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Abstract

As concerns about global warming and air pollution from fossil-fueled
transportation grow, electric vehicles (EVs) have emerged as a promising solution due
to their clean energy consumption. However, one key challenge in EV usage lies in the
charging process, which is commonly done via wired systems that can be inconvenient
and potentially hazardous in certain environments.

This project aims to design and construct a wireless power transfer (WPT)
demonstration system specifically for electric vehicles. The system operates on the
principle of magnetic induction between two sets of coils and is designed to transfer
power effectively within a 10-centimeter distance, following the SAE J2954 standard
frequency range. A Free Rider electric scooter was modified to work with this wireless
charging setup, and additional control circuits were developed to monitor and display
charging voltage, current, and energy used in real-time.

The outcome of this project is a functional WPT prototype that can be further
developed for research, commercial applications, or integration into future smart EV
charging systems. By reducing the reliance on traditional plug-in methods, this system
enhances safety, user convenience, and aligns with the global shift toward sustainable

energy technologies.

Keyword : Wireless power transfer, Electric vehicles, Inductive coils, Electromagnetic

induction, Wireless charging system

( Total 258 pages )



ANRNIIUUTZANA

ﬂ%@@ﬁﬁwuﬁ‘aﬁuﬁﬁwL§aqdaalé’é’38ﬂaﬁmaqmawﬁmﬂwmmﬂw Fafdud oot
eriormdnalumsdniuny gimivetouuansmnuvounszauetiaialon Tomail

YBUDUNTLAM HUIUANENTINTEVIQYRUTIA NaA$NET5H 0191587 UT AW 71 161oK
Muugih ToRniy wazuuzwmdunsiiulassnudeanuelalduasiunniogneds
AADATZYZAUNTINY ﬁgﬂuéfmﬁmmmazmmmmwLLf"flﬁUﬂﬁgm sulutadadfny
ﬁﬂwiﬂajmmﬁwL%ﬁ]sumﬂ'%ﬁgzmﬁwuéaﬁuﬁ

YBUDUNTEAN HYILAENTITIAT.ANNY Uyyu Uses1unssunisasy 813158

9 @ q
¢ a ‘:4'

ARl U1uneedl waeYiemansIaNsessenay Sumes nssun1sasu AlalvAiwugin

a

Tolauauurduian waziuImslunsuTuuselSyarinusiiiiauanysaldwu aieainy

A
= 1

wrlalduaznsiansanegisouney shlvanuiinuamuazanuidofionasnnsgiums
173

YBUDUNTLAM 919156555MUIA MITU 8191581 T vavgiuasasdidnnsedind
fehemans191sdas fesidng 1dsae e1sdustdaivimnssulniuasiansunmg
UINYALAVAUATUNS TININAIVAT UarD1TENANT UINUTTA 819156UTEUNUNTN
Pdidnnseiind Inerdunsodnieen Smianss Aldnsanaazinanduiie Tiduinw
Tofniu waznwamasumgasialunisudladgumanaiadig Aiiadussninnis
dufluay feanumaninsanuazadsvalumanssudulssloviognadsonts
WanuarusulssUsgainusaduidliussadmmnenuiidnuald sauanisssans
UszanmauiuazUszaunsaldusianivinligdavinlesugamedn 9 lunsudladlamuay
msRassusnulEUsEAvEauaznuindeTieB sy

yauaninuvauUnszaaslungeBade 9a1 113an uagaseunia fneylimdile
AUsnw waznisatuayulunnduinlagnaen auaunsaaduns@nwiuazdniuSya
fnuslidnsagansla

Jinviveveuna il outinAnwiangimnssnmans a1v13viangsulai
uvinedemeluladsnumenaniide Alvianusuie Tiduuzth wazatvayudoyasing 4
PABATEHE1IA1NTYINY IudeRanTEuaryAanslundngasmnvitu 7 ldliaus
AU waziuzwnmslunsiawlassulillauauysallasasuiuaIumaniving

anvieill fnvhuereunszaumnussatuayungIAfites annansd ieusiuiy
waziildiuietomavi Mduiddaddaluyngasnan vesugnusenianunsALa
arunganesaviuly o fildeeueuidlaodiebe

Asaug  Uln
1UAsH Junla



GREITY

unAngan 1w lneg
UNARYBNIYIDINGY
Andnssuusznie
a13Uy
a130A1919
asUynIw
AesUdaNwAlLaZAED
Uni 1. umih
1.1 eudduasiiunmdelasenu
1.2 Jagusvanvadlasanu
1.3 Uselgwiifinnninaslasy
1.4 ¥9Ulne9lATINIul
15 fupeunaziinmssniunisiasany
1.6 WNUNITALTEUU
unii 2. VUNIUITTUNTTULAE IO B
2.1 NUMUITIUATTU
2.2 nqufiiieites
undi 3. A3mseudiueu
3.1 nsfuatiienisesnuuulasiadisduny
3.2 9188938 UUNTONYlOUNSIUAETUSIATN MATLAB/Simulink
33 niseenuuuInaImAdeatilng wazduAuUsEq
3.4 fuluuyaasaszuunsangleundsnuliihuuulangdmsu
gUgUA b
3.5 AsEoNUUUIATIASIATUIY
3.6 asuaymMIdouregUnsaivesyrannszuunsaeloundsauliin
wuulSanedmsuenueudlniin
3.7 ANy
3.8 gunsallfluynansaszuunmsiieloundanuliihuuulfaedmiu
gUgUA b

=

O NN U R W W W e D 3D D L DR
5

—
\O

22
26
30

45
49

54
56



#1508y (si9)

Tirg

Nl 4. HaNITVAABIMALINTEl 75
4.1 geasasruunsaeloundenuliiuuulianedmivemeudlndi - 75

4.2 HanINAReINIITSIMUAMETLUUSAY 78

4.3 msvedevansIaurszuUlunmshuseLies 81

4.4 MIIATIEAUIZTANBNINTZUY 86

4.5 @3UNan1Innaey 89

und 5. agU 39150l uazdolausuus 91
5.1 aqﬂmaﬁlﬁmm’ﬁﬁ'ﬂmmu 91

5.2 Yymitnusazwamslunswdladam 92

5.3 U9AI55r I LardolauaLUY 114

5.4 WuSluNITHRAILN 115
LONA1591989 117
MANUWIN N IUUTTU 120
AIANUIN U AITATIALAZNITODNLUY 124
A1ANWIN A SOURCE CODE 133
AMPNUIN 9 HANIIINAB99IN MATLAB/Simulink 139
AANUIN 3 TOYANINARBILUUAHLBYA 148
AANWIN 2 Alowuzinsldau 187
NANWIN % Datasheet 'iaaﬁmma%ﬁﬁa Freerider 193
UseIRgdnviSeyayriinus 235



ﬂ'liqﬁﬁ
1-1
2-1
3-1

3-2

3.3
34

3-5
3-6
3-7
3-8
3-9
3-10
3-11
3-12
3-13
3-14
3-15
3-16
3-17

3-18
3-19

A13URYA1319

WHUATTANTUIU
Wsusunisusameliiinszuansiwaznsehaaau

Amsfiwesvesunulszgliihuarvnainmienhliii lunisinaes

MATLAB/Simulink

WIHUME UNAENETEMINaNISAIUINAINNO B LALNITTIA0IHIY
1Usunsu MATLAB Simulink

A5 T9591NTUIUNTH MATLAB Simulink
Wisuifguamuemamiethluiivesniadsidalii uazaadu
Akl

sunuuvamamdeniliinaads
EULLUUWmﬂmﬁmﬁﬂw%mﬂ%’u
miweimsliihwesuamnilduagiley
msstufinuanimaassmsmeloundssmiluiuuulfaeiiamd
80.43 kHz
mseduinsanisvaassnmsmeloundanuliuuuliae e
83.58 kHz
msstufinuanismaassmsmeloundsmiluiuuulfaefianud
86.50 kHz
mstuiinsansvaasinmsteloundanulihuuuliaeinne
90.40 kHz
furisgunsalygpmuaunsdsidslifuananmienhlnihues
BRGEN

fuvisgunsaiumanmienilwinmadeindslid uazunan
willethlwihanaduiaaldi
fuvisgunsalyauansAmionauauvamnmilsnhlriihueaniaiy
Toyadnniz AC-DC 5 V 700 mA

si’faagjaﬁ‘]"n,wwsuaq WEMOS D1 R2 WIFI ESP8266 Shield Arduino
Compatible

Uoyadnnig MOSFET IRF540N

AauauUR MURBBOE Power Diode

Uoyadn1z¥a MURSSOE Power Diode

25

26
28

30

31

33

34

35

36

37

a6

ar

48

57

58

64

68
68



Gl"li']\ﬁ?i
3-20
a-1

4-2
4-3
a-q
a-5
4-6
a-7
4-8
5-1
n-1

31

3-1
q-2
9-3
94
9-5
-6
-7
3-8
3-9
3-10
q-11
3-12
3-13
q-14
9-15
9-16
q-17

#13U5yA13719 (6i0)

win
Gi’fauuaﬁ?’lLW’mJaﬂHigh voltage and high current step-down converter 69
Tuiinanisnaaasnaisnszuunisaglounasnulniwuuliany 76
dmsueueudlniindiszes 6 cm., 7 cm. waz 8 cm.
HANTVIAABINITTITILUANAES 24V 29.5AN dreszuuliany 78
msvageuaadesluntsvhausasies (Output) 81
NSNAGOUAMILEDYS INPUT AC 83
N1sVAdoUANULEDYS INPUT DC 85
MMTIATIZRUTEANSNNNITEIS T ULAAS 87
wisdiwesszuunsnsauuuliansy 89
ATUNANITNARDIN TS AUURLADS 89
mMsnageuUAsua R11 equualiiu Tnelviuua 5w lumsmnaey 93

sutszanalunsdnigeasnssuunisanglounadenulniuwuuliane 121
dmsugueudli
Amsfiwesvesduiulszaliiuazunainmienilnihlunsdiaes 143

MATLAB/Simulink

asTufinNan1sneaesd 1 finaud 80.47 kHz 152
mstuiineanismaassii 1 finnud 83.69 kHz 152
miwﬁuﬁﬂwamimamﬁ 1 ﬁﬂamﬁ 86.56 kHz 152
miwﬁuﬁﬂwamimamﬁ 1 ﬁﬂamﬁ 90.73 kHz 153
msntuiinean1smaassi 2 finud 80.53 kHz 155
ms1etufinuanisveaasil 2 firnud 83.61 kHz 155
mseufinuanisveaasii 2 firnud 86.58 kHz 155
mstuiineanismaaesii 2 finnud 90.45 kHz 156
msutuiinuan1smaassii 3 finaud 80.35 kHz 158
miwﬁ’uﬁﬂmamimamﬁ 3 ﬁﬂam‘ﬁ 83.60 kHz 158
msntuiinuan1smaassii 3 finud 86.68 kHz 158
ms1etufinuaniseaasii 3 firnud 90.65 kHz 159
ms1etufinuanisveaasii 4 firnud 80.36 kHz 161
ms1esufinuanisveaasii 4 firnud 83.54 kHz 161
ms1etufinuanisveaasii 4 firnud 86.33 kHz 161
mseufinuanisveaasii 4 firnud 90.43 kHz 162
ms1etufinuanisveaasii 5 firnud 80.43 kHz 164

&l



Gl"li']\ﬁ?i
3-18
9-19
9-20
9-21
q-22
9-23
3-24
9-25
9-26
3-27
9-28
9-29
3-30
3-31
9-32
3-33
9-34
3-35
3-36
-37
9-38
3-39
3-40
9-41
3-42
9-43
3-44
9-45
9-46
-47
3-48

#13U5yA13719 (6i0)

miwﬁuﬁﬂwamimamﬁ 5 ﬁﬂamﬁ 83.58 kHz
as1TufinNan1sneaesd 5 finaud 86.50 kHz
ANTITUTinNan1SVAaesd 5 finawua 90.40 kHz
ANTNTUTinNaN1SVAaesd 6 finaud 80.37 kHz
a5TufinNan1sMeaesd 6 finaud 83.33 kHz
aTRTUfinNan1sMnaesd 6 finaud 86.65 kHz
miwﬁ’uﬁﬂmamwmamﬁ 6 ﬁﬂamﬁ 90.00 kHz
asTufinNan1sneaesd 7 finaud 80.37 kHz
asTufinNan1sMeaesd 7 finaud 83.34 kHz
miwﬁuﬁﬂwamimamﬁ 7 ﬁmmﬁ 86.81 kHz
asTufinNan1sneaesdl 7 finaud 90.05 kHz
aTITUTinNan1SVAaesd 8 finaud 80.78 kHz
asTufinnan1sveaesd 8 finaud 83.56 kHz
asTufinnan1sneaesd 8 finaud 86.46 kHz
ATRTUfinNan1sMaaesd 8 finaud 90.05 kHz
miwﬁ’uﬁﬂmamimamﬁ 9 ﬁﬂam‘ﬁ 80.73 kHz
asTufinNan1sneaesd 9 finaud 83.70 kHz
miwﬁuﬁﬂwamimamﬁ 9 ﬁﬂamﬁ 86.44 kHz
as1etufinuaniseaesii 9 firnud 90.43 kHz
as1Tufinnanisnaassdl 10 finrud 80.07 kHz
aTTUfinNan1snaaesdl 10 finud 83.45 kHz
asTufinnanisnaaasdl 10 finrud 86.40 kHz
asTufinnanisnaassdl 10 finnud 90.33 kHz
asTufinnanisnaaesdl 11 finud 80.00 kHz
asTuTinHan1sNAaesdt 11 finad 83.72 kHz
asTuinnanisnaassdl 11 finud 86.84 kHz
miwﬁuﬁﬂwamimamﬁ 11 ﬁﬂamﬁ 90.70 kHz
asTufinnanisnaassdl 12 finnud 80.58 kHz
asTuiinnanisnnassdl 12 finud 83.41 kHz
asTufinnan1snaaesdl 12 finnud 86.78 kHz
astufinnanisnaassdl 12 finud 90.21 kHz

2

%N
164
164
165
167
167
167
168
170
170
170
171
173
173
173
174
176
176
176
177
179
179
179
180
182
182
182
183
185
185
185
186



ﬂ'W\I‘I‘;i
1-1

2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11
2-12
2-13
2-14
3-1
3-2
3-3
34
3-5
3-6
3-7
3-8

3-9
3-10
3-11

3-12
3-13
3-14
3-15

GUEVATR LY

vaanlnazunsuynluvesszuulndildans
n139nUsEqnimuiin (Conductive Charging)

maé’mﬂazqiﬂﬁﬁaammﬂ?iamwmma% (Battery Swapping)

mié’mizaﬂw%wumﬁmﬁﬂ (Inductive Charging)
vaanawunIsn1sangleumdalniuuulians

1935 luLUDUUUBYNTY
Soulvweamsislauuuduuvoynsy

A0S lRUUTURII99T RLC LUUaYNIY
29995 UL UBUUUTUIY
dnuwazmsefufiudseqliuazunaiamileniilidi
gilmwma’mmﬁmﬁﬂﬂﬂmuw‘%La:u
gﬂmqmif{’fm%'awmm@mﬁmﬁﬂiﬁ/\lﬂmuwmaﬁum
srpzvasunaamdolniuuuinas
1993538anszualvihuuuiiundu (Rectifier Circuit)
MasBUnemesLUUUSAdLBuAAL (Inverter Circuit)
wwuifsuneunsidunislasenu
Yoyaaiunvessnafnines B9 Free Rider
LUALMBIWT S5 Lion wliansiingm 12 V.DC 26 Ah
Datasheet wumAB3UHI Bilanzianse 12 V.DC 26 Ah
9asiisransmelusunsy MATLAB/Simulink

Pulse Generator 9U%1 Gate Mosfet

Output leruesdunesines

nssefunuUszglnihaynsuiuduenasnuiestliiianinduay

AU
sUAAUUS LRl
sUARULSIRURATU

NAAWSVDILSIAULALNTEWANLAINNTTINAD N UL UTWATY Matlab

Simulink

nEAU Flat spiral coil inductor calculator
WU Multi Layer air core inductor calculator
multilayer planar spiral inductors

\p3049 LCR Meter 8%@ Digicom §u LCR-841

4

24
24
25

26
27
27
28



ﬂ']W‘I‘;i
3-16
3-17
3-18
3-19
3-20
3-21

3-22
3-23

3-24
3-25

3-26
3-27
3-28
3-29
3-30

3-31
3-32
3-33
3-34
3-35
3-36

3-37
3-38
3-39
3-40
3-41

A1350UN N (siD)

Naued L waz C Tilinasodyqnansswaaduainuinan

FiuUseq
nsuanussiuteanuesn1satslounasulninuuliane
nsvluaninsziavvenvesnisatgleunasulniuuuliany
nsmansnasteanvesnsanglounasnulniiuuuliany
nsuansUszavEnileUSaudisusswinasidsiniihandn DC s
maslninesn DC vosnsangloundsnulniwuulians
nsuansUsEanEnleUSsudisuseninafdsiniihandn AC de
masivirvieen DC vasnsaeloundsulniwuulians
lassaeaynandnssuumsaeloundsnulniuwuulimedmsvemeud
Tl

yamuaunsdsslrfuanainmiehlilihwesniads
waanwdeiliihaedahdsing warvnainwdeniliihneasu
maslvlii

YauansAmieumuUANUmamienhlihwesniaiy
219900usegUnsalneluszuunsaeloundsnuladi
2959musuM sdsdslitunammieathlnfiivesniads
2asduneswesneluuiy PCB fidamdalvituunaiamilonilih
a1 PCB waw 3D veviasdunesnosmeluwiu PCB fideraslwu
ypanieailii Tnelusunsy EasyEDA
2asyauansAmieumuanuaaInmilsnhlihvesay

a8 PCB wag 3D 9991935 Rectifier lnalusunsu EasyEDA
ITUEARINSH WD 1QUN TR

9swanIN e ldnuvesnsalaseniademaslui

193uanIN et uTesnIalasaInIATuMaslni
vaonlpazunsunsvhauvesyaadnszuunisaeloundsnulniuuy
1Sansdmsvousudinin

WHUKY Flowchart N15v97u

Safety Breaker 220 V 15 A 2 Pole

Switching Power Supply 24 VDC 10 A

AC-DC 5V 700mA

WEMOS D1 R2 WIFI ESP8266 Shield Arduino Compatible

4]

%N
29
29
38
39
40
41

a2

45

45
a7

a8
49
50
50
50

51
51
52
53
53
54

55
56
56
57
58



a-4
a-5
a-6
a-7

A1350UN N (siD)

2 Channel 5V Optical Isolated Relay Module

WARIYA9UBY 2 Channel 5V Optical Isolated Relay Module
Limit Switch Z-15GW-B

DC Watt Meter 60V 150A (DC n@dlines)

Poyadiniz DC Watt Meter 60V 150A

PZEM-022 100A AC Digital Power Meter ftna3innslandsanu
lu9a 2995 SG3525 + LM358

IC IR2110PBF

MOSFET IRF540N

IC Voltage Regulator 7812

WIMA Film Capacitor

Pilot Lamp

Push Button Switch

Buzzer 5V

MURB88O0E Power Diode

High voltage and high current step-down converter

Battery Charger Control Module XH-M604 DC 6-60V
LUAAESUTR 8% Lion wilanziansa 12 V.DC 7 Ah
hadfinesinAaquuaies DC

ON-OFF Switch

PC817 (Optocoupler)

ESP32

ToyaTnnzuaq ESP32

Power Bank 50000 mAh
gaaanszuunsalounasuliihuuulsagdmniueueudlng
szezvinemamamieniliiniads furaainmdeniliihnesy
NINLAAINANITNAGDIVRIYAANTHsTUUNTEElauNE Ul
wuulSanedmsueueudlnih fiszey 6 cm. 7 cm. way 8 cm.
NTINHARIHNAL T UL UAIADS

NTNRAAINANTELAYISTUURLADS

NINLANINANS N UAZ A

ﬂSWWLLﬂﬂQNaﬁxﬁUUS&’QLLUMLGIEJ'%'

BN

%N
59
59
60
61
61
62
62
63
63
64
65
66
66
67
67
69
70
71
71
72
72
73
73
74
75
75
77

79
79
79
80



ﬂ']W‘I‘;i
4-8
4-9
4-10
4-11
4-12
4-13
4-14
4-15
4-16
4-17
4-18
4-19
4-20
4-21
4-22
4-23
5-1
5-2
5-3
5-4
5-5
5-6
5-7
5-8
5-9
5-10
5-11
5-12
5-13
5-14
5-15
5-16

A1350UN N (siD)

ﬂiﬂWLLﬁﬂﬁNﬁQﬂJ%QﬁLLU@LW@% (*Q)

NIMLEARINALTIAUYIDDN Output

AFanINanseLavIaan Output

nsvluansanasivin Output

NIMLARINALTIFIUY LT AC

nIMLARINANTELaY L1 AC

nsluansamasivinagn AC

NI LARINANANUAZEL Input AC

NIMLARINALTIAUYIT DC

nsvluanInanIzlauLtn DC

nsmianswamastiitvngn DC

NIMLAAINANS I UAZ AL Input DC

namiansNandsudoun

N kanINandInudIuULAe3
AIMLANINANTZYAY TN ILUALADS
n5uanIHAUSEAVS AT AL UAIES

fuviis R11 lnsasdunedinosanuiys

uil PCB fuluukuuiinansysu

108U Gate floonann IR2110 Wield R13 waz R14 vn 1kQ
103U Gate fleonann IR2110 wlold R13 waz R14 wu1m 1008
104U Gate filoanann IR2110 wiold R13 waz R14 wu1n 1200
103U Gate fleonann IR2110 wlold R13 waz R14 wu1n 1300
103U Gate fleanann IR2110 wiold R13 waz R14 wu1n 1500
103U Gate fileanann IR2110 wlold R13 waz R14 wu1n 1608
103U Gate floonann IR2110 wlold R13 waz R14 wu1n 1809
108U Gate floanann 1R2110 1ield R13 uag R14 vunn 220
MODULE SG3525 dsadmiuuiuninud

utiu PCB uuufnaeUsudifinavanaen

2D 22222 22

utiu PCB Tmifaufindagunsnl

uitu PCB Insindshnsiagunsal

MOSFET #iinanudenieain Thermal Runaway
ns¥ndaueyraufioanann Gate Driver

N

%N
80
81
82
82
83
83
84
84
85
85
86
86
87
87
88
88
92
92
94
94
94
95
95
95
95
96
97
98
98
99
99
100



ﬂ']W‘I‘;i
5-17
5-18
5-19
5-20
5-21
5-22
5-23
5-24
5-25
5-26
5-27
5-28
5-29
5-30
5-31
5-32
5-33
5-34
5-35
5-36
5-37
5-38
9-1
-2
9-3
-4
a1
32
3
a4
-5
36

A1350UN N (siD)

gﬂﬂ?ﬂlué’tyﬁymﬁaaﬂmﬂ Gate Driver finuieuly
eusnulniinszuanse Gate Driver
ansfiugiunguasley

ffunu (R) wum 0.1Q 20W 16w Current Shunt
mssier R figain e innszuaiilvaludiynunainileds
Data Sheet w89 Power MOSFET Lua$ IRF640N

Data Sheet 489 Power MOSFET LU®3 IRF540N
myianszuailvaludsavnannilds Woidaeu Power MOSFET
fuvils C14 lunsasdunesinesniuigs
ms¥aenszuadiivasu C14

mMseunsudLiuUseq 3 ¢ Tilduun ilesed C14
fufulseResuiiAnmnudsme

FufuUszauunn 1.0 uF meynsuiu 3 fuflelilduun 0.334 pF
AFLAUUTTUUIN 0.334 pF 9719 1 1

AuUszq WIMA FKP

KBPC5010

1ATUIADLUY Schottky Diode

Datasheet Ultrafast Rectifiers MUR880E

2993 Rectifier 114 MURSSOE

DC MPPT Controller 5A DC-DC Step Down

DC MPPT Controller 5A DC-DC Step Down FAnnsszde
DC-DC Step Down Module

wik3u Flat spiral coil inductor calculator
WARINSAUIMUELIU Flat spiral coil inductor calculator
NI Multi Layer air core inductor calculator
WERSNSAUIUNELIU Multi Layer air core inductor calculator
2995791809 eTUsUATH MATLAB/Simulink

duau Input ¥99993

A156eAn Pulse Generator

dyau1ad Pulse Generator U1 Gate Mosfet

uey1as Voltage Output Hlornueas Inverter
nsfermslinesunaanmioniliin

f

%I
100
101
102
102
102
103
104
104
105
105
107
107
108
108
109
110
110
111
111
112
112
113
126
126
128
128
140
141
141
142
142
143



Al
-7
3-8
-9
3-10
3-11
3-12
3-13
3-14
3-15
9-1
-2
3-3
-4
9-5
-6
-7
3-8
-9
3-10
9-11
3-12
9-13
3-14
3-15
9-16
9-17
3-18
9-19
9-20
3-21
9-22
9-23

A1350UN N (siD)

YIULIIAULAZ NTZUANDULTIUAAIA
TGN RARER

nauusesuilesu

YIULTIAULAS NIZLAVFIDDNANYAAIN
A156keAn Diode 71993 Rectifier
NITUALAZLIIAUNSIAINT1995 Rectifier
ASALURLADS

22 2 2

Amswesiildannmssiaswnsauunne’
NTTLALaTLIITUIINNNT TS ILUARES
giJLLUUGUmmmmimaaaﬁ 1
gﬂﬂﬁ'ué’@apmﬁiqdwaamiwmaaaﬁ 1
gﬂﬂﬁuﬁmmnmﬁa§umaqmimaaqﬁ 1

NTINUARILIIRU NTUa warddlndvneenvesnisvaaesd 1
n5uanIUsEATENMUBINISTINaRdTl 1
'gﬂmemmmmimaaqﬁ 2
gﬂﬂﬁuﬁ@mﬂmﬁjﬂfiwaamimaaaﬁ 2
gﬂﬂé"ué’@mmﬁja%’wmmimaaﬂﬁ 2

NTINMARILIIRY NIzud waridslnihuneenvesnsvaaesd 2
NTNKARIUTEANTAMVBINSNART] 2
gﬂmwmmmmsmaaqﬁ' 3
gﬂﬂ?{uﬁwfyﬁmﬁjaéwaqmimaaqﬁ 3
gﬂﬂ?ﬂiué’@ﬁyﬂmﬁjﬁwaamima@qﬁ 3

NTINWARILIIRU NTzUa wardtlndueenvesnisvaaesd 3
NTNLaRIUsEANSAMURINSNIAAET 3
g‘tJLLUUGummmmimaaaﬁ 4
gﬂﬂ%"uﬁ@,mmﬁjae’iwaamimaaaﬁ 4
gﬂﬂﬁuﬁ@nyEﬂﬁmaqmimaaqﬁ' 4

NTNLARILIIRY NTud waridslniihunsenvesnisvaaesd 4
N5uanIUSEATEN VBN STINaRTl 4
gﬂwammmmimaaqﬁ 5
gﬂﬂﬁué’@ﬁg'}mﬁlﬂqdwmmimamﬁ 5
gﬂﬂﬁlué’@mmﬁq%’waﬂmsmaaqﬁ 5

3

%I
143
144
144
144
145
145
146
146
146
151
151
151
153
153
154
154
154
156
156
157
157
157
159
159
160
160
160
162
162
163
163
163



ﬂ']W‘I‘;i
3-24
q-25
9-26
9-27
3-28
9-29
3-30
3-31
9-32
3-33
q-34
9-35
3-36
9-37
9-38
3-39
-40
q-41
9-42
9-43
q-44
9-45
9-46
9-47
3-48
9-49
9-50
3-51
9-52
9-53
9-54
3-55

A1350UN N (siD)

ATINLARILSIAU NTELE wazAddlnfIv198nURINISNARRIN 5
ATNLARIUSEANSNINVBINTNAABIN 5
FURUUUAIANITNARDITN 6
sUARUAYIURNAIRINTIARRIT 6

A o bW ~
suPGudyailsTuveIN NG 6
ATINLARILSIAU NTEWE baEAAINHNY198NVBINTNARBIN 6
51N WEAIUTEANTANVDINTNARDN 6
FURUUYAIANSNARRITN 7
sURRUdyuedIeInmAaen 7

dl U y % d‘
suPdudyaauilsSuvRIMINAaDY 7
NIMLAAILTIAU NTLLE kazAaaWiNuI08nNYRIN1TNARRN 7
ASNLARIUSEANS A INVBINTNAGDIN 7
SULUUUARIANITNARDIT 8

A o b ~
suPRudyaauilsdareINITNAaead 8
sUmaudy Ui uveINITIAReI 8
ATINLAAILSIAU NTEUE waznddlnfIv198nU0INISNARRIN 8
AN WEAIUTEANTNINVDINITNARDIN 8
FULUUUARIANITNARDIT 9
sUmRUdyauldsvaIN1INnae 9

A o b oo ~
suPdudyaauilsTuveINTAaeIn 9
ATINLARILSIAU NTELE bazAadlWHv198nNVBINSNAFBIN 9
ATNLARIUSEANSNINVBINTNAADIN 9
SURUUIAIIANISNARBAT 10
sURaudy g udIvenImaaesi 10

‘3" U y 7 d‘
sumdudyuilsSurensvaaesi 10
NIMLAAILTIAU NIEUE taznaalnfinuIaanueIN1sNAanIn 10
AN LEARIUSEANS A INVBINTNAFDIN 10
SULUUUARIANITNARDIN 11

A o Yo ~
suPRudyauilsdavesnIsnnaeei 11
sUmaUdy RS uveINITVIARRa 11
NMLEAAILTIAU NTELE kaznaaninvIeanuaInIsNeasen 11
AN WEAIUTEANTAINVDINSNAADIN 11

%I
165
165
166
166
166
168
168
169
169
169
171
171
172
172
172
174
174
175
175
175
177
177
178
178
178
180
180
181
181
181
183
183



ﬂ']W‘I‘;i
9-56
57
2-58
9-59
9-60
a-1
2-2
2-3

-5
2-6
-7
2-8
2-9
2-10
a-11
2-12

A1350UN N (siD)

SULUUTARINNISNARDIN 12

U

sUmAUd Y IUHsEBIN TIRaBIN 12

o

sUARUy IS UTRINTVIARRIN 12

&

ATINLAAILLSIAU NTEd wazAadlnfiIv198nYaINIsNAaRIN 12

NTNLERIUSEANSAMUDINNIVIARDIT 12
Aeuudnliiinszuaadu 220V iddauau
\Unaind Safety Breaker

Pilot Lamp @unsfia

wiveilnes PZEM-022 suniigaiuay
Savisanstnannadng Limit Switch

Pilot Lamp aitudn

29959970 LED Aikkea9a59sfnty

Pilot Lamp #niaasfin

imesfgeuay

finesiisn

IndluuiTaazhin

Pilot Lamp Aunsfin nduinganziEusiu

%N
184
184
184
186
186
188
188
188
189
189
189
190
190
191
191
191
192



o =z ™

s O

w

o/ -4

AR UNEHYANEILATANED

Wireless Power Transfer

Electric Vehicle

Inductive Power Transfer

Capacitive Power Transfer

Non-Resonant Inductive Power Transfer
Resonant Inductive Power Transfer
ABufunudvasunaInuaiaitlnd
ABuiunudvasiLAuUsEglni

Double D

Double D Quadrature

Bipolar

Quad D Quadrature

AfaLfuUszailds

AdAudsailedu

AnnaILATEIElEs

ArvaaAtie ey

Al (uH)

