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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PILOT FUNCTION THROUGH A CONTROL PILOT CIRCUIT

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

1

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all natlonal electrotechnical committees (IEC National Committees) The object of IEC is to promote

intermra arrd jelds. To
this ¢nd and in addltlon to other act|V|t|es IEC publlshes Internatlonal Standards, ifications,
Techhical Reports, Publicly Available Specifications (PAS) and Guides (herea to [as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC interested
in the subject dealt with may participate in this preparatory work. nd non-
govefnmental organizations liaising with the IEC also participate in this prep . allat b closely
with |the International Organization for Standardization (ISO) in accordane ditions ermined by
agregment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expres ssible; intefnational
consgnsus of opinion on the relevant subjects since each technical committee ) ion|from all
inter¢sted IEC National Committees

3) IEC National
Com h t of IEC
Publications is accurate, i i i for any
misirfterpretation by any end user

4) In o lications
transparently to the maX|mum extent possible |n he' € iyergence
betwg ation icated in
the I3tter.

5) IEC {tself does not provide a 3 ity. In ificati i i nformity
assepsment services and, i ne a Q-1B ity. i i for any
serviges carried out by indep

6) All ugers should ensure that the

7) No ligbility shall attach te erts and
mempers of its te cal gmage or
othell damage of ‘any na ether direct or indirect, or for costs (including legal fg¢es) and
expepses arising out g of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attertti e N ive refefences cited in this publication. Use of the referenced publications is
indis a ation of this publication.

9) Atterftion~i he' possibility that some of the elements of this IEC Publication may be the spbject of
patentdi EC S| held responsible for identifying any or all such patent rights.

The m C~technical committees is to prepare International Standards. In

exceptional-circumstances, a technical committee may propose the publication of a technical

specifi¢ation-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 sentence, help to
identify requirements.
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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 conmitiee has decide at the contenis of this publication will rem
the stgbility date indicated on the IEC web site under "http://websto
related|to the specific publication. At this date, the publication will be

+ trarnisformed into an International Standard,
* recopnfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amg¢nded.

A bilingual version of this publication may be iss

d until
e data
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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

functioh with a pilot wire circuit with PWM for mode 2, mode 3 and
described in the IEC 61851 series.

4 charging as

This dgcument describes the functions and sequencing of events for this\circti on the
recommended typical implementation circuit parameters. The [ d also
ensure|the interoperability of control pilot wire systems designed accerdi (2.

This dqcument is not applicable to vehicles using pilot functions that a h PWM

signal and a pilot wire.

NOTE 1 |In the context of this document the words “EV supply equi g ving: the
AC EV dupply equipment in mode 3, the in cable controhb i b bment in
mode 4.

NOTE 2 |The control pilot wire is a supplementary & cton iti o-th le to EV

supply efjuipment via the vehicle coupler.

2 Ndrmative referenc

The following documents i ormatively referenced in this docume¢nt and
are indjispensablefor i ti d references, only the edition cited applipes. For
undatef refere i the referenced document (including any
amendments) applie

IEC 61B51-1:2010 ¢ icle’ conductive charging system — Part 1: General

requirement

IEC 61B&
charging sta

ISO/IEC 151181 (a

ehicle conductive charging system — Part 23: D.C. electric |vehicle

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.

o 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.
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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.

[RA034020] The functionality of the pilot line shall follow the
Table 2, Table 6, Table 7, and Table 8.

This information may be provided to the pilot function controller b
system|.

3.2 Typical pilot electric equivalent circuit /\
@)

EV side

jement

Duty cycle and

(Vg)

Oscillajor

UM VLT

T 0/ 10
OUEL

s
N

82

L o’%

sizvfr [C O }J o Chassis

&und)

luded/ but are not shown here.

NOTE

ical control pilot electric equivalent circuit

The E ipment, communicates by setting the duty cycle of a PWM sign

steady [ ageof the pilot signal, (Table 7 and Table 8).

The EV supply equipment may change the duty cycle of the PWM at any time.

frequency measurement
(Vb)

IEC 2926/13

Al or a

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 .
" Optional
Y S
\-}_ cgrgltoa‘ct _O A1 = Duty cycle and
1KQ frequency measurement
(Vb)
o
(Va) 1 o i 2
— i i T Re| |§™
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 equ

[RA03-P50] EVs, designed with simplified circuit, shall be
and nof exceeding 10 A.

e phase clharging

upply equipment side

[RA03-P60] For a system using the simplified
a tem using a typical |control

shall modulate the PWM in the same
pilot.

