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MU 3> T D LR & 57 & Capacitor Hybrid System -ECS

9 TY, AHDEHTIE, TOHDHFL © How was ECS born?

W LIMIC L - T, EHALEIC L ® How can capacitors increase energy density?
W) I A I WX E L E 9, ® How are ECS capacitors different?

® How are capacitors used in actual vehicles?
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to get larger effective energy density
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Initializing Points

Vmax

Ve

Time
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Charge and Discharge Modes

Voltage mode Current mode
R R
V o[+ !
@ C

|:%exp(—é} ..... 2)

J i2Rdt =1 Cv2 ------ (3 Pd=(U-L)/U =1- 2RC/t - (8)

Pc=U/(U+L) =1/ (1+2RC/ t)...(7)
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Basic ECS Configuration

Current Pump Current Pump

(Charger) 1 (Regulator) [ ]
| Parallel

Power Monitor JCapacitor ‘

|
L
(serially connected units) ‘ G

‘ Parallel

Capacitor
Monit: |
onitor
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Z ZTRIT 1IF H7= 0 oprcE£T
BEExELL,

BEAEHT D OBEERX
Siemens X 1/Q 72D T

The “Ohm-Farad” Unit;

to normalize ESR per capacitance

@ Conductivity/Capacity = (Siemens)/(Farad)
® (Siemens) = 1/(Q)

o (Siemens)/(Farad) = 1/(QF)

® Resistivity/Capacity = 1/1/(QF) = (QF)

Pc = 1/(1+2RCH) ... (7)
Pd = 1-2RClt ......... (8)
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Efficiency vs. ESR of Capacitors
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80% |

Q
70% |

60%
J

0.1 1 10 t (min)

100 1000
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Pc = 1/(1+2RC/H) ........... (7)
Pd =1-2RC/t
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KIZE C SF ¥ /X3 X OLEa 3K

T9, BHERF TIIX v N ¥ OFEEN ECS Capacitor Map

WATERNE SIS, QF THEE- 78 =

il 1A X (T 4 R OB S A TR L 10p_Mar. 2000 i
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A A 713 2000F T 100 43 & 5\ T F 1

PLEDEF O 00D FER B L E T,
X TIIFERIER 2 b D &, B 100~ TEEEDAFEEIToT-b D & B~—27 TXHIL T

FRLFELL,
Typical ECS Capacitors

FDRPINS =D L EFEETCIE
<&, oM REEE/VITIE S B—
LBtV A CTRERL L Sbh b
100F X _EJE v /v ¥ DK 5 %,
470F T, ZAUTBLEEINAMES 2272
Tl <, WHEIiZ K& < 20QF & L
7eleH T, WEHEZ O =1L ¥
— BT E WO UL E W R D
TLX9,
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YD E/Lid 150 mL L-type 2QF 6.5
Wh/kg, 10Wh/L H B EfH KET 6 kW/kg £DO®/LIE K& & 1L O B-type 100 QF 12
Wh/kg, 17 Wh/L T3,

B OISR E L 5. % Capacitor Hybrid Bus System
THITFEROBEEICE S DD D) -
T7, Esqs:gée l(ECS)1105W Invgrters

ECSIZEoT 15t DY U —XNAT

Converter,
Yy KRRE, BEHDTE ¢y
T TELEDLEN)DIFRWVWRBRTH
D, FEOEEMEZREAT 5 kEOKS : Generator Motors
ThbHVELT Engine  75kw 75kW*2
—e Center drop axle

VAT DI O X 91T T5kW D FE E

% CNG=T» \‘j y*@%ﬁ%ﬁ L, X ¥ /\"\‘/& EVS-18 Okamura Lab. 12
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DO Z2EET oD T5kW Z 512 LT 150kW O EFTIE 24 U4, BB SR
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NN RV W el ot DAV i ) I e 4
(2R L7= EC-L #A4 FIZEELIZH DT,
BEOEY 22—/ —A 2D, 17T EY
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D I TOET,

FEE AN =R LB T EAR 93%, /A
77Uy RVATAELTIOEFE X
B FERHAN, HEALOWERENSRT,
H oD LR B LR T,

ZOBEETOML 5F— R TOBRENK
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Capacitor Module, Bank for Bus

Module

Bank contains 17 Modules
110 kW, 1.2 kWh
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StOHM KNS v ZMECSIZEANRTLANALTY v RTESNE L7-, 150kW O 78k

B CNG = 2 is, BEO R THEN
DENDEZ IICTLTWD 55kW D[R
E—H OAEETT, Fr /30 XiE

EC-L # A 7" 256 fiil T#J 60kg, &FEA &
380Wh T3,
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BhE EARBEIRGICTHOREITHZ &M
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BAAFEHITR L TEALWE DT
D2 EIEARETT A, NA TV » RHZ

Parallel Capacitor Hybrid Truck
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WOBEIAR L ZIZ L DB BT
RER 1.75 F o 4 N3V F K&K &
130km/hr TF, 2 Z 8o T0kW BREH
it & 60kW D[R MBI A~ A TV E
R

B EHE R v N ZITINE & B A
IZEMT A LTHO LS e U —X
NAT Yy RO TR I ThET,

IHETONBEE L DF v T & -
NAT Yy RETIEE— X — & REHE,
ZTHCE—F—" RTATFTH/NT—=
L7 ha=7 R B U XDz

Fuel Cell + Capacitor Hybrid

Air Supply System

Humidification

Fgf-‘l,fke" Humidification
Cooling System
EDLCapacitor

High Pressure
Hydrogen
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T2 METY, Lo UBRBFEME TIIE—4%—6 R4 NS REES BEICHEET S
DT, RENEHLAMNTELEXF 3 Z DA 7Y vy RERT 51360 T,
(72 B EOEFEIT FCVX3 TT 23, BEIXZ FCVX4 " REINTHET, )

FLOELT, EROF ¥ U HZDOff
WHEECSZHI L THBEEL X I,
PERDF v R X I B2 BB
WTOHEEREII»ELEZDIZXLT, EC
S CIZEWEI Y - =B P2 VW E
T, BxINHEVSTa AR ERNS
DT TITR VO TLEIFZEY HA,
PER D 1L TIHIR O NEHEHT ESR 28
HWRDIZK L, EC St RC/H Tl
ftL %9,

Flo, WERDOF ¥ /T F TV AR
EWNENERABRTTN, ECS TS

ECS is better than Capacitors

Capacitors ECS

o Elaborate Electronics
o RC/t Optimization
o High Energy Density

o Inexpensive Charger
e Low ESR
® Pulse Use
W

ECS has a bright future
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FT . XY NV HEEUAT MMUTEEREE LD LWRERBIT TWAIEND D £ A,

EMERE 2 & L £ 97, HEREZ L9 2,




