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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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Introduction

ISO 23316-1 describes the general purpose and structure of standards in the ISO 23316 series, including
common elements and definitions shared within all parts of the ISO 23316 series.

The purpose of the ISO 23316 series is to provide design and application standards covering
implementation of electrical high power interface with a nominal voltage of 700 VDC/480 VAC for
agricultural and forestry machinery.

The ISO 23316 series specifies physical and logical interface requirements that provide interoperability

an

The

It i
all 4

NO']
isn
app

CTross compatibiity for SyStems and equipment operating at nominat vottages of 700 VD
following are not within the scope of ISO 23316:

service, maintenance, and related diagnostics;

functional safety;

control strategies for high power sources and loads;

application-specific strategies and operational modes;

component design;

energy storage systems, e. g. super-capacitors or batteries;

multiple electrical power sources supplying a comnion DC link.

permitted for partial systems or components ta*be compliant to the ISO 23316 series &
pplicable requirements, e.g. for the plug, receptacle or inverters, on a tractor or implems

E If a DC-mode only HPI is provided, itis not necessary to comply with part 4 describing A(
t applicable. If an AC-mode only HPI is prowided, it is not necessary to comply with this documen|
icable.

£/480 VAC.

y applying
nt.

-mode, as it
t, as it is not
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ISO 23316-5:2023(E)

Tractors and machinery for agriculture and forestry —
Electrical high-power interface 700 VDC / 480 V AC —

Part 5:
DC operation mode

m which is

disconnect

ystem and

h

required

Pir content
pplies. For
[s) applies.
1 electronic
rface 700 V

rface 700 V

rface 700 V

high power

1 (Scope

This document specifies measures applicable to the class B2 voltage DC bus of a supply syste

intgnded to power detachable electrical CS(s).

— |electrical specification of the high power interface

— |operating modes (e. g. initialization, normal operation, energy~feedback, connect
procedures and disconnect in case of malfunction)

— |Communication parameters (basic framework: signals, ranges, units, states of supply 5
CS)

Thg document contains simplified electrical diagrams)showing specific aspects of th

fungtionality.

2 |Normative references

The following documents are referred to<in the text in such a way that some or all of th

congtitutes requirements of this document. For dated references, only the edition cited 4

undated references, the latest edition of the referenced document (including any amendmen

1S0|16230-1:2015, Agricultural miachinery and tractors — Safety of higher voltage electrical an

components and systems — Pdrt1: General requirements

1SO|23316-1, Tractors andmachinery for agriculture and forestry — Electrical high-power inte

DC f 480 V AC — Part X-General

[SO|23316-2, Tractors and machinery for agriculture and forestry — Electrical high-power inte

DC f 480 V AC —®art 2: Physical interface

[SO|23316:3;. Tractors and machinery for agriculture and forestry — Electrical high-power inte

DC } 480WV-AC — Part 3: Safety requirements

ISOYEBRIS 23316-6-—1  Tractors and machinery fnr ngr'ir‘ulfurp and fnrpcfrv — FElectrical

interface 700 V. DC / 480 V AC — Part 6: Controls communication

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 23316-1, ISO/FDIS 23316-6:—

and the following apply.

1) Under preparation. Stage at the date of publication: ISO/FDIS 23316-6:2023.

©IS
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1.1

device under test

DUT

single component or combination of components as defined to be tested

[SOURCE: [S6-16685:2668,3-3]

3.2 Symbols

Cpc sre DC link capacitance PS

Cpcia DC link capacitance CS

Cyia Y-Capacitor CS

Cy sre Y-Capacitor PS

Leap cable inductance

L ore inner source inductance

Riorc inner source resistance

Reab cable resistance

Reont contact resistance

m inverter modulation index representing the amplitude of the fundamental output voltagg U,
normalized by the DC supply veltage Uy, so m=U,/Up.

AU voltage ripple

Cpc DC link capacitor

Lok peak current

Lims root mean sguare current

fow switching frequency

min minimum

2 © IS0 2023 - All rights reserved
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4 System overview

4.1 General

I

IS0 23316-5:2023(E)

Key
ACL AC load (e.g. electric motor) %)
APP application \»‘Q
C controller of a device .\®$
Che DC link capacitor 3
CE combustion engine \O
N~
DCINK  DClink O
G generator (as example of angl%ctrlc power source)
HPI;C High Power Interface -@trol
HPI{MC  High Power Interf: aster Control
INV inverter (DC /A@mverter)
REQ rectifier (AC)@ power converter)
S switch ctor or solid state switch, including pre- and discharge unit)
S-C swi troller
T ission
TC sk controller
TIM} %& Tractor Implement Management Client
TH\’I ] l I'dCLOIT llllplUlllUllL Mduagcmcut DUI vl
VT virtual terminal (user interface, e.g. display)
I supply system
I1 consumer system
1 high power interface
2 ISOBUS connector
3 power lines
4 ISOBUS
5 supply system communication bus (e.g. tractor bus)
6 consumer system communication bus (e.g. implement bus)

© IS0 2023 - All rights reserved
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7 interlock signal
8 feedback signal (by e.g. a sensor)
9 interlock signal line breaker

______ power connection
_ _ _ _ signal/bus connection
.............. optional connection

—— defines focus of document

‘b

The systein consists at least of an electrical PS with generator and control providi wer
on a DC lipk and a CS, which is connected by an HPI and communication line in accélance with
ISO/FDIS 23316-6:—. System schematics are shown in Figure 1.

‘b

NOTE epending on design, a discharge unit can be needed for implements.

