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e roads. At the beginning of these ar
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1THE HI STORY OF ELECTRI C Bl CYC

1.1. Historical Devel opment of Electric
1.1.1. Historical Development of Electri
El ectric bicycles have been used in vVv;

1.1.1.1. Early Electric Bicycles

El ectric bicycles, which are even mor
of transportation, are vehicles that ar
rechargeabl e battery, which help the cyc
without using t he pedal s when necessa
transportation vehicles powered by inter
i mportanfemaald! eogralternative means of tr
transportatioaff adautei t@onedheiandosnvironme

The first electric bicycle was invent
Gustave Trouv®g( Ri gmae |l lelectWUsic motor d
a rechargeabl e battery developed at t ha
James Starley tricycle, inventing the wo
Trouv® carried outmemat succPast gl bxpewas

invefi)on

Fig. 133, = TricycnLe pg M, Trouve,

Figure 1.1: The world's first elect®ic

-
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I n 1892, Mmed .nveent @rd? fai goreyd a | and el
gear of the motor wdsicenndctedr eéontial V
Thus, this Dbicycle could advance both
motor. On its rirghthgsi2de bwdad eaileex aeaad
engine package weighing about 10 kg.

di fficult vehicle to transport when it
American inventor OggdepplBiotawoinorniiledt e |
December 31, 1895 wunder pa2pnt number
(Mo Model.) 3 Bhests—B8heat 1.
0. BOLTON, Jr.
ELECOTRICAL BIOYOLE.
No. 652,271, Patented Deo, 31, 1895,
o
o
| B
BN
Figure 1.2: 0Ogden Bolton's patent

ect

by

We

r

55

n
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Ogden Bolton's invention was simple bl
back of thlkadi&kesi whliah drive sywaem to
equi pped with an electric motor -pion et he
mot or, which operated with direct curren
10 V batterysphpbpoed wvodemnt hd@he pedal s w
the engine in the image and there was n

application, there is no evidence3)as to

Figure 1.3: Amasxaoagr pf fOgadmnaBolton Jr. an
patented

(Mo Model) 2 Sheets—Sheet |
i C. THERYC
VL WHEEL WITH ELEOTRICAL MOTCR HUB FOR VEHIOLES.

il i No. 672,036 __ Patented Nov. 24, 1896.
.

FI;. 4.
v
924
e \
{l |"A > } Zrwendor
g r/{/ %ﬁf?fmw
(> aderneo

Figure 1.4: Charles Theryc's pa‘.t".ent
I'n 1896, Chavéesedhangcpatented the /wh
for vehicles (Figure 1.4). The hub whee
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di fferent fron 4MmerlB®7s Howemt WonlLi bbey
bicycle poweraenbthoy sdy &li garlrec tlr. i59 .

[No Model.;
H. W, LIBBEY.
ELECGTRIC BICYCQLE,
No. 596,272, . _Patented Dec. 28, 1897.
r_ﬁ___Ft_:J.l.

WiTanambts.
oo i

Lo & Hlagpvwrondl

Figure 1.5: Hosea W Li bbey's patent

Il n the electric bicycle designed by Li
the mirror arm axl e. What' s mor e, when o

road, ndhebastetcory was activated during t
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required. To turn the wheel s, power wa

crankshaft. However, -dhe veoorsyde £imgnevdhi tct

woul d be more e@GBfhicient (Figure 1.6)

C1epoN oN)

"TEL'EI9 "ON

WV
E—
v 9

RLEEFENE I}

(‘2091 ‘eg viog pory =onwonddy)
‘310A018

‘8681 ‘g "AON pojuojeq

Figure 1.7: Steffens' patent No.

Il n 1898, Mathew J. Steffens patente
belt placed around the rear wheel of he
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in Figure 1.7, the belt was pressing the

the wheel to ensure that)the belt remain
I n 1898, Gordon John Scott made useful
his patent numbed 598l 8di9pedéee iwn t he pe

"fancy" phrase used at the time to refer
was registered as "electric velocipede"™
(No Model.)
G. J. SCOTT.
VELOCIPEDE,
No. 598,819. Patented Feb. 8, 1898,

Figur@orldd#8n J. Scott's patent No. 5

The pedals in this electric bike, whic

not carry batteries, were used to turn
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electric motor. After these belt desi gns
t hatnstfrerred power to the wheel from a p
the rear wheel (Figure 1.9). The pull ey,
the engine, al(s#) .rotated the wheel

r . |

No. 627,066, Patented June 13, 1899.
J. SCHNEPF.

AUTOMOBILE.
(Application filed May 8, 1898,
¢No Model.) 2 Sheats—Sheet 1.

Lupeizor

e Sellcenpef,

ety

A 4

Fi gurlJohn 9Schnepf's patent No. 627,

I n 1920, Hei nzmann, a Ger man company,
motors for bicycles (Figure 1.10). Their
engines became popular and were also us

Service. Tthiel Ic omgprawnfyacst ures el ectri ¢ bic
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Figure 1.10: El ectric motor from H

MOTO ELECTRIQUE

AGENCE REGIONALE : 12, RUE ConForT, LYON

TALEPHONE : BARRE 55°34 RuG. CoM. Lyow A 50.094

AR AR REEEEEARA

Figure 1. 11: French Electrocycli

The French, who did not want to fall &
their own el ectrnamebd ciytcy ¢eE B @E it1g92r7e aln. dl 1
1.8 m long bike had a 0.5 horsepower en:
range oX¥)TBe PRPmi (i ps brand, which was pop
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in 1930, decided bticcygd ®d ume parr talee sthi ipc
Si mpl ex, which produced standard bicycl
battery these bikes did not succeed in t

; Fom Ef B) AR e
"ol LS

Ly

Figure 1.12: Philips Simplex elec

Il n 1933, a company called Juncker pro
which weighed 50 kg even without a batt

Al t hough it took a full day to charge, [
Il n 19i3l7i,psPhdeci ded to try again, this ti
Gazell e, whi ch was a mar ket success in
However, this model was al so not succes:
uni tbn (6593I:n&s ™Mho McDonald devel oped and r
could be propelled by foot or powered b
induction motor instead of a magneti c mo

of the front whseelhad Snocree stihset anmmacgen,ett he
both on and off witbteahenlpgagearyswistl mth
down offered a be(t#)er weight distributio

Although the Second World War sltepped
for a whil e, the resulting fuel cri‘:-_s S
Meanwhi |l e, Argyris Stefanos fil;"'edr":-.__'a bat

i mprovements to existing techn'o:’-_:_l
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a frroeteating set of gears so that the mot
with the(Ilp)ower off
American designer Ben Bowden, who was

design, devel oped his design, whid&éh he ¢

In the technically interesting design,
housi ng. On its rear wheel was a hub mo
According to the information in the pate

km/iom a 10% inclined slope (Figure 1.13).

Wy
_cells.

Figure 1.13: Ben Bowden's "Bicycle of

Panasonic's fMaumderh,i tkhkganusnke oduced t h
Japan in the early 19p0ssdubetd {Regbrkel\

way, Japanese technology entered-atche ind
battery, the mot mmirecdreidvd owa hedicrhead tnl y Fd a
concept appeared in the )model that appea
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Nov. 7, 1939. T M. MeDONALD 2,179,418
ELEGTRIC BICYCLE
Filed May 12, 1938 3 Sheets-Sheet 2

a - I ———— =
Illlll{)’llllllllll?})ﬂ”l - . I ’
5 -
;I,\\\\\‘n\\\\\v?
) 7
AT !’
AN I %
=== S

(Z

Figure 1.14:. T. M. Mc Donal d' s pat en
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Figure 1.15: Panasonic electric

In 1977, Charles P.D. Da viiMproonv eamedn tPse t
Argyris Stefanos' patent and developed a
a cylindrical mot or thatThprsowinbseud ea 1 éd
engine was not powered, it woulsdchotastu

Bosch and Panasonic developed the best p

bicycles. These companies agreed that 1in
a reasonable power (250 W), a cylaitredri c a
is |l ocated in the center of the body, a
pedal is pressed when the engine is not

changes for the mass produdtOisom novar elsec
compiaes took inspiration from the concep
and devel oped by Davidson and Leighton.

In 1981, Egon Gel hard fr om-cCallloegch e",| dG

tail "™ design. The elongatedssactcioomni gur
powered by a geared motor, which transfe
rear wheel axle via a chain. When pedal.

and turn only the rear wheel when the en
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Il n 1982, i nventor Egon Gel hard devel
principle of "pedmBUEGTRIcG roirc Fceydcellee ¢c()P'E D a
of the electric motor is supported when

monitoreslt tdoe kg cpedal ed thanks to the s
t he pedal, automatically increasing the

the speed and( &)he force applied

Figure 1.16: Egon Gel hard's "Long Tai

Thd ectra model produced by the Hercul
be registered as a |ight moped in Ger mar
tests in 1989, introduced the | ightweight
These vehlilkcbwsd weoeoper ate without hel me
km/ h. Af tyeerara prloba¢i onary period, when
regul ation was enacted into | aw. I n 1989
(niclhdmi um) batft elrdaed damisd.ealdhe main pro
the usacod keddNi Cd batteries, which wer
of new players into the market and the p

positive devel ddment of the period

1.1.1. 2. El ectric Bicycles After 1990
The i nventiioonn obfatltietrhiesm in 1991 mark
el ectric bi cycdleesc,t rax welhli ches abhhd t he
Compared to previous battery technologie
per kg aamdmeredaurrent. I n addition, the
in Switzerl and, the electric bik_(e Peq.g
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(Figure 1.17). This system | ater became

which pedalhiengngamsed lpassi st the drivert

' 4

Figlur#Michael Kutter and his electric bi

The search for a solution to the weak

wind continued. Af tpeerr froarpmadn aanddvbaanbchepsu tiens
as wel |l as electronics, work on combin
continued. Yamaha developed a prodotype

(Power Assist System) electric powered b
provtiWedappropri ate amount of support fr
force exerted on the pedal s. 't provide
when climbing hills. |l nspired by Michael
wei ghedrdlduke,d 235 watts of power and he
1.18). After Yamaha pioneeesdahblhiished wbi

manufacturers also began to introduce t
system, and tthoe gmaa vk(eatPa.hiedglay 00 8, sal es
bicycles in the world have increased by
were about 1,300.00 electric bikes in

el ectric bikes were9.soSidndbeedt2veE&&® ROAQRclaa
the world have reached an (alvOe)r.age annual




Figure 1.18: Yamaha electric bik

1.1.2. Standards of Use of Electric Bicy

I n the early 1990s, true-maldecteriect bi
energy began to appear. All electric bic
bicycles in which mechanical pedal powe

contrastctritcudedi elhel es converted human

transferring additional power from the b
and power controls were developed in the
Takada receievepdattehnet J(aNoane6sl163148) for "
sensor and zepodamwd ussetnmseonrt mechani sm".

By 2001, -bihke ,t epamBesise st epleadsaindt pdwéir c
began to be widely used to, refectittioc el
accounted for 10 to 20 percent of ©bicyc
travel at a speed of 20 km/ h and have a
to chatpe

Today's electric bikesc weki ¢he ttrashae¢sd
They have electronic brains that receiye
as cadence (pedal revolutions), torque,

based on the battery's daharege olnef.vtﬁ'lée srcd
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theirorf rewmael drive predecessor s, today'
| argel ydrmewlda ustzwst em, work in tandem with
to choose the right geaeednibki hkesdawd I©Ln
cobalt cathode cells in batteries store

They provide better handling due to bet
Today' s electric bikes arer gwyucde nneorraet eedf
going downhill or when the bd&8ke i1 s pres

Due to |l egal Ilimitations, tThe koyms ne c
not exceed 0.25 kW As they accetamnat e,
reach a maximum speed of 25 km/ h. Vehi cl
bi cywlhes;l es with a power between 0.26 KkYV
bicycle class, and electric vehicles of
cl akslseectric vehicles of 0.26 kW and abov
driver's |icense. Electric bicycles with

and do not have td ld8htain a driver's |ic

1.2. Types of Electric Bicycles

EIl echtirciyccl es are <classified according
systems and electric motors, t hat i s, h
transferred. Pedal Assists are bicycles

adjusted te ¢hgi pedpbweThprovides a boos

cycl i st when pressing the pedal. Al so ¢
sensor that detects pedaling speed, peda
use of t he drreak.esThe prowert i s -moatnitwat ed
throttle valve, as in the case of motorc

the requirement .

El ectric bicycles can be classified a:
1.2.1. Only Pedal Assist Electric Bikes

Bicycles that operate only witlhks.pedal
I n itself, i1tcamdct nes sHBdafsit@dmgsars Pedel e

_ _2
e-VETBlke S

)

/'\

(
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2 PedEel ecs

The ter ol "(Ppeebdeatler i ¢ cycle) refers to
|l byi-yewer el ectric motor and a reasona
r Pedmése from the EU.

The EU directive for motor vehicles (
be a "pedei etthg fmo tPoerd ails eAascstihsetat ede b np
the following case, it is deactivatec
gine produces a maximum rated power of
at meets these condimniohe &€MWasvidfsiiadr a
cycle. The EN15194 standard is valid t
me-EfJofEur opean count r i-Eeusr capneda na | csoou rbtyr isec
Pedestals are similar to conventional

e cmortiocr s only provide assistance when

ere is a counterwisndar eFous etfhuils arse aas om
ansportation, especially in areas that
ef uldefrosr (rt hose with heart, | eg muscl e

ding a bike.

