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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

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 V DC/480 V AC for
agricultural and forestry machinery. The ISO 23316 series specifies the physical and logical interface
requirements that provide interoperability and cross compatibility for systems and equipment.

In order to state compliance to the ISO 23316 series, all applicable requirements from ISO 23316-1 to
[SO 23316-7 shall be met.

It i permitted for partiat Systems or COMpPONENTs T0 be compitant to the 1SO 23316 5eries )y applying
all gpplicable requirements e.g. for the plug, receptacle or inverters, on a tractor or implement.

NOTE For example, if a DC-mode only HPI is provided, it is not necessary to comply with this document
des¢ribing AC-mode, as it is not applicable. If an AC-mode only HPI is provided, it is not necessary to gomply with
ISO23316-5 describing DC-mode, as it is not applicable.

The following are not within the scope of the ISO 23316 series:
— |service, maintenance, and related diagnostics;

— |functional safety;

— |control strategies for high-power supplies and loads;

— |application-specific strategies and operational modes;

— |component design;

— |energy storage systems, e. g. supercapacitors'or batteries;

— |multiple electrical power supplies to a cgmmon DC-link.

© IS0 2023 - All rights reserved v
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Scope

5 document specifies required measures applicable to the HPI AC Interface between a sup
ically located on an agricultural tractor) and detachable electrical consumer systen
ted on an agricultural implement).

5 document covers the following:
HPI system topologies;
interface relevant characteristics of the HPI providing AC er<combined AC and DC;

interface relevant characteristics of the HPI AC load (for relevant characteristics of a D
ISO 23316-5);

logical, operational and electrical characteristi¢$ of the HPI:

— operating mode aspects, and

— communication parameters

E This document contains simplified electrical diagrams showing specific aspects of t
tionality.

Normative references

following documents refer to the text in such a way that some or all of their content
lirements of thissdocument. For dated references, only the edition cited applies. F
23316-1:2022, Tractors and machinery for agriculture and forestry — Electrical high-pow
VDC/480V AC — Part 1: General

23316-2:2023, Tractors and machinery for agriculture and forestry — Electrical

rences, the latest-edition of the referenced document (including any amendments) appligs.

ply system
(typically

C load, see

he required

constitutes
r undated

wn

br interface

high-power

inte

rface 700VDC / 480-VAC — Part 2: Physical interface

ISO 23316-5:2023, Tractors and machinery for agriculture and forestry — Electrical high-power
interface 700VDC / 480-VAC — Part 5: DC operation mode

ISO//FDIS 23316-6:—1), Tractors and machinery for agriculture and forestry — Electrical high-power
interface 700VDC / 480-VAC — Part 6: Communication signals

IEEE 802.3-2018, Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) sublayer and
baseband medium, type 100BASE-T1 (100 Mb/s Ethernet full duplex local area network over a single
balanced twisted pair)

1
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 23316-1 and the following
apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31
AC-load
ACL
device capable of utilising AC voltage

EXAMPLE 3-phase motor, heat resistor, linear actuator.

3.2
actual valpe
feedback vplues of the electric drive’s control within the agricultural application/process

Note 1 to enftry: In torque control mode, it is an estimation based on current and€léctric machine’s model.

3.3
applicatiop control
APP-C
control mepns to monitor and control the consumer system, typically located on the implement

3.4
combined|AC and DC interface
interface b able to provide AC Mode or alternatively DC Mode functionality

3.5
DC-load
DCL
device capable of utilising DC voltage (eig. power converter with inductive/resistive/capacitive load)

3.6
EtherCAT
industrial fommunication network according to IEC 61158 Type 12

Note 1 to enftry: All uses of.the term “fieldbus” in ISO23316 refer to this definition.

