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https://www.youtube.com/watch?v=ewcWN-rHQ6Q
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Electric cars vs Petrol'cars
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Electric cars vs Petrol cars
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Electric cars vs Petrol cars

, ENERGY DENSITY
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_ Energy per volume _
681 Whlliter 8,760 Whliter

Fsumug Tuidn EV:ICE=1:12.8 7




1. EV Technology & Energy KIAEC

IONIQ Family HEV, PHEV, BEV

Engine 1,6 L GDI 1,6 L GDI none

104 PS # 76,5 kW 104 PS # 76,5 kW
Motor 43 PS # 31,6 kW 61 PS # 45 kW 120 PS # 88,3 kW
Battery 1.6 kWh Li-ion-poly. 8.9 kWh Li-ion 28 kWh Li-ion
Transmission 6 speed DTC Dry 6 speed DTC Dry
E-Range - 50 km 280 km
CO2 92 -79 g/km 32 g/km -
Consumption 3,9-34 /100 km 1,9 1/100 km 11,5 kWh/100 km

Source: Hyundai
Ref. R. Tan, Nepcon 2017 Tsong TwIn 8
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Thai EV roadmap
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Motor
Driver
== Electric power
Wheel == Mechanical drive power
Battery

http://www.ya‘skawa.co.jp/en/vision/energy/OS.htmI
b %

Automotive Level
1. System
Equipment

, 2
Charger station 3. Circuit
4. Component

Charger
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System design by
Werachet Khanngern 12
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System design by
Werachet Khanngern
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System design by
Werachet Khanngern 14
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243514.tmp4

Driving test

System design by
Werachet Khanngern
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Motor: BLDC motor 10 kW

Torque: up to 62 Nm

Speed: up to 100 km/h

Driving Distance: 90 km/charge

Battery: LiFePO, 72 V, 4.3 kWh

Battery*: Pb-Acid 2.1 kWh*

Charger: on board with normal plug

Solar charger: 200W flexible solar roof with
Extended 15 km for full day solar charge

Efficiency: 15-22 km/kWh

New comfortable and green eco design
* Low floor platform
* Last long stainless body
* Easy to ride
* Easy to get it and out
* Every where chargeable
* Pollution free
* Less than $0.6/100 km
*Very low cost maintenance
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B DC-DC converter
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a1 ud bl BMS/Battery

}—p Inverter

| BLDC motor control
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“ = EV power train design

[Motor | 5 steps to the goal

[D,i,,e,] Step 1: Clarify EV specification

Step 2: Calculate motor size

rgattery\ Step 3: Define driver and DC/DC converter

l Charger l Step 4: Define battery
1

\ J/.: &
Charger station 27

Step 5: Select charger

19
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Torque: 50 Nm
Max speed: 60 km/h
Distance: 120 km

dn 9l alannanla

BLDC motor: 5/10 kW }*

BLDC Inverter: 10 kW

DC-DC converter: 0.5 kW,
60/12V

Battery: 4.2 kWh,
72V, 60Ah, LiFePO4

On board charger: 2.2 kW
+
200 W Solar charger

System design by
Werachet Khanngern

System design by
Werachet Khanngern

Option : standard Battery:
2.0 kWh, 72V, 28Ah,

TESA

20



Max Torque: 553 Nm @ 20 km/h
Max speed: 50 km/h
Distance: 70 km

W) am dn 9l alannanla TESA

Electric tuk-tuk performance

BLDC motor: 10 kW \e

3 phase Inverter: 15 kW

DC-DC converter: 0.25-0.5 kW
48/12V

Battery: 6 kWh,
48 V, 120ANh, LiFePO4

On board charger: 3 kW
+
200 W Solar charger (option)

System design by
Werachet Khanngern

System design by
Werachet Khanngern

21
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Rt 1N i) l,anwsaunémaa‘l%m%ﬂmﬂwﬁﬂ

BHADWN 1. msﬁm%ﬂqmﬁﬂﬁmzmww‘lﬁﬁ'ﬂLﬁm

Tiavaa3n (Vehicle category)

sl

AIWIUAW 1+3 (4 x 75 nn = 300 nn.)
m’mﬁagaqﬂ > 50 N /T, NHTZUIL
T=H=N196BNNSTISD =70 N

WNaNaLans

> 4 filalaa

LUALADS S=uU 48 w3a 72 had

e 10 aaenfiauiEa 10 nu /oy,
DRI 20 Funi 0-50 N3 /T3,

173890 (net mass) 300 nn.

ma‘sm‘mﬂ’[anm‘i {gross mass) 600 nn.

WK1 1h1h

A76879 WilS e

s=uvisuanniea

Tais

N1SaanLUULTIIA (Eco design)

NS ﬁmﬂ'ﬁ:qmmmﬂ A Ll

)

musnTsa wandanyaldla
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=\ EV power train design

| Driver |

Batteryl

5 steps to the goal

Step 1: Clarify EV specification

[ Step 2: Calculate motor size ]

Step 3: Define driver and DC/DC converter
Step 4: Define battery

Charger
1|

l Step 5: Select charger

&

Charger station 23
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AAADWT 2. AWIIINAIANA (rated power) 2293aLAas
Tuaauiiazdasfmmenusifazrnlvsnguinaanllanuanssausidosns
ﬁaé’fmﬁl,mqmvlé’waﬁamuumﬁmasi’mﬁaﬂﬁaLLiaﬁmmumimu (rolling
resistance, Frr) W39T115 L6iLdin (climb a grade, Fyg) w397 lElunaisalitlaaanuison

ARG (accelerate to final velocity, F,.) LRZLIISNWAINF (air drag force, Fup)

mgcos?

