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ﬁm : Batteries in a Portable World
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Top 10 EV Battery Manufacturers (2014)

The top 10 electric vehicle (EV) battery manufacturers in terms of sales (MWh) in 2014,
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Beijing Pride Power (BPP) D 121
ACCUmotive E 103

Air Lithium | ] 102

Tianneng D 77

flan: BV Obsession, LG Chem Trying To Steal Tesla’s Home Battery Storage Thunder?, Aprit
25th, 2015 by Zachary Shahan.
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i1 : CleanTechnica. Samsung SDI + LG Chem Top Recent Business Assessment Of Lithium-lon

Battery Manufacturers. 819910 Navigant Research Leaderboard Report: Li-lon Grid Storage.
July 12th, 2015. http://cleantechnica.com/2015/07/12/samsung-sdi-lg-chem-top-recent-

business-assessment-Lithium-ign-battery-manufacturers/
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w1 : Global EV Outlook 2013, IEA.

' U3 Siemans. Pictures of the Future: The Magazine for Research and Innovation. The Numnber of Electric Vehicles Is

Growing on Land, in the Water, and in the Air. 20 August 2014.
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Fiau - Rapidly falling costs of battery packs for electric vehicles,” Nature Climate Change, Vol. 5
(April, 2015): 329-332.
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" Navigant. Electric Vehicle Charging Services: Level 1, Level 2, DC Fast Charging, and Wireless EVSE for Residantial and

Commercial Car Charging and Commercial Charging Services. ritps.//vaww. ravigantresearch com/rosearch/electric vehicle-
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? Green Car Congress. Navigant Research forecasts EV charger global market to grow to $3.88 by 2020; 27.1% CAGR from
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71 : Peak Energy & Resources, Climate Change, and the Preservation of Knowiedge. Vehicle
Charging Infrastructure. Posted on April 28, 2015. http://energyskeptic.com/2015/electric-

vehicle-overvieyw/
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2 Computerworld. A shipping container-sized battery is required for fast charging an EV. Jan 21, 2016.
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Charge your electric car in 15 minutes

EPIL researchers propose to store energy from the power gnd n a buffer 10 allow
ultrafast charging of hundreds of electnc cars with gnd overload protection

oy B9y

Refueling time Charge time Charge time
80.

W 3-4kW W 100 kw
Casoline and diesel Electncity, home charging Electricity, ultrafast charging
96% of today's cars Rapid refueling  Most common charging method for Buffering allows for rapid charging of
and long range, but harmful for the today's electnc cars. Growing risk of hundreds of cars without overloading the
environment. overloading the electnie gnd due 1o electric grid,

increasing popularity and power

Tequirements

fian ; Computerworld. A shipping container-sized battery is required for fast charging an EV.

Jan 21, 2016.
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Global Cumulative Charging Station Deployments (2014 — 2020)
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71 : IHS Automotive. Global EV Charging Stations to Skyrocket by 2020, IH5 Report Says. May 28,
2015. 8719310 Global cumulative EV sales with fast charging plug standard (2010 - 2014).
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Global Cumulative EV Sales with Fast Charging Plug Standard (2010 - 2014)

® CHAdeMO
(Charge de Mova)

& CCS
(Combined Charger System)

B Other DC + Fast AC

Sourte IHSD Automctive 2G154HS

#i31 : iHS Automotive. Global EV Charging Stations to Skyrocket by 2020, IHS Report Says. May
28, 2015. 879310 Global cumulative EV sales with fast charging plug standard (2010 - 2014).
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Global Electric Motor Market is Expected to
reach $1,29,085.4 Million by 2020
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Growing at a CAGR of 5.07% (2014-2020)

a1 : Allied Market Research. World Electric Motor Market - Opportunities and Forecasts,
2013-2020. Nov. 16, 2015.
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a1 - Allied Market Research. World Electric Motor Market - Opportunities and Forecasts,
2013-2020. Nov. 16, 2015.
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#11 : Allied Market Research. World Electric Motor Market - Opportunities and Forecasts,
2013-2020. Nov. 16, 2015.
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Magnesium 30-70%
Carbon fiber composites 50-70%
Aluminum and Al matrix composites 30-60%
Titanium 40-55%
Glass fiber composites 25-35%
Advanced high strength steel 15-25%
High strength steel 10-28%