1. 2. Pa2ls S

Strongeg tplaltel®o not fall into the cl a
e c®lelde(dsehSo r t fpoerdce@meh B gPebdddyl @ Ger many.
ese bikes have a more power ful engi ne
stricted pedal support. This means t ha
en when a speed -Pegdoglbaa d ;m/ 81 B s trreefacrbee # e
nerally <c¢classified as mopeds and mot
erefore need to be registered and i nst

cense may be needed and a motorcycle h
I n the UaBSes mebBgghéeéas 6l ass 3. Cl ass
mited to 750 W of power and a speed of
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Pedelec Electric Bike

Figure 1caln9d: eHeedcetlrei ¢ bi ke

1.2.2-o0nemand and Pedal Assi st
Some newer el ectric bihkreost twoeoer ka nwdi tah |
to pedal alongside the support of the el

There are also somel kdttrsi d obbi cymnlves tti o ge

Figure 1. 20: El ectric bicycle th

1.2. 3-omfPemand only
Some electric bikes have an -éémandic
power basis. The electric motor is engag
|l ever, as on motorcycles or scooters (Fi
Some of t hleescet ntiyp elsi lkods ehave moee powe
With this type of bicycle, the driver ce:é
with only the electric mot(olrd)viia the thr

@)
v
3"
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1.3. Advantages @&ndcDirdadwaictyadess of

1.3.1. Advantages of Electric Bikes

a . Elkkicaydlces are enviHloemonernitchd biyo falie
use fuel oils that poll ute the atmosphe
rechargeabl e batteries and have zero cal
guietly and do not emit toxic gases poll
users who charge the batteries of their
environmentally friendly means of transp

b. Elkeicayydlces are more afford®bkeofhan
the major reasons whwrel escttrhiad kihkes aare
El ectric bicycles are more economi cal ir
execution costs. Some electric bikes sav

at prices close to nmotdoa cryatl elfaveEltectpay

nor do they have to pay insurance fees a
C . Elkkicaydlces are also suitable for 1
Seniors know that i1t is difficult to ex

bicycles are also suitable for the use o
pedal ing.

d. Elkicaydlces don' tMaorsatk ep eycopul ed vemanta t |
bi ke because of the effort involved, es
l' i ke this, electric bicycles are a suit
based manufacturer of bicycle components
reeal ed that el ectric bike users sweat :
especially i mportant for people who are

e. Elrictyclces are also suit&bleet fioc
bicycl es araer ad aror ysiung adodterd passengers
bi kes designed specifically for transpor
bi kes."™ These electric bikes, which are
section foresa(FygugepacRapy.
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Figure 1.21: Electric cargo bi ke

f . Elbeacctyrcilces do not reqiheemamuche mana
electric bicycles is not much different
i mportant to check the brake pads and ir
make the necessary lubrication. I'n addit
with the instructions i-ef ftehcet ilvrea greai ntl d n
help extend the | ife of the electric bik

g. mMbeor of el ectrTwo bdicfyfcdreesnti ss osu nl desr
from the motors of elfedthrei cmoltiocy calneds :t hte
chain. These | ow amounts of noise are ir
bi ke approaching.

h. Lregggadl at i oMo aatr ec cswcmtrci es have | aws
regul ate how cycild¢stButcamheyel ar e nmepautll )
riders are safe in public. The regul ati
mot orcycles and automobil es. Bicycles art
don't have a dri veanss dfi cternasnes poorr taantyi ocont.h

i. &am drive your electric bEkectrfiter
bi cycdmswor k | bikewdleanegbegrrun out of b
el ectric bicycbesespnptlier nghehé ase ltneoctty rdracmmasg ¢
the motor.

j . Eagsly ng against up®inlel odnd heowmt ern v
about cycling is riding uphil!l or agai n:¢
electric motor, electric bicycles are a
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k Eltecbiccycl es bring peopl e :0Af cdyicflfiesrte
who is not as fit as his friend can easi
bi ISoepeopl e with different fitness | evels

Il . pMa ki ng pebbétemi:dnmiddyagl epsar ki ng f or
city is a big probl em. It i s much easi er
bi kes for parking, or bike parks in citi

m. Elkictycles Rlre dmad hfi omameAdncsorodi ng a
to a study conducted by Deloitte (an int
auditing, tax and management consultancy
trend of wusing eleaddyiltky bdaycdred ewernyncp
to prefer electric bicycles more when cc
stated that el ectric Dbicycles are prac

sustainable transportation.

1.3. 2. Di sfa dBvM eerncttaagecs Ba kes

a. Quedleicttyri ¢ bi cy:cTlheg earag ee xmaerys ifvae t C
the price of electric bicycles, such as
Often manufacturers need to cushomh manu
increases the cost of | abor and parts. \Y
Because of their smalilonsibzag teemrd eef fiincsitean
are expensive.

b . ElRiceycdlces :ue theeatvlye adai tmoaonorofar
battery, electric bicycles are heavier t
have thicker wheels, which increases wei
not seem | i ke a probl em, butyiintg iog & toha

el ebticiyc !l e

cLomgttery chRulgliyngditsaieangeédtiietr hies mc
up t6 BobGrs to recharge. Partially empt
However, the | ast hour i1 s wused to fildl

some batteriesptgyesanftpéaetualty e@ms hc

This can be especially annaunsgoist amhen
el ecbtirciycc hAe spare battery <can aIIeviat'ﬁ""eb_

additi onal cost s.
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d. Selmectrliecs bhawec | owh é ali dtetregr yf i dfe mo

i cyicsl elsui |t to |l ast a | ong time. They'r
hough. When not particularly wel!/ car e
icycles laégiem towhelenable to perform t
ay. Battery |ife may be shortened due t
eNeedmboe frequentl nmamonstte ncaanscees, t he n
l ectric bictycireremitsheomadi hfenamce of a |
omponents, such as chains, gears and cr

ncreases wear.

f. MXxmpensive spare p:d@dmtts kae&ndemai mtrema
pare parctdikfeselaeet more expensive and
eed for a repair or replacement of the
|l ebticiymlr&et i s a relatively new market

g. Asfatleers :ddipporst preferred to purchas:eé
|l ebticiycheequate wasalastgyguppdr af may not

h. Ellkicayalce production may nofhee en
egative effects ofoathkeepresuanitome odnVi
eing discussed. For example, manufactur
o the minerals used to produce the batt

eave negative effectvseron ithe semwiidrednyme

l ectric bicycles are greener vehicles a
i . Rt bBE&HlIbefct ri c bicycles are more easi
nd motorcycl es. However 6 menaossutr ensa nsuuf cahc t au
racking on electric bikes. Ot her measutl
|l so integrated into the electric bicycl
j You Can't FIl'y onMoElte catirrilci nBisc-ydoohne st: a
atteries on an@éhiern pdaasnsaegnegoesre dplt o di r ect

i thi ummbatitemiites or expl ode.

k . leexses: €Eil e ebtirciydtdrers f ewer calories to
egul ar bikes

I . Ambilgawéhy |l ent here are few regul atic
| e dti rciyyc Ineost al | rules are clear yet. I

|l l owed to be used in traff(ild,) .whil e in

_ 2
@E‘B’ﬂ_&e,s
~—r’
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1.4. Working Priogcpeses of Electric Bi

1.4.1. Components of Electric Bicycles
El ectric bicycles have three main c¢omj

are the battery, a motor with a control

1.4.1.1. Batteries

The motor gets the eltédet rhiaddlergnerlMdgye |
the batteries varies according to their
Because the batteries are heavy, they ar
electric bike. The batrtoedruyc ecf -2 @ tu YWp IBb DI
power (Figure 1.22).

Figure 1.22: Bicycle battery |l ocated

1.4.1. 2. Sensor s

To prevehi c gftrleoens rgioci ng too fast, they
the engine to turn off the throttle or
measure both speed and torque. Because
speed, a torque s'esnstour nmonng tsoprese dt.he peda

1.4.1.3. Electric Motors _

The electric motor converts the ener )
energy and uses the wheels to move. I t
used to place thereatomhubther frioe

&
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installed on the front hub have become |
seen on bicycles, the price of which is
its rear wheel amd sar eCoinmteed reat ¢ d wgietahr s
and handling.rangecebest ominc mbidkes. The
expensive electric bicycles, on the othe

depend on the body. blihkkesx haammgebe fddn e eesf i
I mage.
El ectric bicycles with electronic com

gaskets and safety coversltt9 .protect the

TYPES OF MOTORS
» Front Hub

» Rear Hub
» Mid- Drive

DRIVETRAIN KEY MEASUREMENTS THAT
» Mid-drive motors send IMPACT,REREORMANCE
power directly to the » Volts - engine size
crankset > Watts - horsepower
» Drivetrain enclosed in
the hub motor receives = SnpiHlouisigationk
power
Figure 1.23: Components of electri
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e C L ARTLE R B MALUATION QUESTI O

1. Who invented tehecwaornlcd'bs cfyicd ts ?
A)Gustave Trouv®
B)James Starl ey
C)Ogden Bolton
D)Mme. de Gr2figny

2. 1 n what year did Charles Theryc invent
for vehicles?
A)1880
B)1892
C)1896
D)1898

3. When did Heinzmann, a German company.
electric motors for bicycles?
A)1880
B)1892
C)1896
D)1898

4. Which of the following is the biggest
compared to their predecessors?
A)Better handling
B)Faster charging ti me
C)Faster top speed
D)AI | of the above
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Which of therdeol tewandi ng tthe cl assi:
vehicles?

A)Vehicles up to 0.25 kW are classifie
B)Vehicles between 0.26 kW and 4 kW ar
C)Vehicles of 4 kW and above are cl ass
D)AI | of the above

Which dfoltbwing 1is the mai nasdsiifsfteerden

(pedel ec) electr-dembndyel ecst aind Ipioevecl

A)Pedaaslsi sted bicycl es hawvdeemahrrd thil cey ccle
do not.

B)Pedaaslsi sted bicycles provi ddheagsisii vtea
i nput , -dehmalned qpprower bi kes operate onl
request.

C)Pedaaslsi sted Dbicycles have @aemamnée po
bicycl es.

D)Pedaaslsi st bicycles do not rrdeeqgnuai nrde 't h

power bikes rely solely on the rider

According to the EU directive (EN15109/
is the condition for a bicycle to be ¢
A)The maxi mum speed must not exceed 2!
power must not exceed 250 W

B)Pedal assistance should only be acti
should be discontinued when the spee
C)The motor poweexshkhedl|l 250 W, but the
power for short periods of ti me.
D)The maxi mum speed must not exceed 3

power must not exceed 500 W.
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Which of the following-Pedeltbdes danhdere
Pedel ecs?

A)SPedel ecs have throttle control, whi
B)SPedel ecs have a more powerful engin
continuous assistance even when the
C)Whi |I-RredSel ecs are | imitadspeed550f W465sf
regul ar pedelecs have no such restri
D)SPedel ecs have smaller batteries an

pedel ecs.

Which of the following is one of the &
A)El ectr i
B)EIl ectri

c bicyclesg femmdogureage a sedent
c

C)El ectric bicycles are expensive to p
c
n

bicycles have a higher <carb

D)El ectri

emi ssi o

bicycl es are environment al

Which of the fbokel dwsadvastagesobftel ec

A)El ectric bicycles are |l ightweight an
B)El ectric bicycles require | ess maint
C)El ectric bicycles have shorter batte
D)EIl ectric bprcoymcd etso ctame fbte and ar e heav

Which of the following is the approxin
| it hHioum batteries in electric bicycles
A)l-2 hours
B)3.-66 hour s
C)i124 hours
D)48 2 hour s

)

/'\

_ _2
e-VETBlke S

(
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12 Which of t he f otlhleo wri enags oinss owhey oefl ect r

suitable for people with disabilities
A)El ectric bicycles require a higher
regul ar bicycl es.

B)El ectric bicycles are not ina@ahasi ve

abilities.

C)The power settings and speed control

D)El ectric bicycles have smaller frame
with disabilities.

13 Which of the following components of
necessary electrical energy from the

A)Engi ne
B)Contr ol uni t

C)Sensor s

D)Gear s

14 Whi ch of the foll owing i s t he conce|
automobiles similar to in electric bi
A)Gear s
B)Battery |ife

C)Engine power
D)Wat t
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Explains electrical theory and component
%

1.Defines electricity and explain its us
2. Explains the use of electricity in tra
3.Explain electricity storage and chargi:
4 Expl ai n hbiagtht evroyl tcahgeer gi ng, di scharging
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2.Definition of Electricity and Its Usag
2.se of Electricity in Transportation Ve
2. B3l ectricity Storage and Charging Syste.
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El.e.ct . i.cal Theory and |Its Components

2. ELECTRI CAL THEORY AND I TS CON

El ectrical theory and its components
are essential for understanding and wor K
vocational hi ghexglhmrod tsh a dfennrtdsamva dtlal p

theory and gain knowledge about t he ke
Ssystems. By delving into topics such as
use of electricitsy, ienl datarnispiotryt astti corna gvee h
and high voltage battery procedures, st

electrical theory and its practical appl

2.Definition of Electricity and Its Usag

El ectricity fiosr m offunedneemmegnyt atlhat power s
plays a crucial role in various aspects
industries. Understanding the definition
for vocati omalenhisgh esplaalaldty t hose inte
engineering, el ectronics, or renewabl e

concept of electricity, i1its fundament al

Figure 2.1: Electricity

2. 1wWhlat i s Electricity?
Electricity is the flow of electric cl
a form of energy resulting from the move
with a negative charge. Tmese a@hetheonsc
an electric current. The behavior of,_,fﬁel

principles, including Ohm' s Law, _,Wh&iChﬁzk._r
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2. 1Un2der standing Electric Charge

To comprehend efiecstriaontdgr sivandaiuslt ect

charge is a fundament al property of matt
positive and negative. Li ke charges repe
each other. El ectgenswbateypaohegaticaer @

When the number of electrons and proton

electrically neutral (Figure 2.2).