The architecture of the load depends upon the specific application and Céaave any combinafion
of resistive, inductive and capacitive elements. The common base is t oltage provided by |the
source (anld specified in the subsequent chapters) and the communi on interface according to
ISO/FDIS 23316-6:—. A voltage source can have multiple HPIs. &

The minimum VC-B2 system consists of at least one PS and one A%@he VC-B2 system is based on ah IT
system. Earh implement may contain many different VC-B2 de\ské

4.2 Operation with single CS $®

At the simplest level, only one CS (e.g. implement) is g&ched on the supply system (e.g. tractor), where
the PSislogated. The single CS can contain one or %?re independent VC-B2 devices. Such a configurafion
g figures with MCS.

is shown irf} Figure 2 and is the basis for the fol

[
Key
ACL AC Load (e.g. electric motor)
G Generator

INV Inverter
REC Rectifier

S Pre- / discharge / disconnecting device
I supply system (e.g. tractor)

11 consumer system (e.g. implement)

1 high power interface

Figure 2 — Single implement block diagram

4 © IS0 2023 - All rights reserved
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4.3 Operation with MCS

It is also possible to attach an MCS to a supply system (e.g. tractor). Each can contain one, or more VC-B2
devices. If an MCS is attached to one supply system, each CS needs its own HPI-C. Figures 4 to 6 show

some, but not all possible, configurations.

The first supply system in the topology (typically located on tractor, or a PTO generator) shall provide
the sum of the power of the connected CS. In case of power/current restrictions due to higher total

demand compared to capabilities, one of these two load balancing options shall be used.

a) The HPI-MC shall control the power distribution of all other connected combinations.

b) [The HPI-MC shall control the power distribution of the first supply system connecua[f/h
(which consist of several VC-B2 devices).

HPJ| (maximum allowed number of implements in accordance with ISO 11783).

ubsystems

Figuire 3 shows a configuration where several CS are attached on supply systenlbaﬁl’each has its own
N

@7% REC |H-eH#

G nerator

Key] O?‘
ACL g@d (e.g. electric motor)

INV Inverter
REC rectifier

S pre-/discharge/disconnecting device
[ supply system (e.g. tractor)

11 consumer system (e.g. implement)

1 high power interface

Figure 3 — Configuration with several parallel CS each at a separate connector

Figure 4 shows a configuration where a CS is attached on supply system’s front and several CS are

attached on supply system’s rear and each has its own HPI.

© IS0 2023 - All rights reserved
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REC e+
Key
ACL  AC Load (e.g. electric motor)
G gengrator
INV invgrter
REC rectifier
S pret/discharge/disconnecting device
| supply system (e.g. tractor)
11 conpumer system (e.g. implement)
1 high power interface $
, , N o .
Figure 4|— Configuration with a front CS and several rear CSs each with a separate connectpr
xO

Figure 5 sHows a configuration where three re attached in series, thus only one tractor HPI is ysed
and two C{ are providing the HPI to the following one.

o
6

© IS0 2023 - All rights reserved
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Key
ACL)

INV
REC

11

AC load (e.g. electric motor)

generator

inverter

rectifier

pre-/discharge/disconnecting device

supply system (e.g. tractor)

consumer system (e.g. implement)
@

xO

Figure 5 —,C@ﬁguration with three CS in series

N

@)

high power interface

Figlire 6 shows a configuration@t{ere series and parallel connection of CSs are combined.

© IS0 2023 - All rights reserved
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ACL AC Joad (e.g. electric motor) &\6
G gengrator @)

INV inverter QQ

REC  rectifier Q

S pret/discharge/disconnecting device $\\§\

[ supply system (e.g. tractor) %)

11 conpumer system (e.g. implement) ®

1 high power interface $

Figure 6 — Configuration with front\fﬁ,'oa single rear CS and two rear CS in series

S

5 DC specification O®
5.1 Voltage form and qual'@lp

5.1.1 System voltage: xs and ranges
For the puiposes of tk%%bcument, the voltage values and ranges given in ISO 23316-1 apply.

51.2 Vo ltage@ble
A
ral

5.1.2.1 Ge

Periodic voltage ripple is generated due to residual incomplete suppression of an alternating wave after
rectification from switching of the inverters used in the PS and loads.

5.1.2.2 Ripple specification for a power source (PS)
For the first PS, +2 % of the nominal voltage shall not be exceeded.

NOTE If an implement serves as PS, it might not be possible to satisfy this requirement as well.

8 © IS0 2023 - All rights reserved
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2.3 Ripple specification for load(s)

+5 % of the nominal voltage shall not be exceeded.

NOTE

bus resonances.

5.1.
The

3 Continuous DC current

continuous DC current is the current, which the PS is able to supply.

Different levels for the PS and loads are defined to avoid exceeding the specified limits in case of DC

The

The
Thi
cur

5.1

Eac
am
val
the

Apq
cur

Thd

The

!

maximum continuous DG currentis restricted by three Iimits:

continuous current the PS is able to supply, which is I cource = Peont source/ UnomASigha
to ISO/FDIS 23316-6:—: “PC/S current capability-continuous)”;

current carrying capability of the HPI (as defined in ISO 23316-2:2023, 4.5.6);

the HPI-C (e.g. implement) to the HPI-MC (e.g. tractor) (Signal accerding to ISO/FDIS 2
“Load current demand- maximum continuous”).

lowest value of these limits is the maximum current, which cafi'be supplied by the PS co
5 is transferred from the HPI-MC to the HPI-C (Signal aeeording to ISO/FDIS 23316-¢
Fent calculated-continuous”).