Frr =Frr + Fgr + Fac + Fap 24
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Frr=Frr * For t+ Fac + Fap

= Qv = v
Frr 80 LIINANKTR ﬂ’]ﬂl‘ﬁiﬂi(ﬂ t334

A v A vy A = A
Frr A8 LIINANRIDAN IAINNAINLTIAIN (force to overcome
rolling resistance)

Fon AOWIINLT beitiu

I~ dls 1 Y ~ A o
Fac A1BLLIIN ;‘ﬁl%ﬂﬂﬁlﬁﬂl%ﬂ@ﬂ’)’mLi’]‘ﬂﬂ’]‘lﬁ%@

Fap ABLIIA AN

25
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~ Y A < ~
M. Ltiﬁ%ﬂ%ia a ﬂiﬁiﬂ&lﬂ')’]&] L33AIN (FRR)

1. NTWNIIIEWIL Llﬁd@}ﬂﬂ%aa'\ﬂ‘lﬁ’mﬁmwL%’Jﬂaﬁ

FRR = GVW x Crr
las GVWH3a gross vehicle weight A ﬁmﬁfmmm@@ﬂmiwhﬂ”ummw@mmﬁﬁ]
andltugnalan

L =\ Qs' U q i 1 U
Crr 438 Rolling resistance coefficient Ao &N UIZENTANNAIUNITLARAUNITZRINING
INUANAUBAMRIANANULTIAIN

g Aadaasanuliuallan winny 9.81 mis?

mmni’maﬂﬂﬂa’mﬂ’mﬁ 600 NN. kAT Crr = 0.012 TILDWHEIRIAL (asphalt road)
RNNG 22 ldd FRR

Frr = 600 x 9.81 x 0.012
Frr = 70.40N 26
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= 1 v = U = [~ ~
2. AN LATEAL usa@}ﬂmamﬂimnumwLsaﬂaﬂ
Frr = GVW cos () x Crr

lagy cos () WNUATWNNLADINUNRUNITONARING B FOUBAINNALIUAE
RNTNG

i 019NN 100 d1 Cos(10°) = 0.9848
210N Frg

Frr = 600 X 9.81 x 0.8948 x 0.012
Frr = 63.20 N

27
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ot ) QG’ % tdl % = < tdl
awﬂszamﬁmmmuﬂmmmw11Li’sm“n

Contact Surface Crr

1 Concrete(good/fair/poor) 0.010/0.015/0.020

2 Asphalt(good/fair/poor) 0.01 2&).01 7/0.022

3 Macadam(good/fair/poor) 0.015/0.022/0.037

4 Snow(2 inch/4 inch) 0.025/0.03

5 Dirt(smooth/sandy) 0.025/0.03

6 Mud(firm/medium/soft) 0.037/0.090/0.150

7 Grass(firm/soft) 0.055/0.075

8 Sand(firm/soft/dune) 0.060/0.150/0.300

28
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Y. WIINIBLATLAY (Fgp, force required to climb a grade resistance)

aouanltldvzau
For = Gyw X Sin (0)

lay 0 winuaalegga

Saunuen 0 winnu 10° 1R 0.1736
For =600 x9.81x0.1736
Fog = 1,021.81 N

29
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: 1 ([~ { o
A. SN 17 LN 1559 TR LA AMAS NN IEWA (Fap)

wsiltlumasslisnldanuisifitwuense e launanaanmadasuuyas
ANNTIAUALLIaTaITR laplidianudidu (v,) uazanuiiie (v,) Tu
SN AU (tA)

Fac = Gyw X (V,-V)/9.81 x t,

V, ABANNTINAINITIINNRYaT
A A o A X & A o
9N ﬂﬂL')ﬂqﬂiﬁLjﬂjﬂﬁnﬂ%E!@]%Gﬂx‘]ﬂ')']lllﬁ')‘ﬂ@aﬂﬂqi

ﬁmmiﬁ’mﬁammuzmmﬂ%ﬂq@ﬁal,ﬂum'}m%’; 50 km/h %38 13.89 m/s L LALIR
Aa A o o by A . by & A o Al
20 AU AL LA TIN LT L N1TL5I MR b A NSIN SR LS Ao

Fac = (600 x 9.81 x 13.89)/(9.81 x 20)

Fac = 416.7 N
30
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3. WSIAWAINE (Air dag force, Fap)

LIS INIAADLIIA B INANNBAFIBARIVBITD (A, m2) Yeneny

1 [+ = QK
ANNNANNAMURWILUY (p, air density, ke/m?) basleauyss®nTusaFee
NUBINE (Cy) TARAINLTT (V, m/s) BIIFIHBBINAINTORIWBITELARIN

Fap = (1/2) pC AV?

31
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y0dn 9 lWiiauLIIN 50 kmh wIe 13.89 mis uaziininiinasaada bl
Q/ a QG‘
AENU T ENTUTILREANIWEINE (Cy) = 0.5
dld 1
aNMNANAANNAW LG (p) = 1.2 kg/m?3
A A
WUNFIBNIIVIID (A) = 1.5 m?
= (=3
I0UANLTI (V) = 13.89 m/s

A2 LA AILIIFI BN

(1/2) x 1.2 x 0.5 x 1.5 x (13.89)?