Figure 2. 2: El ectric testing

2. 1EI3ctricity in Circuits

Electricity isionoemealyi baFrnessedits,
the flow of electric current. Circuits
sources, conductor s, resistor s, switches
generator s, provi @de mblwve ehecgyi meedthadqg:
typically made of metal s, all ow the f1l o\
current, while switches enable the openi

Il i ght bul bs or motorsntaceonvhet ebemsr i«

mechani cal motion (Figure 2.3).

.

El ectricity circuit
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2. lUsdaage Areas of Electricity
El ectricity has numerous applications

Here are some key usage areas:

aPow6&ener atlieccnt:ri city i s generated in
sources, such as fossil fuels, nuclear e
and hydroelectric power. These sources
| arge sedl @ htteo demands of homes, busines:

Figure 2. 4: Power distribution

bLi ghtdnneg:of t he most common uses of
El ectric bul bs, fluorescent | amps, and

abwing us to illuminate our homes, stree

Figure 2.5: Lighting | amp

c Heati ng anHIl eCotorliicnigt:y is also utiliz
pur poses. El ectric heater s, air condi ti

appliances that rely on electrical energ
(Figure 2.6). '




d Communicati on alnhde Ewecercltd omfi ces6ommuni c
relies on el ectricity. From television
connections and satellite systems, el ect

keep usdcammedtnf or med (Figure 2.7).

Figure 2.7: Computer, tablet and

eTranspoMi athi ame rise of electric veh
increasingly important in the transport
transportaaienpewywstedasby electricity, 0
alternati veased fovslidl dsue(Fi gure 2.8).
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f Renewabl el Eneegegnt year s, there has
harnessing electricitySdlraorm paemelwsa ba ned ew,
convert sunl i ght and wind energy into e

fossil fuels and contributing to a green

Figure 2.9: Wind turbines

2. 1Co5n.cl usi on

Electricity is a versatile form of e
Understanding its definition, principles
school students interested in fields rel
Fromwering our homes and industries to e

and the development of renewabl e ener

various aspects of our l i ves. As vocat.i
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el ectrnei tuyp oepxeci ti ng career opportunit
engineering, electronics, renewabl e ener

By studying the principles of electri

solid foundati on i n untder stcaonndpionnge nék e c
applications. You wi I | |l earn how to de
el ectrical probl ems, and contribute to t

To further your under st andi nan -aosf el ec
experiments and projects. Building simpl
and observing the effects of different <c

and deepen your knowledge. Addititomeal I vy,

field, such as emerging renewabl e ener g\
will prepare you for the future of the i
As you embark on your journey to | ea

i mportance of safetys Efemitshantdifedansobe

proper safety procedures and guidelines
equi pment . Under st and t he concept of e
protective gear, and ensurantd-edergizedi

bef ore making any modifications or repai

I n concl usi on, electricity iIis a fasci
wor |l d. l'ts definition, principles, and
vocational hi gthersedhtoowd isn ufdiesmlt ds i mel at ed
and electronics. By gaining a strong u
equi pped with the skills and knowl edge
i mpl ementation of iIingowafpioseéeti @eehmmpagt e
and the environment.

Remember, the world of electricity 1is
the opportunities to | earn and explore,

towards a ful fialrleierg iann & hsi usc ceexscsiftulngec f i

2. 2. Use of Electricity in Transportatio
El ectricity is revolutionizing the t

sustainable and efficienthasletdewvmrdatiicyest o

_ _2
e-VETBlke S

)

/-\

(
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ofelectricity in transportation vehicles
years, as the world seeks to reduce gree
and achieve a more sustainable future.
wayseetricity (S utilized i n transport

advancements in electric vehicle technol

2. 2Elle.ctric Car s

One of the most prominent application
electric cars. Ealreec tpadawe rveedh i Ity es | g cEtVrsi) c
internal combustion engines. The el ectri
rechargeabl e batteries. EVs offer sever
including zero tail pnidpeen cemiosns ifoosss, i |r efdue
operating costs. As a vocational hi gh sc
open up exciting career opportunities in

and renewabl ¢ Fengeurrgey 2s.ylsOt)e ms

Figure 2.10: Electric cars

2. 2Hy2b.ri d Vehicles

Hybrid vehicles are another type of
electricity. These vehicles combine an
mot or and a battery ipsacsk .t hTeh ee negliencet rdiucr ir
decel erat-spaedaddi Vowg, reducing fuel cCo
battery pack is charged through regener
energy of the vehicle hntatereatrichalrge.
vehicles offer improved fuel effjicilenc
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, making them a transitional S0

Figure 2. 11: Hybrid vehicles

2. 2El3e.cRirciycc | es

Electric -bi kgs| eareogatenifnrgi eprodpluy amad d g
transpo-bt kesoareEequi pped with electric
rider's pedaling effort. They prrovide a
tackle hills or -bbkes bbhgeradgséameesal
bicycles or motorized scooters, as they
reliance on fossil fuel s. For vcohcaantiicosn a |
or the cycling i nbdiuksetsr ycan ebag na nygalabahllte
career opportunities (Figure 2.12)

Electric bicycl es



Eleectori.cal Theory . and Its Components

2.

o O < T T O

r

e

a

\Y

S

2P.udb.l i ¢ Transportation

Electricity is also transfEdremitmg cp bhuls
nd trams are increasingly being adopted
ol lution in urban areas. These vehicles
roviding a quieter and mor e retnastiirmm.meAd
ocational hi gh school student, under st a
an open up opportunities in the field o
nd sustainable city development (Figure

= mu

BATTERY ELECTR

Figure 2.bluds: El ectric

. 2Chba.r ging I nfrastructure

The widespread adoption of electric v
obust charging infrastructure. Chargin
ssenti al for recharging EVtlhatmnesied.eas
bout the design, installation, and mai |
aluable skill set for future careers i
ystems, or construction (Figure 2.14).
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2. 2Adev.ancements in Electric Vehicle Techr
El ectric vehicle technology is contint
made in areas such as battery technol o

efficiency. Ass ahovodc agti wheadt ,higthayi ng u
devel opments in electric vehicle technol
in the industry. Familiar i zieory oluatstedrfi end
charging s ytsgrims$t, e grrednti icd re, and smart <cha
2.15) .

Figure 2.15: Electric car model.i

2. 2Co/n.cl usi on

The use of electricity in transportat
travel, of fering a more sustaaiinaminal armnvde
El ectric cars, hybrid vehicles, el ectri

systems are revolutionizing the transpo
emi ssions, and mitigating t meli nhpacht ss cohf
student s, | earning about the use of el ec
exciting career opportunities in automot

and sustainable transportation planning.

By under st ameaedhinggl eelteecahrnacl ogy, you wi l
electric motors, battery systems, chargi
knowl edge will enable you to contribute

sustainabl e traYeopocéaatbenomwmel unhvohsged |

efficient electric vehicle systems, I mp
charging infrastructure networks.
i

@.E’rsgge,
S~
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Moreover, the transition to electric
soci ety namdohbhimente. El ectric vehicles pr
reducing air pollution and i mproving air

to the reduction of greenhouse gas emi ss
a vocationatutegh, scbaohi ng about the us
vehicles allows you to be part of the mo

To delve deeper into the subject, con
research. Ex pmldo rceo ntsh e ud e siogpgn od el ectric
battery technol ogies, and investigate th
Participate in |l ocal i nitiatives promot
professional s twordgainmg iimsitdhret § ieednd expan

l't'"s worth noting that the use of el

chall enges. The | imited range of el ect i
infrastructur e, and theheobactodr sbatthatri
addressed for widespread adoption. As a
of these challenges will allow you to coc

advancing the field.

2. 3. El ectricityy SStyosrteegres and Char gin
El ectricity storage and charging syst¢

effective wutilization of electrical ene.l
electric transportation grows, uenrdtelrys t an
charged becomes essential. In this art.]

electricity storage and charging systems

renewabl e energy and el ectric vehicles.

2. 3l.mMp.ortance of Electricity Storage

Electricity storage allows us to capt
| ater use. It plays a vital role in bal
especially in renewable energy systems.
and wiendi nat er mi ttent, electricity sto(r‘;ag

energy during periods of high producti'%’"‘(%_n
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renewabl e energy generation is | ow. This
reducing obpal fassil fuels and promoting a

2. 3TLyp.es of Electricity Storage Systems

2.3.2.1. Batteries
Batteries are one of t he most common a

They store electricakoernergyiitnbalké&mtoal

needed. Various types ofachiad theartiteeso naerse, ul
batteries, and flow batteries. These bat
systems, electric waehiccldesjcasd(pogualkl @

,‘

Figure 2.16: Batteries

2.3.2.2. Pumped Hydro Storage

Pumped hydro storage i s a method of st
to pump water to a higher elevation. Whi
rel easned hfer hi gher reservoir, fl owing th
Pumped hydro storage sysstcearise acraep akcniotwn

duration storage capabilities (Figure 2.

Figure 2.17: Pump hydro storage
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2.3.2.3. CaEmperregsys eSd oAiarge ( CAES)
CAES systems store electricity by c

underground caverns or tanks. When el ect
released, driving turbines to gelneefrgaet e e
scale storage and are often integrated w

ON PEAK
THERMAL ELECTRICITY OUT
ENERGY
STORE
MOTOR & TR G
COMPRESSOR P

OFF PEAK
ELECTRICITY IN

SUDING PRESSURE
AIR TURBINE

o
AR l | AR
CAVERN

Figure 2.18: Compressed air energy

CAVERN

2.3.2. 4. FI ywheel Energy Storage

FI ywheel energy storage systems store
release the stored energy when needed. F
ti mes egmdvelmi gohut put , making them suitabl

guick bursts of energy (Figure 2.19).
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2. 3Ch3a.r siyrsg ems f or El ectric Vehicl es
As electric vehicles (EVs) gain popul

essential for their widespread adoption.
forms, catering to different charging ne

Figar20: Charging systems for elect

alLevel 1 Clkaere¢i Mmg:charging refers to
standard household outl et. | +2 pkrV@)v iadneds ia
suitable for overnight charging at home.

bLevel 2 Cbdwelbigcharging utilizes hi ¢
(typica2l gkWB.8nd requires dedicated cha
charging times than Level 1 charging an
stations and commerci al buil di ngs.

c DCFast ChBaA€gfagt charging, al so know
provides rapid charging for EVs. 't oper
350 kW) and can charge an EV to 80% capses
charging stdtliyonfsouarde atl yomigc ah i gdhi wsatyasn,c ea |

—+

ravel and reducing charging time for EV

N

. 3Apdp.l i cations of Electricity Storage al

El ectricity storage and charging syst

2. 3. ReEnkwabl e Energy I ntegration
El ectricity storage systems enabl e t hi

into the grid. They help manage fluctuat
excess energy, and provide B bowblenpwwk
energy production (Figure 2.21).
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Figure 2.21: Charging systems for e

2.3.4.2. Electric Vehicles

Charging systems are essenti al for el
recharge EV batt er ireasn g ee xatnedn dpirnogmoatthienigr td
adoption. Fast and convenient <charging

electric transportation and reducing dep

Figure 2.22: Electric car vVvisua

2.3.4.3. Backup Powe

El ectricity storage systems serve as

out ages. They can provide uninterrupted
hospital s, data <centers, and emergency
continuelédéwermgiing shdauations (Figure 2. 2:

B W T .
g g a3 -
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2.3.4.4. Grid Stabilization

Electricity storage systems play a c¢r
bal ance supply and demand fluctuations,
grid support during peak demand periods.
suppl vy, storage systems contribute to a
(Figure 2.24)

Figure 2.24: Grid stabilization

2.3.4.5. Remo{Ge iAdbrpd ai sc aat ni do nGf f

El ectricity storage systems enable th
or -gorfifd | ocations where access to a trac
store energy generated from renswppl g soO
for various applications, such as remot ¢

and remote monitoring systems (Figure 2.

Figure 2.25: Solar panel s

2. 3Cabr.eer Opportunities

Understanding electricity swanrage @ade
opportunities in the growing fields of
As a vocational hi gh school student, you
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2.3.5.1. Battery Technol ogy

Explore the design, d e v ebl aotptneernite, s aunsde
energy storage systems and electric vehi
materials science, and testing technique

2.3.5.2. Charging Infrastructure

Learn about the desi gn, installmati on,

(¢

|l ectric vehicles. Develop skills in el

(7]

mart charging solutions.