The simplified control pilot circuit gives/an equivale esult to the circuit shown in Figufre 1 as
if the switch S2 is closed.

[RA03-P70] In a simplified\p

[RA03-P80] An Eiusi g im antrol pilot circuit, may measure the duty cyclel.
[RA03-P90] The E ay cut off the power after at least 5 s in case |the EV
will use @

It is no

For the

NOTE In someseountries 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.
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When using high frequency signals for digital communication the following requirements have

to be taken into account.

[RA03-140] The additional signal shall have a frequency of at least 148 kHz.

[RA03-150] The voltage of the high frequency signal shall be in accordance with the values

given in Table 1.

Digital communication standard is described in the ISO/IEC 15118 series.

NOTE One further capacitive (max of 2 000 pF) branch can be used for |nJect|on of the additional S|gna|s provided

the resis;
for sign

inputs and automatic signal voltage control (refer to Table 1).

Table 1 — Maximum allowable carrier signal voltﬁg@;{

be used

Frequency (kHz) Max peaklp/e{k%ltag\e\(ﬂ \
148 to 249 S04 N
250 to 499 Tos U
500 to 1 000 §712 A
> 1000 (\5) >

4 Requirements for parameters

Table 2 — Control pilot circ ra eters/(see Figures 1 and 2)
Parameter? S{mb Units Remark
N
Generator open circuit positive oeh 12 (= }‘)\/ \
voltage °©
Generator open circuit neg Voel - MG) Vv
voltage®
A
Frequency denerator outpUt FB\\) 000 (£ 2%) Hz The EV shall detect the freguency
In case the frequency is outside|of 1 kHz the
EV should not chargg.
For simplified control pilot this is not
<\ \ applicable
Pulse width [P © ~X Pwo | Per Table 7 (+ 5 us) us
Maximum rige time (10%&4&9}?%)C Trg 2 us
Maximum faflstime (90 % to 10 %)° | Tfg 2 us
Maximum settling time to 95 % Tsg 3 us
steady state ©
Equivalent source resistance R1 1000+3% Q 970 Q to 1030 Q
1 % equivalent resistors commonly
recommended
EV supply equipment capacitance 4| Cs Max 1 600 pF
Min 300
Cable capacitance Cc Max 1 500 pF Case B (cord set)
EV capacitance © Cv Max 2 400 pF
Stray and additional components
Damping resistance Rse, 100 to 1 000 Q _Typical values
(may be included in ferrite losses)
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Rsv
Optional additional series Lse 1 mH Maximum value allowed on off board EV
inductance supply equipment
Lsv 1 mH Maximum value allowed on vehicle

NOTE 1 Va can be measured at the pilot terminal of the socket outlet or connector during state A (see Clause 4).

NOTE 2 Cases A to C (as defined in IEC 61851-1) refer to the topology of the charging cable:

— case A: cable permanently attached to the vehicle, fitted with a plug;

— case B: separate cable, fitted with plug and vehicle connector;

a8 Tolerandes to be maintained over the full useful life and under environmental conditions as specified by‘thg

manufacturer

Measureld at 0 V crossing of the 12 V signal.

¢ Measured at point Vg as indicated on Figure 1.

¢ For casg A the max equivalent capacitance is total of Cc + Cv.

For casg C the max equivalent capacitance is total of Cc + Cs.

[RA04-P10] Vehicle control pilot circuit values and param

\" Iu@and arameters

2 are gjven

in Table 3.

