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1. 1bO% 2232 Introduction
COXEDBEMITEmMFETDERRYZEHCIETHS, "Formula SAER)L—ILE"*1 DERIZITTHEL BFE
D EV B THREEE> - RAU b RELDRBIRMEEE(TH-ODABMEHIN TS,
Formula SAE®R)L— )L LHABEA £ L=/ &2 Formula SAERIL—ILENMEBEIND,
(*1: Formula SAE®JL—)LZ &I Formula SAE® Rules 2025, 2025 K=#R8Il, 2025 Formula SAE Japan Local
Rules #<9")

The purpose of this document is to prevent re—design of the vehicle.

It includes not only explanations of “Formula SAE® Rules, etc.” *1, but also items that have caused problems
in past EV Inspections and items to avoid safety hazards.

In the event of a conflict between the Formula SAE® Rules, etc. and this document, Formula SAE®, etc. rules
prevail.

(*¥1: “Formula SAE® Rules, etc.” refer to Formula SAE® Rules 2025, 2025 FSAEJ Participation Rules, 2025
Formula SAE Japan Local Rules)



2. EVEAEIL—ILDFERZE = The major changes in rules in the EV related Rules

2 DM Ready to Move T4 (7 /\—& | FEFXEFE 1,800mm2 LL L) NBEIZ/E5T=, EV.5.10

TSAL [FBELEENT=,

Two Ready to Move lights (amber color, luminous area of at least 1,800 mm2) are now required. EV.5.10
TSAL has been eliminated.

TS(Tractive System)DIRAEZE R T TS Status—Indicator (FREPEFEFNFNOFELEFIE 800mm2 LI L) A
BINENT=, EV.5.11

TS Status—Indicator (each red and green luminous area is more than 800 mm2) to indicate TS status has
been added. EV.5.11

FTINA ADBHEEMNZLEHoT= Device names have been changed.

AMS>BMS (Battery Management System EV.7.3, AIR>IR(Isolation Relays) EV.5.4, HYD>MSD(Manual Service
Disconnect) EV.5.5

TVF¥—2T22HD IRZFALDICIE. AVN—FBEDT—FR /NI D hBELE/EST-, EV.5.6.2
Inverter voltage must be feedbacked for closing the second IR in precharge. EV.5.6.2

ACC(Accumulator Container) MDA/ \—1) KD EL{TIF1Z1% Positive Locking Mechanism DA E(ZHE>T=
F.10.2.6

Covers and Lids of ACC must include Positive Locking Mechanisms. F.10.2.6

3. EV O—3JUIL—)LD#EREERE Additional explanation of the Local Rules for EV class

(1) J2025-T-04 RF+yA—>—)LK Scatter Shield T.5.3.2 "
ART X-Y FEICAF-BIOMISHLTIE, RFry2—s— LR '’
ETH5. _ Rl
Scatter shields are NOT required for apertures oriented in the Z-Y plane ) Motor shaft
in the right figure. 0
Y-Z

(2) J2025-EV-02 I H—*rA—A—FT—4AS 20—k Energy Meter(EM) Data download EV.3.4.2
Energy Meter Data M4 O—K(ZEJL T. Formula SAE® rules TIXF—LMNFHoO0—KF5IEELT
WBHY, RERBYIEESNIIGR T 7w A oo 0—R$ 5%, EV.3.24
758 Energy Meter BEEDRMIICDERITAFICELEH TRET D,
Regarding the download of Energy Meter Data, Formula SAE® rules state that it is to be downloaded by
the team, but it is still to be downloaded by the official in the designated area. EV.3.2.4

The information related to Energy Meter is summarized in this Design Guide.

(3) J2025-EV-03 TS AU ZIZBE T 5%EF0 Relaxation of Tractive System connectors EV.5.9, IN.4.7.1
A2A—OYIDOFEN TS ARY AL EV ERTIARIIEHENSINSZEERHIRIZHF A SND,

TS connectors without interlocks are acceptable if the connectors are sealed during EV Inspection.

(4) J2025-EV-04 KER/NRDRILINESEICEET 5485 EV.6.4.3

Relaxation of Requirement for Bolted Electrical Connections to Use a Positive Locking feature EV.6.4.3

C BEITROTATAVI T IR+ R B INTES T . FEELLS-FHINH o1, MtETEREIE
BB EDALELT ., MLIICKDRLERNSD+ALEEENEETHS,
In the past, there have been cases where positive locknuts were not fastened sufficiently, resulting in
failure.
Tightening performance depends not only on mechanical fixation, but also on sufficient surface pressure
from the screw seating surface due to torque.
A—ALIL—ILEERT HI5EICIE EV ERTIILU T ORREHRET 5,
@ FEERIZEHRILM A XZE T MLIDERESA TS E



@ EBRDOWIHERICH DL, FERRERINTNDIL
When teams apply the local rules, the following records should be checked during EV Inspections.
(@ Tightening points must have been set to the torque appropriate for the bolt size.
(2 Operation at each fastening point must be recorded.
- EEREHEY T IL Example of Operation Record
TSHEhSERT /a‘::bwﬁ #ﬁ:ﬁm& BIfd Date, {F33 Operated by

. Torugue
Size of Bolts N-rm]

TS Fastening
points

Segment1+ M6 5.2

Segment2+| M6 5.2

Segment3+[ M6 5.2

SREE

 Setting for torque |

(5) J2025-EV-05 #t#ZEEEEDEEFD Relaxation of insulation distance EV.6.5.7
THMITS(=FT AT 5. A TET AL —5—) % DCDC AV /N—FLEEDT NI REEIRIZKRELA
WBIHEED. TNLT/NAANERD TS—GLV D EH#ICEALTOO—AILIL—ILTHD,
This local rule applies to the distance between TS and GLV inside devices such as photocouplers (=
optocouplers, optoisolators) and DC-DC converters when such devices are mounted on printed circuit
boards.
As long as the withstand voltage between TS and GLV of the device itself is higher than the TS voltage
or the approved voltage, the isolation distance of the internal structure of the device is not required.

