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Inverter
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Liﬁ% NEEITDIIENTEDHSNTND,
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mi

SR> A7 /x (Vehicle System)

TSMP +

Accumulator Container Inverter

TSMP—

AIR+ HV +
. N
—— O
= o—'VWJ £
_T__ Precharge Relay (NO) % P
== Indicator $ O
—_ Ex) (04
— lithium ion battery (O]
T 3.7V/cellx96series o
H =355.2V @E g
= O
= a
— AIR— HV— =)

J S & !

| HVD |
CAN
@
Vehicle hd APPS
Charger System Vehicle A
Controll
:': Charger R A

Steeringé Brake System Encoder
Major Components

-Accumulator container -Motor -Inverter (Motor Controller) -IMD -AMS -HVD -Power cable
-Energy Meter -APPS -BSE -Steering -GLV Battery -Vehicle Controller -Charger
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Main Relay+
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Inverter

HVD |

Interlock!
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ACC

TSMP

M% Clor

¢

TS-Circuit

ki [Indicator
|J1~ TSAL H

DCDC
Converter

HIMDH

Energy
Meter

Galvanic
Isolation

e

s GLV-Circuit
Relay
@ Shutdown
-~y T

@ 717' Chassis

GLV Battery
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HE W (Generator)
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Motor
ZimEHRE—Y— GRAEAGI)

TRE—5— ||

AC Motor

IEAKIRERED
Sinusoidal Fed

AYN—45—
TER>ER
Zindg3

=HRIES%R
i CERE)

L

FEAZRIBRED
7] Rectangular Fed

U #H  wi Ui
_______________________________________ > 7]
i i e ki
EERE—4— i ARG REEEEE (1PMm) Wil
s - Interior Permanen t
ynchronous i PM-roto Magnet
i BIGRY
FEE—H— ! Wound-rot: FEBAE(SPM)
ducti i
Induction : US55 AR Suﬁaﬁ:;r::lanent i
i Reluctance : MIERETF EREA (T35
TSILA O0—4— rotor
DCE—4—

Brushless DC

1

AYFRUS I YA
45—
Switched reluctance

ZRE—F—DENFIRIE

Motor
Inverter

AT = =01 )NCIE5 R RSBz g CE T AT—A—(COEsiiRz2FRE ST D,
COEIEGFREO—Y - DX AMAICLDWFREORIDORFE., 5| D TRENZEFRET S,
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< INTEIC LD A THYEEL
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Inverter EHEE—4Y—%%MHI31>M—3-) ON,OFFDIE CETE
il ( Galil))
HARE @ = Ton e
coil .
N=2TVySEE voltage t
g_D@Z{‘y?Sl;éZ%t—(ﬁJ?,HE'C‘ [ - -E (S2 ON)
2 E(CON/OFF 33IE(CdD,
%ﬁtgi,%%@ﬁﬁ‘ﬁwuan _ | = -E/Lx t Eedaapruesamigl
R hBREMRICENTED coil X \/<A /\é\ . Eiﬂﬂ%s@mu(iﬁh@%
curren
t
i I = E/Lx t
Ei___ :/s1 @ S1,S2%Z =R TR(YF > I3
coil :
il
— vitage | IO 0L LA |
£ 3 NEARARRRRA R JUUOOUETTIT
- i |
coil éfy%‘{’j‘lagﬁz;"_i?%@ét
Half bridge circuit current M/A,» n

- Z1YFDON., OFFDIEZZZ2ET, BhgZHiHldd., (PWMHH : Pulse Width Modulation)
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EDEVESKR (1B S
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ACHLES N
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AAYF ) EIREE = AR DEIRETRED . CNZF YT EIRELEIT SN
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Accumulator Container (3#4J74—313EVE/\v7U-)

Accumulator Container Inverter
AIR +

Precharge Relay (NO)

I Indicator

— Li/A>EEM
———— 3.7V/Tlx961E5I
=355.2V

=

AIR—
o,

-Accumulator(d, E=4-A\BHZMHEIIEEBEEIR THd. Flo. E—F-HOIEUESIFHEELL
BHZEZD.

B O (BMOSR/NEA) TSN, BIUEGEUCEEEZRESES.