A US, Department of Energy. Office of Energy Efficiency & Renewable Energy. VEHICLE TECHNOLOGIES
OFFICE: LIGHTWEIGHT MATERIALS FCR CARS AND TRUCKS. 2014. hitp//energy.cov/eere/vehicles/vehicle-

technologies-office-lischtweieht-materials-cars-and-trucks

* (5. Department of Energy. Office of Energy Efficiency & Renewable Energy. VEHICLE TECHNOLOGIES OFFICE; LIGHTWEIGHT
MATERIALS FOR CARS AND TRUCKS, 2014,



NS84 Lightweight, heavy impact %83 McKinsey $lo¥ AL boals WU N3lETA

GH|

q

mwumm‘tuamawniiumuaumuLau’ﬂuum{[‘mwuaa‘uuu’lﬂm’lama'mmsuaua&l’lquuﬂmﬂm o

’Jﬁﬂu’\WUﬂLUWVWﬂﬂ'?!EILME’Iﬂﬂﬁ’W’l’l’]&JLL‘NLL‘NE‘N aamuau LtSJﬂ‘uL‘ﬁEﬁJ Wﬁ’ﬁﬂﬁ]ﬂﬂ’]‘iU'@ﬁlWLU’ﬂﬂﬁtm’] U

Sodumsltiiutuanntosar oe Wi A.7. boso Wudasay ve 1wl A bomo Tushunus mu‘[ww

Bunsiiinturesiaguirminuiiviafomdniifinnuudausegs (High-Strength Steel: HSS) Loty

nnfavay o \Judevar ma vasdndiunisldTagimdniumnusainy sesawnde agliillon uae

WATERN AINAITU (MAUNN b-01c)

ununNwil s-ec ABNITAINTIETaRIwInN

Aviation currently uses the most lightweight materials in terms of share,
but automotive will catch up

Material split xx% WP Lightweight Glass fiber B Magnesium [ Other light metals
Piovretn 1 il .
Teinen share Carbon fiber ¥ Aluminum Steel (< 550 MPa}
# Plastics B Hss? ¥ Other nonlightweight?
Aviation Wind Automotive

26% P =/ 426% ;g0 ) TN

52
467%

2010 2030 2010 2030 2010 2030

1 HSS, aluminum. magnesium, plasfics (beyond current use), glass/carbon fiber
2 High-strength steel {> 550 MPa)
3 Mainly other metals, glass. fluds, interior parts for automotive. etc

SOURCE: McKinsey

i - McKinsey. Lishtweight, heavy impact. 2012.
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#111 : Boston Consulting Group. Batteries for Electric Cars: Challenges, Opportunities, and
the Outlook to 2020. 2009.

iy A EaNYean 15T uaz AL AvsussuuAnIfuwdau nismeday
UstAnBnmuusnesakuusad kasuuuuia madmhesnfundsnulildnuianiuuvas
widu nswanuagiirzinaseuianuunnsitasiufulsey msllufavazidauunned
wazn1TItud LS AuUTEgBann Weaditesdaud uasdilugnisdesenuunineulvaidle
NI UNTON G Sullunnsaiesdnmuidmivsesiuanuinuitagnisudsuulases
weluladluewan wasfunalndrdiglunsaduaydliiingnamnssunmandeTanfuiisesdu
Arandauunnes wisnsudngunsaliniAundsenld mmeludszine dadagdu Usaindlneiins
FFouazWaurdiu wumneiuarsruuniIdantsndsnudivivenusudivilasan ity
wiwnuniasy dondunisiine uazneenau laewalulad i léun weluladnisimioe
fafundseuividouutuwamdinuiu smsgunislioy waluladmssdawasinduan
T4lnid mManasearWauiLuudiass waluladnsduaziiasinsennaaouianuaznin
waduumae? Swkinaiasshimalulad deveamalulad uevserninug sualdRUT A
FlUF iR sIuasTEUUNsIANI Nt g mEus meud (uunmd @) Hall Tuszes
&y orasudun1sdtouasmunludnumsveanmasenauduniiawunnes Tnonshdigaduy
ALHBIINATING Wiiwadeyeslugiuiusely

ooy



LHUATWA -lo 9TUIBULASNRIUIATULUALAD S AL TSUUNISIANITHE I TUEWaus L Ty

Uszwelng
I S Ty 3
I maTuTafimmnimitodiy
PPV Anwdsautlldnushusy
A UMATAN ISR e IRTER RS AR AT

igad uaz module
(nmMsmesoouny
RITERY-T.%)]

nalulainmssaaned
uasiiamnivissoauisg
uazHAngaduunikod
U8z capacitoruuraldn

msitrnnivalulal
auvasnaTuladuszesdanu
uarhiid1inmviald

fin: dninamiauninemansuazmeluladuieni. lenansysenaunisdseay Fee midaasu
s A luUssmAlng-Ussiduauinemansiazmalulad. bl Wwsy beda.