Note 2 to enftry: Ethep€AT is an Ethernet based fieldbus technology widely used for real-time distributed corjtrol
applicationg. EtherCAT uses Ethernet frames according to IEEE 802.3. The frames are sent by the EtherlCAT
MainDevicef which~typically also is the application controller. The frames contain process data and paramleter
data for thg distributed nodes such as drives, sensors and general input/output devices which are cqdlled
EtherCAT Subbevices, Fach EtherCAT SubDevice reads the output data intended for it from the frame and wirites
the input data to be sent to the MainDevice into the frame. This is done on-the-fly in hardware with minimum
delay while forwarding the frame to the next SubDevice. Due to this functional principle, switches are omitted,
and the protocol overhead is minimized.

3.7

EtherCAT MainDevice

device integrated within inverter onboard supply system, controls actively the communication within
the EtherCAT network and requests/receives data to/from the EtherCAT SubDevice in a cyclically and
time-wise deterministic manner

2 © IS0 2023 - All rights reserved
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3.8

EtherCAT SubDevice

device integrated within LLB on-board consumer system receives data (e.g. requests) from and provides
data (e.g. feedback) to the EtherCAT MainDevice passively

3.9

fundamental component

sinusoidal component of the Fourier series of a periodic quantity (e.g. sinusoidal current or PWM
voltage) having the frequency of the quantity itself

[SOURCE: IEC 60050-103]

ction machine

chronous machine of which only one winding is energized

RCE: IEC 60050-411]

logical box

cts and transfers sensor data and specific parameters fromthe’load to the PC/S via EtherCAT

1 to entry: electronical device connected to EtherCAT as SubDevice and optionally topic elqctrical load
nal communication bus; intended use as memory of load specific data (e.g. electric machine specific data)

typg of'stepper motor with isolated windings, but it contains a smaller number of poles

Note 1 to entry: The applied voltages are not sinusoidal; it is controlled by switched voltage blocks.
Note 2 to entry: Similarly, to the RSM, the SRM has only salient poles without magnetic excitation measures.

3.15

target value

commanded value for the controlled quantity of the electric drive within the agricultural application/
process

Note 1 to entry: other commonly used terms like command value, set value (point), reference value, demanded or
desired value are not used therefore within this document.

©1S0 2023 - All rights reserved 3
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3.16

tractor implement management

TIM

operator assistance system that enables clients to request the control of certain functions (for example
speed, steering, hitch, PTO, hydraulic valves, etc.) from servers

3.17

tractor implement management client
TIM-C

operator assistance system which represents TIM functions for the process optimization in the use of
tractor implement combinations based on the ISOBUS communication protocol

3.18
tractor implement management server
TIM-S
participant that provides TIM functions or settings and is able to share these with TIM ¢lients

4 AC System overview

4.1 Basic AC system topology

Figure 1 dg¢scribes the basic AC system topology with two AC drives:

4 © IS0 2023 - All rights reserved
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.......... optional signal connection CE combustion engine
I supply system “>DCLNK  DC link
11 consumer system .\®$ HPI-C HPI - control
1 HPI (high-power interface) OA HPI-MC HPI - master control
2 ISOBUS connector \l‘\ LLB load logical box
3 power lines ’\\0 PC power converter
4 ISOBUS . C) PC-C power converter controller
5 supply system communi@oh bus REC rectifier (AC/DC power convertelr)
(e.g. tractor bus) O
6 consumer syste o;'fnunication bus T transmission
(e.g. implemen
7 EtherCAT/i ock signal TC task controller
8 feedba%@wal (e.g. sensor signal) TIM-C  TIM (tractor implement man
client
9 in Yl: signal line breaker TIM-S  TIM - server
ACL load (e.g. electric motor) VT virtual terminal (user interface,

APP

%&application

hgement) -

.g. display)

Figure 1 — AC topology example with two loads

A power supply provides at least one HPI.

A typical electric AC drive consists of one 3-phase inverter on the side of the power supply that is
connected with at least one AC load on the side of an implement via one high power connector.

4.1.2 Rationale for basic AC-system topology:

— ISOBUS and EtherCAT are mandatory for closed-loop AC modes.

© IS0 2023 - All rights reserved
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— ISOBUS is intended for application-specific communication, e.g. values for working process data
between implement and tractor.

