at the

connector. The relay is powered by a connection to the ECU_PWR terminal to open the bus on the
“tractor side” of the connector.

c¢) When the ECU connection to the bus is less than 1 m, the ECU is connected directly to the bus as a
stub and do not daisy-chain the CAN_H and CAN_L.

If the controller or display provides a loop through of the bus, it shall have an internal circuit equivalent
to the external connections shown for the configuration described in b) above.
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TBC_PWR TBC_PWR
TBC_RTN TBC_RTN
a CAN L CAN L a
CANH ~ CANH
ECUPWR
ECUGND
e e - | I -
b
974286 135
(o C
974 286 135 974286 135 9 7A4(2°8 6 135
Y B
d f .
>1 —1 <I'm i i
ISO 11783 ISO 11783 ISO 11783 IS0 11783
ECU ECU ECU ECU

a |ISO 11783 bus.
b ]In-cab connector (plug).
¢ |In-cab connector (socket).

d  [Bus extension through in-cab connector for connecting multiple ECUs.

e |Long bus extension through in=cab connector for connecting an ECU.

f [Short bus extension (stub)through in-cab connector for connecting an ECU.

NOTE The TBC_PWR and TBC_RTN are routed together with the CAN_L and CAN_H as twistec

for EMC purposes but,ehly’once connected to connector “c”.

7.6/4.6<_YIn-cab connector cable connections for TPPL

Figure 31 — In-cab connector cable connections for twisted quad

The connection of the in-cab CONNECLor to 150U CONtroliers or display terminals 1s as snown.1

quad cable

Figure 32.

A shorting plug is not required to connect CAN_L input to CAN_L output and CAN_H input to CAN_H
output when no controller or terminal is connected to the in-cab connector. When not powered, a

normally closed relay circuit is used to maintain the CAN_H and CAN_L connections.

The following three connection configurations are possible, as shown in Figure 32.

a) Aloop through the in-cab connector to extend the bus. The relay is powered by a connection to the
ECU_PWR terminal to interrupt the bus on the “tractor side”. Stub bus connections are provided for

connection of multiple ECUs.

b) When the ECU connection from the in-cab connector is more than 1 m, the ECU is connected by a
stub connection to the bus that is looped through the in-cab connector. The relay is powered by a
connection to the ECU_PWR terminal to open the bus on the “tractor side” of the connector.
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c¢) When the ECU connection to the bus is less than 1 m, the ECU is connected directly to the bus as a
stub and do not daisy-chain the CAN_H and CAN_L.

If the controller or display provides a loop through of the bus, it shall have an internal circuit equivalent
to the external connections shown for the configuration described in b) above.

CAN L _ CANL
a CAN H _____cANH (@

ECUPWR A &
ECUGND A A n

1
N1

974286 135
974286 135C 974286 13')5C 9 LBH286 135
DY D W D N P
d —— e £ Do
ISO 11783 ISO 11783 ISO 11783 ISO 11783
ECU ECU ECU ECU

a  [SO 11783 bus.

b In-cab ¢onnector (plug).

¢ In-cab ¢onnector (socket).

d  Bus extension through in-cab ¢onnector for connecting multiple ECUs.

e Long biis extension through ifi*cab connector for connecting an ECU.

f Short bus extension (stub}through in-cab connector for connecting an ECU.

Figure 32 — In-cab connector cable connections for TPPL

7.6.5 Diagnostic connector

7.6.5.1 General

The diagnostic connector facilitates ISO 11783 network troubleshooting and maintenance and shall be
in the tractor cab in an easily accessed location. The stub length between the network backbone and
the diagnostic connector should be minimized to accommodate the cable length from the diagnostic
connector to the service tool CAN transceiver. The connector and its associated terminals shall meet
the electrical specifications of Table 19.

7.6.5.2 Receptacle dimensions

The diagnostic receptacle connector shall have the dimensions given in Figure 33.
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Dimensions in millimetres
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7.6.

The diagnostic connector locking plug shall have the dimensions given in Figure 34.

285

main polarizing rib

thread 1,375-18 UNEF- .
Phantom line for cla tion only.