- FVFILAASEMHMEREN D,

- TEFZIE100V~400VAERERO TS,

- SB[ LR EDIES/ ETZ{TOPower Relay (AIR : Accumulator Isolation Relay) ZPUEL TL\D,

25




26
Accumulator Container (#4&Jx—3135EVA/\vFY-)

DENFEIRIS B Between segments There are mechanical
Can be split electrically

*There is an insulator barrier

walls between sections

Amphenol’

AIR

cell segment section
= 6M] =12kg
<120V

FRMHEEHSH (BEIEZIFormula SAE® Rules 2023 |22 8g)
BIE. BE. S EISESER CAGRINRITNIERSREL,
TIAD N RO BT ERUTHEIHRZESE TRIFNIERS,

(OYI{FETIRIFIEDFERNLEELW)

D ERE I ICE@NSEDIME BIEIE TRIFNERSR,
- REHPOFTEF. I E@MHSEDFUTSRRE TITHORIFNLIRSR0,
-ACChEEEZLENPRICHBII1>DF5—4— (BEETTHR]) ZmIBIFNERSRE0,
I, CIAD N BT DES. REF ERKOED,




JELTNE P

s UFULAASEMTIBEERRPZIFILAACIIZE TS
- BEEARIIKCEENTEIUENKEW,
WA (380 T —RRELLEAR TRV /XL -5 TSN TULS,

7IV=SE

Discharge

() Lithium-oxyde Chargel ) Carbon
@ Lithium-ion(Li?)
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AR BINR C BNR C
JOEL>h—HhR—k P C 135 435

IFL>h-R*—K EC 153 465

VFOLAAZEE  STFIH—HR*—k DEC 25 445
s IFLSAFIN—RF—R EMC 153 465
SAFIN-HER—K DMC 18 458

HYU> —-40 300

AT 368 40~75 240

HE 5l FBENEEF=FbK. F3916%, ENEOSDSDSICL?
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UFILAADEMDFENANZX L

BEVTRESFIFRIRRET BRBE UTRNICED.,
A
3)
i TEARENS) iR
g 200 P
D \ %
/
_________ L —>FEE
1001 POERREE
e EIRRE DR IEHIE _
IR 4R8
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INOF I OFEFSENDFH BN SDHEL
SHEGBFEH CINRESA TIRBEULET.

OVERCHARGING
Li-Pol 10 Ah

X
® @O0

BE5|H7t : GWL, “Dangerous vs. Safe batteries, Explosion and fire test!”, https://www.youtube.com/watch?v=Qzt9RZOFQyM
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SR | 4
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HVD (High Voltage Disconnect)
DR EE RN ZEE (BRI DRT

. TSMP+ O—AAN—
Accumulator Container

TSMP-
Rt HV + 0—’\/\/\/—\\

0-'\'W_I :
Precharge Relay (NO) %
Ex) Indicator ¥
lithium ion battery
| 3.7V/cellx96series
=355.2Vv II E
oﬁR— HV—
Cl I S
H

1===1j1=

Discharge Relay (NC)

HVD 4l

|

Inverter

Steering

FRMHEEHSH (GEIEZIFormula SAE® Rules 2023 122 8g)
-Accumulator®O A fRE e (EMRE IR TE 2.
- ANDBEIR7ITA]EETHRE,
‘Bl DA O TVBRFICEZICRIZMIECHDIL.
GFEZZ T TROANTE, 10 LIAICIE/E (Disconnect) TE3l¢&,
-BERDEEY)EEWBRVED, Y-V Z2{ERUD B I (TIRIETES L,
c ANDNERIETESRCE, (UB—NEIEFEFRIENZW)

Charger System j’J Vehicle
. Controller
arger

Brake System Encoder
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Power Relay
SEEOEgEDiERErZITOUL— (AIR+, Precharge Relay)
Power Relay 4l Accumulator Container
e,
b —0~ O >
/ T I;Fé"c'hé‘@g Relay (NO) %
= il Indicator t
?—— LiA #>&th :
- e 3.7V/TL X961
J_ =355.2V [IMD |
= AR
T o5 b—0

o
qqqq
.....
---------

Power Relayld. O bO-3—-(CLH>TEBERIIEOEIRZzEN BRI —Thd.