Clo  fulawmasLasIzuuiumdsusuaud i Tuuszwmalne

ludsznelvefifuszneunsindasaweiassuuiuniouililumagsramnssusiieg

L2
[

woauAds dwlnglfuneinedniivnir (Induction motor) Fausenaunisinanifidnonn
Wimelunisuiudssnszuunisedadunlunewesilddmive e udini

JaqUu Usundlnefimsviridosasianiieduuareiuas ssuviuedeuneaums lay
drilvgilumitouasimunduntsasnuuulasiauuamesinin nsepNLUULaENaILNTEUY
muaudmTueugudlni melulaBmsduindou Sunetnes msuszneududndusolniiuas
NINAFeUUTEENTNIN N1TDNUUULATARIUNSEUUSEUIEAMUSDULAE AU AE1M UL TLEUA
Lyl warymmuaudmiuseweinsruansalifiuusatiu usmesuswimuingn Unuamit c-o)
YonaNLy ‘Uszmﬂlwaé’aﬁ@ﬂisnaumiwﬁmmaLmaﬂw%ﬁﬁﬁnﬂmwazﬁﬁumns:mum'swamﬁa
Musmoidmsususualafiy fady AMHMUITANTDINTIVLUA TN UIM UL BS LAE TEUU



Furdeu eosjaiiilunisiiuysedvinmuemamosuianne dehuldluguusln nsh
uoesuasssuutuedounnliivenusudlwihegmnyan saludimsimundusuudewnas
wavssuutundousiinieg dwiuetusudlidia ey wewesnizuanseliuasdiu veines
s uusiman sewmeslnihnssuaadvriamdemimaroma viovewmeslunuds Judu

o aw o o ¢ o ]
LHUATWN &-an \1'\14']5]EJLLﬂ:WWUﬂﬂ'\uﬂJﬂLﬂaiLLﬁﬂiﬁ‘UU'ﬂ‘ULﬂﬁﬂuﬂ'\uﬂUﬂ‘lﬂﬁfLu‘U‘izL‘lﬂﬁl“ﬂﬂ

BAMS Master
CANBUS +— .
annd |-'
BaneyMomicnng [~ -+ - . -

L - . : Board

’ ; . | o - -
T o
AISABALLLURTARIUY o

ssuudanmsuuaiaot ‘ I" Ik
! | 7MUY dayusnii (BMS) S 11 i

AR

.. . Aummdngniu

50l (ECU) AEEALULUASWRIUY

FEUUTSUIHAMNSEUUSY
asiusndmiusaivvh
i (Cooling & Braking)

-

nmlszaaududiulusoiiiussns
waaauls8nEnin (System
Integration and Perfarming Testing)

- I

MSBBNLLLURY
Wansiswrofivda
{Electric Motor)

waTulabmsiuirfou
(Motor ECU & Inverter)

fun: diinauimuingmansuasivalulauiand. enansUsznauniuseyy Ges msdudsy
grusudliilulszmalne-Ussiusntdnemanswasinalulad. ble WwsY beds.

o grumsvauilaseafraiminundmiususud Wi Tudssndlne

= i/

Uszwalvaiugrunsidne e usumnu $aifuszneuntslumesdadudulasainsly

Usenalnesnunn wiiifestossnefanunsandatudivousudarnininndiannaudusegs
wardfailalusedu Cold Forming w1ty nsnanlasad1aminiunludssmelnelungs
wanndmnundusgs mandnegiidon eedlndasasmiveuldueiiifuszneunisinedesse
- o o Vo @ v ' =~ 4 v .