JIUUTDU (Number of Turns)
whusugudnansniglu (Coil inner diameter)
wusugudnateniguen (Coil Outer diameter)
YUAFURNUAUINANTAAGIA (Wire Diameter)
ANATINIEIINVARIALARETOU (Spacing between tums)
ANY1IVRIAIN (Wire lenght)



uni 1
UNUI

1.1 anudrAguaznuiitalaseu

ynfuiisegordeludosiisauiusaivoulaeenlsfunnitay 300 &uduain s
Tdgrumimuzvuesoun Wl enurnsiuduaisusulasonled S1uruumiAIaain
AAYAAIMNTTULAEATISOUMIEILT FdamalrgamgiivedlandunlsuaziinTaymuaniiz
y1n3 9IMEduguLss shalan Bufufuarosninasnismaniemiudaniiesig q egnaniedily
nstasantguitneiu Benlaindumsduiienieuladnluluiiemadsndu Tunsshwlan
Tmeae Wisuussenavesanluilvuians damadenvidunisdisandgym fo
PagfusnssAnsliorugudlaii aidu “wdanuavern” Jaduiinanfeiuunnialanly
gugmadenlunisudatlymding 1 wesiowheuinutemadindouiidegiauas
Mdmualiis on 9 nateUsemeasiudsusemalneneieruwauieueued 1193
UsyAvSnmiinBetu Wy nsanauiadsaadessudanisnededldietu svarniniuns
g17lnadu Fuyuiianas naensunssinlafuduasunside Wauuazamulugramnssu
gugudliin uagmaifiuduanndunsaliin wau wieddula A ududousSounes
oghanniiga Aemsairemnuienutilafigndeafeafueuesudliinlifuasisue Sddu
Hagturusudsuinisdndimiedusgiaunivats uisuuunmsnsadadunsmiauoy
Usn-8ulauia (Plug-in Hybrid) [1] Aonswsandsnuveseueudlniingreddmsideu
Udnrsandseu dslutiagtuiinsiauewmeluladeng q dgaelunismandanuves
grugudliisudanalulagnsdeenasnulniuuulians (Wireless Power Transfer :
WPT) [29]
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nsdandanuliihuuulians wiessuuagloundsnuwuuliane (Wireless Power
Transfer: WPT) [4] {umaluladiidsndsnuaniededglilimiduddniaiotievis vie
1ngunsaimilslugdnaunsainils Inglsideddarsl viomehdyanaduiideuss G
Aadnuzdinanid noliiAanuazainuasdangudulsgleniesrannlunisldom
Jagtuazmiuladmalulagifanslddandunumd Ay aenisimuigunsallniieig o

1NN TORTINITAMNADINITNLANTU LaznTaunazdunuindidglunistuindou
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udnsuimnsiihegalvd lnewalulaglunisagloundsnuliihuuulfangladinsimun

& ! a a v cs = ° 1) =
NIYIUIUA G ANITTEN 19 Fuduanmalulagnisinientlae ao1duwmalulad
wuand doantuniiimunnisunduy d1au lneuinnssumalulagndsulians (WPT)
JsUuuun SR uana9iY W nsdsituaiuauddng (Radio Frequency) N3

~ ) 1 @ . . . 1 = 4 . .

willeauuinan (Magnetic field induction) n1sasluUslLuLg (Resonant transmission)
Judu Tngludaguaznuiiunisihmealulagnisdamdseunuulfaneluldnuivgunsal
NN gunsaivnansunnd aunsaldedans wsesldludnu gunsalddnau wazlugnaivinssy

SIUSUA dNTULBNNALATUTOBUR NN (FV) 1Tudu

INTIUALBLATIAULINYIUT YN USIdinunAnlun1TeaniuLYRaIEAsEUUNS
aelaundsnulnirwuuliaredmnsverueudlnidi (The Demonstration Set of Wireless
Power Transfer for Electric Vehicle) %uﬁmﬂuummﬂumiaaﬂmezwmidwiau
waulniiuouldanetu fadunnanlumsiamunnsmealulaniedueusudlni way
amflaumwmmsjamﬂiumﬁLﬁauﬂ'g’ﬂ
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%Umu'a's'smnssml,awqwﬁ

2.1 NUNMIUTIUNTITY

2.1.1 Feudung AN wae aruwa nuewe. (2557). nasdeandsulnialag
wannIswdieaduiwan. Tednwnsdmdsnulninlaendnnismdeniudivan Tagld
‘Vié’ﬂfmtmﬁmﬁﬂﬁugmmamwsLiIszLLum? (Resonance) LUUTUTU ﬁ@ﬂﬂizaqﬁwé’mﬁam
wdsulisuenaludmaonlvueadiawin 3 Thad Tidesaing Fensdand syl
iuonaderdumaluladlvsifindsgminnldiugunsaididansedndluiagdu wu ns
3auunmeImsinTvsenUsediulng Tnglisnduezdosmeaelnlnonss wWeoauazain
uazUasafeanmainnszudliinflnamuanslil lngrsasdunuuifaunazdsusiuuy
Yoandany Mandsnuliihiiaedadundinuudivandieisasiuiinanud 50 Aladsng
ArefurasisTauyuduuusuusarddldinnasudadunssailmoofuvudutule Fewe
Wasun§snuwimdnnduudundnlniidnafadioselinseualnihiunasnliiuoads
u1m 3 Tan

Mnnamsaaesfildaznui ilegunsninadiuazgunsaininiuseniainiuagiin
NIGEYALNAIUY Tngazifiuldnnisanaesussiunasnseuaiinsonlvan Wovinisiiy
50299 vinonoadAardedainianas Feszeriviaonueadatinsdesandlafeyiiszey 5

WURLLAT WaziloseesinuNLTIUNADALIRD AL EDIAI19aNAIUNT LN UL NTELaND RSN

Tvraonoadidosaing [2]

2.1.2 suna A353301USNY, 350l§ nd U1, Andvainanyey, @50559 WisuesiauIng,
aus Aaitud uay e Tandn. (2564). nsarsuaznagauiaIasdeiasiniiauuuliane.
unanuiifanUsrasdiiiednuiiafuiifinadeusyan nmuaradisszuuiadesdaidsli
wuuliane Feuszneulusesasaianuiguazisasaounefinosuuuendnuiadluns
npaoslinnud  slsuuudannnisiuiaie 49.2kHz Inensse Load iuvasall LED 2
UM Ao LED 12W/12V uag LED 4W/12V dsnanisnaasusidulaznssualiliinnvili
vaealyl LED 12W/12Vdesainegiie 7.08V uaz 0.01A mudisy fiszes 19cm drumnasali
LED aw/12V usaiulasih 7.40v wag nszudlvifia 0.01A fiszay 20cm UszAnsainves
i3asdsdslniliaetuogiuszsesvinsnesuaan Inefitisanudfliussaninmues
nszualniliAngnfean sl



MNEaNINAaINUin a3 esdamdslwiuuuliaedioenuuulagldndnnisme
wimdnuazslsnuuduseneulumensasaiuniuig uazsasneunedinosuuusdnuing
Tumsmaasardesdsiadsluiiuuulfans Tasvinnsse Load naenll LED 2 vu1a dawanis
npaosviaoalil LED 12W/12VIdussiulwiiniidndian 7.08v uagnssua 0.01A fissey 19cm
dau vaealw LED aw/12V ldussiulniindisniian 7.40V waz nszua 0.01A fiszey 20cm
UsyAvinmmanaiosderinddlninliaetueg fumnufuarszeyviavasunain Gannuddils
Uszansnmléfigareanuiisleuund (49.2kHz) [6]

2.1.3 YIYUTIA 309999, (2562). WUUIIABININARAAIEANTIZUUNTTABTOUNAI9TU
InAuulFaedmivgrusudlnia. diauen1seoniuudnaedatinfansveIseuun1say
Toundanulwihuuulfasdmiveueuslai ngldndnnsumdenifuguvemsued
uazvdnnswioninesslsuund Tasazsivdsusuuvundsauliinluidundsnuuivgn
wagddludaiafundsauniueinia eia¥undsnuazudsundsnunivannduuniy
nsenilaitniosndszglituuumned daaglivdnnmstosnuuuuarainnsasussauunined
Fanelifveueudliih ddedfevihiiiinanuasmnauisungiteueueudlnilusuias

HaN13I1aeIneAdinAansinvessruunsaneloundinulniuuulfanedmsy
g1UUALNAN 21NNITDRNLUUAINITITLADSANNE fiszozdoud 2 - 12 wudiwms wuindlszes
10 wuAluns Iusadulnin nszualiin saudsdslniAadgedussduluiodve
104.84 13ad n3zuaedng 10.48 wond idalnil 1,098.72 Tne wsiseansaineeudna
fnaegfisenar 35.5 Feszueiilvusransamafianogil 2 wufuas Aussiuluinedns
26.37 Laad nzuaodng 2.63 woud faalniin 69.35 Jad [3]

2.1.0 Yoy aﬁf’uﬁmﬂ’ﬂ, AAMAT WIATDU, AINLNT atanadds, Sunun guual, ysyda
Aiaey, duf awm wazneans nesuiud. (2566). Yaansansdednenideluiuuuliane.
yaasansdseidsiiiuuulians SnguszasdiiieAnwnisdsidsliuuulians was
naapI Uszansnmvesynansnnisdedneindsliiiuuuliane ddldvasalniinwun 220
Taadt 100 Fad Tunismeaes vdannsinuresyrasanisaediemasiiiuuuliany Aenis
destrondanulnihuuueduusimdnlifiundenhanusainmedduimnanniaiuiiiodns
waslitunaealiin

Han1snaaeeIUseansannisaeniaeliin wuuldangvesynanianisdeane
maslhuuulsaneusingdn Ussaninmasanvesynansanisdedreidalni wuuliane
svoedl 9 wuRluns usTqUIzdvEamiosas 56.33 laindsliidi 318.99 Tnd uazuszansam
Mamveanansnnsasnmadlnihuuulianeseed 40 wuRns ussquIsAvsnmiosas
0.12 MAsln 0.78 Yo [8]



2.1.5 Mg Jasnned. (2564). nsanglaunasnuuwuulias. msaalounadanuwuy
1$any (WPT) Wuwealuladianuisaaeleundsuainasednglndmddlugdniasedne
wilalnglddaddaeliidousoszninsgunsal Fsiduduiideuludagiu Tuunanuidds
JauanIsnumumalulagnisateloundsnuwuuliane (Wireless Power Transfer : WPT)
Usznaumenannis Ussiam 1nsgiu waznisussandldenulutagiu ieiansdaimuinis
wazANAImtnvesnalulaginlmiludssynaldlususie wu gunsaldeans n1svse
Uszquuanaivasasadlnsdniniouil n13ysauseguunmasvassasudbiiin gunsainig

¢ A % 2 v
AsuNNgIeltut LuAu
F97: waluladnisdwiunasnuluiiniueinal aztgvdanisaunasulii

a Ay v A = = ! a0 ) v Y a
wuuiufldaneadavseaell Weoulesseninaan uwazanilgessenindlsaluinduguilan
Wosnnagainnituwasddasslunsldliiunndu dunuuagnisuigednwinisdalni1ain

= ) a1 & o P | ° v Y a < P
anlludsandgasaznatedusunuinmuivay wazarlnidmsuduslnanazanasiiy
waluladdgsfiuselemilunisanslounseualwinludaaunaldaiunsadalndnuanels

Poide : luszezisuusniueafifunuisesiunulunsaiunisyiasudugs du
MegumaliaNsasiundnueawesdindizon1sgydeannisudsed nsgaidenis
= o A A v Y A A P = A
annay a4 Wutladenendes tardednusenisnilaveanaluladlulasnm s n1ssuniu
walulagnisdeasdu lulagdu wazevdwmaliiianansenunedinnsieuywd uasdnd
wsznsadlussuulilasnidudeddianuduasmasdsdygyings dniunsihluldanuded

ANUTTINTE D89N [26]

2.1.6 A391 Funan. (2563). msanelauidsivinlEaenuunaindieanudislowuud
dmsugueudlninvuiaidn. diauenisesnwuusarassszuunsaegleuidsiniilians
wuuwadn sheifenudistouuud Tnelinadshadlwihmansyrvuiuiuasdunesinesyn
Wen dmsvorusudluiaauindn wionuszansamlunisasloudddlniildaswuy
wadn syyinndsiasliihiuaiasumasiii wagseninnirdemasininduyasdnusey
L1 squfianisesnuuussuuaiuaunisateloumasininlsasuvunaine e
lilasreulvsaass dshnismeassazilSeuiivunisaisleumdsinildasuuunatn Tne
USussesieseming nedsiaznasurdslni wazaudilunisindeuiivessususlidi
FenudisTowuus

NaNIINAaeINUIn szuunsasleurmasluiildasuuunaiaiioanuuunas
W Sszansamansaneloudndsliiingaan 98.13% Aszoginaszmiteniadaddsltii
waznasuiaslnih 0.05 m Tndoudisnenaid 0.17 m/s [10]



2.2 npuijiiieatas

grusudliin Ao srusudd lduomesininlunistuiad eu vilwerususdli 4
Usgdnsnmannnineusudlfiedessuddununielu anansouddldidu 3 fide sl
Ao 1) rusudliiauadn AdauawesidildiAy 10 kw wu sadnseru sanedn 2)
gugud niivuanans didauewasiuin 10-30 kW W snsuddiuuana wae 3) 818U
Twihaunelng AfanowmesluiiiAunin 30 kw wu salagans saussmn erugudlninfdes
Tulutagtuduseudluivuindn nstuedeusmsudlii Sududeddndsa ui
gniiulilununine’ Wessdundanuanasdesiinsdnuszquuame3 [10]

2.2.1 M3gausEylnih

wialulagnissauszyliindmsveueudniiaunsowuseandu 3 35 fe 1)

n158AUsElWAe U3 (Conductive Charging) nian13dauseluiluwuuldanelui
(Wire Charging) 2) msé’mﬂwﬂﬂﬁﬁaamsmﬁsmmmma? (Battery Swapping) Wag 3) n13
davszalaiuuumiloni (Inductive Charging) 3enssauszalih wuulfane (Wireless
Charging %38 Wireless Power Transfer) [10]

2.2.1.1 M3gausealnimusiaii (Conductive Charging) #3an158nuseqluin
wuuldanglaiin (Wire Charging) vien1sundaniudnsu-dideuialy {Wwisldmly aven
amuiuaziiusransamiaadlofisudusuuuudy Fsnsdauszaluiuuuldansluding
anulivasndesedldau iieauiuvesaslni ideuanmuiegnuesiauuineraiin
nszualifihfalvauazndudunseld Sntamsdauseqlnih Fedldnauuuasdosanag i
ﬁmaammaé’wﬂszﬂw% Tnsanunsauvay 2 Ussinvmuussivnszuali Teun nswisa
melninseiaaau (AC Charger) wagnisunsanigliinnszuanss (DC Charger) [9]

msyisedoslwians:iaady mswseRodlwins:dns)

AC Charger Wall-mourted

AC public charger

O] wAingE
’=  BMS Li-ion battery =

/ inSomnsslwhiisisounuy

\_D,_-» DC quick charger

¢

Al 2-1 n159nUsEaluimudn (Conductive Charging)
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AN51997 2-1 WSsusunmsusasmeliinnsslansaasnsewaadu

5amelniinseiaadu wuadu 2 s

5ame AN TELanN S

® Luu 1.a 230 lan
aglimaslwindszunas 2.3-3.7 Alated lonanly
n1359nUsEaUsEIn 3-7 Tl Javaneiunsdn

Uszqlnlfindnudu

® uuu 3 1wa 400 Tiadt
Ferdslniigeiudnseduluaud 43 Alatad ¥
Tszozgnainisysaanaandeiiios 0.5-2 Falug
Fednvarinunuaniiviaasisazuiogann

0

lugndudsaw1us Unsaulas
nseualin Wesangunsaiduindsiiannd
¥153ud2 (Off Board Charger) yinlwaanilgnsa
Aoud19lng 1un15915 928 wseAuLaY
nsguabnigailiaiunsavisalalaganin
50 Aladnd wagldiarluiiu 30 widl (31N
sAusgn fefisedu 80% Y89AY) WULN
AUIANNTANIYN NNNATNT8an1TUTNS

131U

2.2.1.2 maé’mﬂszqimlﬂﬁ’;amuﬂﬁammmma’%" (Battery Swapping) [Juignns

PIFINAINUTTINGN anzAunIsaumnelng wideawugann wag 01fen1susMIsiang

AADUTNTULDU WAL SOIUANAIUITOUASURUAMDT LAY Fo9llf lwuianiy 9d Tesla 1o

wgan simumAluladld Wesanlildsuauilenuwaziiuind Supercharger ALiesnauad?

[9]

——

—

=

Ba_

A 2-2 ﬂﬁiﬁﬂﬂi%@iﬁ/ﬂﬂﬁéﬁ&lmiLU%EJ‘LJLL‘LIGILG]E]%I (Battery Swapping)

2.2.1.3 m3dauszalitiuuumienh (inductive Charging) vi3ennssauszqluii

wuuliane (Wireless Charging %38 Wireless Power Transfer) wunina3n1glusaaiunsa

33llla lnelalsiadldanamsa ordfendnnismienives auuwimanluiiszwinsgawise

Augesuuusise Juduisiazanauisuasiieiiigs snwides msdauszylniuuulians

aunsauuslailu 3 Yssian de 1) nsdauszyliihliaeuuvegdui {Wuisnsdnuseq
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I luvazfousudlifinaensg fuinaeanissauszqlilii Fstedosfidifyveanisdn
Usgqlwiluuulfane fe Tuszansnmendsinlinaniltlunssadsealulihdsasinnnniy
visowhAumssauszlihuuuldanelaih Sadndumeluladnissnuseqlidinl3aeuuui
wadmuazuuuwain 2) masauszalninlaouuuimatn [Wuisnssauseqluitluvasd
grusudliinaeniu-ds flasansviesendndyaralnasastedeiunssnuszqladinld
asuuuagAuTunsaUszlifh Turisnauazssesynadun Tuusedse 1avililiannsndn
Uszqlnilddafadumealulad 3) nsdauszalnilfarswuunainduisnisdauss gl
Tuvazfeusudlii Miuedeuiidiaunsnananudswsssunnefiinanmssalsey
Iylilsisndusiomeneusudliihedduiinasnnisdauszqluiuazanansoannailunissn
Uszqlnle [9,10]

{"Power Transmitter }

Charging Station A

A i 2-3 mié’ﬂﬂisaﬂvmmwmﬁmﬁﬂ (Inductive Charging)

2.2.2 Fnmsaeloumasinihuuuliane
Tagaunsaduuneandu 2 nguvdn Ao N15aINaNIULUULHSIE (Radiative

WPT) wazn1sasnaaaunuulunnsad (Non-Radiative WPT)

l Wireless Power Transfer l

[

1 1
Radiative Wireless Power Transfer ‘ | Non-Radiative Wireless Power Transfer
¥y L ] ¥ L |
Microwaves / RF Optical Power Inductive Capacitive
Power Transfer Transfer Power Transfer Power Transfer

A a Y & < ° aa ' o w
A Fanana! lifidannuvesalaanssyluonans-1 vdanduundsnisangleumaalnii
wuulsane
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2.2.2.1 MIAMAIULUULNSIE (Radiative WPT) Wunisdamdsmulninlugy
vpspduuswmantina (Electromagnetic Waves) N1un19@nge1nie (Antenna) denaluds
g I~} d‘ a v I (% v
AINATY WU BINTA Y38 geuyinia Wnefivateniednauasiiatseiniasunaswanauly
< [ = = v ' a Sa | [ 4
Jundenslivndnnenis dnvauzinuvesmsasuulsatgvilaiifie annsadamdsuls
seuglng wazdaunuiwiuidanugs Juevlylunuiinervesiumalulageiniauag

aal

NOIINLALLANTE LALLDIINNANBULNNTAINAIUAINAILNITLHSIFNTANUAUILUUND
ugs Isladenlaluguy (5]

2.2.2.2 Msdanasnunuuliud$sd (Non-Radiative WPT) tlunisdandssuluii
Tudnwasmsmiehdmsaunuudmanliiluszeslnag Fesverdmdsnusinanazduni
A1E NS ULUULH SR Tneflmelulad nsdmdsnuuwuuliuiSdidanansauu soendu 2

sy Fmelud (5]
1. Msdendsnulsansuuvauiuuiuan (inductive Power Transfer: IPT)

2. Msdanassulsarsuuvaunlnmi (Capacitive Power Transfer: CPT)

2.2.3 msdandanulsaneuuuauiuusiuan (Inductive Power Transfer)
AMTANSINUNULUY IPT anznsasuneandu 2 via Ae
2.2.3.1 nMsdanasnuiuy IPT ¥iialie1denisniiss (Non-Resonant IPT) n15&s
WHNUWUU NR-IPT L%ﬂﬁiﬁMé’Nﬂﬂiﬂﬂﬂmﬁmﬁ’lé’wammmmﬁﬂ%guﬁugmﬁqm oA
nanniseanefuntawUadlinn (Transformer) anaitequalaifLnuudindnseninaunainas
Fadnuazwuivilvainianieniflnage ssuvdadsnuuy NRPT flassatienis

vhauBeuie sxlsnuidledlussfunnasenligunn uaznisasidslinnlglvan (R,) &g
Tunamitseusuld 5]

2.2.3.2 N15EINGNIULUY IPT ¥Eine1den131155 (Resonant IPT) 1unisds
wdanulsaomidenivsauuudivdni endendnn1siiss (Resonance) luszuuiile
UsuupsanssouzressruuldATy Tnsameduiduasndsnlunisivas Suildlaodiy
gaunadn (Inductors) wazdunulszq (Capacitors) wilUlugaasas uwusesnidu 2 wia Ao
LUUBYNSH (Series Resonant) uazUULYLIY (Parallel Resonant) Wedelviiinsyuaady

[

Tifuasasslouuud navzifinduegiuanvasn1snoreasslonuudinduiuueunsumie
| A v oo a a I a A ¢ =~ °
YuLaRaNmilauiy Ae Weaudgeriduiiuvaudvasuaainmiledilui (X)) aguin
wazA1Buiiuaud vosduiudszalnii (Xo) 93 Faaduiiunudvesunainmiaailii
wazABuiuaudvasdiulszyliiazdafiaiuniesdy dedu mndaiaudnvinlien
a A 4 =i o I a oA s v & a1 - o 1%
duiiuaud vosuaanwitenhliuasAduiuaudvasiuiuUse i dianvingg asvili

1 a & v Y} = = 1 v
ANTLBALAUY BNANNAUNRUAIILUADLRANIZAIAIUATUNIU [10,5]
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2.2.4 29955\ Uud

MU8092995 AN TdIUUSENB VYR R, L, C ey lminnisslawuugininud

o = wa a A 19 | e a
LAWY Nﬂ%%ﬂﬂﬁuaﬂ‘U@WLﬂ@%ﬂﬂigiﬂsﬁiﬁuﬂ'ﬁi%\i']ﬂﬁﬁ']EJ@EJ'N 'NQ?L?I%LL‘U‘UGU@J 2 Uselan Av
2.2.4.1 ’N"i]ﬁLiISULLuusgLLUU@HﬂiiJ

Impedance: /

E R L C|_i_ Im
il X, x.| 4 71=VR2+ X2
S Lo col X772 | =VRZ+ (X,— X,
v i
V f\l) 0 —* Re
X(\L R

AN 2-5 asislauudL U LNy

[

= s A 3 o N ° o &
LQ@UIGUGUaQﬂ’ﬁﬁI‘ULLuu%ﬂ@ LN@iLL@ﬂLLmu‘UGU@ﬂm'JLV]UEJ'JU']LL@%?’TJ']N"QLVI']ﬂu U

Reactance=0

R ' L C im
T—:l"". ~~—n x]
1 X, X
____________ <\‘ Z=R
0 —0%—»' Re
VY, < R
v Réactance cancellation
XC'

=] = s
AINN 2-6 N@u‘,LGUGUEJQﬂ’]iLﬁI%LLuu%LLUU@HﬂiN

FaNaroIN S UNgyI B uuaudue9aTiAToeNgn wagmaoiiesrInIy
AU @3150M5U AN (2-1) waganudisleiuudazaiunsamlan (2-2)

|Z|= VR24x2= 1/ R24+(X X )? (2-1)

fo= (2-2)

1
om/LC
agUlean Tuaouzislouuuduednns RLC wuuaynsy duilunud (2) azidudiell ;
|z|= V/R?+0?

Z=R
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Reactance
X(nial
Y

Since X=X, — X at the intersection
where X=0 (Z=R)

X, = 2xfL [Q]

1
Xe =210 1Y

>

. frequency
Al 1iH

ANA 2-7 @01uglslgluLgUp92935 RLC LUUBUNTY

danalvirnduiiunudanas wavnseualinigluierssiisngean

V
= -
R
2.2.4.2 19935 WUUUGLUUTUIY
At resonance,
I the LC circuit can be ignored.
Vi I el
« =1y
vy R {3 TCi° e
E 1, ¥ Current cancellation

circulating current

At resonance, [ =1 ‘

AT 2-8 299565 L UUTLUUILIY

I a A 6 ‘221’ v (% A:’i’
AduTiLAugYaRTiiaglianans (2-3) dall
1 1 1

1 1 1
- =~ — HWC= -+ — HWC= - 4] (wc- —) (2-3)
Z R jwL R WL R wL

Turgasislasuud RLC wuuauy aaneiuaasslaiuusd RLC wuvaynsy nslowy
wsweawmudvasiunienihuasfiiuussgindsiueenty

1 (Ve
LX)

1
z \VL Vi) r

Z=R
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HAYBIAIAIUATUNIUTINILFIV ULINA AU LSIORUUT FIN1TNT2HUVDIINRT
slriuudeuruuinayiiiiausulnihgemnaseuduiuauduaznseiantvanigluias

fiaenan (adnssualwihlva viliedneduiasde)

Feonaduundnvaznisneniivlszyliiuazvaadamieiliirvesninds

o w

maalnfin waznasumaslniiludsasislewuudil 4 suwuu [9]

PP PS 11
le Lgi Lp C5
Cp T T CS Cp T L:‘.‘
) ﬂ’]‘iﬁaLLUU”du’m-TJuﬂu ) ﬂqsﬁaLLUU?quu-auﬂﬁﬂ
—] SP — S5 —
CI'-' Lg CP C‘_.
Ly % g T Cs Lp Ls
A) ﬂﬂ‘iﬁial,l.‘l_l‘l_laigﬂ‘iu-ﬂu“lu 1) ﬂqﬁﬁiﬂLLUU'ﬂHﬂ‘ﬁlJ'aHﬂﬁu

Muil 2-9 dnvazmseediulszglniuasnaiaumieatilih

2.2.5 wnmamiethliin
sUnsavnmamieniliihildlnsasslawuud aunsowaiu 2 Ussiam
2.2.5.1 sUnssnuvsaiu Tnsundaglduuunadaiidaluin 1 ga deniaiu
Ml 1 ge Fsrunveaniadeidsliiinwazmasuidsluiinenadvuamindiu vie

ANN 2-10 JUNSIURRIRMTe IThuuuaaay

fnanule

2.2.5.2 3UNTIN1ITASBIRUUNA18YA WU JULUU Solenoidal Coil JUwuy
Double D (DD) 3Ukuu Double D Quadrature (DDQ) §uwuu Bipolar (BP) kazguuu
Quad D Quadrature (QDQ) Msl¥a1adandsliivateyn seaipsuiigaluia 1 n
anunsauulgilisyAvsnmiiangeduld uaznisdndumisuesniadwazniady il

yMledne [10]
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Tassuidenltvaasndeinlidwuulenay Aranumdeltinlwdiaunsasulalaann

dl Y ¢ N ° ° 1 a{'
dun1Tn (1-1) LLagLaqu@juaﬂaqﬂﬂ@ﬂﬂﬂaﬂﬂLVUBquq‘lWﬂq a']ll']iﬂﬂ']u’)ﬁlﬂ,ﬂzﬂqﬂaﬂﬂ'ﬁﬂ

(1-2) [10]
le — .l
l Di
00 00® Q0000 Q
SIS
a = °
2 2-12 ssezveanalnmtenilniiuuuinay
N2x A2
L=— (1-1)
30A-11D,
D;+N(W+S)
A= ——— (1-2)
2
e
L Ao ArAuwteti il (uH)
N AD IMUIUTOU
DI fe wurugudnaaniely (mm)
wo Ao wnauugudnamtiinadn (mm)
s AD ANUNINTEIINNVABIALAAZTOU (Mm)

A %/

Do A Laushugiuéﬂa’mﬂwuaﬂ (mm)



17

2.2.6 293s8Lannseiindmdedwmsunisansloumdsluiwuulsans
2.2.6.1 2995 58anszualndin (Rectifier Circuit) W@unsasivimeafiudaslaia
nszuaasudulninszuanss nedl lalonasduiiSoanszualnihadu Fedindusuuinuas

aulidulnihnszuanss Aflenizadusuuinuioauiiessuiies [10]

> allts:

D, IDQ
A

AN 2-13 29955 sanseaalndwuuiuaay (Rectifier Circuit)

2.2.6.2 19939UNBSHO3$1AY (Inverter Circuit) Wuraaswuashufinszuwansa u
Infinnszuaadu (DC to AC Converter) muvuIAkarAINNABINT Ussnulnile1dnn

a1115009A lAReNvs aUSUAN PR ISRl AP LA MS B UAsUALR LS [10]

-

FTINIVINTUAN

AN 2-14 1995DUNDIMBILUVUSASLANAAY (Inverter Circuit)

2.2.6.3 szuumuaumsanglouiddlwinlagly Limit Switch viwihil Wuaind
[daduntiniana e ON-OFF n13d8lwludieas Inverter Fefindnnnsde e Limit
Switch gnnanieviudederessoataneiii 2 dunavity wdmssnszudlaiagiva
U80995 Inverter ilodanslisasislonuudaadaindslniinsiany
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'
a

2.2.6.4 seuUdnUTERRUAWMET vimtiulaussiulniinssuaadundanudas
Juusedulnihinszuanss Ineldasasseanssualiiiianneuseduusadulni Tiden
wnzaudmsunsaaUseg i lidulunnes lassuilduunwmeiauin 12 VDC 26 AH

17U 2 gneunsuiy



91NN3ANY I B agnUNILITIUNTIUIAEIBItusTUUNIsaslaund Julni
wuulSangluund 2 ladeyaiugiuuazuuimeiddgdmsuniseoniuuiasiaunseuu lu

unflazdauanszuIun1sAIuINeg 198l gnn LA TUNDUNITORNWUULTINGYE N3

o ¥

dnasramelusunsunouiunes laudinisaistunuy nsdenlgaunsaldmiulssneu

[

T nuulsanednsueusud i waznaasuduauase Wielwduluniuvsuwnves

TAssuntanvrualy

uni 3

o =\

A5ALUN1S

FuU 29950157190 TUAINTUTENUlATIAT1909YRa1ER ST UUNITENETEUNE 1Y

o

= < v o a v &
E‘ﬁll'ﬁﬂL“UEJUL‘IJL!LLNUNQﬂ']iﬂ']Luufl’]u%’e]\‘lIﬂNﬂ’]{Lﬂ PNU

= = 2/ - - v
(¥ 1] Vnﬂ“l'um‘gav,m_:“ma

BENLUUTREEHTZUY nrsanalaunaaulvii

A J

wuulianedmiustuaud vl

aagmenanazvunTsmalauna el

wuulFanednsuauaus i

b

h 4

VRADUATIV LY RETDR
szuunnsanslauwdselyis
nuulZaednduaruaus i

F 3

o & p
Intiaanse

h

»  aglnanisveass SEVRICERER

Y

l ptl| :Ii

USutsauily ——  apuiasiulpzanu

AN 3-1 LHUEITUADUNNTALEUNNSTIATIU
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3.1 MIAUIALNENTEaNWUUIATIAFINTUI
3.1.1 MIAIUNTBLATLITILUANBTINATALAOST BviD Free Rider anndayadaunuas

soafiemes 8vio Free Rider
SPECIFICATION:

Overall length 1 20cm/47inches

Overall width 58cm/23inches

Ground clearance 6.5cmy/2.Sinches

Maximum load 136kgs/300lbs

Range up to 32km/20ml(26Amp batteries)
Total weihgt(excl.batteries)  53.5kgs/118 Ibs

Heaviest port 2 1kgs/46 Ibs

Wall to wall tumning radlus  104.5cm/42inches

Maximum Speed 8.8km/5.5mph(10 inches rear tires)
Battery 26Amp/36Amp/S0Amp

AN 3-2 YeyaaiUnvessnaiames 8ve Free Rider

ndeyavessaadames IuummeIvuin 24 V.DC 26 Ah Wuumandsnulunis
FupapuLowas DC 24 V 39lsoanuuunisiisawuamasidusuin 24 V.DC 26 Ah lagagld
WURLABSHIA BlaRgAINTA WA 12 V.DC 26 Ah 97153U 2 @n

B Specifications

Nominal Voltage 12V
Rated Capacity (20 hours rate) 26Ah
Total Height -
) ) (with terminals) 179mm
Dimensions
(% 2mm) Length 165mm
Width 125mm
Height 174 mm
Approx, Weight 90kg
Standard F1
Terminal -
Orptional F2

AN 3-3 LUALMDIWIAY 898 Lion wdanziinsm 12 V.DC 26 Ah

B Characteristics

10 hour rate (2424 24.2AH
Capacity 5 e (4424) 22.1AH
25°C
&9 ©  (15.64) 15.6AH
15 mi (45.52A) 1138AH
Internal Resistance Fully charged Battery 25°C "“’3“:"‘
40°C 102%
Capacity affected 25C 100%
by
(20 hour rate) c 85%
5 65%
1%
Self Discharge
(25°C) 82%
64%
or smaller
< | Control Voliage 144 (0 15.0V (25°C)
Initial Current 7.20A or smaller
Contral Voltage 13.5 10 13.8V (25°C)

mwﬁ 3-4 Datasheet memaéuﬁa ?jﬁﬂmzf‘ﬁ"aﬂsm 12 V.DC 26 Ah
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3.1.2 MANNISVITALUALNDT
Ja3891999AN09D9UTENOUN Y
3.1.2.1 YWINANNTUUALADT Ah

IngunAwumnas 12V alinssuanisan 10-15 % Yo9AUUUANADS

(Ah)
AU
NIEUANAITYNTA = 10-15 % x VUIAANLUUAADS (Ah)
ala NSTUATIA5NSA = 10-15 % x 26.0 (Ah)

=2.6-3.9 A

3.1.2.2 ANuUAWeINRoegnounTansaly
dulvg)illalumnoInuaUsyy maoANUUAWDT Ah Uszunu
40% AL WemNTANUEN 60% LialikuAmETHAY

/AW
§1aU Ah Tidesndaiin = 60% x YuIALUAAES (Ah)
asld Suu Ah Aidessadin = 60% x 26 (Ah)
= 15.60 Ah
Srunudaluensa - §7u7u Ah Aifeswsauiin x nszuaTiasnsa
i Sunudiluensa = 15.60 Ah x 2.6-3.9 A
Usguna 4-6 .