Table 3 — Vehicle con piIo{/lsgt%'

1 and

Parameter \Sxmbn{ Va{ue /Value range Units
Permanent resistor value R3 \<74h3> 2 658 to 2 822 Q
(N
Switched resistorm\ R\2\> +300 1261 to 1339 Q
vehicles not requiring ventilation \34\
A ‘S{ e Cx
Switched resistor eNor 270 261,9 to 278,1 Q
vehicle uiring ventilation
d g éﬁ’xte X
EquivaM resistor Iue\ Re 882 856 to 908 Q
entilatio i 2
vent I/E\ 19u ) State Cx
Equivalént total resistor ventiation| Re 246 239 to 253 Q
reduired_(Riguke 2
State Dx
iode v g\e\ dro vd 0,7 0,55 to 0,85 \%
A, NO0 mA) - 40 °C to +
OC)
iode (Tr < 200 ns)
Vr>50V
Maximum total equivalent input Cv 2 400 N/A pF
capacitance

[RA04-020]

Value ranges shall be maintained over full useful life and under design
environmental conditions.

1 % resistors are commonly recommended for this application.

The Table 4 details the pilot voltage ranges as a result of Tables 2 and 3 components values.

These voltage ranges apply to the EV supply equipment (Va).
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Table 4 — System states detected by the EV supply equipment

Va? PWM System EV s2f EV EV EV supply | Remark
state connected ready to | supply | equipment
status to the EV receive | equip- supply
Lower | Nominal | Higher supply energy9 | ment energy
level equipment ready to
level (v) supplyh
(v) energy
(v)
11 12d 13 Off A1 N/A No Not ready Off
- no Vb=0V
11 124 13 On A2¢! No Ready Off
10 +4 N Ax-er-B Arefyes opeh Ne N Off
8 9b 10 off B1 No |Notreagy(| ot n|He=R3-=
- open R,74 kQ
8 gb 10 On B2e No F}e/e\gy\ QO( Hetected
7 8 N/A Bx or Cx' open/ | \ya X@e débe{c;}m\
close
[ =
5 6 7 off c1 Yes_ | Not ready O’ Re Q882
\\ \) Hetected
) \ Charging
5 6° 7 On czel Yes Read On area
yes ventilation
not
required
4 5 Off Cx or Dx| cloge \¥e§/ State dependent
2 3¢ 4 Off D1 Yes Not ready Off Re = 246
Q
/\[\ Hetected
2 3¢ 4 0 D2 Yes Ready On Lharging
area
Q ventilation
required
1 N/A 2 M D>\Qr E\ open State dependent
" Vb = 0:
HV supply
eguipment
br utility
problem
-1 0 f E N/A N/A No Not ready Off pr utility
dower not
hvailable
or pilot
short to
earth
HV supply
-13 -12 -11 Off F N/A N/A No Not ready lolii eq“'npor?e”t
available
Low side
-13 -12 -11 On x2 yes N/A State dependent of PWM
signal

Voltage values, Va, as indicated in the table are informative, actual values to be tested according to Clause 5.
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All voltages are measured after stabilization period.

The EV supply equipment generator may apply a steady state DC voltage or a 12 V square wave during this period.
The duty cycle indicates the available current as in Table 7.

The voltage measured is function of the value of R2 in Figure 1 (indicated as Re in Figure 2).
12 V static voltage.

The EV supply equipment shall check pilot line low state of =12 V, diode presence, at least once before the closing of
the supply switch on the EV supply equipment.

S2 = switch contacts in the EV.

EV ready IUL;U;VD‘ UIIUIHy = E‘V’ IUG‘J‘y tU :JU LJ:IGIHG\‘I ILJy b:Ua;lly 32 \Julltdbtb.
EV supplylequipment ready to supply energy = ready — PWM on, not ready — PWM off.
Negative oltage range tolerances of the PWM are defined by “Low side of PWM sig
A control pilot circuit defines its own trigger level to separate the states inside thi LIt nmended
to use diff¢rent trigger levels depending on the direction of the state change to'i
There is no undefined voltage range, for the control pilo
The state is valid if it is within the above value sistant,
e.g. agpinst EMC and high frequency data signe
NOTE 1 ew PWM
cycles.
[RAO4- hlat the EV is properly connegted by
verifyin before energizing the system. Thjs shall
be don ng the
switchi within
the vol
[RAO4- he time
indicated in Table 6
[RAO4- supply
switchi
Compli
NOTE 2| The.EV supply équipment can attempt to retry the charging sequence in case a valid state is recqgnized.

NOTE 3 L A H £ o 4 H H . 4. Ll 4 L il 4 <l tlo ' f 3 H
H—seme—countres——case—ofa—short—eireutbetween—the—contropHotand—earth—a—me—time s is

allowed to open the switching device according to SAE J1772:2012: US.

