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Executi@@mmary

The world's automotive industry is changing direction in this decade
development of electric vehicles for more than 20 years, many of the wo
automotive manufacturers have announced the stdriveihabeottictehicle
and will reduce the number of internal combustion engine vehicles.

-

This research project aims to study the key components of the elec
prepare for educating and training personnel in Thai automotive industry
manufactimeluding those who work in both the automotive manufacturing
sales service sectors.

In this study Nissan "Leaf" has been selected, since it is the world's
electric car, also Thai Automotive Institute hasspunlghasetbthes &s this
regard, the researcher has bought used Nissan "Leaf" earlier version in
Japan as a model to study, because it will have the opportunity to see th
development of electric vehicles from the202Ql6adet® at Thai
Automotive Institute.

The main components of the electric vehicle's Power Train and Dri\
A. Prime Mover is an electric motor that supersedes an internal con

B. Transmission or transmissicthesysiginos sirilar to current vehicles
But it is less complicated.

C. Motor control system. It is an electronic system. It is similar to th
control system for the internal combustion engine. It changes to control t
speed bkt motor.

D. Battery System and Battery Management System are responsibl
effective energy control.

In this study, the differences between main components of internal
engine and electric vehicle were compared. Thet&i&1P@otemsran
Magnet Motor (IPM) which connected to transmission directly. The maxil
The motor power is delivered through a single gear ratio differential gear
Is 7.937 from motor to both front wheetaitidleinibi®icalled an inverter, wh
converts the direct current power from the battery to alternative current r
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-

motor by applying different voltages and frequencies to adjust the propel
the rotational speedr Amotinant function is to generate power back to bat
the motor slows down or stops. During this situation, the mechanical pov
inertia creates a reversing torque as same as a generator that generates
way to savergy. This system is called Regenerating Braking System. The
module (VCM) is a device that connects all parts of a vehicle, the motor
control system, water cooling system, lighting system for lightamgl air conc
safety system.

The battery pack of the Nissanviodiaf asrena®ed Lidmurattery with a
a_n_agrwOmdO02i Uf, ORfcO" rrcpwOk
acjjqOdpmkOgkn _ar O_ lish530.50¢ 1188 x 264®Imm
and the weight is 295 kg. All battery parameters such as temperature, Vvc
all cells are measured by Battery Management System (BMS). BMS anc
communicate and exchange dats\@anCalhrMetvork). If any critical faul
occurs, the BMS will controls main relay in the Junction Box to break the

In this study, participants were introduced to learn electric vehicle p
systems, including the staffs ofiv@anstutdamuaitill understand the operation
the motor drive system, battery and charger. Especially, Thai entreprene
knowledge to manage their automotive business to support electric vehic
also aims to guiderésdlaech for EV parts locally in the country.

Production process of internal combagspmanmgcwmponents are us
aluminum casting prockfereithcasting presswakeaadcrecise dimension b
machining process. These processes can be applied to produce electric
Other special manufacturing processes used for the manufacture of engi
in the manufacture of electric metdi®weyar, the engine parts manufact
Thailand are the part manufacturers from foreign companies that the car
to build a production base in Thailand. These manufacturers are w
modifications of prime muekr ahddhey are expected to be prepared for pr
This opportunity for Small and Medium Industry should start with the de\
parts in Thailand by learning more about design and specification. -
incorporate withdahAdtomotive Institute, Ministry of industry and Ministry c
Technology.
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Power Control Unit

Electric Power Steering ECU .
Lithium Battery Pack with BMS - . -Traction Motor
1.5 KWh ~ 40 kWh/ 144V ~ 380 V i ¥ O (5 Inverter
=y & . -ISG Inverter

-A/C Inverter
-(DC/DC Converter)

DC/DC converter
1.5 KW ~ 3.0 kW

Integrated

Starter
Generator (ISG)
m, 5 KW ~30 kW
- B Hybrid Control Unit 2o
*AC/DC, AC/AC Battery Charger
Charging Station 1.2kKW~33 kW Traction Motor
5 kW ~ 100 kW
K B1)HBV/EV Powertram main Gomponents
( ADELTA)
Electric Power Control Unit (EPCU) .72
I8 o

(, T « Inverter supplies power to the motor and
4 \ transforms AC to DC current to charge the

\‘ %ﬁ high-voltage battery system | ' e
- & 2
* Integrated & high-power density SN lé'z:?t!s;ng ion Polymer
« High-voltage (360V)
battery system
maximizes electric driving
and energy regeneration

28.0 wn

On-board Charger (OBO)

« Proven performance in
various environments

6.6 w

L

Gear Drive Unit

Permanent Magnetic Electric
«# « Transmits motor power to the
wheels

Motor e High power & dynamic . -

88 «w

(118 HP)
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Normal charging connector

