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Agenda
1. 2-wire Ethernet evaluation

2. Standardization status of
communication protocol - ISO 15118

CHAdeMO confidential cMo



1. 2-wire Ethernet evaluation
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ChaoJi 2-wire Ethernet evaluation plan

Where is the target of Evaluation
1. Charger ECU
2. EV ECU
3. Charging cable, connector & inlet

Our scope of the early prototype evaluation is the charging

cable, connector and inlet 0/ ) LlikSegmend . ol

The parts related to ChaoJi mechanism

In particular, the degradation of band width at the
connection between charging cable and connector,
and connector and inlet may be the risk

Note that the charger ECU and vehicle ECU will be
evaluated by each manufacture

o
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ChaoJi 2-wire Ethernet evaluation plan

Objective of the evaluation
Evaluation of basic characteristics of 2 wire ethernet in ChaoJi cables/connector and inlet.

Scope of evaluation

Schedule

22 Oct.  Evaluation of existing charging cable, connector Bandwidth,

2021 and inlet Bit Error Rate
2 8 Mar. Evaluation by ChaoJi EV charging Bit Error Rate
2022
3 1-2 Sep. EMC tests under actual ChaoJdi EV charging ECE R10.06 Annex 14
2022
4 tbd Noise superimposition test on communication line  Thd (ISO 11452-4 and
SO on)

>
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Evaluation of existing charging cable, connector and inlet
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ChaoJi basic characteristics evaluation overview

What to test
« Charging connector, inlet and cable

Basic evaluation test cases
« For charging cable, adapter assembly :
» frequency response
* insertion loss, return loss and timing skew
(between two cables)

Test instrument requirements
* VNA (4-port E5080B or higher) with an eCAL module
for cable assembly test

Test fixture requirements
» ChaoJi to SMA adapter (main development)
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ChaoJi Evaluation Cable (made by Fujikura)

Test target Appearance 1 Appearance 2

CAN line is replaced by

/'2-wire Ethernet
ChaoJi connector

10 swwy of fan masting soctinn, thawing Phe puntinm of fan Libih and dvadi hotes
Figen 21

Table 2.1 Termanal name and pm assignment of chargng conpeactor

Chaodiinlet Pin numbies Termminal name CHAGRMO 2 x equivalent
1 DC output # DC output P
Twisted pair 2 DC output N DC output N
or 3 J Protective conductor Protectve conductor
e R 4 5+ CAN-High Ethernet (TW/Rx+)
Non-twisted pair 5 s can-tow Ethernet (Tx/Rx-)
6 o2 Connector proximity detection
? ¢t (harge sequence signal 1/
Vehicle charge permission

o
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Test#1 Transfer characteristics (Full path)

File Instrument Response Stimulus Utility Help

Slelalsle]a T s o T

Diff-port #1

. 1 A Ir 5 5dd22 10.00dB/ -50.0dE Tr 6 Sdc22 10.00dB/ -50.0dB
53cm+250c
m
1
|
' Charging cable
295cm (Twisted pair)

. : : T
v RI.‘ lefe_rentlal Return Hoss _ LCL Longitudinal Conversion Loss
(Differential reflection) - : :
A ) ) (Reflection mode conversion)

= 1,400 cm

'y Ch1: Start 3 00 kHz Stop 20.0000 GHz Ch Start 300.000 kHz Sic 20.0000 GHz
Sdd12 10.00dB/ -50.0dBr 3 Sdd21 10.00dB/ -50.0 Tr 4 Sdc21 10.00dB/ -50.0dBTr & Sdc12 10.00dB/ -50.C
0 AT ey, 0
u 10 " -10

10 uﬁ“
y
800cm Inlet cable -30 ﬂ
(non-twisted pair) 40

-50

k

v
L ai |(|I5 _:c?sert!olnTLoss I ] LCTL Longitudinal Conversion Transfer Loss
_ 9 Ifferential Transmission (Transmission mode conversion)
Diff-port #2