The state changes between A, B, C and D are caused by the EV or by the user.
The state changes between x1 and x2 are created by the EV supply equipment.

A change between state x1 and x2 indicates an unavailability or unavailability of power to the
EV.
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Table 5 — State behavior

States Behaviour Remark

x1@ The EV supply equipment is not If energy is available, the EV
capable to deliver energy, either due supply equipment shall change
to the lack of available power in the to x2°. The EV can use this as a
grid, or to the EV supply equipment trigger to start or resume
intentionally stopping for intermittent | charging.
charging.

State E No power to the EV supply The EV supply equipment
equipment (e.g. AC voltage outage). unlocks the socket outlet at

N ) maximum of 30 s, if any.
Short circuit of control pilot to PE.

State F Unavailability of the EV supply The EV supply equipment
equipment unlocks the socket outl t
. maximum of 30 s, if ady.
(e.g. the EV supply equipment can’t
give service, software upgrade etc.). s

2  State x1 can be referred to A1 or B1 or C1 or D1.
b State x2 can be referred to B2 or C2 or D2.

NOTE 1 In case of a power outage and the EV supply
battery, it can stay in state x1; after the drainage of the
E.

NOTE 3 In case of state F and th& EV
outlet via user interaction (e.g. authorisatio

o

The st3gte E may be calsed b difficulties and shall not be used as a signalling
state tq convey specifi nati

It is nof recommended to use the F state t
gives the same information.

vailability of energy to the EV. State x1

When plug-in and tic .0 RFID, payment, etc.) is needed, the pilot line shhll stay
at x1 ap long as the\ & i 5 d to be supplied.

In casq, no auft

ate machine diagrams.
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Unplugged Plugged-in EV ready

EV supply equipment
stops PWM

signal the EV supply equipment
(11)

Plug-in (1.1) equipment or short of the

A

12V

Unplug

Numbers
NOTE
@ Can be

b Can be

Unpl

v 2 a .
Bl [ { C1 pilot to PE
N
9\,/ EV opens S2 (10.1) \sv
— )
0
sz f .
- SwcES c
c 5o P S~
O = P C = O E{\f
£ S$5s2g s@
82 ELT eS| |55
5 ISy
gE %AS%Q o2
2w 2= o3 >a
> 4 ) T o O Qv T ~
S o > oS S5 g2 - .
Qs = o3 > ) N
2 oS ag a8
2 a8 aoald 7] ’ Y
“ S5 9 3>5= > 13 [
> » © -0 c w | 1
- > 2 z>0 N \ )
= 2

:\'l : < Jr'x th a Currant.
EV supply equipment change (6)
closes its circuit (4) b

EV stops the charge (7) 6V PWM
Then the EV supply equipment
may open its supply switching

ced PWM Ready device (8.1) Charging (5)

Plug-in(1.1)

Unplug (2)

in brackets refer to the sequence reference in Table 6.

A change from any state to states Ax, E or F may take place at anytim
state D1, 3 V.

state D2, 3 V PWM.

Figure 3 — State machine i control pilot

equipment, or short of
control pilot to PE

&
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£ o >9 s =
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= 2588 | |2
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2 a5 = S @ r/ \l
Z 28§ @ . F
28 Current \ ;
W U\/ change (6) . -12 V’,'
Plug-in(1.2) b Saao”
2 ], /[ C2 Unavailability of tH
Unplug (2) QPWM EV supply equipme)
Unplugged PWM Charging (5) o

Numbers in brackets refer to the sequence reference in Table 6.

NOTE 1
NOTE 2
@ Can be

b Can be

A change from any state to states Ax, E or F may take place at any time.
Simplified pilot not supported in J1772:2012.
state D1, 3 V.

state D2, 3 V PWM.