3.1.2.3 YUNAUIITUAAITESD
Tnuan1sysavesuummed 12 V i 2 wuu eilvis Float charge
(stand-by use) AONswISaTiusIfy 13.6-13.8 V uaz Equal charge (cycle use) ABn159159
fussiy 14.2-14.9 V usdmivuunimeisaaianes dve Free Rider azldussiuldnuet
24 V Togrunaussiuiimsniaareglurig 26.4-27.4 V tiieBaengnsidaunumnings
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3.2 9189952UUN150181aUNAI9UAEIUTHATH MATLAB/Simulink

1A Coil

s

etk
40|

Voltage R_Coil Voltage R-A_C

V_Coil R

INVERTER COMPENSATION NETWORK RECTIFIER

AR 3-5 1935s1aeesTUsunsy MATLAB/Simulink

3.2.1 29359UNBsMa3 (Inverter)

Ao 19suladliiinssuansadulnihnssuaadu fevuasusaiulniazanud
Trldnufifens FeordensiUasunlassnsaeievessassunedines lagldwdnns
Pulse Width Modulation (PWM) Taumunisvitauvesieasduiesines

N13#3An Pulse Generator iAMUan 1/81390 secs wlanduaudayldwindu

81.39 kHz aglanadnsnluduan Gate 83 Mosfet uag Output ¥aI9INPININATOUNDSIADS

LY

A5y

Y

Parameters ; T I —)

Pulse type: Time based ~
Time (t): Use simulation time ~

Amplitude:
1

Period (secs):
1/81390 1.2287e-05

Pulse Width (% of period): 28
50

Phase delay (secs):

0 i osostes 05057 ososis 0soses Oscstss oSSt OSISNBS OSOSS DSOS0S Dsosst

mwﬁ 3-6 Pulse Generator 9U%1 Gate Mosfet
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30 |
|——Voliage SB_Coil1

—Voltage SB_Cuilz

UL

0.45995 0.45998 0.45997 0.45998 0.45999 046 0.46001

AN 3-7 Output HBNIUNATBUNIDIADS

3.2.2 N7 Compensation Network
4 v 1 v < = o !
ndeyadnuaznisaeniuusyylniuazvaaiawmiendlniivesninds
Maalifn wazniasumdlninlureesslouuudll 4 Uuuy Feniinsanannuvasleys
WU JULUUTIMINTaNkasATign sudunisredunuuszglnineynsuiuiuunainmieat
I vianiadaiazniasy

Mwi 3-8 nMsrediulszgliiheynsuduivunaiamienhlnivisnaduez nasy

N3 9ANITwesvasd i vz i uazunalsamdeniliivesniads

o w

Aaeliln wazn1asuraslnin fapsn9n 3-1



A15199 3-1 Arnsidwesveaduivuszylniwazunaiamienilairlun1sdrass

MATLAB/Simulink
o - ANUAAIALATIYIN e "
AR UYTEYEleds — — AR UYIE ey
Winding 1: fleda Winding 2: He3u
(c) (c,)
L) (L)
Parameters Parameters Parameters
Type of mutual inductance: Two or three windings with equal mutual terms ~
Branch type: C Winding 1 self impedance [R1(Ohm) L1(H)]: Branch type: C
Capacitance (F): L.01 1.2¢-5] [0042.205 : | Capacitance (F):
33407 Winding 2 self impedance [R2(0Ohm) L2(H)]:
T .01 3.713e-5) [0.01,3.713e-05] 1.027e-7
C1=O334pF L1=12|JH L2:37HH C2:O1OZHF
100
501 i
= =
-50
B I | ! I
052903 0.52904 0.52905 0.52906 0.52907 0.52908
a = o
AINN 3-9 EﬂﬂaULﬁQWUE:]QaQ
200 I I

200 | |
0.26663 0.26664

|
0.26665

0.26666

| I
0.26667

AN 3-10 JUARUUSIAUEleSY

|
0.26668
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3.2.3 1995589n52ud (Rectifier)
=) d‘ o U y % Ql' a 1 [}
Ao 2995k Uas Ul nsEwaaduaNVAaInlasUNLANINNNS N8l a UNS 19U
yudulniinssuanss evsanundsnulidinuunwes weluieasianassly MATLAB
Simulink azdnaedlaglilvandimnudiuniy wuna 12 Q tanadans Ay

[I_oub »—ﬂ 2.8249022690873 l

lout

)

out

33.903995421923 |

V out Vout

H
l vy

camnt e vz oz vz o

AN 3-11 HASNSVRILTINULAENTERENLAINN1TINaRINUTUSHATY Matlab Simulink

3glaT1mmninAIus IR uLaEAINTE LLawVLWMﬂmimaamquUiLmim MATLAB
Simulink lWfiansanfutladeiigesdidunisufauunnesneuntii ae

o a a v ¢ ! ° a ° |
MN19794N 3-2 LU?U‘UL‘V]UUNaaWﬁig‘Vnqﬂﬂﬁiﬂ?u@m‘ﬂ’]ﬂmq@aLLagﬂqiﬁ]’]a@QNWUIUﬁLLﬂﬁll
MATLAB Simulink

Jadeifidosanile NSUATIARSYNSY | BWASIUTiAIsTIsa
Jaya (ANTZHE) (GRITEXIAT)
nMsfuINguiTiietes 2.6-3.9 A 26.4-27.4 V
N1597809UTUTLATY MATLAB Simulink 2.6-2.8 A 27.0-27.3V

At MndeyatisnunlaninnsiuInaINng e iiieItes LazaNn15INaeIHIY
LUsunsu MATLAB Simulink wéa wudtwailaesnundudanulndifesiu lngaiuisald
AINNTIENBIAINETT 1191985LUN157111935954 LitelviaenadesiuingUssasdvadlasanu
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IINNITNAABURALAIUINNITITWBT A9 g lussuunisaelound sy agy
W13 fwasnlgle dadl

AN519% 3-3 A1 siwesannlusunsy MATLAB Simulink

WISNDS AL
LS UTEE99sB U Sine s 24 V. DC
Duty cycle (Inverter) 50 %
PWM Switching Frequency 81.39 kHz
L 12 pH
G 0.334 UF
L 37 uH
C, 0.102 UF

3.3 nMseenuuuvaaawideniluin wazdaufulszy
3.3.1 psAnamueanwderiliivesnadeidalni wazniasuidslngi
nPdwessenanavaainuieilniesniadeingdslnin Seuszana
12 pH wazvnanwdenhliiveaniasusdelni SeUssana 37 uH
9z0ONRUUNIULIU Flat spiral coil inductor calculator wagtiv Multi-Layer air

core inductor calculator

Flat spiral coil inductor | oo |
calculator i Di i
Formula used in this calculation is based = o000 coeoo
on the Harold A. Wheeler approximations. 5-l |'- W-l
L (uH) = r2 * A2 / (30*A-11 *Di)
= * / m) B
ASREN-ws)i2 Coil inner diameter (Di), | ‘ [mm  ~]
where Number of turns (N): :
Di =inner diameter in inches. ’ : g
s =distance between windings in inches Wire Diameter (w): | | mm__ ‘
w =wire diameter in inches v
N = nimber ot itine Spacing between turns (s) | ‘ |mm ‘
1 inch = 0,0254m=2 54cm = 25 4mm. O -
This formula applies at 'low' frequencies
(<30MHz) ) using enameled copper wire. Wire lenght (WI): I -I m -
Some people call it "magnet wire"
Calculate

A 3-12 wiiwdu Flat spiral coil inductor calculator
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Multi layer air core inductor calculator
Formula used in this calculation is from Wheelers
approximations which is accurate to <1% if the cross
section is near square shaped.:

Inductance (L) (

L (uH) =31.6*"N"2* r172/ 6*r1+ 9*L + 10*(r2-r1) Coil Infier Diameter (d) ( w -
Coil Length (1) ( mm ¢
Wire Gauge: F AWG

where....

L(uH)= Inductance in microHenries

N = Total Number of turns

r1 = Radius of the inside of the coil in meters
r2 = Radius of the outside of the coil in meters

NumberorTums ;| (D |
orporoe [ QR

£20§

Coil Outer Diameter (D):

L = Length of the coil in meter:
This formula applies at low' frequencies (<3MHz) using [T - N

enameled copper wire tightly wound DC Resistance (R): | G [ohsizoc. |

Calculate Clear

A9 3-13 mhdu Multi Layer air core inductor calculator

FeaviJuannisiiv Flat spiral coil inductor calculator aviduannisiieafiuiu
aunsi (2-4) uaz (2-5) Arflsvesunalnisdsaziusadl
waaawmteai e snademasiviidn Tane THW aun 6 Sg.mm. fmesiag

Mangwkny Uaanauiu

L WiAU 11.00 pH N WiNAU 8 58U
D, WINAU 65 mm. D, WINAU 33.64 mm.
w WA 2.54 mm. s WinAu 14.25 mm.

W, Wiy 5.01 m.

nanwteriliinvesniasuindalnin Tuaiuvesvnatawteriliiivesniasy
mdslinagyinduuwuu multilayer planar spiral inductors s Fullgadinuunain

R IINNK T PTG R AT ANV TRl

Al 3-14 multilayer planar spiral inductors
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113 lavindumte Itk uuIAaIANEEILULIININ 2 FU 11 2 YA Waatiun
uuiu Welilanszuaainnisaneloundsnuundsdu Jeasluaunisiiv Multi-Layer air

core inductor calculator agdaunT5eall

L( H)— 31.6 x 1,2 x N? )
H - (6 X r1)+ (9 X L)+ (10 X (rz—rl))

Ta1e THW auim 4 Sg.mm. fuvesaswnuiel livasnauiu

Number of Turns (N) Wiy 16 58U Coil Outer Diameter (D) WU 86.37 mm.
Tumns per Layers Winfiu 8 59U Wire Diameter WU 1.06 mm.
Number of Layers Wiy 2 U Wire Length WA 4.34 m.

LazavasIaaaurnaInmietliindienses LCR Meter 8o Digicom ju LCR-

841 witalunsnsivdeunugniesvestuaIunlavi

LCR METER
DIGICON  Lcr-ast

AW 3-15 LA383 LCR Meter %0 Digicom §u LCR-841

A15199 3-4 LWSsuisuavaastei iwivesniadeingalwiln wazniasuideluiin

WISRDT ypaanmiedlii ypanmdendli
Toya Yo masli | vesmasuigelnin
A11NLUSLATH MATLAB Simulink 12 pH 37 uH
ANINANSATLIRENULIU
- Flat spiral coil inductor calculator 11.00 pH
- Multi Layer air core inductor 35.25 pH
calculator

AIINNISNAdDUSIBLA38Y LCR Meter 11.48 pH 32.61 pH
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3.3.2 MsAnnaAdaiulszglnih
anegslowuudA1duiuaugvasanatnini el (X)) 9su1n uagen
a ¢ ] o A a =% oo Yi a a ¢
duiiuaud vosdinAudsealniin (Xo) agin Nranudamidsivilieduiiuaudvesunain
wilgadliiuazanduiiunudvesianulszgliihdanindy svilia3ueauaud #ndns

AUMUATIAADLRNIZANAIIUATUNIY

R (Tavin)

ql d’d ! L3 U td' 1
AN 3-16 NaUDN L ey C NUNAABDHYUIUNTELEFAUAINNATNE)

nn1dmesainaniatduiuvlszaliiivesniademadaluii da1ussuu
0.334 pF wazAdanuUszglnihvesniasufdsli SAdssana 0.102 uH %amq;ﬁmﬁw
¢8onld Capacitor oin FilM S%e WIMA il
1) Adanulszglniivesniadsiasin 14 0.334 pF 630 v
2.) Adafivusgglnihwesniasumasiai 14 0.1 uF 630 v

Ml 3-17 fiulseq
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3.4 fukuugaasaszuunsangleundsnuliuuuliaredmsueueudlnii
3.4.1 @59AURUUVARINVBIYAETSATEUUNITa 8 auna s Ul wuulTanedmsy
eUEUA b
3.4.1.1 wpaawmiorilaihaieds 7 3 suuuu e

M13199 3-5 YAty ilnihnads

sUsuvramawmiieniliinnag

WUUN 1 WUUN 2 LUUN 3

Tdane THW wes 4 Sgmm | 1dans THW wes 6 Sq.mm | Tunaindiiavean
AIUNDILAILNULALY AUV DILAINAELLNY Induction 3500 W
(Uaonauly) 8 sau (Uaonauiy) 8 sau




3.4.1.2 apaawmtienililinniasu & 4 guuuy fe

M13199 3-6 sUBvUYARIAWHElihaasy

31

sUsuvremawlgnilnlinnasy

LUUN 1

WUUN 2

Tfans THW wu1a 4 Sg.mm. ftiveduag
wnua ey (bdasnawiu) aunsy 2 u
FIUIU 2 YA WAIVUIUAUNS 2 YA 8 FOU

Tt THW au1n 6 Sg.mm. f1iveduns
waneunu (livasnawiu) 24 seu

I
]
|
[
A
B |
®
i

LUUN 3

WUUN 4

THupaindnsavaam Induction 3500 W

THupaindnsavaan Induction 2000 W
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3.4.2 ¥nasssuwuugnasaszuunisanelaundsnulniwuulfanedmsveueudlii
nsnaaesAuwuuYRaSasruunsaeleundanulnihuuulTanedmiveueud
i Aeneaesfininudssiudiung 4 ¥1epnud de
1 923A148 80.00 kHz 2 929Aud 83.00 kHz

3 g29maah 86.00 kHz 4 429Aud 90.00 kHz

Lﬁa@Jﬂizﬁw%mwmaqmimaiauwﬁmuﬁmm?{sm6*] TagagansananTunlai
mdislonuudiiAnannsdnnuvesiivaamioni uazArduAvUszgazdulua
nud vensmeassdsloundanuiininuiduaziinanudislsuuuduinnit Fan1svnas
9 nanAAUEIUNILIWIA 12 Q 15 W WnuwUmaes Wiorandsnungliuieas

1NNTNAABINLATNISITNDIUBY MATLAB Simulink wuan anlduvassnedu 24
V.DC U235 Invertor ludauwea IC Voltage Regulator 7812 winansesuusssulvinge
12 v.DC Todmsuanelviu IC SG3525, Waau DC waz Gate Driver (IR2110) wd2a1y 24
V.DC 1% Power MOSFET 9zvilsf Power MOSFET w1 2 favheuliddenadasiu awdn
annzdifmiainnudeuiu niesuniian1iy Thermal Runaway §9 MOSFET fias
Femeans sdsienszualiinludnuasi 2095 Invertor fazlilanunsavihels

JuinsAnwdeyaves Gate Driver 3"f[,umzQamaaﬁuﬁﬁﬂ@ﬁ’wﬁmmamuﬂﬁ’m
usafuldiAu 24 v.DC wuilunssnaiieatunasiistuaufiu (Pin) wihdulduiifes 1IR2113
waz IR2213 usliiiAuseiu VCC vasaassiufdnawiifu 20 V.0C

ety Weudtaymimaassdioussdudildifufifaues Gate Driver (0-20 V) Ty
Gate Driver (IR2110) laglainnu IC Voltage Regulator 7812 wagdrausinuiaeanulniu
Power MOSFET @slufiil donususzduussduliiogd 19.3 V.DC wia¥nw Gate Driver
(IR2110) ltldsiufitaussfuiisuld wazasasdiausaldnuld wiussaninmezanasiniy
enmassiugunuuvesunmnmisniluinnags wazguuvuresvaaimmiloatlyiih
1AV AINAT7

Jinsgit Ifisunuvssmamdeniliiiniadauuud 2 fAuguiuuresvaadn
wilgnhlnihnaduuuuil 1 fe yduwuuvesemaiinieleundanuldd uasmnzauiign
Tneilnan1snaaes il

Tunsnaassillddenldvnanisdaduaelveidn THW vu1m 6 Sq.mm. i
neuama1eny Yasnauiueen wuduiinaudunes $1uau 8 seu Fulsvezvidluusiay
50U 14.25 uy. wavvnanilefuliiduaelnedn THW 4 Sq.mm. daveswasunuiies
Uasnawinesn wuduiinaudures s1umu 8 seu Falszezvindluusarsou 10 uu. Wudou
iy 2 %ULLUUaHﬂiM F1UU 2 YA udatiniis 2 YALMBAULUUYUIU (Series-Parallel

Configuration) iealdluszuvareleundsmunuulianeniunismidenhanauiuuaiuén
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(Magnetic Resonant Coupling) wazauaarauuieniduamiulszyliiinaniey
SlRLUUENANUD 81.40 kHz 1nefin1508nwUUNISITWasabuilads (Transmitter) wagiesu

(Receiver) f9s18aLd0nlunNS199 3-6

A15199 3-7 Wsdmesneininvesunalnlsdaasiesu

WIADS ALY
L UTuTEaNE (V.AC) 220 V.AC 50 Hz
Duty Cycle 0.5
W5 UT Switching Power Supply 19.30 V.DC
ATl (Tx) 11.688 uH
At tiesu (Ry) 37.13 pH
Aauduvuneluges L Hedq 0.136 Q
AauEuunelues L Hesu 0.247 Q
ﬁiﬂé}’?LﬁUUizﬁ;ﬁﬁwuam"Lﬁﬁjaﬁa (TX) 327.08 nF
AAvdszaisunaldilaiu (R0 102.96 nF
A uysyaitliassileds (Tx) 341.2 nF
AAudsyailtazailadu (R0 102.70 nF
AauEuunelues C Hads 0.271 Q
mpnudumunelues C fesu 0.043 Q
audisTeuuudfisunildainan LC fildaselads (Tx) 79.70 kHz
audslonuusiiswnildne LC ldaseledu (Rx) 81.50 kHz
TEUZNNIZTNINNVAAIN 1-10 cm.




AN5199 3-8 pnsaTufinuan1snaassnisaneloundsnulndnuuliaienaug 80.43 kHz

34

SsBERg Hevunds Hevnsu n—>EFF n—>EFF
99UAadn | NDU Switching (AC) | %&9 Switching AawU12935 (DC) | #A92935 Beenszua (DC) | (Uszansnn) (Uszansan)
L Y T S Vin o Po | Vou | low | Pou DC AC
1 224 0.36 41.9 19.30 1.43 27.60 14.73 1.2 17.68 64.05 42.19
2 224 0.45 54.8 19.28 2.01 38.75 17.51 1.4 24.51 63.26 44.73
3 224 0.52 64.0 19.28 2.45 47.24 19.08 1.5 28.62 60.59 44,72
4 224 0.62 76.4 19.27 3.03 58.39 20.60 1.6 32.96 56.45 43.14
5 224 0.69 86.9 19.28 3.51 67.67 21.43 1.6 34.29 50.67 39.46
6 226 0.76 97.0 19.26 3.96 16.27 21.65 1.7 36.81 48.26 37.94
7 225 0.81 102.7 19.26 4.23 81.47 21.16 1.7 35.97 44.15 35.03
8 225 0.83 105.3 19.26 4.34 83.59 20.70 1.7 35.19 42.10 33.42
9 225 0.88 112.4 19.26 4.67 89.94 19.50 1.5 29.25 32.52 26.02
10 225 0.90 117.4 19.26 4.86 93.60 19.10 1.4 26.74 28.57 22.78




AN5199 3-9 PsaTuRnran1snaassnisanelaundsulniwuuliaeNaAuD 83.58 kHz

35

ssyzving ANLTEGN Hsunsu S n—>eFF
Y29unan | NBULDN Switching (AC) | a9 Switching AauLY17935 (DC) | %A92995 13uenszua (DC) | (Uszansamw) | (Uszansan)
) v | e | Pa Vin o P Vour | lout | Pou be AC
1 225 0.36 41.3 19.30 1.39 26.83 14.60 1.2 17.52 65.31 42.42
2 224 0.43 50.4 19.29 1.81 34.91 16.81 1.3 21.85 62.59 43.36
3 225 0.51 61.0 19.28 2.30 44.34 18.84 1.5 28.26 63.73 46.33
4 224 0.61 13.7 19.27 291 56.08 20.85 1.7 35.45 63.21 48.09
5 224 0.71 87.3 19.27 3.54 68.22 22.45 1.8 40.41 59.24 46.29
6 224 0.85 105.5 19.28 4.37 84.25 24.00 2.0 48.00 56.97 45.50
7 224 0.99 124.6 19.25 5.24 100.87 24.90 2.0 49.80 49.37 39.97
8 225 1.10 140.6 19.24 5.94 114.29 25.50 2.0 51.00 44.63 36.27
9 224 1.23 158.4 19.22 6.74 129.54 25.14 2.0 50.28 38.81 31.74
10 224 1.31 174.5 19.20 7.43 142.66 24.63 1.9 46.80 32.80 26.82




AN5199 3-10 pseTuiinean1sneassnisaneloundsnulndwuuliaeNaug 86.50 kHz

36

ssuzvng AN Hsunsu n—>EFF n—>FF
99990890 | NBULN Switching (AC) | %84 Switching AULI11935 (DC) | 1892435 1389nszud (DC) | (Wseansnm) | (Useansnin)
e v | W | P Vin o P Vo | lout | Pout be AC
1 225 0.37 41.9 19.30 1.43 27.60 14.72 1.2 17.66 64.00 42.16
2 225 0.42 49.4 19.30 1.76 33.97 16.59 1.2 19.91 58.61 40.30
3 225 0.51 61.4 19.27 2.32 44.71 19.09 1.5 28.64 64.05 46.64
4 224 0.59 71.5 19.28 2.81 54.18 20.70 1.6 33.12 61.13 46.32
5 224 0.70 85.4 19.27 3.45 66.48 22.21 1.7 37.76 56.79 44.21
6 224 0.79 97.4 19.26 3.99 76.85 22.86 1.8 41.15 53.55 42.25
7 224 0.85 105.2 19.25 4.34 83.55 22.63 1.7 38.47 46.05 36.57
8 224 0.88 109.8 19.25 4.54 87.40 21.69 1.7 36.87 42.19 33.58
9 224 0.89 110.9 19.26 4.62 88.98 20.30 1.6 32.48 36.50 29.29
10 225 0.87 109.8 19.25 4.53 87.20 18.46 1.4 25.84 29.64 23.54




AN5199 3-11 sseduiinuan1sneassnisaneloundsnulndwuuliaeNnaug 90.40 kHz

37

S5y ARG R Heunsu n—>EFF n—eFF
UVAAIN fvuLdn Switching (AC) | %84 Switching Aautt12935 (DC) | Avudn Switching (AC) |  (UseanSan) (Useansnn)
R A A A o Vin o | Vo | low | Pout be AC

1 224 0.37 42.3 19.30 1.44 27.79 14.89 1.1 16.38 58.93 38.72
2 224 0.43 50.8 19.28 1.83 35.28 16.97 1.2 | 20.36 57.72 40.09
3 224 0.49 59.6 19.29 2.23 43.02 18.61 1.4 26.05 60.57 43.71
4 224 0.56 67.7 19.27 2.60 50.10 19.67 1.5 29.51 58.89 43.58
5 223 0.58 70.8 19.28 2.76 53.21 19.56 1.5 29.34 55.14 41.44
6 223 0.57 69.9 19.28 2172 52.44 18.41 1.4 25.77 49.15 36.87
7 223 0.54 65.9 19.28 2.53 48.78 16.74 1.3 21.76 44.61 33.02
8 224 0.50 60.3 19.29 2.27 43.79 14.50 1.1 15.95 36.43 26.45
9 223 0.46 55.7 19.30 2.06 39.76 12.79 0.9 11.51 28.95 20.67
10 223 0.43 51.1 19.29 1.84 35.49 10.87 | 0.8 8.70 24.50 17.02
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Voltage Out

30.00

25.00

20.00 /"‘—"___.-\\ —
/,—-———ﬂl-—"'-"(

15.00
10.00
5.00

0.00

—8—130.43kHz 14.73 17.51 19.08 20.60 21.43 21.65 21.16 20.70 19.50 19.10
83.58kHz 14.60 16.81 18.84 20.85 2245 24.00 2490 25.50 2514 2463
86.50kHz 14.72 16.59 19.09 20.70 2221 22.86 2263 21.69 2030 18.46
90.40kHz 14.89 16.97 18.61 19.67 19.56 1841 16.74 14.50 12.79 10.87

THEY

A9 3-18 nsluanussuvtanuesn1sanelaunasnulniuuulsaney

'
=

finud 80.43 kHz wuidussdulaiuiut uroidesdausiszesd 1 (14.73 V) 1
uilssreril 8 JeAussiugeanogd 25.14 V newdzBuanandniorluszesi 9 uay 10 10y
24.63 V uay 24.03 V auddu Inenisanasiireudnsiuaslidnuasieatos

finud 83.58 kHz fdnuuradioadeiu e Fudufidusediu 14.60 V wasifiuty
delloauiisgageaniiszosd 8 Wuu Aussiugegaegi 25.50 V dsgeiiaelungudeya
yaaes wavanasasnadn q Tusseging shldaudiimsdiiuseiuidussansnngean

fieud 86.50 kHz Aussiuludieduasiiindumiioudy Lm'amqqqmﬁmﬁuﬁmdw
Arwinounii fiszesd 7 asfeussiugeanegil 22.86 V ndmntusuanasidos 9 aufls
szeedl 10 widoifins 18.46 V uandifufinsgydefidnnniulurissesmds

fieudl 90.40 kHz wuhAuswuinduigageaniissesd 4 SsAussiugeanogi
19.67 V ity wazaniufnuilivanaseduniniuasdoiiiesauisssozanined ausediu
widaufins 10.87 v Swhiigeluussmanuivienun agvoulisuindeldanufigunniuly
UsdnSnmnsaanLsenuIzanas

INHANITNAABILAZNITTLATIZHNIIN aunsaagUlddiaud TuadAgyse
Uszansnmnisvhau Tneenualiussansnmgeanie 83.58 kHz Ssannsasnuwisziuan
usstulrifihnnooniigdldesnsaitonsussogefifiatu luunefauifiguiuly (90.40
kHz) denalviszansnmuasgunnianas Inslamgluszessheiiunndy
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Current Out
2.5

2.0
15 / \\
1.0

0.5

0.0

—8—80.43kHz 1.2 1.4 1.5 1.6 1.6 17 17 17 15 1.4
83.58kHz 1.2 13 1.5 1.7 1.8 2.0 2.0 2.0 2.0 1.9
86.50kHz 1.2 1.2 1.5 1.6 1.7 1.8 1.7 1.7 1.6 1.4
90.40kHz 11 1.2 14 1.5 15 1.4 13 11 0.9 0.8

SYEY

AN 3-19 NSLARINTERAYIDBNVRINTTANSlaUNEI Wl wuulsane

Faud 80.43 kHz wuenseualinGudud 1.2 A wavfuwldudiuiuedsros
Lﬂuﬁaalﬂwﬁa@mqqqmﬁ 1.7 A fisvorit 6-8 antiuAnszualniiSuanaundo 1.5 A fisvos
7 9 uay 1.4 A fiszesil 10 dnwaznsmuansliiiiuianuadosfinoudsilugaenans Tng
anunsanusziuanszualiingeanllutiania (seexd 6-8) Aeufiazanadluszezying

AANUD 83.58 kHz NUIAINTLhAINANSUAUN 1.2 A LazlNuT U 19MBLNDIUD

'
=

ANEEAT 2.0 A iszazil 6 wazanuisasnwszauanszualiingegatlaegraatiosndu
SYELIANYNIUNU (SLaLhl 6-9) neuiiazananiaadnieaidu 1.9 A fiszuedl 10 dnwaiznsm

v & = = a a a ° Aa a
LLﬁ@I\ﬂWLWUﬂQﬂ’N@JLaﬂﬂiﬂﬁj\iuqﬂ%agﬂigaﬂﬁﬂqwﬂ']iVl'N']u%ﬂLEJEJiJLLmus%ﬂg‘lﬂa

'
=

finud 86.50 kHz wuiANszUaRdIsAdatuaLd 80.43 kHz TneFuduil 1.2 A
uasifiuturuiegngeand 1.8 A fiszesdl 6 anuenszudlinanaadntondu 1.7 A 4
seowil 7-8 uavanasesnariaiioanuila 1.4 A fiszeedl 10 uifharuitasuanassdndamd
Fluszznans uifGudenysransnmluseylng

fiaaud 90.40 kHz wansliiiudsdeditavesnisldanuiguiuly Tnede
nzualWiiudud 1.1 A Suhniennitug uesfisdudondntesauiegngandl 15 A 4
sveedl 4-5 MnduAnszudliihanasedededouarnniauisyiusand 0.8 A flszey
7l 10 Fauandliifuiansidesszavsam
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NNANTNAADILALNITIIATIZINT W @nunsaagUlddnamud 83.58 kHz uans
Uszansamnsianuiiadgalunisinwissduanszsualiiiuneenligauasiadesuily
szeglna Taeilrnszuallingeand 2.0 A Fsganinauddug sgredaau waganunsnsnw
seiuAnseualiiihgdliidussesnaneniuiu (szegil 6-9) Tumenduiu Aaud 90.40 kHz
wandliiudadediinvesnsidanudguiuly lnslamzluszezing lnefinisanasves
nszualniiegasiniimdsainssesd 5 uaranasiindl 1.0 A fisved 9-10 de1all
Wigenasion1sldailuusaniunisal

Power Out
60.00

50.00

40.00

oo ,ﬁ‘\
-
20.00

10.00

Power

0.00
1 2 3 4 5 6 7 8 9 10

=== 30.43kHz 17.68 2451 28.62 3296 34.29 36.81 3597 35.19 29.25 26.74
83.58kHz 17.52 21.85 28.26 3545 40.41 48.00 49.80 51.00 50.28 46.80
86.50kHz 17.66 19.91 2864 3312 37.76 41.15 3847 36.87 3248 2584
90.40kHz 16.38 20.36 26.05 2951 2934 2577 2176 15.95 11.51 8.70

THUY

A 3-20 nsluananaseenvesn1sateleunasnulniuuulsaney

flenufl 80.43 kHz wudranidsluihneeniiddnuaziutulutiusn wazanas
Tutands IneflefdslnihEudud 17.68 W uanfintussweaiiosnuigngageil 36.81
W fiszeed 6 vianiuidsliihEuanadluauis 26.7a w fissesd 10

finud 83.58 kHz wudnArmdsiniSudui 17.52 W Sslndifestuninudsun us
ﬁmmﬁwﬁuaéwimﬁaLLawiaLﬁawuﬁwﬂqaqmﬁ 51.00 W fiszesdl 8 Fsgeninannuiduy
uananil eanunsndnusedueidsiniigeldiiutaning (seedl 6-9) Gssveed 10 an

o w

maalnfinzanauviond 46.80 W LASIAIEINIIANEIEAT0IAINDDUY

=3

AAUD 86.50 kHz WUINAIINSINANSUAUN 17.66 W waghNuTUIUDTIQnaIdn?