) ~Ch1- Start Stop 20.0000 GHz Ch1: Star 7 Stop 20.0000 GHz =] F
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Test#1 Open Alliance specification Phase 1

IEEE 100BASE-T1
Definitions for
Communication Channel
Verdom 10

11 Requirements for Cables (SCC) 5.1.2  Requirements for Connectors (SCC) f.13  Reguiremeats fur Whole Communication Channed Configuration (SCC part incloding

o p E N r evnluation of twisted poir cable, imteaded to use for stondalone communication Channe! (SCC), test For evaluation of two gin Intenrded 1o use for standalone communication Channesl {(SCC), test Assembly)
ramazor and limits are roquired sccarding to Table 5 -1, Depeading on the maxicnum length of the SCC parameter and limits sre required according to Table 5-2. For an of WEC impl an, i ded to uss for i Comr

P S ] fetent Fmits are required for 1L Al ather limits are ndependent of SCC bength, Chanee! (SCC), parometer and Bimits are required accoeding to Teble 5 -3,

ALLIANCE

= ¢ | Intra Pair Skew Tiowws zak s IEC 60512-254 Only for infermation s =
e B L o 100 €1 +/- 10 %, valid for 700 ps 1000 4/- 10 %, walid for 700 ps con I JEC 6215311 100 02 +/- 10%, valid for 700 ps
o= i oM Zr IEC 62153-1-1 rise tine evaluation )y aoa Lt EC 60512257 i s Grektion b thse time evaluation Js J
. e e Pawunton amdra: L= 09 401 S see b .
R 1 Mz 0.025 4B s byt
— —— Mduien lengtivof ST = 15m: 10 MHz: 0.038 a8 S
= TR 0% 38/ 1 EN IEC 60512351 B iy 1Lk L SN “odi
10 Muz! 0.16 d8/m 66 MHz: 0.075 4B 66 Mt 7248
33 Mre; 0.31dB/m 1 MH 18048
66 Metz; 0.45 db/m Lz b Rl Sanst; Susa ) FOAeC 11807 20 MK 12048
L St . s . Seewi,Ssmb  |IECE0512255 AMEz 380dD DIN EN 50269-1-1 So i 125d8
W e St 66 MHz: 0.5 do -
2: ™ - 1MHZ 43006
ISONEC 11801 M 024d0/m L 2 71 R SRR - Y- w« Swis, S I JMML 43006
DIN EN 50289-1-3 33 MH2: 0.46 db/m [Ta]8 Seas ; Swnz): BO Ntk 385dR e Sans s Saishe 50 MHa: 39.4 48
66 Mez: D68 dil/en 2 200 Mtz 27340
R 1o linsar axis for 48, lingar interpatation for imk vaiua ot legarithmic frequancy wds
1 MHz: 20,048
“ I oMb e 1o Hoparkhinc s 801 0B, Anar veerpolackn for St vwhas s€ ¥egaibest frecyasncy v I Jcpentiond o I S Ao o T Yl o g eyl
66 M2 143 dB 13 10 It appied. messuremen resuk Can be Lsed K¢ COMPeNsation of CONNBCTo Kro0RETIoN eliy skiw 6T Ie: |19 oxsfor dl Biste eteryiolotiom fox Nt O st bomarttiueli frocpumncy
pr— p— e Lapout of the ECLL, F nesded |+ Two messurernerts are required: systems niza time = 25 ps for Information purpose onky, systems rise tene
(o Sccts, Saaz |2 SOM!O;' 46048 Jo twe measaraments e roquirad: systenma rise time < 25 ps for information purpcse only, systenms rke tima F00 ps for Ninlt compeetson,
Kn Saxat s Sass Is 200 MHz: 34.0dB 200 pa for lim comparison W Forlong channais the TOR hnique may lead to wing readta. To prevest
Tabie 5 -2 Required parmmeter and limits for connectors (SCC| griting faulty results ether based ofths TDR ment deuice of the orection
I linvzar ais for B, Knear interpolation for limif vabse ot logarithmic irequency acs procedure given in Anvas B - Cormoction Mathod fee TOR Maasuremants should be vaed.
Iz legacithmic asis for dB, Sneer interpoletion for Bmit value ot logarithesic fraguency aris The Amit s valid for CI0Mosss (1), Both resdts for CID sweeens (1) and CIMD:amane (t] st be giien in the
Js twe messurenents are required: systems rise tive £ 25 ps for infanmaticn purpose only, systems rise time resurid dagram,
700 o for limit comperison b Because of messrement at RT and possibie tergerature dependent I value for used cable ths firit is vaiid
o refer to Hgure 5-1 for eniuation window definition for the 4 resdt Jrg to section 4.6 of this doaument
J e 1L Winits Tor Cables, Two dasses of e s spediiled, depending o0 Sengah of