(6) J2025-EV-06 “#REHMi 51/ STV EILIZHEITE BEFRREEZHOE EV.66.3
Relaxation of Requirement for the Overcurrent Protection “in the multiple parallel battery cells”
BHEOEILAMIEGRIN 2T AVNMIEWNTIE. ZOHRTIIOEIVICTRTOERNRNDIEHE
TEIEREINDG T AV (RRM)UT) ISHLTIDDBERRET NAREFZEBELTHELY,
In a segment in which a plurality of cells is connected in parallel, one overcurrent protection device may

be installed for the segment under the condition that all the current flows through one cell string in the

segment.
EV.6.6.31Ck%5] Example of EV.6.6.3 Aa— ﬁJbJI/—JlaJEFFIﬁII Example of applying Local Rule
sy Ciutl—XTﬁﬁ TARTOERDHA) U:Jluhéc‘i&'}ﬁ_d— TIUTETRYEL
Fuse protects cells and wireharnesses for each string Al current is considered to flow to only one side of the cel.
More severe current conditions for the cells.

(7) J2025-EV-13 LT 4 b;y-F54A47 -4 2K Ready-To-Drive-Sound EV.9.5
Ready-To—Drive (RTD)-Sound and Ready—To—Drive Indicator
RTD A2 —3—(dh7BET S RTD Y OURIFERBICF—LMNEREEZROTRLY,
RTD indicator must be installed, although RTD sound may be installed by the team.



4. EV )L—IVDE Key Point of EV Rules
4.1 Tractive System
4.1.1 Tractive System enclosure and protection
LTODEHITEER T HIE, See information below.
TS T BA—L+— TS enclosure
E—R—N\DOUTEREISO YT—YA L“High Voltage" SN LR R HIE: EV.A9.1
Must be labeled with ISO trianglesA and “High Voltage”: EV.4.9.1
. EEE'EG)%'AI (&7 —RX9FBHZ& Must be grounded if conductive: EV4.9.2
TEBERDIRFEH/N\— TS voltage protection
- TS JEBEICIE. & 6mm-KS 100mm OTO—THIT L CRELGHEGHM . LLITHN—TESZL:
EV.6.1.1, EV.6.1.2
TS voltage must be protect by a solid insulating material or cover
from a 100 mm long, 6mm diameter test probe: EV.6.1.1, EV.6.1.2
i Fa,IRVEDREIESSCIEER)
Gaps in terminal and connectors must be covered in the right.
TEBEEBDIRE(L IP65 H#E2E, IP65 is recommended for TS protection: EV.6.1.3
. /E_\.~ RPKE=FYNSDFRET S & Protection against moisture, rain or puddles: EV.6.1.3
- ALSNSHERMIEZOIMEISELIZEENRIETHMENEE 90°CTHAH L EV.6.2.1
The insulation used must be of a temperature suitable for the area or at least 90° C: EV.6.2.1
L FTOREITEMTIE, BEELTROONAL EV.6.22
FRIE LA E D H S Nomex®R—/N—OUEF 1— T [F#FELTHELTHRLY,
Insulating tape or paint may be part of the insulation, but must NOT be the only insulation: EV.6.2.2

*-GAP

Nomex® paper and shrink tubing with suitable mechanical strength may be used as the insulating
material.
cFSOTATORATLENR Tractive System Components: F.11.1.3
A—)LA—/I\—TaFo3>0 I RA—TRIZH AT E Must be within the Rollover Protection Envelop
- AVR—RYTATH A E =9 & Must meet Components Protection
« TS /N\— R4 MSD M/ \/KJLH Rollover Protection Envelop M IdAHL TV =EHEZTRIZRT
MSD handles or TS harnesses was NOT within the Rollover Protection Envelope in the figure below.

MSD plug

TS wiring Rollover Protection Envelope must be
considered position in three dimensions.
The MSD seems to be inside of it
in the top view, but was actually outside.

AN

TS enclosure RIZ TS & GLV Ak 7FF 5HEICIE: EV6.55

Tractive System and GLV are included inside the same enclosure: EV.6.5.5

- BT, A2 UL RESMBEEALE 90°CLL LD BEEZL D#tZ/ )7 TS5 L
Be separated by insulating barriers made of moisture resident and UL recognized or equivalent material
rated =90°C

- ZeREIRERE. JREEERE (L UL1741 FHEEHR DL
CORERIE TS & GLV BRI, ACC AMD /L E ACC DEKREEE. FKE. EHEEDMIZHLROHON
%
Maintain spacing though air or over the surface as defined by UL1741
This spacing must be required between TS and GLV wires, as well as between cells and ACC structure

(walls, floors and covers, etc.)




4.1.

4.1.

2 Tractive System Wiring

- BRE@ICIIHEE-GREER (R EREEDI—FUTLLUAIENEDARY IO ERTESLHR
BRINHDHIL EVE3.2
The wire must be marked on with wire gauge, temperature rating and insulation voltage rating, or

alternative markings confirming these specifications: EV.6.3.2

- 5l 0RYDIRBNC KD DA, ETHDEGHILREINTLSH., BESTLEWNERICHS L
EV.6.3.3
Wiring must be protected from tension. loosing, due to vibration or damage during driving or must be
located the way of possible snagging or damage: EV.6.3.3

TS To0—S%v—DSMAIZEH B Tractive system wiring EV.6.3.4

Tractive system wiring outside of TS enclosure must: EV.6.3.4

AL BEOIAVTIYNTEONSD . FEA LD BOI— LR E SN — LR —T L THD
&
Be covered with non—conductive orange conduit or be an orange shielded cable with a grounded shield

CAVOYNETRO&SHEEDEET
ANAFGIWNF2—T0AaFa—TD&SGTr—TIHELRTEF1—TIERHLNEL,
Conduit is defined as shown below. Tubing with exposed cables such as mesh tubing or spiral wrapping is
NOT acceptable.