I:AD

86.82 N

I:AD

32
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Qq: dl dl Qq// ) [* 2 o3 = d! 1
JINLIINIRLIOU LUTIRNG ZEUITH LA ATLIINANAIDAINID Tisio LUzl LN
o o) = ai ()4 Q di 1
e wainunssdia (torque) NRp2LLARBWGE b

F+ = 63.20 +1,021.81 + 416.7 + 86.82 0
Frr = 1,588.53 N

33
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3. NI TRIMRILIITANRD

AWIAILIITANGD WAL LALNYITDINUNIIINLG DTN NIANVRIRDIINYNY
mmﬁaﬁwmmﬁmmmwdwmeﬂvugﬂﬁuﬁasl
Tw= Fr+ X Rw X RE
P=| = d' [*7]
lag T, AowsIdaNaoend (N.m)
A v A %
R, AOIAUVBINELTY (M)
A 6 = 1 % o [
R, ﬂaLw\lﬂmaiﬂ’mammmzmwmeﬂugﬂﬁu fvwe Lt 1.1

LaLRNABILAZEY 205/55R16 az"[eﬁﬁ”whugmﬁﬂmd 633 UN. NIDIANVDIRD
2481978 0.3165 U. AILWLIIdaNans

T, = 1,588.53 x 0.3165 x 1.1

Ty = 9553.05 Nm 34
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a\ a S YV
2. AsvFdUNMILINAdaUNaD

d' >4 AI v 1 A = A ;a [*7] dl
Havnaanaiannyaiie aafaz"l,wmmmmsmuﬂwsammmaﬂ A8LIDW b
h LmL?«ﬂ@muﬁ&amaﬂ”uﬁunuuﬁadﬁmgaﬂd'}mLLiaﬁ@ﬁé’ama

= uXWp X Ry

max

(%7 a Qsl 1 v Q/ 1

L AaANFNUTZENTAULRLAMIUIZRINRaLINUO UYL JA1 0.5-0.8

Wy, HRinNNIzyindasalunaa

R, ABIFANVRIRBLTY (M)

= (2] L% ? O 1 YV 1 o dl (% L g dl =1 (%

NIWINGN 9RINUAD Hnin linesningadluaunIsyinnaena Mo ua e
YULARDWAT Wy 29T UaaIaINVBIAN Gy, WaS [ LRONITANBASTERING 0.5 114
0.8 Aa 0.65

T =0.65x 600 x 9.81 x (2/3) X 0.3165

Tmax = 807.26 Nm 35
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2. NATIEHNSINagaUNa onSa Lu?

LIILRIAMUNABINNUAUD WY T, = 807.26 Nm dasfidgenindussdaiiae

§1908 Ty, = 553.05 Nm

asiulutaulaitsndn g lWwauisnsands lalas liiiaenisady

36
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% NISLtRanNaLaas

Al by A Ao A & o Y o v A A e A .
Walaussdansasdnanusineanuuuly  sdwepslseuuliasiNaNTe
Usuussdauazausalug i un1viunegadnis  wnImiwuidn - winltussia
553.05 Fa9N1IRNRINLNAIVINDLA DT
P=Thax X ®
dl = o -5 til 6
1 P AafadNinanTadINaLaas (W)
T Aaussdaiasninanvasnaiaas (Nm)
= [~1 =
® AaANNLIEIY (rad/s)

nytiitdanyunitiseu laszaenng 1.988 m laganuiiizassadn g
Yoz ldszatazag 20.58 km/h w38 18.07 rad/s

P, =553.05x 18.07

P =10.0 KW
37
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NITI2UNATAIMNTEUS

DRIVER
(EFFORYT)

DRIVEN
(LOAD)

WNaITUN 25 T WNadlnaad 75 T 2=158N71963 M6 3 ° 1

A BILAZEGIINITNOVINBLADS LN

e

1%t gear

ATL  NNFBARUUSEUUATRI lwsa W TESA

Dr. Werachet Ki'wmdl‘;).-ngern

A213157)
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1 a 1 Y o
NMIINEAAITNNLIILASLLIIUANISKING mmaanuuamaﬂﬂ%

Vmax = 20.58 km/h = 5.72 m/s
n = (5.72/1.988) x 60 rpm Total gear ratio =20:1

SS3 Nm @ 172.53 rpm

27.65 Nm @ 3,450.6 rpm

205/55R16

diameter 633 mm NEANIIIN

[~ > H
AANLIIIN 20.58 km/h AULARDIURDKAS

Tas=a1 10 asd

40
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WITBUNATAIMNTSUY

e o o Dr. WeraChet Kh.dh"ngern

N1 NLULYIWWE LNHA
M2 URIA LN

1. 205/55R16 LaWH1WEAKEINA1S 633 N3l
2. 225/45R17 LWHIBEARLNAI 635 A

A A & ¢ Y
1. NN 1 Lﬁ%ﬂ']%@;%ﬂﬂa']ﬂ 633 NN, 1 39‘”1@33837"]\3

1.988 4.
A A YR ¢ Y
2. NN 2 Lﬁ%ﬂ'\%ﬂ%ﬂﬂa'\ﬂ 635 NN, 1 Saulﬂigﬂgﬂqﬁ

1.994 a.

41
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ANL5IT0 20.58 km/h ﬁam{;uﬁwmmﬁamu 172.53 rpm wsafiaf
553 Nm

ol TN aINao®I1 20:1 YA Laussdaniwainataas tiw 27.65 Nm
LLazuaL@aﬁfmu@Tf;ﬂmmﬁ'ﬁau 3,450 rpm VBLABTINHHNAT 10 KW

42
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KMITL N1S2aNUULIEUUNAI LwIa WA TESA

NIMINIINITEWIY UG DIAALITINADINITLATEAY ALLITILLARDLN L

= 63.20 +1,021-8% + 416.7 + 86.82 0
= 566.72 N

Frr
Frr

L9UaNRa LY D%
T,y = 566.72 X 0.3165 x 1.1

T,, = 197.30 Nm

ABINITANNULSIN 50 km/h %38 13.89 m/s AT ”amgu%ﬁasauvlﬁiwzma

1.988 m Aeanudidn 13.89/1.988 = 6.99 rps,

ﬁwmmﬁm,%aag‘wﬁa 43.92 rad/s aﬂﬁﬁwé’aﬁmawawama?