4 Peak current

h system part (PS and load) has its own peak“current limit. The peak current is the
unt of current which the output is capable;of sourcing for brief periods of time. Cha
es are amplitude, duration and minimum-epetition rate. It mainly depends on the physi
electrical hardware used (current carsying capability, heat dissipation, etc.).

lications on implements or attachinénts can have load variations causing the occurrer
Fents. The aim is not to overload‘the PS, cables and HPI contacts by the load.

maximum peak DC currentis restricted by three limits:

peak current the PS is‘able to supply, which is I,k source = P

ISO/FDIS 23316-6;—:/PC/S current capability-peak”);

peak source/Unom (Signal a

current carrying.capability of the HPI (as defined in [SO 23316-2:2023, 4.5.6);

peak currentlimitation by cable cross section from HPI to CS, defined and transferred b
(e.g. implement) to the HPI-MC (e.g. tractor) (Signal according to ISO/FDIS 23316-6:—: “Lq
demand-maximum peak”).

| according

continuous current limitation by the cable cross section from HPI to CS; defined and trapsferred by

3316-6:—:

ntinuously.
b:—: “PC/S

maximum
racterizing
al limits of

ce of peak

cording to

y the HPI-C
ad current

lowest value of these limits is the peak current, which can be supplied by the PS. This is transferred

from the HPI-MC to the HPI-C (Signal according to [SO 233T6-6: "PC/S current calculated-peak”).

The

a)
b)

)

©IS

following cases of operation will occur:

Ipeak (p$) > Ipeak (load) — operation possible

Ipeak (p$) < Ipeak (load) — application specific, if operation possible

Ipeak (ps) << Ipeak (10ad) — use of application is unlikely

02023 - All rights reserved
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5.1.5 Current specific communication parameters

To establish communication between supply system and CS, the PS shall send its specific continuous

and peak current limits as defined in ISO/FDIS 23316-6:—.

NOTE1 The CS decides with respect to the specific application, if normal or restricted operation is possible.

NOTE 2  In case of multiple HPIs, the operator shall decide if the operation makes sense.

5.1.6 Voltage dips and recovery time

Voltage difgsarethe temporary deviation of the DC bus voltage from 1ts normal value. It does not include

the periodjc ripple.

If the curr¢nt requested by a CS exceeds the maximum current supply capability of the PSforva lim
time periofl, the voltage will dip. Alternatively, if the CS is characterized by a rapidly changing raf
the requesfted power (dimension: kW/s) the source voltage may dip. Recovery time.iS\determineq
peak current capability/request of PS and load and their control loop responses.

Communicption between supply system and CS during initialization shall (bé in accordance ¥
ISO/FDIS 23316-6:—. First, the PS shall provide its system limits. With thisinformation the CS s
decide whdther normal, restricted or no operation is possible (applicationspecific).

5.1.7 Overvoltage protection

— Energy feedback from load to PS. For more details-féfer to 5.3.7 “energy feedback”).

— dissipating enetgy by brake chopper;

— storing surplus energy in appropriate devices (e.g. capacitor, battery, flywheel storage);

ted
e of
| by

vith
hall

mit

— feeding back energy to energy source, e.g. diesel engine.
5.1.8 Overcurrent protection

5.1.8.1 Operational states leading to overcurrent in the DC system
Overcurrent can be caused by the following events:
— power requirement of the load exceeds the maximum available power (of the PS);

— high energy feedback from load to PS;

10 © IS0 2023 - All rights reserved
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— system malfunctions (e. g. short-circuits on PS or load).

5.1.8.2 Continuous and peak current on PS and CS

The maximum current, which is expected, refers to the installed power each on PS (tractor) and CS
(implement). Thus, PS and CS(s) have their own current carrying capability, which shall not be exceeded
in order to protect their own devices (e.g. cables, connectors, switches, etc.). In the connected DC-
system, a continuous current and a peak current for the system are defined. They are determined by
the PS and depend on the maximum power the PS is able to provide. The continuous current which can
be transferred by the HPI as a maximum is a limit which shall not be exceeded (see ISO 23316-2). These

f' L Lot + L it
lg Irco drv auvsvuliuilce DyOLClll ITIIIICS.

5.1{8.3 Requirements

5.1]8.3.1 General

Each unit (PS or load) connected to the DC link circuit shall prevent the currentexceeding thg maximum
permitted value for itself.

Devices to prevent from overcurrent shall be one of the following:
— |fuses;

— |circuit breakers;

— |switches (e.g. relays).

NOTE The situation can be compared with a standard grid application: Incoming lines to a houpe are fused
witlh higher current values than separate rooms or special equipment within a house.

5.1)8.3.2 PS current less than load current

Thip applies if the current provided by the PS is less than the maximum which can be consumed by the
load Imax (PS) <= Imax (load)-

Thif is a special situation. If-the" tractor-implement combination is allowed to work (to be handled
durfng initial communicatien;-application specific, see ISO/FDIS 23316-6:—), the maximunp power on
loaq side shall be limited-to a value so that the maximum current of PS is not exceeded. OtHerwise the
opefration of this specific-tractor-implement combination shall not be allowed. Each part of the system
shall protect itself against overcurrent.

In dqase of multiple’implement operation the sum current of all implements can exceed the current
cappbility of-the PS (see also “multiple implements operation”). During initialization the s@im current
shall be matched.