fannsaviiniseaals Fadudusensunmslunguansiugumansasnszuaunis Cold Forming
Tnedsliianunsasiunisnaslusssu Hot Forming 16 Fafafimsdndiuivsznavludseive
dmivlunguegiifendusznounisinedulngununn dowidugilesnslénssuauniivde
wazdelidhunldludiulasiadiaiuuss wilpsnnsauasinaluladdmivnguaeuindn way

k2
1 =t

watafnaulvas ug&ﬁa'lﬂu%uehumaluﬁmu%a%udwmmwiq wazd@msuans voulwiuesi

<

&



an

gusznaunsdasneianliunisnde wavdnlvgldlutiudrunuuds audiulédn nedmwiannu
wisnluToasguniaineasuanaudfidsiuainudasndsuesdudiulpsiadne iy ndesdle
nAFaUNITY LAsBellavndeuntsdu Wi

defsanmaifuussinwisulasei s mdnudmiueusudiniive o tud s
wazanuMsAnYINUI Aneansaiivinld wu msuiuuplassaisosudlasansunalng
Weontsnaasuuuunanadt nsuseiiunslindsuresdunuusalasansingn nnswamun
lassasrauradsalapansiafitauinnans nshessstrnuudusdasadsidualasusas
Auluusnlaean s msﬁnmuazmﬂwmmﬂiuiaﬁmiﬁugmwu Rollform (Waunmil &-«)

RAUNTINA - Mudtguaznauisulassadradmstnuidwisustusudlnwsihludsavalne

tasonsnnlfinly
Tanvafwsooudiaaans
maingitianimaaau
UUUWENAIY

MU lasisfngss
snlaus s Ivd vuNanme

msilessvaruutousy
Tassasodaduaziag
wisddunuusaiates

¥

MTANMURE
armmeainaulsiinsiupluuy
Rolliform

Maximum Stress = 55.4 MPa
Factor of Salety =451

un: dndnouimunineraniasmealuladuisnd. enanssenoumstssa Ges nsdaesa
gusuilwihludssnealne-Ussifudwinemaniuasvalulad. bl wwsy beea,



€& AWPENAMNEWITO lUNMTRRILTIWAlLladyusud U sEmAlne

FetsuasnseanuuuLarRauIdud1y gunsal warssuuRldlususudlui Wy
lassadredadesolneans wwaddmsusesfununned aunsaldafsfidrdunemned nowmas
dnnIeiing W switched reluctance motor (SRM), Brushless DC electric motor (BLDC) iy
fiu szuuAIuAn (nverten) AlddmiunuauauBuraunrissiiuenia uavaiuauueines
puUnTRiATUANNISYILTBAAT B (Electronics Control Unit: ECU) Auidslyi#ia (Drive by
Wire) iloAruRnnITiuTestaime sV LS UASY wazausauusruunsTule
FNNANABINTS 1 Eco Mode, Power Mode gy unausnd \lusiu wagsyuuuimsdanmsuy
mina3 (Battery Management System: BMS) agiidnat1snswmunmalulademueud i ils
ANIUNITUAD DI

@) NTWaIIelagalsIWANduLU

FinecuRawIInemansiasinaluladued @) laandunisfauinuluuse
Topanslfuuimanuem « wes leenisseniuulasadueed Wesesuuunmeaidmsuldly
mMitudeukarsrUUUUBIMATEAINLT T Uasndy saudmisssnwuussuutuedeulnih
BDNLUUTLUUMIUTEY LN sz‘uumuﬂu"l,wﬁﬂLﬁ'ammumiﬁqmu‘umuama% waznsiAdaudig
wunmeidesnifisunlunsiaseiuinnduy wavindisruuriianuduressalasansiniiale
aunsalduld salpsansinifieanuuuil aunsoiald mevo Alawnsdensuseald o ads
il ‘Lumiﬂiquwwﬁqﬂ% e & Falus (WU &)

WHUNTWA &-¢ Amae1an1snmunfunuusalasasiWihvesssindlve

i

|
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Body Structure Analysis
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Interior for 20 Passengers
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Battery Pack Design & Ventilation System EV Vios . Specifications
Inlel @ cooled air Ll e i ,;‘Peed (k_m,h P 120
comparmEmL e ' _ Per-charge Range km) __ 120

Maximum Motor Output{kW) 45{75)
-l .
Maximum Motor Speed (rpm) 4500

Auxihary: ar flow 7 773;;erv T\,rpe- N Li-ion PF

outside bottom of battery T T B e s

pack due to asrodynamics Battery Capacity (kWh) 19.8
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(Max speed 80 km/h)

Continuous Variable
Transmission (CVT)

LiFePO4 Battery (50 Ah)
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