— HPI-MC and supply system communication bus are typically used for connection of the inverters to
the ISOBUS. However, this is not mandatory for the functionality of the HPI.

— EtherCAT is intended for load specific communication, e.g. AC-load identification and sensor-signal
feedback data.

— EtherCAT is a 1:1 connection and enables the unambiguous communication between inverter and

LLB.

— The LI

B is a logical representative of AC-load (ACL).

— HPIwith ACL areidentified via EtherCAT communication by related PC. The mapping of the/ACL (L.LB

addres
-as deg

— Ether(

— The op
other ¢

— Pure AC topology as well as mixed DC and AC topology is possible.

4.2 Load configurations

Figure 2 pi
also be gen

s) and the PC (ISOBUS and supply system communication bus addresses) shall be‘perforied
cribed by the handshake sequence given in ISO/FDIS 23316-6:—, Clause 5.

AT shallalsobeused for supervision of plugged power connector (interlockloop functionaljty).

tional consumer system communication bus connects the HPI-C withthe LLBs and opti¢nal
ontrollers onboard the consumer system.

esents examples for possible loads. The typical A€lLs are 3-phase electric machines butfcan
eral electric impedances (3-phase and 1-phase).

3-phase load

1-phase loads

single multiple

single

Electric
maching
load

General
load

(e.g.

resistor)

Figure 2 — Examples for ACL configurations

The ACL may consist of multiple loads connected in parallel (e.g. several induction electric machines in

parallel on

a single output as displayed in Figure 2).

© IS0 2023 - All rights reserved
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Parallel use of two HPI sources into a single load circuit shall not be allowed.
4.3 Consumer system configuration

4.3.1 Operation with single consumer system

A single consumer system may contain one or more independent electric loads; such a configuration is
shown in Figure 3 and is the basis for the following figures with multiple ACLs.

The consumer system may contain one common HPI-MC or separated HPI-MC’s related to the different

ACIys: o
I (19(1/
@ REC |
Key Q
[ supply system I1 COI‘Q]QGI‘ system
ACL| ACload (e.g. electric motor) REC @tifier (AC/DC power converter)
G generator p ower converter
)
Figure 3 — Single ;@&umer system schematic
\

O
4.312 Operation with multiple consu@\e'r systems

In this subclause, some but not all p@g}ible configurations with more than one ACL are showjn.

Figlire 4 shows a conflgurattgbnth exclusively ACLs. As shown with the ACL on consumer system
#n, it is not necessary to direct connection to a supply system; a consumer system attached in
between (see Figure 4 # ay be used similar to an “extension cable”.

o

Q n

<& I

%Qv @ REC|—#—
e

\Y

7l
77

7l
77

Key

[ supply system I1 consumer system

ACL ACload (e.g. electric motor) REC rectifier (AC/DC power converter)
G generator PC power converter

Figure 4 — Multiple consumer system schematic with pure AC-topology

© IS0 2023 - All rights reserved 7
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Figure 5 shows configurations with mixed AC and DC topology (a system topology using AC-HPI and
DC-HPI in the same system).

I

; AcL
w RECH7#
: ’
7 1~

REC|—# s S
& !

\V
Key Q

N
I supply system PC powe verter
11 consymer system DCL D (e.g. inverter and electric motor)
ACL ACIlopd (e.g. electric motor) REC &%ﬁﬁer (AC/DC power converter)
IC inpufjcircuit of a consumer system with DCL %\Q generator

(e.g. pre-/discharge unit including filter) O
S switch (contactor or solid state switch, includ'%g\
pre- gnd discharge unit) ~\\0

Figure 5 — Multiple consum@s&rstem schematics with mixed AC and DC topology

4.4 Conf{rol modes O
4.4.1 Clgsed-loop co modes

4.4.1.1 The follo %closed-loop control modes shall be supported:
a) torque COJQR)‘I (see 4.7.2.1), and

b) speed eeHtroH{see4F22)-

4.4.1.2 The following electric machine types shall be supported in the closed-loop control modes:

a) induction machine (IM, squirrel cage machines);

b) permanent-magnetsynchronous machine (PSM), and

c) reluctance synchronous machine (RSM).

