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Vehiclelandscape is changing

Trends in automotive industry
[
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XEV Highvoltage Autonomous Lead Ban EVSharing
Recuperative brake 12Ir8V) Camera/Sensor Cold Cranking from have to share
Motor assist e-turbo Processor Long life & reliability Change of distance
EV mode drive e-suspension Actuator Lower self discharge Charge time critical
Sailing/Coasting Catalyst heating

Trends in automotive industry are pushing the battery to its limit
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History & Achievements o6CiBV

A pioneer atLTO anode technolog
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AHigh performance and reliability across numerous applications
AAdopted in over 3 million vehicles

AZero operational defect related to cell quality

AUnique characteristics of LTO
ANo Li plating
ANo swelling of electrode
A Self healing mechanisms
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SCiBMfor L\MAXEV

SCiBVhas been tremendously successful for 12V MHEV systems in Japal
Three new OEMs launch-BY withSCiB"in 2019
Adopted for 24V HEV as well as 12V
FromK-carto Gsegment
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SCiBMhas been appreciated for its contribution in 12V HEV
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Importance of 48V vehicle

Trends in automotive industry

1 2 3 4 5
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XEV Highvoltage Autonomous Lead Ban EVSharing
Recuperative brake 12Ir8V) Camera/Sensor Cold Cranking from have to share
Motor assist e-turbo Processor Long life & reliability Change of distance
EV mode drive e-suspension Actuator Lower self discharge Charge time critical
Sailing/Coasting Catalyst heating

48V vehicle has potential to cover four majarends
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48V as Hybrid System

48V is flexible to multiple configuration (@) Hybrid system costs in EUR

Which configuration will be mainstream? 1,600
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Source FEV
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Electric machine placed
at (rear) axle or
Integrated in axle

g S R Electric machine placed
SIS e at transmission output
transmission & clutch tpu

It €nd Sy rive

CO, emission benefitin %

Configuration of HEV system will be varied depend on regulation, cost and benefit
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48V as High/oltage Boardnet

1stgroup : New devices just realized on 48V
2nd group: existing devices fits 48V better than 12V
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BSG starter

According to increasing 48V devices, batteries can be integrated into 48V
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Passenger vehicle electrification scenario

A Stricter vehicle emission regulations are a challeng®©iBMs
AFullelectrification of whole fleet within this time span is doubtful
A48V MHEV has double benefit as Mild HEV and high vdiayenet
A48V MHEYV are poised prevail for next 1615 years

2017 2020 2023 2030

WED
>

Market share of different
XEVsystemdan Europe

Source: our research
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Fundamentaladaptability of SCiBM with 48V system

1. Coverage of system voltage range

VDA Spec|f|ed V0|tage range 2. Wldth Of Usable SOC range
36¢ 52V : Unlimited usage . . .
24.¢ 54V : Limited usagel SCiBV I 3. Less deqradatlon INn |an life
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LTO safely covers full voltage range of 48V system
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Market analysis of batteryequirement

25

I
o

Power [kKW]
o

—%
o

Power criteria
P1-P4 motor PO : 612kW
) P1-P4: 1524kW
’ Energy criteria
HEV function : 6€200Wh
' 4 "0 motor with extended device:
250-450Wh
HEV HEV with Plugin: more than 1kWh

Extended device PHEV
]

100 200 300 400 500 600 700 800
Usable energy @ EOWH]

1stgeneration 48V is PO x HEV, now moving two directions
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Segmentation of target

25 ,
[GVOUIO 3 ) /Group 4 )
20 - Motor: P1¢ P4 | MOtOIrVIEIi-I;lZL].
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Target segment can be categorized into four groups
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Challenges at each segment

25 |
( Group 3 Group 4 )
Motor: P1¢ P4
20 Motor P1c P4 | Multiple
Challenge 3:  in HEV
High current charge/discharge bnded device,
g 15 - Thermal management
o
= 10 - Groupl Group2
o PO motor PO motor PO motor
HEV only Extended device

Challenge 2:
aI=\Y® Integration to single 48V battery
S8l with ocold crank

Challenge 1:

CO, emission reduction
Small & light

0 100 200 300 400 500 600 700 800
Usable energy @ EOWH]

Each segment has different challenge
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SCiBM Cell Lineup + new model

Power density [W/L]

10,000 |
Advanced type
Power type
pA0)] C—— S
10Ah @
5,000(  2.9Ah @
® 0
20 Ah 23 Ah
2,500 Energy type
0 ,
0 100 200 300

Energy density [Wh/L]

Name 20AhHP 5Ah
Capacity 20Ah 5Ah
Voltage 2.3V 2.3V

DCGIR nocym 1.8mm

Output Power 7800W/L 7800W/L
Input Power 7500W/L 7200W/L
Dimensions | 116 x 106 x 2&hm 97 x63 x 13.5mm

Weight 545 g 1659

Existing 10Alecell and new 20AHHP and 5Ah cell are candidate for 48V
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Challengel (for PO basic HEV)

Howto minimize CO2 emission at PO motor
How to keep usable energy at EOL
under small nominal capacity