P =197.30x 43.92
P_=8.67 kW
43
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a 1 (1 { .
WWBIABAILAINNLSIAIN (cruise mode)

AT NN NTEUIY LU DIAALIINGDINIT LFTZOU LAz LN BIAANITLIIBaN

Db.

ALIING DINITIZLARDLNG
= 63.20 +1.021.81 +416.7 + 86.82 0
Fr = 150.02 N

Ty =150.2x0.3165x 1.1

Frr

udanang
T,, = 52.23 Nm

@]E]Gﬂ’]iﬂ’ﬂl]lj’)‘ﬂ 50 km/h %38 13.89 m/s NIth ﬁﬁamgu%ﬁasaﬂmz <N

1.988 m Aeanudidn 13.89/1.988 = 6.99 rps,

ﬁ’]ﬂ’)’]&lL%’)L%G&c{Mﬁa 43.92 rad/s = lATNRININAIVINBLADS
P =52.25x 43.92
P_=2.29 kW
m 44
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GOLDEN Motor test curve

uIv] (A p(W]  PF/]  Nipm]  Pouw]  eFF%] § 10 kW
50.00 300, 0&3? Boo0.00 1.00 5000 - 2000000 100.0 ;
49.63 271455  18069.63 0.90 4844 ] 1800989 913 = /e BLDC motor
80 % N T T !
496 242909 4 16139.26 0.80 4688 4 1601977 85 1 —— 1 P =T /30
e N P4 R P I R A __:e m TMypm
48.89 214363 4 14208.89 0.70 4533 4 14029.66 738 4 ! / | b T 9.549
48.52 185818 4 1227852 0.60 4377 4 1203954 65.0 Z’r / : m rpm: =’
(#]
4814 157272 4 1034815 3 v30- 3 2nr Froemm - cwr R EEsE SN -pA L oL oL o1
10,100 | N1 b
aam 4 128727  sam 0.40 4065 4 sbs93l 75 H < = | E..=P. /P
1 A | rr = Pout/Pin
4740 100181 { 648740 0.30 3909 1 606920 388 - \\ !
47.03 71636 4 455703 0.20 3754 4 407908 300 N : Ef F= 80 %
1
46.66 23000 | 262666 0.10 3598 4 208897 213 ¢ !
,450 rpm ~
46.29 14545 d 9629 0.00 344 - 885 - —125 — ' &)=
2000 61600 121200 180800 240400 30000.0T[mN.m]
27 .65Nm
Description voltage (V) current (A) P. input(¥) torque (mN. m) rotate (KPM) P. cutputiW) eff (%)
Upload point 4787 14,545 696.29 4200 4733 208.15 299
Most efficiency point 4736 123 658 5858.78 119570 4108 5080.18 868
Max Po. point 4629 286946 13280.40 292775 3442 10530.85 793
Max torque point 4629 286.946 13280.40 292275 3492 10530.85 793
End point 4629 286.955 13282.43 29230.0 3492 10535.04 793
Fated rotate point 46.46 268.845 12494 43 274329 3508 10096,92 808

Fu5IOUUaINaLaaTIWNA 48 V 10 kKW 45



l Motor

Driver

Charger
1
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Induction motor or BLDC motor

@

Charger station 46
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Nataas i BLDC

Charger
1|

Charger station 47
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nsobANEINaLaDS LA

A22879N15%1A1 Motor Performance
LB %
a A o Qs a (~3
UILANDNNGIEA NIRIFIFA WIUA AL
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Bt

msaammmnvlﬂ’ﬁ'n

3855

NaLaas W gear ratio 6:1

Ltidﬁﬂgﬁﬁt{ﬂﬁ 24.12 x gear ratio

= 144.72 Nm @ 2,389/6 = 398.17 rpm
89819 205/55R16 diameter 633 mm.

YN ITOY = 1.988 m

AHNL5I50 = 398.17x1.988

IS TlL L AEaN Y AU LIl

[T

N ma‘ﬂﬂﬁ’l Dr. Werachet Kh”d‘h-ngern
Pout] W EFF| %0 . a1
HW (%] KRIALIIUAFAIAR
700000 5 1000 - “ 9
ca460 4 910 —EFF :_“‘“
560938 4 820 4y _ _'7"“(
01407 T29 \.J“ / / \\
st 4 a9 A/
|I (x’x’
549
| / /\
459 4
| | / N
369 /
/
278
frf
18.8 . ‘fm Nm
93 | -
1025 60820 120615 180410 240205  30000.0T[mN.m]
torgue (mN. m) rotate (FPU) P. outputi{®) eff (%)
360.0 4389 165.45 422
— 77288 1861 3096.05 38.4

Max Po. point

175436

8307.60

213769

2852

G661.91

802

86.1 49

Max torgue point 176.418 8366.97 241179 &033.82
End point 4742 176.430 8367.19 241225 2388 &031.89 721
Feted rotate point 4738 132 B85 G206, T2 145405 3476 542121
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&laLmaﬂﬂ‘gﬂ’]ﬂigLLﬁﬁidI%LL‘iJ‘Nd']% 48 V 10 kW

50
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Outstanding Feature [ A

of
Electric Motor

]
2 5§ 10 20 30 S0 V5 125 200 300
OUTPUT HORSEPOWER (3 PHASE, 1800 RPM)

