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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PILOT FUNCTION THROUGH A CONTROL PILOT CIRCUIT
USING PWM (PULSE WIDTH MODULATION) AND A CONTROL PILOT WIRE

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

* the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC/TS 62763, which is a technical specification, has been prepared by IEC technical
committee 69: Electric road vehicles and electric industrial trucks.

Edition 2 of IEC 61851-1, published in 2010 is presently undergoing revision. This Technical
Specification will be valid until the publication of Edition 3 of IEC 61851-1.

In this document, the numbers in square brackets at the beginning of a senten
identify requirements. Bolafﬁments
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
69/242/DTS 69/254/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch"” in the data
related to the specific publication. At this date, the publication will be

» transformed into an International Standard,
* reconfirmed,

e withdrawn,

* replaced by a revised edition, or

« amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

The pilot wire function described in this document has been designed as a control mechanism
for the supply of electrical energy to electric vehicles, principally for the charging of the
traction batteries of the vehicle. It concerns all charging systems that ensure the pilot function
with a pilot wire circuit with PWM for mode 2, mode 3 and mode 4 charging as described in
the IEC 61851 series. As indicated in the foreword, Edition 2 of IEC 61851-1, published in
2010 is presently undergoing revision. This Technical Specification will be valid until the
publication of Edition 3 of IEC 61851-1.
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PILOT FUNCTION THROUGH A CONTROL PILOT CIRCUIT
USING PWM MODULATION AND A CONTROL PILOT WIRE

1 Scope

This Technical Specification describes the pilot wire function designed as a control
mechanism for the supply of electrical energy to electric vehicles, principally for the charging
of the traction batteries of the vehicle. It concerns all charging systems that ensure the pilot
function with a pilot wire circuit with PWM for mode 2, mode 3 and mode 4 charging as
described in the IEC 61851 series.

This document describes the functions and sequencing of events for this circuit based on the
recommended typical implementation circuit parameters. The parameters indicated also
ensure the interoperability of control pilot wire systems designed according to SAE J1772.

This document is not applicable to vehicles using pilot functions that are not based on a PWM
signal and a pilot wire.

NOTE 1 In the context of this document the words “EV supply equipment” designate any one of the following: the
AC EV supply equipment in mode 3, the in cable control box in mode 2 and/or the DC EV supply equipment in
mode 4.

NOTE 2 The control pilot wire is a supplementary conductor, in addition to the power lines linking the vehicle to EV
supply equipment via the vehicle coupler.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61851-1:2010, Electric vehicle conductive charging system - Part 1: General
requirements

IEC 61851-231, Electric vehicle conductive charging system — Part 23: D.C. electric vehicle
charging station

ISO/IEC 151181 (all parts), Road vehicles — Vehicle to grid communication interface

3 Control pilot circuit

3.1 General
Two types of pilot functions are possible: simplified and typical.

e Simplified pilot function fulfils the basic requirements that are described in 6.4.1 of
IEC 61851-1:2010.

e Typical pilot function fulfils the basic requirements that are described in 6.4.1 of
IEC 61851-1:2010 and also allows the selection of charging rate as described in 6.4.2.
of IEC 61851-1:2010.

1 To be published. Documents
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Additional requirements for implementation in mode 4 system are described in [IEC 61851-23.
Figures 1 and 2 show examples of the principle of operation of the control pilot circuit.

The EV (electric vehicle) supply equipment may cut off the power after at least 5 s in case the
EV will use more current than the duty cycle indicates.

It is recommended to de-energize the system, if the measured current exceeds the current
signalled by duty cycle with a tolerance of 10 %.

[RA03-010] The circuit parameters shall be designed in accordance with Table 2, Table 3
and 3.4.

[RA03-020] The functionality of the pilot line shall follow the requirements defined in
Table 2, Table 6, Table 7, and Table 8.

This information may be provided to the pilot function controller by an energy management
system.

3.2 Typical pilot electric equivalent circuit

Voltage Charging side EV side
measurement &
(Va) R1 O .O '\Dl Duty cycle and
. Pilot — » frequency measurement
1
RS contact (Vb)
Q.
P
o) 1 N i o i
1 ] ] T o = R2
T—— v
Cs Cc ©
R3
Oscillator 82
+12V, 1 KHz | Chassis
— Earth =
O (ground) O
IEC 2926/13

NOTE Inductive components can be included, but are not shown here.

Figure 1 — Typical control pilot electric equivalent circuit

The EV supply equipment communicates by setting the duty cycle of a PWM signal or a
steady-state DC voltage of the pilot signal, (Table 7 and Table 8).

The EV supply equipment may change the duty cycle of the PWM at any time.
The EV communicates by loading the positive half-wave of the pilot signal.
For further information see also Table 3 and Table 4.

[RA03-030] Typical control pilot (Figure 1) shall support state B.

[RA03-040] Using a typical control pilot, the EV shall follow the PWM, Table 8.

NOTE The designations of R2 and R3 have been exchanged with respect to IEC 61851-1:2010..
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3.3 Simplified pilot electric equivalent circuit

Voltage Charging side EV side
measurement &
(va) R1 b
" Optional
Ya )
\-}_ C('):rlmltoa‘ct _O L~ = Duty cycle and
1KQ frequency measurement
(Vb)
o
(Va) 1 [ i g
—_— T [ __CV Re 5D
Cs Ce o~
Oscillator
+12V, 1 KHz | Chassis
— Earth —
O (ground) O
IEC 2927/13

NOTE Inductive components can be included, but are not shown here.

Figure 2 — Simplified control pilot electric equivalent circuit

[RA03-050] EVs, designed with simplified circuit, shall be limited to single phase charging
and not exceeding 10 A.

[RA03-060] For a system using the simplified control pilot, the EV supply equipment side
shall modulate the PWM in the same manner as done for a system using a typical control
pilot.

The simplified control pilot circuit gives an equivalent result to the circuit shown in Figure 1 as
if the switch S2 is closed.

[RA03-070] In a simplified pilot circuit, state B does not exist.
[RA03-080] An EV using the simplified control pilot circuit, may measure the duty cycle.

[RA03-090] The EV supply equipment may cut off the power after at least 5 s in case the EV
will use more current than the duty cycle indicates.

It is not recommended to use simplified pilot for new design.

For the EV in new design, it is recommended to follow the PWM.

NOTE In some countries simplified pilot is not allowed: US.

3.4 Other requirements

[RA03-100] Additional components required for signal coupling shall not cause the control
pilot duty cycle signal, to get deformed beyond the limits defined in Table 7 and tested as in
5.5.

[RA03-110] Any impedance inserted in series with the pilot wire, at the EV supply equipment
shall not have a total inductance of more than 1 mH (Lse).

[RA03-120] Any impedance inserted in series with the pilot wire, at the EV shall not have a
total inductance of more than 1 mH (Lsv).

[RA03-130] Any inductive impedance inserted in series with the pilot wire shall be resistively
damped to avoid high frequency oscillation of the PWM signal. Documents
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