TypicaMWLTRvheel powerpattern (1500kg)
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Simulated drive test for 5Ah cell x 20S in PO HEV system (WLTP cycle)

Front Axle
TypicalWLTPwheel powerpattern (1500kq)
50 —Llow —Middle —High —Ex-High 3 Temperature
* | é BOL to EOL
20 e HE e
S 1 Tl 1
g =5 o ik l‘f‘\'{i | ’ » 8 v — - .
; ! Al "
& =] 83 ¥ 2Ll (1] » CQ emission
. O Ij
60
0 200 400 600 800 1000 1200 1400 1600 1800 48V Li-lon
TIME / SEC - Battery
shunt Cirout__ VS

* > Start-stop ICE

Physical Model
= Battery current is given by: AAN—
. 1 Intemad ‘
(Voc = (Voc = 4P3a{(,keqRinr)2) - .
lgaee = ()
ZRinr Open
= Battery voitage is calculated: o ‘
Vaare = Voc —Rinelpare
V Igart = Battery current [ A
O )
| Sacket = Vo = Battery open circuit voltage [V
L} Vaats - Battery voltage / V
H Ppatt neq = Power requested from battery | W
5Ah 20$C| BM batte rV DaCk Rint = Battery internal resistance /() | Source FEV

CQ emission in PO HEV system wiBCiBM 5Ah x20S is simulated
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Simulation condition

Cell/Paclspecifications

) _ Architectures PO

Chemistry LTO NMGGraphite

_ Discharge peak 10 kW
Cell capacity 5Ah 12Ah Power

: Ch Kk 10 k

Cell energy density 170WH/L 250Wh/L arge pea W
Cell DAR(10s25 deg.G 1.8mOhm 12mohm  OPerating voltage 36Vo2V
Pack configuration 20s1p 12slp DIVITEZENET U
(Cell volume) 1.6L 2.3L Ambienttemperature -10, 23, 4Gdeg.C
Pack energy 250Wh 528 Wh Cooling Forcedair
Packdischargegpower density 3.8 KW/L 3 OKWIL i Drivingdistance 300,000kmby WLTP

s 200G 501 Ambienttemperature  from O to 50deg.C

Packchargepower density Vehicleaweight 1500 kg
(10s,25deg.C 52V) 5.1kWI/L 5.1kWI/L

SCIiBM5Ah and LIB 12Ah are compared for the simulation
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Simulation result

CQ emissionreduction o
with reference to ICE with Stadnd StopICE Battery SOC behavior in WLTP cycles
. . : 09
— , > 509
_, WSCBSAh WLB12Ah LB 10AN S (> pc e o 50%
2 0.8 Maximum C-rate : ‘ '
c b6 Discharging : 35¢ o/
) 07 c;:rgﬁﬁac 207
o 5 ‘ Yl ' ‘
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@ 4 § 06 ‘\ A A ¥ g I
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g 3 05 =TT _ — ¥
=
£ | S S ————
A Charging : 13C
S 03
10°C 23°C 10°C 0 200 400 600 800 1000 1200 1400 1600 1800
Ambient temperature Time /s

SCiBMachieves excellent C&mission reduction by using wider SOC range
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Compactificationof nominal capacity

LiB | scigv |

Capacity fade
-20%

Longlife performance

Wide effective SOC range

20 b+ 20U

Usable SOC

-50% 400

Requirement Requirement

Usable Energy Nominal capacity Usable Energy Nominal capacity
at EOL at BOL at EOL at BOL

SCiBM can reducenominal capacityby more than half
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Solution to Group 1 challenge

25 |
(GVOUD 3 ) (Group 4 )
Motor: P1¢ P4
20 -+ Motor: P1¢ P4 | o Multiple
“3“'5"3'6 N B motor Plug in HEV
S =xtende eVIEj \Extended devicej
< 15 -
=,
o
2L Grour Group2
S S a= PO motor PO motor PO motor
Extended devic
HEV
Extended device PlHEV
U I

| 0 100 200 300 400 500 600 7OO0O 800
| Brncket e S Usable energy @EOWN]

5Ah cell x20S small battery can provide enough,@duction
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Challenge2 (for PO HEV +extended functions)

Howto integrate function of 12¥b-acid battery
Into 48VSCibbhattery

1 4

12v ‘ 12V aev || 48V Y ey rva =
NSy Battery \ =4 lo devices Battery | | devices| “..® o0

starter BSG




Fundamental advantage ddCiBM for 48V single battery

0% ‘Where iscritical point? 100%
Capacity usage -
: Usable duringey on
i 0 Reservedor Cold Crankin
In SOC [*] . . Daily use SOC zone
Reserved for key off Not usable
SCiB™ Full SOC is usable!!