5.1{8.3;3 Source current greater than load current

I peak(ps) > I peak(cs)

In this case, the load-source combination is operating within the specified limits. Therefore, no overload
is occurring.

5.1.8.4 Overcurrent protection requirements

PS and load shall be protected against overcurrent. Because the PS can supply the load up to its
specified maximum, an overcurrent protection device (OPD, e.g. fuses, circuit breakers, switches) is
not sufficient. Typically, the PS inverter has an electronic current limitation. On the CS side, OPDs shall
protect devices and sections of different cable cross sections. See Table 1 and Figure 7.

©1S0 2023 - All rights reserved 11
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Table 1 — Overcurrent protection requirements

PS

CS

cross section shall be dimensioned according to maxi-
mum current to be transferred

cross section close to HPI shall be dimensioned to
transfer the overall CS current

PS converter shall have an electronic overcurrent pro-
tection, so no OPD required

“general” OPD shall protect the cable from HPI to dis-
tribution box

single OPD (fast-blow) shall protect each individual
drive unit (cable cross section and OPD usage accord-
ing to individual current consumption), can be part of

41 : 4
CIICT TIIVET LTT

|

REC ’ i
] !

7 I

Key

ACL  ACJoad (e.g. electric motor)

DB distribution box

G gengrator

INV inverter

OPD  ovefcurrent protection device ) C\}~
REC  rectifier C)\\

[ supply system (e.g. tractor) .

I1 conpumer system (e.g. impleme@

1 high power interface

Figure¢ 7 — Simplifie(%%%us diagram for a supply system and CS showing OPD locations

S

5.1.9 System in nce

nce is a parasitic value, which mainly is a result of the VC-B2 DC harness length pnd

The syste &@
geometry?u@o tem (consisting of PS, load and HPI).

NOTE
5.1.10 DClink capacitance

5.1.10.1 General

An expected value range is helpful with regard to the equivalent circuit diagrams, see B.4).

The capacitance of the DC link capacitors connected between the + and - lines of the DC link circuit in

the PS or load(s).

The DC voltage typically is provided by an inverter. The switching frequency and its harmonics are
present on the DC side of the inverter and smoothened by a DC link capacitor in order to fulfil the
permitted voltage ripple. Commonly, each inverter connected to a DC link system contributes to the

overall system DC link capacitance.

12
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5.1.10.2 Requirements

PS and CS shall conform with the allowed voltage ripple. This results in a DC link capacitance value on
PS and load(s) (see 5.1.3"“voltage ripple”).

The maximum amount of DC link capacitance defined in 5.2.1 “value ranges” shall not be exceeded.

NOTE 1

In order to ensure a correct pre-charging procedure, the actual capacitance values used on the CS are

communicated to supply system according to ISO/FDIS 23316-6:—. A capacitance value of zero means that the CS
do the pre-charge on its own.

will

5.1

11 Y-capacitors, parasitic capacitances

Y-capacitors are part of an inverter and connect positive and negative wires to the chass
to fulfil EMC regulations. Parasitic capacitances result from system geometry\[(e'g. stray d

bet

veen positive and negative wires to chassis).

The capacitances shall taken into account to ensure the integrity of the(I'T system. If the ene

in a

Il Y-capacitors (required to fulfil EMC regulations) and parasitic capacitances of the syste

certfain value, dangerous currents through human body can occur uhder certain fault condit

To gvoid dangerous currents through human body, follow the/protection measures in accor

ISO

5.1

5.1

23316-3 and ISO 16230-1.
12 DC Link pre-charging

12.1 General

A controlled charging of a DC link capacitor equalizes its voltage with a source to limit the su

inc

hse of a low impedance connection.

To 4chieve this, the following methodsumay be used to perform the pre-charge process:

5.1

Passive pre-charge: Pre-chdrge process performed using a resistor, in order to redud
current.

Active pre-charge: Pre-charge process performed using power electronics to control the
current over time;

12.2 Type and’position of pre-charge unit

The supply.system (typically tractor) shall provide at least a passive pre-charge unit to chg
linl capacitors. Alternatively, an active pre-charge unit via using power electronics may be i

©IS

is in order
apacitance

rgy stored
m exceed a
jons.

Hance with

ge current

e the peak

pre-charge

rge the DC
hstalled.
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hpplication
DC link capacitor

DC link

oad

witch (contactor
witch controller
ransmission

ask controll

[IM sen@s

upply system

\C load (e.g. electric motor)
controller of a device

fombustion engine

nverter (DC/AC converter)

rectifier (AC/DC power conv@

or soléga‘te switch, including pre- and discharge unit)

%\%

Coc|

renerator (as example of an electric power sou.m\g)
high power interface - control
High Power Interface - Master Control.\c\,{‘

¢

.

1M (Tra@?ﬂplement Management) client

ir mrminal (user interface, e.g. display)

xO

consumer system

high power interface
ISOBUS connector

power lines
ISOBUS

supply system communication bus (e.g. tractor bus)

consumer system communication bus (e.g. implement bus)

interlock signal

feedback signal (by e.g. a sensor)
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9 interlock signal line breaker
Figure 8 — General location of the pre-charge unit

NOTE1 The supply system always provides at least a passive pre-charge unit. An additional pre-charge unit
on a CSis an option.

NOTE 2  If electrolytic capacitors are used as DC link capacitance on the load, special handling due to their
specific characteristics are given in B.2.

5.1{12.3 Functional requirement — Charge current

Thg maximum initial charging current shall not exceed 20 A. The maximumgHowe¢d current
consumption of the load(s) during pre-charging over the DC link circuit shall not exeeed 0,5 A.

