Survey: Automotive Cabling

Objective:

The survey is targeted at automotive OEMs and suppliers to be used
to assist the IEEE 802.3 Reduced Twisted Pair Study Group
(RTPSG) in developing link segment objectives and project criteria.

IMPORTANT NOTICE

This survey has heen prepared to assist the IEEE 802.3 Working Group / Reduced Twisted Pair
Study Group (RTPSG) in #ts standards development work. Your response to this survey will be a
contribution to the IEEE, and you grant IEEE a non-exclusive, irrevocable, worldwide royalty-free,
right to use the contribution. You are also cautioned that your contribution may be disclosed in
public or semi-public forums and should not include competitively sensitive information.

For more information, see:

IEEE Standards Association (IEEE-SA) Copyright Policy available at
<hipdsiandards.leea.org/IPHcopyrightpolicy tmls

Promoting Competition and Innovation: What You Need to Know about the IEEE Standards
Association’s Antitrust and Competition Policy, available at

=hitpysiandards ieee.org/develop/policies/antitrust pdf>

IEEE patent policy in Section 6.3 of the IEEE-SA Standards Board Operations Manual
<hitpdstandards jees org/guides/opman/zect himiie 3

Undersianding Patent fssues During IEEE Standards Development
<hlip:siandards. feee.org/board/pat/guida. hiimls.



1 _Purpose

The purpose of the survey is to characterize automotive cabling; e.g.,
cables, connectors, wire harnesses and assemblies for current and
future differential signaling over balanced twisted-pairs.

The survey information will be used to assist the IEEE 802.3
Reduced Twisted Pair Study Group (RTPSG) in developing link
segment objectives and project criteria.

Please take the time to fill in the following questionnaire. Your
participation is appreciated.
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1. Survey Questionnaire —

1. Figures 1 is provided as a reference to assist in responding to
survey questions. The IEEE 802.3 nomenclature is bracketed to
identify relationship to the IEEE 802.3 definitions.

Figure 1 Automotive cabling Topology
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2. Wire harness or assembly topology (see Figure 1).

2.1 Maximum length in meters of wire harness or assembly
between active electronic devices — report current applications
-and lengths [EC] to [EC].

cars/vans: 12m, trucks s/busses 32m

2.2 Maximum length in meters of wire harness or assembly
between active electronic devices — report future applications
and lengths [EC] to [EC].
cars/vang: 15m, trucks/busses:40mn;



Number and type of inline connectors [C] between active
electronic devices — report current appfications
cars/vans/irucks/busses: max. mfm@ CONNeCiors
differeni multi-pin connectors: e.g (as examples)
from Tk ’;’f onnectivity (M5, ﬁfﬁf ;f{ yA @f’ﬁé“ﬁfﬁ e

¥

§
(HSE), Delphi, Hirschmann and oihers

Number and type of inline connectors [C] between active
electronic devices— report future app!ications
rars/vans/irucks/busses: gff&m 3 inline conneciors
el ol mlii-pin conneciors f’m&wé W versions
additional io those in 2 ”’}

Type of active electronic connectors [AEC] — report current
applications.

Y

£y 0
see 2.3

Type of active electronic connectors [AEC] — report future

applications.

Number and type of inline connectors [C] between active
electronic devices— report future applications

o g o E O P

Are there requirements for future applications to be
mechanically compatible to existing connector systems?
Not necessa Mf y

Are there reqwrements for mechanlca!ly compatibie connector
systems between automobile manufacturers?

Mot necessarily, however due 1o wm& reqiirements
and cosi sols same — oF & least similar —
connectors are possible




3. Balanced twisted-pair cable used in wire harness or assembly
(see Figure 1 and Figure 2.) report parameters and values.