9 Y

D.

P

= =

41.15 W Aszezi 6 nasandunidsiniranatagnasaiilosauns 25.84 W Aszayi 10 @

wansliiudenisanasweslszansamadanuluszezlng Seanmasinihgeganannudias

£ g

49N71A148 80.43 kHz winsanasvesmatliiluszeglnaiindusind Jaustadedniin
Tumsldaunanudilusseslng
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fimnud 90.40 kHz nuinAmdsininGudud 16.38 W deiniianudsu uay
dinduaufsgageaediog 29.51 W fiszeed 4 Fsnirdiasanvesanufisug wdminty
fdsliihanasetnasinduassioidesaumdeiiios 8.70 W iszogil 10 Ssninedmilsves
Ay

INHANITNARBANAYN1TIATIZYNT W anansaaguledn Anud 83.58 kHz i
Uszansnmgeanvosmnadliinniesn Tneiidngagei 51.00 W sgeninnrmdaus fnm
wfesfimdonlusvering Tnednunszdudmdsinihgdlailuszosa 10 (46.80 W) luvassd
arudaue Aiddliihanaduszezlng Tnamizeud 90.40 kHz Feanaundeiios 8.70
W fiszeedt 10

Usz&NEATN Pin DC a Pout DC

N —

. N
=

sz@nsan

10.00

=== 30.43kHz 64.05 63.26 60.59 56.45 50.67 4826 44.15 4210 3252 2857
83.58kHz 65.31 62.59 63.73 63.21 59.24 56.97 49.37 44.63 38.81 32.80
86.50kHz 64.00 58.61 64.05 61.13 56.79 53.55 46.05 4219 36.50 29.64
90.40kHz 5893 57.72 60.57 58.89 55.14 49.15 44.61 36.43 2895 2450

AnA 3-21 A lkanslseansnniilawSeuisuseninandsliinvgn DC sio
Magkni1vneen DC vasn1sanelaunasulniwuulsane

AA1NUA 80.43 kHz NUINANUSEANS AN AN WAL ADUINIAITLUY SN (SLee 1-3)
wazanatagedoriesluyamas lneda1usednsansusun 64.05 % uazasaglusedui
TnavAgaiuaudeszesi 3 (60.59 %) nasanuuUsEaNSANSUanadIRg1maLilnIuna 28.57

dl dl 1 a a 1 U dl 1 dgjﬂ v o o v
% Nszeri 10 N15anasvasA1lseansnnegesaiiadluszezlnaustinetadninvaanisly
Nuinenuddluszezlna lnaanized198eszosy 7-10 AA1USEANSAINANaINININ 50%
28197RLAU
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firnud 8358 kHz wuinAUsEASAmIENAUT 65.31 % Tsganinnuidun uas
anunsasnwsERUUsEAVEnINgant1 60% adesesii 4 (63.21 %) uenandl Ssinwsedt
UszanSamldaniniauddug lunnszezmsveass ngluszesd 10 Ssnsiuszansami
32.80 % TaganinAnuiBue

AR08 86.50 kHz WUI1AUSEANTA NS UAUA 64.00 % wadieuldasiauai

¥ 2

svod 2 anaadu 58.61 % neuflezifiududu 64.05 % Aiszesdt 3 ndntuUsTaNEAM
anasodeselilnsauie 29.64 % seflsii 10 uAsEEENITNARER 3-6 ALAT SaAlAn
UseAnS iR usiSuanasetadauiissesd 7-10 F9019usd A asdmlunsidauly
sveylng

A28 90.40 kHz WUINAIUTEANTAWISUAUT 58.93 % FIRINIIAILNDU uaz

a
il
nsiiintudndesluszesil 3 (60.57 %) neuilszanatadvelliosauindeiios 24.50 % 7
szgedl 10 FanigaluussmanudivegeunmualagaUsydnsnmanadsiindt 50% Aaus
a < v | a A = i 1Y) v
seeedl 6 Wusuly waganatageuniissuedl 7-10 Fee1alimunzauiuauifneanisniny
e swazUsyansamadlunisdesinundsnulusseglng
IINNANITNARBILALNITIATIZNNTIN @11150a5ULA31 AR 83.58 kHz dien
UsednSamasanluinounnszeen1smaass lagilangeani 65.31 % Nszue 1 F9aandn
ANUDBUY wavaunTasNwIsEAUAIUSEANE A Ngelalunnsresn1Inaaes wasdiaiy
wdesnadeulussezlng laediA1Usedniaim 32.80 % Mizegil 10 FegeninAanufous
Tuyauennud 90.40 kHz uansUseannmiiies 24.50 % Tussewifednu

UsedN8A1W Pin AC sia Pout DC

UseANBAIW
w
o
o

e 30.43kHz
83.58kHz
86.50kHz
90.40kHz

A 3-22 nslkansuseansnwidlawSeuisuseninamasliinuidn AC sie
Maskninvneen DC vasn1saelaunadaulniwuuliane

42.19
42.42
42.16

3872

4473
4336
40.30
40.09

44.72
4633
46.64
4371

4314
48.09
46.32

4358

39.46
46.29
4421
4144

37.94
4550
42.25
36.87

-

35.03
39.97
36.57
33.02

3342
36.27
33.58

2645

26.02
3174
29.29
2067

10
22.78
26.82
23.54

17.02
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firud 80.43 kHz wuindAszanSammdslniivneenFuduiidszansam
42.19 % uazfinduaudsangaan 44.73 % fisvesdl 2 1ntudes anasogwaidosuis
22.78 % fisvoedl 10 SnvapruresanddAodnsinuszdulssansnmiideudiegs
Tugasseesdl 1-3 uilluwaltuanasednsraiiemdsaindy

finud 83.58 kHz wuUszAnSnwSudud 42.42 % FelndiAeetumnudus us
m:miaLﬁ'uﬂizﬁw%mwﬁuwﬁwmqﬂqmﬁ 48.09 % Tszeedl 4 uazinwsEAUUTEAMS AN
Iefegnagnuunitauddug uilussesd 10 ASsnailuszanSamegil 26.82 % Fagadian
sleflsutuaudaug s

fianud 86.50 kHz wuiAUsEANS A NFUT 42.16 % wagdafiuduauds

NGIAAT 46.64 % NszEedl 3 naINTUAUSEANSAINAnAeE1wBLTaRURY 23.54 % 7

a

yur 10 AMUDUADINNTNDUANDINA I UTEELINADIUIUNANY (S2Eh 1-5) LAKAAINITANA
voar1Uszansamntanulusrerlng wididAUszanSnngeanazgenitaiud 80.43 kHz

Y

1
S T o w

widnsINITanaswesAIUsEansnmlussezlnansudesinda Jeusdidedodinlunisldaun
szeglng

- o P a a A = o i o

#1A1UR 90.40 kHz wudAUsEAnSAmISusuLies 38.72 % Fainndnaundue)
= 2/ = a & =% i d' P ' [ & | <
HaudRelin SN TUAUTIRAGIAnNN 43.71 % Nsvee?l 3 WANEIAINUUANAIBENTIAGEIAY
widewiies 17.02 % Nszeeil 10 mnudluanddiiuegsdauininsiiaanudlilailug
nsituAUszansawanely wionathlugnisanasveriusednsamluuisaniunisal
Tngamgaggdumsdaiundsnulusseslng

IINNANITNAABILALNITIATIZINTIN @11150a3ULA31 AIUD 83.58 kHz diAn
UszaAnSamasanluiounnszeen1maass lagilangeani 48.09 % Nszuei 4 F939n37
ANUDBUY wazaunsasnwsEAuAUsEANE A maslalunnsrern1vnase wazdaiaiy
atesiaduuluszeglng InefivaA1sed@nsain 26.82 % figeeh 10 Fagenitanuddug
Turaueaud 90.40 kHz uansUszansamiiies 17.02 % lussewifednu
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LHIaNATUININNTLRALBTLIIAUNUINTGAIINNITNARDIYARULULALTOE 8 loU
WA WINTUAYITINI LA AUINANUMINZ AN TUTEEEIAIN531598NAT 38170
aa A I s & | " A a =
ANNUUAMDINIWERBgNouSAAsTWalY diulvgillowunmeinuausey smie
AINUUUALADS A Uzl 40% AItuRssasnsaiudn 60% Liveliiunnesiau

AU
Azl §1UU Ah Aid0a3AfiY = 60% X TUALUALADS (Ah)
973U Ah ﬁéfawﬁmﬁu = 60% x 26 (Ah) = 15.60 Ah

ULV = 97UU Ah NRDIUITANY X NTLUAYISD
FIUIUTNLIN5D = 15.60 Ah x 2 A
Uszugd = 8 Y.

Fafu 9nnsliesesizuuuusamnumisadilifiiniadwuud 2 fustuuues
yaarani i lniiianasunuud 1 luduausady Anszua Arindsli wazen
UszanSnm Fasmnudfiafigaeglutie 80.00 — 83.00 kHz uazsvaznsaieloundanuiia
ogfisrey 5-8 cm. wazidefiansangmumanzanvednszuaviaiusrernalun1svse
fnsaglusrezing 10 wu. ifvuely Jadondunuuinaadugnaidaszuunisdielon
wasulniwuulfanedmiueuesudlii
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3.5 M3eanuUUlATIESI9TU
n1seanuuulasaseyaainsruunsagloundwuliiwuuliaredmiveugud
T nMseenlUUUITENOUME 3 daunan fio

134.25cm

MW 3-23 lassasiyaansnssuunisaslounasulihuuulSaedmivaueudini

3.5.1 yamuaunsasmadbitunalamieatlnihveiniads

(w)

A 3-24 yapuRunsadmasiiueeaamieahlnivesniads



M19199 3-12 suisaunsalgamuaunsdsasliiuueaamie i inveniads
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NUYLAY seadunaunsnl
1 Pilot Lamp
2 PZEM-022 100A AC Digital Power Meter ditnasinn1slandeanu
3 DC Watt Meter 60V 150A (DC nddias)
4 Switching Power Supply 24 VDC 10 A
5 Terminal Block
6 Buzzer 5V
7 Safety Breaker 220 V 10 A 2 Pole
8 2995uUasln AC 220V 1Ju DC 5V 700mA
9 WEMQOS D1 R2 WIFI ESP8266 Shield Arduino Compatible
10 2 Channel 5V Optical Isolated Relay Module
11 Heat Sink S2U18AN50W WIMA Capacitor 0.334 uF 630 V
12 | veia PCB yamuAun1saemaslviiuunain

9@ 1995 SG3525 + LM358

IC IR2110PBF

IC Voltage Regulator 7812

Mosfet IRF540N

([P VW IN |-

WIMA Capacitor 0.334 pF 630 V




ar

2.5.2 wnadawiertiliidnniadsiidsladn wazvaadawmiattiludnniasuiidelain

AN 3-25 anadandetinlndiniadamadnin wazvaamuiailnwiiniasuiiasluiia

M19197 3-13 dunisgunsalupainwideatliinnedeinaslni wasnaiawtetilii

nasuidladin
PUNULAY JeavtdungUnsal
1 Inanwted liinn A

apanierrininiasu

Limit Switch Z-15GW-B

2
3
a

Push Button Switch
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3.5.3 yauansrnsaunIuANaadInmteslliiveiniasy

7 - =71 e
= S

Al 3-26 YanansAmTaumUANYRRIAWdetlihreniasy

M13199 3-14 shuvbsgunsalyauansemiouniuauuamiamilenhnivesniaiu

a L4
NUULAY swamamqﬂﬂsm

1 YARIIBINTEUA ( Rectifier )

High voltage and high current step-down converter
Battery Charger Control Module XH-M604 DC 6-60V
U3n ESP32

A1993 PC817 (Optocoupler)

Pilot Lamp

Battery Capacity Indicator
DC Watt Meter 60V 150A (DC nddlines)

(NN PN
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3.6 2TUaEN1TWaNARgUNTRlvasyna1SasEuUNsaneleunaulinuuulFaedmiueueudlviin

3.6.1 193 veusiagunIainglussuunsaslounasulil n1sesnuuulsenaumie 2 daumang

u11
AC PLUG

cie
ot

W ; g1
PZEN051 (From Switching) SGAE254LIMIEH
wa {GONTROL) -
m | WATT METER Py ouThur % .
@
o] M = =] = 2 &
T 3 LED eslow = - 3 g
PZEM-061 cr; N N +19.30V i
vCC SE
[T (G} W T 5 o
S By H i °
E E 3 '\JRTFSADNPBF 0r ’—Km‘“-’
uz
ut3 @ b — . : NC
2-Ch Relay 5| o ] . - - " voo i1 )
K < Bam Tl . o A— o0 Bg =
= zon 1 =
5|8 L ouT  ouT " {F——w—} bl E
et © ~ ~ - o3 [ " S
T = = Zre ES IAFS40NPBF | ihacor + i VSS et >
POWER SUPPLY : 25 Hhaw | B -E_" A e .
| 258 = N o F o A5l
TL3 - &
g A — L
H =
u £ o GRD
~
GND_P
e
L1 o1ue
WIRELESS COIL
- L7 T
- o o
- uzn Cail e o5 08
fe (Oplosoupier (To Coil MURBS0E MURBBOE
e
be 2 = 2
= uz WIRELESS COIL MUR8SOE MURBSOE
bs Powe Bank 07 i
Power Bank M4 2
- " o WATT METER e | s
Battery Charge Controller 05 MPPT It
2 onumost Reser fo - L -
2 coomasa w T —u1 3 zu— Y ouTs — o=
2 orasec he -
1 auo - H Buck Convertor
w3 ’ Weldos D1 R2 ESPO266 .
Push Button j . snolze N2 5 =N OUT- IN-|
o 5T El ': 5% S| Watt Meter _
o) G P
F——
U6 Welos D1 A2 ESPB266

Ms
Bantery Capacity Indicator

Saitah

h o o
BaT1 [~ o= ~| | Barz
12v Ballery 7An _| I I I | I | Tou Battery 7Ah

12VvDC 12VDC

MWN 3-27 19959eusiegUnIainglussuunsanglouna s ulih
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3.6.1.1 29a5gamuaumMsasidslifuunainmieaniliivesnimds

TFFFFFFFFFTFFF

AT 3-28 195YAAUANNT ARl uYRaInmTs R lninresnAd

1.) 19958uUnasmasneluliy PCB Adenaslinuanainwmileintnii

uuuuu

g==2

+19.30V
(POWER)

(From Switching)

(Tocol) .
L
1 o U

AN 3-29 219959UneswasNelukiy PCB fdsmddlynuunainwdensil

gnaanmdleniliih Tnelusuwnsy EasyEDA



51

3.6.1.2 3ATYALAAIAINTENAIUANTAAIMTE I T veIn1ASy

Uz
E5Pa2 38PINMODULE 10T

o
5

=)
fatt Meter "
o L
25 I:I "
m ot
v

s
Ll
i
E W
] !
3
Z B

£
g

f _ — . > uo
H ~ | [ | o
i N

AT 3-31 2935¥ANARIANTBNAIUANYARIRWTE T I ve ATy

PCB Tioonfululusunsy EasyEDA leaziduuisas Rectifier

A 3-32 a1e PCB uaz 3D 9893995 Rectifier Inglusunsy EasyEDA



3.6.2 23suARINTSHaltIUYeIgUnTalas

Power 220V AC

Switching Supply 24V 10A
DC Watt Meter 60V 150A

PZEM-061 AC finofaSnoa

Safety breaker
10A 2P

i "
+19.30 V DC

dumBauilloaytushumiy (Buzzer +5)

DC Watt Meter 60V 150A

High voltage and high current

1IN5408

AN 3-33 239UARNINT IR0 LT UVDIUNTAIRTY

52
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3.6.2.1 2aTHanINT e ltuveIUnsalaseniadaringaliin

Switching

ly 24V 10A
DC Watt Meter 60V 150A

Power 220V AC PZEM-061 AC luaafasnaa

AN 3-34 29950ERINSHB I UTR NN IalaTIN ARl

3.6.2.2 MATHARIN S ltuveIdnIalasanasuiadlih

High voltage and high current
DC Watt Meter 60V 150A step-down converter

AN 3-35 19suanINT et uretnIniasaniasumasti
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3.7 Bann1svneu

Rectifier

Compensation
Network

1

[ & ]
1 1 1 t 1 Feedback
I

BATTERY

l Inverter

t

Compensation
Network

MCU

Rectifier

Muil 3-36 Udenlaezunsunsvhnuresaasaszuunsasloundsulniuuulans
dmsugueudlii



Fueu

| wasuAsalui i unLssa I

AINADUAMNUT

Toglushumis

¢ne Limit Switch

aglushumis

Y

’ 2993 Inverter ¥4 AC AMAE I

VAAINNTAF]

)

VAAINNIAIU

‘ 2995 Rectifier AC Amifigs — DC |

' =

NATVPITILUALRAD T

AAALTIAULALNTLUE

Muumnaiiis fuusnmesliia

Fnszuunsinnu Aarzuuvihnuse

M3dU

el
ADTUSHURLADT
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‘ hpufisalnstidinduwmanga ‘

RIINADUATALS

728 Limit Switc

oyfluswmia

AN 3-37 WU Flowchart n15v197u

laoglusuma

Eunsfia
N
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3.8 gunsalitldluyaansnszuunsineleundsauluiuuulaedmiveueudlni
3.7.1 Safety Breaker 220 V 15 A 2 Pole

A 3-38 Safety Breaker 220 V 15 A 2 Pole

Jugunsalfidesiunisldnszualwilniuivue wuarudvasadelunisldau

muauuazUesiuaudsmeniinananuianainvasszuulni

3.8.2 Switching Power Supply 24 VDC 10 A

AN 3-39 Switching Power Supply 24 VDC 10 A

andanneidnnans weenaSuntuludeves Switch Mode Power Supplies
(SMPS) 1ugunsaiuvasireliinszuansansd TneAussiu DC usadumil 24 V vide 12 V 3
wasussiumnanlalinnssuaadu (AC) Aiflussugs 220 V wileddlusigunsalindodldluii
Tgunsaitdu q vhauldaudnfuazlildnssualailnadigiad edldlniannifuly
fivdnnsvieundefuniouaussiurily uiaiedmmnesiwmans duilussavsninms
yhauiigenin fvuedidnnsziindn wasilnuantinseunguluGesveseulaondose 8n

mdansafaaalaiugunsninaleUszny
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3.8.3 AC-DC 5V 700mA

AR 3-40 AC-DC 5V 700mA

Tugauvasussrulinszuaady Wuwsaiulniinssuanss wenussiulihgauas
a1 ussnulniadn AC 85-265 V 1odue DC 5 V fiAruauog19uiiugl auiadn Ay

1908

A519fl 3-15 Fayadnumz AC-DC 5V 700 mA

Jayadnnig
wssrulnirwd 85-265 V AC usssulniwreen | DC 5V (+/-0.2 V)
nszialnyg 0.014 A (AC 220 V) | Constant range 0.2-12 A
YA (H1IXNIIXED) | 30x20x18 L. Power 3.5 W
Output power 0-4 W (DC current) | Output current 700 mA
Output efficiency 80% vt 60 N¥u
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3.8.4 WEMOS D1 R2 WIFI ESP8266 Shield Arduino Compatible

AT 3-41 WEMOS D1 R2 WIFI ESP8266 Shield Arduino Compatible

WeMos-D1R2 \fulslasluswaisosiisossu Wi-Fi fild ESP8266-12 uuguves
Arduino-UNO Ferianeadndinuasadiidnwazwasn1svinaumiieuiu UNO wiulddnindan,

Wuwes, wavgunsaliondnanalediindndudmiuunannesy Arduino 9vineuuL

WeMos-D1R2 lansaunudalaussuiuiduaail WIFI Tusa vasadlgaulanu Arduino IDE

wag NodeMCU weonandl D1 R2 aflunasdngluuuvaingsuuvesadaglinnaelnl

vasanunasdnelilagegn 12v

a9t 3-16 %’aa&aﬁi’wm’]maq WEMOS D1 R2 WIFI ESP8266 Shield Arduino Compatible

Jayadinie
Microcontroller | ESP8266EX Operating Voltage 3.3V
Flash Memory | 4MB Input Voltage Range 9V to 12V
Output 5V at 1A Max Board Dimensions 68.6 x 53.4 1.
Weight 21.8 N3y Analog Input Pins 1 (3.2V max input)

Digital I/0 Pins

11 (all I/O pins have interrupt/pwm/I12C/one-wire capability,

except for D 0)
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3.8.5 2 Channel 5V Optical Isolated Relay Module

Al 3-42 2 Channel 5V Optical Isolated Relay Module

o

vasndumesesiad 2 Yesdyen 5V wavurazaesdygindesldnszualndu
15-20 mA anunsaldmuauesedldluiuazgunsalsineg Ainseualas AndsSiadnsswaln
gan viaun1eled AC 250V 10 A w58 DC30V 10A wazd duwmesnguInsgIuil

lulaspeulnsamesmuaulalagnss

2nd Channel
~'Signal Indicator

_Power
Select Jumper

2 Relay Module __1st Channel
Signal Indicator

AT 3-43 wanewEawes 2 Channel 5V Optical Isolated Relay Module

v % ¢ a ¢ =y = '
‘UEJH@ Input Lag Output VBIIAT Tummmmwm Iu@anaﬂ&lmiwauma 3 WUy

NO (Wndde)  : Aensideuselnandioaldau (Jn) Tuaaiusda NO aliiidousoy
e COM (nans)

COM (nans) - dhstetivhminilunisideuseialudmdufiuis NO way NC

NC Wndln) - TRemsidousielvanSudiu fuavidousetuiaie COM Wesadlavie
ogluanuzisusy

vce : dunaunasdelvluan

GND : NF1IA

IN1 LY 1 Bunedyadvmsusaduutes 1 Lﬁ'aﬁﬁuwmé’mmm Low

ADULNALUUUNAWA (NO) v893tagasttaunanutInane (COM)
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IN2 L Y 2 Bundyaadmsusiaduudes 2 Lﬁaﬁﬁuwmﬁmﬁywm Low
AeuumALULUNAYA (NO) wasiiadasideusofiudanans (COM)

JD-VCC  fuillddmsuunasirglnivediad nsdeuse JDVCC way VCC
metdues uansinsadlasundanuanunasinglivasuasaniuny
wdn uenandl Sianunsaldeusieunasdgliaeuenidfuiuiiite
Melnlisiadla

3.8.6 Limit Switch Z-15GW-B

AR 3-44 Limit Switch Z-15GW-8

#io gunsallwilfiviuiid JanteTnssinil Insendonsdudasswinaiudy
nalnaieluadng lddmudndnsseenie dn/re19asliniln asiaaeudunyavesing d
Fyanauazauaunsiauluszuuselud@ Jaduideminnldnuedruninanglunu
RAAIMNTTUAN 7 WU N1sUsEynaldnuiuandlagans ssuvanenuduies seuunIsHan

Folualh szuueSesdnsna Wusu
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3.8.7 DC Watt Meter 60V 150A (DC Sa@titmas)

AW 3-45 DC Watt Meter 60V 150A (DC Sadiitnesd)

W303Tatnd TesuniseanuuunilnsanIzdmsu nsnsIadeuUITE AN A NYes
wauLaefing wiasinidannsansingeunisiwesluinlg 8 s1enns teun: wend Thad
st wont-dalus Tnd-lus uendgean Taadsnan (sag) wazindgaan foaug 60 laad
uag 150 A euannadtRuiifinuntngs uasauausAnIsRerSnlud

Operation Voltage: 7 - 55V
Auxiliary Battery Operating Voltage 0-55V
0 - 150A, 0.01 A Resolution
0-60V, 0.01 V Resolution
Measurement Resolution: 0 —-9000 W, 0.1 W Resolution
0 — 65 Ah, 0.001 Ah Resolution
0 —9000 Wh, 0.1 Wh Resolution

LCD Display 62 x 12.5 mm (2.44 x 0.49 in)
Dimensions: 85 x 45 x 25 mm (3.35x1.77x0.98 in)
Weight 82 g (0.18Ibs)

Wire Size 12 AWG

AWl 3-46 Fayadinn DC Watt Meter 60V 150A
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3.8.8 PZEM-022 100A AC Digital Power Meter fLna3inn1slawaau

AT 3-47 PZEM-022 100A AC Digital Power Meter fimasinniskimdsny

fio Mwefianslindsnuveedaslilniinsng q awnsatanszudldggn 100 A
Ingldvsioudasinnszuanuy coil Tunsin viodansldndsaulagegn 22,000 watt 14y
i1 1 wla wssruldnssuaadula 80 fia 260 Taan wangdnsuleinnislanasanuves
Trustands Adildanndimed annsothlduandualle

3.8.9 Iu@a 1997 5SG3525 + LM358

Al 3-48 Tga 2993 SG3525 + LM358

Wu IC weqammasaundtaiad IC drdldluniseanuuudygyin SMPS
(Switched Mode Power Supply) waz PWM nUssian lu IC 16 iy 1ivearunuusssulyl
= a [ -'-N‘ [ a = £ U % v
veen Jinasdeunduiinuauusiulnlaenisilssuisudyuradeunduivdyyiu
91984 lnuBewuiindndanseuadeundu TheastesiunUadaygins PWM lagdiosinm PWM
wain 2 fnasaiuduiu vhandugdwuulniulnavsendundeuvseuuuny-wa fugunsal

AgUDN WU MOSFET
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3.8.10 IC IR2110PBF

AT 3-49 IC IR2110PBF

Julasnesing (gate driver) Alddmiumuaumuiamosuuy MOSFET wie
IGBT 1umu17‘|'l,ﬁ'aaﬁﬁaqﬁUﬂwiaimsﬁﬁwé’ﬂWﬁwqq WU DUIDTHIDS, AINTLUUANIIIDSTNNAY
(SMPS), wagreasauaNveLnes dnuauts Fail dheuseiulahes : 10 v &3 20 v, anansn
5995UUIUGIRe 500V dm3u high-side driver, Hlaasdatniunu (high-side uag low-side)
Wiomunuaind MOSFET %ie IGBT dasialuluunamiuind (half-bridge), daynabuns
wend@1u¥u high-side (HIN) ag low-side (LIN), ﬂizLLaLa’lfﬁwmqqqm - Peak Source Current
- 2A , Peak Sink Current: 2A, ﬁwqqulﬁiuizwﬁﬁmmﬁqq

3.8.11 MOSFET IRF540N

AT 3-50 MOSFET IRF540N

HunsuBamesuia N-channel floonuuusndmivanuiifosnsnunuussiu
uaznszudlulsasliindds Fmdnnsieuvesiufensmununszudlilinilnaszinen
Drain (D) uay Source (S) Ingldusssulniinfivn Gate (G) \usada-Un (Switching) w3e
AIUAN (Modulation) nszualuiinlueas wu duieswes, DC-DC Converter, Laz393
AuAuuewes usu
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51971 3-17 Feyadumny MOSFET IRF5A0N

W3R g (High Voltage) :

- 59U Drain-Source gan (V,.): 100 V vilviivang v
2993k AEq

- U39AY Gate-Source gegn (Vy,): +20 V

NIzkags (High Current) :

- nszua Drain siotilesgean (1) 28 A (@ T, = 25°C)

case

- N3zua Drain $vaiz (Pulsed l): @9am 110 A

ANANUAIUNIU Drain-Source

(RdS(Oﬂ)) 01

- Ardumud el (Rdg,,): 0.077 Q (@ Ve = 10V,

s(on)

ly = 17A)

ATSNSLANYNA 991U (Power

Dissipation) :

=

- nanugapdegaan (P, 150W @ T

Y 9

= 25°C)

case

NIEINTIAINNTIEN ;

L MUNEAINS U995 B 990150150 A-U Ao 19579157

(Switching Frequency)

3.8.12 IC Voltage Regulator 7812

Output
AM# 3-51 IC Voltage Regulator 7812
Wuwssmuauinwussiulih vse e uesduandnalt)

{1 v [ 7805 5

299sAIuAuNIELElIh Ndevualidnasneglu !
2 ! a a ¢ = & ' =2 7806 +6
Fudrudiannseinduszinled Tunilagnaiia IC - E

.
78xx Series #u.du Fixed Linear Voltage Regulator 2810 0
Aoliianunsalasunssiuendnals Ineusazsuly 7812 42
78xx Series NagdiAn ussruednmiaaiull lng 7S s
7818 +18

NIANLAT 2 Nan

7824 +24



65

3.8.13 WIMA Film Capacitor

AT 3-52 WIMA Film Capacitor

v

Film Capacitor 8iéininsnaglignihunldiuduiuuszquuulans wivziuaie

lpdidinn3nluguuuuresiidulany Weoswinanudumuwuveunsuiisindi laseasneiidu

de =

aqa

(3
a
] 19 ¥ o (YY) <@ aa a < Y A ] a a v A
ﬁ?usLMin‘Uﬁ']V'ﬁUm'JLﬂU‘Ui%f\]‘Vlllﬂ’]ﬂ')']llﬁli/lLaﬂ VDAVDIAIUUTENOUNHNANNIYITUA

