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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
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F[governmental, In_fiaison with 190, also take part In the WOrk. 1S9O collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft-Internationa
rnational Standard requires approval by at least 75 % of the member bodies casting a vote.

11783-2 was prepared by Technical Committee ISO/TC 23, Tractors_ahd machinery for agn
stry, Subcommittee SC 19, Agricultural electronics.

second edition cancels and replaces the first edition (ISO41783-2:2002), which has been
sed. It also incorporates the Amendment ISO 11783-2:2002/Amd.1:2006 and the Technical
11783-2:2002/Cor.1:2003.

11783 consists of the following parts, under the general title Tractors and machinery for agn
stry — Serial control and communications data network:

Part 1: General standard for mobile data communication
Part 2: Physical layer

Part 3: Data link layer

Part 4: Network layer

Part 5: Network management

Part 6: Virtual tefminal

Part 7: Implement messages application layer

Part 8=Power train messages

Parnt 9: Tractor ECU

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies for voting. Publication as an

culture and

technically
orrigendum

fculture and

Part 10: Task controller and management information system data interchange
Part 11: Mobile data element dictionary

Part 12: Diagnostics services

Part 13: File server

Part 14: Sequence control
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Introduction

Parts 1 to 14 of I1SO 11783 specify a communications system for agricultural equipment based on
ISO 11898-1141 and 1SO 11898-2[5]. SAE J1939[8] documents, on which parts of ISO 11783 are based, were
developed jointly for use in truck and bus applications and for construction and agriculture applications. Joint
documents were completed to allow electronic units that meet the truck and bus SAE J1939 specifications to

be used by [@gricuituralr and forestry equipment with minimat changes. Generar information on SO 11783 |s to
be found in{ISO 11783-1.
The purposk of ISO 11783 is to provide an open, interconnected system for on-board electronic-systems.|lIt is
intended to|enable electronic control units (ECUs) to communicate with each other, providing,a standardjzed
system.
The Interngtional Organization for Standardization (ISO) draws attention to the fact 'that it is claimed |that
compliance|with this part of ISO 11783 may involve the use of a patent concerning.the)controller area network
(CAN) protqcol referred to throughout the document.
ISO takes no position concerning the evidence, validity and scope of this patent.
The holder of this patent has assured ISO that he is willing to negotiat&llicences under reasonable and npon-
discriminatqry terms and conditions with applicants throughout the waerld. In this respect, the statement of the
holder of th{s patent right is registered with ISO. Information may be obtained from:

Robert|Bosch GmbH

Wernefstrasse 51

Postfagh 30 02 20

D-70442 Stuttgart-Feuerbach

Germapy
Attention is|drawn to the possibility that some‘ef the elements of this part of ISO 11783 may be the subjett of

patent right
patent right

5 other than those identified above. 1ISO shall not be held responsible for identifying any or all

3
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Scope

11783 as a whole specifies a serial data network for control and communications on
Cultural tractors and mounted, semi-mounted, towed or self-propelled implements. Its pu

'mation storage and display units, whether mounted on, or part of, the\tfactor or implement, an

pen interconnect system for electronic systems used by agricultural\and forestry equipment.
11783 defines and describes the network’s 250 kbit/s, twisted, non-shielded, quad-cable physi

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

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 communic
vork — Part 1: General standard-for mobile data communication

Terms and definitions

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

General'description

4.1

forestry or
fpose is to

dardize the method and format of transfer of data between sensors, actuators, control el¢gments and

i to provide
This part of
cal layer.

For dated
referenced

1724, Road vehicles — Connectors for the electrical connection of towing and towed vehiclés — 7-pole

ations data

Network physical layer

The physical layer of a network is the realization of the electrical connection of a number of electronic control
units (ECUs) to a bus segment of the network. The total number of ECUs connected is limited by the electrical
loads on the bus segment. In accordance with the electrical parameters specified by this part of ISO 11783,
the limit shall be 30 ECUs per segment.

4.2

Physical media

This part of ISO 11783 defines a physical media of twisted quad cable. Two of 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. The third and fourth conductors, designated
TBC_PWR and TBC_RTN, provide power for the terminating bias circuits (TBCs) on the bus segments.

© 1SO 2012 — All rights reserved
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4.3 Diffe

rential voltage

The voltages of CAN_H and CAN_L relative to the ECU_GND (ground) of each ECU are denoted by Vcan H

and Vcan_ L

. The differential voltage, Vi, between Vcan 1 and Vean_ L is defined by Equation (1):

Vditf = VcAN_H — VeaN L

(1)

44 Bus
441 Levels
4411 General
The bus signal lines can be at one of two levels, and in one or the other of the two logical states,)recessivie or
dominant (gee Figure 1). In the recessive state, V'can 1 and Vcan L are fixed at a bias voltage level. Vs is
approximately zero on a terminated bus. The recessive state is transmitted during bus idlé\when all the rfode
CAN drivers are off. The dominant state is transmitted when any of the node CAN drivers is on. The domihate
state is represented by a differential voltage greater than a minimum threshold detected by the node CAN
receiver cincuits. The dominant state overwrites the recessive state and is transmitted when there |s a
dominant bit (see also Clause 5).

Veann ——

. Vi
Veant ——
1 2 1
Key
1  recessiye
2 dominant
Figure 1 — Physical bit representation of recessive and dominant levels or states

4.41.2 During arbitration
During arbifration, a recessive~and a dominant bit imposed on the bus signal lines during a given bit tim¢ by
two ECUs results in a dominant bit.
4.4.2 Voltage range
The bus vdltade range is defined by the maximum and minimum acceptable voltage levels of CAN_H [and
CAN_L, megasured with respect to the ECU_GND of each ECU, for which proper operation is guaranfeed

when all ECUs are connected to bus signal lines.

4.4.3 Termination

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

© 1SO 2012 — All rights reserved
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1 2
ECU_PWR — ECU_PWR —
ECU_GND ECU_GND
ECU_PWR 3
ARy | ARy
' ' TBC_PWR ' e
1
CAN_H .
I I
4 CAN_L S I 4
TBC_RTN AD!
NI
LECu_eND
ECU No. 1
ECU No. n
twisted quad cable
terminating bias circuit (TBC)
power for TBC_PWR and TBC_RTN

Figure 2 — Physical layer functional diagram

Resistance and capacitance

4.5.1 Internal resistance (Rj,), capacitance (Cj,)

The
(EC
sha
com

The
ECL
sha
conf

internal resistance, Rj,, of\an ECU is defined as the resistance between CAN_H or CAN L
lU_GND) in the recessive-state, with the ECU disconnected from the bus signal line. The m
| be made with the \ECU both powered and unpowered, and the minimum value used
pliance.

internal capacitance, Ci,, of an ECU is defined as the capacitance between CAN_H or
) _GND during the recessive state, with the ECU disconnected from the bus signal line. The m
| be made with the ECU both powered and unpowered, and the minimum value used
pliance.

and ground
basurement
to confirm

CAN_L and
basurement
to confirm
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ECU internal resistance and capacitance are illustrated by Figure 3.

s
l—(l

ECU_GND

Key
1 ECU

Figure 3 — Internal resistance and capacitance of ECU in recessive state

4.5.2 Differential internal resistance (Rqir), capacitance (Cgyif)

The differential internal resistance, R, is defined as the resistance’seen between CAN_H and CAN_L in
recessive sfate, with the ECU disconnected from the bus signal line. The measurement shall be made with
ECU both powered and unpowered, and the minimum value used to confirm compliance.

The differential internal capacitance, Cyj, of an ECU is defined as the capacitance seen between CAN_H

CAN_L dur|ng the recessive state, with the ECU diseonnected from the bus signal lines (see Figure 4).
measuremgnt shall be made with the ECU both powered and unpowered, and the minimum value use
confirm conppliance.

ECU differgntial internal resistance and capacitance are illustrated by Figure 4.