HDDVr-E'UGV)
i —
$

A] Chager

maﬁ:m‘ . Inverter

ﬁ ' Cﬂlmri‘eur {:ml|.|I|r1h‘iltl'iwr . Transmission

ot )| motun
[cnmﬂ:rgssna [ Heater J

" == -

Quick charging connector
Charging-to-driving process
* ’ MNormal ’Dn-board ’ _F:@ :E
charging charger

Power bDa{'it:?y ’ Inverter ’ Motor }Ttansmission } Driving

APkl } Quick charging

Charging 4 4 4 4 4 € Sromevq (A TR
K B]E® system confiQuration
( AMitsubishi
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] diff I diff
5 m battery gearbox - ™ o gearbox
’ motor ’ motor batiery motor |
3 U
(a)
motor otor motor
baﬂery battery
|
control contrcl
~ motor motor motor

K B4 Pare Electric Powertrain Layout
( 6 ROhAYanenaindpi.com/journal/dnergies

diff
gearbox
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Torque;& Torque/ thrust
\\\
\‘h—
Speed Speed
Ideal Charecterisitic of Vehicle traction Charecterisitic acheivable by an
High thrust is required at nearly starting speed. Electric motor

R
Torque/ thrust 7 srapenr
Torque/ thrust q _,_,——“T“"\\\
/"/
Speed Speed
Typical Charecterstic is of an IC Engine Typical charecteristic of an 1C engine with gear
High thrust is not available at low speed High thrust is acheived by means of gear and clutch

K 2] P&formance-torge®peed
( HQuord)
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Wi lect: Motors
DC Motors AC Motors
Brush DC Brushless Induction Synchronous
| DC Motor Motors
—  shunt Wound ’ I
Squirrel Cage Wound Rator
| Separately Excited
39
—  Seriesw -2 £ 19
| Permanant Magnet |
| Compound Wound Shaded 3 BwW Repuision
Rotor | | Synchronous
|— Permanent Magnet Repuision
Start
|| capacitor Start ek
| Sservomotor
Repulsion
| Capacitor Ru
i Induction Synehnore
N s {Parmanent-Split "= induction
—— Capacitor)
| Capacitor Start/R
L Resistance Start

K 28| Classification of etettric
( fnEledtr¢al Knowhow
22131081 I KQeelddt NEKNOLT KEO
JIF 6T I KgdO M MdogiE K \NQTIHGtSENGERN EEF ©D K
el 13t N J [SerzOyolhil @aRilstdas® MEFEMptor (BLDC)
Serieswound fgtaR I J I 6 T | K ] (®C braEl rébdi) K E
6e KELKONK®M&®RT g NT hnET nr OL h E EI

Frame __Stator

" Armature

K 20)Bfished DC Motor Construction
( fhttpd/MNww.eledtricathow.Lom
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commutaor E TKAA@D h E El O

= o —

ij N QBT joq|E K K § K Ok KK 106 Egiipih aae &K 28 N O



6 KEENKLNE| NI NeAaJ 7T IhOT T NTJTT Qeelddt N

pe ~

L 6 T&oN | H KNkl | hRA | 6] € K E i N 1 HiTFH B ®DE R
I SNhAOl J ol KRETI knl ILKMN&N I KBIK B 5 Ko J © X
helj OPenmtahentREghal)il KOG & OBlegtmagrietiinka 1 & h

Rotor Coils

Magnets

Shaft

Brushes

K B10Bdushed DC Motor Main Components
( AIER S¢rvices)

6 K 6 K D KAt ENIOS N O K ATiHSRY GIT @ KETNgH B
I 7 On EBall BeardBRHONEE] | K 11 § &End@laté)) & & TN ol @) & |
h @E Ghal ND& I k RifnheNkrd)d N & BB O & I N
J N GAéntatiir GG

Commutator_
Bearing _ <

K 211 Bdushed DC Motor Rotor
( AIER Se¢rvices)

~

Coepy BE

0 k REnat&d@N & &1 K 4D Bamiddted SnEet N

. ~ o~ ~ N N
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I KEEKNIA & DK ddtbhrnehes)

BrushSNh ol J eNKOd f DU jn ®RIOEK G NEDOP R
T IR TRl BANGDT 6T F KAT kI hol kN

ij NI @ JOqE KK § K Ok KK 1016 NI P amel) EiKna 28 N O



- Ve ~

6 KEENKLNE|I NI NenjJ 7TIFhOT T NIJTT Qeelddt N

JFEOT I KAGT NhT AReéNT oL it idgIisaig M\
T

T 1T &h EET aBresGrerOandatiribgi@®btramagnetaings N K
LAY O] kAr] T hAEEknN NI e NT SNE 68 ENh EN
JIO8T I KA KNoijTTARIAKNeNT OEOeé |