+ 200 N DATHE—TIIVIGRICEBLIKRZSELS. BESNTLNAIE

Be securely anchored at each end to withstand a force of 200N without straining the cable end crimps

3TS & GLV B’H1F 95 71 U RER Printed circuit board with both TS and GLV together

- TYUREREIC, EQEEMN TS EGLV HOMNERTRT HE, EV.65.6
Be marked on the board which areas are “TS” and “GLV” EV.6.5.6

- TS & GLV B ITH G IERCRmEIERE . ZEMEEDIETROKLIICEREINS EV.6.5.6
Definition of Spacing (Over the surface, Thought the air) between TS and GLV is in below fig. EV.5.6.5

Spacing Over Surface Spacing Through (Thru) Air
Shortest length along the surface Shortest length through the air
:ﬂ I _1_4 L}; I=|_|=I_ e [ o
TS GLV
PCB base Wiring Wiring

- DC-DC AV /N\—AR21=yMZIXIFAFE® TS-GLV EVBRNEVNEDAH S, BT DEIZIFATL
fHFRA MR DEREEREN DD &,
Some DC-DC converter units have small pin spacing between TS and GLV on the PCB. When selecting

components, ensure appropriate spacing between soldering points.

ZI—iR—LEARDIZ S
R ——IVADIRTEZEERYBR<

o

Hi o o
In case of through-hole boards,

©

o

Corcerrt boore Hole Longer Spacing
remove the copper foil
in the through-hole.

- BRICR)YNER(TAHERTEEREEEES C AZN—HYIILEREIZESZSURIEERYBRLZ L,
Making holes extends Spacing Over Surface Remaining lands on the PCB must be removed.
Opto-isolator T?rrgninal Tem:\g;i} JC g\; INE & § N
\ o \ORemoved
X ooo0

c

€,

(@]




4.1.

4 TSMP - Tractive System Measuring Points

- TSMP (ST ELLTHITONSIFEEEHD/NIDUT TEHONTINSI L EVSS.T
TSMPs must be covered by non—conductive housing that can be opened without tools: EV.5.8.1
TSMP BR$&(X TS D—EBTIHSH TSMP wiring is part of Tractive system

- BRI FBEEHDOALOCBOIAVDYRTEDONSD ., FEEMESN - — LR FEDA LU R
DI—IKRT—T I THDHL: EV.6.34
Wiring must be covered with non—conductive orange conduit or be an orange shielded cable with a
grounded shield: EV.6.3.4

- TSMP OE@E (. BEGIEGMHEEIEH/\—TRET HZL EV.6.1.1,EV.6.12
Back side of TSMP panel must be protect by a solid insulating material or cover. EV.6.1.1, EV.6.1.2

GND

Example of TSMP housings Back side of TSMPs must be protected

- TSMP [FERGIREIICELY | EIRFHFDOBERNSRETHIL EV.E84
TMSP must be protected with current limiting resistors: EV.5.8.4

- BV BEREFICETHERGIBRELE. BRI OEMELZTILFA—2—TCTEERE TEHIE, HV+E HV-
FDELDEREZEHETERIL, 2 TRTIDFEETRHONLL: EV.884 c.

When measuring the current limiting resistance during EV Inspections, the individual resistance values

must be measured directly with a

\/
1@
multimeter. Accumulator [ g Inverter

Container

The method of measuring the sum of the

A 4

resistances between HV+ and HV- together

and dividing by 2 is NOT acceptable.EV.8.8.4 e
c. 08

BICRAEFIEDOHEZEITS,

An example of the measurement procedure

(D) “TSMP+ ~ TSMP-=0V" must be checked
® Pull out ACC connectors

is shown on the right figure @ Measure each TSMP resistance directly by multimeter

- TSMP ADEHRIZIFEA—X L EDBE IR %%ﬁnxﬁ'ﬁb‘;& EV5.8.5
Any TSMP must NOT contain additional Overcurrent protection: EV5.8.5
- Charger @) TSMP REKINEIX EVS584 [ZEHLNI-ELYEREVEDTHNIZELY

Charger's TSMPs protection resistance value may be greater than the value specified in EV.5.8.4

C YILTF AR LB EERECHEBIBNE S L AEBEMAEICIREFYIHFETO—TEESC

& INA4A -—
Probes with protective tips must be used for )
voltage measurement with multimeter and  wj i -

ith Protected probe tips

insulation measurement with an insulation tester: IN.4.1

4.2

:Accumulator Container (ACC)

* ACC [En T HTLALIC, EMMLERYSNLATEEE T 5T & EV.43.2
The ACC must be removable from the vehicle without disassembly.: EV.4.3.2




- FAOEIEHERNREL, TAV—N\—RRAOAFBEOROD Y AKX

[EEZE 10mm £TET 5: EV434 F.104.2, F104.4 '
TS a4 MSD BY{T1+51=- DA ERIEZARKACERE 10mm IZ Not Round
RSAELY,

Halls and openings must be minimal and their shape must be round and should be maximum 10 mm
diameter: EV.4.3.4, F.104.2, F10.4.4
TS connector or MSD mounting holes are not limited to circular shape or 10 mm diameter.

s F— LB —F\—_100mmllig ISO ¥—% ., Always Energized | High Voltage|. ESO EBEHEES
RN)VFERT 5 EV.4A3S EV.1154
Name of Team, Car Number, ISO trianglesA (with width 100 mm), Always Energized [ High Voltage |and
ESO telephone number must be labeled: EV.4.3.8, EV.11.5.4

Voltage Indicator

- TS ARV 2EFIRT DRICIEIRASMEICHDH L EV.574
Be clearly visible when connecting/disconnecting ACC TS connectors: EV.5.7.4

- EHRETRABVEFRICHET HEEICIE. IBE RS CADLUAY VT R(EETHHRATED) &
AEY 5L,
If the voltage indicator is NOT visible when the container is mounted on the vehicle, CAD renderings (or
photographs) showing the location must be provided.