. CAN_H

Caif T R gite

. CAN_L

the
the

and

The
d to

Key
1 ECU

Figure 4 — Differential internal resistance and capacitance of ECU in recessive state
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Bit time

The bit time, g, is defined as the duration of one bit. Bus management functions executed within this duration,
such as protocol controller synchronization, network transmission delay compensation and sample point
positioning, are defined by the programmable bit timing logic of the CAN protocol-controller integrated circuit
(IC). Bit time conforming to this part of ISO 11783 is 4 ps, which corresponds to a data rate of 250 kbit/s. Bit
time selection generally demands the use of crystal oscillators at all nodes so that the clock tolerance given in

Tab

le 1 can be achieved.

A reliable ISO 11783 network shall be able to be constructed with ECUs from different suppliers. ECUs from
different suppliers cannot properly receive and interpret valid messages without timing restrictions achieved by

spe
sub

The)
and

NOT
typid

4.7

Tab

parameters apply for an ECU connected to a bus segment.

cific timing requirements for the bit timing registers in each protocol controller. Moreoyer
stantial differences between the bit segments used by protocol-controller IC manufacturers!

following protocol-controller settings are required for an ISO 11783 network with a)250 kbit
a bus segment of 40 m in length:

use of a single sample point;

a sample point 80 % + 3 % of the bit time, referenced to the start of the“bjttime.

E See Annex A for more information on protocol timing and naming, and a detailed description of b
al protocol controller.

AC parameters

e 1 defines the AC (alternating current) parameters.for an ECU disconnected from the bus,

© 1SO 2012 — All rights reserved
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Table 1 — AC parameters of a node disconnected from the bus

Parameter Symbol Min. Nom. Max. Unit Condition

Bit time ) 3,998 4,000 | 4,002 gs 250 kbit/s?
Measured from 10 % to 90 % of
Transition time It 75 200 500 ns the voltage of the prevailing
stateP
Internal delay time tEcu 0,0 — 0,9 us c
250-kbittsfor-CAN—+H-and

Internal capacitance Cin 0 100 pF —

CAN_L relative to grouhdd

Differential internal

capacitande Cait 0 50 PF d
CMR 40 — — dB DC (directcurrent) to 50 kHz
Common mode rejection
CMRsy1y 10 . . dB 5 MHz may linearly decreade

<t

between 50 kHz and 5 MHg

Available tjme tavail 2,5 — — us with 40 m bus length®

2 Including initial tolerance, temperature and aging.

b The physical layer utilizes field cancellation techniques. The match between the_dtive voltages and impedances (or currents) on
the CAN_H gnd CAN_L lines are equally important in determining emissions, owing te'the spectra presented being determined by|the
actual wave ghape.

¢ The valfe of gy is guaranteed for a differential voltage of Vi = 1,0 Vifor-a transition from recessive to dominant, Vi =05 V
for a transitign from dominant to recessive. With the bit timing given in this table, a CAN-interface delay of 500 ns is nominal possjble
(controller nqt included), with a reserve of about 300 ns. This allows slower transmitter slopes and input filtering. It is recommenfled
that this feafure be used to limit EMC. Delay values are for the implement bus and are at the discretion of the original equipnjent
manufacturef (OEM) for the tractor bus.

The minimallinternal delay time can be zero. The maximum, tolerable value shall be determined by the bit timing and the bus d¢lay
time.

Total time dgelay when arbitrating is ry(riseq) + r1(riseR) + tT(repeater) + rr(riser) + tr(repeater) + 2¢(line) + sr(nodey). If there rE 0
delay for the [ine, repeater and the loop back in nodey;, and the transition time is greater than or equal to % bit time, the transition times
still consume all possible bit time. Because the sample point is 80 % of the bit time and allows a transition time equal to 4 bit time, {frue
repeaters capnot be used.

4 In additipn to the internal capacitance restrictions, a bus connection should also have as low as possible series inductance. The
minimum valpes of Cj, and Cgjs can be 0, while the maximum tolerable values shall be determined by the bit timing and the topolpgy
parameters { and d (see Table 8)..Rroper functionality is guaranteed if cable resonant waves, if occurring, do not suppress [the
dominant differential voltage level(below Vi =1V, nor increase the recessive differential voltage level above V= 0,5V, at epch
individual EQU (see Table 3 and_ Table 4).

€ The avajlable time results‘from the bit timing unit of the CAN controller protocol IC. For example, as shown in Annex A, this timg in
most CAN controller ICs"coiresponds to t;ggg4- Due to poor synchronization it is possible to lose the length of two synchronizafion
jump widths (SJW), so'that 754j with one instance of this poor synchronization is trgg5,—SJW. A time quantum (zq) of 250 ns yvith
SIW =21, troeqy 53210, trgegp = 3 14, results in tay4) = 2, 5 ps.

5 Functional description

A linear bus segment is terminated at each end by a TBC (see Figure 2), which provides the electrical bias
and common mode termination needed to suppress reflections.

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.

6 © 1SO 2012 — Al rights reserved
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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.

ECUs should be connected only to the CAN_H and CAN_L conductors.

6 Electrical specifications

6.1 Electrical data

6.1. General

The| parameters specified in Tables 1 to 6 shall be complied with throughout the operatingrtempenature range
of epch ECU. These parameters allow a maximum of 30 ECUs to be connected to a 40'm-bus seggment. The
limifs given in Tables 1 to 5 apply to the CAN_H and CAN_L pins of each ECU, witmthe ECU djsconnected
fronp the bus signal lines (see Clause 7).

6.1.2 Absolute maximum ratings
Tabje 2 specifies the absolute maximum DC voltages which can be connected to the bus signal lijnes without

damage to transceiver circuits. Although the connection is not guaranteed to operate at these| conditions,
therge is no time limit (operating CAN controllers go “error passive” after a period of time).

Table 2 — Limits of Vcan_H and Vcan, (0f bus-disconnected ECU

Parameter Symbol Min. Max. Unit

Maximum DC voltage

12 V nominal battery voltage VeaN H 16,0
Corditions N -3,0 \Y

24 V nominal battery voltage Vean L 32,0

E 1 Operation of the connection cannot’be‘guaranteed under these conditions.
E 2 No damage may occur to the transceiver circuitry.

E 3 No time limit (although operating CAN controllers go “error passive” after a period of time).

zZ Z Z Z

E 4 Relative to ECU_GND pin‘of ECU (the transceiver has to be able to handle a wider range if there is voltage dfop along the
ings internal to ECU).

6.1.3 DC parameters

6.1.3.1 Bus-disconnected ECU

Tables.3 and 4 define, respectively, the DC parameters for the recessive and the dominant stateq of an ECU
disconnected from the bus.

© 1SO 2012 — All rights reserved 7
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Table 3 — DC parameters for recessive state of bus-disconnected ECU

Parameter Symbol | Min. Nom. Max. Unit Condition

Vi 2,5

Bus voltage output behaviour CAN_H 2,0 3,0 \% ab
Vean L

Differential output voltage )

behaviour Vaitt OR | ~1200 50 mv

Differential internal resistance Rife 10 100 kQ f

Internal resistance Rin 5 15 kO f

Internal resistance match — -5 5 % df

Input dlffe_ fential voltage detected Vit 1R 10 05 v ace

as recessiye -

28  The ECp is powered.

b The Thgvenin equivalent resistance of the input biasing circuit appears in series from both the CAN_H and CAN_L terminalg to
the input bias source. This input bias is required to provide a known state for the network signals of an,ECU disconnected from| its
specific network bus segment.

¢ Receptipn shall be ensured within the common mode voltage range defined in Tables 5 and 6:

d  The physical layer utilizes field cancellation techniques. The match between the drive voltages and impedances (or currents)|on
the CAN_H and CAN_L lines are equally important in determining emissions, owing to thetspectra presented being determined by the
actual wave ghape.

€ Although Vgiff < —1,0 V is only possible during fault conditions, it should beginterpreted as recessive for compliance with fault
requirements.

f The mirimum of the value with the ECU powered or unpowered per 4.5.vand 4.5.2.