3.1 Current automotive applications

Gauge [AWG] [or conductor in mm]
Impedance [ohm +/-]

Shield [Y/N] [shield type]

Copper conductors [Y/N] solid [Y/N] stranded [#strands]

Direct current resistance [millichm/meter] ~* see next pages

3.2 Future automotive applications

Gauge [AWG] [or conductor in mm]
Impedance [ohm +/-]

Shield [Y/N] [shield type]

Copper conductors [Y/N] solid [Y/N] stranded [#strands]

Direct current resistance [milliohm/meter] ~» see nexi page
4. Bundled cable types in wire harness or assembly (Figure 1)

4.1 Report data rates of differential signaling applications in bundle
(20kDBi/s ... ~ 3GBIls) - see nexi page

4.2 Report other data rates not using differential signaling in bundle
(Z20kBH/s ... ~ 3GHI/s) — see hexi page

4.3 Report voltage/power in bundle
12V (cars) or 24V (trucks/busses) and 48V (Tulure
ar
tirie, e.q. el. Motors/el, steering
compressor/...). Electric cars ””E;,,Ex’ H}f&;ﬁfff
FuelCeli) have even higher vollages/cutirents for the
elecirical transimission sysfom.

yplications). Currents are gg;; fo mfﬁ(ﬁf}?? ' {*f ori



Data rate

ampiitude
differentiai?

{ypical cabling

OC resistance
max. values

DifferentialCable
impedance {Z,, (2}

Shield?

conductor

Jacketed?

typlcal connector

20 kpit/s

7V
single ended

Single wire,
e.g. 0,30mm?

126 mQ/m

a0

stranded
leg-7)

different multi pin
coaneclors

. 500 kbit/s

n
differential
LP 2x0,35mm:
{Hfature: BTR 20,1778

© B mOy/m

For G AsmmY}

126 [x12)

no

Stranded
(eg.7}

no

different mult pin
connectoss

10 tAbit/s

0,6V
diffcrentisi

UTP 2x0,35mmz
e P 26 32 b))
Future: UTP 2304 17mer )

5mO/m
fler 2357y

$00 (+10)

o

strznded
(e.g. 7x0,26)

o

diffarent muiti pin
connectors

480 Mbit/s

04V
differential

S710 430, 5mmt
{28 Leont Dacar54d)

35 ﬂ_lﬂjm

90 (£ 15)

yes {braig + foil}

stranded
fe.g. 19x0,182)

yes
Rosenberger HSD

 200..3000 Mbit/s

0,750,485V
differcntial

ST 4x0,14mm?
(eg Leors Dacar5is-2}

1725 ml)/m

100 {2 15)

yas {braid ¢ Foily

stranded
fe.m. 7A0,10)

" yes

Rosenoerger HSD

Anfenna signals
1844 P BILWLL Bt
" .

differrnl
single cndod
Coax
e g LzoniDizzardl)
'eAg. 0 m)/m

{tecni Dacar 307}

50 [£3)

yes {braid t foif)

stranded
{e.8. 7x0,27)

yes

FAKRA,

(e.g. Tyco MQGS) {2.g. Tyco MQS] fe.g. Tyco MOS)

) ditferent data rates are possible for CAN, iypically are 125Kbit/s or 500kbIls

5. External noise sources

5.1
5.2

Report steady state noise (including frequency content)
Report time variable noise (things that come and go)

5.3 Report impulse noise

5.4 Report radio frequency interference - modulated signals (i.e.,
cell phone type signals)
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6. Automotive cabling system characteristics

Table 1 is provided as a reference to assist in reporting automotive
cabling parameters that are used by Ethernet PHY designers.

Table 1. Cabling parameters

Transmission
parameters

Coupling parameters
{within Link segments)

Coupling parameters
{between Link segments}

Balance parameters

Insertion Loss

Near-End crosstalk (NEXT) loss

Alien Near-End crosstalk loss
{ANEXT)

Transverse conversion loss
(TCL) - §CD11

Ditterentiat Multiple Disturber Alien Far- | Longitudinal conversion loss
characteristic Multiple disturber near-end crossiafk End crosstalk loss (LCL) -SDCH
impedance {MDNEXT) loss (MDANEXT)

Relurn Loss

Far-End crosstalk (FEXT) loss
Specified as equal level FEXT
(ELFEXT)

Alien Near-End crosstalk loss
(AFEXT)

Transverse conversion
transmission loss {TCTL) —
5CD12

Multiple Disturber Alien Far-
End crosstalk foss

Longitudinal conversion
transmission loss (LCTL) —

Muitiple disturber Far-end crosstalk (MDAFEXT) sSBGiz
(MDFEXT) loss Specified as power sum
Propagation Delay | Specified as MDELFEXT (ELFEXT) (PSAELFEXT)
Specified as power sum
Delay Skew {PSAELFEXT)

Figures 2 illustrates the coupling parameters NEXT, FEXT within a
cable sheath and alien crosstalk between cable sheaths.