2.3.5. 3. Renewabl e Energy Systems

Dive into the field of renewabl e ene
electricity staragwisgstemshwdntdpeswéeér i n
energy management, grid integration, and

2.3.5.4. System I ntegration

Acquire skills i n i ntegrating el ect |
applicatiomgyrigdschsanarmi ciomes, and i ndus
the integration of renewabl e energy sol
control strategies.

2. 3Co6n.cl usi on

El ectricity storage and charging syste

potenti al of renewabl e energy sources a
electric transportation. Understanding t
students with valuabl e knowledge and ski
velhies, and grid infrastructure. As the w
energy future, the demand for profession
charging systems is on the rise. Embr ac
pracgricjadct s, and stay updated with adva

can contribute to the devel opment and|
making a positive iIimpact on our enviréabr1_r

transportation.
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24. High Voltage Battery Charging, Disch

Hi gh voltage batteries are a <crucial
including electric vehicles, renewabl e
Under standi ng utrftees groaoperhaprgoaegd di schar
voltage batteries is essential to ensur
safety. In this article, we will explore
for high voltagte, btaltd erriys kiea nag®oneinat ed w
and the techniques involved in charging,
(Figure 2.26).

Figur®a2t26ies optimizati on

2. 4d.mMportance of Battery Management
Proper battercy imadamadementmaiisnt ai n the
of high voltage batteries. The charging,
maxi mi ze battery capaci tdyi,s cphraervge nntg , o vaenrd
uni form <cell vol tageks wmp h e me rtthien gb acd dre
management practices not only extends th

its overaldl efficiency and safety.

2. 4Ch2zarging Procedures

aUsa&pproved chargHinggh evgouitpangeentbatt er i e
charged using approved charging equi pme
type and chemistry. It i s cruci al to f
recommendati ons for chargumgeptar amaede rcd,
ti me.

b Char goeptatmal t eHmpgehr avtodrteage batteri es
within a specific temperature range reca

_2

Y

ke

D
<
a
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temperatures outside the specifinady r ang
even | ead to safety issues. Some batter:i
and control the charging process accordi

c Avoiod er c h:aOwerncghar gi ng a high wvoltag
irreversible damage, redyce iistks. cdpadist
monitor the charging process <closely an

reaches its recomfmequred X.t2A% es lbdws halr greg

Figure 2.27: Charge procedures

2. 4Di3s.charging Procedures
a Avoovd@ern schaOwarmgcharging a high volt:

to reduced capacity, voltage drop, and
crucial to set discharge | imits and i mpl
reachisgvekgyebow voltage | evel s.

bl mpl etmahtery manageBhk8atdyegtyenbanager
Syst ems ar e cruci al for monitoring the
di scharging. BMSs utilize various techni

andopection circuits to ensure safe and

2. 4Badl.ancing Procedures

aCebhbl anHdi gy vol tage battery packs <co
cell s. Cel | bal ancing is a process that
ensur e uni form performance -chinsdchpirreg\imrﬁF
i ndi vidual cel | sal afcctiinvge taencdh np aqsuselsv ear{f_

achieve cell bal ancing.
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b Act ibwd anAchgve balancing invol ves r
among cells during charging or dischargi
bal ancing circwitdsiatcaceméavwold ¢ aigedi and t
cells to achieve bal ance.

c Passhialeaneasngi ve balancing relies on
el ements to dissipate excess charge fror
typically i mplemented during the <chargi
their voltages gradually.

2. 4Sa5.ety Considerations

Proper safety measures should be fol
batteries:

aUspersonal proteckPPENVbergwiopemnmyg wit |
voltage batteries, wear appropriate PPE,
and protective c¢clothing, to protect agai
(Figure 2.28)

Figure 2.28: Safety

b Fol Imawmuf a otuu rdeerAl wags adhere to the

gui delines and recommendations for batt
includes using approved charger s, follo
parameter s, and hancaloinng obh dtetde maesn eirn a

c Moni battery t:eHnpgehr avtoulrteage batteries
during charging and discharging. It i s
usingi nhbuttémperature sensors ofr external

temperature exceeds safe | imits, approp
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reducing the charging or discharging rat
damage to the battery.

d Prevemart :Avocudi taxci dent al s hoopretr ci r
insul ation and isolation of battery ter.
protective covers to prevent contact wit
of short <circuits.

eProwemti:lSatmeomi gh vol t aget hboastet eursieeds ,|

electric vehicles, may require proper Vv
accumul ation of potentially flammabl e (ge¢
for ventilation requirements andnteqisur e
all ow for adequate airfl ow.

f Handl i hgaasgoWhean ilmaandl i ng or transpc
batteries, exercise caution and wuse sec
battery transportation. Avoid dropping

internal damage or electrical short <circ

24 .®oncl usi on
High voltage batteries are essenti al

understanding the proper procedures for

cruci al for their opti mal performance
guimMed i and manufacturer's instructions
maxi mi zes its capacity, and reduces the
high school student, it is important to
batteagemamt to prepare for careers 1in
renewabl e energy, and el ectronics.
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w2 Co AR T E R e EMALUATLON QUESTI O

1. Which of the following is an importail
management ?
A)Charging at any temperature
B)Ovaear scharbgitntgertyhe
C)l mpl ementing cell bal ancing techni qu

D)Usi ngapnpoonoved charging equi pment

2. What is the purpose of <cell bal ancing
A)Maxi mi zing battery capacity
B)Preventing overcharging of individua
C)Equalizing volelalge | evel s among c
D)Al'l of the above

3. Why is it crucial to monitor the tempe

A)To prevent short <circuits

B)To maintain optimal <charging rates
C)To prevent ther mal runaway
D)AI'l of the above

4. What are the potential voi skhgeobaoveregtf
A)Reduced battery capacity
B)Safety hazards
C)lrreversible damage to the battery
D)AlI'l of the above
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Which balancing technique involves r e
mai ntain similar voltage | evel s?
A)Active balancing

B)Passive balancing

C)Fat <charging

D)Di scharging

What i s the purpose of a Battery Manac
A)Moni toring the state of charge

B)Pr eventdingc lmaregi ng

C)Protecting the battery from damage
D)Al'l of the above

Which safety measure shoul d vecel tfaglel o
batteries?
A)Wearing insulated gl oves

B)Usi ng appropriate PPE

C)Ensuring proper ventilation

D)AlIl of the above

Why is it important to prevent short ¢
A)To maintain opti mal performance

B)To avoid electrical shocks

C)To prewangte do the battery
D)AI | of the above

What can happen i f a Hiigl hwaalgtead?e batt
A)Reduced capacity

B)Vol tage drops

C)Potenti al damage to cell s

D)AlI'l of the above

_ _2
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10

11

12

13

14

What is the purpose of wventilation for
A)Di ssi pating heat

B)Preventing accumul ation of fl|l ammabl e
C)Ensuring safety during transportatio
D)AI'l of the above

Whi ch component i's responsible for re
hi gh voltage batteries?

A)Battery Management System (BMS)

B)Cel | bal ancing circuit

C)Temperature sensor

D)Fast <charger

Which type of balancing technique dis

vol tage cell s?

A)Active balancing
B)Passive balancing

C)Di scharging
D)Temperature monitoring

Wh at ar e t he career opportunities re

management ?

A)Battery technol ogy

B) Charging infrastructure
C)Renewabl e energy systems
D)AI | of the above

Wh a't can happen i f a high voltage bai

outside the recommended range?
A)J)Reduced battery performance
B)Safety risks
C)lncreasddmagektofthe battery
D)AI | of the above .
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15Which of the following is NOT a prope
high voltage batteries?

AWearing appropriate personal protect
B)Storing batteries in airtight cont ai
C)Fol Il owi ng maruf aetsuraenrd gwicommendati o
D)Ensuring proper insulation and isol a

16 What is the purpose of using approve
voltage batteries?
A)To ensure compatibility with the bat
B)To proewerncdharging or wundercharging
C)To maintain the battery's opti mal pe
D)AI'l of the above

17 What are the potenti al risks of mishar
A)lnternal damage to the battery
B)El ectrical short circuits
C)Reduced battery | ifespan
D)Al'l abovke

18 Why is it important to i mpidamemtarga fnag
of high voltage batteries?
A)To protect the battery cells from da
B)To maintain voltage | evels within sa
C)To prevent irreversible capacity | os
D)AlI'l of the above

)
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19Wha is the purpose of using cell bal

20

21

22

battery packs?

A)To prevent overcharging or underchar
B)To ensure uniform performance across
C)To maximize the overall battery capa
D)AI'l of the above

Howan active balancing maintain simil

high voltage battery pack?

A)By redistributing charge during char
B) By using resistors to dissipate exce
C)By monitoring and controlling temper
D)Al lhefabove

Wh at can happen I f a high voltage b

temperatures during charging or dische
A)Reduced battery capacity

B)Damage to battery cell s

C)Safety risks

D)Al'l of the above

What is the purpose of usfionrg htihgehr nvad | ti

batteries?

A)To detect and prevent thermal runawa
B)To monitor the battery's state of <c¢h
C)To balance voltage | evels among cel |l
D)AlI'l of the above
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23 Which of the foll owing s shdOTara i pagt en |
vol tbemagd ery?
A)Reduced battery capacity
B)lncreased voltage | evels
C)Damage to battery cell s
D)Safety hazards

24 How does proper battery management <cor
voltage batteries?
A)By preventing odMerschargimg and over
B) By maintarmi ocglunvbl tages

C) By maximizing battery capacity

D)AI'l of the above
25 Which component is responsible for mo
of charge in high voltage batteries?

A)Battery Management System (BMS)
B)Charging equi pment
C)Temperature sensor

D)Cel |l balanoaihng

)
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DulREC T CURRENT BRI NCI PLES

GENERAL Al MS
Explains direct current principles.

%
1. Makes direct current (DC) .circuit meas:c
2. Makes cduirrreecntt source connections

3. Makes direct current mot or connecti ons

LS. S.UES

3. Direct Current (DC) Circuit Measur emer
3. Direct Current Source Connections

3. Pirect Current Mot or Connections
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3. DI RECT CURRENT PRI NCI PLES

Il n this wihlalptdeerl,vewei nto the fundament a
under pin the elbeicctyrcilceasl. sAyss tbehnese poof oeh air n
to soar, understanding the DC principle
transportationndlexomewpokhkthantews Eh t heir
power ed mot or s, have revolutionized thi
surroundings. Atbitklee | heasr ta ofC ewertyeme t h
providing t he extra bo®ests tamalt emglog=ab
comprehendi ngDChewprcaoi phkeeck&fthe poten

machines and gain insight into their ope
Throughout this chapter, we will explc
i ebi cycles, focusing on the battery, mo t

the evolution of battery t eicohnn ob aotgtye raineds
bicycles, considering their superior per
unedr st anding the specifications and <cha
optimize the performanse cymd emaxi mi ze th

We wi | | also dive into the principles:s
cont et cgcl e DC eprogi thesByfgndament al
analyze the relationships between batter
wi || explore the effects of resistance,
efficincycobkese enablrimeg wWecti ci malke wihrefn
operating t hese vehicl es. Additional ly,
di schargi ngbipkecleaststeesr iods e hi ghlighting
Il ife and optimize performaoaces 8% uhdse:
we can ensure the | onmpiewvad'y mowle rmr ed o wrbad 4

Throughout this chapter, we will emphe
on best practices when wo-bkkeg.wByhather
these safety measur es, -byioawy cclaesns ewhjiolye teh
secure and enjoyable riding experience.

By the end of this chapter, you will h
DC principl-kiskepecYdupxweathl ebeheghe knowl ¢
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to analyze, troubleshoot, and opti-mize t
bi ke.

3.0Di,rect Current (DC) Circuit Measur emen

3. 1What i € rac (DiCt
A DC circuit, al so known as a direct
which the current flows in one direction
remains constant and does not change dir
I n contrast,(abhe@ACatciimgucdarrent cCirciu
reversal of the current direction. DC ci

devices and power systems (Figure 3.1).

1 - ] ---»

éq_
-

11— ---- 1 —»

Figure 3. 1: DC circuit (left); AC

DC circuitslarne fedreddamemtias and form
el ectronic devices and apppowatedndevraan
compl ex electronic systems.

El ectric VeThhiecyl ersel(yEVosn) :DC voltage sin
their prr maawr peo.weThese batteries store

then converted to AC for the electric mo

EVs is not |imited to just the batteries
the viemclclbei,ng contr ol systems and charg

< ey,

Figure 3.2: Electric vehicles usi,n
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Renewabl e EneDQ@yplSayysst eanscr uci al rol e
systems such as solar panels and wind t
directly from sunlight, and wind turbine
DC for transmissianeapP@GD€obovageer $nabdth

used to manage the power output efficien

Figure 3.3: Solar panels and wind tur
Tel ecommunMacnayt itoenfseicom devices and net
DC voltage for their operation. DC powe

installations because they offer high re
et '

N4
3. 4: Tel ecom devices

| ndustrial DAppviolctaatgieonfsi:nds extensi ve
for powering various control systems, mo
are often preferred in specific industr

contabol ity (Figure 3.