- BHK (7Y ORIV A—E2—FRALTEHELL EVST4 a
A pointer—type (analog) voltmeter may be used: EV.5.7.4 a.

- THigh Voltage Present | &IT{EIZ5 N JLE T Be labeled “High Voltage Present” nearby: EV.5.7.4 b.

AT F AT 5% Maintenance plugs

C AVTFURTSTERSTATAVIRFEDT AR THY . T AV MEZE (BERMICHDYEMIZ) »
B TESLIITTHT L EV.EI2
The maintenance plugs are a device with a positive lock and shall be able to separate (electrically and
physically) between segments: EV.5.3.2

. )l‘zv_-ﬂ"zx7°5’7(¢t7%>l~0)ﬁ@%3§3\'£ﬁ'd‘6%0) Maintenance plug
THAHE: EVEIT b HEREMSET AVMTEGWNMES
[ZIE AT FURTSTIZEBHENIEEET S,
The separation must affect the two poles of the Segment:
EV.5.3.1 b. If the destination of the connection from the

pole is NOT a segment, the separation by maintenance

FE Optional

Segment1

Segment?

Segment3

Segment4
IR

plug is optional.
CAUTFUR TSV IFMEISRERLGEVVMEEE T HTE EVE32c
N—FR%E 1 BRLMENGEWREET D, ARV ZCH LT —BLRETREREHCHENEZLOND
Maintenance plugs must be designed to prevent incorrect connection: EV.5.3.2.c.
Make the harness length enough to reach only one plug, keyway in the connector, etc.
- Example of Commercial products Amphenol, Surlok Plus https://www.amphenol.co.jp/military/products/SurLokPlus.html

4.3

TS B&SE TS related issues

MSD Manual Service Disconnect MSD
- RN 350mm L EDBFICHHL,EV ERTIMBEOERTE [
TR TEIZEAIT S EV.S51
More than 350 mm from the ground. In EV Inspection, the height is
measured at the visible lower end of MSD component EV.5.5.1 >350 >350

MSD
-/

TS
Enclosure

Enclosure

T5

Ground Level



https://www.amphenol.co.jp/military/products/SurLokPlus.html

- HVD ZEWVWTWSEIEA I —T S5 ZEAL. RKPTIOBRAEAAKRADREEMHILET DL, EIRY/
BB EANFI—EBEHER I HDT, RAITEHIEMNEFELLVEV.11.3.2 EV554
When unplugging the HVD, a dummy plug should be inserted to prevent
rainwater and dust from entering and electric shock to the human body.
The dynamic/static judges will be checking the dummy plug, so it should be
easily recognizable: EV.11.3.2, EV.5.54

- MSDIZIEXKIGHZE service plug 200A, EOEEHE EM30OMSD #iE %R
RELTHLLY
Yazaki Corporation service plug 200A or Hirose Electric EM30MSD may be selected.

BEDHEIZF Isolation of the Charger
- FREHBHITAC ANEDC HAEA NNV IHEFZT HIE, EV.821 HILNZYIEFZEIE TS EGLY &
BRAICHZL. ERESEEMS (FSUR) PAZN (THMHTI)BERETIEZDLDT:,
The Charger must be galvanically isolated (AC) input to (DC) output. EV.8.2.1
Galvanic isolation electrically isolates TS and GLV and transmits electrical signals by electromagnetic (via
transformer), optical (via optoisolator), or other means.
- REFOBBZLEREDLEELUTDI5 1 DTHAHIE: EV.8.21
@ CE ARG EHFORBEEH LI IERRRET =T &,
Q@ HEAOTPREHRELEDA—H—IETURIZKYIEBEEIIRTTES L
@ F—LAHEZIEMA TRELIERIERENLTIE 500 Q/VELE ZFiEf-3IL,
The charger must meet at least one of the following, as isolation: EV.8.2.1
(1) Meet international standards that require isolation of the equipment, such as CE standards.
(2 The charger must have isolation performance shown by manufacturer's evidence, such as catalogs
and specifications.
(@ Each isolation resistance value measured by the team with an isolation resistance meter must meet
or exceed 500 Q /V.

LRODHETETROKRAVITAES H&

Accumulator

In the method described in 3) above, he points in the table A C - -

below must be measured. AC Charger I I

power I |

Measurement point | ==

=

AC input to DG output side (A-C, A-D, B-C, B-D) @ LT

AC Input to Charger housing (A-E, B-E) : :

DC output to Charger housing (C-E, D-E) _:_ - _;'I___ _
E

4.4 vy EIERESE Shutdown Circuit and Related issue

Ready to Move Light

- Ready to Move Light DERIEL GLV VAT LMSERIAHIMEINHILEV.5104
Be powered by the GLV system:. EV.5.10.4

- Ready to Move Light @D sUREIEDHIFEIZALYS ACC 4MAID TS BIEICEHT HES (L. @Gtz
9L T Ready to Move Light EE&IZAHALTRELY
The signal related to the TS voltage outside ACC, which is used to determine the flashing operation of
the Ready to Move Light, may be input to the Ready to Move Light circuit via appropriate isolation.

Discharge circuit
- Discharge EIRRDIE(L. MSD #HRWVWTHHPREEIRIVTUOHEHRETELIMEICRET HL:
EV.5.6.3 b.

The Discharge circuit must be installed to discharge the intermediate circuit capacitor even when the
MSD is disconnected: EV.5.6.3 b..