Recommendeds:g\[
4PL. Q~

?\
2

Figure 33 — Diagnostic connector receptacle dimensions

2.5 LOCKING plug dlmensions
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Dimensions in millimetres
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Figure 34 — Diagnostic connector lo&‘ing plug dimensions
¥

xO
The diagngstic connector non-locking plug sh\i@lﬁave the dimensions given in Figure 35.

7.6.5.4 Non-locking plug dimensions
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Dimensions in millimetres

41,55 /

@ 40,51

Key
1 |main polarizing rib
2 |thread 1,375-18 UNEF-2A
Figure 35 — Diagnostic connector non-locking plug dimensions
7.655.5 Pin allocations
The diagnostic connector pins shall‘have the allocations given in Table 21.
NOTE The diagnostic connector is also used by industry in 24 V battery systems.
Table 21 — Diagnostic connector pin allocations
Pirtne. Allocation
A ECU_GND
B Unswitched powera
C Tractor bus CAN_H
D Tractor bus CAN_L
E Not specifiedb
F Not specifiedc
G Not specified¢
H Implement bus CAN_H
] Implement bus CAN_L
a  Adirect connection to positive 12 V or 24 V battery power through a 10A fuse.
b Used for the shield of an SAE J1939 network in an SAE diagnostic connector.
¢ Used for SAE J1708[5] network in an SAE diagnostic connector.
7.6.5.6 Diagnostic connector dimensions

The diagnostic connector shall have the interface dimensions given in Figure 36.
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a  |Datum A.
b |Contact cavity letters are shown for identification only and are notg  Cavity locations.
necessarily in their true positions. Lettérs are not to extend outside ®n  porum B

25,25 (no gates or parting lines on sealing surfaces). :

f Polarizing rib is opti¢nal.

Full radius.

¢ |No gates or parting lines onsealing surfaces.
d |Dimension applies to cavities B, C, D, E, F, G, H and .
e |Dimension applies to.cavity A, only.

NOTE All cavity leCations are to be * 0,05 from centrelines.

Figure 36 — Diagnostic connector interface dimensional requirements

8 |Conformance tests

8.1 General requirements

All the following test shall be done and passed by component under test. TBC tests shall not be
performed on devices designed for TPPL.

8.1.1 Figures 37 to 42 and Formulae (2) to (4) show how in principle the parameters specified in
Clause 7 can be verified by ECU manufacturers, while 8.1.2 to 8.1.6 are general requirements for these

conformance tests.

8.1.2 Measurements shall be referenced to ECU_GND, or to GND for ECUs with no separate ECU_GND
terminal. TBC_RTN shall not be used as the reference.
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8.1.3 The tests shall be conducted over the entire voltage operating range of the ECU, which shall be at
least 10 V to 16 V; whereas, the manufacturer shall be responsible for the verification of any applications
requiring a broader voltage range.

8.1.4 In order to guarantee bus operation with certain faults, many of the parameters shall be verified
without ground or power connected to the ECU, or with neither connected.

8.1.5 All
than 0,1 Q

sources for the test shall present an internal impedance, the magnitude of which shall be less
for all frequencies below 5 MHz. All measurement devices should have input impedances of

above 10 M(), shunted by less than 10 pF from DC to 5 MHz.

8.1.6 An
message tr

8.2 Inte
8.2.1 Mge

8.2.2 Caj
offsets bety

a) ECU ca
b) ECU ca
c) ECU cd
d) ECU cd

independent means shall be available to cause the ECU under test to attempt to\initiate
hnsmission over the CAN bus.

rnal resistance
hsure internal resistance, Riy, (see Figure 6) of CAN_H and CAN_L as shewn in Figure 37.

ry out this test over a range for U (voltage range: -2 V to 8 V), s#hich represents the ground
veen nodes on a given bus segment, for the following power ¢onnection scenarios:

nnected to ground lead only;
nnected to both 12 V supply and ground leads;
nnected to neither 12 V supply lead nor ground‘tead;
nnected to 12 V supply lead only.
2% U <8
10<U,<16
-2<U,<8
ECU_PWR
i w— (o)
RteSt
1
U
CAN L QD
ECU_GND W\
test
®