If these conditions are not sufficient to charge the load(s) DC link circuitnthe CS shall provide an
autpnomous pre-charge unit.

NOTE If an electronic pre-charge unit is used, the initial current has AC-and DC components. THe current is
calclated as RMS value over a time period of 100 ms.

5.1{12.4 Functional requirement — Autonomous pre-charge

If the value for the DC link capacitor (sent via communigation according to ISO/FDIS 23316-6:—) is
equfal to zero, the supply system shall expect an autonomous pre-charging by the CS.

NOTE1 Inthis case, the DClink voltage is switched on‘without initiating a pre-charge procedure ffom PS side.

NOTE 2  An example for a pre-charge state machineis shown in B.3.
5.2 DClink discharging procedure

5.2/1 General

Aftér use or in case of faultsi{e.g. severing of the cable, unplugging during operation), the DC link
cappcitors are required to be discharged within a certain time period.

If the VC-B2 supply of the.CS is interrupted, a function shall be provided on the CS to ensure g controlled
cappcitor discharge within the time limit defined in ISO 23316-3:2023, 5.5.3.1.

In the case of cable’severing, the supply system shall switch off the HPI, and the CS shall discharge its
own DC link capacitor and supply system shall de-energize the HPI.

5.2]2 ,Coennection of MCS

5.2.2.T General application

Combinations of front and rear CS as well as several rear combinations are commonly used. These
applications shall be handled by the HPI to fulfil this requirement.

5.2.2.2 Interlock function

The interlock function is provided per HPI on one hand as a measure to check that connector and socket
are plugged correctly and on the other hand to check, whether a reliable connection between CS and
supply system is established.

NOTE1 Internalinterlock connections between VC-B2 devices on supply system or CS(s) are not considered.
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NOTE 2  Because the source and evaluation units of the interlock signal are both on the side of the supply
system, the manufacturer of the supply system can largely define the signal waveform and quality.

5.2.2.3 Pre-charge/discharge, disconnect
An individual pre-/discharge unit and disconnecting device shall be provided per HPI.

When multiple CSs are coupled in series connection, the “predecessor CS” shall serve as PS for the
“follower CS“ and therefore a “predecessor CS” shall provide the pre-charge function.

53 Co
5.3.1 Block diagram
The main dircuit blocks in the whole system are shown in Figure 9.
[
PS S BC CaSrc QQQH
D
K\
xO
©
Key %O
BC Birake chopper %\
Cald cable load
CaSrc cable sourc ?‘
HPI high pow@cerface
L lopd v
S pne%ischarge unit/(dis-) connecting device
PS power source
[ supply system (e.g. tractor)
11 consumer system (e.g. implement)

Figure 9 — Electrical source and electrical load circuit blocks
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.2 Value ranges for system components:

To enable compatibility between supply system and CS, the following parameters shall be within these
value ranges:

inverter switching frequencies: 4 kHz < f < 16 kHz

inverter switching frequency f_, i ch-source
used).

- 3 * frundmax-load > 4 kHz (if 6-step modulation mode is

low pass filter for load inverters use a cut-off frequency f cutoft_filter ~ ~ 2 kHz (including complete DC

NOT
vari

NO1
leng

NOTI

5.3

Compatibility between PS and CS shall be ensured by the requirements according to Tables 2

lldl IITSS, lllLCl ClClllCllLb, auu LllC Ub lllll\ LledLlLUl kb) Ull LllC 1uaupu

resonance effects.

inner source impedance 1 mQ <R, .. <175 mQ

1Src

inner source inductance L. ...: 50 pH (for R; .. =1 mQ) < L. ... <8 mH (forR; ... = 175 m(

1src* 1src 1src 1src

DC link capacitance of one CS: 100 puF < Cpg g/1q < 10 mF (appreaches for a rough es
Annex A)

Y-capacitors: 100 pF< C, < 1 pF (If no dedicated Y-capacitors@are used, the parasitic capag
defining the lowest capacitance values)

contact resistance DC-contacts according to ISO 23316-2:2023 4.5.7.

resistance of the PBC (according to ISO 162304“<100 m() between two parts with
through HPI included, which can be touched simultaneously by one person)

ous operational modes. All device values corsespond to the equivalent circuit diagrams.

E2 Cable length has no critical impact regarding the system behaviour (considerations regs
th, see B.1).

E3 Considerations regarding.DC-Bus filters, see B.6.

3 Limitations on ripple current

Table 2 — Requirements for PS (PSR)

PS 6-step mode is not allowed for PS (see below PSR2). The CS can use that mode: T

his avoids

).

[imate: see

itances are

connection

E1 In B.4 simplified electrical source and\load circuit diagrams are provided, which are applicable to

irding cable

and 3.

Rel Requirement Rationale

PS Requitement 1  |PS shall use an active PWM rectifier to|ltis required to be known if a PWM rectifier is
provide the DC bus source. in use, as it will define what current rating can

(PSRT) be-expectedinthe DCeapaciterbank.

PS Requirement 2 |PS PWM rectifier shall not use bus clamp |Use of any of these modulation methods would

(PSR 2) modulation, over-modulation or 6 step|produce low frequency current ripple on the DC

modulation. bus which can overload the load(s).