Table 4 — DC parameters for dominant state of bus-disconnected ECU

Parameter Symbol Min. Nom. Max. Unit Conditign
VeaN_H 3,0 3,5 5,0
Bus voltage a
Vean L 0,0 1,5 2,0
Differential voltage output Vaift_ob 1,5 2,0 3,0 \ a
Differential voltage detected @s,dominant Vit 1D 1,0 — 5,0 ab

2  The equivalent series resistance of the two TBCs in parallel (37,5 Q) is connected between CAN_H and CAN_L and TBC_PWR,
providing the|bias voltage relative to TBC_RTN.

b

Receptipn shall be-ensured within the common mode voltage range defined in Table 5 or Table 6.

6.1.3.2 Bus-connected ECU

Tables 5 and 6 define, respectively, the DC parameters for the recessive and dominant states of an ECU
connected to a bus segment and other ECUs.

8 © 1SO 2012 — Al rights reserved
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Table 5 — DC parameters (bus voltage) for all bus-connected ECUs in recessive state, without faults

Parameter Symbol Min. | Nom. | Max. | Unit Condition
v .
Bus voltage CAN_H 0.1 25 45 Vv Meas;ured with respect to the ground of each
VCAN_L ECU
Differential bus voltage| Vait R 400 0 12 my mia;ls)lired at each ECU connected to bus signal

a

b

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

The differential bus voltage is determined by the output behaviour of all ECUs during the recessive state. Therefore, Vi is

apq

C

reguirements.

roximately zero (see Table 3).

Although ¥ i <1,0 V is only possible during fault conditions, it should be interpreted as recessive for_compliar]

ce with fault

Table 6 — DC parameters (bus voltage) for all bus-connected ECUs in dominant state, without faults
Parameter Symbol [ Min. | Nom. [ Max. | Unit Condition
VeaN_H — 35 7,0 .
Bu voltage - Vv Measured with respect to the ground of each

Vean L | -2,0 1,5 — EQYe

Measured at each ECU connected tp bus signal

3,0 o
lines

Differential bus voltage| Vit D 1,2 2,0 \"

5,0 During arbitration
@ | The minimum value of VCAN_H is determined by the minimum value of Vcan_ | plus the minimum value of V. The maximum
valfie of Vcan_| is determined by the maximum value of ¥&an_H minus the value of Vygr.
b | The loading on the bus signal lines as ECUs are added to a given bus segment of any network is due to Ryjf and gj,, of each of
the|ECUs. Consequently, Vi can decrease. The minimum value of Vs typically limits the number of ECUs allowed on|the bus. The
makimum value of Vg occurs during arbitration ‘when multiple ECUs are driving the bus signal lines. This maximum alue of Vs
affdcts single-ended operation and shall not exceed 3 V.

6.1.4 Bus voltages (operational)

The)
corr
on
rece

6.1.p Electrostatic discharge (ESD)

bus voltage parameters specified in Table 6 apply when all ECUs (from 2 to 30) are con
pctly terminated-bus segment. The maximum allowable ground offset between ECUs or ECU
he bus is 2M.The voltage extremes associated with this offset can occur in either the ¢
ssive state!

hected to a
5 and TBCs
ominant or

CAN
with

6.2

A

ISO 14982 and using 15 kV.

Physical media parameters

6.2.1 Twisted quad cable

The

parameters for the twisted quad cable shall be as specified in Table 7.

© 1SO 2012 — All rights reserved
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Table 7 — Physical media parameters for twisted quad cable

Parameter Symbol Min. Nom. Max. Unit Condition
Zy Measured at 1 MHz between either
Impedance 7 70 75 80 Q signal line and ground with
L TBC_PWR and TBC_RTN grounded
Specific resistance Ry 0 25 50 mQ/m a
Specific line delay T, — 5,0 — ns/m b
Cp 0 40 75 pF/m Between CAN_H and CAN_L

Specific cgpacitance
Cy 0 70 110 pF/m Between adjacent conductors

Cross-section to be formedfrem 16
Conductor|size Ac — 0,5 — mm?2 or greater strands of 327/AWG tinngd
or bare copper.

=

Select the correct 'sealing type (N,

Conductorlinsulation Dy; 2,0 2,11 3,05 mm or E) for implement breakaway

diameter connector plug (see Figure 10)
— — Red — — TBC_PWR
Colour of donductor — — Yellow — — CAN=H
insulation — — | Black | — — |- 7Bc_RTN
— — Green — — CAN_L
. Left-hand lay sequence TBC_PWR,
Conductor|twist — 48 50 52 mm/turn CAN_H, TBC_RTN, CAN_L
Jacket size T — 0,5 — mm —
Cable dianTeter D¢ 6,0 6,2 8,5 mm —
TemperatuLe range T 40 A +125 oC Continuous operation without

degradation

a The differential 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 mipimum delay time between twopoints on a bus segment can be zero. The maximum value is determined by the bit {{me
and the delay times of the transmitting and reeeiving circuitry.

6.2.2 Topplogy

In order to pvoid cable,reflections, the wiring topology of a bus segment shall have, as nearly as possible, a
linear strucfure. In<practice, it is necessary to connect short stubs to a main backbone cable, as shown in
Figure 5. Tp minimize standing waves, nodes should not be equally spaced on the bus segment and stub
lengths shquild. not all be of the same length. The dimensional parameters of this topology, as shownh in
Figure 5, shal-be-as-giverin-table-S-

10 © 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=9066bc9a58e538e88715643ed4536eec

ISO 11783-2:2012(E)

(o)}
~

Sb

da

Key

terminating bias circuit (TBC)

two wires, CAN_H and CAN_L

twisted quad cable

ECU 1

ECU 2

ECU n—1

ECU n

Pistance d should be random, but not less than 0,1.Mm.

Oy OO WN -

o

The length of the two wires shall be less than 0,45 m.

Figure 5~ Topology of bus-segment wiring

Table 8 — Topology dimensional parameters

Parameter Symbol Min. Max. Unit Condition
Bus length L 0 40 m Not including stubs
Stublength S 0 1 m —

Node distance d 0,1 40 m —

6.2.3 ~ ECU connection to TBC_PWR and TBC_RTN

In order to sense the status of the network, each node on the bus may provide a pin for TBC_PWR and
TBC_RTN. Loading limits shall be those given in Table 9.

6.2.4 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 filter requirements in Table 10. Filtering and regulation may be provided
within the module providing this interconnection (see Annex B).

© 1SO 2012 — Al rights reserved 11
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Table 9 — Node loading of TBC_PWR and TBC_RTN

Parameter Symbol Min. | Max. Unit Condition
Measured at 1 MHz between TBC_PWR and any other
I2ITBC_PWR 80 o kQ signal in ECU
Impedance ] c
Measured at 1 MHz between TBC_RTN and any other
IZITBC_RTN | 80 — kQ | Gignal in ECU
Measured at 1 MHz between TBC_PWR and any other
CTBC_PWR - 10 PF signal in ECU
Capacitance —
C _ wWIicaouircu at 1 M: :L bctvvccll TBU_RT?‘: GII\:II culy Ut er
TBC_RTN 10 PF signal in ECU
6.3 TBC|parameters
The terminating bias circuit connects all four conductors of the twisted quad cable, not only providing the pias
for the CAN_H and CAN_L signals but also the common mode resistive terminpation for the respegtive
conductors| Figure 6 illustrates the Thévenin-equivalent circuit required by the TBC;”of which there shall be
one for eath end of every bus segment in the network (see Annex B). The TBC shall comply with|the
parameters|specified in Table 10.
Table 10 — TBC parameters
Parameter Symbol | Min. | Nom. Max: Unit Condition
. Uy shall be capable of sourging
U
CAN_H bias voltage H 2,25 2,5 2,75 \Y 5 mA and sinking 90 mA to GND
. U, shall be capable of sourging
9 U
CAN_L biag voltage L 2,25 2,5 2,75 \Y 90 mA and sinking 500 pA
CAN bias trfacking U-Uy |00 — 0,1 \% —
CAN_H terminating resistance Riny 70 75 80 Q | Thévenin equivalent of TBC
CAN_L terminating resistance Ry 70 75 80 Q Thévenin equivalent of TBC
Resistance|matching a 0,98 — 1,02 — —
Parallel capacitance CoL — — 15 pF [CAN_H or CAN_L to ground
Series inductance Lo — — 0,1 uH —
25 mV peak to peak ripplg in
12¥-system | TBC PWR| 8 — 16 \Y
Operating | supply 20 kHz to 2 MHz range
range 25mV peak to peak rippld in
24V system |[TBC_PWR| 16 — 32 \Y 20 kHz to 2 MHz range
Shore to
Fault tolerance on bus signal lines e — — — — Continuous
battery
Fault tolerance on bus signal lines Shorts to | __ — — — Continuous
ground

a

Resistance tracking is specified as

Ry /[(1/2)(RtH + Ry )Jand Ry /[(1/2)(13tH +Ry )]