NOTE1 RSM does not mean switched reluctance machine (SRM) and has different control strategy than SRM.

NOTE 2  The necessary parameters used for setting the electric machine type are listed in ISO/FDIS 23316-6:—
, Table A.11.

8 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=f72563653b7d4230fcf78cb48903109b

NOTE 3

1SO 23316-4:2023(E)

supported in closed-loop control modes.

4.4.

2 Open-loop control modes

The following open-loop control modes shall be supported:

a)
b)

voltage-frequency characteristic control (see 4.7.3.2),

independent voltage and frequency supply (see 4.7.3.3), and

Configurations with multiple electric machines which are used in parallel at one AC-interface are not

c)
NOT

NOT
mad

4.5
4.5

4.5
Thd
RAT

applicable fundamental AC voltage with invertermodulation based on DC-link nominal

700
NOT
is m
valy

NOT

4.5
Thd

In ¢

In
the

quallity:.
In gpen-loop “yariable DC chopper supply” mode, there are no requirements concerning volt

vartabte D€ choppersupply (see#:734):
E1 The open-loop control modes enable the flexibility to operate single or multiple genéral’A

E2 IEC TS 60034-25 and IEC TS 61800-8 can be used as a reference for design of inverters
hines. The necessary parameters used for setting the control mode are listed in ISQ/FDIS 23316-

AC voltage and current
1 ACvoltage

1.1 Voltage range
following AC output voltage range shall be applicable20.V to 480 V RMS.
'TONALE The AC output voltage of up to 480 V. RMS (phase to phase) is related to the]

V DC.
E1 The AC output voltage is always a PWM Vvoltage, modulating the DC-link voltage. An RMS v
eant as the fundamental component of the\PWM voltage, which is relevant for powering the mot
e of the complete PWM voltage can be significantly higher.

E2  Special working points with*ever-modulation can provide a higher fundamental output vg

1.2 Voltage quality

LLB shall be able to tequest a minimum switching frequency.

CLs or DCLs.

hnd electric
6:—.

maximum
voltage of

pltage value
pr. The RMS

ltage.

losed-loop contrebmodes (torque and speed control), there are no requirements concernfing voltage

voltage quality shall be ensured by following measures:

hge quality.

‘lvoltage-frequency characteristic control” and “independent voltage and frequency supply” mode,

a)
b)

)

4.5.

controlling of output voltage in order to compensate variation in DC-Link voltage;

sinusoidal waveform with a minimum of 10 samples per period for the fundamental
range below 500 Hz;

frequency

minimum switching frequency of 5 kHz for a fundamental frequency at and above 500 Hz.

1.3 Transient threshold

The allowed maximum voltage slope (dU/dt), as a transient between 10 % and 90 % of switched DC-
link voltage (as shown in Figure 6) of the PC PWM output voltage shall be sent by the LLB to the PC (see

©IS

02023 - All rights reserved


https://standardsiso.com/api/?name=f72563653b7d4230fcf78cb48903109b

IS0 23316-4:2023(E)

ISO/FDIS 23316-6:—, Annex A). The value sent by the LLB and the dU/dt value of the PC shall be sent by
the PC to the HPI-C. The HPI-C shall decide whether a reliable operation is possible.

NOTE 1
a minimum

NOTE 2

requirement for the electrical machine.

improve on this leading to higher values.

>

The allowed maximum voltage slope is considered as a maximum requirement for the inverter and as

The current benchmark of dU/dt is 5 kV/us to 10 kV/us. However, technology developments might

90 %

\

Y

Key
du

dt
T.

S

volt
tim

witch tim

4.5.14 (

The invert

In both to
torque. If t
its power g
according

opent

Tswitch

age difference
e difference
e period of PWM voltage

Figure 6 = Petail of a PWM voltage

pver-voltage protection
br shall limit the voltage according to ISO 23316-1:2022, Clause 5.