Figure 3.5: Industrial settings usi




DGt C b€t P in.C i Pl es

Aerospace alnd #Aeiaspacne engineering ar
is widely wused for wvarious onboard syst

communication, and navigation systems (F

Figure 3. 6: Navigation system in plar

Mar i ne aApplmisanar i ti me environments, su

vol tage systems are wused for l'i ghting,
el ectronic equipment (Figur 3.7) .

f

— e w

Figure 3. 7: Marine equipment wusing
Dat a CeDnattear scenter s, which house a | &
computing equi pment, often use DC power

efficiency and reduce power | osses (Figu

o)

Figure 3.8: Servers room 0si
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3.1. 2. Mai n &fhaa aB€ eCii rsd uicts

Direct CurArsenthe( hD@G)me suggests, the ma
circuit is the constant fl ow of electri
moves from the positive terminal of the
to the negative terminal

Vdtage AoCcei:rcuit requires a voltage
di fference across the circuit. The volta
the electric charges through the circuif
i ncl udeesbaatntderDC power supplies.

ComponAnbDE€: circuit typically contains
such as resistors, capacitors, i nduct or ¢
transistors. These component ss atree aomhminew
specific functions, |like amplification,

Ohm's Qhamw:s Law is fundament al in DC c
(V) , current (1), and resistance (R) in
|l * R, where V is the voltage across a cor
and R is the resistance of the componer
voltage, current, and resistance are rel
circuit.

KirchhoffiKKigchawséf' s | aws are essenti a
DC circuits. They include:

aKirchhoff's CurTrheinst |lLaaw s(tkaQle)s: t hat t
entering a junction in a circuitios. elqmoma
ot her words, the total current flow into
fl ow out of that point.

b Kirchhoff's VolThige ILaw Jtka/tLgs t hat
around a closed | oop inema worads,tthe <y
voltage drops across all the component s

vol tage rises.

No ReacltnhanaceDC circui t, there IS no re
arneo capacitive or inductive effects. Cay
circuits, but i n a DC circuit, they esse
or short circuits (for inductors).

_ 2
@E‘B’ﬂ_&e,s
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Steady | 8t at eDC circui tacbheseatkéablet
vol tages and currents wi | | remai n cons

components and par amet egtsatde mehawiham gieg

to AC circuits, whi ch experi enrceentc oonvteirn

ti me.

3.1.3. Measurement Tools for DC Circuit
I n -anke, various measurement tools ar

and maintain the electrical components i

that-bt hke' 8 el ecttrea < adf fsiysitemt loypeamd saf e
Here are some examples of meabBiukement
DC circuit

3.1.3. 1. Mul ti meter

A multimeter is a versatile tool that
including measuringresolstagee. clitreinst , ir
di agnosing el ecebtirkieccalFoirs siunesst ainnc ean yeou ¢
check the voltage output of the battery,

resistance in various components (Figure

Figure 3.9: Multimeter

When working with a multimeter, it's
operations to ensure accurate rhegaatsap e [

guide for wusing a digital mul ti meter DN
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Set muhe i meter modEhbencomrebéeé mul ti met
the appropriate mode for t he measur emen
include DC voltage (V), AC voltage (V),
(gand others. Ensur e t haatte tfhoer rtahneg ee xspeetctt
the measurement . Start with the highest
accuracy.

Saf eptryecauBiebdbos e maki ng any connect i

mul ti meter's probes are in goodage®aadit]i
insulation. I f the multimeter has fuses,
the measurement you are about to make. W

start with the highest range to aeoi d dz¢
of unexpected high values.

Preparcaei rtchuei t or Twrompohent he power t o

component you want -ptoovemeas wreev.i clFesr, leatstue
turned off or disconnected. | f iyyocwidr eorn
component is not powered, as measuring r
i naccurate readings.

Conne @tr otbbeasr v ol t age and resistance me
probe into the common (COM) jraak eandctkhe
the measurement modeAybor sebkettgd &aedgr |
current measurements, move the red probe

Take melas urePideancte t he probes across th
being measurseedc.ur Enscuornenea&ti on f or accur
measurement on the multimeter's display.
to interpret the value correctly.

Di sconne@otwefafAifbt er taking the measur en
probes from the circuit or component. Ti

i fe.
3.1.3. 2. Cl amp Meter

A clamp meter is an excellent tool for

wires. bilmemancan use a clamp meter to mea:

_ _2
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t he motor or other electrical cBmgponent
3.10)

Magnet wire

,‘ . Measurement

Figure 3.10: Clamp meter

A sequence of operations(When working

aSet stwhietch to the desired measuring r
are unknown, start with the | argest rang

bOpen the magnet wire;

cPhace a single conductor of DC currel
and close them,;

dPlace the cl ampstper wemei oul dusbar ;

eRead the screen.

| f two conductors (phase and zero) ar e
fluxes are mutually compensated, and the
value 1is displayedindn catels ahesi puatieonn

mal function of the net wor k.

3.1.3. 3. Battery Voltage Tester

Battery voltage testers are simple ha
measure the -wiokeagebatft earhye. eThey provi de
check the battery's voltage | evel and d
(Figure 3.11).




Mo dul e

‘\i‘ s R
*5 External

Built in

FigurebiBdkdlcapacity voltage meter

A sequence of operations when working
Selectortrlreet batteErnyswoé ttalyaet ttelse ebat t e
you are using is designedbibe.tbefkegpend
may use different typiecn-opbip-atie@ad-es, nsa
cadmium (Ni Cd). #Makempatrebktbadewtebteheiba
SafptgcauBefoonrse using the voltage test
protective equipment (PPE) , such as saf
deal i ng-vwiltthaghei gohatt eri escokEmsutred tdr tbHhar
bef ore proceeding with the measurement t
Preparlkeatttheer y alnrds utreedtitkhiee' se battery i
condition and pr opbeirkley. iMaskteal $ erde i thh etrhe
comcna ons or damaged wires. Turn on the
or ensure It has sufficient power for th
Connecvtoltthaege t e st :@re pten dti meg boant ttenrey t y g
tester, it may haveorcd.i pFol Ipowbehe (0] 1

instructions to properly connect the te:

the red (positive) |l ead of the voltage t
the black (negative). lead to the negatiyv
_ i
@.ET[@,
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Readvbobhe@mee the voltage tester is sec

-

ead the voltage displayed on the tester

battery's current voltage |l evel. mMTake no
it falls within the expected voltage ran

Il nterpretadChegpare the voltage reading
specifications or the expected voltage r

Q

n i dea royf' st hceh abraget el evel and health.
Di sconnepcotwemhAdbt er taking the wvoltage

di sconnect the voltage tester from the b

conserve its battery I|ife.

Bat tmeaiynt enance: Boars ecdh aorng ithipe vol t age r
decide if the battery requires charging
voltage reading is significantly below

battery charge or potadnteinagli omattery i ssu
Foll owing this sequence of operations
readi ngs -bfirkoerh st heate ery and t hat you wor

voltage tester. Regul ar voltage measurer
and performance, contributing tobtke' ve
el ectrical system.
3.1.3. 4. Hal | Ef fect Sensor

Hal | effect sensors are used-btikemsas:!
mot or . They can hel pf udnectteiromiinneg icfo rtrheect
valuable information for diagnostic purp

in the magnetic field ca@sedtby.thbkbembut
gathered by the Hall -bsEsasmatsori scotnhternol s e
adjusts the speed and power of the moto
have helped to improve thw kef fmodioegrsgy ma
them a popular choice for em2)ironmentall
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Figure 3.12: Hal | effect sensor

A sequence of operations when working
alLocate the Hall -Efkectl sensouosual ypu
mot or or on the motor itself. Tfhiee | sdesn s ©
generated by the motor's magnets during
bBefore working with thebHEEI i Efte@eche
and disconnected from any power sources
contact and ensur és ngourmes afeatsyrwhi | e ha

c Examine the sensor's wiring and conn:

damaged wires. I f you find any issues, a
dlf you plan to test the Hal/l Effect
oher testing equipment capable of measur
e Hal | Effect sensors typically have t
(ground), and OUT (output). l denti fy the

f Connect the Vcc mipprofprti md es erosver tsm®
from-btihkee'es controller) and the GND pin
gSet your multimeter to the voltage ¢

sensor's outoput.

hConnect the positive (red) pr ebe of
sensor and the negative (black) probe to

i Gently rbit&eéstmeter manually. As ¢t
magnets pass by the Hall Effect sensor,
continuity signal on the OUT pin.

j Observel themetmer's display for any v

signals as the motor rotates.
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k The output signal from the Hal/l Effe
digital signal t hat changes with the mo
changsngxpected, there may be an issue \
requires further investigation.

| After testing the Hall Effect sensor,

the testing equipment.
mTurn obfkéhane reassdmbltehaanyweaemp cem

removed during the testing process.

3.1.3.5. Watt Met er

A watt meter is used to meds kree st motp
or other electrical components. It provi
i s buesi endg, which i s essebnitkieals feofrf i @p teinmiy:

(Figure 3.13).

Figure 3.13: Watt meter

A watt meter can tel/l you down to th
batdsecywnpawiet wsegdu |t constaowl pgmbat wee
your battery and c-apur el Bvéeh )utsgeoda osuinntc et hye
reset. All you need to know is the actua
anal yst or watt metver gwitl la d@ tAlbhe bradavaate r mle

i s showing a cons@mpitiment ofstl®r 831 &dbdvki ng

3.1.3.6. Oscilloscope

An oscilloscope is a sophisticated to:
waveformbi ken an ean bei gursaelds tfor d m swercito
controllers, and circuits, provi_,_di,ng' et
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3.1.3.7. Power Analyzer

A power analyzer is a specialized too
parameters suchpaowerv,olamd eenerugy ecndnsump
comprehensive-bdkteasabbaetttheak system ef

areas for i mprovement . Udii kg ttlreederi me at
di agnose el ectrical ,i sasnude se n souprtei mihzee ppreor
of thh&ee s DC circuit. Regul ar maintenanc

contribute to the r elbii&kei'lsi tey excnnd ilcan g e\

the overall riding experience.

3.1. 4. CVMolrtemge,and Resistance Measurement

Vol t agwI(t\)g:e i s | i ke the driving forc
t he el ectriac |dtker cheosw, wkitred f | ows downhi
is the potenti al di f fcarmrerudd ,beathvde ant 'tswan:
(V). You can think of it as the pressure
to another. Vol tage is often measured u:

energy is availabl e bogpust h(eRibgeurreel e3t.t1rdi)c

High Voltage
Figure 3.14: High voltage
CurrenQur(rle)n:t iI's the flow of electric

the amount of water flowing through a pi

direction, hgkeéownstwveamf|OGwirent i s mea
measure current, you use an ammeter. It
through a specific point in the circuit
Resi st aRexi tRgnce is | i ke a spedd ' sump
property of <circuit components that resi
how narrow or wide a pipe is forqgqf)he wa

_ i

@.ETH&@.



DGt C b€t P in.C i Pl es

When you have higher resistance, ofou get

voltage. You can measure resistance usin

3.1.5. Ohm's Law and Its Application in

Ohm's Law is a fundamental principle i
relationship between volntaangeed, acfutrerre ntth e
physicist Georg Simon Ohm (Figure 3.15),

Figure 3.15: Georg Simon Ohm

The statement of Oh"nlT hse Lcawr riesn ta sp afsoslilr

conductor between twonalinbosthe doreageé)

points and inversely proportional to the
Mat hematically, Ohm's Law is represent
b
Wher e:
T . Vol tage across the conductor ( me
L X Current passing through the cond
=| X Resistance of the qbnductor ( mea
Il n practical ter ms, Ohm's Law tells wu
conductor (while keepimnwr rtéret rfelsa wit mg cteh
increase proportionally. Li kewi se, I we
vol tage constant), the current will decr

Law is applied in DC cisré¢mmirkeswith a cOu
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Exampl@onls.i debbi kaeen wi t h a motor contrc
resi st anichee obfat3t ery supp/tioeds hae wolttoage omn

To calcul ate the current flowing through
w oo .
Yo PO
ExamplLet2s dbakeads dattery has an inte
g,and the motor draws a current of 15 A
vol tdargoep, across the battery due to its i
® QY pumv xvo

Exampl é Anke' s motor i vbadnmreyt @achdt ar
a current of 20 A, and you want to know

you can rearrange Ohm' s Law:

Y

Tt

—

chrm

v @
o

N

Ohm's Law i s iam [BG seinrtduwilt teomd!|l ysi s ar
and understand the behavior of el ectric
designed and operated safely and efficie

3.1.6. Power Calcul aBiilboems in DC Circuits
I n Hmnke, power calculations in DC cir
the energy consumption and performance

calcul at-boke debpgeers and users opti mi

overal |l rriiednicneg. ePxopweer i s the rate at whi
el ectrical circuit and is measured in wa
The formula to calculate power in a D¢

vt b T e

)

/'\

_ _2
e-VETBlke S

(
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ExamplCendi d&r ken we t hhat moperates at 3
and draws a current of 10 amperes (A). T
the formul a:

0 wZ20O O@PT CQPG
The motor's power consumption is 360

uses el ectrical energy.