Rated /max Rated Rated
: inverter Rated|torque Max Max
Manufacturer, Overview DC input power RPM |@phase 2 2
Motor type voltaze (1 Hr) cufrent power”| torque
" s ' N
SIEMENS 160
1PV5135W524 u 20| sww ool N |fesokwlf 270
induction ) ' @145A -
A W,
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electric motors

P T T e s s s s m e m e -

brushless motors with otors with . nchronous
pernament magnet irushes Valvaies) SYRCNOROLS | il “

. . With pernament : Three

Series Shunt Series-shunt i Single phase ‘
A g :
rﬁ éd‘k\ﬁ M Hlﬂ Tesla Roadster
: L
i \-r/ - | . . .
T L P, &= | Leaf, Prius, i-miev 59



http://www.groschopp.com/wp-content/uploads/Groschopp-Inc-Blog-Asynchronous-vs-Synchronous-Motors.jpg
http://www.groschopp.com/wp-content/uploads/Groschopp-Inc-Blog-Asynchronous-vs-Synchronous-Motors.jpg

* Brushed DC Motor

Advantages
Simple speed
control

Armature

Commutator

Ports of a DC Motor

n1saanuuusn i TESA

Dr. Werachet Kikvmdﬁ-ngern

Disadvantages
Maintenance (brushes)
Medium lifespan

Costly commutator and
brushes

53


http://www.google.co.jp/url?sa=i&rct=j&q=brushed+dc+motor&source=images&cd=&cad=rja&docid=Vq6JdJZIMVp5yM&tbnid=wzfOsyAepgyKlM:&ved=0CAUQjRw&url=http://www.tutorvista.com/content/science/science-ii/magnetic-effects-electric-current/electric-motor.php&ei=bsF4UcW4M9DrrQfJsIGwAQ&bvm=bv.45645796,d.bmk&psig=AFQjCNG_AHRNfEFuXb-DEPXnuuwHcSiLhQ&ust=1366954646823378
http://www.google.co.jp/url?sa=i&rct=j&q=brushed+dc+motor&source=images&cd=&cad=rja&docid=Vq6JdJZIMVp5yM&tbnid=wzfOsyAepgyKlM:&ved=0CAUQjRw&url=http://www.tutorvista.com/content/science/science-ii/magnetic-effects-electric-current/electric-motor.php&ei=bsF4UcW4M9DrrQfJsIGwAQ&bvm=bv.45645796,d.bmk&psig=AFQjCNG_AHRNfEFuXb-DEPXnuuwHcSiLhQ&ust=1366954646823378
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* Brushless DC Motor (BLDC)

CW Rotation Elec. Deg. ————>

|
N
|
= N
g =
(&) N Zafl ¢
H2 @ v
o ,
(o] ] Step Through ¥
3 — €400 p Servo Magnetics Inc.
Q j—— = 4-Pole Brushless DC Motor
— é } * 4-{-. m X Comn?ﬁmauun. drive, and winding timings
..L_ = Drawing & Animation Brad Pera

54


http://cngoldenmotor.en.alibaba.com/product/612371897-218091877/48V_120V_10KW_electric_car_motor_E_car_conversion_kit_BLDC_brushless_Motor.html
http://cngoldenmotor.en.alibaba.com/product/612371897-218091877/48V_120V_10KW_electric_car_motor_E_car_conversion_kit_BLDC_brushless_Motor.html
http://www.google.co.jp/url?sa=i&rct=j&q=bldc+motor&source=images&cd=&cad=rja&docid=90elSphNs2J4IM&tbnid=ydAZ-T2iJRDJmM:&ved=0CAUQjRw&url=http://www.diytrade.com/china/pd/6113967/BLDC_MOTOR.html&ei=ALF4UZvFAdDjrAfjvIGgDA&bvm=bv.45645796,d.bmk&psig=AFQjCNEntu3OHrdev3_iT9gof1t_3iX1ag&ust=1366949875693144
http://www.google.co.jp/url?sa=i&rct=j&q=bldc+motor&source=images&cd=&cad=rja&docid=90elSphNs2J4IM&tbnid=ydAZ-T2iJRDJmM:&ved=0CAUQjRw&url=http://www.diytrade.com/china/pd/6113967/BLDC_MOTOR.html&ei=ALF4UZvFAdDjrAfjvIGgDA&bvm=bv.45645796,d.bmk&psig=AFQjCNEntu3OHrdev3_iT9gof1t_3iX1ag&ust=1366949875693144

Dr. Werachet Ki'wmdhl-ngern

Advantages Disadvantages

Long lifespan Higher initial cost

Low maintenance Requires EC controller
High efficiency with closed-loop control

55
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Synchronous
Reluctance Motor @u "'\\, —
SYRM B¢ Z

( y ) - —— A 9;"%\\ __‘\@ -—

e.g. Leaf, Prius, i-miev
Advantages Disadvantages
Equivalent to SCIM except more Requires a controller
robust, more efficient, runs Not widely available
cooler, smaller footprint High cost

Competes with PM synchronous

motor without demagnetization
iIssues 56
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Induction Motor (Asynchronous motor)

e.g. Tesla Roadster

Advantages
Low cost

Robust
Reliable

Disadvantages

High starting current

Lower efficiency due to
need for magnetization

57


http://upload.wikimedia.org/wikipedia/commons/a/a9/Rotterdam_Ahoy_Europort_2011_(14).JPG
http://upload.wikimedia.org/wikipedia/commons/a/a9/Rotterdam_Ahoy_Europort_2011_(14).JPG
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144V/10KW Induction Motor for EV
(GLMI10A0+GLCI4012A0)

inverter
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Other BLDC motors

High Efficiency + Very Compact

3KW BLDC Motor

. Voltages: 48/60/72Vdc

. Rated power: 2-3KW

. Peak power: 6KW

. Speed: 3000-5000rpm \

. Rated torque: 10 Nm P \\ N HPM30y
. Peak torque: 25 Nm > S

. Efficiency: >90% <@

0 N O O A WON -

9.
10: Cooling: air or liquid cooling

. Dimensions: 18cm dia.