.0 O = -
s o BT 1L E T
o o o T 2 T
ACC e Inverter 56 Inverter
MSDL_] TSMP MSD L1 |TSMP

- Ea—XIFZ 1IN D NOT be fused: EV.5.6.3 c.
- Discharge Relay & v ybE O RIBERFT IR VFEIEILNR

GLVMS & other shutdown Iltems \
TSMS

T LEV.7.93b [XBEAINLL, TSMS D FTRIZCTAAFv—EER —
NEELTHERL, (AK) '&mmuer

The Discharge Relay is not a switch that opens and closes the
shutdown circuit; therefore, EV.7.9.3b does not apply. The
discharge circuit downstream of the TSMS is acceptable. Refer to

Discharge
m

NI
N

Precharge »

IR+
IR—

right figure.

TS Status—Indicator (Red and Green lights)

- Rollover Protection Envelope W THAHZ&: F.1.13

Be inside the Rollover Protection Envelope: F.1.13

- HETIL LED Tapes DERHHIIZEE S TH B,

In the right figure, LED Tapes are partially out of the area.

« UybkETHL KRR Shutdown Button
BRIUVRIVIEERD&SLGEDETRT

The international electrical symbol is the right figure or similar image.
- aAYIEYR YR E DA RE2 Shutdown button in the cockpit
NURIVICBEESN TSI L, EDNDIEERMYFRA D Tr—3—D vy DU - REAVERTT)
VT DRIZHOTIEGESALY, TRICHIZRT: EV.7.10

The cockpit shutdown button must be located adjacent to the steering wheel. Other operational switches
or indicators must NOT be placed between the shutdown button and the steering wheel. Refer to the
figure on the below: EV.7.10

10 mm

Indicator

®© 0 O © o 0 O 060

e LR T

Cockpit
Shutdown button

APPS (Accelerator Pedal Position Sensor)

- ENEND APPS [FEIRER. GND iR, ESHREMIL THOTLVHIE: T422

Each APPS must have independent power, GND and signal lines: T.4.2.2

CENTEND APPS (L LITD 2 DD56LVFNAERA . EV BEREBFICF VI TESHIL: T427
@ ARVFERCETHREEZRER TE S YA LATRELZBIE DR I3

@ & APPS MIEB#VIYBET CEMNTES, AVFAUTHYBRAREATL—I T IMRYI R,
Each APPS must be able to be checked during EV Inspection by having one of the two: T.4.2.7

(@ A separate detachable connector that enables a check of functions by unplugging it

@)-An inline switchable breakout box available that allows disconnection of each APPS signal.
BED EV BERTERGEN, F—LH APPS OaARVAERNZECH, BR E—4—HE
inEll=,

BHEFRFERICIEX. APPS OH#REIXEHRATICEMEZHETEL, TORICER THEEZHE T HL,

During the past EV Inspection, there was a dangerous case. After a team disconnected the APPS

AN

connector, the motor suddenly rotated at an abnormally high speed.
When developing a vehicle, the APPS functions must be checked before installation on the vehicle, and

9




then checked in the vehicle.

IMD (Insulation Monitoring Device)

* ACCIHIZ IMD ZEREL .. Bl THORELRERDRFEZWMAERLTEHLL,
UMK, RERICH IMD ZFREL TR ICERLTEHELL: EV.84T
IMD may be installed in the Accumulator Container to monitor both vehicle and charging leakage together
IMD may also be installed on the charger and monitored separately: EV.8.4.1

« EV BEIZHELVT.IMD O GND DAV —Z#Eit Ao BUN T LOERENERT 58N HH. BE
[TBEATIAN—/N\—FRREEETHIL EV.7.64b.
In EV Inspection, the judges may direct to remove the IMD GND wiring from the grounding point. A wiring
harness should be installed in preparation for EV Inspection: EV.7.6.4 b.

TSMS

c BAYITIN BT T INMIEDREER EV.793e
Avy7okEld. BREEMTAHIET, BRMGESHEZMENICHLETSHLETT,
RTTIOREIE BBENMEATBEETHAILE R EEFV2EALT. BRENEESZEENICHHLT
5LTY,
Safety Management with Lockout/Tagout EV.7.9.3.e
Lockout is the physical prevention of accidental startup by shutting off the power source.
Tagout is the visual protection against accidental startup using a warning tag to indicate that the
equipment is out of service.

- BV ERTHEBEENEDSSICHERMNSRELTL 2H0EHEETS
FETHS: EV.11.3.1
f11: TSMS DX —%H{FEr—XTEEL.,ESO [FZDHEREFTD
f5]2: TSMS ZDE£DIZAVI T 5 (ARSER)
During EV Inspection, the judge will check how the ESO is protected from
being reconnected.
Example 1: The TSMS key is stored in a locked box and the ESO keeps
the key to the box
Example 2: The TSMS is locked in the key itself. (see at right).

FEVYYM OV EBROEE Charging Shutdown Circuit Operation
THFALL—EDTARNTO IRZEZFAEHRIZ, TERFE OFF [CFTHTLEV.842a,c.
All IRs of ACC must be opened and the charger must be turned off: EV.8.4.2 a., c.

4.5

GLV items

%ﬁ’f%/ W) (BE/NYTY)) Auxiliary battery (LV 73yT 1))
BERRERFIE. BILORKERUTTEHTH5IE: T9.22
Overcurrent protection operates and trips at or below the specified maximum discharge current of the
cell.: T9.2.2
#Bah“Ea—XFE-IXBERIRE--"LSHE Refer “Fusing or overcurrent protection device” below.
C HBIEEEEMEOHN—THZTHLE TI23

The hot (ungrounded) terminal must be insulated with non—conductive material: T.9.2.3

10



4. 6 Other items

Wiring

- ETHRICEROHIB TRV T HEAMN LY,

BRIV CREL. ERIL—LICEETHILEHET
B

Many vehicles retire due to ground fault of electric wiring while

running. Wires should be protected by conduit and fixed to the

frames.