12

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=9066bc9a58e538e88715643ed4536eec

ISO 11783-2:2012(E)

o |

| | TBC_PWR
| R |

} Uy NN\ : CAN_H

| |

| |

| Ru |

| u | CAN_L

| |

| |

| | TRC RIN
| | =
Lo J

Figure 6 — Equivalent TBC

6.4| Connectors
6.4.1 General
Twq types of connectors are required for the network’s implement bys segment (see Figure 7):

Onl
Figu

NOT

the implement bus breakaway connector (see 6.4.3);

the diagnostic connector, which facilitates 1ISO 11783 "network troubleshooting and mainte
6.4.5).

one of the following two types of connector. i$ required for the network's implement bus se
re7):

the bus extension connector, located in‘the tractor cab (see 6.4.2);
the in-cab connector, located in the tractor or implement cab (see 6.4.4)

E For further information‘on the different network segments and their interconnections, see ISO 117

6.4./1.1  Electrical performance

The)
eleg

connectors andassociated terminals used to connect bus lines on a bus segment shall cor
trical parameters specified in Table 11.

6.4.11.2 Mechanical characteristics

The

connectors should have locking, polarizing and retention devices that meet the requirements

nance (see

gment (see

83-4[11.

form to the

bf a specific

app

fcationT ey shoutd-atso-inmcorporate environmentat protectiomappropriate to theapplicatior:

© 1SO 2012 - All rights reserved
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Key

tractor
implement
breakaway connector
bus ext
diagnosftic connector
terminafing bias circuit

nsion connector

N o g WON -

ure 7 — Example of physical layer architecture, showing the four connector types

Table 11 — Bus connector electrical parameters

Parameter Symbol | Min. | Nom. | Max. | Unit Condition
Dielectric |leakage at At 1500 V; any pin to any other pin or to connegctor
- . — — — 2 mA
withstanding voltage shell
Contact registance Re — — 2 mV | Measured at 100 mA (equivalent to 20 mQ)
Current 1 0 32 70 | mA —
Peak current I 2,5 — — A | Time restriction: 2 s
Operating Joltage 14 — | 25| 40 \% —

Characteridtic Maximum connector length should not be greater than
) Ze 30 60 | 120 | Q - . .

impedance twice the interfacial connector length.

Parallel capgacitance Cp — — 35 pF |Between CAN_H or CAN_L and all other pins and shell
Corner frequency. f 10 — — | MHz | 3 dB point with 1 V p-p signal

6.4.2 Bus extension connector

A mating connector pair should be provided to extend the bus signal lines of the implement bus within the
tractor, as needed in the field for additional devices such as virtual terminals. This connector pair should be
located in the tractor cab on the right side of the operator’s seat, forward from the external equipment controls
(see Annex B). If the connector specified in 6.4.4 is not installed in the tractor, then this connector shall be
installed in the tractor.

6.4.2.1 Dimensions

The bus extension connector receptacle shall have the dimensions shown in Figure 8, and the bus extension
connector plug shall mate with the receptacle shown.

14 © 1SO 2012 — Al rights reserved
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Dimensions in millimetres

B-B 3
19,81 |l
1,02 |
11,7 10 16 +0,05
' R1,52 -0,13
6,13 +0,05 8,03
R0,63 -0,13 +0,05
5,72 bl 523 R0,51 -0,13
N Y
= |1 30° 15° R ;
}_ j‘ ( !
<
IR ==¢ = i o loe” ;
| IS — 2oelA LA _"_46'. TS T A
a 5 5 |
\ - .
15° +5° :
/ | +0,05
6,86 0,63 | RK,32 -0.13
9,12 '+0,03 M
17.91
+0,05
19,81 | Rb,59 -0,13
B
A-A
18,42
H Hl
1
P
b +0,05
1 ! o1[56 -0,01
| |
N [
| |
18,292
20,83
Key

1 full radius pin typ.
a2 Hold tolerance within length of seal area = 5,97 min.
b 0,31 max. x 45° chamfer typical.

NOTE These specifications are met by Deutsch DT04-04PE and DT06-04SE .

Figure 8 — Bus extension connector dimensional requirements

1) Deutsch DT04-04PE and DT06-04SE are examples of suitable products available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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6.4.2.2

The four bu

Pin 1:

Pin 2:

Pin 3:
Pin 4:

Pin allocations

s extension connector pins shall have the following allocations:
TBC_PWR,;
CAN_H;
TBC_RTN;
CAN_L.

6.4.3 Imp
A receptacl
existing tow
and weathe

An optiona
outlets whe
mounted cg

A plug that
have suffic
implement,
have a dust

6.4.31 T

A TBC shal
the recepts
connected

disconnectg

Power on A
Pin 4, the B
less than 2(

6.43.2 L

The implem
implement-

The mating
socket cont

ement bus breakaway connector

b shall be placed on the rear of the tractor adjacent to, and oriented in, the same dijrection as
ed-equipment lighting connector, in accordance with ISO 1724. The receptacle shall'have a
r cap that covers the connector when the towed equipment is not connected.

n front-mounted implements are accommodated. This connector shalll be identical to the
nnector.

mates with the above receptacle shall be placed on the hitch ¢f the implements. This plug s
ent cable length to reach the receptacle. If additional implements can be connected to
a receptacle as specified in 6.4.3.2 shall be placed at the attachment point. This connector s
and weather cap that covers it when the towed equipmentiis not connected.

erminating bias circuit

be located at each implement bus breakawayconnector receptacle. This active circuit shall b
cle connection side of the bus. Whenever*the implement bus breakaway connector plu
to the receptacle, the TBC on the receptacle connection side of the bus segment shal
d from CAN_H and CAN_L.

in 5 of the receptacle disconnects the TBC from the implement bus. Pin 5 of the plug is shortg

ECU_PWR connection. The loading of this disabled TBC on TBC_PWR and TBC_RTN sha
mA.

Jimensions

ent bus breakaway receptacle shall conform to the dimensions shown in Figure 9. This tractd
mounted receptacle shall contain pin contacts.

plug shall’have the dimensions given in Figure 10. This implement-mounted plug shall cor]
ACts.

The implement bus breakaway connector containing the receptacle and the automatic switching TBC s

the
Hust

receptacle can be installed on the front of the tractor adjacent to the front-mounted hydraulic

ear-

hall
the
hall

U

=

on

be

d to
| be

ror

tain

conform to the mounting dimensions given in Figure 11.

16

bhall
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Dimensions in millimetres

S
. i
Y N
2 9 | 9
2 iD= s
1 <V S| g RS
L17 2013 % 51 ® he
2 8
- | |o
=2 3
H| —— — 1T "t
B = b
=
B (151
98,66 +0,13 (2
10,39 #0132 1.2 £0,05
9582 +0,13 (7

10,39 0,132

10,23 +0,05
12,01 £0,05

(Wa)
=) (W)
S| =
+1 3
NN
O\- s}
=
6,39 +0,05
10,84 +0,05
Kel
1 main polarizing keyway ¢ Over bayonet.
2  front face d  From threads to flat surface.
a8  Deep. € 11/16 inches.

b Shell internal diameter.
NOTE These specifications are met by Powell IBBC part EJ208787 and Deutsch HD34-24-91PE, HDBox-24-91P
and HDB36-24-91SE2).