LTO anode potential \

Conventional LIB Higher risk of L-dendrite

Carbon anode potential ﬁ

Practically onlySCiBM can applicable to the concept due to no risk ofdendrite
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& w S tolfd éanking Test @80degC

48V B ry Pack Sampl
8 altery Pack Sample Cold Cranking Te€&tondition
Cell Type: 20AKIP

Configuration: 20cells in series 1) Full charge at 25deg.C
Voltage: 3664V 2) Dischargeo target SOC (40%, 50%, 60%)

Energy Content: 920Wh 3) Rest : 10 at-30deg.C
Dimension: 407x193x155mm

Weight: approx. 12kg
Cell monitoring circuit included (6kWx1s + 4kWx4s) x 3 cycle (USABC)

4) Discharge : 5 kWconstant power to 0.8V/cell

Circuit

20ARHP x 20S battery pack is develop&cevaluated
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Test result : Cold Cranking-80degC

Cold Cranking Test at 5kW:-30deqC Cold Cranking Test at 6kW/4kW;:30degC, SOC50%
50 56 . 1000
Il — ks e
= 52 : : : 0
40 48 | ! ! - -1000
I i :
3 44 : | -2000 _,
> 5 : 2
o 30 T 40 | 1 -3000 @
3 2 :
E 25 E 36 - -4000 E"
3 20 a 32 | -5000
s S 5
15 28 | . -6000 ¥
10 : 24 | . -7000
SOC40% SOC50% SOC60%
5 20 | . -8000
0 ! 16 ——— 1+ 1 1 1 1L L 1 1 1 11 1 ogpo
-3 0 3 6 9 12 15 18 21 24 0 4 8 12 16 20 24 28 32 36 40 44 48
Time [s] Timel[s]

SCiBM20AhHP will be able to crank engine even at SOC 40%
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Solution to Group 2 Challenge

25 ,
20 -

2 15 -

=,

g 20Ah HP cell

o 10 - ] I

o l .

Reserved for key off
Not usable 9 - /

— Usable duringey on Reservedor Cold Cranking «
D i T T T T T T T 7 . ;

0 100 200 300 400 500 600 700 800 — 5B
Usable energy @ EOWH]

20ARHP cell x20S battery propose integrated solution to cover cold cranking
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Challenges: (for P2P4 high power HEV)

Howto maximizeEV mode witharge current
charge/discharge & protectiofmom cell overheating

Electric machine placed
at (rear) axle or

Belt-starter-generator A = : s :;;‘ 0 e-n Electric machine placed
Integrated in FEAD S EhAc S, A at transmission output
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Consideration of thermal management for 48V battery

How minimize heat generation from cell ?

HSCiBVcell is designed lower Internal resistance

How maximize the cell life at high temperature ?

HSCiBM cell has excellent long life at high temperature

How maximize efficiency of cooling in battery pack ?
HSCiBM cell can realize excellent cooling battery pack

SCiBMhas also fundamental advantage for F4 segment
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Life performance of 20AiHP cell

Cycle performance @55degC Calendar performance @ 55degC
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20 W o = - . %
o
]
=]

n SOC1®0%
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0 2000 4000 6000 8000 10000 12000 14000 0 100 200 300 400

Number of cycles / cycle Stroage term / day

Long term stable performance
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Why SCiBM is easier to cool in batterv pack

Metal housing / plate

| SCigv |

Campingstructure

LIB

Passiveooling |

|_No cell clamping structure]

Plastic case |

SCikcell Cell monitoring unit

Communicationterminal

SCiBMhelps simplify the module design which can make cooling easier

© 2019 Toshiba Corporation
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Exampleof 48V battery packdesignedby EngineeringsService Provider

1. Cell selection 3.Thermal simulation

5. Prototype

i

TOSHIBA SCI B

""" 10Ahcell

2. Cooling concepttudy

(r=w—w—w—w—n—w—1 [ m—

‘ CBatterycell [ Cooling plate BB water |

Source: High Power Battery ModulgAnalysis and Design of a High Power Module for 48V Applicatidns MAHLE Powertrain (EVS31)18)

Properties of SCiBM make battery pack development simple & effective
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Coverage map of 48V application ISCiB"

25

I
o

Power [kKW]
o

—%
o

N
Motar: P1¢ P4

tiple P1-P4 motor
Extendelydevic
\
Group?2 \
PO motor PO motor
Extended devic

1
HEV -
Extended de JLOJANE]

Group 4 )
Motor: P1¢ P4
Multiple
Pluosn HEV
Extenddd device

\
\

\
\
1
|

M 20Ah HP cell

100

200

300 400 500 600
Usable energy @ EOWH]

700 800

According to increasing 48V devices, batteries can be integrated into 48V
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Conclusion

ToshibaSCiBwith LTO anode has very good adaptability with 48V system in fundament
a) Voltage coverage b) Wide SOC c) Less degradation in long life

48V venhicle will expand into four groups categorized battery energy and motor power (P!
P4), for each group

SCiBMis able to offer the following solutions:

For basic 48V vehicle (Group: BAhSCiBV provide competitive CQreduction effect vs
more than 10Ah of conventional LIB

For Premium 48V vehicle (Group: 20ARHPSCiBVprovide not only extensive device
operation, but also cranking engine-80degC which can realize the integrated single
battery solution.

For HighPower/Plug in 48V vehicle (Group 3/4)0Ah or20ARHPSCIBM provide large
charge/discharge power with high durability at high temperature. Additional cooling In
battery pack will also support the life performance.
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