'que control and-Speed control mode, this can be achieved by limitation of the gener:
his measure/s'ot sufficient or any open-loop control mode is used, the PC shall switch
tage. For this, two different over-voltage switch-off modes should be available (voltage le
0 IS0 23316-1):

erminal outputs (typically used e.g. for induction motors): All IGBTs are switched off;

ted
off
vels

active

termmitat shortcircuit i fietd-weakemning Tange ttypicatly usedfor PSM;if considere

d in

components design): The upper IGBTs are switched off, the lower IGBTs are switched on or vice

versa.

The over-voltage-switch-off mode for field weakening range for PSM shall be sent as initialization

parameter

NOTE

via EtherCAT (see ISO/FDIS 23316-6:—, Table A.15).

If there is a need for a permanent magnet synchronous motor to be switched-off because of a fault

while it is operating in field weakening condition at high speed, an over-voltage condition is likely to result
because of the high back-EMF voltage. The over-voltage can be avoided by active terminal short-circuit of the PC.
This measure can be considered in the design of the motor to avoid demagnetization of the permanent magnets

and to limit

10

the short circuit current to a value which do not exceed the current capability of the PC.

© IS0 2023 - All rights rese
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4.5.2 AC current

4.5.2.1 Current capability and requirement

Each supply system interface (limited by PC output, cable and connector) has its individual current
capability (continuous and peak), which is valid under normal conditions.

The supply system shall inform the HPI-C about transient limitations of the current capability under
special conditions (e.g. derating due to under-voltage or over-temperature) in accordance with
ISO/FDIS 23316-6:—.

Theg HPI-C shall only start operation if the current and power capability of the supply system can cover
the [minimum requirements of the load for a reliable operation of the application.

NOTE The peak current is characterized by a certain value exceeding the continuousicufrent for a limited
timg.

If the current capability of the supply system only allows a limited operation,-this can be indicated to
theloperator by the application ECU.

4.5]2.2 Over-current protection

4.5{2.2.1 Supply system

Curfrent limitations for protection of the PC/S and HPIN(PC, cable and connector) are part of the
particular inverter design, thus are out of scope of this document.

4.5]2.2.2 Load

In Hoth torque control and speed control mode, definitions of continuous and peak current [imitations
necpssary for protection of the ACL shall beé\part of the initialization process.

In general, the HPIC shall perform the-hecessary protection measures for itself, e.g.- it limitations.
Therefore, the load current shall belimited by the HPI-C via communication to the HPI-MC irjdependent
of the application control type (see ISO/FDIS 23316-6:—, Annex A).

Thq related actual current infermation shall be transmitted from the inverters to the HPI-C and TC.

NOTE Independent pf'these protection measures of the load, the supply system components (g.g. inverter)
profect themselves, e.g.'\bhy’a component specific i2t limitation.

4.6 Cable length

Related to-cable length, voltage peaks at the electric machine terminals can be twice thel PC output
voltlage:

IECKTS
wiring.

m including

4.7 Basic control modes
4.7.1 General

4.7.1.1 Control mode selection

The PC shall provide at least the basic control modes listed in 4.4. The control mode shall be selected by
the HPI-C/TC.

NOTE The typically required signals are listed in the tables of ISO/FDIS 23316-6:—, Annex A.

©1S0 2023 - All rights reserved 11
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Further application-specific controls (e.g. process control) may be realized by the HPI-C using one of
the basic control modes as subordinated control (for some specific applications the tractor provides
these modes as tractor-controlled application). Any kind of derating functionality (e.g. temperature

manageme

nt of electric machine) shall be the responsibility of the HPI-C/TC.

This document specifies the basic functionality; additional features may be provided by the PC.

4.7.1.2 Application

4.7.1.2.1

General

There are
by an agr
implement]
be either o

The applic
type” (see

4.7.1.2.2

The major
responsibi
function o
values) is b

The HPI-C
(including

Each contr

two different groups of applications, so-called supply system controlled applications
cultural tractor) and consumer system controlled applications (e.g. by an agfictlt
. The kind of application relates finally to the certain controlling application ECU, which
h the supply system or on the consumer system.

e.g.
iral
can

htion control type shall be set during initialization by using the controlparameter “Conjtrol

SO/FDIS 23316-6:—, Annex A).