Figure 4 — State machine diagram for simplified control pilot

EV closes and then opens S2 to Power outage on the EV Supply

control

EV

2928/13

Power outage on the EV supply

the

2929/13
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Table 6 — List of sequences

Seq State or Conditions Timing
transition
1.1 v — A1 (1) EV not connected +12 V. t1-2
9V —
Plug-in 6V — No max
9 Va .,
(with S2) (3)
12V — A1-B1 (2) The cable assembly is connected to the
vehicle and to the EV supply equipment, +9 V.
AC N
Supply o —
NOTE 1 This sequence Is als licable
oo from A2—B2.
S2
open —
AC Level A—
currentdraw 0 —
A

©)

1.2 12V — —L A1 ot connec d F t1-3
9V —
Plug-in Va 2x - No max
(w/o S2 3)

or S2
always i -12v — A1 C1/b\ assemb y is connected to the
close d to supply equipment, +6 V.
position AC N~

is sequence indicates that the EV

Supply oFF — plified pilot function.

close —

. N
ope
%
@vel
current di - \

4 t2 does not exist in this sequence.

NOTE 5 In case of sequence 1.2, the EV
supply equipment can assume that the EV
operates in simplified control pilot and may
not follow the current limitation indication by
PWM.

_|
m
ioo
o4/
N I
5”’
N O
®
o
C
)
35
o
®
»
L
2]
o
©
ke
°
)
©
=2
)

Simplified pilot not supported in SAE
J1772:2012.
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Seq State or Conditions Timing
transition
2.1 12V — r B2—-A2 (19) Plug disconnected from the EV supply
2x - m equipment or EV connector disconnected from
Unplug Va |, _ HH or the inlet. T1o.20
at state B1—-A1
Bx No max
TV - K Delay for turning off the square wave 3)
oN — oscillator after transition from state B2, C2 or
AC D2 to state A1 via A2 (or from B2, C2 or D2 to
SUPplY  opp A1).
. A1 or A2 |(20) EV not connected.
S2 The EV supply equipment shall allow r
open — of the plug automatically, at a i
5 s, when entering state A (casSe
unless the locking was initj
AC ‘evelA— interaction (e.g. authoriz
currentdraw 0 — unlocking can be done.onl
i adequate user interaCtio
®
In case A, EV with at
may be a pil
(cable, plug, vehicle),
discon ectimstate )4
2.2 i Max
100 ms
Unplug
during
charging
No max
(3)
NOTE 6: SAE J1772:2012 defines a max time
of 2 s.
(20) EV not connected
The EV supply equipment shall allow removal
of the plug automatically, at a maximum of
5 s, when entering state A (case A or B)
unless the locking was initiated through user
interaction (e.g. authorization). Then
unlocking can be done only by using the
adequate user interaction or both. In case A,
EV with attached cable, a switch may be added
on the pilot line, on the EV side (cable, plug,
vehicle), to simulate the EV disconnection
(state A); an EV that uses this, needs to make
sure that the load is below 1 A.
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currentdraw 0

Seq State or Conditions Timing
transition
3.1 12V — B1—-B2 (5) The EV supply equipment is now able to t4-5
S supply power, and indicates the available
. F;)\él Va gx - current by the PWM duty cycle. No max
upply -
equip- (3)
ment 2V _
power
available ON — The EV shall recognize the change of state
AC from B1 to B2
(state B) Supply OFF — :
52 close — NOTE 7 This sequence can tak
open beginning of a charging sessio
a charging session.
Level A—
currétcd:raw 0
-
@ 5
3.2 2v C1-C2 Wble to ta-5
EV 9V — e available No ma
6V — —— X
SUpp|y Va oV — ﬂ—}ﬂﬂﬂ‘
equipmg ®3)
nt Powe
available -2V -
(state C ON —
SAC is r@ﬁo receive energy. t5-6
upply OFF —
equipment energizes the Os
A Q te D2 is detected, the supply will
S2 close — \( if ventilation requirements are met. te-7
open — Max 3 s
v
Ao‘b
current dra .
4 2% —= \> B2—C2,D2 | (6) The EV is ready to receive energy. te-7
EV read { (7) EV supply equipment energizes the Max 3 s
to charg system. If state D2 is detected, the supply will
C2,b2 close only if ventilation requirements are met.
In case an EV asks for ventilation delay,
AC ON — ventilation command turns on after transition
SUPPlY  OFF — from state CZ 10 state DZ In 3 s. In case the
EV supply equipment does not have
ventilation, it shall open its switching devices
32 close — and may change to state x1.
open — — NOTE 8 In case of 5% duty cycle, the amount
of current is indicated by the digital
communication, the EV supply equipment may
AC Level A— close the supply switches only after the
authorization given by digital communication.
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Seq State or Conditions Timing
transition
5 12V — C2,D2 (8) Charge current drawn by the EV. t7-8
9V —
EV start 6V — Min 100 ms
Va  (y — _[0ARNY
charging JMM NOTE 9 SAE J1772:2012 defines no min.
12V —
AC N
Supply OFF —
s2
open —
Level A— —
currentdraw 0 — \/
) AN
6 12V — C2,D2 qu ent indicates for a Max 10 s
Current| Zx - oh a nd may From
u — .
r by manual settin
change Va ov — y g initiation
(EY supply
12V — equipment
dets the
_ status) till
AC ™" EV
Supply - oFF — responds
N\
close — ( N/ \(1)0) EV adjusts the maximum current te-10
draw/to be equal or below the PWM.
open — Max 5 s