ENKOBKIG T T a7 K Bh KN@&I & N kénkiticdedod delJ
brushésnh | SerigNiund MdfiK EIED

K B1p Series wound motor
( fAhitpl//RVA0SD.FarTooMuch.Info/emotor.htm

Brushless DC MotdE(BUDICY T I KA]§ T N h® 1 R lbelh @1
R E TIkNG I6f0F [ ) ifoefiniutbEixBNGE SI Ny Er OsELhNEGH
OKRI 8 EENKIJnl ceh®b0Jnij SNINES

Hallic Stator

( Q”@

Mnm -:a-m

‘ﬁ ﬂ% Stator

Permanent Wdr\gtmpp wirg)
\ mag et

Z O
L|>x

iiearlng H-"l‘-‘-i'- 12 base flux

Electronic Speed Stator
Controller

T Permanent Drrive
F
an magnet shaft

K B1R@dnstruction of Brushless DC Motor
( fEledtrical Technology
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6 e KEL BESEh K afsendrBiCy j 1al eDskNg] K NE |
Stator Teleth 1 StaSkNdsSkbd@imtidhx N1 1 T(\WiklingheslatesaRO  (
Motdr 1 r Keeth N K E@PBOL h E El

Slotted Motors Slotless Motors

Slotted Construction
= Coils around Laminations

Iron “Teeth” /
Copper Coil

Windings

Permanent
Magnets (Rotor)

Close proximity of “teeth” to Cylindrical encapsulated
magnet = increased torque windings (no slots)

K B4 @nstruction of Stator Brushless DC Motor
( nEledtri¢al Technology
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Stator Windings

[N\

Hall Sensors

. Rotor Magnet S
Accessory Shaft l—\ \_ Rotor Magnet N | ‘
E?' f ]

\

Driving End of the Shaft

Hall Sensor Magnets é

K 1B Hxll Sensors on BLDC
( fAhttpd//Mww.eledtriciiow.com
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K BERdushless DC Motor
& 1 : fuumbtti ComAlewotdiorelectrzar. htjnl
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Induction moto@&WHR T J | 6 T | Asyahidndds Ndiar 1 XN &
Permanent ma@netoPPG n r E 6 | R Synghdohouskn@ioz!) 13+ N G
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K B3 rTeachidndtdE © r Eg 6 @MKT j 1 T gé  ET KN| Al
[ cerert otors mduction otr El cnoincter...

o BEARING SUPPORT ASSEMBIY

MAGNETS
END RING § pantis T

oBEARING SUPPORT ASSEMBLY
o LAMINATED STEEL ROTOR CORE SECTIONS |
BAR WOUND WIRE oo e |
. > RN TR
i 8 \ 3
& % B o %
Y 4 J
oy - —
4 STEEL P

LAMINATED STEEL STATOR CORI o

K B1[hisiction of bisuMotor and Permanent Magnet AC Motor
( 1 @M Nedia)
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K 291[9Iﬁ1er|or Permanentlmmter [2. 1]
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Laminated Core

Squirrel Cage Rotor Wound Rotor
Ball Bearings

Construction of Welded ot Short—Circuiting

Squirrel-Cage Rotor all Joints End Ring
Laminations 2 Copper or
Q \
g

Forming Aluminum Baors
Iron Core

Rotor
,»“'indings

Finished
Squirrel-Cage

- Squi Slip Rings ./'
Ball Bearings

K 220 Cnstruction of Induction Motor Rotor
& 1 : Eheydolddia Of EngoudiechnichubElentrical Engineering
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Permanent Magnet Induction

Rotor

K 22/l Rermanent M&oetiu@tion motor
& 1 :fittp:deMg@dweringpumps.com

~= STATOR STATOR

STATOR STATOR
. STATOR s

PERMANENT ROTOR
STATOR MAGNET
WINDING

Induction Motor SPM Motor IPM Motor

K EPRI00ss section |PNhdatidrMotor
( Armotbriwallpapkr.org
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Tesla Model S motor

K @mmﬂuctlon Motor
( nAhitpsiMsla.stractest. onmésia
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K P4 Rermanent Magnet @C Motor
& 1: BautdcNes Museum)
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Permanent magr  Inductionobor
notor
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Lithium Cell Structure
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Powertrain | Batter Range (km
Generation Mode Cur.b Synchr. Mot Lithiur:/} e
Year | Weight . .. EPA | NED{ WLT( JCO¢
single ratio |ion
ZEO: F{ 2011 | 1521 k| 80OkW 280 24 kWh| 117 | 175 | - 200
Generation Separated
(2032017) | 2013|1493 k| 80OkW 280 24 kWh| 12%! | 200 | - 228
Integrated 135!
2016 | 1500 | 80kW  28(C 30 kWh| 172 | 250 |- 280