Key

1 ECU

Figure 37 — Measurement of Rj, with ECU protocol IC set to bus idle

8.2.3 Apply bias to both CAN_H and CAN_L, concurrently, in the most general case.

8.2.4 Determine Ry, of CAN_H and CAN_L over the range -2 V < U < 8 V, then use the minimum value to
verify that the ECU's Ry, is above the required minimum.
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8.2.5 Carry out the measurements using Riest = 5 k), and calculate Rj, of CAN_H or CAN_L using
Formula (2):

En _EnB

in — Rtest
Un _En

(2)

where Ry, is defined, for the recessive state and DC parameters, by Table 7. E;;p is the bias voltage internal
to the ECU for the power connection scenario being tested and is measured with Rs disconnected.

8.3 Internal differential resistance

8.3]1 Measure internal differential resistance, Rgis, (see Figure 7) of CAN_H and CAN'Lak shown in
Figuire 38.

8.3]2 Carry out this test over the same range for U and for the same power ©gnnection sgenarios as
spefified in 5.5.2.

CAN_H N/ \v
Rtest
1
CAN_L /\/\/
Rtest
Key
1 |ECU

Figure 38 — Measurement of Rgiff with ECU protocol IC set to bus idle

8.3]3 Determine Rqjff for U =5V and Reest = 5 kQQ during bus idle using Formula (3):

E-Ejg
R giff =2R o5t TU_E (3)

where the power supply-shall offer enough isolation to the other ECU supplies so that the medsurements
repfesent the ECU-impedance and not supply-leakage currents. Ep is the bias voltage intefnal to the
ECU for the powek-connection scenario being tested and is measured with Rses: disconnected.

8.4 ECUrecessive input threshold

8.4)1-D Verify that the recessive input differential voltage threshold meets the requirementg in Table 7
and Table 9 over the common mode CAN input voltage range and ECU supply voltage range.

8.4.2 With the supply voltage Ug at 10 V, 12 V and 16 V, measure the state of the RXD signal for all
values of Uy and Uy, with the following conditions (see Figure 39):

a) Uy=06VandU,=0,1V;
b) Uy=2,75VandU,=2,25V;
c) Uy=45VandU,=4,0V.
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8.4.3 For the condition indicated in 8.4.2, the RXD signal shall indicate a recessive (logic HIGH).

This test requires internal access to the CAN transceiver RXD and TXD signals.

The CAN transmitter shall remain in the recessive state during this test.

1 ECUPWR

-
NG

CAN_L
RXD . UD

ECU_GND

Key
1 ECU
2 CAN Trhansceiver: * TXD is tied to logic HIGH to keep transmitter in.recessive stat

Figure 39 — Test of input threshold for dominant or recessive bit detection

8.5 ECU|dominant input threshold

co

8.5.1 Vetify that the dominant input differential voltage threshold meets the requirements in Tablle
and Table 10 over the common mode CAN-input voltage range and ECU supply voltage range.

8.5.2 With the supply voltage Ug-at/10 V, 12 V and 16 V, measure the state of the RXD signal for all
values of U and Uy, with the follewing conditions (see Figure 39):

a) Ug=-1VandUL=-2V;
b) Uy=3|0Vand Uy, =2,0'V;
c) Uy=7)0Vandly=6,0V.

8.5.3 Fot the'condition indicated in 8.5.2 the RXD signal shall indicate a dominant (logic LOW).

This test requires internal access to the CAN transceiver RXD and TXD signals.

The CAN transmitter must remain in the recessive state during this test.
8.6 ECU dominant output

8.6.1 Measure the dominant output of an ECU as shown in Figure 40. Since the differential voltage is as
given by Formula (1), it can be measured differentially, as itself, between the CAN_H and CAN_L bus signal
lines. Alternatively, it can be found as the difference between the voltage between CAN_H and ground,
and that between CAN_L and ground. The magnitudes of the output currents can be found directly from
this test; the current ratio shall be calculated.
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NOTE Since this ratio, as well as the variation in the current, is a manufacturer-specific pa
acceptable values are presented in Table 16.

rameter, no

These voltages shall be measured using an oscilloscope. The ECU must be actively transmitting.