Tabie 5 -3 Required parameter and limits for whole channel {SCC)
Table § -1: Required parameter and limits for cables ($CC)

o

KEYSIGHT . . —
TECHNOLOGIES CHAdeMO CcoO nf'dentlal 0 CHAdeMO



66.67/Mbps (100BASE-T1) Eye Pattern

Full path

Reference Signal (Pulse Generator) =

= e = e
34 B 34 B

ye Heigh=3.758V ye Heigh=3.047v
Eye Width=15.017ns Eye Width=14.908ns
At 100BASE-T1 speed (66.7Mbps), the Eye pattern is open enough. 4}
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Evaluation Summary

By this evaluation, we found that the transfer & reflection
characteristics of ChaoJdi cable is enough for 100Base-T1
level 2-wire ethernet communication through CAN line.

Note that one of our concern was the degradation by non-twisted pair
Inlet cable, however, its degradation was not critical for 100Base-T1
level communication.

A KEYSIGHT CHAdeMO confidential
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Evaluation by ChaoJdi EV charging

CHAdeMO confidential L crdemo



2-wire Ethernet test configuration under actual EV charging

Evaluate 2-wire Ethernet communication during charging using ChaoJdi EV,
CHAdeMO EVSE and ChaoJi cable adaptor.

N W  CAN/Ethernet
o Exchange

Chaoldi EV

oy
CAN/Ethernet
Exchange

CHAdeMO EVSE
Test system configuration
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Cable configuration

DC -P —=>> > > > > >
DC-N =—>> > > >i> >
CAN - High—>> Media converter —> Media converter —
CAN = 2-wire Ethernet
CAN - Low —>i> 2-wire Ethernet — > = CAN -
Charge sequence
ignal | P i
- Rd |
m;wqumr P2 [~ a:%
d | a2 [ LA .. 8<
(roos or b
= P i ] . S 1 P S :
D —‘\1 -V : N ' ',‘; :
'.Yj?* e s2' s2, ‘z??“ ks :Rl-'\
Re’_ 178 Mt T
&< o sy >
§"§ §_<"’ 1.59%Q) "
RA’ Réc R4
VLLag2v 3352 < i
T .‘:‘l g<[:i 5{ T
pE i PE
e | CHAdeMO i CHAdeMO Chaoli Chaoli Chaoli Chaoli
2= connector : inlet connector i inlet connector : inlet
CHAdeMO Charger Adaptor-1 Adaptor-2 Chaoli Vehicle
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Evaluation results

Charging conditions
Charge at 100A — OK
Charge at 250A — OK

Error confirmation of CAN-Ethernet conversion data
Measurement time from the start to the end of charging: 90.532 s

(Time when CAN message was sent and received)

(-

p— CHAdeMO
Cable

Number of messages from EVSE : 2,718 -

Number of Ethernet frames :6,328

Number of Ethernet error frames : 0

Ethernet Send / Receive Bytes : 379,680 PC

f 7
y /
CAN error frame : 1

(stuff bit error, transmission from EV)