PS Requirement 3 |The PS shall be able to continuously carry|This level of ripple current is likely to flow in

an AC ripple current which originates in|the system. It does not significantly

affect the

(PSR 3) the load(s). PS DC bus capacitor life time or temperature or
Frequency band 10 Hz to 100 kHz cause excessive ripple current.
. _ Low frequency filter (f< 1 kHz) would degrade
Magnitude Iy 1} =0,17 Iy, transient performance of the dc bus voltage.
Where I is therated dcbus current of the PS.
©1S0 2023 - All rights reserved 17
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Table 3 — Requirements for load (ELR)

Ref Requirement Rationale

Load Requirement 1 |If the load uses inverters, which operate | Lower power loads produce a PWM band rip-
(ELR 1) with PWM modulation, the ripple current, | ple current which is low enough to have little
which flows in the PS, shall be limited. |effect on the PS.

Passive LC filters in the load may be used | These CS(s) do not need a filter. CS(s), which
to reduce this current. would exceed the allowed ripple current need
Frequency band 1 kHz to 100 kHz to have a series inductor to limit the current.

Maognitude L. L=0171
o] == T

I4c is the rated dc bus current of the PS.

The CS shall specify minimum PS current,
which allows the operation of the CS.

Current shall be measured using test ELT1
(see below 5.3.4.2).

Load Requirement 2 |If the load uses inverters, which operate|Lower power load(s) produce a low frequen¢y
(ELR 2) with 6-step, bus clamp or over-modulation, |band ripple currentwhich is low enough to

the ripple current, which flows in the PS, | have little effect on.the PS from a thermal o
shall be limited. voltage ripple petspective.

Passive LC filters in the load may not be
used to reduce this current.

Frequency band 10 Hz to 1 kHz
Magnitude I¢[;=0,17 I,
I4c is the rated dc bus current of the PS.

Current shall be measured using test EET1
(see below 5.3.4.2).

Load Requirement 3 |The total ripple current limits from ELR1|The whole frequency band needs to be cons|d-
(ELR 3) and ELR2 shall not be exceeded ered.

Frequency band 10 Hz to 100 kHz
Magnitude I;¢ [;=0,17c

I4c is the rated-debus current of the PS.

Current shall'he measured using test ELT1
(see 5.3.42).

5.3.4 Test methods

5.3.4.1 RS tests(PST)

a) Testl (PST1): ripple voltage

Load the PS to the rated output current using a resistive load with a series inductance of > 250 pH.
Measure the ripple voltage at the PS terminals.

PS ripple voltage shall not exceed 2 % of VC-B2 DC voltage in the DC link circuit.

b) Test 2 (PST2): ripple current

Load the PS to the rated output current Iy, (i.e. the maximum output current of the PS) using a
resistive load with a series inductance of > 250 pH. The test is performed with 3 frequencies of the
current Ipe, o

— Frequency 100 Hz
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— Frequency 1 kHz

— Frequency 10 kHz

Allow the system to operate until an electrical and thermal steady state is reached.

The total ripple current of I, ;.= 0,17* I, shall not be exceeded under any test frequency.

The PS manufacturer shall both identify and test a sufficient number of test points to guarantee the full
range for the design (This condition is valid only for the initial PS in the system).

5.3@ 2 Load tests (ELT)

Test (ELT1): ripple current (see Figure 10)

L Cable

TST

PS Coar DUT

Key
Cable cable (length 5 m)
Crsl  testcapacitor (10 mF)
DU device under test

Lrgl  testinductor (250 pH)
PS power source

Figure,10 — Ripple current test circuit

Test procedure:

— |Connect the DUT as shown above

— |Load the DUT t@iits rated loading

— |Measure thésurrent in the test capacitor.

Thq total ripple current of I ;.= 0,17*Ip¢ shall not be exceeded (This condition is valid gnly for the
firsf CS insthe system).

5 3 | DRixaala ot 200 coca oF MICC
e Fre PP turtCntiar CasCoTIrGy

5.3.5.1 Series connection of CSs

A series connection of CS (predecessor CS supplies following CS) shall not exceed the ripple current

limitation of I;,,1= 0,17*Ip of the total connected load.

5.3.5.2 Other CS combinations (e.g. front -rear)
In this case, each CS shall not exceed I, .= 0,17*Ip of its maximum rated current.

NOTE 1 Ifthe rated current of the connected load exceeds the rated current of the PS, the DC link capacitor of
the PS can be overloaded.
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NOTE 2

Online measurement of ripple currents (harmonic percentage of the overall current) is difficult.

Hence, the PS might not be able to measure the ripple current during operation in order to signal the load to
reduce its request in case of overload.

NOTE 3

specific load(s) are in use.

NOTE 4
“hot spots”)

5.3.6 Limited operation of source-load(s) combinations with respect to ripple currents

PS rated power < power request of load(s) AND, simultaneously, special modulation methods on the

Measurement of DC link capacitor temperature of the PS is complex (sensors have to be placed at the

5.3.6.1 R
interchang

The CS(s) s
ripple cury

The informpation helps to determine, whether operation is possible. In this casethe operator sh

decide whe
speed of th
according

5.3.6.2 (

In case of §

supply sysf
load. If the

Communic
be transfer

5.3.7 Enlergy feedback

Depending]
increase of
damage, th

Surplu
over b
energy

CS(s),
downH

(“longég

ipple currents exceed allowed values before operation (result of parameter
e)

hall provide characteristic maps, specifying under which load conditions the stpply sys
ent limitation will not be exceeded. This may result in a torque reductiomof-drive syste

ther operation is possible with certain limitations (reduced speed orterque, reduced gro
e supply system, etc.). If operation is possible, the operator should-adjust the whole sys
o his experience.

pverload situation during operation

in overload situation during operation, the operator and the CS(s) shall be informed by
em. In this case, countermeasures should be taken inorder to reduce the consumption of
e is no reaction, the supply system shall turn offtl€ load to prevent PS from damage.

tion parameters (ripple current capacity/requirement of electrical source and loads) s
red as part of the initialization procedure (se€e ISO/FDIS 23316-6:—).

the DC voltage in the DC linkiImr order to protect connected components against overvolf
e following defines how tghandle with the two cases.