FLHEEH GFHlEIFormula SAE® Rules 2023122 1R)
- AIR(FACCOT Rl ¥4 F A B DAz B AR I NITIRS L,
-AIR+, Precharge Relayld/)—~NILA-T>THdE,
-Precharge Relayldt#tmi Thdle (FEAXRUL —(IERATERY)
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Power cable
Power cable
Accumulator Container Inverter Power cable
AIR + ! :

11
L]
T
<
+
avl

l_ Precharge Relay (NO)
i: i Indicator i
T Li4 A&t I

| 3.7V/ L x 967
J__ = 3515 240 mﬂ
= AIR—

T oo <

=eaTiss (Accumulator, 12N—4—, 45—, &) zfESSELEEHE (Power
Cable) (. BWOIRV\ EOFEREIZHC. ALSEO—TD) (FEISvh) %
ERURTNIERS.

WS, 12V, 24VREIRLIEBO DAY —)\—RR(CAL > ZEBOT =TV RAERUTEBS,

RNERNRNEREZ [NV &Fvh] THEH I (E. ERIURVEEAZBBSTZHO
HEEROvIHLEE (Positive Locking Mechanisms) W& ENTRIFNIERSREL,
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IMD (Insulation Monitoring Device : {&#RESAREEE)

EVIC(E., iR ESRxENED
EREER B RARZREISIEITEL. IMDO#MIEZEHCERIIBENHB.

¥, BENDER

Thee Fawer in Electrical Safety™

ISOMETER® IR155-3203/IR155-3204

NAT)yF/EVERSET-ESHBEREE
(EEHEH AR

BaE

BB EREE iso-F1 IR155-3203/-3204mFL+/L-~E/KERIZ. 7L RBEEEZME

BEISGEALEDT, BIESh (B EIREIE. PWMESIZXYIRFMsRIE. Mshs
HAhsh, EhiRF E/KE~NDEFEHERIT, B, FEHSN TSI EEHKET S E_4—
ENTWET, #>T IWFE EIF KE HoSIvr—I TSV FETOEMER @R

TORELBHYET.
BIRAADLE, IRISFMEAEESh, SSTRELRMBLET . ELT. RPN LUATE
HBMEAEEICT, MBREORLELEZHIERLET . TDE. E¥ODCPAIEZHET
LET, Tz, LG EDEBITS—ORGENRNBETELWVREIZL--5E. B
BIZ7o—LZHL. EERETHIEEMLEET,

IR155(%. EfFP. HEEIMIZIS A EECEZEMT ATV, KEAOBEMEEZELTLE
T, FTNBECEHTALNINBOEEGIKADEEEZTTEELET,

FRMHEEHSH (BEIEZIFormula SAE® Rules 2023 1221
-IMDIZ. BenderISOMETER®IR155-3203%/z(2dIR155-3204 (U1JYA he&HR)
FleXBEE TOFERANERINEZEDIMDTH B,
-IMDGDFC\ SMBE AN ITAI AT ABWEEIE(ICBIEL T, 5004 —L4/VELE(C

Ejét_to
-J:uﬂﬁ.%’ﬂﬁtljul Za. Sy NMUYEREERE, IMDA> ST —451 Mkl 95,

\
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t1—X (BERREEE)

FHRHEEHSH GEHIEIFormula SAE® Rules 2023 1% 288

AREITBIIATLAOF THREEVETEZTEIZEIT DL,

RE I DEIVIN—R> MOEHETREIESDHIRL 2T

RET DI AT LDIEE L DIGHEEIREIDE BV ERTE
-Precharge/ DischargeBli&(C (b1 —X{FEHZEIE,

7S
BE&,/)1L

SER
Eg,7)1LAE

EARZFFTOE,

ABCEEENDDDT. 9 TFormula SAE® Rules 2023 1 %R 3¢,
‘L1 -ADEFECDOVNTIE. EVWGHARFEITUTWBIEVERETHA RIZE&BI 3L,

(LR, IR¥)

(3) FHEICIGE L7z e 2 — XEEH K
(e VPERE) > (b 2 — XEWIRE L 2 l) & L.
LA RED b 2 — X DBEWIRFOBRICH A2 b5 L,

) erdH &0 SECAMERLI0Ah, FRAKE %mﬂmsﬂﬁ(ﬁuCM]
I Cce Vv 282 MET 2ERERT) LRANERITER & MR
TN TV AIEAEEEZ 5,