S2
b /\>
Level A
currétcgraw evl = \/

A

\///QW

The EV shall answer to this change.
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Seq State or Conditions Timing
transition
7 12V — C2, D2 (11) In normal operation an EV shall decrease t11-12
Zz - the current draw to minimum (less than 1 A)
EV stops Va — (1 before opening S2. No max
the charge ov
mﬂ During a non normal operation (emergency) 3)
12V — the EV may open S2 immediately.
oN — C2,D2 - |(12) The EV opens S2.
AC B2
Supply OFF —
NOTE 10 SAE J1772:2012does not speC|fy
Sy OR-eurrent-drawbefore TS
S2
open —
Level A— —
currentdraw 0 — T
- N
8.1 12V — B2 (13) The \% suly wa}nen sh\H/open its t12-13
9V — y S
EV supply va &V~ Max
equipment oV — 100 ms
respondls
to EV| 12V —
opens $2
(with PWM) AC N~ )
Supply  oFF — Q
8.2 B1 (13) The EV supply equipment shall open its t12-13
switching device responding to a state change
EV supply from state C1/D1 to state B1. Max
equipment 100 ms
respon <
to EV|
opens $2 An EV using the simplified pilot circuit is not
(w/o PWM) able to generate this sequence.
Simplified pilot is not supported in SAE
J1772:2012.

Level A—

current draw 0
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Seq State or Conditions Timing
transition
9.1 12V — C2,D2— | (13) EV supply equipment may adjust the duty t13-14
2x - C1,D1 cycle to steady state in order to indicate the
EV Va B EV to stop the current draw. Max 3 s
supply ov =
equip- C1,D1 (14) The EV may respond to the steady state
ment _12v _ PWM, and stops the current draw.
requests - -
to stop ON In case the EV will not follow the PWM the EV supply equipment may
i AC open its switching devices.
charging
Sueely opF
S2 -
open —
Level A—
currentdraw 0 — I
9.2 12V — B2 — B1 T21-22
9V — —
EV Va 6V — Njo max
supply oV - I
equip-
ment 12V —
stops
PWM at ON —
AC
state B
Supply  opp
close —
S2
open — \(
AC Level A \
current dr: 0
AN
9.3 A2 —» A1 (23) EV supply equipment may stop the PWM T23-24
at any time.
EV N max
supply (24) No action by the EV needs to take place.
equip- EV disconnected
ment
stops
PWM af NOTE 12 SAE J1772:2012 defines a max
state A time of 2s.
close

open —

Level A—

AC

currentdraw 0

»>
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Seq State or Conditions Timing
transition
10.1 12V — C1,D1 (14) The EV may respond to the steady state t14-15
9V — PWM, and stops the current draw.
EV va V- — P Max 3 s
responds oV —— C1,D1—B1 (15) The EV opens S2.
to stop
charging oV _
request
AC M
Supply  opf
This sequence shall be followed by Sequence 8.2
82 close — ——
open — = is
Level A— —
currentdraw 0 — —
A
10.2 12V — C1,D1 (14) The steady t14-16
9V — state PWM, and e current )
EV doeg Vva oV - — draw. Min 3 s
not oV — b Max 5 s
respond CHD1 ) oEV Aupht equipment shall open its
to a stog oV sw tching device\u ad.
charging
request
ON —
AC uence.
Supply  opp L
close —
S2
open
N
AIA
current drav 0
WY