9
dudninsefldulaveiidudalding annsoltlunsdsiaduaznszudliiniisondeon saud
AmNNuURLILTigEnn Wevandsnsimarefiinangnsoululadidnyin fduauiu
fidendmuiniriidndulumanguiiane lnefiarsanandiimunainauudusinis
WINAYLANTYDITdR

FunulsEauuUTlan WIMA Tu PCM w5 uw. §s 15 un. Tidenaeswuuiilulad
Snvidn dufudsey WIMA AiflladidnvianTndloames (Polyester film : PET) angdniu
nsldeuialy wu msideuse nsuen wagnisuiemia daufudszalndlnsidy
(Polypropylene film : PP) ’Lﬂuaummmﬁ'qa Fesaudeannslowuud wrasdngl 1993
Jeauy 29seeatalanes uazgUnsaiidss fFuAvuszquuuildn WIMA Tu PCM wu1a 5
uat. B9 15w, fwniendouraugdaud 33 pF 89 0.22 pF wazussdulalififvuadaus

63 VDC 919 1000 VDC
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3.8.14 Pilot Lamp

A 3-53 Pilot Lamp

Ao vaealnlanIN1sYuTeRAIBeInsluanIuesne Jeufnntegusiiu

= Y a

AAIuAY tnelininivanfe Uanan1uen1Tvineu Wy AMEwinauey, 1ganisinay, uas
woulunsanddsldnUn@Aiatu uanannildsarunsanansaniugdus lanudvesnaonl
MuTEaNIUUITUA

3.8.15 Push Button Switch

m‘wﬁ 3-54 Push Button Switch

3o Funtuinaindyuna lugunsainslailh Saihmiidauazdeisasm
Wi eldlumsmuaunishauesiewes viemsmunuyhnuveaaiesdngsieg 1l
fugaavinssuvill annsaudslsl 2 Usziam fe
1.) wuunefnUdeasu
wuunafnUaessiu vie M3enduuvaUIsIfisy Welinisna Push button
Switch midudafenanazasuaniuy 910 NO 1u NC wie 910 NC aztdiu NO wilile
Uaowilopanan Push button Switch nidudaagnduganiizunaludunianulaed
WIIHANAUNEUTI Push button Switch Wdan1izuni
2.) LUUNARANARY
LUUNARANARU 1138 WUU push on / push off iiadn1sna Push button
Switch yihdufadsnanazidsuaniug 910 NO 1Ju NC 3o NC 9z NO usililo
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Uaaeiloaanain Push button Switch nihdudazgnaentilaenalnavesaing Feanuise
navdannzundluiunisiulalaglaena Push button Switch 8naswinlinanedon ezl

LIIHANAUINAYTIPUsh button Switch Whgan1isuni

3.8.16 Buzzer 5V

AW 3-55 Buzzer 5 V

Ao alniuuudmanse wuuleleiiineesilinnud (oscillator ) agnnegly
i Tlwdes 3.3 - 5V anunseaiadeadounseddyaaiidugueuusingg

3.8.17 MURSB80OE Power Diode

MURSS80E Power Diode

m‘wﬁ 3-56 MURBBOE Power Diode

Ao lalamseensenasuuadndivungAwsamay lisuniseanuuunnieldly
uwiasdngliluuuainds dunesines uaglaleauuuniiags



Gl’l'i’Nﬁ 3-18 ﬂmamﬁa MURB880E Power Diode
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MURSSOE Pinout

Cathode

Flange / ./

/ /

Cathod 4 Anod

MARKING DIAGRAM

AY WWG
UBxxxE
KA

A = Assembly Location
Y = Year
ww = Work Week
G = Pb-Free Package
UBxxxE = Device Code

xxx = 100 or 80
KA = Diode Polarity

AMENURA
- 20 4. J Avalanche Energy Suusznu

- nstvesiuiieamdsunanisasunlatwsanulninlu

rsasTwanumderthuuvadu

- namsdAuiTInEaie 75 wilduni
- Qmmﬁw%mamiﬁwm 175°C

- WiALNe TO-220 sanilel

- iton@idulumuinnss i UL 94 V-0 @ 0.125 i

~ ussdiulvldssin

~ nszualndasn

- JRUROLUUMNATNNTTIN UGN
- kSIAUgauNaUne 1,000 1an

m'i'Nﬁ 3-19 %’a;ﬂaaﬁ’%wwmaq MURB880E Power Diode

v [

Jayadnnig

ANBSUNBLTIALNT _ | Uszanlalen Ialoawsnalu
o - bAd 221B-04, 2 WU B
ANE 1093
waUNWALATY WAINTAUTIS? Januesasdusznaulalon | __

R Famou

Ny
wsssulwlutamin nszualutamin Pk LUy

1.8V L 100 A
gagn (VF) Lyl dou-asan
gaunQillunvineu n3zualnuIeonasdn

175.0 °C 8 A
9@
U s
gaunilslvladgegn | 240 °C wsIugoundugagn 800 V
LaINsHAugaundY gauniislnadgeganiy

0.1 us 30 s
GG an
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3.8.18 High voltage and high current step-down converter

ole

AW 3-57 High voltage and high current step-down converter

Tugaduunasdrgliwuvanussiulnianunsaanussiulnldvibu ualiaunsadiy

wsaulille wssdulnihendinaedesaninussiulnihesen lugalldsunuunisuilutuneu

iUszansamaanlaeiuseanianasgn 96% uswiuuaznszualnvieanansausule

ag ol usaiulnihdunngegaanunsadifie 95V uazusAuYIeNgIEafe 90V Bunn

nMsWeausatadnunisgaundunsitieumageunaduuinwazaulaelifaan vl alndanisn

wUUTNTa M TanSNLUURY

A15797 3-20 %@gaﬁ%mz‘ua\‘i High voltage and high current step-down converter

Jayadnnig

Module name

500w step-down constant voltage constant current

adjustable power module

Module nature

Non isolated step-down module

Input voltage

12-95V

Output voltage range

1.5-90V (can only reduce voltage, cannot increase
voltage, output voltage can only be lower than

input voltage)

Input output pressure differe

2V

Output constant current

0.3-18A (continuously adjustable)

Output rated current

15A

Rated output power

400w

Input overvoltage protection

None (overpressure prohibited)

Working temperature

-10~+65 degrees Celsius

Working frequency

120KHz
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A15797 3-20 Gﬁja;ﬂafﬂ"ﬂl,wwsuax‘i High voltage and high current step-down converter (s0)

Conversion efficiency up to 96% (efficiency is related to input and

output voltage, current, and voltage difference)

Short circuit protection Yes (constant current protection)
Input reverse protection Yes (MOS transistor reverse connection)
Output anti backflow None (charging the battery, connecting the output

to an inductive load, such as adding anti backflow

diodes when connecting to the motor)

3.8.19 Battery Charger Control Module XH-M604 DC 6-60V

AWl 3-58 Battery Charger Control Module XH-M604 DC 6-60V

<

Julugamuaunisuianunnesisessuussiuliiinssuanss (D0) ¥ 6 V s

1

60 V Inelugailiifladduniugunszuiunismianunnedsnlusia wu n1sBuuazvgnunia
Slousauierndiaels mnsdmsuuunmeiussian Lead-Acid way Lithium
NANNITYINIU

1. 5797 (Charging Start): lugaazasadeuussfuLUameIwUuEoalnl mn
LS IUTBILUAADIANNIANTIRLS (Lower Limit Voltage) Stadagyhauiionisasyiiauay
Felludauumnne’

2. ¥g9¥153 (Charging Stop): dieussiununedderndinaly (Upper Limit
Voltage) Siadazdnnsvinamuiiionganismnia

3. ASUARSEDIUL:

- #1199 LED azuansmussiureauunineitagiiy

- 19l LED vuuesalanian1uzn1591359 (Charging/Full)
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3.8.20 WUALABSWIA Bte Lion wianziangm 12 V.DC 7 Ah

=

AN 3-59 LUALMBDILIAY 890 Lion wlanziinsm 12 V.DC 7 Ah

wusneIwislddmiuduwasieuaziiundsnulitugunsalluiin wu 1y
LuAAe3 back up sanadu souewmesled sadnseuliin IWauie lideufuindunas
quasnwidte anunsathimsalilmiliseindesnsalufivuamnzaniuuunined usay
YA 91T NULUAIRETUR BgTEMIng 2-3 U uummesTiranduuend AaAIMge S055U

URIFIU HN.

3.8.21 Battery Capacity Indicator

SUPNOVA

P @

Battery capacity Voltage

A 3-60 TiarilwosinAuuunLae3 DC

Hugunsaldmiuiaussiulnihveauunineiuasuansuiinamiugues
LLUGILG]@%‘IELUEULLUULUE]‘SL%UGT (Battery Capacity Indicator) wungd@msuldaulussuu
WUALADS Wy solnh, Twanwad, svuu UPS LLaquﬂiaiﬁWwé’amumﬂufumma‘% GVGEGI
stalufiil sossuussiulninszuanss (DO daud 8v &1 72v WlduuummeIviasg o
WU wUARESRei-Nse (Lead-acid), Adeulensu (Li-ion), Afuuloawa (LiFePO4) sowi
fuduunmeslnemssuansln aruusiugluns inusedu: £19% (%uagjﬁuju)
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3.8.22 ON-OFF Switch

ATWH 3-61 ON-OFF Switch

Jugunsallwihadenisnildmunuasnszualii vuihindenssualvvse
annszualil Wlvlnadhginseddlnih vasaln in3esile wsesdnsliluih adndlngn
ponuuuiRadalady THaude

3.8.23 PC817 (Optocoupler)

PC817

AT 3-62 PC817 (Optocoupler)

Ao gUNIaiNTIU LED waglwlansudamesidiaieiuiieasediuysenay
diannseiind WuseulnAdivassnioesulnleluiawes vinnulnserdunisaneloudymyie
Taeldidunianaaszninaeashentniianaasuiutas vtnnwenliinseninaeasass
29957 ulusEAuus Ul Nana Y Tuinnsdudan1anienIn (i) 581319399599

A 19 (9] ° (9] (Y] A & (Y]
ao4 wiadeaiursusaiumainiasussivadlagdesiunisivavenseualnihniludunse

wazddndyausuniuilidesnisdnaig



3.8.24 ESP32

i
L)
w3
o

w
s
Pa4
P35
»32
P33
25
26
027
LY
m2 |
e
pa
so2
503
oo
LY

®

33333823338 @

AR 3-63 ESP32
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ESP32 Aadudnlulasmeulnsiasfisinissiy Wi-Fi uag Bluetooth A7

2.4 GHz Tusdganu eanwuusiginalulad TSMC 40 wluuns FURLASUNITa8NLUULN

Y v a a o Aaa Y & = I
LW@ImﬂﬂigaWﬁﬂWWWEﬂﬂﬂqULLag RF V]ﬂﬂq@ LLGWQI‘VILVIUQQV’\I'J']NWUVHU ANUBLUNUTEEA

oA A a & = Y & a av Yo a 1Y Y
AIMUUNTDOD LASVUINNEAN %qaqwaimmuﬂawaLﬂuﬂjﬂﬂmumm uEJiJGLUﬂZjiJQWGNUWIﬂiL‘\Jﬂ

loT Fafofvadujuiiiazdinail dvieUssuiana (Processor) wuu Dual-Core ¥ilsivinanu

Uszananalasiuse [Wwdausdn wnngduanungadddausmensuuames dn1slamelulad

Talwl (wi-Fi) uae Ugys (Bluetooth) lusi viliewsielfanelddne sessun1sileulusunsy

elusunsu Arduino IDE dadulusunsuiifien vt annsaEuduliing

Categories Items ‘ Specifications
RF certification See certificates for ESP32-WROOM-32
Wi-Fi certification Wi-Fi Alliance
Certification
Bluetooth certification BQB
Green certification ROHS/REACH
Test Reliablity HTOL/HTSL/UHAST/TCT/ESD
802.11 b/g/n (802.11n up to 150 Mbps)
WLF Protacols A-MPDU and A-MSDU aggregation and 0.4 us guard interval
-Hl
support
Center frequency range of oper-
quency rang P 2412 ~ 2484 MHz
ating channel
Protacols Bluetcoth v4.2 BR/EDR and Bluetooth LE specification
NZIF receiver with -97 dBm sensitivity
Bluetoath Radio Class-1. class-2 and class-3 transmitter
AFH
Audio CWSD and SBC
SD card, UART, SPI, SDIO, 12C, LED PWM, Motor PWM,
128, IR, pulse counter, GPIO, capacitive touch sensor, ADC,
Module interfaces
DAG, Two-Wire Automotive Interface (TWAI®), compatible
with 1S011898-1 (CAN Specification 2.0)
Integrated crystal 40 MHz crystal
Integrated SPI fiash! 4MB
Hardware Operating voltage/Power supply | 30V ~ 3.6V
Operating current Average: 80 mA
Minimum current delivered by
500 mA
power supply
Recommended operating ambi-
~40 °C ~ +85 °C
ent temperature range
Package size 18 mm x 25.5 mm x 3.10 mm

AWl 3-64 Feyad e ESP32
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3.8.25 Power Bank 50000 mAh

ATWA 3-65 Power Bank 50000 mAh

fo gunsalifiundsuliihiaunsaldvsawunmeinieanslnlidugunsal
Siannsafinduuunnni wu dunsalnu uiudn ndesnavia wazgunsalBiannselinddu o 1o
lupsalldanunsarfuvasdnglnlaensale



uni 4

NANTSNAADILAZIRIT

ﬁm%’u“luwﬁ%ﬁwLauawamiwmaaqmﬂsqméfmwuLLazsqmm%mzwmimaiauwé’mu
Infuuulsaedrmsuenueus L Imsﬂmim’]mﬂgULLuwawmmmmﬁmﬁ’]ﬁme(;ifmf'fu
A150UABURUAITEIAINE LAZ T HEUNIITENI19TAan Geduiinanaaiddliiii usedy
nssud wavdsEansnmussszuy anwaiildasiinmsinseiuariasalifienuuinislunis
onlassafunuuiivnganfigadmiunislinuie

4.1 yasgaszuunsaglaunasnulviuuul¥aedmiueueudlnii
4.1.1 afagaansaszuumsmglounaanulniwuulsanedmsueueudlngi

AN 4-1 Yeansnszuunisanglounasnulihuuulianedmsueueudlng

Weasgaandaszuunisanelaunasnuliiwuuliaedmsveusudlniiduse
sragvievesvaadIawmieniliiininds dueeainwdeidilniiniasu ssliszegaielou

WAKULA 6 cm. ,7 cm.lkag 8 cm. Wz FIEANNEIRITEErufgIuTavivedin

seegilfianunsonieloundsnulan Wed19899Inn1MnaeveynfuLUY

8.02 cm.

v

2.70 cm.

y N

AN 4-2 szezinavasnalawtetiliinnads duveaswmientnninniasy



4.1.2 neaeagaasaszuunsaneleundsnuliihuuuliansdmsueueudliin

N1sneaegeaIsnszuun1saeleunasulnihuuulfansdmsverueudlui azneaassiaudluyag 80.00 - 83.00 kHz ansldlvan
AIANAIUNIUIWIN 12 Q 15 W Wnusunme3 iefmdsunigluinsiunisnnaes

M13190 4-1 Juiinuan1snaaesynasnszuunisaieloundsnulniuuulimedmivemeudlniinfisses 6 cm., 7 cm. uag 8 cm.

STUNN ARTER Heun3u N—>EFF N—>EFF
29990890 | nauSwitching (AC) | #asSwitchingfaud19as (DC) | %ag193si5389nszue (DC) WUszAnSnw) | (WUszAnSnw)
(cm.) Vin | ln Pin Vin I Pin Vout lout Pout DC AC
6 223 | 1.08 137.9 19.11 591 112.94 22.94 1.9 43.59 38.59 31.61
7 223 | 0.82 102.2 19.15 4.31 82.54 22.48 1.8 40.46 49.03 39.59
8 223 | 0.96 121.2 19.15 5.17 99.01 23.08 1.9 43.85 44.29 36.18




7

Voltage Out Current Out

= T 23.08
gz 2208

21

T8z (cm.) 28z (cm.)

Uszdnsnn

Power Out

49.03

44.29

39.59
38.59 39.59
36.18

31.61

2 Pout DC o 122 Eind Pin AC #= Pout DC

S8z (cm.) e pin be

AT 4-3 PTMLARHANINARBIYBYRANSATEUUNTANelauNE sl

wuulsanedmsusnusualnin Aszes 6 cm. |7 cm. kag 8 cm.

fisvoving 6 WURLAS ST NURAINAILAZYRAINSULARIHANSNAABIR « usaduluiine
gan (Voltage Out) #¥aléiien 22.94 v %aagﬂmzﬁuqqLﬁal,ﬁauﬁuswgmaauﬁu nszualnivieen
(Current Out) dA1 1.9 A danalvirndsluiihaneen (Power Out) flfngedis 43.59 W Uszdvinimves
szuvlunmswlamdsnuanliniimdinszuanss (Pin DO) Wundssuvieennszlanss (Pout DC)
agjﬁ 38.59 % wavuszansnnlunisuvamasnuainliiiivdinssuaadu (Pin AC) WWundssuan
29NNTELANTI (Pout DC) aq'ﬁ 31.61 %

fiszoring 7 WURIAS SEMINURaINa LAz naInSULARIHANSNRaRaR « usasuluiine
ponanalwiae 22.48 V nseualvivnesnanasndes 1.8 A dwalvinidslviviesnanasvide 40.46
W uUsyansanesszuunduiiady Tneussansnmnisudamaasuain Pin DC 1y Pout DC
Wutudiu 49.03 % wazUszAnSamnisuUamaanuain Pin AC 1 Pout DC fiutudiu 39.59 %

289G 8 WURMUANT TEUINVAAINAILALVAAINS ULAAINANITNARDIRIT Lsanulnilnan

¥ 2

paniududu 23.08 V nszualuilivieoniiududy 1.9 A vinlvidelndrveeniiudwdu 43.85
W Useansninvesszuvanaddnisy Inguszansaimnisuuaindssnuann Pin DC 1y Pout DC
ANANLNAD 44.29 % LazUseANSAMNAITUUAINSIUIN Pin AC 10U Pout DC anadtide 36.18%
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IINNANTNNRDWALNITIATIZINTIN aunsaaguladnfisses 6 cm, 7 cm uag 8 cm wuh
Asnunialadamininaiildesnwuuliidndes vellenalioannaindadenisueniliauise
AIUANLATIE NN TENUABUTEANTANNNTINeToUNG 1Y W AuENTRNINIENINVRITAR N3

= = = o o’ ] Ao Y va 1%
gadelusyuy visemanlienhnnauuwidmanaieuen ludirenssualwiinladrmaenndes
Auilseenuuuliwazilulumunanisvaassildaingasuwuulunisnaassneundiil

\fefiasanaUssdnsninuesssuulagsiu wuilssdnsnngegaegiszey 7 cm Judu
spggNinuaunaTEnInsgdondsnuiunisaeloundany widisinsanlukdvesmaalnii

Yeeniiddlagaan wuiisser 8 cm Amaslninuneeniigenii

lunisiansananumugandmsun1sUssgndldanuasslunisersaiunmeineiinsad
FOINITUSITUBISATUYI 26.4-27.4 V haznIewasnsan 0.7-1.1 A UU NaNISNAADIT AU ssey
8 cm feanduszozMmuunzanwazianudululalunisinluldau uwhndseansnmlagsiuuessuy
1 1 [y} d' < d' 1 o d' Y = 1 ¥
wligaviiiuiisseg 7 cm Anw Weanarmaddliiiueenilalininuiisaneseninufein1sves
A1SVISALUALNDT

4.2 HAN1SNAABINISEISLUAMBSHUUTEane

Tunsneaesiil@inisydauumneinyianse 24V 26Ah Tngldsyuunisaneloundsauluii
wuulZanediiauniy nsneasssidunsidussezinan 10 $alusinsediu Tnefnstufinuasiiu
Foyan1svinauvesszuulumng 60 Ui
A5 4-2 NANITVIAABINISTISALUALADS 24V 26Ah feszuuliany

1381 u,smudl ASSLLE WAIU AU qmmt Uszandninnns
(v.) R AR (A) | dzaiu (Wh) | Usza HUntRa3 %153 SoC (%)
) ! °O

0 22.84 0 0.00 38 28.6 12.00

0.5 24.04 1.68 20.19 55 28.6 29.14

1 24.18 1.68 40.50 59 28.1 31.14

1.5 24.32 1.69 61.06 61 28.5 33.14

2 24.53 1.7 102.76 64 28.0 36.14

3 24.71 1.69 144.52 68 28.1 38.71

q 24.96 1.68 186.45 73 28.0 42.29

5 25.15 1.68 228.70 77 28.4 45.00

6 25.39 1.65 270.59 80 28.2 48.43

7 25.62 1.63 312.36 84 28.1 51.71

8 25.68 1.62 353.96 86 28.0 52.57

9 25.88 1.61 395.62 89 28.6 55.43

10 26.06 1.61 437.58 93 28.5 58.00




Curcent

Power

18
16
14
12

0.8
0.6
0.4
0.2

500
450
400
350
300
250
200
150
100

50

0

0

AMNA 4-5 ANLERINANITLLATISILUAADS

0

UWSSAULUALADT (V)

0.5 1 1.5 2 3 4 5 6 7
szaznan (1u.)

8

= 9 =
AN 4-4 NINLARINALTINULURLADT

NTEUETITY (A)

0.5 1 1.5 2 3 4 5 6 7
syazan (uu.)

nAsUAZEY (Wh)

0.5 1 1.5 2 3 4 5 6 7
syagIan ()

AT 4-6 ATINULAAINANIUAZ A

8

8

9

9

9

10

10

10

79
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sEAvUseq

100

% 50

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
syaznan (uu.)

AN 4-7 ATMUAAINATEAUUTEIUUALADT

gumgiliuuatae’ (°C)
30
25
20

15

Temperature

10

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
syaznan (zu.)

A9 4-8 AT MLARINARUVITLUALAET (°C)

PMNMsEUNENgANIIINISIRAENA 10 Falus nuinsruulianuatissuaraauaulaalunn
wis1ineingn ussiuuUnmes vt e weiean 22.84 hasluneuBuduluauds 26.06 Tad
o 5uqmmamaaa Fagonndeatiudnuarnsu3aLuy Constant Voltage (CV) ﬁLﬁummgmﬁm%
LuAmEIREAInga Nsiiutuesisuetsresdudesluduandifiuiuunneslasundanuogng
araneuazlifinsnsaduiuluiioarliiAnenudemesowasuunmes

NszarsAN IRl LRNTUDE19TMEUNUTZU 1.68-1.70 wounls wazAsiluseauil
paatnaTvEe ANUAvBInTELaYISaillduf U sEuUmUaNNIsYIFITnUleeged
Uszansnmuazlasnne

NI uazaunIalmNuududun 1IN 0 Ted-taluslUaune 437.58 Saa-92lug 39013
WLTUL U EuTazvaulAiudLanssn 9Tz uulun1sanslaund e 19satied A1UINAIN
Toyailladn MdsuadenaeleuliuunmeIegnussunu 43.76 Tad

JEAUUITURILURABILANTUAN 38% WU 93% luvazdien State of Charge (SoC) Ly
0 12% v 58% AIULANAINTLINADIRITIATD1ANAINITNITAUIUTALANA1ITY Ineseeu
U5299199714899 N5 ukUnme3 Tuvaied SoC o1vmwinanUsunamasnungnuiadilidle

WgUAUAILTTIUVDIUALADS



BEUNS

]

Y

fivessruundiiogluyis 28.0-28.6 s ialded naonn1INAael Jeuandliiiuii

81

szuufinisdanisanudeudin nsigaumgiliiinuszninanswsadusiuind Agydeszansnm

“UEJ\‘]ﬂ'ﬁEJ@ﬂLL‘U‘Ui%‘U‘UigUWEJﬂ’J’m%IEJ‘L!LL@8ﬂ7iﬂ’J‘U@llﬂ7i@ﬁy}L%UWﬁQ\‘I’]UIHEiJ?J@QW]"I@J%@U Tusguuns

dnglaundsnunuulians msdanisanuseuduGesddgyilernnsgaydslurnainuazieas

Siannsatndarunsaadiamnusaulaunn

4.3 nMsnadavaussauzszuulun1sineuseaiilas

ASNAFUANTTOULVDITEUUNSaelaunds Ui wuulSanslunisvinauseidoadudunsu

drrgylunisusziliumnuaies mnuiweds wayUszdnsnimassszuuluaniiznislenuass nns

‘mﬂaauﬁoﬁ’wLﬁ‘umﬂmﬂﬁiwmﬁwmuashwial,ﬁaqLﬁunm 10 97lae wazAnn1unisiuae uwUasves

NI5TLNDIAN

A1999 4-3 nIvageuAmUERslunIIVIIURBLLBs (Output)

[ |

AYna9 19ludILYRIBUNR 11NN WazAUETESVRITEUUIAYTINYBITEUY

nan (W) | useduwiean (V) | nszuavieen (A) | maslui (W) 52AUUTYY
0 22.84 0 0.00 38
0.5 24.04 1.68 40.39 55
1 24.18 1.68 40.62 59
15 24.32 1.69 41.10 61
2 24.53 1.7 41.70 64
3 24.71 1.69 41.76 68
4 24.96 1.68 41.93 73
5 25.15 1.68 42.25 7
6 25.39 1.65 41.89 80
7 25.62 1.63 41.76 84
8 25.68 1.62 41.60 86
9 25.88 1.61 a1.67 89
10 26.06 1.61 41.96 93

27

26

25

24

Voltage

23

22

21

AT 4-9 nTUARINALLIIRUYIDN Output

useRuu1aan (V)

2

3 4 5
syasan (du.)

6

7

8

9

10
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nssueavaan (A)

1.8
16 — E— — — — — —
14
12

0.8
0.6
0.4
0.2

Curcent

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
syaznan (zu.)

AN 4-10 AIMLERINANIZUATIDN Output

fndaluiln (W)

45
40
35
30
25
20
15
10

Power

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
syazan (zu.)

AT 4-11 nsvluansuardsiailh Output

nAnssun1sdsunlaneusifurieen uansdnvuznsfistusuudosdudosluan
22.8¢ Tradludlususnluaudly 26.06 Taad o Auganisnaaes mafivturesussiulidnuusdudu
Theiidenq Foviu Fsasouldifiufnisavandszalununnelotnaraiiies Sasnisfintuves
usaduiingegalurag 3 Faluausn uazAee anadlutiands Jadudnuarunfivesmsmniauunine’

i da & =~ v [y X
L@J@LL‘UG]Lm@ilﬁllLmll"ﬂgllﬂ']ﬁ(ﬂ']uvn‘Uﬂq35UU53§!3J’]ﬂsﬂu

fdslalineneen fogfisedu 40-42 Yad wagasiiluszduinasanismaaes anuasiives
fdsliihiuandiiiuionisnununisaisloundsnuiiivssaninm uaznshauiiefeses
szuUmUANN1IISD Aridaliiiadsssana 415 Taddeglurasdinzaudmiunisvida
wummedruailnelsinelifnanudemennnisssaduauly

sedUUsEQUUAAES LiinTuagteraiiiosnin 38% Luaufa 93% Femunearuriiszuuannse
dinsedulseald 55% Tu 10 alus mafiutulidnuunduduldeifisnmnnivgdlutiusnuas
Aowe anadlurimds Jsaenadastunginssunsuaunmeingdansaily Sasnsifintuves
seiuUsEgRanegiiuszan 5.5% setilus Fedeidusnsinzaunazaonsy



A15197 4-4 N1IVAgeUANLEDNYS INPUT AC

83

a1 () | usaurudn (V) | assudandn (A) | anaslnda (W) | wasswazan (Wh)

0 225 0 0 0

0.5 222 1.01 134.8 1078
1 223 1.02 136.1 1146
1.5 224 1.05 137.6 1214
2 224 1.09 139.2 1282
3 227 1.08 140.1 1422
4 227 1.09 141.6 1565
5 226 1.08 142.5 1705
6 226 1.10 142.3 1849
7 227 1.12 142.8 1990
8 227 1.08 142.6 2129
9 226 1.15 143.3 2273
10 226 1.16 143.7 2422

Voltage

Curcent

228
227
226
225
224
223
222
221
220
219

18
16
14
12

0.8
0.6
0.4
0.2

useRuu1aan (V)

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
szasan (du.)

AN 4-12 NFINLEAIHNALTIFUVLYT AC

nssuav1aan (A)

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
syazan (wu.)

AMNA 4-13 ASINLERINANTEULEV TN AC
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Aaalnin (W)

45
40
35
30
25
20
15
10

Power

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
szaznan (zu.)

AN 4-14 ns1uanaranaalnidivgn AC

WasuEzaY (Wh)
3000
2500
2000

1500

Power

1000

500

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
syaznan (uu.)

2NN 4-15 NI LERINANAIIUAZEY Input AC

Foyansmaaesdiu Input AC uandliifiunanatiosfidvessyuuloundsny ussiurd
Aeglutg 222-227 Thadt FeiimsiurmuiiondntiosUszana £2% anAads wansdanmiaios
voauvasTeliih AC nazuaridh Asilugng 1.01-1.16 wouuv$ Tnefunltufivtudndesnuna
Jearsioufsnnudoimemdsnuiifisdudntesvessruy

AFUNH 1197 TAADUT 19PN LU 134.8-143.7 T06 Lagadsuseuin 140 Y6 AL

Y

AenluansliiiindnssuulinisauAuMSRINEIuIINUrEITElaR wasuazan iuTwdudunss
310 0 §i1 2,422 Tad-tlusly 10 Tlas Faaenrdesiumasiniiafeniala



A157197 4-5 NIVAgeUANNLEDNYS INPUT DC
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a1 () | usaurudn (V) | assudandn (A) | anaslnda (W) | wasswazan (Wh)

0 19.36 0 0 0
0.5 19.36 5.76 111.51 60.8
1 19.36 5.79 112.09 115.2
1.5 19.36 5.86 113.45 170.2
2 19.37 592 114.67 2239
3 19.37 5.95 115.25 334.5
4 19.39 6.03 116.92 445.7
5 19.39 6.06 117.50 553.3
6 19.39 6.06 117.50 664.5
7 19.39 6.08 117.89 772.7
8 19.39 6.06 117.50 880.1
9 19.39 6.09 118.09 990.8
10 19.39 6.14 119.05 1105.2

228
227
226
225
224
223
222
221
220
219

Voltage

18
16
14
12

0.8
0.6
0.4
0.2

Curcent

wsaAuL1aan (V)

0 05 1 1.5 2

3 4 5 6 7 8 9 10
szasan (du.)

AN 4-16 NSINLEAINALIIH UV DC

nszav@an (A)

0 05 1 1.5 2

3 4 5 6 7 8 9 10
syazan (wu.)

AT 4-17 ASINLERINANTELEV D1 DC
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Aaalvldia (w)

45
40
35
30
25
20
15
10

Power

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
szaznan (zu.)

AN 4-18 ns1uansraniaalnidivgn DC

WALUALEN (Wh)

0 0.5 1 1.5 2 3 4 5 6 7 8 9 10
szaznan (1u.)