-

12.5cm height
Weight: 8kgs

-
59
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Other BLDC motors

5 kW BLDC motor

5KW Liquid Cooling

Voltage: 48V/T2V/96W/120V

Rated Power: 3KW-7_5KW

Efficeincy: 91%

Phase Resistance (Milliohm): 6.2/48V; 12.0/72V; 36.0/120V

Phase Induction{100KHZ): 68uH/48V; 154uH/T2V; 504uHM20v Speed:
2000-6000rpm (customizable)

Weight:11Kg(air), 11.35kg(water); Casing: Aluminium

Length (height): 126mm Diameter: 206mm

Keyway size: Smm({W) x 43mmiL) x 19mm(D:22.3mm)

Features: Compact design,\Water resistent, Stainless Steel Shaft, Self
Cooling Fan

Applications: Electric car, electric motorcycle, electric tricycle, electric
golf carts, fork lift, electric boat, etc.

60
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20 kW BLDC motor

Voltage: 72V/96V/M120V

- Voltages: 72V-120Vdc

- Rated power: 20-25KW

. Peak power: 50KWW

- Speed: 3200-6000rpm

- Rated torgue: 80 Mm

- Peak torgue: 160 Nm

- Efficiency: =90%

- Dimensions: 30x30x25cm
- Weight: 39kg(20KW),27kg(15KW)

10: Cooling: liquid cooling

LDGZI‘quTﬁ-ﬂ-LnJM_L

61
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2.7: Determine motor power, torque & speed

P,=To
B = T21n,. P, =
By = Trn,,m,/30

where

P =power (W)

T =torque or moment (Nm)
w = angular velocity (rad/s)
m=3.14 —_
nrps = rotations per second (I"pS, r/S) ‘Pm — Tn'rpm/9-549‘

n,,, = rotations per minute (rpm, r/min)

1rad = 360° /2 1 =~ 57.2958° 62


https://www.engineeringtoolbox.com/radian-d_942.html
https://www.engineeringtoolbox.com/radian-d_942.html
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aaLaas il gear ratio

Traction available
in second gear

Tractional resistance line
Traction required for

0% gradient \’

Tractive effort

WMoving-off range

Velocity v 63
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l l aaLnas WA gear ratio 3:1
Motorl

= 2A. 5

75 TEETH

Driver A
25 TEETH

Battery

Charger
l :

DRIVER
(EFECRT)

DRIVEN
(LOAD)

Charger station 64
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2.7: Determine motor power, torque & speed

EV Speed = 50 km/h

P, =9377 W

Nypm= 3,353 rpm
o = 351.20 rad/s
— T ‘ T=26.27 Nm
Py, =9377 W
Efr = 87%

Py, = 10,778 W 10 kW, 48 V BLDC motor is selected

65
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LMotorJ

| Driver |

Batteryl

Charger
1|

=\ EV power train design
5 steps to the goal
Step 1: Clarify EV specification

Step 2: Calculate motor size

[ Step 3: Define driver and DC/DC converter]

Step 4: Define battery

l Step 5: Select charger

&

Charger station 66
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®_ PWMS Qa1 Qs Qs
o @ <5t ‘

. S| PWM3
PIC18FXX31 o ;xx
FWD/REV PWM2 | Driver ARG
N PWM1
/P)
s |
)
Q4

PWMO /P%
PWMO I
Qo Q2

Jr 67
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s %
(a) / %ﬁ% S pole
( W
W2 74 w2
Hall element
/e
Q2
W1 - ! j
-~
,_f; AT
=
\\ | . Hall element
} 7 N
Hall element S pole (o) ;’é?
XV s : :
Wi ,/

68
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1 =MOSFET ON , 0 = MOSFET OFF

. Electrical degrees
The 3-phase inverter for brushless DC motors

The switching sequence at various degrees as shown in Table

69

N :
Hall ICs : : ! ! 5 ' ' :
‘ : ' ! X . l l ‘1
Vs r i j QO 1 ] 1 ] 1 |
£ o i " S : SN 0
23 Qf : ' 5 5 : ' i | 5 1
" . : : : : 0
1 L% Qo Q2 : v 1 1 n : [ :
| 1 l ] Q2 — o : 1
‘ 7 o '/ n ] i i i ] i | i 0
1 /, 1 1] 1 1 1 [} ] ] 1 1
3 [ 1 1 T 1 1
Interface circuit = . " ! ) | : f : 0
JYVYVVYY — : : \ \ X . : | :
e Q4 ! ! ! ] : ! 1
1 C ) | \ .| : : : : : . : : 0
| Rotor position Q5 ' " ; ‘ ' . : 1
Microprocessor - 2 = I I I I i 0.,
[510] 120 180 240 300 360 B0 120 180 240
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\ gauNatas N

Motor |

[Driver] Main Performance
Rated operation voltage 48V~96V

p Rated DC BUS current 30A~200A

B att e ry Rated output power 1000~10000W
Motor control mode FOC

Char ger Quiescent operation current 20~40mA

] Speed linut Controlled by motor and confipuration
Driving method Direct torque control
- &

70



KMITL Step 3: Define the driver & converter TESA
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BLDC Motor wiring harness diagram

" —

Y ik

sensofs U ¥ 3
Programming USB cable : X
. . Bayonet groove

Sine Wave Controller

10 kW, 48 V BLDC motor controller is selected

7



uuuuuuuuuuuuuuuuu

Dr. Werachet Khan -ngern

2013, KMITL develops 2-10 kW BLDC motor drive for
E boat and achieves 96.5% efficiency ==

fﬁ”ﬁfL

High efficiency driver 10 kW BLDC motor 79
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(W) 6 6 6
ONLUUZAVUNDLABI LAY DC/DC aantiastaag

AT UTUN D UNFINVDINITDONLUY L31WI% 5 VWA D

g H v 6 6 6
m%ma%ﬁ 3. ElE]ﬂLL‘]J‘iJ"l!ﬂ?J‘]JNQWIQ? iLaE DC/DC aawtlialaog
o 6
3.1 ElE]ﬂLL‘]J‘]J?!ﬂ?HJ&JBW\B?