Figure 9 — Implement bus breakaway receptacle dimensional requirements

2) Powell IBBC part EJ208787 and Deutsch HD34-24-91PE, HDBox-24-91P and HDB36-24-91SE are examples of
suitable products available commercially. This information is given for the convenience of users of this document and does
not constitute an endorsement by ISO of these products.
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Dimensions in millimetres

A m
o, m
I‘ (=) m =)
! +I Y| &
' Ln a +l
m (¥
N S
' . (o))
_ I 5| <
=) ik
A Q i ]
Q i =
(=4 + . ||
: s = | NS |
@© 3] T —]
® 3 | ] }
~N m ] [
< ° . |
I | | |
1 || \
Contact size Min..OD Max. OD Wire mm2 range | Wire gauge range
A 4,83 6,10 8to5 81010
B 3,40 4,32 3to2 12to 14
C 2,002 3,40 1t00,5 16 to 20
@8  Use wire seal option E for minimum outside diameter (OD).
NOTE hrese-specifications-are-met-by Deutschr HBB36-24-5 SE-p593
3) Deutsch HDB36-24-91SE-059 is an example of a suitable product available commercially. This information is given for

the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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100 #5
61,7 +3

$19,05 0,25 24,16

$38,1 0,25

4508 0,25
@1:5,34 10,25
!
|
|
!

®34,37 0,25

34,8 20,2

4 A/F

NOTE These specifications are met by Powell IBIC part P624<91SN4).

Key
1 Sealing plug
2 47,63 & max. over knurl

Figure 10 — Implement bus breakaway plug dimensions

Dimensions |n millimetres
(71,12)

i
N
N

(86,36)

(91,44) {43,87)
(68,47)

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

Figure 11 — Maximum dimensions of an implement bus breakaway connector

4) Powell IBIC part P624-91SN is an example of a suitable product available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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6.4.3.3
6.4.3.3.1

Pin allocations

General

The implement bus breakaway connector shall have the pin allocations shown in Table 12 (examples of wire
colours are also given). However, an implement bus breakaway receptacle that includes a TBC may also have
a connector with the pin allocations given in Table B.2. A connector with the pin allocations shown in
Table B.1 may be used to connect ECU power to the TBC in the receptacle.

NOTE

ISO 11783-9. Annex B of this part of ISO 11783 includes an example of a power control circuit.

6.4.3.3.2

The power on the pins in the bus breakaway connector is controlled by the Tractor ECU, specified in

h is
ther
ent.
blug
bnts

taken betwgen the GND and ECU_GND pins of an ECU should be greater than 1 MQ.
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 ECYU~GND and TBC_RTN shall
be made af other TBCs connected to the ISO 11783 bus on the tractor or @ny connected implement] No
connectiong between PWR and TBC_PWR or between GND and TBC_RTN shall be made at any TBCs
connected fo the network. Resistance measurements taken between Rin4 and Pin 6 or between Pin 2 |and
Pin 7 of anl implement's bus breakaway connector plug, with the TB€ connected and without any E{CUs
connected, should be greater than 5 MQ.
Resistance| measurements taken between a connected TBC'SSTBC_RTN and ECU_GND pins should be
greater than 1 MQ.
Table 12 — Implement bus breakaway connector pin allocations
Pin Name Co.nta;:t Wire colour Comments
no. size
Connected separately from ECU_GND to the tractor's power soyrce
(battery) negative terminal. Connected to chassis ground on both tralctor
1 GND A Black and implement. All major power loads (lights, motors, etc.) shall use|this
return path. Connection to chassis ground assures that there is| no
potential or static charge difference between the implement and tracter.
Circuit to be limited to providing electrical return for electronic corlltrol
units mounted on tractors or implements. This pin shall further| be
2 EQU_GND B Black electrically isolated from GND, and shall be connected to the tracfor's
power source (battery) negative terminal.
Power for all lights, motors, etc. that normally require significant pgwer
3 PWR A Red and tend to generate transients on the supply line. On implements that
are so equipped, lighting normally powered by the ISO 1724 connegtor
may be powered by this pin.
4 ECU_PWR B Red Intended to prowdg a good source of clean positive battery power for
ECUs mounted on implements.
Exists only within the connectors (i.e. not for external connections) to
5 TBC_DIS Cc N/R control relay for automatic terminating bias connection/removal.
Connected to Pin 4 on implement connector plug.
6 TBC_PWR C See Table 7 |Power for the TBCs; shall not be used for any other purpose.
7 TBC_RTN C See Table 7 | Provides return path for TBCs; shall not be used for any other purpose.
8 CAN_H C See Table 7 |Data transmission line pulled toward higher voltage in dominant state.
9 CAN L C See Table 7 | Data transmission line pulled toward lower voltage in dominant state.
a Defined by Figure 10.

20
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6.4.4 In-cab connector

6.4.41 General
A connector is recommended for in-cab use to connect existing components — for example, VTs, auxiliary

inputs or other ECUs mounted in a tractor or implement cab to the ISO 11783 bus. If the connector specified
in 6.4.2 is not installed in the tractor, then an in-cab connector shall be installed in the tractor.

6.4.4.2 In-cab connector receptacle dimensions

The in-cab connector receptacle shall have dimensions according to Figure 12.

Dimensions,Jn millimetres

<34,29 |
|
2,39 0,25 32,54 +0,64
10,67 +0,38 24,61 0,25 +0,18
%318 |0
|| — |
= e | AN
~ © : CTweb 3 N
: m 7T |l < %
_ | m‘ "«gioo I ]
y NN - ~ ~
i \ = A Z
. — \.——' A o~ mMm (9]
\ . & ¥
s 1 2 \3,81
+
g 28 3,81 \
(=]
S 3
A
=34,29 )
I
2,39 0,25
=¢21,23
10,67 0,38
g_
m
m
~ m_
- [ = N
N
i Y
vi
i \ 5
LA m
N
< 2
N
\D_
(=)
S B
Key
1 panel

2 3/4-20 UNEF-2A
3 peripheral seal

NOTE The in-cab connector receptacle specifications are met by AMP type 206705-1 or 206705-25).

Figure 12 — In-cab receptacle dimensional requirements

5) AMP type 206705-1 and 206705-2 are examples of suitable products available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of these products.

© 1SO 2012 — Al rights reserved 21


https://standardsiso.com/api/?name=9066bc9a58e538e88715643ed4536eec

ISO 11783-2:2012(E)

6.4.4.3 In-cab connector pin allocations

The nine connector pins shall have the following allocations:
Pin 1: Connected to ECU_PWR;
Pin2: CAN_L input;
Pin 3: CAN_L output;
Pin4: CAN_H input;
Pin 5:  CAN_H output;
Pin6: | TBC_PWR;
Pin7: | ECU_PWR,;
Pin 8: | TBC_GND;
Pin 9: | ECU_GND.

The loading limit on TBC_PWR and TBC_GND shall be in accordance with 6.2.3.

6.4.4.4 Ih-cab connector plug dimensions

The connedtor plug for the in-cab connector shall have dimensions according to Figure 13, so as to mate with
the in-cab gonnector receptacle.

Dimensions in millimétres

i

29,94
|

<

m A

Key
1 polyestef, black

2 glass fillgd nylon, 6/6 bfack
3 mating face

NOTE The optional in-cab connector plug specifications are met by AMP 2067081 6),

Eigure 13 — In-cab plug dimensional requirements.
-y

6.4.4.5 In-cab connector cable connections

The connection of the in-cab connector to ISO controllers or display terminals is as shown in Figure 14.
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 relay circuit is used
to maintain the CAN_H and CAN_L connections.

6) AMP 2067081 is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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As shown in Figure 14, the following three connection configurations are possible.

a) A loop through the in-cab connector to extend the bus: the relay is powered by a connection to the
ECU_PWR terminal to open 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_GND
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) IS as a stub

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

TBC_PWR TBC_PWR
TBC_RTN TBC_RIN

a CAN_L CAN_L a
CAN_H CAN_H
ECU_PWR
ECU_GND

97 L2 8% 135]%b
C C C
97L286 135 974286 135 974286 1315
| ||
|1
|1
|1
= E ]
A v I
|1
f f f |1
| [ | |1
| [ | |1
L | 1 (| (I
[SOXI1783 SO 11783 ISO 11783 SO 11783
ECU ECU ECU ECU
d e f
Key
2 ]SO 11783 bus.
b In-cab connector (male).
¢ In-cab connector (female).
d  Bus extension through in-cab connector for connecting multiple ECUs.
€ 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 twisted quad cable for

EMC purposes but only once connected to connector “c”.