AN 4-19 ATIMLARINANAIIUAZEY Input DC

Joya DC Input uansliiiuauatesfivesssuuwlas AC-DC usauvdn DC Asiinnd
19.36-19.39V (Ruriuiied 0.15%) wansfan1sauauusiiuiniiuszansnmas nszwavndy DC 1Ju
5.76-6.14A uaganiluseAuil F9gandnseua output Useann 3.5 i

Mdslnirvdn DC Fanadeuszuia 115W Feindn AC input (140W) wandliifiunis
agdeluaens AC-DC converter Uszangy 18% ndsuazau DC indududunsais 1,105.2wh Tu

YRS

10 Falag

4.4 A15IATITRUSEANSAINSZUU

a a 1

mMsaaTgRUsEans nmszuunisarelaundsulniuwuulianeduduneudAglunisuss iy
ANNANNNTALAEUSEANSHAYRITEUUNTRIUNTY N15AATIwiATeUAuUsEANS A NA1vIululs
#1199 MU VRINTENETOUNGINUY NMTAFINEINY LATNANTENUABLUAABINONYNTA
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AJ a s a a s 1
A15197 4-6 N1TIATIEAUTEENBAIMNNITNTALULARL Y

LR RRHE W9 wisdr | nsgagde | UssAvSaw | wanitldlu
(%) Uauith (Wh) | uum (Wh) (Wh) (%) N13¥159

38-50% 60.8 0 60.8 0 0.5
50-60% 115.2 40.5 4.7 35.16 0.5
60-70% 2239 83.7 140.2 37.38 2
70-80% aa5.7 197.6 248.1 44.33 2
80-90% 7127 295.8 476.9 38.28 3
90-100% 1107.2 422 685.2 38.11 3

wassudoutd (Wh)
1200
1000

800

Wh 600
400
200
0
38-50% 50-60% 60-70% 70-80% 80-90% 90-100%
syayaan (u.)
=] o o
AN 4-20 ﬂﬁ?WLLﬁﬂQNﬁWﬁ\‘iﬂquﬂaumq
wassdwua (Wh)
450
400
350
300
250
Wh

200
150
100

50

38-50% 50-60% 60-70% 70-80% 80-90% 90-100%
syazlaan (u.)

AN 4-21 NFIVLARINANSIN UL URLADS
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nsgayide (Wh)

800
700
600
500
Wh 400
300
200
100

38-50% 50-60% 60-70% 70-80% 80-90% 90-100%
syazaan (u.)

o a ! s Ql'
AINN 4-22 ﬂﬁ'ﬁ/\]LLEWNNaﬂqigiyl’ﬁﬁigﬂfﬂﬁﬂqﬁﬁqiﬁlLLUWL@@ﬁ

Uszansnin (%)

50
45
40
35
30

20
15
10

38-50% 50-60% 60-70% 70-80% 80-90% 90-100%
syaznan (uu.)

AN 4-23 N5INLEAAIHAUTEANSAINNTVISALURLADS

Toyawaniliiudnuarnisvsanuanaiulundazgdiininug waenudeud Wnduwuy
A1ntian 60.8 Wh lutsusnluaugie 1,107.2 Wh Tugwanasing uansliiiuinssuuldndanuunn

TuLllakunnasiEiy nauvIeen Nanelouguunaesiiinain 0 Wh ilu 422 Wh Fadluwalidy

WILYULUULS I TuT9nawazUany

nsgeydendaanu iuduan 60.8 Wh Tutiwwsnluidu 685.2 Wh lugasaaving uansloiii
Tuouunneindu seuvazinsagdendnuuniuiewinanusiiuniuniglusunnesiay

N13AIUANNNTYIS AN ULOUTY

N19N3891818INM5915 RN 939 80-100% THauuiign (6 wu.) W 60% ves
wavisiun Jududnvazunfvesnisysawunnesnzinge Nresnsatiadutisgaiaiiedesiu

ALY



A9 4-7 WIsTwasszuunIsIsanuUlSany
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W10 03 AEudy ANENEN AadY Wi
WSIAUVNDITEUY 222.00 227.00 225.38 V AC
NITUATNUNTZUU 1.01 1.16 5.52 A

A9V NLITEUY 134.80 143.70 129.74 W
LLiQﬁuﬁu’laaﬂﬁjﬂﬁiﬂ 19.36 19.39 19.38 V DC
nszuavIeaniydy 5.76 6.14 5.52 A

M&smneanilds 111.51 119.05 107.03 w
ussduveaniledu 24.04 26.06 24.87 V DC
NszuavIeaniay 1.68 1.70 1.53 A
Mdsweaniledy 40.39 42.25 38.36 W

4.5 ayUnan1snaasy

n1sagunanisvaasssyuunisaeleundsnulniwuuliaedmiveusudlninduduneu

danlunisussifiunudisavelasens Inenisilseuiisunaansilaannnisnaassiuitmine

wazdanmuanabiludewu nsussdiuliaseurauriauszansnnlagsiuvesssuy Anuaiesty

A15%19U wazAuUasanelunsltu

M13199 4-8 ATUNANITNARDINITVITIUUALADT

UOYANIINARDY HAGNS Ui
nNTSaTien 12 < 10 9
usafumsaLade (V) 24.87 26.4-27.4
nszuavIsLRdY (A) 1.53 1.5-2.0

UszanSnmiade 477 ~624

Wi udld 19.29 15.6 Ah

AuaTiYSale 1.53 1.5-2.0 A

RUARGRGR 28.3 < 45°C

A13ANEINITITNDSTrUUNIsEIsanuU S anenans Ut IAuEd o shas UTE ANS N0
seuuluwiardunou NdeayansmaAaenuinssuLiinsynunvelie liarausaaIuANNISYTA
Iaagnadiuse@nsnin

AULEfgININY09E UL kAUl AC fn15HUNIUIEY 2.3% FIuandfaqmnInYes
wiasdgluif dauusesiu DC Redsdiafiosningeunnsdienisiuniuiios 0.15% Judunaainnis

uniuszansnmuesaasuias AC-DC msmuauussiuiiuiugiidutladedAysiouszansam
nsengleundsausuuliang
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e saunUszansamluusiazdunau 299sulas AC-DC UsEANTAMNAT 82.5% Wein1s
gedendniindulussuunisangleunuuliany NdUseansainiies 35.8% dwalviusednsaw
lAeTIMYRITEULRETN 29.6% nisagdsluduiliinanladevaredsenis wu nsgadeluvnain

witlgath Masilnavesaunuudngn wagnislidudiauysaibuuseninuadinazunsy

F1UN13AIALNITYITD TEULMARIAINAITaTuN T nwInTELarfaliaai ldogadl
Uszansam Tnefinsiumiuiios 1.2% wsaiuwiesniiiniuain 24.08V {u 26.06V ogsresdu
Aoty FaaenadostundnnsmsauunmesnziINsALUU Constant Voltage dnwaizn1sidsunias
Huandidiuinszuvaansauiusmuaniusvesunneildegamnzan

nan1svaaesszuumsaeleundsulnihuuufaefldsiunimageunsmsanunnes
axAansa 24V 26Ah THAsU 100% Feldnaniedu 12 Falue uwnufiesdu 10 $alusmunisnnasd
Josdiu nsideddinan 12 #lusuny 10 Sluadielfuunmesifu 100% aonndssfundnnissnsa
wuAmeIngianga filutiag 20% gavie (80-100%) axdessiiadsnseuaiuasldnanuiuie
AMUADANY AULANAIE TN SIS UNAIINEN B NNSYIUYB L UALABI AZAINS AR
wdnnismaedilaliin nsvisauuameInyiinsaasdeiy 3 Juneundn léun Bulk Charging,
Absorption Charging e Float Charging Tu%umau Absorption Charging %QLﬁ@%UIU?i’N 80-100%
szuvazdesannsuariiaategrneaduneyluifietosiunisiin Gassing wazn1sidemeveswad

LUALADS



uni 5

a3u 39190l uazdaiauauuy

Tuunilazgdauenisagunanisanidunulassnulaesn myleszidymuazguassa
ANUTENINITANTUNITNTURUININITHA LY TotauakuzdmTunIsUTuUTILag iR
s3UU uvwwmstunisiawseldlusuian welilassnulawsaduiugiudimsy

nsAnwasiaunalulagnisaeloundenulniuuuliaelussdunasusoly
5.1 asunaiilaannnisvinlaseanu

nsfnyuazimugaasaszuunisaslounasuliiuuuliansdmsueueudlini
Tundsillfussquiimnendniingd Tnsanunsosenuuuuazadrsssuuildndnniamieat
wimdnuuuisTouuudlédniga ssuuiiauntulsznoudeunannadsiilians THW aua
6 Sqmm $1UU 8 58U WazramIANIASUTdANY THW 9uIn 4 Sq.mm wuu 2 $u iy
finnudisTounudluting 81.39 - 83.58 kHz Alviszansamnsaelougegn
HanINAaeIansliiuInssuvaIusaelounaanuldegsivssansnmlussee
6 - 8 wuRAT lnediuszAvsnmnnsansloundanilassiy 29.6% nlwinszuaadud
doudrgsrvuaufslwiinszuanssfioanuudauumned uiiiardasdaligaunnde
Wisuisuiussuumiauuuans wifeglunamifisensulddmiussuusuuuuazasandes
fuaddedun lugnuil
MIMARBUNTIAUUAMBIAEINTA 24V A1mIg 29.5Ah Wunan 10 Falusdnseriu
wansliifufemnuaiiosuazanuuifefovessruu seninanisvaass wupimeslaiunis
P§99InseRUUsEy 38% utudu 939% Tnsfussdumsaeglurae 24.04-26.06 Taadt was
nszuavfansivszanm 1.6-1.7 weawds dudulunaumdnnismiauunineingiansauuy
119557 uenantl gmnlivessruudiniilutng 28-28.6 asriwaldoa naeAnIINAAES
wandlifiuinszuufinsdanisanudeuiifuas i dagmenudeuiuvnaiandeatilng
AAdILarNATUN D NLUUANVE NN TN uinT auTrUUATIATURUMUSARe Limit
Switch Z-156W-B dmiuilatanshausaludfilesaseslusumsignios wazaauany
AmFeumunuunmamihliiwesnaiuiivsznouseasBemnszuauuiiuadulag
1#lalon MURSSOE 2995AUALNTINSIUUALADT XH-M604 LALIEUULARIHARAANS $8
WEMOS D1 R2 WIFI ESP8266 ,ESP32 way DC Watt Meter fiu PZEM-022 100A AC Digital

Power Meter
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Msnaaeuiusnafanesive Free Rider AIfluuned 24V 26Ah uansHad NS
wola IngausarsanunneslamenssuaUszann 1.7 A fiszesnng 8 cm Winainisenda
Uszanas 10-12 99139 WAz UUasaLansNansidy nszua wasndsnudildluniswsals
pgegnApsuug Taansanuaunsdedanisnsariussuulilasaeulnsanosly

1 = a a
2819UUTLENTNN

5.2 Jyvniiwunazuuamslunmsudlatam
5.2.1 Jggmauieasuazgunsal
5.2.1.1 JgyiAusuniu R11 ﬁLﬁﬂﬂ’J’]&J%@uEﬁﬂ
daymiinu: Tussninimsmageuyeasnszuunsieloundanulih
wuulsanegdnsuenuesudluin wudymdidaieatudadiuniu R11 Usean Ceramic
1A 50Q 10W MiAnarudeugaaudinaulniasatuiu dwaliusiouliiefosuasens

< [y 1
Wudunsieneszuulaesiy

AN 5-2 LU PCB AuwUUBUUNRaneUsu
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A15ILATIEN: YINNNSNAABUALUAIRIAIWNIY R11 ¥TA Ceramic vu1m 5W Tuaag

AEI199 A9UE 10-150Q LDANWINANTENUADUIIAUVIDDNTVAAINENTY (F28g919 10 cm)

wazdannANTeuveIgUnIalnie Tuieas

M13199 5-1 Mavegeuiieudn R11 ieguuiliy laglvivwin 5W lun1snaasy

A3 o A Y @
2 MOSFET Capacitor R11 w39AUN Coil /ey
(IRF640N) (C14 = 0.47uF) | Wdeu | (Szowuis 10 cm.)
YR (Q)
10 vV 4 v 712V
15 vV 4 4 593V
20 vV v v 5.86 V
25 vV 4 v 584 V
30 vV v 4 573V
36 VvV 4 v 547V
43 Vv 4 4 6.24 V
56 VvV 4 v 6.76 V
100 vV v vV 12,58 V
150 vV Fon vV 12,24V
*WSJ']EJL‘VW!
v AU (@nngyianuung)
44 Sou
a4 Fouwn (Fugunsaildls)
NANIIVAZBUNUIN:

- A1 10Q: Tusaiuvieengegn 7.12V niauanuseuluszauund

- 923 15-36Q: usadureenanatetsmaliles (5.93-5.47V)

- 473 43-56: ussdureenisuifindudniion (6.24-6.76V)

- 929 100-1509: wsauvIeoninduninis 12.58V uaz 12.24V uaiiadaywn

Capacitor C14 (0.47F) Sonfidn 1500

FuAly: audun1siasufmEIunIu R11 91nALAL 50Q 10W tue1 10Q 5W i

Ceramic lngideneiiannuanisnageuiivandliiuinliussiuueenasgauazivssdvsnm

N13anglounduAngn AnuTeuvesimImunIuanaeg Il agluan1igyinauuni

(@unsoduialalagluinniswnlug) 29asvinaulsegraaiesseiiio



94

LY

5.2.1.2 Ygyundeyey1addu Gate U9 MOSFET

= o

Uguvinu: dgruiatslidien Gate v9msudainos MOSFET i

s

anwauzgUaduniaUng laedygialuaniug Low lianasdsaudvseadifsdndnsninedns
auysol Feeraiuanmnln MOSFET fnisudayqiasnaniiamnsadauazUanisinauld
agaNyal dwaliinnisgayidenasanu (Power Loss) avaunigluguniaiauiinainuiou

g9 uanihludmnudemevas MOSFET Tudnumieands

Al 5-3 Sy ity Gate floana1n IR2110 1eld R13 uay R14 w11 1k

ATIATIEN: YINTNAFDUUABUAIAINNAIUNIU R13 Wag R14 (Gate Resistor)
aguluszuulugieraieg daws 100-220Q WeAnwinansevusegundudnya il Gate
Y94 Power MOSFET wazunletaymnisia-Unitlalauysal

e b s

A 5-4 dyaradu Gate floanann IR2110 Wield R13 uaz R14 vuA 100Q

A 5-5 Fyey1audu Gate fleenan IR2110 Wleld R13 uae R14 vuna 1200



B
Al 5-6 dua1audu Gate floenann IR2110 1ield R13 uag R14 vuA 1309

|

A 5-8 Fryay1audu Gate fieanan IR2110 Wield R13 waz R14 vu1a 16090

1 00w 2

A 5-9 duaadu Gate floanann IR2110 Wield R13 uaz R14 vunA 1809

95
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Al 5-10 dyaautu Gate fleenann 1IR2110 eld R13 way R14 vua 220Q

HANINAdUMEBaTalaalaAUnUI:

- 1 1009: JURAuSlnmiliFeuies dygas Low liasis 0V eesauysal

- A1 120Q: Mm3UsuUguanties unddliidiene

- 429 130-1600: JUAAuSATuaEAsniudasly

- AN 180Q: gﬂﬂéuﬂ§uﬂ§ﬂuﬂﬂ§u usidslsingandian

- 1 2200: JUAAUSIAUNWATIgR dysiu High way Low Fmtau

INHANITNAADINUT Wiovhnisildeumidumu R13 wag R14 Tutasne was
5’@3%314{5’;&1@@8{%1%1% WUIATIE LTIVl MOSFET \Wauazdalugas Hich was
Low lppganysaluaziiussansnmasanse 220Q

Wuly: dudumsuasuridduu R13 uay R14 9naAdudu 220@ Fadunis
ulvdisiszansamadmsuiyminisiauves Power MOSFET Tnegieuiuusansauny
Gate Driver wazann1sgaydenaarulunszuiunis Switching egradusyuy

5.2.1.3 tyninisasuanmuiuay Duty Cycle

Joymiinu: mmq'amﬂiumiﬂ%’m'ﬁmmﬁLLaz Duty Cycle 984 IC
563525 Gaduriladdnlunismuesnaasdunednes nisufurmaisiesendenisaunu
ANuFNTus A Fudauseninsadaiumiu (R) uazdaLAuuseq (O Alslunisdmun
WsTmedaneg Anududoud liiswsvilinsususesuusnifudosenn uiddmans
mnuaissvesszuuluszoren Weszuurhanudunauunieiianisdnisaslugasiig
9992935 9zdwansznulnenseion R uaz C 7ldaals vinliArAuinas Duty Cycle
Anuileuluannisesnuuuiiu danasauszAnsamnisnisloundanusazauiaiosves
JEUU
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A5uily: Wasuanld Module d159909 IC SG3525 sl Trimmer Potentiometer

dusunisusuaauiuas Duty Cycle wuufiinauazuaiuginituia Module ddaiidey
adesganiinsligunsaiuniuuasdisananududouluniseenuuy shlvanusausuale
Tnen1svsiu Trimmer Tnglidaatdsugunsaiviomundll uonanddufiuanuideto
uwazanlanalun1siintalnnalnaNnIseenwuy

1 fianudusin

» 2 UnAgEe +12v
3 usediuddn

» 4 n5120 (GND)
5 OUTPUT PWM A
6 OUTPUT PWM B

Usuanuii mp

123456

MODULE SG3525
PULSE-WIDTH-MODULATION (PWM) CONTROLCIRCUIT
Famsuasedynn PWM
F&msun1sasneneas Switching feq

«  aunsausuanui PWM [6Tugae 6Khz - 40Khz

AR 5-11 MODULE SG3525 d1Sadwsuusumnui

ndeananiun1suiulsanuinisusudtauduag Duty Cycle 989 IC SG3525
Wasuannuidudeunazldnaiuiy nanaldunsyuiunisideaienazsinsa lngaiuise
Afiunsleiieansuyuusu Trimmer Potentiometer 483 Module d1159 SG3525 Wiy
nsiasuulasiliisswndisusendanatlun1susune waduiuauutuglagay
avnantunsidanu glilidesinnaadiunusasiiiulszadnsely waraiunsausuen
wuusealnillaluruziszuuiawinny ilinisuuugelssansandulded 1suiunay
fUszansnm
a a (% = [ 1 < Y v a Ay va
ANuaiesvesgUAd udyuiinisusuuseedraiuladdaau suadunladaiy
° a I a 1 a 1 1 . <@ 1
AULENDULATASAILINAI AN NSIUABUMIUTERINSE@RIUY High uag Low Wuldeeng
Faauuazsinsi Ingldfianuaitmsensiasunlasiilifasnis uenainideanunsoan
FyeasuniunazAuRaisunlddeinsineg1wdiusz@nsaiw Aranuiuag Duty Cycle
~ P v [ 1 a = v = Id v o W [
A unlaseld Tagliildsundasmunaissaninmnden dadutladodfglun1ssne

Uszaninmnisangloundenulegluseiugsegiesialiles
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5.2.1.4 ymnsaenvesaeUsuULLHLNAS

Jaymiinu: nsaenvesatsUIuvuLwIsa RN domnidanngudnun
MnaudouiiinannsivavenszualiihfAufitaniseeniuuresaneUsu Usenauiu
nslalldifumefilaeUsuauduiiniuainsgiu viliAngeiferuiuuguaranudou
lnzan Wedaiymdsnanlulsesivhnusneanuigdluszauiladsnd azdsmaliiin
é’ﬁymwmi‘umuuasmmﬁmLﬁﬁ%@ﬁ@@ﬁﬂ;ﬁlﬂﬁ@%ﬁ Fananifldifesusidsmaidonanis
viaurenasludies uwidiorasuniunsianuvesgunsaldidnnsednddus luuina
IndlAessg

AN 5-12 Uiy PCB wuufinaneUsuniinisvanaen

]
=

Asunla: N1590NLUUKALAT LKL TN INUNIAMN LAZIA ST IHAINTNAY oY

9

b4

iniqmsaaﬂqumaﬂsuiummsmaﬁumvLLﬁlWﬁwqﬂﬂamwaamﬂa AIUANAUNIN
mameuﬂﬂwauumummmmmmmmﬁm namaam’m@ﬂnm@mqmmuamwaam
ammmumuuauLwmmmwumumammiauummﬂﬂmuiwyem msﬂswsqmmulu
meLmLLﬁ’lsuﬂcgmmﬂmu LLmaaﬂaaﬂuﬂfgmwmaLﬂmsuuiuaummLLaszmmqmﬂﬁummaa

eUU

oo

AW 5-13 iy PCB Tusineufinsegunsnl
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AW 5-14 uiiu PCB Tvsindsdinnagunsnl

nFrndndunisusuusmuituresaeUTuuLLgy PCB famumumudivdueehg
Teddy liAansasnvsedemevesaediuwilunsifoudedondussornainu s
sonuuulusivilianunsasesfunssendsnulddlaeliifinaudeuiuviegnieuiiens
reliAnauAse Aafissveansidensionan melursasinisuussegaiilédn
ylienunsasnwuseansnnnisvinnulilaluszezenn

5.2.1.5 Ygynuksesuanelii Gate Driver

Peymiinu: Wedreusadu 2av 1A Ua9as Inverter Tnerau IC Voltage
Regulator 7812 \fieansyiuusaiuliinde 12V dmsu IC SG3525 uaz Gate Driver IR2110
damalsi Power MOSFET w4 2 favhanulalaenadosiu iilasann Gate Driver IR2110 filé3y
useuLiies 12V ldannsnaunn MOSFET fivhausneussiu 24V Idegnsliussansam
arwilsiaunadvil MOSFET luanunsalin-Uelulvin Switching fiauysal uinduhenily
Tou Linear feneliiAnnsgapdendsaugilusuveanimiou anviliAniAnan1iy Thermal
Runaway Fadulsingnisalfinufeuazanvilvinaandfives MOSFET waguuUas dea
Tarudouifintuednseidosunssisgunsalidemenns nsvviumsiiindueeasn
waglsianunsndounduld vilviFeaudsu MOSFET Tusifavin

A0l 5-15 MOSFET 7iAnauideniaan Thermal Runaway
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0,000us CHI_EDC/" 6,00V j

MWN 5-17 JUAAUFYa1049190n21N Gate Driver MikaLieuly

Wuly: msvFudsuuumsnisigussiuliinlivangauiuladinvesgunsal
Tnednduladnoussiulninszuansslutag 0-20V laglaiku IC Voltage Regulator 7812 8n
solu madsuuasifithmneieliudlaiussfuiianels Gate Driver IR2110 agliiAu
fifngsqai 20V Faaztaoteatuanudemeuarfnuiszdnsnwnisiany nMsineussiy
seiuiReatuliifusie Gate Driver wa Power MOSFET unufiagldszsunssduiiumnsinaiiu
wilouwAy n1sviauil 9ol Gate Driver a1u130AIUAL Power MOSFET ldagneil
UsgAnsnmuntu 1esnseduussdudl Gate Driver desanlumuay Gate 189 MOSFET
aaeandastuszAULIITuA MOSFET Yoy meusunBsuiiudasshlsiussansnmlng sy
yosszuvanandntosislofiouiunisiiusedu 2av fiuil uindulvinadwsidaaenannndnly
FruauadsLarAnulaenfaveeszuL 1esasavineuldessededlaglidindym
Thermal Runaway v3en1swdevnevesgunsal



101

AN 5-18 eusIeUlNAINTZwaENTI Gate Driver

1§931NNM5UTVUTITEUY 9asannsavinulamuunfegrsauysal Liinisven
haunsuiuvdenginssuiiaunfuileuiineiatudeunii svuvanusasiiunsas
Toundsnuldegaraiilouaziaios nelifdduananfounsenuiinnaislag Gate Driver
R2110 liiAnAnudemeviensianinunddndely maufusssuussiuliegludindning
Uaensuvhligunsaitansnsavhauldmudneamidud Taglifesinadomnudemean
wsauLAY 157 Gate Driver ﬁwqquiuaﬂﬁazﬁmmsam'qmaﬁlﬁé’ag@mmuquﬁﬁaaafﬂfdﬁ
AN AT Tanuuiuguaziadosninfu

a11150AUAN Power MOSFET Tivihnusiuiuldegadssuavuasnsiy MOSFET
feaosiaannsndn-Tnlufsnsiiaenndestuagwanysal laifinnsvihauidaudmield
Usvaruiu §udutededdglunisteatunisiiin Cross Conduction way Thermal
Runaway aeidutlgmireusduefin n1sviausiuduves MOSFET agnsfiuszansan
denalvinsagidendinuanated1aun mm%’auﬁ'Lﬁ@‘ﬁuasﬂmzﬁuﬁsJan%’UlﬁLLazmmm
szuweenluldegnamnzay liflnsazauaufouiionvneliifinmnudevnesogunsal U
ndudynuiieanan Gate Driver ndusniliannmimilowdu finsdsusiuisndua
FaLau

5.2.1.6 {]zgmmii’@ﬂizLLﬁMizUUMWﬁQQLLazmi‘LGi’f&hﬁmmm Shunt
Haymidinu: Wesainszuunisarsloundanuliiiuuulfaneviaudae
anudlutsiladsnd msliiTesdletaunsgu wu faffimesviouraudiinefliannsn
Tinansinussdiunagnszuaiigniosld esngunsaimarilldsunisesnuuuanlisnsiy
ns¥alutasanudiiios 50-60 Hz Wby viiligunsaifaussuasnszuadsndudosinde
poataladlay wartindunaingnsfiugiunguedlov
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/I AR\ [T
R\ /O|r\ /1]RN\
(E)=IxR =Eﬁ ®=TE

ANN 5-19 gasiiugiunguesleny

FBudly: n1sas1adaduniy Shunt dwsuinnseuadavindisiiuniu (R) auim 0.1Q
20w el Current Shunt dwiunisianszua lnsselugedifesnisinnszuadilvalud
yavaaaniiads Fsdnuaznisiaildooatalaalaaussdunnason R gabu udatm
AUIUVINTERAIINGNT

L PRPKCC 1> RNSCC 1> Vox<0 1> ° MesndG 1
1,800V 1,000V 1,800¢ 800.00aV

AN 5-21 n15sien R 7Igain e innseuwaninaludwnunainsd

azlpnseavinny
LSIAUNRAATEN R U9 0.1Q 20 W TA1winnu 1.0 VRMS
Y V10V
NFNTLANTEUA === — =10A
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5.2.1.7 Yumnswdsuiues Power MOSFET
Jaymiiwu: levhnnsmaaeuse Power MOSFET 1ua$ IRF640N #ildeg)
Ay wudussduiinnasen Shunt Resistor 671 1.0 VRMS Gaiflodunnudalénssua 10
woud ieifisufudonaann Data Sheet wos IRF64ON iszyiniifidanszuagaan 18A 7
oaumQinng1 25°C wag 13A figaumgiigenin 25°C Feagulein MOSFET idsvihandlndids
i

e i ooy Al
. T iy _ 200V
RDS(on) = 0.150
I = 18A ﬁlqmwgﬁﬁmd'} 25 °C

a

- 13A figamgiiunnnin 25 °C
Package : TO-220

AW 5-22 Data Sheet 993 Power MOSFET s IRF640N

Fevinnsmaaoufie Power MOSFET wod IRF640N fildagifin wudiusadiudinn
AseN Shunt Resistor §lA1 1.0 VRMS Gailafuinudildnszua 10A Weiiisuiudeyanin
Data Sheet 494 IRF640N Aiszyindfidnnszuagegn 18A figaumaiiannin 25°C uay 13A 7
omgiiganin 25°C Teaguldn MOSFET frdsianulndifiufide warionmgiasduide
viudunaiuiug Fimdsuilifnd utunssuiunisasleundenwinlges aan
nsenwausauilald 2 35 fio vwu Power MOSFET wesiildvanestu iiewfiurds
Sasnslnavesnsvud e9zvily Power diunindu wiewasu Power MOSFET fisaasu
nsvudldinniu ust Package fioaliu TO-220 vieifudnuafiannsalduuiulaiu PCB 7

PONLUULNIEHAU Package TO-220

FanQA1 Rogon 89 Power MOSFET §asgs Wlorrmnusumuteay udaiing
§annsludaiilii fasifin Loss woe fuiu Felddnaulassidou Power MOSFET dalvldl
seasunsualsgs wazliAnmnusnuniutes $IuGa3095U Package TO-220

WBuly: Wasululd Power MOSFET Juiifiussansnmfni lneiden IRF540N Fadl
AATIFLITU RDS(0n) Lies 0.0440 Wlaileufiu IRF6AON fifidn 0.150 uenannil IRF540N
Faflfidanszuagefis 33A Higaumailiindn 25°C uag 23A figamgiigandi 25°C Jagend
IRF640N FofBnagnsfevisansguld Package TO-220 wdlouffu Ssanusaidsuunuriulé
Tnglsifossuiuasy PCB
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International e ‘ﬁ mauﬁ’ﬁ%’ama glj\'iﬁ
TR Rectifier IRF540N q v
HEXFET® Power MOSFET V _ 100 V
lfm ° | e RDS(On) = 0.044Q
P I = 33 A figaumisendn 25 °C
S = 23 A Migaungiunnin 25 °C
S e rozme Package - T0-220

Absolute Maximum Rati

ATWH 5-23 Data Sheet 483 Power MOSFET wwa$ IRF540N

paanUAsWdu IRF540N 1aa lavinisveaeuinnseaisdemedsineddunldnou

il ApnsltesadalaalaUinnsenunnnAseay Shunt Resistor ¥um 0.1Q 20W

[ Rus<c 1> /... P 2> - RMSCC 2> "Frea<t 2>
24 38400V

2NN 5-24 Myianssuainlvaludagaunainileds Wawdew Power MOSFET

aglenseuawingu
NTNIUARU A UIPUANTBN R 0.1Q 20W Ty 960 mVRMS

V. 960x 102V

INANS IINTL WA |= - = ———— =96A
Y R 019

wasaniasudu IRF540N wazyhmsvaaoulva nudussfuiinnases Shunt
Resistor anadinae 960 mVRMS duiflomuanudldnszua 9.6 woud nszuadioglueg
Tua9 9-10 A winnseuassdregludidlnaldesiu i MOSFET anunsaviaulauiundey
fgumpfimsviauegluszduund esaniianudumunelufidininilinsgade
ndaulusuresaudouanas dwmaliuszansnmlnesiuvasssuuituas faunsoluns

[ ¥ 1 a [d X
Maulaegraanesilunaiuiuiy
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&

5.2.1.8 Yymdnnudszy C Mludslowuudiuanmienh L lulddiniuiou
Uaymiinu: dufiudszq CL4 vwm 0.334 pF 630V AIlfTwislguuudiv

a o y I a 1% & 1 < Y o Y o J Y <)
wnannilerilulsdainaiuioutuegrauiuladn Wesasinusedewdunaiuiu
duiivgruindgmerainainussduidniuviszysessulals Seldvinnisiaswduduiy
Uszquunaieaiu wisessuussiuasduiu 0.334 pF 2kV usnausinginduiuuseaslm

o a o =~ a a4 0 & M Y a ) U a1
YIANHAIMUIDULVNBDULAN %QU&%%W{]@JWVLNVL@LW‘Mﬂﬂﬂii@ﬂﬁULLﬁﬁ@i&ﬂl&JLWUﬂW@

AT 5-25 duns C14 Tuaasdunesinesanuige

d' d' Y a = Y o (v d' 1 (Y <@ ¥ aa
W onmanugAuiase Jalavinnisianseuad luarudaivyusey Cl4 ae3gng
WEINUN AN Ealy MOSFET Aannsse Shunt Resistor 9119 0.1Q 20W ka2 inwsInud

ANASaUMIYRRATaladlAU

(X S CH1_EDC/ 0.00mV

. PkPK<C 1> < " Rusw 2>
28,000V L a200v 12,000

MWN 5-26 nMsinANsEanlvadiu C14
HANISIANUIT JUARULARILSIRUANATON Shunt Resistor 31AH 4.2 VRMS

lanszuaviiu
#saugUAdu Ao LseRuUANTaY R 0.1Q 20W JAIAY 4.2 VRMS

IINFATLANTEUA === —— =42A
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AN X 9INERT
Y