VECTOR >

295¢m

CAN © Eth
Exchange Ethernet
(UDP)
CAN-Eth Gateway
Ethernet
CAN © Eth (UDP)
Excahnge
Number of messages from EV : 3,610 -

Charging via ethernet is sufficiently stable

CHAdeMO confidential
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EMC Test

ECE R10.06 Annex14 : Testing for emission of radiofrequency conducted
disturbances on wired network port from vehicles (CISPR22)

& >l emission of radiofrequency conducted disturbances
LELF E(,J Annex14 on network and telecommunication access from vehicle

. Objective Electromagnetic anechoic chamber

* We evaluated the conductive emission .W . 7—__, 33m
difference between CAN and automotive
ethernet (100Base-T1).

* Note that we used Vector's CAN-Ethernet
converter for the communication

['_:r 3/% 4.3 e 7‘
%,U nos /- P

4 @ 3"‘

5m’9-/7—7 L

200 +100/-0

 Date : 2022.09.01 to 09.02

* Place : KEC Ikoma site

Outside of chamber

Cable length : 10m I
B ]

CONFIDENTIAL 1/

Artificial network(s) grounded
=
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EMC Test
ECE R10 Annex 14 (CSPR 22)

Conducted emissions in vehicle networks and communication lines

* Charger noise is usually cut to a sufficient level with a noise filter and
then passed through the EV through the LISN (AMN).

* This time, the charging cable is connected directly from the 2
Shindengen charger to the LISN without filtering. Emulate the g —
condition that charger noise is on the communication line in the i —————
charging cable. ‘Zharglng Cable

— It would be harder than R10 regulation test

* Measure noise on communication line with an EMI receiver through
capacitive voltage probe and current probe (0.15 kHz ~ 30 MHz)

Top view
Cable shall be 2-folded It longer
than Im, 100 * 25 mm above
ground and ot least 100men from
tha car body

. .
200(+100 / -Qimm | |

Insulating support

+100 / -0)mm

Current probe
Communication lines

Charging / communication cable |

500(

08(+02/-0m

l 0.5m max:

AMN(s) -charging-AN(s) cesesassens cenans
k. mg%:u:d::;s ng-ANG Capacitive voltage probe

Power mains socket Charging station

Annex 14 @& Measuring receiver

Kikusuitkt3+—&f &V
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EMC Test

Measurement Result

* In this experiment, communication
noise of automotive ethernet was
higher than CAN, especially in the high
frequency area. This probably came
from the media converter (PHY) of
automotive ethernet ¢

* The trend of noise characteristics
depends on DC power was similar
between CAN and automotive
ethernet. We could confirm it although
it was expected result because of using
same charging cable.

*) Note that the CAN-Ethernet converter by Vector is
designed for general purpose, and not optimized for the
noise test)

KEYSIGHT

TECHNOLOGIES

CAN vs. Ethernet i

0 kW (HAhA2)
Q :
1 » AN ‘A"
et i e = Lo v w0 B IO
B2 (D7)
CANCTORW(H L )Y TELREH YL o at
P e (= (5 (b 241
- EthemetlI ¥83Idle(S BT T EOT A
THTLTLA

T

(B —F N ERUTI SO TAETTHY

L -

« HFBFCICANREN G ST A DR E
1\ 38 T Ethemnetd B DM ILDSREL s

« CAN, Ethemet:-E H0/ 1D —({EFIT
()

AV KEYSIGHT

o

CHAdeMO confidential crdemo



Noise superimposition test on communication line (Tentative)

Examining test methods and criteria

e Superimposing noise level and method
 Measurement method

 Criteria, and so on

Also considering testing according to 1SO 11452-4  ~

Electromagnetic anechoic chamber

......

i
e

O—FBi—

e e

77 77777777777

1|, ,”7‘

— A%t O Severt or Uil v PLC ST 2 0 0 Sovert*

s FE-Cablg O 5mvre*

wnen € Calie 25rrev/
|IEC 61851.21-2 =Ll OOF, rated Powsr 5 7 kv
Conductod Emission CFT Fort seseUimit O, ratod Power > 75 IVA