1538 k| Integrated
ZE1l: Sec 2018|1580 |110kW 32(40 kwlt 243 |378 | 288 | 400

Generation 1640 k| Integrated | 350V/19 270
All New Lea 2019 [ n.a. | 160kwW 60 kWh| 362
(20438resent] (exp.) Integrated
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OT T 6130 kviIT @)1 DIBTOK N6 ij € ceh © 6 R90 KhenO-GinN E |
i Nj I' kK n E ceh ©)§ i i 1O E BR8] TN &nh BRKN
I NLLAT ceh © §All dwiNisdan&tied iRl L k' i111J EIRGERE & | BNk
El G REOK®E M ERD § n h OZ0KWHNII KK & 1n N @ @GR GaP ¢
378kl EENET A RENREAT T nNT NER2K6HhjHé& NNi
e | BojkednkONJ n eeonviIm ol EK@@E nE&nT EnT KT
5060 kWhd ®n 1 OK30U 6 B L KN f) K6b7HlIdneh K €ieviote (BBt
&T Nhel BOk&n OT T 6T FKir O

KT LT A TaE N - h &380N0BOh H N b N B & E20IB)E B R

L nEj Kk & ol KPurk BledciaMshicle)R i KF h € NOeOBT N
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in 5 K In© &H jT &IN A InKEnE&dMMiMnErEEKOﬂ LK é N
O ET NJT kNAT knEOK NT NJ | |

T NB®D BOIOKEN] ¢ ET NLLAT ki WO] ET
Country Total | 2017 | 2016 | 2015 | 2014 | 2013 | 2012 | 2011 | 2010

us 114,827 11,23(¢ 14,004 17,269 30,20¢ 22,610 9,819 | 9,674 | 19
Japan 89,419 16,925 14,795 9,057 | 14,174 13,021 11,115 10,31q 19
Norway 22,781 3,374 | 4,162 | 3,189 | 4,781 | 4,604 | 2,298 | 373
UK 22,359 5,463 | 4,463 | 5,236 | 4,051 | 1,812 | 699 | 635

France 12,137| 2,381 | 3,887 | 2,220 | 1,604 | 1,438 | 524 |83

Canada 5519 (946 |1,375/1,233/1,085|470 |240 |170
Germany |5,049 | 841 1,121 | 948 812 855 451 21

China 4,032 1,961 |1,273 582 |216
Netherland{ 3,157 | 513 |666 |447 |510 |462 |265 |294
Sweden 3,542 |981 |836 841 (438 |317 |129
Spain 2,334 (530 |519 |344 |465 |263 |154 |59
Italy 2,103 448 |460 |389 [332 |323 |146 |5

Denmark | 1,202 |20 85 224 577 211 73 12
Ireland 1,366 | 258 |352 |405 |192 |43 69 45 2
Belgium 1,510 389 (466 |162 |[178 |141 |114 |60
Austria 1,149 |[384 |333 |156 |121 |88 64 3

Australia |1,106 | 384 |156 |109 |173 [188 |77 19
Switzerlang 831 131 |158 |[145 |106 |178 |74 39
Total top mar| 294,53¢ 45,19¢ 49,801 43,647 60,384 47,24( 26,311 21,804 40
Total global 5 298,80y 47,000 49,816§24 3|43 . |25/ |0A5|0,07|3.
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Motor Max. Powe 80 kW

Motor Max. Torqu 280Nm

Reduction Gear R 7.937

Maximum speed 10,500 rpm
Cooling system Water cooling typ
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1. End cover (front) 7. Motor frame 12.  Terminal block
2. O-ring 8. Stator coil terminal 13.  End cover (back)
3. Rotor shaft 9. Stator coil 14.  Resolver

4. Rotor 10. Water inlet 15.  Sensor cable

5. Bearing 11.  AC harness 16.  O-ing

6. Water outlet
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» Comparison of power converter 2010 Privs 2007 Camy 2011 Hyundai
unit (PCU) and inverter . i
assemblies

— Note: LEAF inverter assembly has
only 1 inverter (no generator
inverter, boost, or 12 V accessory
converter)

— LEAF sized for EV/continuous duty

= |
2012 Leaf A -

Total mass, as received: 16.2 kg (35.7 Ib)
7 ~15.6 L, ~14.0 L without void space below lid
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