Ea—XF-ITBEFRREFRF Fusing or overcurrent protection device
- Discharge [, TSMP [ZlZba—XE I T#H5: EV.5.6.3.c, EV5.85
Discharge Circuits, TSMP must not be fused: EV.5.6.3.c, EV5.8.5

- BIKERDODERBEINSEY M OBEARE 150mm ZHBZ D5 EIZ[EE2—X%FER(T5: EV.6.6.6.
If conductor ampacity is reduced and the length of conductor is longer than 150 mm, additional
Overcurrent Protection is required: EV.6.6.6.

- Ea—XFEREFLTNARATHD,

* FFITHY DA Ea—XFERFEEEELRETETEIV—VUEHERTHIE, EVE6.2D.
GLV IZERENAE1—XDERERIE. BRARICE>THEONL-O, EREREROFSUTE
HETD
Fuses are devices that protect electrical wiring.
Especially main fuse for HV should be selected with consideration of the characteristics of wiring and
with a margin for protection. EV.6.6.2 b.
The recommended fuse rating used in the GLV system is less than half the wire rating because the wires

are used in bundles.

HE#h -7 —XR Grounding

- BREFHOEHIZ. TS B@mMS 100mm LINDOBEMHEIMRIET—RTSHE, EV.ETI
EV BERREFICIEZSUA —LA—E—TENZRIE T %: EV6.7.2
To prevent the risk of electric shock, conductive components within 100 mm of TS components must be
grounded. EV.6.7.1 Resistance is measured with a milliohm meter during EV Inspection. EV.6.7.2

* GLVMP Do v —E[FHEHAVNEIE D KIRUVEER (] AWG16, 14 LLE) ZESERLY,

Use thick wires (ex. AWG16, 14 or more) to reduce the resistance from a GLVMP to the chassis.

- CFRP BEDAVRICYMNRTAIIRTAADTILINZHLATHEITEFE TS GND BIERSUMER
(T THERV EEZ T(F 5701 CFRP £ BAYVV 1 DHBELENDEIZLDIZENH D,
Composite bodies such as CFRP may be designed with GND measurement points on the body that
connected to an aluminum honeycomb core or similar inside the body. Lamination of CFRP and metal
mesh may be required reduce resistance.

. E*'Ii”ﬂnn@?&iﬂ?&?n(blﬂllm’c{i F—LIFAERA b EHLEMEHRHDIE, BRIZF—LTH
When measuring the ground resistance of conductive components, the team should determine the
measurement point in advance. It is recommended that teams should be measured in advance.

Display for driver

C UTOEHEBBIL FSAN—~ADERRTAICAI— I+ FEO#MEFERAL TR G5,
DIy T O T BREFIILY,
@ EROBERATLNSHILI-EREEALTNDIL
@ EmMHIEHSRATLIOYVESh TLNSIL
Smartphones or other device may be used to display information to drivers if the following requirements
are met. Note that this device does not need to be shutdown.

(@ Powered by an independent power source from the vehicle's electrical system

@ Disconnected from vehicle electrical system

11



5. TF73I—X—%— Energy Meter
5.1 —f%Z818 Overall
5. 1.1 "KRETERTDIFTI—X—5—(EM) Energy Meter (EM) used in this competition

5.1.

ARETHERT HITFP—A—F—(LIFSE2016 Energy Meter | TH S,
The energy meter used in this competition is the FSE2016 Energy Meter.
C IF A REETEEBICIVKRESERPICERIND,

The Energy Meter will be distributed by the Competition Organizer during the competition.
C IFO—A—E—OEA. RIANOFEMICEALTIE. KENRTvIESETLHIL,

Refer to the Team Handbook for details on the distribution and return of the Energy Meter.
C IFO— AL BRI A-ODERAARI AL FETF LN ERT HE,

Vehicle side connectors and terminals for connection to the Energy Meter must be provided by the team.

LUTODE#HRESEITHE, Refer to the following information.
- Appendix 1 FSG Energy Meter Specification
Appendix 1 FSG Energy Meter Specification
C ARIADEHE (QARVIA—I—D website D AFATHE)
Connector specifications (available from the connector manufacturer’'s website)
- Bf TEM(ZFo—A—3—) DEY{HT] (https://youtube/fOTDZrsabxg)
Movie “The tutorial about Energy Meter (EM) Installation” (https://youtu.be/8ajtJ_dw-3c)
© TFP—A—B—MD3D-CAD T—%(FSG website 1> AFAJHE)
Energy meter 3D-CAD data (available from FSG website)

2 E(TT—9DEEEHRKE Y I O—R Recording and downloading of driving data

BNBEROETT —REITFO—A—2—IZRBFEIN. TOT 2RI Wi-Fi BIETEVO—FEhbd,

Driving data during Dynamic Events is recorded on the Energy Meter, which is downloaded via Wi—Fi after

driving.

C IFO—A—F—[E LV EREHV ANDREIZE>T TR HRE—FIEWi-Fi BIEE—FI1ZEH
MIZEIUEZ S,

The Energy Meter automatically switches ON

between “data recording mode” and “Wi-Fi |gm
communication mode” depending on the LV [LV power |OFF OFF

power and HV input conditions.
L EAT—SEBBEIALSREED. ETT [
—ADRFEPRBHITERELTH O STA [HV input  |OFF OFF

ON

BEMEMHD, EV.342,EV.343,D.13.26 —
Wi-Fi enable enable
Since the driving data are used for judgement, |communi-

missing or non—submission of driving data may |cation disable disable |
be treated as a violation. EV.3.4.2, EV.3.4.3, mode Tdowr;lcr::;:vailableT
D.13.2.6 Data loging

R —RIRA T4 IS EYIEEESNIIG |mode  |dsable | disable
FTHYYO—FEhd, ZORMICELT Lloging evailable