ExampSeppos-ki ke ks equiVpped (W)t baat é8
has a capacithyuofs I1®Rhampdoecal cul ate t he
the battery, use the formul a:

08 Qi "k &HON OO RAPP T T P6&'Q
The battery -sdrogesf 488emwayt,t which in

el ectrical ener gbyi kiet. can supply to the e

Examplea@i nkei ke wi th a motor that <con:
of power during regular riding. I f the r
addi ti omatlt s1 0(0W) of power, t he tba tkeel po
during the ride i s:

"Y€ OrpéaL QID € 0 § E 0 QIYQRIA QQ 0 &R Qi
"Y€ Ofp¥d0 QI UTIP MTIO L G
This calcul ation hel ps nudnddeursitnmg dr itdiet

how much effort the rider contributes.

ExampWhen. rechaithgikeg st hate¢ er vy, t he ch
crucial . I f the charger supplies 54 volt
of 5 amperes (A), the charging power i s:

0@ "QNEQ Q@I "QVE"Q 0LHBN Q@ONV I Q& O
OWi QAEQVQQLET ¢X@
This calculation helps wunderstand the

replenish the battery.
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QuestiThe Mot ebi bé @amerates at a voltag

draws a current of 10 amperes (A). Calcu
using Ohm's Law formul a: P=V*1l. Wh a 't I
motor ?

(a) 90 (W) 36QcW 45(8) 100e)V 180 W

Ques oNor.wanhbi kdvet@ run continuously
recharging. Considering the motor's pow
(360 W), estimate the approximate batte
duration of operaEnhengyUéE)t hePboWma( P)
i's the required b-abobtesy(Whpacity in watt

(a) 180 bWh 720Q0c Wh360dWh90( &hnh 270 Wh

3. 2. Direct Current Source Connections
Direct Current (DC) bs kesced nvohvecttiher

connections between the battery, motor c
component s -bwiktehisn etlheecte i c al system. The
provi wengtgpokbesemotor and controlling i
assistance to the rider during pedaling

Here's a detailed explanation of each

BattEmhg: battery srey vRG m@mewéd rh dsigkueri.ared ti 1

supplies electrical enetfbdyket datth e rdretsi rae
rechargeabl e and come i n  arnkicouns) eohre niiesat
aci d. The battery vpéhdgegdboatiethepdeist gn
reqgui rements.

Mot or Comheombéor controller is a crif
the flow of el ectrical power from the L
intermediary between tmuae algatntgertyhea mpd wteln e
on rider i nput or system requirements.
acceleration, speed co#trkel, and safety

El ectri dhbMotedrectri c mot obri kies' st hper olpeud
systtemconverts electrical energy from th
the rider's pedaling or providbi kaebkl cahe

_ 2
@E‘B’ﬂ_&e,s
~—r’
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be hub motors (mount-é¢érdi ien mdteo rwsh e(erhasun tc
pedal s) .

Throttle or EBedkals $amshrave different
as t racstetdl emsspesdalyshhesssd keFbrospémrmrahadd
throttle to control the -amostimgrik ses powe rs en
(cadéesensors or torque sensors) to det e
assistance accordingly.

Di spl ayMaUurybit&kes have a display wunit
information to the rider, such as speec
traveled. The displ-layke'ng tbatst @eroweard dl
moni tolri Keh'es eperf ormance and settings.

Wiring and Tlheaneatiooss comploemeaatsl e@dt |
system are interconnetcdred-qulail gy ywiamidn ¢ r .

insul ated wires ensure efficient power t

3.2.1. Battery

The battery is a e&rnkei'"sl edemnpgonemntl ofy
t he primary sourvciedeosf tDhGCe peolweecrt.r ilctalp reon et
t he motor and ot her Il «kebdtirkiEc dlatdemp erse ratr
to be rechargeabl e, allowing riders to
energy. Two c emrkatnelvtayepse sa ooef-i b i) h iaamoti d e a d

batteries.

3.2.1.1-iobt{ifom)uBatteries

Li on batteries are-bwikekeesl Wduwesead itrhemao c

density, Iightweight, and | ong | irfgeyspan.
storage capacity and weight, maki ng t hen
range are essential factors.

These Dbatteriioens cueslel sl ittohisutmor e and r e
efficiently. They cadi sweh desg ewatymduwnte rsa ugsn
degradation, ensuring they |l ast for s,e;‘i/e
iorbike Dbattemramfgreotmy p3iéc avd Iyt s (V)_’ t~o 5.2_
depending on the specifi(¢igoadel Jadd)powe
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Figure 3.-ildon M4 ttthea ruym

3.2.1.-Rci deBatteries

Leadkti d batteries werdidkemmormluy udhed ia
common due to their heavier weig-hbtnand
batteritelsey Wi ¢ el ess expemsibwd teosmgasr, ed
shorter | ifespan and arcelbké kbattelhesvet
12 wvolts (V)bipkeers cneayl , haavned seever al cel |
achieve tonhe adgeesi red v

Figure 3.17: Bicycle and batter)

The <choice of batterbyi kteype deéspa@gmdsg o
considerations, and rider requirements.
greater power and speed, ibwd. t@reyt lad smt h




DGt C b€t P in.C i Pl es

batteries with higher capacity provide |
di stances on a single charge (Figure 3.1

Manufacturers -bakef bhtyedessghoeensur
standards rand apt evipecee f or mance. Ri ders s

and maintenance practices to extend the

Regul ar charging, avoiding extreme tempe
guidelinesfaretlkesséongabity and-boktei mal
battery.

3.2. 2. Mot or Controll er
The motor controll er i-bsi kae ' sr uvecdieaclt rd an

responsible for regulating and control

plays a central Fba lkee ' isn pdee tf @orrmamicreg telf
riding experience. The motor cofrbtirkeel lser
battery and the electric motor. Ildasl prim
power from the battery to the motor, con
out put based on rider input or system r
the voltage and current supplied to the

Figure 3.0n8§8:r oMdtear c

Typemowndr combheobkl are various types of
i rbiekes, and their selectionbdépésdsesndg
aBrushl ess Dt oBLDMNMODSB DI Inmpidiek ens eu s e

brushless DC motor s, and the motor contr
as a BLDC controller. BLDC motor contr/ol
control, reducing friction B@dmwearscdmbp
empl oy electronic commutation,“_vyf;hi'i e
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timing of current switching to the motor
brushes.

b Gearedgeaanmrd ess :Geatedl meter control |l e
fobi&kes with geared hub motors, which h
These controllers offer better torque at

Gearl ess motor cont-doli ver Bubr emotused, wiwhh
intern@Fi geraeg §hely9)provi de a smooth and
at |l ow speeds might be ¢B)ghtly | ower th

<ol o

Figure 3.19: Geared and gearless ¢

c Siwave conSirmd lwvawe controllers are ¢
BLDC controller that provides smoother a
a cleaner sinusoi dal wave to the motor,
Control Mot mo d sc;o n t-briokcedasenr su sien deé f f er en

met hods to regul ate motor power based on

aThrobased donttrhiydestdtdlkees, the rider c.
mot or's power outpopedatredtthrasiheg. aTth
twists ®rthetikhanoetl e, the more power t|
(Figure 3.20).

)

_ 2
e-VET Bﬂ'_lie, s

'/"\

(
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Figure 3.-RROsed haorttrl el
bPedadsi st:Pedamdlsibdtkes use sensors to
pedaling effort. Basedcoonnt rtohh ¢ £e Ppirg@mwvald:

assistance in proportion to the rider"'s

adjusted through di ff-br &rt smddrd gglua.re sBa i2tl

Figure 3afdi:stPedardtr ol

Motoaontroll ers incorporat®ikaefet el eal
system and ensure rider safety. Some <co
protection, overtempernatcwrne prmrotecti om,.

may autymaedoalkl power output or shut do

conditions.

Many motor controllers have integrate
di splay unit. The display allows riders
l evel, asrsd sot mordei, mportant dat a. Some &
Bl uetooth connectivity, enabling addi"'__t

Some mot or controllers suppo,ft"”.__reg" n

motor's operationngukimgtibec akn ergg
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feeding it back to the battery. This f e:
thdike' s range.

Mot or controllers may be programmabl e
experienced wInenertso sakcjhusats gamr ot tl e r es
out put, and assist | evels.

Overall, the motor controller is a c¢r
efficient eba rkter' osl edfectthhe ce mot or . |t pl a

(7))

mootdh ean oyable riding experience whil

D

fficiency.

3.2. 3. El ectric Motor

The electric motor 1is thhkilkere grompuwln
system, enabling electric assistance to
electric propul sion. It serves as the poc
the Yyaitntes mechanical-beker §pr wardadpel |l ing

The electric motor's primary function
by the battery into mebhhkhaei sawheaksgyThh

based on t he rprmarmgmiegli esan,o fwheslreectt he i nter
fields induces motion. When current fl ow
field is created, causing the rotor to

magnetic fi el dt.i ofrhiiss rtohteant itornaanls frreor r ed t «
necessary proptbliskiéeddhet e moeet twvbepei mary

mot ors -os ki Mmod or-dr avnwe. motdor s

3.2.3.1. Hub Motors

Hub motor s, al so kanroewno naes owh etenle ntow oo r
el ectric mbthekes.usbdsenmetors are direct
wheel s, either in the front hub or rear
reqguiring minimal fMmoamé.i cBheywynptovidhe di
wheel s, of fering smooth acceleration an

hub motors are relatively quiet during o

_ _2
e-VETBlke S

)

/'\

(
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Figure 3.22: Hub motor
Hub motor advantages:
aSimplicitytahdaeibeng. in
bSmooth acceleration and direct power
c Mini mal i mpact on the bike's overall
dQuieter operation compared to some o0

Hub motor disadvantages:
alncreased unsprung wei glotmf oaftf.ecti ng

bLimited torque, making themohdss sui
riding.
c Heat buildup in the hub due to conti

3.2.3:D2.i vMi dMot or s

Mi-dri ve mot or s, al so k nown as centr al

second ympaei mf el ecthikemot dheseseadtionmnse al

the bottom bracket, connecting to the bi
Unli ke hub-dmowver snotmrd work in conjunct
all owi ngt ot hepemoéatoe more efficiently and
cl i

mbs and challenging terrain (Figure 3
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Figure 8r2%e Niodor

Midrive motor advantages:

almproved teaerlqumiamgd atbiillli ty due to ge

bBetterdiwstirgihbkuti on and handling, as t
of the bike.

c Efficient power wutilization by wusing

Midrive motor disadvantages:

aMore complex installation, involving
dritvain.

bSlightly higher noise | evels compare

c Potenti aWwe ddrusev ettor aiilmncr eased torque.

Ebi kes commonly usedrhwk mottors, oreaml
advantages and | imitations. oplebamioodnmy swk
mi-dri ve motors provicde mbetntgerabtidndye dhe

the two | argely depends on the rider's
experience. Regardless of the ereorttoro ft ytphe
ebi ke, revolutionizing the way we pedal

3.2.4. Throttle or Pedal Sensor

Throttle and pedal sensors abekewot di
regul ate the power output and electric
These sensors play a cruci al role in entl

expeei enc
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3.2.4.1. Throttle Control

Throttle control is a straightforward
power output of the electric motor. It m
or scooter throttle. A tlheboart,| ee n aubslueasl |ty
adjust the | evel of electric assistance
pressing the throttl e, the rider can in
all owing for effortlespuadsceheration and

Throttle control advantages:

a.l nstpaomter cTohnrtoebtetlsleed systems offer 1 mn
control over the motor's power output, p

b Noppedal i ngRi @guisreadan enjoy full el ect
need for pedaling, making it convenient
from pedaling.

c Gr adypalwer ad;)Tursd mehtottl e all ows f o

modul ati on, enaby iogntrrialertsheaior pspead eadnrn

| evel

Throttle control disadvantages:

aPossrhindeédwl at or y: Smen®et miegti iomrss or juri sd
specific | aws-bgeddrkeisng Itimriatitnlge t hei r u
requiring specific |licenses.

3.2.4. 2. Pedal Sensor (Pedal Assist)
Pedal seassli stpedals a mor et haadtv awnocrekds c

har mony with the rider's pedaling effort

thrott-hesi pedalystems detect the rider's

assistance i n proportion t omotthoer rsiedaeml|'ess
compl ements the rider's pedaling, provid
Pedal sensor advantages:

aNatumriadi ng e®peéad=sincte systems provigd:d
riding experience, as the motor's powe,_;j“jr

effort, resembling traditional cycl&ing“"}._
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b Eneregfyf ir®Piedaadsi st maxi mi zes energy ut
el eatsrsiict ance only when the rider needs
extended range.

cLega@lompl i Baedaaslsi st Ssystems ol it leen co

regul ations in various regions, making t

Pedal diesnassdowvant ages:

aRedudeéedentt rPeeldaasls i st may not of fer tt
power cont r-lmd s eads styhsrtoetnisl,e especi ally in
acceleration is required.