Figure 2 Crosstalk within and between cable sheath
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Please check blank cell adjacent to cabling parameters in Table 2
that are used to specify balanced twisted-pair cables and/or
connectors used with twisted-pair cables in automotive wire
harnesses or assemblies.

Table 2 Cabling parameters

Check| Transmission [Check] “V'WHIS [ Check] “YYP"S {Check] Balance
box | parameters | box | Pam@metes | o | pammeers | pox | parameters
{within Link (between Link
segments) segments)
Transverse p
Near-End AjenNear- - comversion &,/7) = 10 ﬁfwﬁw%’fﬁ
r crosstalk End crosstak Noss (Ton) - )
»w,jf fnsertion Loss W;_f (NEXT)loss Ioslswgl\li;lfc)(ﬂ SO 1 Sﬁ?éﬂ?@ff?@’ﬁm
Longitudinal .
Mutiple Disturber Alien Co”ngvem;m
Differential WS’ distutber Near- Far-End loss (LCL)
7 | characteristic End crosstak crosstalk loss _SDCtd
‘"Q:j impedance (MDNEXT) loss (MDANEXT)
Transverse
conversion
FarEnd AlienNear | g Vansmission
o7 loss (TCTL)
crosstalk Endcrosstalk SCD12
Return Loss (FEXT) loss loss (AFEXT) -
. Longitudinal
Multiple .
Mutiple Disturber Alien ;;’n':;r;:i’:n
_ ""Qy disturber Far- Far-End f bss (LOTL)
Propagation end crosstalk crosstalk loss _SDCH2
Delay (MDFEXT) (MDAFEXT)
Delay Skew

Figure 3 and Table 3 provide references for signaling impairments
naming and s-parameter designations derived from four port network.




Figure 3 Four port network
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Table 3 Port mapping — signal impairment naming to s-parameters

Port 4 Fort 2 Pert 3 Port 4
te| Sccit Ricett Scciz2 iLeeiz Jcol3 | NEXTeet3 | Scctd | FEXTectd
Tojedf Sedtt | TCLed!? | Scd12 | TOTLed12 | Scdid | NEXTed13 | Bcdid | FEXTedid
§ def Sdett | LCLdett | Sdel2 | LOCTLdet2 | 84et3 | NEXTdet3 | Sdeid | FEXTdel4
dd | Sddid RLGd11 Sddi2 iLadie Sdd12 | NEXTdd13 | Sddid | FEXTdgt4
e} Sec2d ILecZy Sce22 RLcc2d 80023 | FEXTCE23 | Sec2d | NEXTecz4
‘;‘,_:’ cdl Scg21 | TCTLed2t | S¢d22 | TCLed22 | Scd23 | FEXTed23 | Sed2d | NEXTod24
£ |oc 8de21 | LCTLGe21 | 8d¢22 | LCLde?2 | Sde23 | FEXTdc23 | Sde2d | NEXTde24
dd} Sdd2i iLdd2l Sddg22 Ridd2? Sdd23 | FEXTd2Y | Sdd24 | NEXTdd24
coj 531 | NEXTect | Sce32 | NEXTee32 | Secd3 Rlcc33 Secd4 iLec3d
"ff cal Scddt | NEXTed3t | 5cd32 | NEXTed32 | 3cd33 | TCLed33 2¢d34 | TCTLed3d
S{gel Sc31 | NEXTdea1 | 8dc32 | NEXTde3z | 8ac33 | LCLde33 | Sdead | LCTLdcad
didf Sdd21 | NEXTdd31 | S¢dd2 | NEXTdd32 E Bdda3 REddas Sdrild iLdd34
cc) Begdt | FEXTordt | Scod2 | FEXTeed2 | Segdld itcedd 3¢c44 Riccdd
;‘:‘ cd| Seddt | FEXToddt | Scdd2 | FEXTedd2 [ Scdd43 | TCTLeddd | Scodd | TCLodd4
§ do Sdcdt | FEXTdodt | Sdcd2 | FEXTded4? | 5dedd | LCTLAc4d | Sdedd LCidedd
dd} Sdadt | FEXTdddt | Sddd2 | FEXTdd42 | Sdd43 H.dd43 Sdedd4 Ridc44




Figure 4 Cable types
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