N
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Seq State or Conditions Timing
transition
11 12V — Bx—Cx/Dx | (17, 18) A transition from state Bx to Cx or Dx t17-18
oV — Bx and Cx or Dx to Bx.
EV signal Vva 8- = - Min
to the EV oV - — 200 ms
supply .
equipment oy — The EV supply equipment shall not move to Max 3 s
state F due to sequence 11.
AC M
Supply  opF
This sequence is optional, and shall be used
only with digital communication (ISO/IEC
close — - 15418 cariac) Thic coniianeca mav hao cad hy
bz i 7 B ™~ J T
open — | L the EV in order to signal the EV
equipment. (e.g. wakeup the djgi
Level A—
curentdraw 0 In any case the EV shall not draw cufrent
during this sequenc
bd
AN
12 XX—E | Changing from éa%t:’ e E, the EV Max
supply equi t switchihg devi all be 100 ms
XX—F open.
EV shall opbn/S2,5if amy. Max 3 s
Max 30 s

/T‘k% EV supply e@ment nlocks the socket-
outlet (if any.

e |Va — Voltage of the control pilot at the soeket

AC current draw —Ntus f the reg,agxs/co actor in t

tlet or.at\the vehi connector.

EV (EV can take power).

supply equipment (EV supply equipment is rgady to

It is not fecommended,to stop the' P

It is recommended tha;;
axi ) )
and the ¢onditions exXisting on the EV s

to unplug)

The indi¢ation “no m

(%o@tate x1) more than 5 times during charge session

nt wil resume the PWM on the EV request (sequences 4 an

(plug in

11).

y time has no constraints and may depend on external influences
uipment or the EV.

If locking is use

i EV su ply\eqxui?ent shall lock the socket-outlet at least before energizing the EV.
The EV uWe uipm\en alkallo moval of the plug when entering state A (sequence 2, case B).

20
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Table 7 — Pilot duty cycle provided by EV supply equipment

Nominal duty cycle provided by EV supply
equipment

Available line current

0 % duty cycle, continuous -12 V

EV supply equipment not available — State F.

5 % duty cycle

A duty cycle of 5 % indicates that digital
communication is required and shall be established
between the EV supply equipment and EV before
charging.

In case the EV supply eqU|pment changes the duty

1 thic knnn £ duty
te- rgre-of

cycle shall be done through state x1 a mifinjum of
3s.

(% duty|cycle) = current[A] / 0,6

10 % < Huty cycle < 85 %

Current from 6 A to 51 @\\

(% duty|cycle) = (current[A] / 2,5) + 64

85 % < Huty cycle < 96 %

Current from ;A\QO\A\\\\)

100 % duty cycle, continuos positive voltage. No cumw\abJ{N) - st\te\)é (see Table|5)
NOTE Duty cycle tolerances are indicated in Table 2.
Table 8 — Maxmgmgurgn@%be ra@by hicle
Nomi{nal duty cycle interpretation by

vehicle

WWO be drawn by vehicle

Duty cycle <3 %

Srdylos,”

3 % < duty cycle <7 %

9,

\( duty cy indicates that digital communication is
requiréd and sh | be established between the EV supply
( quipme EV before charging.

harging)is not allowed without digital communication.
Digital communication may also be used with other duty cycles.

7 % < dluty cycle < 8/%\

Mrging not allowed

8 % < utycycle<1\g 6 A

10%_duty0@9<\55§§\ >

Available current = (% duty cycle) x 0,6 A

85 % < w\_ N Available current = (% duty cycle — 64) x 2,5 A
96 % < duty\)«@&ﬂ\@\/ 80 A

Duty cycle >-97 %

Charging not allowed

PWM

If the HWNM,signal is between 8 % and 97 %, the maximum current may not exceed the values indicated

by the

equipment capability; the lower between them applies.

aftloa dlioce ol o [T H n loieulo 4
verT e argrarStgmar mareareSa gner—current

If the PWM signal is between 8 % and 97 % and there is a digital communication established, the maximum
current may not exceed the lower values of either the PWM or the digital communication.

In 3-phase systems, the duty cycle value indicates the current limit per each phase.