I the PS. The PS takeseasures to stabilize the DC voltage (e.g. brake chopper, feeding
to engine).

which are able to generate energy over a longer period of time (e.g. driven axles du

r” peried-of time is defined according to “energy over time diagram” (see Figure 11).

tem
ms.
uld
und
Lem

the
the

hall

on operational conditions, additienal energy is provided into the system, which leads t¢ an

age

s energy generated bythe load due to dynamic effects (e.g. braking, load dump) shall be taken

ack

ring

ill drive);"take measures on their own to keep the voltage under the permitted maxinpum

20
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5.3.8 Functional requirements — Energy feedback over time

rmp

15

3 +— ~
| | |
[ [ [
10 25 60 ¢
Key
rmp rated maximum power in % (related to PS)
t time in seconds
Figure 11 — Source energy feedback requiirements

The power-over-time curve defines the minimum energy the PS shall absorb as feedback Hy the load.
The curve has three sections:
a) [Section 1: For the first 10 s the PS shall absorb atleast 15 % of its rated maximum powet.
b) |Section 2: The PS energy absorption shall degtease linearly over time to the value in secflion 3 (time

period 10 s < t < 25 s). Calculation in this tinte interval: rmp = -0,8*t+23 [%].
c) |Section 3: After transition of the first-two sections, 3 % of the rated maximum powgr shall be

absorbed by the PS continuously.
The values as defined above shall bethe minimum of the PS. If the PS is able to absorb morg energy, it
sha|l be communicated accordingto [SO/FDIS 23316-6:— (negative rated current).
In cpse of an overload situation during operation, the operator is informed to take appropriatge measures

in order to reduce the consumption of the CS(s). If there is no reaction by the operator, the ¥S can turn

off {

5.4

De
solu

he supply of the CS(s) to prevent from damage.

Overloadprotection

Fating onthe CS side prevents from a sudden shutdown and helps to realize an optimi:
tion for'different supply systems and CS(s).

red system

Acc

rding to 5.1.8.4 a supply system shall provide an electronic overcurrent protection.

For maximum performance under changing load conditions, a dynamic de-rating depending on the
present system state should be provided.

NOTE As an example, the i2t-value method is presented in Annex B.

When MCS are in operation, the HPI-MC shall be responsible for the communication in accordance
ISO/FDIS 23316-6:— for system handshake and initialization. In addition, the HPI-MC shall manage the
priority of different loads of the multiple implements in cases of any load current restriction.

©IS

02023 - All rights reserved
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Annex A
(informative)

Estimation methods for DC link film capacitors

A.1 General

The follov];ng calculation methods are rough estimations for the size of a DC link capacitance.

Formulae (|A.1) and (A.2).

A.2 Minimum DC link system capacitance

See Reference [6].

LT
AWZJOP [Pm (t)_Pout (t)]dt: Cq-Ug-AUy

AW 1s the energy variation within switching period (7});
P, s the input power;

ut 1S the output power;

Uyq s the DC link voltage;

Cq s the DC link capacitance.

A.3 Minjimum DC link capacitance (film capacitors)

AP, T,

max " p

Cyqmin fF————
o 2'Ud'AUd,max

AP .| isthe maximum power change within switching period (T});

Uy is the DEJink voltage;
T, is the-switching period;
AUd,mar( is the maximum DC link voltage variation (maximum ripple);

See

\.1)

\.2)

Cq is the DC link capacitance.

A.4 Minimum DC link capacitance — Alternative calculation method — General

assumptions
a) Three-phase voltage source converter (VSC)

— space vector modulation (SVM)

— DC bus current is zero or a sum of phase currents depending on inverter switching state

— total capacitor RMS current is approximately 0,6 times the motor current
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b)

Motor phase current is approx. 2 A per kW

Using 450 V AC motors designed for a 700 V DC bus
Applies to motors from 1 kW to 100 kW (x10 % change)
Based on efficiency and power factor and rated voltage
— DCcapcurrent=0,6x2A/kW=1,2 A/kW

— DC capacitance using mA/pF values

Film caps 4 uF/kW to 12 uF/kW

Al elec. caps 40 puF/kW to 120 uF/kW

Worst case at m=0,5 and peak current [, and f,, min
Cpc*AU = L /4*fg,,

Cp = [pk/4*AU *f,,

L = V2*1 0

L = V252*1,

Based on 2 A/kW

Allow 5 % pk-pk at PWM frequency

AU=35V

f

SwW min

=2 kHz
Cpe min = V2*2*In/(4*35 V*2 kHz)
Cpc min = 10 pF per kW

© IS0 2023 - All rights reserved
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Annex B
(informative)

Technical details

Key

a cable djstance

d conductor diameter

I T U T U I CaOa i TC TITTr T et c™

Figure B.1 — DC conductor arrangement

, . 2. . /k T
L :@ﬁ.ln _a :M-ln a: f (Bl)
frc d T A
A
in =2-[ +siJ (B.2)
kf T

Vacuum pgrmeability Ho= <4107 [Vs / Am]

Permeability copper .= 1

Filling factpr k= 09

Cable crosg section A= 50; 70; 90 [mm?]