NEEIOARTH % 2> b FHRKEEIIT10C 570 % 100A 570 &
Sz 3 LR TE D,

LUT o7 7 ik o — XDEERME L . 2V OFFABRROHEHM 2 /KT,

HOITEMERMEAI0A. 20A. 30A 324 7D a—X%RL,

vy 7RI IR AKICEETLI00A S TH 2 v A 2 b b EFRET
DHEIPFHTH 3,

TDTT 70, EW20AD D DBRZAFNTHBE LR B,

EM30A 1 X (AN HFREFOHFHNTE 2 — XN, L — A%z X 2n)
TIE20A 1 O (e VHFREHROHPANT 2 — XY N B =DV — L %= T)
FEII0A : O (e VHABHROHHANTE 2 — XY 3., L#L%MEM
SOA 1R (/77 FoBE) oELEEINIZDTHNIT
ETHICEN T 28200 H 5)

10

5sec

BRI Time [sec]
g

0.01

zF->TLBIE,

L LN S LA

30A

NN NN

B?
t)b@h?ﬂﬁ#l;&éﬂk%&ﬁ OB
51’9 T00A HNSRESHENHTHS

[ Maxi. allowable current range according to

EHE20A
10A

cell catalogs, etc.
In this example, the range does not exceed
100 A for 5 seconds

e

A

] e A SAVANLY
o

10
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AMS (Accumulator management System)

\wF)—) L DIRFEZEZRL BEFC(IS vy MU OEZRGEDSZH T .
-BMS (Battery management system). /\w>J—ECU (Battery ECU).
tJLEZH— (Cell monitoring system) ¢EE5.
-AMS[EZTIVEEE. ﬁ%ﬁi@@biﬁfgb‘“ﬁf‘%@wﬁﬁﬁ'C@é:é:’i%?ﬁ@“éo
Fiz. WIVEER/ W) —BENEUS TERVNSTILOBRICES vy MU ERRZ R CENKkHHN B,
- AMSTI(E. TSEIFRIEGLVEIFENSHEIFREN TULVD . EDLDITHBIFREN TV MIBEFEFLETIC KD E RS,

I - I | . | Isolation
solation

I £ I

B T —

T o= TS Circuit T o= ] = ] I:

L Isolation | |

T

£L| 5 LWI

_me i - = -

i—, - 2 H

EJI 71 Nowdiit T —oF g :| I:

/ 3

= AMS PCB =

—T—_m_ (PWB: Printed Circuit board) = i

T [ ]

LE_ E.E_ o
Cell == q\ AMS PCB
ells [ r—

| Fuses - Cell Monitor PCBs
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fEf%=>— I (Insulating blankets)
JAPERE(PVC, RUDLA)DESIREVEEFRIEZFF OMEINSRR S
MiEEEEEENBESNMRED HZ(X DIN EN 61112 etc.
P¥1LL—F-0>7FODFRIFRETE FRISHEBS — M LWLWTED
p : : | w_%_%h' o iﬂh *%* ./
o P — S ERRE0

EZERFICREEP(EENENBIL TLVSEMI) D haZ B B EEHD

Photo: DGUV Information 209-093, Qualifizierung fir Arbeiten an Fahrzeugen mit Hochvoltsystemen, August 2021
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(1 Protected by sleeve from HV touch
| CATIII, 600V

feiRighust BVWEETIEEZAEL EFIAEZED S
(AT A—LTRA)
> ENB]L>>500V

B KCEEMZIET, EEMEITETRENHSZL)
> GAIENRA > NeERRLEEMEIET

ex. 500V %z LVEPGaAEIZENN
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FEP EMREDES

BRI BIFERTF IV (FBEDFHIET)
> TSMS%iR<. GLVMS%1#k< (Lockout) > P7X1LL—5F-I7FOEBEEA>TT—4—and/or
> FT—(IEIEATERVLSICEIETS (Tagout) TSAL=Green TTSE&EENHigh voltageTRUL\C&

(1st check)