Umits for DC chargin
190 [ | rging

foegv) | Quasipeak Detoctor

———Singe Dnded AL fularw Sredwdd latency tive
— Uetgrartia’ FLL

J 17 channel, Falure threstcld Ixtency tme

/

DUT

Vehicle ECU

Noise superimposition PHY-BOX

/Il

UTP or STP cable
100 BASE-T1

Y114

EVSE ECU

il

| — J LU | ol, man L 00 Tadue
MAX 50m 120 || Measuroment Sandwidsh 8 kHz! Dilfesential PLC STP chansel, max test sower, 00 fadue

» ! 1o ez —— ¢ —— . §
le » = el |
1 I 00 — i — .

i [* ] NS . T 22 o « S— f»‘rp; Sl pemmn. . W W TR NN R
M I = 1 11t I Y T
l ! T —r ﬁv

I a2 2= —fza, B
1 779\ ' 70 ‘i‘ — =
! ) I 2 e ] J
1 \ /JJ I %0 Gap between todays EMC limits WY S
! \¥7J I and UTP curve expected to be T

I w0 | t v

rougly 15 dB for real noine dota
: 0 instead of white notse (suffident
' LN o in f¢ reased MO limits
10 F
0
(X 1 10 VM) 100

Max. possible Disturbance Voltage Levels compared ",“.‘l[l’x limits from 1EC 61851-21-2

Tester unit Differential PLC test case of MCS
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Conclusion

- HIEEIER. FREER. EMCHERDIER. Ethernet@EICKDFAENIEZUNC
ENESR TSI,

 As a result of band-width test, charging test, and EMC test, it was confirmed that
there were no major problems with charging by Ethernet communication.

G/ A XICDNTIHIRE. SERENTEHSNTRUVDT, IEC 61851-21-2
BE CHlDMFENDTHDSDOANBT COHIARIF=ND.

 Currently, no test method has been established for conduction noise, so it is
expected that the evaluation will be based on the test method that will be included
In the revision of IEC 61851-21-2.
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2. Standardization status of
communication protocol - ISO 15118
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Study status of ChaoJi communication protocol

JORIVISE

RIZZETHDISO 151 18(:%2&9’9[@‘3—%‘2%@“’\“%0 Iz L

815
REIY =TI RAFDEVICKD., ISO 15118D#eE =8 D AT D Chaodi
iB @ﬁB 73‘_¢._ b%%n&é’j ChaoJilBBDEDIC DU TCIEEE .:%\O)J: =58

The communication

protocol should basically conform to the international

standard ISO 15118. However, due to differences in the charging sequence, etc.,
it is expected that there will be a part that incorporates the functions of ISO 15118
and a part that is unique to ChaoJi. ChaoJi's original part will be incorporated into
each standard according to the revision after agreement between Japan and

China.
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Study status of ChaoJi communication protocol

» Use case
ChaoJiRB M1 — T — A %I1S0O 15118-1I5:BN1HNHNE,
Need to add ChaoJi's own use case to ISO 15118-1.

» Physical layer
2-wire Ethernet/C DU\ TIZ 1ISO 15118-10& U CNWIPAMEESN TR D, ChaoJiD@EICBE TE
DEORET D, BEREIFT1I00BASE-T1 (IEEE 802.3bw) . 10BASE-T1S(IEEE802.3cq) CHIf
MAZNZH. EBODCHTE—. & ULIFEDDEZ DHBEDHBHAHDIKNE,
For 2-wire Ethernet, NWIP has been proposed as ISO 15118-10, and it will be adjusted to suit
ChaoJi's communication. Communication speeds are incompatible with 100BASE-T1 (IEEE
802.3bw) and 10BASE-T1S (IEEE802.3cq), so it is necessary to either unify or incorporate a
switching function.