1 1
X, = = = 5.590
2TUC 2TT x 83.80 x 102 x 0.340 x 10®

NN Power azke
P= 422 x 5.59=9,853.62 W

i = S v A ogvey & a 1y = 9

ANTELanass 42 A diluanvsmaniinlvsduiuussuinauseu Weenudh
v & I sl 1% a ! P s | =
Aiudszanlugunsaiienlvinssuannudgelvanulad widlelinssualvaruluysunm
wnAuly azinnisagdendan (Power Loss) neludunuusey eusingesnuntugy
voaruiou Jaymiliiadunsigluaeassloiuud Wemianuavsenisiedaslimuigay
g1 lrinnsslanyulsugdluiens LC lnglanzidlannsyhauinnudislowuudvie
IndiAes nszuainluaruiunusygenvaninssuaniglmwsnanewi Juludnuazund
Yorasslawuud udlunsdinszuagaivlvawhliuiuusslianunsassuisanusouls

Nnu

MIUnanNNIsIUgIULaD Auiulszasdanudiuniunenseuaianaudendnud
a £ A aa [ . =& o & Y a
WU se9i58n11 Capacitive Reactance (X.) #9HANUdUNUsHNHUAUANNDAINERS

X = 1/(2TTfC) satiuiinnudge siulszadeenlinszualmaniulade wleududuisas
% o [ [ d' 1 < d' LY} <@ 1 % [ <
dndmsudyaannudgs egelsiany Wedaiudszagndediluiasslowuudlidinasdy
LUUBYNTUNIBIUIU INANANR LmangaNAuAMUD NI TILazAIANmTe 11701
wnadn ziinUsngnisadilinsszashau Tunsesslowuudioanwuuldivangay nssuan
lyadgunieluieas LC 8198A1g9n31n5euan 31810158 uunanewin Lieda1nmianig
wanidsunasnusznivawnliiluiuiuussquazauunivantiuvaainmie

dl‘ q'.q‘ 1 I (Y @ [ a a [

\dienszuanilargelvariuiiivusspdunaiuy sfansgaydendsay (Power
Loss) nelusaiiuusey Wesnndufuuszyasdanuiiuniunielu (ESR - Equivalent

Series Resistance) wazen Dielectric Loss Miluivlumud nsgaydendsnuiiazusingaenun

'
v a

lugdvesmnusaunugns P = I2R detuiilonseia (1) Wiadu Masigadeasiiudununias

Y

d0e AmuFauniinTuazdmansenusonuautRvewAuUsY

q
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i 5-28 funulszgiasuiiinanudenie

viannuiymanuouvesiuivuse IWanviiufuAsidunnumnzauved
yiadufuusyafildlunuanuias nmsfnwmudt Fafuussauda Mylar Aldogindy
Limngaufunslfaulumsmdageinnud kHz wull fufuuseg Mylar Taeialuae
WNgaNA U Foan1sAuLt ug uazIafesATM 1Y 29990589ALA G 299501A
Intermediate Frequency (IF) vesinguazInsiiay viosuiifinszualigsunn widwmiuns
TlursessTouuudifinszuagauazannudlurig kHz wds Mylar enafideddnsunisny
NILUALAZNNTTEUIBALSOUY

INMsANINUIT Film Capacitor azifumadondimnzaunin iilesanilnmana
fimdeunaneussnmsdmduaud 1eua fn Equivalent Series Resistance (ESR) 7161 &3
annsgdondsnunazanueudiiiadu amnsaldeuduanud qeldalagliinng
Wasuwasiaugunin fanuadesfifnenisivasuidasesgumgiinazussdy uas
annsanunszualiiiglnaniiuldgenda fedulanaasaudsusnld Fitm Capacitor uny
Mylar Capacitor tiewdlodlymenufousazifinussansnnvedssun
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AWl 5-29 FUUsEQUIA 1.0 pF seynsuiu 3 fadieliilduun 0334 pF

NAN1INAAINa 39 M UE sunld Film Capacitor wUU MKP (Metallized
Polypropylene) unu Mylar Capacitor wansliifudanisuivusiiuldda Tngnudinis
daundruiiussans Amat uniniy waznszuaaunsalvarulda iy dedenadoety
AaandAved Film Capacitor 71A1 ESR Anduaganansnsesiunszuaiqendn Mylar
Capacitor wildloszuunusasdondunaiuiu Film Capacitor MKP Agiaainaiuden
T waefhifnantifude ﬂlﬁmmf\maﬂ@hLﬁ‘U‘Uizf\;LéllLU%SHLLU@W%@LﬁﬂﬂﬂmﬂmLau

LCr ME TER
IGICoN L R-841

AWl 5-30 AraAudsEauuIn 0334 uF $1uau 1 6

FeaoaAsunldmafivlszquielmifienin Film Capacitor WUy MKP unus iy
Adu Mylar wagl¥asdenanefreaunsutuielildaiidons ilenaasaudmuitssuy
yhauRtuilddn msdmdsnuliihsueinaludsoldinindy uaznszualninladiu
dietuinn waedufuvuseglmifiaunminiy sldlwihgnydetosamoulvai uidle
Waededdnuliuug Jamimduintugn feo ﬁuﬁuﬂisﬂmjé’aﬂﬁauﬁu waziugnintu
Aoty wileutugnitafiraumnifuly detaddafiuuszalml nuirdnudeuld
NLAY

viannuiyvinisdeuaninuesiafiuuseguuu MKP Afiauinemiudou v

o =

a a a a Yo Vg Y] Y a a A
LLﬂgllﬂ'W’]'J']gJﬂqLUaHULLﬂaQIUQWﬂL@N NUNINN lﬂﬂﬂUWﬂUQQWLWNLG]@JLW@‘VI']V]'NLLfﬁA’L‘U{jQJJ‘VI']

Y

98199175 9NN13ANYINUT Film Capacitor Uszunn FKP a1ngndn WIMA Jaduuievdu
WsuiiuUszgnanmgenUsenawesuil dasidumadenimuneaunitdwmsunsly
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nuluszuuauigwasmasiniigaguil duAudsey WIMA FKP daadnvusfieui

wanAsandaLiuusziall Tneldsuniseenuuunianzdmsuanuiidesessunszuass
a a o a ' a ac a

wazAIUDgs 41 ESR N3nn aaadiessenisiudsuwlauesgumgiaidon waza1unse

haldegrsdallodaeliiinnisidenanin uldisimazumendndaiuuszaialuunn

AN KAz UsEaNEnmAlasUANAITUNISAIU

AW 5-31 FAUUsEY WIMA FKP

ﬂwsé’ﬁaﬁalﬁwﬁza WIMA FKP 91nsnsUsemeidunssuiunisiiseddninuenny
woauAlT iesndessesseznalun1sdndsUszana 15 Yu Sereudreunudiediouduns
dsogunsaiilunielutssna egrdlsfinnu maserssindulimanouunuiiduandeldzu
AuAuazinNvaassltaIuase

FBudly: madenlifafiuusz Film Capacitor Uszian FKP 990 WIMA Wilethéifiu
Us2q WIMA FKP an@nssluszutuasyiinisnnaey wadwsaldidudiuiwela nisdsinu
ndulaiuuuldaneivssansamatusgatulddn nszualuihanansaluanuldag
10 uazfiddnAefuAulszganunsahaudiduldfsuanuinssuuldanulutag 81.39 fs
90 kHz §aduva9anud i drdgydmsunisiaslouuuduaznisareloundsud 1
Usedvdnm dlevhnismageumsvhauseidentunaium daymitneiatutusufivlsey
wwuiiismueldunisudluegsanysal Mgunsallifinarudoutuutiagvhaumiindy
nanunu dnwagmamenminsnalifinsuindmieidegule uazfiddyfigadeni
WosiuAvUTfinsmaiiliiasundasnanfuioenuuuly Faneanuiisyuuaanga
SnwpnudisTonuudldognausiug wagussavsamnisieloundsnuinsiinaonn 514
U
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5.2.1.9 Yaymmsidenyszianvesgunialdnsuies Rectifier
Jagmiinu: 995l KBPC5010 Wlevhns@inunamanifives KBPC5010
agsanidon nuinduinasuindfioanuuuindmiunisiaudiannuden (Low Frequency)
gelimngautusruuveddassnuiiviauiinnuiadugag 80+ kHz eailimangaud
danalvinisSeanseualiivsednsnim wavorainnisgadendanuaddusUresmnuiou

-

it

g )
v

AR 5-32 KBPC5010

FEnsuilvadausn: mnnnsAnwuiiugy ﬁuwu*j'ﬂmiamﬁmmzauﬁm%’umumm?ﬁqa
HanaUselnnuan Ae Schottky Diode Way Fast Recovery Rectifier Diode 34lannasy
\wWaswunld Schottky Diode wUsznauidunsasuinduny

nansnnaedLEndliiuiinsdsansruavihldaiuniniy wideneaeuiuluan R
120 15W wuinseuadildiifios 0.4-05A uazusafunnasoslvanegd 12.4-14.7v auvienil
Fildifieanadmsunismsauumnainziangs 24V fidesnisusadiurnsalugae 26.4-27.4v

AT 5-33 2995U3ATUUU Schottky Diode

WnsuiluaSeiass: Wesanwaan Schottky Diode falitnela Jsnnansld Fast
Recovery Rectifier Diode j:u MUR88OE #a1¥u Ultrafast Rectifiers ﬁﬁna’m’liﬁﬁuﬁ’smﬂ
wingdmiunuanudguarannsaTessunselagsla
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MURBIO0E, MUREBOE ;
SWITCHMODE |
Power Rectifiers

Ul alast " Bevien with High Rieweras
gy Canabisty

mwﬁ b-34 Datasheet Ultrafast Rectifiers MUR880E

a1 MURSSOE 1nuszneuilunsasuinduagnaaouiulvan R 12Q 15W wailld
Huitiwelasgnann Tnsusssiunnaseslvaneed 23.4-24.5v wagnszualvarulvanegi
1.8-2.0A admidslailg 42.12-49.00w Aumandeglusedufimangavdmiunis
ihlldnufuszuunfauunmeinemna 2av 26Ah duidmnevedlasinu Tngusadui

TALNALABIN UL IILTIAUTIT AT LNUIL AN LALNTELETN b A1U1TOLANVISANTUTLEANT AW
Auneanwuull

AR 5-35 2935 Rectifier 7114 MURSSOE

5.2.1.10 YymnImuauLsduSaLUALAS
Jyminu: mimuaunsmfaunneiimngay esnussfuild
1MaasBosnszuanglurng 80-90V Fagaiuninfiuuniae’ 24v ax3uldl Fedesiigunsalan
LS ULATAIUANNITYISY gUNTainUANNIIS ATl Nz adesa N TasuLT UYL e
Tuv23 80-90V uazudaaduusaiuviean 27.6-29.6V Lot lussauumneiluszuy Cv
(Constant Voltage) Feagmuauianizussiuiid ludaunines uivaeslinszualuaitn
LUALABIANLANLABINTETIUAVRILUALIET
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nsidenldaunsainsausn liidenld DC MPPT Controller 5A DC-DC Step Down &4
Jugunsalfiesnuuuindmiuszuuleaiswad andiazamnsausunsnuliinnzauuas

s Yal
AIVANNITYISALAR

AWl 5-36 DC MPPT Controller 5A DC-DC Step Down

ilovihnismaaey nuiufounsalazamnsansanumneile ualiannsanivay
ussumneenveslugalvinsildmuiifosnis Jamithousniduintuilouunnedlndas
i ussturidiiteulflugaiiugeduiuidailugasessuld Ao 35v dewalsimaufulszqlu
mavidivedlugaszindems masmdavesiufuussdulygmieussivedingunsii
Fonuldmangautuszuy ilesnnliannsnsesiuusadugsiiind uluszuunisdslou

nasulsanele

AMdl 5-37 DC MPPT Controller 5A DC-DC Step Down fiAanissziln

ad

Sn1sudle: I6@nwinazmgunsallvaifivanzaunit Ineiden DC-DC Step Down
Module fififagadnims DC 12-95V to 1.5-90V 18A Step-down 400W Bsiitaausastuaiin

% =

NTINTIATANNTTRITULTIR LGRS 95V FIATBUAGUYIINITYINAUVBITHUUT 80-90V

(%

lopgvaendy Bnvialugalmiddsanunsausuuswiuveanlalugiening 1.5-90V uazsessy
nszualagedis 18A MMtk 400w Fellmnuanunsaifiunadmiuseuull
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High voltage and high current
step-

own converter

Input: 12-95V
Output: 1.5-90V
Output current: 0.3-18A
Rated power: 400W

A 5-38 DC-DC Step Down Module

vianasunnldlugaln ssuvannsavialfedaafiosuaziuszsansam lng
ansasesiuusWiuieanaInisesienszualdognaasnds Uuussfureenveslugals
puAfean1slutag 27.6-29.6V wazinunszduussiurieeniviasilduslusnsiuunnes
fdamnda Werhussiuiimuauudalunsawunned awnsavialdegiussansamuay

Uaensie lngliiadymussiuiuiiavienisidemevesgunsaldnseld

5.2.2 Ygymsnuuszansninuaznisaaloundasnu

UsraAnsnmlngsmmessruuiiianntueglusedyu 30-50% defioinroudreiuie
WisuisuduszuussanuuaelialuAfiussansamannnda 90% msgapdendany
Aadulunarsgauosszuu Idun lunsasbunedined ianisgaideninnisaing sues
MOSFET @ejnadsil MOSFET 1Ta-Ta aeiindsugapdelusuvesniuiou Tnsaned
Afgendn 80 kHz ﬁﬂﬁﬂwsqm@aLﬁuﬁumwmaﬁ’mauﬂ%’jwmﬂ'ﬁa%m%q N15AN8laUNANY
riuemadugaiiinnisgydesniian esnauuusdmandnnsialualuseuq lilsgn
Fulavunansuitanun Besvegiadiniu msdaluefazanntunulude 2andonssuailld
Iplonnfinsgeydeiduniu wasdeuunldlalonuiln Fast Recovery uda wadimsdiusefunn
aseuiviliAnnsgdondany

szoymateloundanuiiiiuszans nndinegiiios 6-8 wuRums seosfiduiduil
o1alaiisanedmiunsliauaiduinussdiu Wesndesnisaudaveulunisonsa
wnninil Tuaniunisaiass fdudonaldannsodasumisalinstugausaldeduiug
auely o1afimnuRananslunsaensn vieiufnliGourilssesvindliasiiaue vonani
ANLUANFNITBIAIINGSIABUAUR AT JuD19d Al sz EsinesE I nsvRaInIUABuLUasly
syognsvieuiisidadvlsruudilinfeudmsunsldeudsndegddosn 15
agpnaunsuarauBangugs wiffnaduiuguisdmiumataudeluluswan o
sz dvBanmuazvesszogmainendimnganiunislianuaie
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5.2.3 Ugyaunisidauiazanulasnse
Yeymenudeygiasuniu Lﬁawfmiwuﬁwmﬁmmﬁqam'ﬂ 80 kHz Fven9dina
nszmusiogunsaididnnsetinddue fegluuinalndifes Fyanasumuilintusiadanase
syuvingivianulugiuniiud AM nie FM lRAndeasuniunsedyrafai oy
Insdwsidefouargunsaldoasliansdug onaldunansenuanaunuuwsivanlniaiuse

dwaliinssudygraliadossoinnstndes
Tudrwvesdgmidiuanudasadelunisldau wu anmdululdiad ing
wlanUasuilvlusnussnineanduazunainsy Tnglave WU WSey YUl v3eiay
Tangsineg mndldluusnasuuuivdniinse oradanmsmioniuezsoutvedimnids
FeonaneliAaluluivonsuinduld Tuld imedsls vioimenszany ulaglidulave us
mnfinnudugsienaldsunansenuanauuuimdnwiliduiy nsdudatuauuuingn
vounueviodnd uarauasafoaniwihluanmnedosdiiaudugs Wosnszuua

Aamananauduazfomusoan ne N

5.3 daiaupwus

5.3.1 flfnumsinwdiionslinuuagyhanudladuneunshauresssuutouns
THuase iudensnsvaeudypalvuansaniugnige 39n5ia-Unseuu wazdansseis
sumaasade Wislranunsalinulsedisgndeuazuasnds

5.3.2 iledeansvsauunnes dusniirenlugausalasdadumislivaainiuiin
é’?@@gﬂéfiaaamﬂﬁmﬁ’mmmmwuﬁu Tnedunnnnindygaiivaninisifess seuvazsy
Faulaesmludfiiedosannaindnsradusiun (Limit Switch) Annaaly viildeaseane
ToundsnuBudsilvtununnes

5.3.3 ssvunswdaliwuuliaedldnarlunsnsamdanuogsedunis Tafeans
uwnun1siFnulimngan Tnowugitlinsalutananilideddsn wu vswmeunansiunie
sewineTuvga JldauaunsafnnuaniugnismfaiuninaeuaninafLanssiuus iy

NIzud wazUSUNGINUTLASY Weliuunme3iivssyfundoudmsunisiiunsnswiold
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5.4 uwamnelun1swan
5.4.1 WeifisdsyAvsnmuashdsnsmeloundanuvesszuuligetu S1ududosting
Usuugauaziannluvanesmdiddny deenansautseanldiulseiiusingg il
5.4.1.1 mM3wmLmieidenlds9s Gate Driver fianuisavienldfiussiugsndi

20V 22978 1%a11509U MOSFET Talfudseansnin wazantaandnsiuusesunnulunig

1
=

naansnsil vinlfaunsodeidsliildinnty

5.4.1.2 n1sidenld MOSFET fiflanssaurgelu wu sesfunszudlfioozndi I, §
A1 RDS(on) i wngaufuszdunsdliauioglutg 81.39-90 kHz axvaeuiuidanisds
wazannisgapdendsau Tnoameluduaruamsalunissestunszuaigadu day
Fuunzaiifias wavauauiRnsaindeingauiuanuinisyinu

5.4.1.3 n15UFUlUE pulas9a31999959878 MOSFET 24953910 Half Bridge
Converter t{u Full Bridge Converter %“U"JEJLﬁ'uﬁ'lﬁﬂm'idxﬂﬁgdﬂ’j’]Lau‘d'ﬁxmmamwh IGE
finsmuauiiinit il sodigloundsemilduiniy

5.4.1.4 nsfnwuazidenlifuAvssgivanganiunsinuiinnuigs wu i
\iudszauila Polypropylene Film %3® Ceramic fifien ESR @?WLLazmmmwummﬁqﬂé’ﬁ
wheiuUsEANSMLaTannsgae

5.4.1.5 mswasuianunainanaenesuassssuaduae Litz Wire ioviei
yltuuunans vde Capillary Tube asdtanuansgnuanysngnsal Skin Effect MiAntu
firnuiigs ilvinisthlniihdussavsnmAtusasanmiudiiumuresuaain

5.4.1.6 NTRAMU93TISBensEamewmalulad Synchronous Rectification
nsltlalensssum azrvanmsgadondanulumsuvanszuaaduifunszuanss uaziiis
UszAniamlagsiuvessyuy

5.4.2 P13RAUINITENLUVIARIALAE ST UUT B9 UL pAIUALNITT A lnaves
auimdnliosfigaiudsdify Weduussansnmlunsieloundnulinngy s
PuAuilaggrelindanuiidenidsdsanunsaaielouludsis3ulduniign annisgaide
wanuinszatveenlgdswindeuseude uaziinauvasa solunislday Tagens
finsanmslifantostuvdensooniuusunssuaindivanza
5.4.3 MINaU1szuUleaundu (Feedback System) Tnensandadumasnsataussu

uaznszuailsfundsamidudedniu iledsleyaanurnsvsanduludsndsidsileds sin
Tannsamuaunsiauvesszulliaenadesiusyninsiliduazileiu vsuidsnisddli
mnganfuanzsiauuameluliaztiana uaziiuanulasnfefenisnsiadey
anuzlazvgansnuilainAnuRiaUnd
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5.4.4 NMISWAIUITEUU Maximum Power Point Tracking (MPPT) fi9anuuuunlagianiy
dmfumsagleundsnulianelinnuddgegrawnn welvanunsafianuiasinyigaviay
d‘ ¥ a a | U d' -'-Nyil U d' U ¥
Nlilsegdniamasanedissioiios lngssuuildesaunsausuainud useiy wazinali
WAUTENAUEN1IZNTVINULUULIE el LarTeIsUNITBNTAUUALABTATUNS 3 1UuAnIS
%153 lawn Bulk Charging dadun1sy1sasmenseuansiiilaluniso3ine Boost Charging 91
& s v ) a A aAa @ . P ¢ v v A
Wunsmsansussiuasilauunn o3 5ulA Lag Float Charging Milunisunsanisliiiie

SnwseiuUseqiu seuu MPPT dagdaglinisynsauunneiiivsedninnganuazions
AT INUNYNIUIUTY
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udsznalun1siavingaadnssuunisanglounasanulnii

wuul¥anedisusrusud i

dl v o a 1 v ¥ o U
A157199 -1 sudszanadunisdniiynansassuunisateleunasnulniuuuliaedmsy

guUA LN
A10U 578n15380/aUnsal I (AFY) | mrvmdle | 51e1 (Um)
aenes (AC Power Cord) 1 80 80
Safety Breaker 2P 220V
2 1 40 40
2U1N 10A
step-down module 220V turn
3 1 49 49
5V
4 WeMos D1 ESP8266 WiFi Board 1 120 120
5 | 2 Channel 5V Relay Module 1 35 35
PZEM-061 AC Power Meter
6 ~  caa 1 350 350
ULHIDINIFDA
7 Push Button Switch 1 20 20
8 Buzzer 1 10 10
9 Limit switch 2 80 160
10 | Pilot Lamp LED Indicator a4 30 120
11 IR2110 IC Gate Drive 1 50 50
12 | IC socket 14 Pin 1 4 4
13 | Capacitor 0.1uF 50V (wuulaifien) 10 50
Capacitor 0.334uF 50V
14 - 2 3 10 30
(wuulaidian)
Capacitor 0.47uF 50V
15 ot 2 1 12 12
(wuulaidian)
16 | Capacitor 47nF 50V (wuulaifien) 3 12 36
17 | Capacitor 220uF 160V (WUULU2) q 35 140
18 | Capacitor 22uF 50V (WUULiv7) 10 2 20
19 | Resistor 5Q 1/4W 2 10 20
20 | Resistor 120Q 1/4W 2 10 20
21 | Resistor 4.7Q 2W 1 16 16
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¢ﬂl v o a 1 % b4 o [
1371991 n-1 \‘i‘U‘U?%QJ’]mOLUﬂﬁﬁﬁﬂﬂVﬁ?zﬂﬁ']ﬁmigUUﬂ?ﬁﬂﬁﬂi@‘u‘WﬁN?‘LﬂWﬁ?LL‘U‘UIiﬂWEJﬁ']‘ViTU

guguA i (sa)

v

A10U 598n157a9/aunsal w9 (B) | 59M/mide | 91A1 (Un)
22 | Resistor 27kQ 2W 2 14 28
23 | Resistor 25Q 5W 1 7 7
24 | IC Voltage Regulator 78L12 1 15 15
28 Heat Sink 1 69 69
29 | Wipau 12V 1 34 34
30 | Terminal Block 5 7 35
31 | wima capacitors 0.33uF 630V 1 120 120
32 | wima capacitors 0.1uF 630V 1 100 100
33 | aelw THW 4 SQ.MM IEC 01 20 LU 22 440
34 | a1l THW 6 SQ.MM IEC 01 6 LT 30 180
Switch-mode Power Rectifiers

35 4 22 88
MUR880E

36 | DC Watt Meter 60V 150A 2 220 440

37 1N5408 Diode Rectifiers 1 5 5
XH-M604 Battery Charger

38 1 100 100
Control Module
Electrolytic Capacitor 220uF

39 2 30 60
160V

40 | Battery Capacity Voltage 1 152 152
Metal Indicator Light-Led

a1 . 1 62 62
Indicator

42 | ON-OFF Switch 1 23 23

43 | PC817 (Optocoupler) 1 q 4
ESP32 development board WIFI

a4 1 145 145
Bluetooth

45 | Power Bank 50000 mAh 2 294 588
LUmAESLRTdansange

46 2 850 1,700
YU 12V-7Ah

47 LLw'u‘wmagm 240X120mm. 1 1,400 1,400
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¢ﬂl v o a 1 % b4 o [
1371991 n-1 \‘i‘U‘Ui%ZLI’]mOLUﬂﬁﬁﬂm/l’]Gq@ﬁﬂﬁ(ﬂi3UUﬂ?ﬁﬂ']EJIEJ‘HWﬁ\NWUIWWWLL‘U‘UIiﬂWEJﬁ']‘Viﬁ‘U

guguA i (sa)

A10U 398M57a9/aunsal $1uau @W) | Mer/miae | a1 (Um)
- suaseuaelll Josdusavivane ) 390 180
Rubber Cable Cover
é’wmaaﬂﬁuﬁfﬁ YU NI
49 | 305mm. X 17 395mm. X 1 504 504
g9 150mm.
Fuanafniiut sunm nig
50 | 300mm. X 817 290mm. X 1 395 395
g9 104mm.
High voltage and high current
51 1 260 260
step-down converter
52 | WiRauszUIEANGoU 220V 1 124 124
53 | Mosfet IRF540N 8 30 240
54 | iaman 1,000 1,000
s Uity 10,497
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2.1 Msmuraaalawmietlniuuulenay

9.1.1 gnInsAuInANUmiynvearnaIawuu Flat Spiral Coil

gosildlunmsiuin

A ANUIUAN:

: O =z
I I

(%)
1l

D =

o

9.1.2 ANSATUIUYNAINEIE

N2 x A?

L =———
(30A - 11D;)

(D; + N(w + s))
A= — =

2

At (uH)

F1UIUTOU

dusiugugnataniegly (mm)
YuaLEUUAUENa1mtfaaIn (mm)
ANUNTNTENINNVAAIALAALTOU (Mm)

usugugnaenIeuen (mm)

YoAnun: ANANLUTEINTIRINNS = 12 pH

angln THW 9um 6 Sg.mm (W = 2.54 mm)

ANTANUIEU:
b ~
YUADUN 1:

AMAUAALSUAU

JUADUN 2:

ATUIUAT A

JUADUN 3

AUIUAIANULRTEEN

D; = 65 mm

s = 14.25 mm (32ULNNTLHINUAAIN)
N = 8 50U

A = (65 + 8(2.54 + 14.25))/ 2
A=(65+8x1679)/2
A=(65+134.32)/2

A =99.66 mm

L =82 x 99.662 /(30 x 99.66 - 11 x 65)
L =64 x9,932.11/(2,989.8 - 715)

L = 635,655.04 / 2,274.8

L = 279.36 pH

MsUTuUse WesnneAiilaaaiuly Fauiuandruiuseuuasseeeng
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(v-1)

(¥-2)



N = 8 09U

D, = 33.64 mm

D, = 65 mm
nan1sAalal: A = (33.64 + 8 x 16.79) / 2

A =83.98 mm

L = 64 x 7,052.23 / (30 x 83.98 - 11 x 33.64)
L =11.00 uH v/

Flat spiral coil inductor

. 7= l::”:.l-j_li..O.i

Formula used in this calculation is based
on the Harold A. Wheeler approximations.

L (uH) = r2 * A2 / (30*A -11 *Di)
A= (Di+N*(w+s))/2

Coil inner diameter (Di) | [mm  ~]
--where Number of turns (N): :
Di =inner diameter in inches - ; 3 -
s =distance between windings in inches Wire Diameter (w): | ‘ | mm ‘
w =wire diameter in inches. Spacing between turns (s) |mm hd ‘

N = number of turns.
Do =outer diameter.
1 inch = 0,0254m=2,54cm = 25,4mm

This formula applies at 'low’ frequencies
(<30MHz) ) using enameled copper wire. Wire lenght (WI): | -I m v -
Some people call it "magnet wire".

Calculate

A i -1 wihdu Flat spiral coil inductor calculator

Coil inner diameter (Di): 5

Number of turns (N):

Wire Diameter (w): 254 mm v
Spacing between turns (s) 14.25
Inductance (L): |11 001 -IuH_v-

]III

Outer diameter (Dout): 333639 | m
Wire lenght (WI)- |5_009 -Im_v-
Calculate

AR 9-2 LERINSAWIMNTNAU Flat spiral coil inductor calculator
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2.1.3 M3AuInaIniesu (Multi-layer)
gasdmTureaIavanetu:
(31.6 x 13 x N?)

HuH) = 5> f+9xL+10x(ry-r) v-3)

lo: r = Sednneglu (mm)
r = Smdanguen (mm)
L = AMUYIIVDIVAAIN (Mm)
N = Suuse UL
YoMnun: APt fidesnis = 37 uH
anglw THW 2wn 4 Sg.mm (dusugudnats = 1.06 mm)
Number of Layers = 2 ef?u
Turns per Layer = 8 58U
N = 16 89U
N1TAUIN:
%UG]E]Uﬁ 1: r; =20 mm
funASUG r, = 43.185 mm

L=2x1.06=212mm
%umauﬁl 2: L =(31.6 x 202 x 162) /(6 x 20 + 9 x 2.12 + 10 x
MumAienh  (43.185 - 20))

L = (31.6 x 400 x 256) / (120 + 19.08 + 231.85)

L = 3,235,840 / 370.93

L = 35.25 uH



Multi layer air core inductor calculator
Formula used in this calculation is from Wheelers
approximations which is accurate to <1% if the cross
section is near square shaped.:

L (uH) =31.6*"N"2* r172/ 6*r1+ 9*L + 10*(r2-r1)

where....

L(uH)= Inductance in microHenries

N = Total Number of turns

r1 = Radius of the inside of the coil in meters
r2 = Radius of the outside of the coil in meters
L = Length of the coil in meters

This formula applies at 'low' frequencies (<3MHz) using
enameled copper wire tightly wound.