Figure 14 — In-cab connector cable connections
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6.4.5 Diagnostic connector
The diagnostic connector shall be located 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 given in Table 11.

6.4.5.1 Receptacle dimensions

The diagnostic receptacle connector shall have the dimensions given in Figure 15.

Dimensions in millimétres
421 36,5

18,9

! |

28,5

$32,4

Key

1 main pdlarizing rib
2  thread 13375- 18 UNEF2A

a8  Phantom line for clarification only.
b Recommended panel.
¢ 4PL.

NOTE These specifications are met by Powell 24EJ-642426-CD or by Deutsch HD10-9-1939PE 7).

Figure 15 — Diagnostic connector receptacle dimensions

7) Powell 24EJ-642426-CD and Deutsch HD10-9-1939PE are examples of suitable products available commercially.
This information is given for the convenience of users of this document and does not constitute an endorsement by ISO of
these products.
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6.4.5.2 Locking plug dimensions
The diagnostic connector locking plug shall have the dimensions given in Figure 16.

Dimensions in millimetres

Key
1 main polarizing rib
2 |thread 1,375-18 UNEF-2A

NOTE These specifications are met by Deutsch HD1 6-9-1939SE8),

Figure 16 — Diagnostic connector locking plug dimensions

6.4.5.3 Non-locking plug dimensions

The| diagnostic connector non-locking plug shall haye the dimensions given in Figure 17.

Dimensions |n millimetres

@ 40,51

Key
1 main polarizing rib
2 thread 1,375-18 UNEF-2A

NOTE These specifications are met by Deutsch HD17-9-193989).

Figure 17 — Diagnostic connector non-locking plug dimensions

8) Deutsch HD16-9-1939SE is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

9) Deutsch HD17-9-1939S is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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6.4.5.4

Pin allocations

The diagnostic connector pins shall have the allocations given in Table 13.

26

Table 13 — Diagnostic connector pin allocations

Pin no.

Allocation

ECU_GND

Unswitched power @

Tractor bus CAN_H

Tractor bus CAN_L

Not specified?

Not specified®

Not specified®

Implement bus CAN_H

c|T|®|mM{ M| O[O m|>

Implement bus CAN_L

@ A direct connection to positive 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[""] network in an SAE diagnostic connector:
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Diagnostic connector dimensions

ISO 11783-2:2012(E)

The diagnostic connector shall have the interface dimensions given in Figure 18.

Dimensions in millimetres

B
B-B F
& : 3| .I‘_
" +0,25 IS
S| #3315 0 19 go | 445 0,05
+l - ] "\}2f '-c:_ o~
o 1,27 7
- A K4
k % O
— Y
R 0,38
a I
A A-A B
— 13,674+0,05 °
' 111 20,0 ¢
9.02
155 0,05
7 SE| g
D ™ +
iy I
e | ™~
1 h s
1,14 {n
c >
le— 2
|
I 9,02
673 L7 I
. 579 +0,05
S ; $32.49 0,05 | e
//E D\D\\ r 29,85 |
/Q L/ NC \ - R119 i
SN ASACNE 2\
5 2D C.% \ $30,66 +0,05
m NP '-Ww J - YW | \
V=) : LN
- J < — ;
(S o |—" C-C ™~
= .
®45 £0,05 (2x) CI
g
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3,7 ho 1168°
0,4
7/
7/
/
013 L II
Ay i
/e
VAN A
7/~ f
VANY | 7
VA i
0,2 /w,” o
Jof ) of
Y A \C;\‘/
—y 4 |
N \“ (o)
O S ™~
0,1 / ~ 9L w
; g
/ 7
/ n
7/ 7 =
- > >
15° 0° 10° 20° 30° 40° 45° _80° 60°
10,5°
19,8°
56,68°
Key
1 key way

2  alignmentrib

All cavity locdtions are to be + 0,05 from centrelines.
a Datum A f Polarizing rib is optional.

Cavity letters are shown for identification\'enly and are not g Cavity locations.

b Contact
necessarily in their true positions. Letters are not to/extend outside & 25,25
(no gates or p4drting lines on sealing surfaces). h  Datum B.

i Full radius.

(] No gates|or parting lines on sealing”Surfaces.
d Dimension applies to cavities®B,C, D, E, F, G, H and J.

e Dimension applies to‘cavity A only.

Figure 18 — Diagnostic connector interface dimensional requirements
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7 Conformance tests

7.1 General requirements

711  Figures 19 to 24 and Equations 2 to 4 show how, in principle, the parameters specified

in Clause 6

can be verified by component manufacturers, while 7.1.2 to 7.1.6 are general requirements for these

conformance tests.
7.1.2 The ground connection shall reference the ECU power ground, not TBC_RTN.
7.1.

leagt 10 V to 16 V; whereas, the manufacturer shall be responsible for the verification of any
requiring a broader voltage range.

In order to guarantee bus operation with certain faults, many of the parametefs shall
ut ground or power connected to the ECU, or with neither connected.

for all frequencies below 5 MHz. All measurement devices should_have input impedancs
1), shunted by less than 10 pF from DC to 5 MHz.

shall be at
bpplications

be verified

All sources for the test shall present an internal impedance, the magnitude of which shall e less than

s of above

7.1.6 An independent means shall be available to cause the ECWY under test to attempt to initiate message

transmission over the communications bus.

7.2| Internal resistance

7.2 Measure the internal resistance, Rj,, (see Figure\3) of CAN_H and CAN_L, as shown in Fig

jure 19.

7.2.2 Carry out this test over a range for U (voltage range: -2 V to 8 V), which represents the ground offsets

between nodes on a given bus segment, for thefollowing power connection scenarios:
a) |ECU connected to ground lead only;

b) |ECU connected to both battery and ground leads;

c) |ECU connected to neither battery lead nor ground lead;

d) |ECU connected to battery lead only.

ECU_PWR

CAN_HI—>> AN
Rtest
1
E.

U
CAN LI "
ECU_GND E Rest m

Figure 19 — Measurement of R, with ECU protocol IC set to bus idle

Key
1 ECU
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7.2.3 Apply bias to both CAN_H and CAN_L, concurrently, in the most general case.

7.2.4 Determine Rj, of CAN_H and CAN_L over the range -2 V < U <8V, then use the minimum value to
verify that the ECU's Rj, is above the required minimum.

7.2.5 Carry out the measurements using Riest=5 kQ, and calculate Rj, of CAN_H or CAN_L using
Equation (2):

Rin = Rigst Un——nEn (2)

where Rj, i defined, for the recessive state and DC parameters, by Table 3.

7.3 Interhal differential resistance

7.3.1  Megsure internal differential resistance, Rgiff, (see Figure 4) of CAN_H and €CAN_L as showp in
Figure 20.

7.3.2 Carnry out this test over the same range for U and for the same power/connection scenario$ as
specified in[7.2.2.

CAN_ HF>> @ AN

Rtest
1
CAN_LI— o f/\ AVAY,
U R test
Key
1 ECU

Figure 20 — Measurement.of R with ECU protocol IC set to bus idle

7.3.3 Determine Ryj for U =5V and\Rest = 5 kQ during bus idle using Equation (3):

]/'

Raw =- @)

where the power supply.shall offer sufficient isolation to the other ECU supplies so that the measuremgnts
represent the ECU imipedance and not supply-leakage currents.

7.4 ECU|recessive input threshold

7.4.1 Verify the recessive input threshold over the common mode range as shown in Figure 21.

7.4.2 \Verify that the ECU is able to detect recessive bit levels by its capacity to begin, or continue, to
transmit for all values of Uy and U in the range of 1V to 8V, yielding a value for E of 0,5V (i.e. all cases
where CAN_H is 0,5 V more positive than CAN_L). Measure this with power applied to the ECU.