Consumer system-controlled applications

ty of the applications are controlled by an ECU of the consumer system, which takes
ity of application/process control functionalities. All u$ep inputs are driven by the
F the consumer system. The communication of control ‘data (such as parameters and
etween the HPI-C and the PC via HPI-MC.

TC of the consumer system shall enable andcompletely control these electric dr
rorresponding operator interaction).

bl mode has a required set of parameters, wihich shall be transferred during the initializa

phase from the HPI-C/TC to the PC via ISOBUS.xIw order to allow parameter adaptation (param

scheduling
operation.

NOTE ]
MC, and the|

4.7.1.2.3

Some appl
system. In
the respon

For these
in the resy
the consun

, the relevant parameters (as defined in ISO/FDIS 23316-6:—) shall be adjustable du

'he signal transmission between HPI-C/TC and PC will always be routed via the source bus, the
ISOBUS.

Supply system controlled applications

the
1M
set

ves

[ion
bter
ing

HPI-

cations, such aS-traction assist systems, need to be controlled by an ECU of the supply

this case, the-communication of control data (such as parameters and set values) is betw
Kible supplysystem ECU and the PC.

specific-applications, the application/process control functionalities shall be comple]
onsibility of the supply system, except certain load protection functions which residej

een

tely
on

hérsystem (e.g. over-temperature protection since the supply system isn't aware of de

bign

details of t

e ACLJ.

The HPI-C / TC at the consumer system shall only enable / disable the general usage of these
electric drives (including corresponding operator interaction) by setting the controlbyte- (see
ISO/FDIS 23316-6:—, Annex A) accordingly. In addition, the HPI-C/TC shall send required configuration
parameters and provide load specific protection measures (e.g. against over-temperature).

An HPI-C shall not send control commands for this kind of application.

4.7.1.3 Control values

The following definitions shall apply:

— the torque and speed quantities refer to the electric machine’s shaft;

12
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the torque refers to the applied electromagnetic torque;
the torque quantities are in relation (percent value) to the torque reference value;
the speed quantities are in relation (percent value) to the speed reference value;

the directions of rotation are defined in ISO 23316-1;

the same kind of referencing as above applies also to the following quantities: Voltage, current,

power and frequency.

4.7

4.7

4.7

Tor

modlel of the electric machine.

Tor
be ¢

NOT
Ann

4.7

To protect against over-speed, the motoring torgue shall be limited dependent on the actual

Thy
lim
spe

If tH

2 Closed-loop control modes
2.1 Torque control
2.1.1 General

Jue control mode is an indirect control of electric machine shaft torqué)based on the mg

jue control shall be based on the electric machine characteristies data only. Parameters
lependent on the application.

E The necessary parameters used for the torque contfolmode are listed in ISO/FDIS
ex A.
2.1.2 Speed-dependent torque limitation

s, if the actual speed is below the “torque ramp down” speed there shall be no speed
tation active. While the actual speed exceeds the “torque ramp down” speed but is stil
bd limitation threshold, the torque.shall be linearly ramped down according to Figure 7.

e actual speed is above the speedlimitation threshold, the torque shall be reduced to 0 9

thematical

should not

23316-6:—,

speed.

dependent
below the

©IS

02023 - All rights reserved
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max. T

o

Key
n  speed

(S —— ] S

ny n,

nl positivg torque ramp down speed

n2 positivg speed limitation threshold

T torque
n3 negative torque ramp down speed
n4 negative speed limitation threshold

Figure 7 — Speed dependent torque derating

4.7.2.2 Ypeed control

=

Speed contlrol shall be a superordinate control of the torque control. The application ECU shall set{the
parameterf of the speed controller, since they are assumed application-specific (influenced by e.g|the

drive’s ineftia). The controller structutre shall be of Proportional-Integral (P-I) in parallel configurat

(see Figurd 8); its transfer function.is defined in Formula (1) and Formula (2). See also Table 1.