Somébikes combine both throtftéri agdhypl

control options. These systems allow ric
pedaaslsi st or a combination of both, pro
individual preferences and riding styles

3.2.5. Di splay Uni't

E-bi despl ay units are integral componen
by providing riders with vi thailk eisnk e ma't
di splay units serve as digi-tameddahhoéanpc

rider.rmKwetyi onfoi splayed includes:
aSpe®dsplaying the current speed all o

speeds, adjusting their pace according t
bBat tleervfehle battery | evel indicagor inf

charge in the battery. This helps them p
unexpectedly.

c AssliesuMlenle di splay wunit all ows riders
electric assistance based onavbkbesrngreRe
can adjust power settings, either throuc
the | evel of electric assistance to mat
may have adjustable backlighsti bandtlgridah
di fferent I ighting conditions.

dDi stanaedlraedki ng the distance covere

valuable data for trip planning, fitness

_ _2
e-VETBlke S

)
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eTridmta and:Didopneday runi tisp oddtean, fiermd lu
trip time, average speed, and maxi mum sp

of the total dishahkeéstpavehadesi nce the

3.2.6. Wiring and Connectors

The various cobmplomenntesl @dt rtihceale syst e
using wiring and connectors. Wiring and
el ectricatbhisegstemesporsi ble for the pro

power beitomese ncovmponent s.

Wiring serves as the electrical pathwe
motor, controller, display wunit, |ights,
hand, provide the means to est abbeltiwehe ns
di fferent parts of the electrical system
ebi ke, enabling seamless communicati on
bi ke's electrical component s.

Main Wiring and Comkestor Paths in E
aBaty emot:dhi s i s the primary path carr
to the motor through the motor controll e
bBatt edriys pthaalyheu wi ring connects the bat
all owing the rider to monilt oirnftcremataitdre.r
c Motodi spl aomehi&kes have wiring conne
the display unit to provide additional d
d Pedaknsor : ko rbiiekge s wiatsls i pe daslyst e ms,

connects the pedal sensor to the motor
assistance based on the riders pedaling.
The integrity and safety of the wirin

rele adbbder at tharkedfs tpheopel si on system and
Hi gual ity and properly insul ated wires e

the risk of el ectrical faults.
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Safety Considerations:
aPropersul:Ehsaning that al |l wires hav
crucial to prevent electrical shorts and
b Secuwroenne:coonrnsect ors must be securely
reliable electrical connectiong rindli ipg.ev
c Water pr dsfiinrgg:wat er prreosoifst@amt watoenme ct
protect the &electrical system from wat
conditions.
dTi cywwbl e mankRargeepreerntcabl e management m

wi res getdari nignttearnfgdreidng wi th the bike's

3.3. Dirgcht)cCtuar e@annections

Direct current (DC) mo-bbkes aase theyor

reliable and efficient means of convert
mechani cal power for propul sion. Proper!|
bike's electrical system is essential to
subchapter, we will explore thdikey.aspe

El ectbhiikes can be equipped with two t)
brushless DC (BLDC) motor s. The i ndust:H
brushless motors due to their advantages

as well asmaiemuéemamage |l ess

3.3.1. Understanding the DC Motor

Before delving Il nto the connections

components of a-bbk&emot &drtypedal nDE mot or
(the rotating partypaand 4 Fstgatrer 3(R2H¢g .st

Inside a Geared Motor

Ring Gear and
Stator Clutch &

Inside a Direct Drive Motor
Shell

Planet Gears * Stator

Rot or and stator i n |



DGt C b€t P in.C i Pl es

The rotor contains permanent magnets
coils that generate a magnetic field whe
power i s armoploired tthee timag eracti on bet ween
the stator's magnetic fiel éidkree st evsh ered tsa

The rotor is the moving part of the L
connecteedike' $ hrewhtehed st roansmi ssion syste
rotational motion to the wheel s. The ro

el ectromagnets, depending on the motor t

3.3.2. DC Motor Phase and Wiring
DC mot érisk eisn aec e ¢ ommo nel sys deG i(gBileddC )a smad

BLDC motors require a motor controller t

windings properly. They have multiple pl
Phase A, Phase B, and Phase C.o B&anhimhgas
(Figure 3.25).
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The motor phase refers to a set of mo

—
(@)

create a magnetic field. This magnet.

in the rotor,motmidari ng rotational

These phases

are equally spaced aroun

degrees apphaseTbent hgeeati on offers sev

aSmoot vt atWiarm t hree phases, the moto

current to one

(¢
5

ergized or i

phase while the other tw

n different parts of their

rotation of t he motor.

bEfficTlkeacphmaesee configuration all ows

el ectrical power , mi ni mizing energy | oss

c Hi ghenmr githee

staggered current supply t

i mproved torque generatiloen,f araku mhgi IBIL DI

chall enging te

3.3. 3. DC Mot o

rrain.

r Controll er Connections

To connect t hebiDCe motelre dtor itcdhhal esysten

plays a critical role. The -1mokef scohtrootl

pedaaslsi st sensors and modul ates the curr

this input. It
(Figure 3.26).

ensures smooth accel erati

3.26: DC motor controll er c
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3.3.3.Conhepuitons
ThrottlWhémptuhe rider activates
and adjusts the current fl ow

the tl
this input
ows for instant and prsencaoosteh cor

i nput al l
on and easy handling (Figure 3

accelerat.

e
S
&

Figure 3.27: Throttle input
PedAdsi st SeThsorselnmspput det ects the rideé
speed, and based on this input, the motc

| e &li gure 3. 28)

Figur €e8laaBi:st sensor input
3.3.3.2. Phase Connections to the Motor
-The motor controll er has t yohasad |y
configuration in BLDC motors. These o0u;t,
mot or phases, | abeled as Phase A, Phase
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controls the de& nofngt haen dc urargenntt uf I ow t o ez«

rotation and efficiefb)power delivery to

3.3.3.3. Battery and Power Connections

The motor controlHdieke'is patwteeareyd, btyy pihce
in the range oddp8mdi ngpg &RVt he motor's vo
wi || have two additional wires for the b
and GND(KEKigure 3.29).

Connect to controller power Connect to battery, it can be

Red cable(Female) for positive other connector which matches

Black cable(Male) for negative your own battery

FigureBBk@9power cable for connecting

3.3Codmmuni cations Connections

I n S 0me adiviaee@ c esdy s tee ms , t he mot or C
communication connections to other comp
smartphone app. This all ows for data ex

custent-eke' s performance settings (Figu

Figure 3.30: Communication wiring

2

(@ Nehe.
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S Gt AR TR e ENofolnldeAdidO N QUE ST I O

1. What is a DC circuit?
A)An el ectri cal circuit in which the c
B)An el ectrical circuit in which the c

C)An el ecitrc¢ wciat t hat uses alternatin
di stribution.

D)An el ectrical <circuit in which the a

2. What are Kirchhoff's | aws used for in
A)To analyze the behavior of capacitor
B) Toetder mi ne the voltage and current i
C)To calcul ate the resistance of a con
D)To regul ate the current flow to the

3. What is the main characteristic of a I
A)The voltage across tyhe circuit vari e
B)The current flows in multiple direct
C)The current flows in one direction v

D)The battery connects to the motor tF

4. The motobi ke aeperpates at a voltage of
of l®alAcul ate the power consumed by t
formul a: Power (P) = Vol tage (V) * C
consumption of the motor?

A)90 W
B)360 W
C)a5 W
D100 W



Dttt Cu b rent  Principles

5. You wanbhbi kdnet@ run continuously for 2

Considering the motor's power consumpt

estimate the approximate battery cap

duration of operation. Use the formul e
What i s the requir etdhduartst e(rWh)cZapacity
A)180 Wh
B)720 Wh
C)360 Wh
D)9 0 Wh

6. What I's the primary functi onbiokfe'tshe
el ectrical system?

A)To provide power to the display unit
B)To convert electrical energy i nto me
C)To regul ate and control the power su
D)To connect the battery to the motor

7. Which type of el ectric motor i's dire
wheel s?
A)Geared motor
B)Brushless DC (BLDC) motor
C)Mi-drive motor
D)Hub mot or

8. What are the twobickhembattgpessdf e
A)Li t hiiounrAm b)) armddmiawakel( Ni Cd) batteri e
B)Ni c-lnet al hydri de-a¢ NdMbBat aedi esad
C)Li t hiiounm b)) aancdi d ebaadt t er i es
D)Al kal i ne paonldy nheirt h(ilLuinPo) batteri es
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What are the two main tlyipkess©f DC mot
A)Geared motors and hub motors

B)Brushed motors and brushless DC (BLLEL
C)Permanent magnet motors and el ectron

D)Synchronous motometandgd asynchronous

10 What I's the primary functionbiokfe'tshe
el ectrical system?
A)To generate electrical energy for th

B)To connbrcketbhebattery to the motor.
C)To regul ate bh&kespeeatheeff st he e
D)To manage ftlloew dwr ntehret mot or ' s wi ndi nq

)

'/-'\

_ 2
e-VET Bﬂ'_lie, s
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4 Bp.erational Safety and Maintenance of
4 . BOh.vironmental and Economic I|Implication:

4. 1Buture Directions in Electric Energy
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4BATTERY TECHNOLOGI ES I N ELECTRI C

4 . Introduction to Electric Energy Storag
Il n our rapidly changiiqrgi feinccamoe | afn dElce

Storage (EES) systems i s becoming incre
system is designed to retain the energy
harnessed and utilized at al esudvsemiureqlt
straightforward, has profound i mplicatic
gl obal energy resources (Figure 4.1).

Figure 4. 1:(Energy storage

One of t he most pronounced shifts in
decadesthasthbha@si ti on towards renewabl e
wind power. These sources, while sustair
fundament al characteristic: i ntermittenc«

can be burned a@amd edercver city on demand,

whims of nature. Solar panels only produ
turbines only when the wind blows. This
an inherent amaWwkermrgesur bow consistent €

primary sources are inconsistent?
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This is where the pivotal role of EES
capturing and storing the exdlislse enemgy
afternodpsdanewensystems ensure that the
to be dispatched during periods of | ow p
guarantees a consistent energy supply bu

bl ackomaisntaamidni ng energy [Bruitcad 'ast naotr ga

filling in the gaps. The flexibility of
optimizing the use of energy, reducing w
in thte enfof i ci ent manner possible. This a
retail me i s what makes EES systems an ind
energy infmasssecte@eyeas we steer our glo

sustai nahbtluer ee,netrhgey rfoul e of El ectric Ener ¢
beacon of innovation and necessity. It e
foresight, ensuring that our transition

possi bl e buand |l efofFipgiaecreti 4 a2 ) .

other power pfants
and consumers houses
. B
|—| F!‘JEH t \uad
power plant Piore I |
Y I_l l—l

factories

[—)-: arrows represent energy flow]

energy storage facility

Figure 4. 2:s¥sad&gy st orage

4. Phe Rising Need for Energy Storage

The dynamics of the gl obal energy | anc
pace. As we pivot towar dprmdrue ts wsnt, aitrmab
efficient energy storage mechanisms has
is rooted in a confluence of factors, ea

energy storage solutions.

2

(@ Nehe.

S—r
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4. 2. 1. Il ntermittegqyey of Renewabl e Ener
Firstly, the Intermittency of Renewabl
Unl i ke traditional fossil fuel s, renewa
power are not continuously available. TEFI
be unhptadl e. Thi s i nherent i nconsi sten

production exceeds demand and other ti me
|l ies the brilliance of energy storage.

peak pr omeusctamd rtdl easing it during | ul
bet ween energy production and consumpti o
mi dday power for use during the night or

on cal(nFidgauyrse 4. 3)

MORNING DEMAND EVENING DEMAND

Figure 4d8dmamBder gy

4. 2.2. Load Leveling

Next, t heloazldwnweleipmg ohecomes cruci al i n
power grids. Il n our current electricity
daily, wheni@dameywdi sgsgwbhen househol ds |
appliances, for instance. These ' peak d
|l eading to potenti al failures and incre

help in "leveling'entethgye dygeamagd IBWmé$

releasing it during these peak perio
outages and keeping costs in cheeg



" 105 sl € CBULLCIY T 21 SR G Ld. MO d U | €

Battery Discharging Battery Discharging

Battery Charging
Battery Charging

Load Demand Profile

i

Load Demand Profile

i A

A " "

0 4 8 12 16 20 24 h 0 4 8 12 16 20 24 h

Load Leveling Application Peak Shaving Application
Figure 4. 4: Load I(edv)el ing and peak

4. 2.3. Electrical Grid Resilience
Finally, the broader theme of el ectri
As gl obal event s, from natur al di saster
frequent, the vulnerabilities of our pow
can kaeeessocietal and economic i mplicat
a safeguard in these scenarios. They can
of essential services and reducing the d

Il n concl uswoon,d asakelke strides towards
i mperatives of energy storage become <cl e
renewables to ensuring stability and res
need for ener gya sttroernadg,e iits' snoat njeucsets si t )
(Figure 4.5)

Transmission

Distribution

Decreasing availability of water | | Warmer temperatures and Heat waves and more frequent and
may affect the generation of heat waves can reduce the intense wildfires can damage
hydroelectricity in some transmission capacity of power distribution lines.
regions. | | lines.
AN 4
Figure 4.5: El €B8)Yric grid resil.ii:e
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4 . Bypes of Electric Energy Storage Syste
The burgeoning realm of electric ener
array of eeachnawldadi ess,s uni que mechanisn
reliance on sustainable energy solutions:t
of storage systems becomes i mperative.
categories of eleysremsenenggckiongagheir

applications.