NOTE 1 This test presupposes that the smallest differential voltage represents the more difficult condition. If this is
unknown, the user can verify using the largest differential, £ of —1,0 V (i.e. where CAN_L is 1,0 V more positive than
CAN_H).

NOTE 2 The 6 V value is used instead of 7 V since the maximum threshold for receiving a dominant bit is 0,5 V, as per
Table 3.
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A\

T<UL<8 o<y <16
1< U, <8

ECU_PWR
CAN HI—>> -« QU;
1
CAN LI QIJ;
il G R
A

ECU GND

Key
1 |ECU
Figure 21 — Test of input threshold for recessive bit detection

7.5| ECU dominant input threshold

7.5.1 Verify the dominant input threshold of an ECU over the common’mode range as shown in Figure 22.

AN
/7
T<UL<8 105U, <16
1< U, <8
ECU_PWR
CAN_ H|->> Ug
1

CAN_L|—> >y
ECU_GND

Key
1 ECU
Figure 22 — Test of input threshold for dominant bit detection

7.5. Verifyhat the ECU is able to detect dominant bit levels by its capacity to begin, or ¢ontinue, to
transmit for-all values of Uy and U in the range of 1V to 8 V, yielding a value for E of 0,075 V (ile. all cases
whgre-CAN_H is 0,075 V more positive than CAN_L). Measure this with power applied to the ECU

NOTE The © V value is used instead of 7 V since the maximum threshold for receiving a dominant bit is 1V, as per
Table 4.

7.6 ECU dominant output

7.6.1  Measure the dominant output of an ECU as shown in Figure 23. Since the differential voltage is as
given by Equation (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.

NOTE Since this ratio, as well as the variation in the current, is a manufacturer-specific parameter, no acceptable
values are presented in this part of ISO 11783.
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Key
ECU

M

76.2 Me
of Ve may

7.6.3 Sef]
recessive n

7.7 ECU

7.71 Me
itself to the
identifier bit
figure). Thig
available pg

7.7.2 Cal

lecu=

Where tava"
(see 4.6)] a

7.7.3 The
voltages fo
and ensure

T<Ui<8 j0<us<16
1<Uy<8
ECU_PWR
CAN_H K/—H\ AvAY Us
NG Rlest
1
(D ()
ECU GND__ \/ Rey L o
U

gure 23 — Measurement of Vcan_H and Vcan_| while the ECU sends a. dominant bit

hsure VcanN_Hs Vcan_Ls I, and /i during a dominant bit transmission:-;Set Riest at 37,5 Q. The v.
be measured or calculated as desired.

the load as shown in Figure 23. The ratio of Iy to I, shall*be between 0,98 and 1,02 at 2
bminal voltage.

internal delay time

bsure the internal delay time of an ECU as shown in Figure 24. The test unit shown synchron
start of the frame bit transmitted by the . ECU's protocol IC. Upon detection of the first reces
the test unit partly overwrites this bit for.the time, oyerw, With @ dominant level (shaded area in
5 overwriting is increased until the_protocol IC loses arbitration and stops transmitting, when
rt of the bit time, #5y4il, for delay time’compensation is exhausted (see also Annex A).

culate tgcy using the Equationi(4):

Lavail ~foverw
is known from thebit timing unit of the protocol IC [2,5 s, time to the sample point from a bit ¢

Nd overw IS theytime found with the test unit.

recessive)and dominant voltage levels are set by the test unit to the corresponding thres
reception. This means that the recessive overwriting level is 0,5V and the dominant one 1,
5 a-Uniquely defined relationship between voltage levels and internal delay time.

blue

L5V

zes
Sive
the
the

(4)

dge

hold
oV,
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0V -1V

ECU_PWR
CAN_H 3 3

CAN_L S
ECU_GND 4 5

L overw

Key
ECU

test unit

sample point

start of frame

first recessive identifier bit
Dominant.

Recessive.

Idle.

o T oA WN

Figure 24 — Measurement of ECU"internal delay time 7y

8 |Bus failure and fault confinement

8.1| General
Many different bus failures able to influence operation can occur during normal operation. To erjsure safety

under all conditions, requirements relating to these failures and the resulting network behaviour are specified
in the following subclauses.

8.2| Loss of network connection
If ajnode becomes diseonnected from a bus segment, the remaining nodes shall continue communication.

The| exceptions to this“requirement are bridges, gateways and routers, as communication betwgen the bus
segments on thedifféerent ports of such a device would be impossible under the circumstances.

8.3| Nodepower or ground loss

8.3.

If a node loses power, or is in a low-voltage condition, the bus segment to which it is atfached shall
not . o ! g

8.3.2 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.

8.4 Open and short failures

In principle, bus failures are detectable if there is a significant message destruction rate, as can be interpreted
by the ECUs or the CAN controllers. Cases of external events that can cause failures, with the required
network response, are listed and described as follows (see Figure 25). An ECU shall fall back to a fail-safe
state of operation if the fault condition does not ensure communication integrity with other ECUs in the
network which are required for its normal operation. ECUs should store diagnostic trouble codes in cases
when detectable open or short failures are intermittent.
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Case 1: CAN_H interrupted between “first” or “last” ECU and a TBC

Data communications shall be able to continue between all 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 2: CAN_H shorted to ECU_PWR

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

Case 3: C d-to- GND

Data communications are not possible. The ECU shall be able to detect this fault condition and fall-back [to a
fail-safe stafe of operation.

Case 4: CAN_H shorted to GND

Data commjunications are not possible. The ECU shall be able to detect this fault conditien*and fall back jto a
fail-safe stafe of operation.

Case 5: CAN_H interrupted

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

Case 7: CAN_L shorted to ECU_PWR

Data communications are not possible,“The ECU shall be able to detect this fault condition and fall back to a
fail-safe stafe of operation.

Case 8: TBIC_PWR shorteddo GND

Data commpunications shall-be able to continue between all nodes if TBC_PWR is isolated from ECU_PWR by
current limifing circuit, 'or a fuse. There can be a reduction in the signal-to-noise ratio as the systemn is
operating wlith only ohe TBC and incorrect signal levels.

Case 9: CAN-L opened to a single ECU

Data communications shall be able to continue between all nodes except the single ECU. The single ECU
shall be able to detect this fault condition and fall back to a fail-safe state of operation. There can be a
reduction in the signal-to-noise ratio, as this node would be transmitting single-ended. Receiver time constants
are important in this fault condition. The receivers need to be able to switch to single-ended receive without bit
loss when this ECU begins transmitting.

Case 10: CAN_H opened to a single ECU

Data communications shall be able to continue between all nodes except the single ECU. The single ECU
shall be able to detect this fault condition and fall back to a fail-safe state of operation. There can be a
reduction in the signal-to-noise ratio as this node would be transmitting single-ended. Receiver time constants
are important in this fault condition. The receivers need to be able to switch to single-ended receive without bit
loss when this ECU begins transmitting.
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Case 11: CAN_H shorted to CAN-L

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

Case 12: TBC_PWR interrupted between “supply-end” and “far-end” terminators

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

Case 13: Both bus signal lines interrupted at same location

Data communications between nodes on opposite sides of an interruption are not ,pasgible. Data
conmmunications between nodes on the same side of an interruption shall be able to continue, bui may do so
withl a reduced signal-to-noise ratio. The ECU shall fall back to a fail-safe state of operation iffit relies on
communication with an ECU on the other side of the interruption.

Case 14: TBC_RTN interrupted between “supply-end” and “far-end” TBCs

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

Case 15: 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-
noige ratio or an increase in electromagnetic emissions, or both. (The swing on CAN_H is esseptially twice
thatjon CAN_L, thereby allowing continued operation.)

Case 16: Battery supply interrupted before reachingFBCs

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

Cade 17: Ground interrupted before reaching TBCs

Data communications between nodes.are not possible. The ECU shall be able to detect this faylt condition
and|fall back to a fail-safe state of gperation.