—

on

NOTE The necessary parameéters used for the speed control mode are listed in ISO/FDIS 23316-6:—,

Table A.7.

4.7.2.3 R I-controller'description (in Laplace domain)

1

y=(k1)+k1'—j‘e (1)
s

e= ntarget actual (2)

Table 1 — Controller characteristics
Symbol Unit Quantity Description/remarks

e % of reference speed |Control deviation (error) Difference of target and actual value

y % of reference torque |Controller output variable Target value as input for torque controller.

n % of reference speed |Actual speed

kp See ISO/FDIS 23316- |Proportional controller gain  |See ISO/FDIS 23316-6:—, Table A.7

6:—, Table A.2

14
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Table 1 (continued)

Symbol Unit Quantity Description/remarks
k, See ISO/FDIS 23316- |Integral controller gain See ISO/FDIS 23316-6:—, Table A.7
6:—, Table A.2
s sl Complex Laplace transforma- |Includes damping (o) and oscillating
=o+jw tion operator (w = angular frequency) term with
j= V-1 as imaginary unit.

SC
—>
ki
n* e T*
e n
»(P TC | PS M > r
- A
A
- s
Ky
e
TI
n’ Sp je—

Key
n |speed T torque
n* |target speed T* target torque
n' |calculated actual speed T’ calculated actual torque

speed error SC speed controller
Kp |proportional gain TC torque controller
Ki |integral gain PS power stage
M |motor SP signal processing

s  feedback signal
Figure 8 — Speed controller

4-7-3 Gpcu lUUlJ LUlltl Ul lllUdCB

4.7.3.1 General

In order to provide the flexibility of operating general single or multiple AC or DC loads, the open-loop
control modes (without control feedback) specified by 4.7.3.2 to 4.7.3.4 shall be implemented.

The output voltage shall be independent of the DC-Link voltage.

The maximum AC output voltage (fundamental) shall be 480 V RMS at nominal DC-Link voltage of 700 V.

© IS0 2023 - All rights reserved 15
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The inverter shall support a fundamental frequency range between 0 Hz and at least 700 Hz.

NOTE1 Consider that single-phase loads as defined in 4.2 lead to current flow only in two phases (line and
return).

NOTE 2  Consider the DC-link voltage definitions given in ISO 23316-1 regarding maximum voltage transients.

4.7.3.2 Voltage-frequency characteristic control

The V/f characteristic control shall automatically adjust the output voltage to a given target frequency
value according the V/f characteristics.

The V/f chdracteristics shall be specified with parameters used in Figure 9.

In the casq that parameters do not follow the useful order (F1 < F2 < F3), the output voltage shall be
always 0 V]

NOTE1  This mode is typically used for electric drive applications with induction motors-(including in parpllel
configuratign) and low performance requirements.

NOTE 2  The necessary parameters are listed in ISO/FDIS 23316-6:—, Annex A.

NOTE3  The characteristics are related to absolute frequency values. This(hmeans that the same curye is
related to ppsitive and to negative output frequencies.

Y

U
Yo
Fy 7, F3 X

Key
X  frequercy Y voltage
UO output poltage at f=0Hz F1 frequency definition point 1
U1l output poltage for f=F1 F2 frequency definition point 2
U2 output poltage for f>=£2 F3 maximum output frequency

Figure 9 — V/f characteristic

4.7.3.3 Independent voltage and frequency supply

In this mode, frequency and voltage shall be controlled independently within the limits illustrated by
Figure 9.

NOTE The necessary parameters are listed in ISO/FDIS 23316-6:—, Annex A..
4.7.3.4 Variable DC chopper supply

In this control mode, the inverter shall provide a variable PWM DC voltage to the phase contact pins as
defined in ISO/FDIS 23316-6:—, 4.5. The maximum available voltage shall be the DC-link voltage.

NOTE1 The necessary parameters are listed in ISO/FDIS 23316-6:—.

16 © IS0 2023 - All rights reserved
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