> TSMPEEWN OV (0 VHESR) Thatz
Y—Fy T A5 —-THEN®S (2nd check)

.J'l

> HEBIEIOENBIEDMEL ETHE L%
HERIEInET TN DD

HV+
© Hv-
GND

> KDODICHZ-T3J%1EATS (EYEBEEARL)
> 12V)\w7) BWDA+L (=GLV battery)

% 1 BE5|H7c : OUTLANDER PHEV Model year: 2016 - 2020
https://www.mitsubishi-motors.com/en/RS/oceania/OUTLANDER_PHEV/pdf/GGW-ANRS-ENO2.pdf
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X 0 VHESRZUIL8 . Mgz a L. /F¥2932¢

> HEWOSMUIZORIAPIRFIC (IR Z I 5
LRI B (CIMNBVELIITITD

> =& (High-current path) ENNOIEBDImF(EMLIL>F2RRVWTEDATITS
> BM{EREDERRR(C. TSMPD 0 VHERRE . HEBIRTUAIEZITRVE R THD L2 ENDDE
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iR FZE DA

£ FSG by Shidhartha De

BiRFR ‘

Insulation gloves

= Insulated tool

[

HBRTR A’

F
3 AITFIARTFV1dIRE
Point Remove the maintenance-plug

EEADNTEEDN-

e . BUREEMENOLSICRUET
Eyes should Cover with Safety Glass ;
If short drcuit ooccurs, melted metal flies around r

-

Point {EREPLIABMERHN-ETS
] TEVEROETICLSmIBEHC

' Insulation cover except for operation area

" Prevent short dircuit drop due to unexpected drop of tools and parts
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Insulate the each removed termi

nals |
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REEZEITD

> FEEOEFR TP, BIERNCBALFIESMA DL

START

<I

Equipment: SafetyGlasses, Insulated groves, FireExtinguishers
Accumlator container (Unloaded), Charger

f

ESO).

(o]

Wear PPE for 4-members (includin

{

Check that the dummy HVD is pluged and indicator shows
below <60V. Check ACC' s HV coneectors are covered.

(

| Load the ACC on the hand cart by rifting 4 members |

(

| Secure the ACC to the hand cart using a rashing strap. |

Preparation

| Connect charge shutdown circuit to the LV connector on the ACC. |

{

| After uncocver HV connecters of ACC, connect charger's output connectors. |

4

| Plug HVD, and supply 12V to the shutdown circuit. |

4

| Check TSMP voltage is from xxx V to xxx V. |

{

| Check that power LED is ON after connecting it to the AC socket.|

Switch on the charger
v
Check charge current is from xxx A to xxx A.
D.] .
= Charging...
m T
@ | | Check that the chargers "End of charge LED” =ON.
O ——
Check TSMP voltage is nealy maxmum TS voltage (o V to xx V).
—
| Turn off the charger |
: —~——
| Tum off 12V to shutdown dircuit, unplug HV and LV connectors from ACC |
——
Cover the HV connectors on the ACC
g ——
5 | Unplug HVD and plug dummy HVD |
LE —————
Check ACC indicator shows below <60V.
——
Check TSMP voltage is ZERO (from o V to xxx V).

%«

BEOFREFIEDOH JO-Fr—MNENTERWL)
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PEECIOAFFIOCIEBEDU7 I (AliexpressiZH)

3.2250

3.2200

3.2150

o~ \_\V/_\/\'\f“/\i \

3.2050

voltage/cell

1000 n=24tJl
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https://www.tfd.metro.tokyo.lg.jp/learning/contents/lifesaving/contents01_1.html#beginning
https://cpr.heart.org/en/cpr-courses-and-kits/hands-only-cpr
https://cpr.heart.org/en/
https://www.fdma.go.jp/relocation/kyukyukikaku/oukyu/index.html
https://www.tfd.metro.tokyo.lg.jp/learning/contents/lifesaving/contents01_1.html#beginning
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BMHOmMA, WHE6MA ZEBX3EESOERBTENITRRS
BRIENKEVETROEME (MFLE) (CEBWS

10 000
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0,1 0,2 05 1 2 10 20 50 100 200 500 71000 2000 5000 10000

AMFEFNBERERDOATI[MA]
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