4. 3.1. Chemical Storage

At t he hear't of chemical storage ar .
i nstrument al I n powering everything fror
Theseessgsagms utilize chemical reacti on
During charging, a chemical reaction o]
di scharging, the reverse reaction takes

types of wmddrertiteiss faadtlegorym,cifdr am-dt He tuh
ion batteries to nesmveat e exrhdhofl ogwebat t &
of fers different energy densities, I i f ec

but they tadlll ¥y umalayneoaain chemi cal processe

Electron Flow © Lithium Oxygen
Compound

‘ Lithium lon

@ corvon

@ Maganese Oxide
(the catalyst)

@ Oxygen
Negative ‘
Electrode
@ Oxygen

Positive Electrode

Figure 4.6: Chemical 's/____t‘_;fj’ra

a -
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4. 3.2. Mechanical Storage
Mechanical storage systems, as the nai
forms. One of the most cHeaermo,n elxeaaoprliecsa li

used to accelerate a rotor (flywheel) t

rotational kinetic energy. When energy I
converted back into el ectricadl sdmaragye. SsA
i's pumped hydro storage. Il n this setup,
|l ower reservoir to an upper one, storin
When electricity is requiredy wat eémhei $ on
one, passing through turbines that con:

electricity (Figure 4.7).

Magnetic
bearings

yi7i

| MMechanical
Bearing
F=— Tousing

Motor/
Generator

MMechanical

Bearing
Magnetic Vacuwm
bearings

pump
Figure 4. 7: Me7Z)hani cal storage

4. 3.3. Electrostatic Storage

Capacitors epitomize electsotoratienesty
chemically, capacitors store energy in a
positive and negative charges across tv

bet ween. Due to this mechanism, y,apaci:t
making them ideal for applications that
typically store | ess energy than batter

del i ver y( Fsicgeunraer i40.s8)
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The principle.

Figure 4.8: E(B8ftrostatic storag

4 . 3T.hde.r ma l Storage

Ther mal storage systems capture and s
met hods to achieve this. One approach i s
and retain heat. These systems @powermart i
pl ants, where sunlight is focused to he
t her mal energy can | ater be converted b
met hod involves storing heat in insul at e

it when required (Figure 4.9).

Ice storage
cooling Heat
system exchange

coil

Figure 4. 9:
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I n sum, the |l andscape of electric en

hemi ca

O

(@]

apture

—h

utur e

even mo

I reactions in batteries to the :
and mymrneass waryesr gayn diem scores t he
of energy storage. As technologic

re diverse and efficient storage

4 Batteries: The Cor mgrestone of Energy S

I n the expansive realm of energy stor

(7]

erve a

process

—h

r fmus e
of bat't

4. 4. 1-Ac

A leg
a centu
acts as
effecti
especi a
possess

t heir d

4.10) .
Protective
casing

s the foundational pill ar. These
es, store and discharge energy, [
hold gadgets to vast grid systems

eries that have revolutionized ou

LdaBatteries

acy in the -avoird db @th ebaart ¢ienr huessee fl o
ry. Characterized by their combin
an electrolyte), these batterie
veness. Predominantliyve tapp!l if d aatdi
l'ly in starting, l'ighting, and i
a relatively | ower energy densil
urability and affordabonds tyFimawkree

Positive
terminal

Negative
terminal

Cell dividés

Positive electrode
(lead dioxide)

Negative electrode
(lead)

Dilute H,SO,

Figure 4.10: (ga@ad acid batteries
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4. 4. 2. -lloint IBiaumer i es

The rise of modern electronics and el e
the advancemenn sbatnt drit htteuoochnol ogy. Thes
their high energy density, which means t
relative to their size. The core of thei
bet ween the anode and cathode during cha
efficiency and < omp abcattnteesrsi,es!| iatrhei utmhe p
smartphones, | aptops, and increasingly,

Anode
Electrical Contact

Anode (-) ]

C Polymer Separator

' " Cathode (+) 7

- Cathode
Electrical Contact

Figure 4.-1ldn Hqttthdg ruimes

4. AR |3Bvat t eri es
A relatively nbeawetrereyntwoarnltd,i nf Itorme batt

approach to energy storage. Unlike tradi
conversion happen in the same space, flc
utilize two | i quext erlrealt rtodyk e, whioa ke df li
facilitating the exchange of ions and, |
all ows for scalability; by simply increa

energy. Addi ti ondlsl ytto tthei r ongdre,spand t e
di scharged without harm, pr owicdil neg efnlee xgi

storage applications (Figure 4.12).




Current Qoliedor Porous Electrode
Anolyte Tank = Catholyte Tank

Pump “lon-Selective

Membrana

Figure 4. 12(1EBE)ow batteries

4 . ANi4dc-BabRatteries
These batterprismaroynev a aCaedtwioeusm (NNii cCkde) |

Ni c-Met al Hydri de ( Ni MH) . Ni Cd batteries
applications, from power tools to cordl e
cycle I1ife. However, compachsobveadmnheme
to a decline in their wuse. On the other
Ni Cd applications, of fer hi gher energy
friendly. They are commonly founmerin h

el ect(rFoinguwrse 4. 13)

@ Il

&

Discharging Charging
@ Separator @ @ Separator @
H,0 H:0_|
‘b x
NIOOH&T™
-1, X(OH), (Cd
\\* o 1 NKOH): ¥~ on- R
NKOH), /A (:_.“ N
NiOOH H
H,O | /Zn/Fe) 2O X(OH);
\& ) Eled@iblyte y & ) Ele vte 7,
(a) (b)

Figure 4-bha3edNifdiBdleri es
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Il n conclusion, batteries, with their
epitomize the essence of energy storage.
our eneegyplrneedbdpatteries will continue t

sustainabl e energy future.

4 Beyond Batteries: Other Storage Techno
Whil e batteries undoubtedly dominate
they represenda busadademet dpeetr wfof stor e
chall enges and specific requirements acrtr
of a wide range of i nnovative storage

technol ogies that oéxtrendebeyend the real

4. 5. 1. Pumped Hydro Storage (PHS)

Pumped hydro storage is one of the mo
storage methods globally. The system re
el evations: one at ea hliogaheerr daolwni t(uFd eg uarned

Pumped-Storage Plant

Reservoir
Intake

Elevator

Main Access Tunnel

Discharge

Powerplant Chamber
Breakers

Transformer Vault

Figure 4 .<dtdor Pgehg@pldant

When there's an excess of electricity,
the | ower reservoir to the higher one e

energy as gravitational potential ener.g)
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sted water is released back to the | ower
in turn generate electricity. The si mpl

popul ar checakefemelt gygetorage.

4. 5. 2. Compressed Ai)r Energy Storage (CA

CAES provides a uniqgue approach to en
electricity IS utilized to power compr
underground caverns or other contai nment
t he <compriessreal eaisre d, heat ed, and expan
electricity in the process. Given its s
extended periods, CAES I esekspetorabby(fug

iy s
Airin

Power grid

Dispatchable
_. %2 electricity to the grid

Figure 4.15: Compr(elss)ed air energy

4. 5.3. Flywheels

A testament to the power of physics in
principle of kinetic energy:-shhipese avhe c
accelerate to high speeds when energy 1is
be crothevdke back into electrical energy whe
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rotational speed. Due to their rapi d cl
operati onal l'ife, flywheels find applicse
power dredsumnhng power quality in data c

4.5. 4. Ther mal Storage

Heat , one of the most fundament al for
t her mal storage systems. These technol o
which can t hen doier etcatplpye da si nhteoa teiotrhecronver
One prevalent met hod employs molten sal
capacities. Concentrated solar power pl
focus sunl i ght , shtecartea dh gh e ahte scea rs atl ht esn.  bTeh el
and generate electricity, even after sun
insul ated concrete or ceramic bl ocks. B\
or converting ithleaek systemsl epcowvi diet w,e

energy solutions (Figure 4.16).

Ice storage
cooling Heat
System exchange
coil
Chiller ———

N — .

Figure 4.16:(@her mal storage

I n essence, while batteries continue
storage technol ogi es, eaacphplwictaht iiotnss ,dipslt
role in our evolving energy |l andscape. T

adaptability of human endeavors to ha_.fné
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4 . I6mportance of Energy Storage in Modern

Modern power grids are intricate net.\
electricity but al so to ensure stabilit
infrastructure transitions to incorporat

i mpordafanerer gy storage within these grid

4. 6.1. Grid Balancing
The core function of any power grid i

energy production and consumption. Gi ver
demand, at Hirg viiaad' tt as k. Energy storage s
achieving this equilibrium. By acting as

absorb excess electricity during peri o1
preventing begegtibddi @gnwoér sely, during t
production, they can release stored eneil
demand. This bidirectional capability no
al so hel ps maiemrtadiln htelad tdr.i d' s o

Figure 4.17:(1@rnid balancing

4. 6. 2. | mproving Power Quality
Modern | ife is heavily dependent on
equi pment, all of which -geglui tignepaawenjgu s t

a consistent voltage, -tfearemuekinctyyr mamc eva v
such &g walgtsa spi kes, or transient di sr
devices. Enter energy storage systems. T
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by either supplying deficit energy or ab

t hes el ishhemmtomal i es. T hu sse resn sruerceesi vteh aa cem
reliable power supply, minimizing the r
operational downtimes (Figure 4.18).

HOW’S
YOUR
POWER
QUALITY?

POOR POWER

- WORKER FRUSTRATION AND TURNOVER

£1 %% (ANNUAL TURNOVER IN INDUSTRY CAUSED - UNSAFE WORK ENVIRONMENT
BY POOR PQ)
- LOST CAPITAL
150 BILION € (meamour r% e
POOR QUALITY COSTS THE EUROPEAN ECONOMY)
$119-188 BILION - UNSCHEDULED DOWNTIME
(LOSSES DUETO OUTAGES AND OTHER PQ PHENOMENA - SPOILAGE FROM SEMI-FINISHED PRODUCTION
INTHE US
I l - DECREASED ENERGY EFFICIENGY
80 26 rq DISTURBANCES GENERATED INSIDE THE @@ -PRODUCTIONLOSS
FACILITY
Figure 4.18: | mprlByi ng power qual.

4. 6.3. EnhanoédRemeegbatison

The push for a more sustainable futu

renewabl e energy sources | i ke wind and s
intermittent ; the sun doesn’'t always shi
vaeaiability can |l ead to periods where pr
versa. Energy storage systems are the an

energy generated during peak renewabl e p
reneevabdut put , they can release this stor
supply. Thi ss haibfitl'i tgnerogy tmankees storage
maxi mi zing the benefits of renewabl\‘e"we‘

sustai nabmed ut aowe .




w8 CBLiLLCiY T 2 LS e, MO d U | €

I'n conclusi on, as the architecture o
technol ogi cal advancements and <changing
systems stand out as pivotal components.
and rkeltgbbut also act as enablers, ensu
is fully realized. As we chart our path
energy storage in modern grids will only

4 . Deter neElneotgri ¢ Energy Storage Needs, i
The burgeoning realm of electric ener
power grids and renewable installations;
transfor matilveadtveanltreanemgiscaf our age: e
the automotive sector undergoes a paradi
to electric powertrains, understanding
EES becomes iGnmpep deiewes .i Htea et he essenti a

particularly in the context of electric

Understanding
EV Charging

terminologies:

kW Vs. _— vy &
\ & A ‘
kWh Vs.

Equipment

El gclt9r)i ¢ vehicle str.

Energy ClampaEE$SyYy energy capacity is a
a system can store. TFhypurcal (kWh)u,anitti fii se de
tank' of an EV. It provides a direct es
vehicle onFarfuhktaehaegean electric car
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kWh might cover a distance of appr oxi me
factors |Iike driving conditions and vehi
energy capacitty hMoweacfttleyn rteHeayt'ed need to

Power CaMhaciet yynergy capacity denotes
capacity dictiabwsswwhétflyowneagg can be ¢
Represented in kilgwaftesaNn&®) fortEWas Hu1
the peak power available for driving, wt
and top speed. Secondl vy, it gives an ide
especially whheanr gu 9igo § inirf e .spsowehlri gchapaci ty
translate to rapid charging times, enhan

Dur atDwrnati on offers insights into th

ndicating how | ong an EES systempeak ¢
power . For EVs, it's the relationship be
size) and its consumption rate. A vehicl
20 kW would have a duration of 3 hour s
Undestanding this helps in gauging the ¢
cruci aldifsotranlcoengt r avel

Roudip Ef fTihciisenicy : a measur e o f t he

-

epresenting the proportion of rsetloarteidv eer

to the input. I't's especially vital for
ranges and | ess frequent charging for a
battery systemphasfacreonng of 19060,k Wht m
charged into the battery, 95 kWh is wusab
in comparing the efficacy of different |
automotive applications.

To concl ude, as el ecatsrciecntv @ i cglleosb ad o nr

nuances of electric energy storage becol
policymaker s, and consumer s ali ke, t hes
ensuring the development andaadaptlieobuodf

align seamlessly with user needs and Fe,:“:xp
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4. ®Bperational Safety and Maintenance of

El ectric Vehicles

Electric energy storage systems, whil
with tseitr odwmperati onal chall enges, es
mai ntenance. As electric vehicles (EVs)
storage systems, ensuring their reliabl

confi dence aanddo pwii dbens p-dHeeprdeh’ sl oaonk iant t he
mai nt enance aspects of storage systems,