» Communication protocol:
ISO 15118-2025E (ED2) [C. ChaodiDY—T > R &1
Incorporating the ChaoJi sequence into the ISO 15118-20 revision (ED2)

o
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Study status of ChaoJi communication protocol
ChaoJi-2 & ISO 15118-20D3—7T > X&)

Sequence differences between ChaoJi-2 and ISO 15118-20 = e

EH - BEWNFODY—T VR, BIEN ==} g
BICEEDH D, g I
* There is a difference in the sequence of
both the charger and the vehicle and
communication contents.

£ 1SO 15118-20IC BB DChaodivy—  —o— . . L i
‘ T2z DIAD. DHDUNICCSEEGZ ! — a

RINENBD e e
* It is necessary to incorporate the ChaoJi = e e
| sequence integrated between Japan and S p—{ e ] [
China into ISO 15118-20, or to make it e == ’
consistent with CCS. e N e T
== ' |
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Study status of ChaoJi communication protocol
=T UZMEN «c BEEINEINT V|~ Sequence differences and points to consider

1SO15118455
Specific to 1ISO15118

251t UICBIENINER
Eipa)

Parts that require
encrypted communication

=1S015118%= &8
Apply 1SO15118

SEHENC DD DB D
Control related to
charging control

ChaoJdid 70 k 3)L &1
DA
Apply ChaoJi Protocol

Sequence of ISO 15118-20 (Overview)

|

BIE63I5
Start Communication

iRE - Sl
Billing/authentication

Y —EEIR
Service selection

(SupportedAppProtocoI)

( SessionSetup

o

( AuthorizationSetup

— (Certificatelnstallation

( Authorization

( ServiceDiscovery

( ServiceDetail

[ Plug the Connector

N\

[

Start CAN
Communication

Exchange Charge
Parameter

J

Latch confirmation

Insulation diagnosis

N\

NN 2 U O N N

- ( ServiceSelection

Exchange Charge Parameter

Close Vehicle
contactor

@C_Charg eParam eterDiscoverD /

/ Scheduling
( ScheduleExchange )

DC_CableCheck )4/

?

Cable Check

Pre Charge

DC_PreCharge )4'/

Charge Loop

PowerDelivery ) /
w

elding Detection

(
(
(

(DC_WeIding Detection)

SessionStop
—CFIM_R/e 10 confidential

) 4 Latchr

elease confirmation

Start Charging

\.

Stop Charging

Welding Detection

Latch release
cinfirmation

Stop CAN
Communication

=

Unplug the
Connector

Sequence of ChaoJi-2 (Overview)

26
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Study status of ChaoJi communication protocol

}&3Y  SEENNEZIBEE
ltems that need to be considered or coordinated

> ChaoJi-1. ChaoJi-201&0 )
Differences between ChaoJi-1 and ChaoJi-2
s HPTTERE., MEUICY—T U RZEETD
« Construct a sequence that is coordinated and integrated between Japan and China

> TEBEDIBND « FEIR
Addition/selection of functions
« ATV —VTHEE. V2HIG, O— FVRI XY CEBEREZTETET D
» Determine the scheduling function, V2H/G, load management function, etc.

> Chaoldi, ISO 15118y —T U REE
Seqguence differences between ChaoJi and ISO 15118
« ChaoJil8B &I DD, IREDISO 15118(EN T DEDZELD D DT D
» Separate ChaoJi's unique parts and parts that comply with the current ISO 15118

BPTHESY =T I RERDIZDZ T, 1SO 15118DHEICHE D ADKBNH D

It is important to decide the integration sequence between Japan and China and incorporate it into the

revision of 1ISO 15118 +4F
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Study status of ChaoJi communication protocol

ISO 15118 revision schedule (Plan of JIWG1)

_ 2022 2023 2024 2025

1ISO 15118-1 No Plan (There is a request for revision)

ISO 15118-2 ED2 Delayed

1ISO15118-20 ED2

CHAdeMO confidential 2 cmo
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