(. RENNTVIESETHILEVI24
The driving data will be downloaded by the official at designated area. For details, refer to the Team
Handbook. EV.3.2.4

12



https://youtu.be/f0TDZrsa5xg
https://youtu.be/8ajtJ_dw-3c

5. 2 ##BHYEIE COEERZEIE Notes on Mechanical Aspects
5.2.1BFZ Summary

=
=
i

==

=)

BEZEFE B < Prevent HY exposure
L & & %P5 < Prevent water splashing
&R L Ao Uy Not block Wi-Fi signals

F v hETEEACEFIR. HFET-LPERT D
Nuts can be prepared by Competition Organizer,
terminals must be provided by team. =
#EA sy bEELE Don't use 'Locking Nuts' X@
=L F4E®  Fasten with hands at first

. AT kL2 EE Attention to the tightening torque (10Nm)

F—LHAFx R EE % EE Team provides connectors and pins

BN #RE  Appropriate wire gauge (AWG18-22) /

N

AT bl E = Attention to the tightening torque (0.6Nm)
HARAXT1ERL Making with HARAX

L ¥ =it btd

Align the key with the keyway

AEEBTOEZLRERER

,  Easily installed and removed at the competition
_ L > Y EE Securely attached

\ SoEEILTHOLINTS

Tighten here

FohLhaxrs e aifE
Team provides connectors and pins
PERIEAS G Ee S

Appropriate wire gauge (AWG16-28)

Pin2: GND \'

5.2.2 %5t Design
IV A—E—FRERGETOREZZERBLTRYMFTHIE, EV.322
The Energy Meter must be installed in such a way that it can be easily installed and removed at the
competition venue. EV.3.2.2
© IFO—A—A—(IMERCIREICTH A DKLLoY ERIET HIE,
The Energy Meter must be securely attached to withstand acceleration, deceleration and vibration.
C IFO— A CHERENASEER S NREBSNGIIL,
The HV part connected to the Energy Meter must not be exposed.
C IFO—A—E—LIEHKEETHA=D. TFHO—A—F—ITKAMDSIEVSATICERYFITEHIE,
The Energy Meter is non—waterproof and must be installed in a location that is not exposed to water.
© ITFO—A—F—(E Wi-Fi DERETERLGEVSATICERY T 5T E,

The Energy Meter must be installed in a location that does not block Wi—Fi signals.

5.2.3 E3£&ER Work and Operation

HV-I5F D#FEH T T RILIIE, Appendix 1 DERRICHITE, Tz, FOMFITRILIIZRLIL O FEIZK
VREERJ BT L, Tightening torque of HV-terminal must conform to the specifications in Appendix 1.
Ensure the tightening torque with a torque wrench, etc.

c F—LDEEIRIZEKY HV-InFDRCIWUMNBELI=CENH 5, AL ILUFFIERFIED =01, b
HIEHE, TETIIGLKF TERLTELL R OO AEILTHRTHI L,
The screw thread of the HV—-terminal has been damaged due to the team error. To prevent thread
breakage, work with hands, not tools, to ensure proper screw engagement at the beginning of nut
tightening.

C ITF VA RIIXEEINDSTIVNHAVERFREFEATAHIE RCILERIEESE AP HALE
HF VR IEFERALTIHLIFELY,
The nut supplied with the Energy Meter or its equivalent must be used. Do not use 'Locking Nuts’ that
could damage the threads.

» F—LDEEISRIZKY LV ARIEANFIELI=CENH D, LV ARV FE, ARITID RO EFHD DRI,
MEROF—MNE>TNWHILEHRT AL, TDE. ARVILATIILEL RO DAZEEILT
fwmHdIL,

The LV connector has been damaged due to a team error. Before tightening the connector screws, ensure

that the positioning keys are aligned. Then turn and tighten only the screw part, not the entire connector.
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3ESHAIE TOIFEEEIA Notes on Electrical Aspects

5 3.1 *E%E Summary
f 2TORSIFATYAFLEHNSEMEER N
: All Tractive System power flow through the Energy Meter :
I HVE 2 —X%E AN B4 RE(AWG16-28) I
1 Insert the HV fuse Appropriate wire gauge |
| I
I AC —IR+ HV+ I
| T fusé |
| 1
' — IR- EM '
I 0 A — Motor 1
1 & I HV- 1
| Inverter I
I 1923 MSD \ '
| — BN IEE Appropriate wire gauge (AWG18-22) |
| |_0'\-°_._ HARAX T1ERL Making with HARAX I
I e, GLYMS LVE 2 — X% AND I
I . Battery Insert the LV fuse 1
I — EV441 I
| — GLVMSTEMZON/OFFTZ % I
| Can be turned EM on / off by GLYMS |
~_ 7 . ... e e L L /
EM@OEREIFEIZ 2 WTESFTRY = & The EM connection circuit shall be shown in ESF.
5.3.2 8%t Design

- ARVEADEVEE L Appendix 1 [ZHES &,

Refer to Appendix 1 for connector pin layout.

C ARVRITEYGEEREEA—H—DOEHREIZHS L,

The appropriate wire diameter for the connector must meet the manufacturer’s specifications.

C BTOISITATVRTLEANIFO—A—4—%@iBTHE, EV.323

All tractive system power must pass through the Energy Meter. EV.3.2.3

- TF P —A—A—[Z Tractive System ) ON/OFF IZB84>53°, GLVMS T ON/OFF TZE3Z¢&,

TS-ON DfE X Wi-Fi BIETERLEITFET S,

- The Energy Meter can be turned ON/OFF by GLVMS regardless of “TS=ON” or “TS=OFF”.

Note that Wi—Fi communication is not possible during “TS=0ON”.

CWEIZIELT HV+E LV [CBY)BEa—XEAND L,

HV+ and LV must be properly fused if necessary.