HRINNTIUNBLADINTLLENTI b3uUTI81% (brushless DC motor) TW19 10
KW Nduseiia 27.65 Nm AnNL51300 3,450 rpm laadusinmunading
18V n3zud a9 287 A F9ldaanuuuduasiaosaaunnans

L3I WGS9 48V & IGBT %38 MOSFET Lﬂuqﬂmtfia%%a

73
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P~ 6 6 1 o (% U 6 1 U =y 6 6
L8310 83INUTNRI ANV YLD 2819108 12.5 KW La=duLIastaas
FUTZANTNINN 90-95% IG8IN1TANRI NN ALAEITTIA
LUSILA T bditasnIn 13.2 kW LLaﬂumﬂﬁmﬁaamiﬁﬁ&agﬂﬁg@ 213

ﬁaamsﬁwﬁ’agaﬁa 15 KW

4
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T A TBA TCH
—iR% =& 5 &
—L T | / BLDC
vdc |\ MOTOR
L
TA— TB— TC—
5 —8 & —ig & T T THaH
Switching
Logic

J ]

A 6 6 1 () > v 6 1 v
a%naimasmmﬂmaa‘l‘wﬂuuamaia grinady 15 kW
75
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200kS-s SnsAdiv
CH1 19:1
16.8 U diwv
nC Full
CHe i |

Edge CH1 £
Auto
0.0 U

f‘—P(Cl) 51.6667V P-P(CZ2) 7.54167V
Bms(C1) 17 .8458V Bms(C2) 1.97057V
Freq(Cl) 57.Z20824Hz Freq(CZ) 56.89900HZ

Duty(Cl) 506.00:~ Duty(C2) 49.36x

a\ 6 6
AWLID3IL603 3 INE

/6




KMITL Step 3: Define the driver & converter TESA
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DC to DC converter
48 V to 12V 20A

For 55W x2 head lamps, signal lamp and 12V system
77
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LMotorJ

| Driver |

Batteryl

Charger
1|

EV power train design

-

5 steps to the goal

Step 1: Clarify EV specification

Step 2: Calculate motor size

Step 3: Define driver and DC/DC converter
[ Step 4: Define battery ]

l Step 5: Select charger

&

Charger station /8




Step 4: Define battery capacity TESA
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Battery
Primary Battery ‘ ‘ Secondary Battery ‘
Source only Source & sink
Redox: Intercalation Action:
 Lead-acid  Nikel-metal hydride
* Nikel Cadmium * Lithium-ion

Oxidation/reduction Sesimg Fiuit 79



Step 4: Define battery capacity TESA
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Battery

250+ Lithium Polymer
Frismmatic

Lithium Phosphate

E

E 150

= Lithium lon
X Cylindrical

" i um 0 g ' Aluminium Cans
® 100+ Nickel Cadmium : _

.

= 0 Cylindrical Frismatic

I Prismatic

50+ Lead Acid _ Nickel Metal Hydride

Crlindrical
Frismatic

50 100 150 200 250 300 350 400 450

WattHours/Litre




KMITL Step 4: Define battery capacity TESA
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Battery

Main Issues on EV battery:
* Energy density
* Charging and discharging

e Life cycle

y Battery management system,
e Safety BMS
 Cost

W LT e oo oo e IFRERAISISISE


http://en.wikipedia.org/wiki/File:Smart_ED_charging_WAS_2011_1123.jpg
http://en.wikipedia.org/wiki/File:Smart_ED_charging_WAS_2011_1123.jpg
//upload.wikimedia.org/wikipedia/commons/b/b7/NASA_Lithium_Ion_Polymer_Battery.jpg
//upload.wikimedia.org/wikipedia/commons/b/b7/NASA_Lithium_Ion_Polymer_Battery.jpg

Step 4: Define battery capacity TESA
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Lithium-ion Battery

C-LiFePO+ LiCoO:? LiMn:04
Anode: Carbon compound, graphite
Cathode: Cobalt-oxide/lithium-iron-phosphate/manganese-oxide
Electrolyte: LiPFs, liquid lithium salts in an organic solvent (inflammable)
Applications:  Laptops, cellular phones, electric vehicles
Typical ratings: Specific energy density: 150 to 200 Whikg (540 to 720 KJ/kg)
Yolumetric energy density: 250 to 550 Wh/l (1000 to 2000 MJ/m?)
Specific power density: 300 to 1500 Wikg, @ 20 seconds and 300 Wh/l