1<U <8 1<U,<8 10<U,<16

ECU_PWR
CANH — I ) NN U,
R

Key]

8.6
of

8.6
med

8.7

8.7
itse
recq
(sh
trar
alsda

TSt

CANL | U
ECU_GND R,. H

Figure 40 — Measurement of Vcan H and Vcan 'while the ECU sends a dominan

ECU

2 Measure Vcan H, Vean L In, and I, during a dominant bit transmission. Set Ryest at 30 (]
4iff may be measured or calculated as desired:

3 Set the load as shown in Figure 4%.°The ratio of Iy to I, shall be between 0,95 and
ysured with Uy =U; = 2,5 V.

ECU internal delay time

f to the start of the frame bit transmitted by the ECU's CAN controller. Upon detection

ded area in the-figure). This overwriting is increased until the protocol IC loses arbitratio
smitting, when the available part of the bit time, t,yaj), for delay time compensation is exh
Annex A).

[ bit

. The value

1,05 when

1 Measure the internadl delay time of an ECU as shown in Figure 41. The test unit shown syjnchronizes

of the first

ssive identifier bit, the test unit partly overwrites this bit for the time, toyerw, with a donjinant level

h and stops
husted (see

(4)

8.7]2 Calculate tgcy using Formula (4):
t —t —t
ECU dvdll overw
where

tavail is known from the bit timing unit of the ECU’s CAN controller [2,5 us, time to the sample point

from a bit edge (see 5.6)];

toverwis the time found with the test unit.
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8.7.3 The recessive and dominant voltage levels are set by the test unit to the corresponding threshold
voltages for reception. This means that the recessive overwriting level is 0,5 V and the dominant 1,0 V
and ensures a uniquely defined relationship between voltage levels and internal delay time.

10-16V
2
ECU_PWR
CAN_H 3 3
A A
a —
1 T .
[«
CAN_L ‘l‘ b
ECU_GND 4 5
6]
\4

Key
1 ECU
2 testunit
3  sample|point
4 start offframe
5 first req¢essive identifier bit
6 toverw
a Domingnt.
b Recessiye.
c Idle.

Figure 41 — Measurement of ECU internal delay time tgcy

9 Bus failure and fault-confinement

9.1 General

Many different bus failures can occur during normal operation that can influence operation. To enqure
safety under all conditions, these failures and the resulting network behaviour are specified in the Text
sections.

9.2 Loss of network connection

Ifanode becomes disconnected from a bus segment, the remaining nodes shall continue communication.
The exceptions to this requirement are bridges, gateways and routers, as communication between the
bus segments on the different ports of such a device would be impossible under the circumstances.

9.3 Node power or ground loss

a) Ifanode loses power, or is in a low-voltage condition, the bus segment to which it is attached shall
not be electrically loaded, and the remaining nodes shall continue communication.
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If a node loses ground, the voltages on the bus segment to which it is attached shall not be biased

up, and the remaining nodes shall continue communication.

Reaction to power-supply voltage disturbances

ECUs on the network shall be able to manage 12 Vdc supply voltage transients and interruptions,
reacting in accordance to the following requirements:

1.

If ECU_PWR is restored within 2 ms and if interruptions are spaced at least 98 ms apart (this

results in a 100 ms period), there shall be

For
cur

9.5

Con

9.6

In
intd
the
bac
oth
Tro

Case 1: CAN_H interrupted between “first” or “last” ECU and a TBC

Dat
to-1
twi

— 1o loss of normal network communications or in-process messages;

no processor reset;

— no loss of data in the volatile memory, such as network-configuration infermation o
in progress over the network;

If ECU_PWR is disrupted for a period of time greater than 2 ms butless'than 1 s, the ECU
continue normal operation or it may reset;

If ECU_PWR is disrupted for a period of time equal to or greatéer, than 1 s, the ECU shal
power-up reset when power is restored.

test purposes the power supply used to perform the tést'shall be able to source threg
Fent that the ECU draws at 12 Vdc supply voltage.