Isolation thickness s;i= 4 [mm]

Table B.1 — Example values
A a L'
mm? mm H/m

50 16,4 545E-9
50 30 786E-9
50 60 1,1E-6
50 90 1,2E-6
70 18,0 513E-9
70 30 719E-9
70 60 996E-9
70 90 1,2E-6

24
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Table B.1 (continued)

A a L
mm? mm H/m
90 19,3 492E-9

led cables.

ength is not

If electrolytic capacitors are not used for a long time period (e.g. greater than one yefr), a “soft
reagtivation”, i.e. reforming procedure needs to be considered. Reforming requires the capgcitor to be
recharged with reduced current dependent upon:

— |capacitor type;

— |overall DC -link capacitance value;

— |duration of inactive period and storage temperature;
— |manufacturer instructions for reforming.

The reforming procedure is not intended to beperformed by the PS or by its pre-charge ddvice. Thus,
the|CS is responsible for capacitor reforming,

NOTE Manufacturer recommendationsfor reforming vary over a wide range, thus different charging modes
(gentle/fast) are needed depending on the'¢apacitor technology used.

A stepwise charging (25 %, 50%, 100 %) with a check of voltage symmetry after each dtep can be
follpwed to detect a requirement for reforming, although this increases the system complexity.

If the capacitors are deeply discharged, then specialised workshop services may be required.

B.3 Simplified circuit diagrams describing various operational modes

NOTE Cowverage of the circuit diagrams < 100 kHz (approximate factor 6 of max. switching frequency).
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B.3.1 Normal operation (connected, no energy feedback)

|

H
Lcab Rcab
-
i_src
IAC src C
/~ O\ DCsrc
- p—
UDC srq
Key
Che sre DC link capacitance source
Cpca DC link capacitance load
II fonsumer system (e.g. implement)
I upply system (e.g. tractor)
HPI high power interface
IaC sre AC current source
Iacia A\C current load
Ipcua DC current load Q’\Q
Leab fable inductance \O
Li re nner source inductance . C\)j“
Risre nner source resistance C)\\
Rep fable resistance @ .
Reont fontact resistance O
Upcsre DC voltage source C)
%\Figure B.2 — Normal operation circuit
NOTE An inverte@?ﬂ, in some cases, behave like a negative impedance such that the current increases when
the voltage falls

Use the co ‘gahn of inner source impedance R; . + L; i and virtual current source I,¢ ... to m])del
nt at the terminals of the socket As a consequence of the ripple current, ripple vol

the ripple

age

becomes present at the connector terminals.

26
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B.3.2 Operation with energy feedback by CS
[

Lcab Rcab
R |
[

L Ly src@CDc -

U'ff‘;Q T
Key
BC,. brake chopper source
BC,, brake chopper load
Cpc bre DC link capacitance source
Cpela DC link capacitance load
11 consumer system (e.g. implement)
I supply system (e.g. tractor)
HPI high power interface
Inc ohe AC current source
Iact AC current load \»‘Q
Incih DC current load .\®$
Leab cable inductance OA
L inner source inductance \{:\'
R inner source resistance C)\\C’
Ry cable resistance .
Reonk contact resistance @ )
Upckre DC voltage source C)

%\Cﬂgure B.3 — Operation with energy feedback circuit
The brake cho@? (BC) on the supply system and CS sides is optional.
XS
R
7o)

IS0 23316-5:2023(E)
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B.3.3 Pre-charge operation

I
R
J_lfl_/ L., R
|
L ’““@Cvcm__
DC src
)
Key
Che sre DC link capacitance source
Cpcia DC link capacitance load
11 fonsumer system (e.g. implement) %O
[ upply system (e.g. tractor) Os\\
HPI high power interface Q
IaC sre AC current source QQ
Iquitc1a (ocy PC quiescent current load \\
Ly fable inductance &\}
Li sre nner source inductance \"(\6
R src nner source resistance $
Reap fable resistance A’\Q
Reont fontact resistance \O
Rpre bre-charge resistor N C\’{‘
Upcsre DC voltage source C)\\

.

Figure@y— Pre-charge operation circuit

— Thelogd power consumer(égodelled by a quiescent current source (max. allowed quiescent cur

according to 5.1.12.2). %\
— Pre-chiarge unit an@@pass current path is modelled in the diagram.
— Consider opt@ pre-charge device on the CS (see “pre-charge procedure”).

v
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B.3.4 “Normal” discharge operation (No emergency discharge)

IS0 23316-5:2023(E)

|
R L. R
1—:'_/ b eab
L
e S"@CDC sre
DC src R,
Key
Cphe kre DC link capacitance source
Cpela DC link capacitance load
11 consumer system (e.g. implement) %O
I supply system (e.g. tractor) 05\\
HPI high power interface Q
Inc ohe AC current source QQ
laisth(ocy  DC discharge current load \\
Ly cable inductance s\o
L inner source inductance \"(\0
Riqr inner source resistance $
Rean cable resistance A’\Q)
Reonk contact resistance \O
Raiskre discharge resistor source . a{‘
Raishd discharge resistor load C)\\
Rpre pre-charge resistor @’ .
Upckre DC voltage source O
%O ’ Figure B.5 — Discharge operation circuit
S
— Connect/DQ@nect unit considered.
— |The i ?z;tion of a discharge device on the CS depends on functional and safgty related
cons%\ tions of the respective CS (e. g. implement) manufacturer (see ISO 23316-3).
A
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