VT TUNY 82


http://www.google.co.th/imgres?imgurl=http://www.letsgomobile.org/images/news/apple/iphone-lithium-ion-battery.jpg&imgrefurl=http://www.letsgomobile.org/en/1633/apple-iphone-lithium-ion-battery/&usg=__0piCHkKpR7H8lHO0wyW_5iBZ7Qk=&h=441&w=430&sz=128&hl=th&start=5&zoom=1&tbnid=qhlWTohqKpZfqM:&tbnh=127&tbnw=124&ei=dCWMTef7JMTNrQeBifniDQ&prev=/images?q=Lithium+ion+battery&um=1&hl=th&sa=N&rlz=1T4SKPB_enTH281TH282&tbs=isch:1&um=1&itbs=1
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Electrons flow

round circuit
1. During charging < -

N\

flow
ugh
rolyte

Negative FElectrolyte Positive
terminal & separator terminal

Lithium ions (yellow circles) flow from the positive electrode (red) to the negative
electrode (blue) through the electrolyte (gray).
Electrons also flow from the positive electrode to the negative electrode, but take
the longer path around the outer circuit. The electrons and ions combine at the

. el WTLUTHT TUINY 83
negative electrode and deposit lithium there .
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2. Fully charged

Negative FElectrolyte Positive
terminal & separator terminal

When no more ions will flow, the battery is fully charged
and ready to use

drzrng Tulu 84
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3

Electron
flow

Negative Electrolyte Positive
terminal & separator terminal

The ions flow back through the electrolyte from the negative electrode
to the positive electrode. Electrons flow from the negative electrode to
the positive electrode through the outer circuit
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4
4. fully discharged

Negative Electrolyte Positive

terminal & separator terminal
When all the ions have moved back, the battery is fully
discharged and needs charging up again
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How are the lithium ions stored?

wwaw.explainthatstufl. com

When the battery is fully charged, all the

lithium ions are stored between layers of
graphene

Charged-up state, the battery is effectively]
a multi-layer sandwich: graphene layers
alternate with lithium ion layers.

wivew explainthatstuff com

When it's fully discharged, all the
lithium ions have moved over to the
cobalt-oxide electrode on the right

As the battery discharges, the ions
migrate from the graphite electrode to

the cobalt-oxide electrode (from left to
right).
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Figure 15: Typical specific energy of lead-, nickel- and lithium-based batteries.
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Lithium Iron Phosphate(LiFePO,, LFP)

Lithium Iron Phosphate: LiFePO4 cathode, graphite anode
Short form: LFP or Li-phosphate

Since 1996
Voltages 3.20, 3.30V nominal; typical operating range 2 5-3 65V/cell
Specific energy
= /
e 90-120Wh/kg
Charge (C-rate) 1C typical, charges to 3.65V; 3h charge time typical

1C, 25C on some cells; 40A pulse (2s); 2.50V cut-off (lower that 2V

Discharge (C-rate) causes damage)

Cycle life 10002000 (related to depth of discharge, temperature)
[ Thermal runaway 270°C (518°F) Very safe battery even if fully charged ]
Applications FPortable and stationary needing high load currents and endurance

Very flat voltage discharge curve but low capacity. One of safest, - o o~
o : : S Ty TN 89

C ts e
ommen Li-ions_ Used for special markets. Elevated self-discharge. Cee
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Lithium Iron Phosphate(LiFePO,, LFP)
Specific energy

Cost

Specific
power

Life span

Performance

Figure 9: Snapshot of a typical Li-phosphate battery.

Li-phosphate has excellent safety and long life span

but moderate specific energy and elevated self-discharge
WUTHT TUNY 90
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Figure 15: Typical specific energy of Iea%q\‘h@(el- and Ilmlum-baseg\b'ﬁ@lg,s.
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‘ Transportation ‘ 1 kWh: How far EV can go?

0 20 40 60 80 100 120 150Km/
kWh
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LFP battery is selected for safety and life cycle reasons

48 V, 5 kWh battery with full load, top speed can achieve 108 km on

flat road condition with cruise mode.

Cruise mode requires 2.29 kWh for 50 km.

94
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LMotorJ

| Driver |

Batteryl

Charger
1|

EV power train design

-

5 steps to the goal

Step 1: Clarify EV specification
Step 2: Calculate motor size

Step 3: Define driver and DC/DC converter
Step 4: Define battery

l [Step 5: Select charger ]

&

Charger station 95
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Chargers

Ref. R. Tan, Nepcon 2017

earth

plug present | contralpllot « Classes 3kW, 10kW, 30kW, (43kW)
T * Single phase and 3 phases
 Combine 3 classes into one module
* Preferred on board charger
* Recognition of the devices
» Safe connection and disconnection
* Recognition the plug connection
* Diag of current flow: Ground — Earth
* Highly efficient rectification with SiC diodes

AC/DC
DC/DC —— 12v/100W

L1 S —
L2 TRl TR . - _ ™ HV+

Filter Rect PFC DC/DC
L3 IEEmEEn L N} — p— I HV_
N I

| x
‘ Driver Logic — KL30
Powernet Diagnosis/Monitoring (OF | N s CANH
Comm Authentication/Billing Sl CANL

96



Step 5: Select the charger TESA

Dr. Werachet Kikvmd‘h-ngern

AC charger

Charging from on-board charger
Typical charging time:
8 to 12 hours (3/7kW) — 1 hour (22kW)

3 kw 7 kw 22 kw

2.2 kW, 48 V charger with type 2 connection is selected 97
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EV charging performance
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d31) EV power train design

design
5 steps to the goal

Step 1: Clarify EV specification

Step 2: Calculate motor size

Step 3: Define driver and DC/DC converter
Step 4: Define battery

Step 5: Select charger

@

Charger station 99
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Thank you

Dr. Werachet Khan-ngern,

Associate Professor of Electrical Engineering Department,
King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand 10520
Tel: 662-329-8330
Mobile: 668-1835-6203
E-mail: kkveerac@kmitl.ac.th, kkveerac@yahoo.com
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