Network disruption during connection;disconnection or power-up

nection, disconnection, or power-up of the:E€U shall not disrupt network communicatios

Open and short failures

rinciple, bus failures are detectable if there is a significant message destruction rate

required network response;are listed and described as follows (see Figure 42). An EC
k to a fail-safe state of operation if the fault condition does not ensure communication int
br ECU’s in the network'which are required for its normal operation. ECUs should store
ible Codes in cases'when detectable open or short failures are intermittent.

h communiCations shall be able to continue between all nodes. There can be areduction in
oise ratie or an increase in electromagnetic emissions, or both. (The swing on CAN_H is
Ce that on CAN_L, thereby allowing continued operation.)

Case'2? CAN_H shorted to ECU_PWR

I messages

may either

perform a

b times the

1S.

as can be

rpreted by the ECUs or the CAN controllers. Cases of external events that can cause failures, with

U shall fall
bority with
Diagnostic

the signal-
essentially

Data communications is not possible. The ECU shall be able to detect this fault condition and fall back to

afa

Cas

il-safe state of operation.

e 3: CAN_L shorted to GND

Data communications is not possible. The ECU shall be able to detect this fault condition and fall back to

afa

Cas

il-safe state of operation.

e 4: CAN_H shorted to GND

Data communications is not possible. The ECU shall be able to detect this fault condition and fall back to

afa

©IS

il-safe state of operation.
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Case 5: CAN_H interrupted

Data communications shall be able to continue between nodes on each side of the interruption, even
though it might not be possible to maintain communications between nodes across the interruption.
The ECU shall fall back to a fail-safe state of operation if it relies on communication with an ECU on the
other side of the interruption. There can be a reduction in the signal-to-noise ratio between nodes on
opposite sides of the interruption.

Case 6: CAN_L interrupted

Data communications shall be able to continue between nodes on each side of the interruption, even
though it i
The ECU shall fall back to a fail-safe state of operation if it relies on communication with an ECU.on|the
other side pf the interruption. There can be a reduction in the signal-to-noise ratio betweennodes on
opposite sides of the interruption.

Case 7: CAN_L shorted to ECU_PWR

Data communications is not possible. The ECU shall be able to detect this fault condition and fall badk to
a fail-safe qtate of operation.

Case 8: THC_PWR shorted to GND

Data comnjunications shall be able to continue between all nodes if~TBC_PWR is isolated from ECU_
PWR by cyrrent limiting circuit or a fuse. There can be a reductiofy in the signal-to-noise ratio as|the
system is dperating with only one TBC and incorrect signal levels:

Case 9: CAIN_H shorted to CAN-L

Data communications is not be possible. The ECU shall betable to detect this fault condition and fall hack
to a fail-safe state of operation.

Case 10: TBC_PWR interrupted between “supply-end” and “far-end” terminators

Data comnunications shall be able to contintie between all nodes. There can be a reduction in|the
signal-to-njoise ratio, since the signal lines are loaded to ground by the TBC, which are unpowered.

Case 11: Bopth bus signal lines interrupted at same location

Data communications between~nodes on opposite sides of an interruption is not possible. [pata
communications between nodes-on the same side of an interruption shall be able to continue but may
do so with| reduced signal<«te*noise ratio. The ECU shall fall back to a fail-safe state of operation [if it
relies on cgmmunication‘with an ECU on the other side of the interruption.

Case 12: TBC_RTN interrupted between “supply-end” and “far-end” TBCs

Data communications between nodes is not possible. The ECU shall be able to detect this fault condifion
and fall bagk-£o\a fail-safe state of operation.

Case 13: CAN_L interrupted between “first” or “last” ECU and TBCs

Data communications shall be able to continue between nodes. There can be a reduction in the signal-
to-noise ratio or an increase in electromagnetic emissions, or both. (The swing on CAN_H is essentially
twice that on CAN_L, thereby allowing continued operation.)