5.3.3

{E%&38F work and operation

© LV ARVAFEEBEIERED HARAX AL TUL S, HARAX DEXIZBE DRI AMEELEC(ER
518 BikERAEL LGRATIERT 5L,
The LV connector adopts the HARAX which does not require a crimping tool. HARAX wiring work is

completely different from normal connector work. Read the operation manual carefully before preparing.

5.4 EV B8}® EV Inspection

C IFO—A—E—FZRYMITTIC BV BER(EV) ERITHGEE (L, TFHO—A—5—([CBYHFTSH 2 XD

HV-ifFZ /N RN\—OERTERLTHLZE,
If an EV vehicle is inspected (EV1) without an Energy Meter installed, the two HV-terminals installed on

the Energy Meter must be short—circuited with a bus bar or electric wire.
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- EV ERBFICIFO—A—2—ORY FIHIRELEBOKRLENDOND,
ZOHBAAEE. 1) EREBICKDIERER. 2) EEESRE OLWThAHTHDIIL,
The installation condition and the surrounding situation of the Energy Meter is checked at the EV

inspection.
The method of explanation must be either 1) visual confirmation by the judges or 2) photographic evidence

taken by your team.

6. cRETFERE
‘ 2024.12.26 ‘ Version 1 Original version
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Appendix 1. FSG Energy Meter Specification

electric
FORMULA STUDENT GERMANY
Formula Student Electric 2016 ‘ )

ormula
peeeeer el stu

FSE2016 Energy Meter Specification

Description:

FSAE2016 Rule EV4.8 states that a calibrated energy meter has to be inserted in the
tractive system supply lines to measure the energy used for calculation of the energy
efficiency score, and to observe whether the power limitation is met.

The FSE Energy Meter consists of a single box with 4 connectors.

The first 2 connectors are M10 copper bolts, sticking out of the top of the box. The
HV- line has to be connected to these copper bolts such that the current to the motor
controllers is routed through the power shunt inside the energy meter.

The third connector has to be connected to the HV+ line. It is mounted on top of the
Energy Meter. The exact type and RS part number can be found in the connectors
table below.

The fourth connector, shown on the left side of the Energy Meter including its mating
part, has to be directly connected to the potential switched by the GLVMS. This
supplies the energy meter, whenever the control system is switched on. The exact
type and RS part number can be found in the connectors Table 6. If the GLVS
voltage is >30V, it is allowed to use a voltage regulator between GLVMS and Energy
Meter. A reasonably sized fuse must be added to the energy supply.

Figure 1: FSE2014 Energy Meter CAD Rendering

The energy meter box should be properly fastened and be mounted at a place,
where it is protected from water.

Detailed data and information can be found in the following tables, drawings and
diagrams. CAD-data is provided in the “Rules&Important Documents”-section for the

FSE event.

If there are any questions, please do not hesitate to submit a rules question at the
FSG website.

Version 1.2 Page 1 Release Date: 10. Mar. 2016
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FORMULA STUDENT GERMANY
Formula Student Electric 2016 ‘ ) O

NI EEN g e
Table 1: Supply by Control System

Supply Voltage 7 -30VDC
Power Consumption 2.0W max
Internal Fusing None

Table 2: Data Logging
Sample Rate 250Hz
Internal Logger Capacity 16GByte
Logging Duration 200h
Data Download WLAN IEEE802.11b/g

Table 3: Voltage Sensing
Typical Voltage Range 1600V
Maximum Voltage (2s) 1000V
Sensing Principle High-Precision Voltage Divider
Error 10.1%
Offset +50mV
Resolution 20mV
Table 4: Current Sensing
Continuous Current +600A
Peak Current (1s) +1500A
Sensing Principle High-Precision Power Shunt
Shunt Resistance 50uOhm
Error (up to 300A) 10.1%
Error (above 300A) +1%
Offset (up to 300A) +20mA
Offset (above 300A) +200mA
Resolution (up to 300A) 10mA
Resolution (above 300A) 100mA
Table 5: Mechanical Parameters

Housing Dimensions 110x75x78.3mm
Weight 480gr
Vibration Resistance Tested against automotive standards
Version 1.2 Page 2 Release Date: 10. Mar. 2016
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0 I O B studentc=EnEEm

Table 6: Connectors

HV-, Energy Meter side Copper Bolts, M10, see HV- #1 and
HV- #2 in the drawings below.
MAXIMUM TIGHTENING TORQUE:
10Nm

HV-, Vehicle side M10 ring-lugs or similar

HV+, Energy Meter side Molex Mini-Fit Jr. 50-36-1734
RS Part Number: 670-4622

Pin 1: HV+

Pin 2: NC

HV+, Vehicle side Molex Mini-Fit Jr. 39-01-3022
RS Part Number: 670-4569

Pin 1: HV+

Pin 2: NC

LV, Energy Meter side Harting 21033111402

RS Part Number: 707-3737

Pin 1: V+

Pin 2: GND

Pin 3: NC

Pin 4: NC

LV, Vehicle side Harting 21032122305

RS Part Number: 623-5915

Pin 1: V+
Pin 2: GND
Pin 3: NC
Pin 4: NC

Version 1.2 Page 3 Release Date: 10. Mar. 2016
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NI EEN g e
60 25
0
N~
o
o
<
110
161 38
Figure 2: Energy Meter Top View (all dimensions in mm)
=i | |
()]
N~
(o]
(o]
Figure 3: Energy Meter Side View (all dimensions in mm)
Version 1.2 Page 4 Release Date: 10. Mar. 2016
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Figure 4: Example Data recorded during FSE2010

Release Date: 10. Mar. 2016
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Changelog:

vi.2:
Updated for FSE2016

1.1:
HV+ Vehicle Side and Energy Meter Side connectors were mixed up, now correct

<

1.0:

Initial release

<

Version 1.2 Page 6 Release Date: 10. Mar. 2016
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