The current indicated by the PWM signal shall not exceed the current cable capability and the EV supply

The EV supply equipment can start at any valid value of the duty cycle, and may change during charging.



https://iecnorm.com/api/?name=bc7e537bf3fa67d3cfff105a4f8fb3fc

TS 62763 © IEC:2013(E) - 25—

5 Test procedures for immunity of EV supply equipment to wide tolerances on
the pilot wire and the presence of high frequency data signals on the pilot

wire

5.1 General

This section describes tests that ensure the interoperability of vehicles and charging systems
using the control pilot function with PWM modulation. The charging systems are designed to
be in conformity with the parameters as defined in Clauses 3 and 4. However, it is necessary
for the charging system to be tolerant to slight parameter changes (due for example to poor
contacts or leakage on the pilot wire system) in order to ensure reliable charging of vehicles

under most conditions.

5.2 Constructional requirements of the EV simulator

Testing is done using an EV simulator on the pilot wire that allov i in“jnormal
operatipn and at the tolerance limits allowed for the voltage and i i i itipn of a
high frequency signal on the pilot wire. The test scheme described_in~thi ws the

testing|of the EV supply equipment when in normal ope€
frequency imposed signals on the pilot wire.

[RA05-D10]

to high

An EV simulator shall have the possihility ¢ EV supply eqyipment

with alll three possible resistor values as.indicate i he following values|for the

other cpmponents.

e [Cv will use the maximum value fro ble ¢ cluding the 1 000 pF of the genefator).

e |Lsv will use the maximum value\onl
¢ [Rsv will use the miqi

e [Cc will use the

e [The high f'|q S g e injected at the EV supply equipment odtlet for

e [The diode shéd

e [Resistor valu

cases A & B

le 9.

able 9 — Test resistance values

AN
\ R3 R2 R2
(Q) State Cx State Dx

Q) Q)
Maximdm value 4610 1723 448
Nominal value 2740 1300 270
Minimum value 1870 909 140

This table is not applicable to values used on vehicles (see Table 3).

NOTE An example of a test setup is described in Figure 8

5.3 Test procedure

[RA05-020]

The proper function of the EV supply equipment shall be tested under the

following conditions.

[RA05-030]

A sine wave generator with an impedance of 50 Q is connected to the control

pilot line via a 1 000 pF capacitor.
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[RA05-040] The output amplitude of the sine wave generator is set so that the high frequency
voltage component on the pilot wire is 2,5 V peak-peak.

The control of the imposed high frequency test component voltage shall be measured on the
plug or socket outlet, as close as possible to the EV supply equipment.

During the test it is necessary to adjust the voltage of the generator.

[RA05-050] The frequency of the sine wave generator shall sweep through the frequency
range from 1 MHz to 30 MHz with a logarithmic step width of 4 % and a holding time of 0,5 s.

[RAO05-P60] Unless ofherwise specified, input voltage from power suppl T be Thg rated

value, within the range of its tolerance.

[RA05-P70] Unless otherwise specified, the tests shall be carried ht-free

locatiop and at an ambient temperature of 20 °C + 5 °C.

[RA05-P80] The tests shall be carried out with the specimef, © ¢ placed
in the most unfavourable position which may occur in norma

NOTE The measure of the control pilot wire will take place on(the pmen plug, in
case A gnd case B, and on the EV coupler in case C.

5.4 Test list — Oscillator frequenc

[RA05-P90] R2(state Cx), R3, and R2(stat ' st.

[RA05-[100] The frequency’s o _withi 3 000 Hz at state B2 and C2 and D2 (if
ventilafion supported).

[RA05-1110] The pre
+0,5 %. 6

[RA05-{120] The
Table 10.

Parameters of control pilot voltages

Minimum Maximum

States A1, A2 / positive 11,4 12,6
States B1, B2 / positive 8,37 9,59
Negative -12 6 =114

The internal resistor of the EV supply equipment (R1) value is calculated by the formula
R(EV supply equipment) = 2 740 x (Vstate_A — Vstate B)/VR2

Where Vstate_A and Vstate_B are the two positive voltage values measured during the test of
Table 10 and VR2 is the value of the positive voltage across R2 in state B.

[RA05-130] R(EV supply equipment) shall be 1 000 Q = 3 %.
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