Case 14: Supply interrupted before reaching TBCs

Data communications between nodes is not possible. The ECU shall be able to detect this fault condition
and fall back to a fail-safe state of operation.
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e 15: Ground interrupted before reaching TBCs

Data communications between nodes is not possible. The ECU shall be able to detect this fault condition
and fall back to a fail-safe state of operation.

Case 16: Both CAN_H and CAN_L open to an ECU [i.e. loss of connection to bus segment (see 8.2)]

If a node becomes disconnected from its bus segment, the remaining nodes shall be able to continue
communications, except the single ECU. The single ECU shall be able to detect this fault condition and

]

fallp

'S £o:1 £ ot £ 43
DAt tO—a Tair Sarc-StatCOT OptTatiorr:

Case 17: Node power loss

If a
con

node loses power, or is in a low-voltage condition, the remaining nodes shall'be able f{
munications.

Case 18: Node ground loss

Ifa

node loses ground, the remaining nodes shall be able to continue communications.

Casle 19: Loss of one TBC

Dat
not
emi
con

h communications shall be able to continue between all nodes.'Fault detection by any ECU
possible. There can be a reduction in the signal-to-noise/ratio and an increase in electj
ssions because the media is no longer terminated\properly. If both TBCs are dis
munications can likely fail.

Case 20: CAN_H shorted to TBC_PWR

Dat
afa

h communications is not possible. The ECUshall be able to detect this fault condition and
I-safe state of operation.

Case 21: CAN_L shorted to TBC_PWR

Dat
afa

h communications is not possible. The ECU shall be able to detect this fault condition and
[-safe state of operation.

Casle 22: Topology parameter violations (i.e. bus or stub length, node spacing, bias impedj

Dat
and

h communications‘via the bus might be possible, but with a reduction in the signal-to-
possible loss of ‘arbitration.

0 continue

|s probably
omagnetic
connected,

fall back to

fall back to

ince)

noise ratio

© IS0 2019 - All rights reserved

51


https://standardsiso.com/api/?name=506500a51fb1ee98b744b3fea9501469

ISO 11783-2:2019(E)
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3 ECU_GND
Key
1 casel 11 casell 21 ( case 21 >< open circuits
2 case?2 12 casel12 22" case 22 @ closed circuits
3 case3 13 case13 23 case 23
4  case4 14 case 14 24 case 24 — not shown
5 case5 15 case15 25 TBC
6 caseb 16 case 16 26 ECU1
7 case7 17 case\l7 27 ECUn-1
8 case8 18 Scase 18 28 ECUn
9 case9 19 case 19 29 twisted quad transmission cable
10 case 10 20 case 20 30 power for TBC
NOTE YeeH4:)

Figure 42 — Possible failures due to external events
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Annex A
(informative)

Protocol controller timing and naming

Av
pro
intg
pos
It is
seg

T OISV ITOTUTY

hiriety of names are used to refer to the bit segments (see Figure A.1) by different suppl
focol controller integrated circuits. However, it is believed this general grouping|provi
the operation and configuring of these circuits. Since these definitions arenot con
Kible that two-bit segments in one implementation can be defined as one in another imple
therefore possible that a particular protocol controller ICs cannot bé \configurable
mentation described here.

ers of CAN
des insight
stant, it is
mentation.
for the bit

<
<

| syncsec® | Pprop_sEG PHASE_SEGI | pHask _skG2¢

|

1

sample point (point of time at which the bus levet'is read and interpreted as the value of the bit)

Nominal bit time.

propagation

ortened by

that occur
e protocol

b IPart of bit time used to synchronize ECUs:en the bus; edge expected within this bit segment.
¢ |Partofbittime used to compensate for,;physical delay times on a bus segment; delay times caused by
time of bus signal line and ECUs' intérnal delay time.
d |Phase buffer segments ugsed“to compensate for phase-errors; can be lengthened or sh
resynchronization.
Figure A.1 — Bit segmentation
A.2 Internaldelay time
The intefinal delay time of an ECU, tgcy, is defined as the sum of all asynchronous delays
alomgthe transmission and reception path of an ECU, relative to the bit timing logic unit of t
IC (SeeHisureA2)
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