Case 18: Both CAN_H and CAN_L open to an ECU [i.e. loss of connection to bus segment (see [7.2)]

If a| node becomes disconnected from its bus segment, the remaining nodes shall be able [to continue
conmmunications, except the single ECU. The single ECU shall be able to detect this fault condition and fall
back to a fail-safe state’of operation.

Case 19: Node'\power loss

If a] nodesloses power, or is in a low-voltage condition, the remaining nodes shall be able [to continue
conjmunications.

NOTE See 1SO 11783-5[2] for reaction to power supply voltage disturbances.

Case 20: Node ground loss

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

Case 21: Loss of one TBC

Data communications shall be able to continue between all nodes. Fault detection by any ECU is probably not
possible. There can be a reduction in the signal-to-noise ratio and an increase in electromagnetic emissions

because the media is no longer terminated properly. If both TBCs are disconnected, communications will likely
fail.
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Case 22: CAN_H shorted to TBC_PWR

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

Case 23: CAN_L shorted to TBC_PWR

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

Case 24: Topology parameter violations (i.e. bus or stub length, node spacing, bias impedance)

Data communications via the bus might be possible, but with a reduction in the signal-to-noise ratio

possible logs of arbitration.

inIicates short circuits
indlicates open circuits

and

ECU_PWR
>I<Case19
ECU 1 ECUnNn -1 g ECUaA
Case 20
Case 2
Case 7
ECU_PWR Case 18
K Case 16
ECU_PWR
>T< TBC_PW
Case 23 Case 12 Case 22 —
o ® oA
C 1
ase ps ~ mﬁ)ase%f\ ! ! CAN H
TBC X 2 T \cdsse/™ | 1 caN L | TBC
) (d) ) A\ | 1
\ZA\p= B\ A\ Vg V4 [
Case 15 Case 1 Case 13 | |TBC_RTN
Case 14 LvJ
Case 21
< < $ Case 17
Case 8 v Case 4
Case 3 ECU_GND
Key

1 twisted quad transmission cable
2 power for TBC

NOTE

36

Case 24 not shown.

Figure 25 — Possible failures due to external events (see 8.4)
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A1

A vhriety of names are used to refer to the bit segments (see Figure A.1) by different suppli
protocol controller integrated circuits. However, it is believed this general grouping provides)insi
opefation and configuring of these circuits. Since these definitions are not constant, it isypossible
segnents in one implementation can be defined as one in another implementation. It is-therefore g

pa

A.2

The

tran
Figu

ISO 11783

Annex A
(informative)

Protocol controller timing and naming

Bit subdivision

-2:2012(E)

cular protocol controller ICs cannot be configurable for the bit segmentation described here.

a

brs of CAN
ght into the
that two bit
ossible that

SYNC_SEGP| PROP_SEG® PHASE_SEG1¢ PHASE_SEG

J

ample point (point in time bus level read and interpreted‘as value of bit)
lominal bit time.

[hat part of the bit time used to synchronize ECUs-an the bus; the edge is expected within this bit segmen

us signal line and ECUs' internal delay time.

[s

J

'he phase buffer segments used tp™ compensate for phase-errors; they can be lengthened or
Esynchronization.

Figure A.1 — Bit segmentation

Internal delay time

internal delayAime of an ECU, gy, is defined as the sum of all asynchronous delays that occ

smissionsand reception path of an ECU, relative to the bit timing logic unit of the proto
re A.2)

t.

[hat part of the bit time used to compensate for physical delay times on a bus segment caused by propagation time of

hortened by
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1
b a c
SYNC_SEG PROP_SEG PHASE_ SEG1 PHASE_SEG2
t,
£ Delay time
3
tf
tf
g
t ‘l " 3
SYNC_SEG PROP_SEG PHASE_SEG1 PHASE_SEG2
b a C
2

Key

1 bittimihg of ECU A Delay time, A output.

2 bit timihg of ECU B Delay time, A input.

3  sampl¢ point Delay time, bus line.

a  Bitn Delay time, B input.

b Bitn-|1. Delay time, B output.

¢ Bitn+|1.
NOTE 1 The sum of output and input ECU.delays, with ECU disconnected from the bus relative to the bit timing logic is
critical. The important characteristic paraméter'of an ECU is t ECU =t_Output + t_Input [where _ =ECU (A,B...)].
NOTE 2 Kor proper arbitration, the following condition needs to be met:

IAECU 1 18ECU + 215 line #1PROP_SEG + (IPHASE_SEG1 — fSJw)

NOTE 3 $YNC_SEG is‘pottaken into account, as it is possible that this segment is lost when there is a phase |shift
between modlules.
NOTE 4 Jw istpart of PHASE_SEG1 to compensate phase-errors. It is subtracted from the available time, as]it is
possible that|a spike can cause a miss-synchronization with a phase shift of 75 . This means that the leading transmitting
bit timing logjic-Wwith respect to synchronization of ECU A must be capable of knowing the correct bus level of bit » af the
sample point. The tolerable values of t g strongly depend on the bit rate and line length of the bus, and the possible bit

timing, indicated by the arbitration condition.

NOTE 5

determined by PHASE_SEG1 and 2.

The acceptable crystal tolerances of the protocol ICs and the potential for losing synchronization are

Figure A.2 — Bit-timing relationship between ECU A and ECU B during arbitration

38
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A.3 Synchronization
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The two forms of synchronization, hard synchronization and resynchronization, obey the following rules.

a)

Only one synchronization within one bit time is allowed.

b) An edge is used for synchronization only if the value detected at the previous sample point (previously

c)

d)

A4

of |

thar

A.5

Bit
inte
acc

All
sup

Spe

defi

propagation delay and clock tolerance (there are differences in the definitions of the bit segme
diffg

For

vald

NOT

prot:

Figy

read bus value) differs from the bus value immediately after the edge.

Hard synchronization is performed at this edge whenever the edge is recessive to dominant.

AsI result of synchronization, PHASE_SEG1 can be lengthened, or PHASE )SEG2 shortened. ]

transmitter does not perform resynchronization as a result of a recessive to dominant edgewi
phase error if only recessive to dominant edges are used for resynchronization.

Synchronization jump width (SJW)

ngthening or shortening of the phase buffer bit segments has an upper bound given by thq
or equal to PHASE_SEG1).

CAN bit timing requirements
'pret valid messages. Without these restrictions, under certain conditions a particular ECU can
pss to the network and network system diagnosties, is much more difficult.

CAN protocol controller ICs divide the bit_time into smaller sections defined as time quant
pliers recommend that all ECUs on a netwaork be programmed with the same bit timing values.

cific values are needed for the bit timing registers in each CAN protocol controller. These
ned to ensure that a reliable network exists for all ECUs, and are based on the best trade-o

rent manufacturers of CAN(protocol controller ICs).

an ISO 11783 40 m_network segment operating at 250 kbit/s, Table A.1 lists the recommend
E The tqealues listed in Table A.1 are the actual bit 1qs and not necessarily the values to be enterg
col controllerbit timing register.

re A.3.illustrates the resulting bit timing for typical protocol controller ICs.

es for typical protoeol.controller ICs to achieve an (80 + 3) % single sample point (see also 4.6).

All other recessive to dominant edges fulfilling a) and b) is used for resynchronization, e)lcept that a
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Table A.1 — CAN protocol controller bit timing values

Total number of 1q 16 20
1q timing 250 ns 200 ns
Isyncseg (10) 1 1
trsect (19)? 12 15
trsecz (19)° 3 4
SJW (1q) 2 2
Total bit time 4 ps 4 ps
tTsec1 = PROP_SEG + PHASE_SEG1
b frseg2 = PHASE_SEG2

K] J

bttt

tq1 2|13 |4 |5|6|7|[8]9[10h11[12]|13[14|15(16|17 [18]19]20

Key
sample point
SJW = 21q

Isyncseg [ Hq

ITSEG1 =
trsect = 1519

trseGe = 314

N OO o~ WN -

trseG2 = 419

Figure A.3 — CAN controller timing values
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