£20§

Inductance (L):

Coil Inner Diameter (d):

Coil Length (1)

Wire Gauge:
[T )
e [ GER] |
)
oo cueromwor | D |

T 3 S
oo |G e |
ocressercs | WD [orms woe ]

Calculate Clear

AT -3 wIU Multi Layer air core inductor calculator

Inductance (L):

Coil Inner Diameter (d):

Coil Length (1):

Wire Gauge: AWG

Coil Outer Diameter (| 86.37 _

DC Resistance (R) Ohms (at 20°C

AN V-2 LAAINISATLIUVTLIU Multi Layer air core inductor calculator
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o o/ < cﬂ' Y a .4
¥.2 nMsAIuRnuUsziNa liAas lowuud
9.2.1 AUDLS LU

gasitugw:

f, = (v-4)

dl' 1 LY} <@
MswUasnenmImAINUUTEY:

= F%L (-5)
v.2.2 MIrmnaifulszqilsds
YoMnun: L, = 11.688 pH
=11.688 x 10° H
Fo = 81.40 kHz
= 81,400 Hz
AU Cy =1/ (472 x (81,4002 x 11.688 x 10°)
Ci=1/(4 x9.8696 x 6,625,960,000 x 11.688 x 10°)
C;=1/3.056x 10°
C, =327.08 x 107 F
C, = 327.08 nF

9.2.3 MsAnaiiulssgResy

Yonun: L, = 37.13 pH
=37.13 x 10° H
Fo = 81.40 kHz
= 81,400 Hz
AU C, = 1/ (472 x (81,400)2 x 37.13 x 10°)
C,=1/(4 x 9.8696 x 6,625,960,000 x 37.13 x 10°)
C,=1/9715x 10°

C, = 102.96 x 107 F
C, = 102.96 nF
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9.3 ANSANUIUNTZHARAZIIANVISALUALADS
9.3.1 NSLLAVITINUAUNTEL

gAINNTALI:
=9
lcharge = O]. X Cbattery ﬂ\‘i 015 X Cbattery (SU‘6)
We: | - NTWET159 (A)
charge
Contiery = SAdn euan (mm)

A mYuLunmes 26 Ah:
| - 0.1 x 26 919 0.15 x 26

charge
Conttery = 26 ATI39A
9.3.2 LIaIN15Y159
gAsNNTAI:
tcharge = Ahneeded / |charge (v-7)
We: ¢ - LanIensa (Tla)
charge
_ wdsnufidemnsaniia (Ah
Ahneeded - (Ah)
A1SANUIE:
N1SANUIUNTIUNADIYVIF: ANpceged = 0-6 X Contieny
=0.6 x 26
= 15.6 Ah
AITANUIALIANYISA: tharge = 156/ 2.6

6 las
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9.4 ANTATUIULTIAUBISY

9.4.1 ESIPUTISVE NS URUALADS 24V

gAINNTALI:
Vcharge = vbattery x 1.1 ﬁq vbattery x 1.15 (6(1_8)
ANTANUIE:
AMSULUALABS 24V: Veparge = 28 % 1.1 8924 x 1.15
Venarge = 264V 89 27.6 V
9.5 N15AUIUUTEANTNIN
9.5.1 Usgansnaw DC-DC
FATNTAUIN:
Noc = Pout / Py, ) x 100% (9-9)
lo: Noc Usg@ndnam DC-DC (%)
= Aasldv1een (W)
Pro. = Aasluinvgn DC (W)
9.5.2 Uszansnin AC-DC
gAINNTALI:
n, = (Pout/PmAC)x 100% (9-10)
ae: N, = Usg@ndnan AC-DC (%)
P (] %

. - Aaalndnugn AC (W)
|nAC
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9.6 N1DDNLUUINATIULIDILNDS
2.6.1 N15AUIAL Duty Cycle

gnsd w3y Half-Bridge Inverter:

Duty Cycle = 50% (v-11)
2.6.2 MIFIUAILE PWM
FAINNTALI:
fona = 17 Toum (2-12)
le: foun = AR PWM (Hz)
Town = ANULIAT PWM (s)

AvSunTIRaAn SG3525:
f

= 81.39 kHz

Towm = 1/81,390 = 12.28 pus

2.7 nMsAuunsgydelussuy
2.7.1 M3agydeluvnain

FATNTAUIN:
2
055, = IR (9-13)
Wio: P, - nsagdsluvaain (W)
OSSCO]L uy v
| = nszwalyldi (A)
R = AUAUNUTDIVARIN (Q)

2.7.2 M3agydelunisaielou

gnsnsAmAduUsEaNSNsweules:
M
k —

G

(v-14)

- @ a £ =
bD: K AdNUTEANS NNl

M - ARSI (H)

LL, = AMULTEIUNYDIURAINEEIwaESU (H)
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Source Code flllguauasa
WEMOS D1 R2 WIFI ESP8266 Shield Arduino Compatible

#include <ESP8266WiFi.h>
#include <ESP8266WebServer.h>

const char* ssid = "TP-Link_F30D";
const char* password = "90001141"

ESP8266WebServer server(80);
const int relayPin = D7;
const int buttonPin = D9;

const int buzzerPin = D8;

bool buttonWasPressed = false;

void handleRelayOn() {
digitalWrite(relayPin, HIGH);
Serial.printin("Relay turned ON by command"),
server.send(200, "text/plain”, "Relay is ON");

}

void handleRelayOff() {
digitalWrite(relayPin, LOW);
Serial.printin("Relay turned OFF by command"),
server.send(200, "text/plain", "Relay is OFF");

}

void setup() {
Serial.begin(74880);

pinMode(relayPin, OUTPUT);
digitalWrite(relayPin, HIGH);

// laussdmsuousa WiFi
// lausnsdmsuasts Web Server

// 9 WiFi flazidouse
// SWANIY WiFi

// @313 Web Server 91 Port 80
// fmuav D7 dmsuaunaiiad
// i D9 dusuluna

// AVUAYT D8 dnsU buzzer
// fudsteanunsnadudn

// Wasiad
// dsdeyanay HIGH ludssiad (W)
// wansdannulu Serial Monitor

// @smaunauluds client 7 UaLaD

// Unsiag
// dsdeyanau LOW TUdssiad (Un)
// wansdannulu Serial Monitor

// dsmaunauluds client 1NUawan

// \3ud Serial Communication
#i baud rate 74880

// fa1 relayPin 1y OUTPUT
// SeisuduSiadidu HIGH (Qa)



pinMode(buttonPin, INPUT PULLUP);
pinMode(buzzerPin, OUTPUT);
digitalWrite(buzzerPin, LOW);

WiFi.begin(ssid, password);
Serial.print("Connecting to WiFi"),
while (WiFi.status() != WL _CONNECTED) {

delay(500); Serial.print(".");

}
Serial.printin("\nConnected to WiFi"),
Serial.print("IP Address: ");
Serial.printin(WiFi.locallP());

135

/7 Sy INPUT wuu Pull-up
// fan buzzer {u OUTPUT

// faenBus buzzer 1u LOW
QL)

// Fumsidousio WiFi

// WEAAIUBAIY

// WgUauninawideusels

// I3 500ms LaZKARIYN

// wanstaanulalloudadnsa
// WaANIUDANY
// wdnd IP Address Mlasu

a 6

server.on("/relay/on", HTTP_POST, handleRelayOn); // nMuum route dmsuinsiac

server.on("/relay/off', HTTP_POST, handleRelayOff); // muua route d1msulniiad

server.onNotFound(f]() {
Serial.print("Unknown request: ");

Serial.printn(server.uri());

server.send(404, "text/plain”, "Not found"),

b;
server.begin();

Serial.printin("Server started"),

void loop() {

server.handleClient();

Cs

// efudvdu URL fildwy
// WanstonIu

// wans URL fi¥osae

// @wounau 404 Not Found

// \5uAU Web Server
// BANIUBAINY

// 39M3 client requests

bool buttonState = digitalRead(buttonPin) == LOW; // 81uaaiugdu (LOW = ganm)

if (buttonState && buttonWasPressed) {

// adugnnauazdalaila process



Serial.printin("Button pressed, activating buzzer with pattern for 5 seconds...");

unsigned long startTime = millis();

while (millis() - startTime < 5000) {
digitalWrite(buzzerPin, HIGH);
delay(200);
digitalWrite(buzzerPin, LOW);
delay(200);

buttonWasPressed = true;
}
else if (lbuttonState && buttonWasPressed) {
buttonWasPressed = false;
}
}

// diuanisud

// duguhlung 5 3wl
// U buzzer

// a1 200ms

// Ua buzzer

// Bdgaan 200ms

/! iR flag I1l# process Waa

// daee g
// 3\ flag iielinalaon

136
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Source Code fildguasuasn ESP-WROOM-32 Wi-Fi and Bluetooth

#include <WiFi.h>

#include <HTTPClient.h>

const char* ssid = "TP-Link_F30D";
const char* password = "90001141"
const char* serverlP = "192.168.0.145";

const int buttonPin = 4;

const int ledPin = 12;

bool lastButtonState = HIGH;

void setup() {
Serial.begin(115200);

pinMode(buttonPin, INPUT_PULLUP);

pinMode(ledPin, OUTPUT);

WiFi.begin(ssid, password);
Serial.print("Connecting to WiFi");
while (WiFi.status() I= WL _CONNECTED) {
delay(500); Serial.print(".");
}
Serial.printin("\nConnected to WiFi"),

void loop() {
bool buttonState = digitalRead(buttonPin);

// lausisdwsuideuse WiFi
(195U ESP32)
// laus13dmsuds HTTP requests

// Fo WiFi flzideuste

// SWanU WiFi

// IP Address U8 ESP8266 server
fzdsddsly

// imuan 4 dwsuduna

// iuuen 12 d1msu LED
LAASANIUE

// ivanugunsaing,

(Budiu HIGH wsgld pull-up)

// \3ud Serial Communication
7 baud rate 115200

// St INPUT wuu Pull-up
(Yusiariu GND)

// e LED 1¥u OUTPUT

// 3UN15LaURe WiFi
// BANIUBAINY
// guauninvsieusale

// ¥R 500ms UAZULARIYA

// wanstaanuileltoudadnsa

// euaauzduiagiu



if (buttonState = lastButtonState) {
lastButtonState = buttonState;

if (buttonState == LOW) {
digitalWrite(ledPin, HIGH);
}else {
digitalWrite(ledPin, LOW);
}

HTTPClient http;
if (WiFi.status() == WL_CONNECTED) {
if (buttonState == LOW) {
Serial.printn("Button pressed — Relay ON");

138

// SnaauzdudsunUa
// dnananugUaangn

// fdugnna (LOW ws1gse GND)
// \{Ua LED #ln 12

// §deely

// Ua LED i 12

// @314 object dm5u HTTP Client
// asaaeudadoune WiFi o¢
// ddugnna

http.begin("http://" + String(serverlP) + "/relay/on"); // w3su URL dusullasiad

}else {

// daegy

Serial.println("Button released — Relay OFF");

http.begin("http://" + String(serverlP) + "/relay/off"); // wi3es URL dmsulnsiad

}

http.addHeader("Content-Type", "application/json"); // Auun header

int httpResponseCode = http.POST("{}");

Serial.print("HTTP Response: "),
Serial.printin(httpResponseCode);
http.end();
}
}
delay(50);

Uszenn JSON
// @1 POST request Wiay
JSON an
// Wanston1u
// WEAPISVENBUNAUIN server
// Yansileuste HTTP

// ¥4an 50ms Live debounce
Unaiudgyayraisuniu
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4.1 9188955 UUNTITA LB UNAI9IUA28TUSNTY MATLAB/Simulink

Lead-Acid Battery

RECTIFIER

¥
x
%
z
z
o
g
1%2]
-4
w
o
=
O
]

Pulse 1
Pulse 3

i
‘O || B
' 2
l—g ﬁ_l_mJ _ | w -

g S q S

z 3z 5 g

— —
 — i

AR -1 299575 1a0e828TUTUATY MATLAB/Simulink



CURRENT IN

141

020458 0204

0208 020801 020502 020503 020804 020505
Time
VOLTAGE IN

0.20508

020158 020t

4.2 2999 Inverter

0205 020801 020502 020508 020804 0.20805
Time

AN 9-2 dyeyrau Input VBIWAT

EI Block Parameters: Pulse Generator X
Pulse Generator
Output pulses:
if (t >= PhaseDelay) && Pulse is on
Y(t) = Amplitude
else

Y(t) =0
end

Pulse type determines the computational technigue used.

Time-based is recommended for use with a variable step solver, while
Sample-based is recommended for use with a fixed step solver or within a
discrete portion of a model using a variable step solver.

Parameters
Pulse type: Time based v
Time (t): Use simulation time v

Amplitude:
1

Period (secs):

1/81390 1.2287e-05

Pulse Width (% of period):
50

Phase delay (secs):
0

Interpret vector parameters as 1-D

Cancel Help Apply

AT 9-3 N15AIAT Pulse Generator

0.20506
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PWM1

024241 024242 024283 24244 024245 024245 024247 024288 024240

02424 024241 PET] 024243 24244 024245 02206 024247 024288 024209

AN 9-4 dyeyau Pulse Generator TUv71 Gate Mosfet

s ollage 58_Coll1

nnnnnnnnnnnnnnnnnn

021813 021814 021815 021818 021817 021818 021818 02182 021821 021822 021823

A9 §-5 dyeyau Voltage Output WHBNIUINAT Inverter

Ag7]
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4.3 2995 Compensation Network

| [%a] Block Parameters: Coil X
-+ Mutual Inductance (mask) (link)
. Implements inductances with mutual coupling.

Parameters

Type of mutual inductance: Two or three windings with equal mutual terms
Winding 1 self impedance [R1{Ohm) L1(H)]:

[.01 1.2¢-5]] [0.01,1.2-05] '}

Winding 2 self impedance [R2(Ohm) L2(H)]:
. [.013.713e5] [0.01,3.713e-05] %

i [J Three windings Mutual Inductance
i Mutual impedance [Rm(Ohm) Lm(H)]:
[0.1 0.5%1.2e-5] [0.1,6e-06] i

|
Measurements None i

oK Cancel Help Apply

AN 9-6 N15EIAMNISIRLRRSYRAIRTeN LN

A15199 9-1 Armnsdmesvesduivlszyliiwazanatmuieai i lunisdass
MATLAB/Simulink

e o« - ANUARIALTYIIN
AIAUUsEilads — —
Winding 1: #9ds Winding 2: #e3u
(c)
(L) (L)

ALiulszeilesu
()

Parameters Parameters Parameters
Type of mutual inductance: Two or three windings with equal mutual terms ~

Branch type: € Winding 1 self impedance [R1(0hm) L1(H)]: Branch type: C

Capacitance (F): [.011.2e-5] (0042205 : | Capacitance (F):
Winding 2 self impedance [R2(Ohm) L2(H)]:

3.34e-7 _
[.01 3.713e-5] [0.01,3.71305] ; 1.027e-7

Cl 20334p,: lelsz |_2=37|JH C2=O102|JF

Current Bafore Coil

1000 I

| | | | | | I 1
o318 53180 YR Y ortez o ore I 213188
Voltage first Before Coil
T I | I I |

13187 13168

Vot

13158, 013158 01318 013181 013162 013163 013164 013165 013168

13187 13168

AN 9-7 AUQNULIINULAYNTELENDUTNIARIN

A



144

Voltage first Before Coll
T T T T

AN 9-8 Farunsnuileds

Voltage first After Col
|

4‘ L3 U y U
NINT 9-9 AUl IInURasy

Cument After Col
f

1075 o 1078 010788 oo 1076 10761 w1orez 10783 o1a76s
Voltage After Call
- P I I l T -
o I 1 I 1 —J
010756 wrorst w7 owrse 1076 01078 worez ] )

AT 9-10 AU UL ULAZNIZLANSIDDNAINVARIN
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4.4 2995Rectifier

Block Parameters: Diode X
Fal
| Diode (mask) (link)

Implements a diode in parallel with a series RC snubber circuit.
In on-state the Diode model has an internal resistance (Ron)

' and inductance (Lon).

. For most applications the internal inductance should be set to
zero.
The Diode impedance is infinite in off-state mode.

Parameters

Resistance Ron (Ohms) :

0.001 0.001

Inductance Lon (H) :
0

Forward voltage Vf (V) :
0.95

Initial current Ic (A) :

0

Snubber resistance Rs (Ohms) :
200

Snubber capacitance Cs (F) :
150e-12

| Show measurement port

Cancel Help Apply

AN 9-11 N1579AN Diode 911935 Rectifier

CURRENT OUT

o
Q13388 0133885 013389 0133895 01339 0.133805 013301 0133915 w138 0130925 013988
Time
VOLTAGE OUT
T | | I I I
o | | ! ! .
- —
5 -
w
5
=]
> iol— -
s+ .
of | |
| | | L | | | | | |
01338 0133885 013380 0133895 01339 0133905 01331 0133915 D13 01325 0138
Time

AN 9-12 NTELALAZLIIAUNGINININI99S Rectifier
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4.5 Battery

l Block Parameters: Lead-Acid Battery X

Battery (mask) (link)

| Implements a generic battery model for most popular battery types.
| Temperature and aging (due to cycling) effects can be specified for
Lithium-Ion battery type.

Parameters  Discharge
Type: Lead-Acid A

Nominal voltage (V) 24

| Rated capacity (Ah) 26

i Initial state-of-charge (%) 60

Battery response time (s) 10

Cancel Help Apply
AN 9-13 NISHIATLURLADS

> 24.19735844699¢6|

Vout 1
— 3 O

» Bat_Scope
O] | L, o
X
_LD 70.878599381384]

A 4

<Voltage (V)=

<Current (A)>

Battery
e
D Bat_Input_Power
o [_zmomonsn)
2.7749781098322]
soC
loutl
= | a f:ivL v o 3 -
AN -14 ATNIFIUNDINEAIINNTITINADIYITVLUNLRDT
BATTERY VOLTAGE
5.5 -
Ed — -
g |
)
oacserares pRP==re - CresseaTts Sreeaseiar:
BATTERY CURRENT
g —

AT 9-15 ATELALAZLIIAUIINAITTIADINTILUALADS
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Mexuntidiaueteyanisnaaeuuasideaveansatglaundsulniuuulsang

dwfugueudlii aseunguNaaewnernaIngULUUAN kazeulunisaaesi
wanviane LiveigeuaunsaAnudeyalivdinuastluussendldlunsisuselula

3.2 Jeulunsmaaasialy
2.2.1 gUnsniuazieiesilon
wyaadne o
nannadey

A v

WWI9llndn AC Hada

A @

WWI9dladn DC flads

A v

WM589803m DC HeSu
L3Rl Indnyeyna
wW5a9AAT L, C

2.3 sULUUTARIATIINN1TNARABY
2.3.1 VAAINNIAE

AC 220V +5%, 50Hz
AnuAIEnIU 120, 15w
PZEM-022 AC Digital Power Meter
DC Watt Meter 60V 150A
Fluke 179 True-RMS Digital Multimeter

Fluke 336 True-RMS Clamp Meter

Keysight EDUX1052A Oscilloscope: 50 MHz, 2
analog channels

LCR Meter 8® Digicom $u LCR-841

SULUUT 1: THW 4 mm? (8 50u)

ANWY

IUIUTOU

ANAINUUTREIN (L)

AMUAIUNIUNEIUY (R) :

AFuUseq (C)

AMUA UMY (R) :
AUDLS LB UUTATUID

gl THW wum 4 Sg.mm,

FYDIUASLNULAYY
8 99U

11.745 pH

0.135 @

341.2 nF

0.271 Q

79.70 kHz



E‘ULL‘U‘U‘ﬁI 2: THW 6 mm? (8 38)

ANWYUY

INUIUTBU

ANAULMTEILN (L)

AMUAIUNIUNETY (R) :

ArdLiulszy (Q)

AMUA UYL (R) :

a s o
ﬂ’J’]ﬂJmiISULLuu"Umujm :

aelw THW wun 6 Sg.mm,
FIUINOILAIVAELLAY

8 99U

11.688 uH

0.136 Q

341.2 nF

0.271 Q

79.70 kHz

sULUUi 3: Induction Coil (E1395V)

ANy

ANAINUMATREIN (L)

AMUAIUNIUNETY (R) :

AdLuUsEq (O)

AMUAIUNIUNETY (R) :
AUDLS LB UUTANUIR

2.3.2 YAAINNIATU

GUG]a'Jﬂ’ﬂ'IﬂLG]']LLlimgﬂIWﬂ'] 3500W
109.58 pH

0.616 Q

33.21 nF

0.109 Q

83.43 kHz

EULL‘U‘U‘?II 1: 9Ynsu-vUU (Series-Parallel)

AN

INUIUTBU

ANPINUMTEIUN (L)

AMUAIUNIUNEIUY (R) :

ArdLiulszy (Q)
ANUAIUNIUNETIY (R) :
ANUDLS YL UUTAIUIN :

a1l THW 4 mmez, sioaynsuriu 2 Gi’?u
WA YUY 2 YA

8 38U / %u

37.13 uH

0.247 Q

102.70 nF

0.043 Q

81.50 kHz
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E‘ULL‘U‘U‘ﬁI 2: THW 6 mm? (24 500)

Anueuy : ael THW aum 6 Sq.mm,
FUMBILAIAELNL

I1UIUTOU : 24 59U

Aeutenh (L) 99.6 uH

Aanumununelu (R) . 0.79 Q

ArdLiulszy (Q) . 3226nF

Aanueumunely (R): 0.201 Q

audisTouuuddan . 88.79 kHz

sULUUi 3: Induction Coil (E1395V)

ANy C o wpananwslwan il 3500w
Arenundeni (L) 109.74 pH

Awsununely (R) : 0473 Q

AdLuUsEq (O) . 3223nF

Awsununely (R) : 0.140 Q

arudslonuudan . 84.63 kHz

;JULLUUﬁ 4: Induction Coil (d1593U)

anwy C o weanannwsiman il 2000w
Armundeni (1) 102.32 pH

AusuIunely (R) : 0.490 Q

AdaLiulszy (O) . 3321nF

AusuIunely (R) : 0.109 Q

AUDLS YL UUTAIUIN : 86.34 kHz
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2.4 Jayansnnaeeasiden

2.4.1 MIVAaosii 1: gﬂLL‘uuﬁ 1 (THW 4 mm? (8)) - gﬂu:u*uﬁ 1 (aUNTU+IU)

T -
Wi Ml v

AN 3-1 JULUUUARIANISNARDT 1

] A KevmonT

AL A

=]

= A o V] =i
AN -2 'g"dﬂau mmwmﬂqaq%aﬂﬂﬂimmaaam 1

1 500v/ 2 -3060% 42003/ Stop £ 1 1.25V
‘
; o R

Normal
1.00GSa/s

Max(1) ACRMS-FS(1)  Freq(l) Avg - FS[2) 06:37 PM
62V 34.26/ 83.396kHz Nosignal  Mar 20, 2025

AN 3-3 sURRUYIMRsTUTRININARRIN 1



A15197 -1 MISVUNNNANITNAABIN 1 N1AIUD 80.47 kHz

152

Hauada

Hlevniu

. n oEF | M 2
it fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
wAan (cm.) - ) AC

Vin Iin Pin Vin ITH P'm \ out Ioul PDut

1 226 0.34 39.6 19.30 1.32 25.48 13.56 1.0 13.56 53.23 34.24

2 226 0.40 470 19.30 167 3223 15.02 1.2 18.02 5592 3835

3 225 0.45 54.0 19.29 2.00 38.58 16.05 13 20.87 54.08 38.64

q 225 0.51 64.5 19.27 2.49 47.98 16.95 1.4 2373 49.46 36.79

5 225 0.58 731 19.27 2.89 55.69 17.17 13 2232 40.08 3053

6 225 0.64 82.4 19.26 3.33 64.14 16.78 1.3 21.81 34.01 26.47

7 225 0.69 89.2 19.26 362 69.72 15.84 1.2 19.01 27.26 2131

8 225 071 94.2 19.26 384 73.96 14.75 1.1 16.23 21.94 17.22

9 225 0.74 97.4 19.26 4.01 77.23 13.65 1.0 13.65 17.67 14.01

10 225 076 1003 19.26 413 79.54 12.25 09 11.03 13.86 10.99

A15197 -2 MSNUUTINNANTIINAGDN 1 NIANA 83.69 kHz
EECEV AN Haunds Hewafu n oeF | M e
Y99UAAIN fioud Switching (AC) %84 Switching iauLi2935 (DC) 7892995 138an3zud (DC) (UszBudam | (Usz@nsam
(Cm.) Vin Iil’\ Pin VT!’\ IT!’\ P'\n \4 out Iout Pout )b¢ )AC

1 226 0.34 38.4 19.29 1.27 24.50 13.27 0.9 11.94 48.75 31.10

2 225 038 453 19.28 1.60 3085 14.73 1.0 14.73 a7.75 3252

3 225 0.40 479 19.29 171 32.99 15.14 1.0 15.14 4590 31.61

4 225 0.46 56.2 19.28 211 40.68 16.05 1.2 19.26 47.34 34.27

5 226 051 64.4 19.29 247 4765 15.90 1.2 19.08 40,05 29.63

6 224 053 672 19.28 2.60 50.13 14.90 1.0 14.90 29.72 2217

7 225 0.54 68.7 19.28 2.68 51.67 13.78 0.9 12.40 24.00 18.05

8 225 055 68.9 19.28 267 51.48 12.30 08 9.84 19.12 14.28

9 225 0.54 68.0 19.27 2,63 50.68 10.92 0.7 7.64 15.08 11.24

10 225 053 67.9 19.29 263 50.73 9.69 07 6.78 1337 9.99

A15199 3-3 A1590UNINHANTINAaRIN 1 1AND 86.56 kHz
EFE RN Heuads Hewafu M —EFF | M DEFF
89YAAN fiauLdh Switching (AC) 9849 Switching fiaudn29as (DC) 7892995 (38anszua (DC) (Wszdndawm | (Usz@vsam
(cm') Vin Iin Pin VTh ITh P'\ﬂ V out IOUt Pout ) be ) AC

1 225 0.34 389 19.30 1.29 24.90 13.39 1.0 13.39 5378 34.42

2 226 0.39 45.6 19.29 1.60 30.86 14.67 1.1 16.14 52.28 35.39

3 225 0.42 50.4 19.28 183 3528 15.24 1.2 18.29 5183 36.29

q 226 0.45 545 19.29 202 3897 15.08 1.2 18.10 46.44 33.20

5 226 0.46 55.8 19.29 2.07 39.93 14.38 1.2 17.26 43.22 30.92

6 225 045 504.8 19.28 203 39.14 12.92 1.0 12.92 3301 2358

7 225 0.44 53.0 19.29 1.94 37.42 11.28 0.9 10.15 27.13 19.15

8 224 043 515 19.29 187 36.07 10.02 08 8.02 2222 15.57

9 225 0.42 498 19.28 1.79 34.51 8.60 07 6.02 17.44 12.09

10 225 0.41 49.5 19.28 1.76 3393 7.66 0.6 4.60 13.54 9.28




A15197 -4 M1SVUNNNANITNAABIN 1 1AIUD 90.73 kHz

153

3282319 Heuads Hlavdu T EFF | T TVEFF
YBIVAAIN Aot Switching (AC) a9 Switching AauLdn293s (DC) #A92495 (38an32Ud (DC) (WszAnsaw | (UszAnsam
(cm.) Vi by P Vin by Py Vo o Pout )oc A

1 224 0.34 385 19.29 1.27 24.50 13.25 1.0 13.25 54.09 34.42
2 224 0.38 aa.1 19.29 150 29.71 14.27 1.1 15.70 52,84 35.59
3 225 0.40 47.2 19.29 1.67 3221 14.29 1.1 15.72 48.80 33.30
a4 224 0.40 46.7 19.29 1.66 3202 1338 1.1 1472 45.96 31.52
5 224 0.38 44.6 19.29 1.55 29.90 11.97 1.0 11.97 40.03 26.84
6 224 0.36 412 19.29 1.40 2701 10.22 0.8 8.18 30.27 19.84
7 224 0.34 388 19.29 1.28 24.69 8.80 0.6 528 21.38 13.61
8 224 0.32 36.6 19.29 1.19 22.96 7.60 05 3.80 16.55 10.38
9 225 0.31 345 19.28 1.11 21.40 6.38 0.4 255 1192 7.40
10 225 0.30 33.2 19.28 1.06 20.44 5.34 0.3 1.60 7.84 4.83
Voltage Out Current Out
N =
L e : —
y
500
: ; ; 5 o ] i ) . . . : . .
st | it | 3 | st e i T T TN I VN T T
v | are | wem | wm s o T T . T T = o T | e
Power Out
.
0
é " =
0, /
=
e e o i b
fin | e o i o
d' U o W '/L ﬁ d'
ANN -4 ﬂﬁqWLLaﬂﬂLLiﬁ@u NITLLA LLaE N1 W 1U189NVDINITNAADIN 1
Usz@nENTN Pin DC fia Pout DC UszdnEn1w Pin AC 6ia Pout DC
a0 o0
b —_ 5000
E S0 " i/
; 0. 100
£ -
o 10.00
oo 1 2 8 B 10 3 ] 7 8 ] 10
202 742 129 wss | wmer | wa a6 s 208 08 s

2NN -5 NSILEAIUSEENTNINYDINITNAADIN 1



9.4.2 MINAABIT 2 : EULL‘UUVI' 1 (THW 4 mm?2 (8)) - g‘dLL‘uuﬁ 2 (THW 6 mm?

(24 s90))

100V 2 00s 5000/  Stop % 1 750V
[ AV KEYSIGHT

TECHNOLOGIES

Max(1) ACAMS -FS(1)  Freq(1) 01:15PM
72v 42.61v 83.514kHz Mar 24, 2025

= A o V] =
AN -7 'g"dﬂau fy}iyﬂm&:]ﬂﬂﬂ%@ﬂﬂ'ﬁ%ﬂﬁ@ﬂ% 2

1100V 2 30.60% 4.2003/ Stop 51 6.25V
KEYSIGHT

TECHNOLOGIES

Max(1) ACRAMS-FS(1)  Freq(1) Avg - FS(2) 01:05PM
185V 116.40v 83.563kHz No signal Mar 24, 2025

] A o ) =
Al 3-8 sUAudaauilsTuvRINTIAaRY 2
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A5197 3-5 M151VUNNNANITNAABIN 2 N1AIUD 80.53 kHz

155

ITYLUIY

Hauada

Hlevniu

n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out Ioul PDut )o¢ )AC
1 223 0.22 235 19.31 0.65 12.55 8.87 0.7 6.21 49.47 26.42
2 223 0.24 257 19.31 076 14.68 9.70 08 776 5288 30.19
3 223 0.27 30.3 19.30 0.94 18.14 11.19 0.8 8.95 49.34 29.54
q 223 0.32 37.4 19.30 1.22 23.55 13.04 1.1 14.34 60.92 38.35
5 223 041 497 19.28 1.79 34.51 1591 1.2 19.09 5532 3841
6 222 0.51 63.0 19.27 240 46.25 18.37 1.5 27.56 59.58 43,74
7 222 0.63 79.1 19.26 313 60.28 20.64 1.7 35.09 58.20 44.36
8 222 077 97.8 19.25 401 77.19 2266 1.9 43.05 5577 44.02
9 222 0.92 116.8 19.25 4.87 93.75 24.06 1.9 45.71 48.76 39.14
10 220 1.05 135.8 19.22 571 109.75 24.78 20 49.56 45.16 36.49
A15197 9-6 MTNUUTINNANIINAGD 2 NIAUD 83.61 kHz
EFE RN Hsunds Hewafu T EFF | M —EFF
Y99UAAIN fioud Switching (AC) %84 Switching iauLi2935 (DC) 7892995 138an3zud (DC) (UszBudam | (Usz@nsam
(Cm.) Vin Iil’\ Pin VTV’\ IT!’\ P'\n \4 out Iout Pout )b¢ )AC
1 223 0.22 224 19.30 0.59 11.39 8.36 0.7 5.85 51.39 26.13
2 222 0.24 253 19.31 073 14.10 9.67 07 6.77 48.02 26.75
3 222 027 295 19.29 091 17.55 11.09 08 8.87 50.54 3007
q 222 0.31 35.4 19.30 1.14 22.00 12.67 1.0 12.67 57.59 35.79
5 222 035 414 19.29 1.39 26.81 14.16 11 15.58 58.09 37.62
6 222 041 497 19.29 1.78 34.34 16.04 13 20.85 60.73 41.96
7 223 0.47 58.8 19.27 221 42.59 17.67 1.5 26.51 62.24 45.08
8 223 055 68.7 19.26 266 51.23 19.12 16 30.59 59.71 44,53
9 223 0.63 79.5 19.27 3.16 60.89 20.40 1.6 32.64 53.60 41.06
10 222 073 933 19.24 379 7292 21.53 1.7 36.60 50.19 39.23
A15199 3-7 A1TNTUNINHANTITNAADNN 2 1ANE 86.58 kHz
EEEV RN Eﬂwﬂﬁ'd E.]d’llﬂ%'u M —EFF M —EFF
U29UNAIN fiausd Switching (AC) 1849 Switching fiauli293s (DC) 1892995 138an3zua (DC) (UszAnSam | (Uszdnsnm
(CmA) Vin Iin Pin VTF\ ITH P'm \4 out Ioul PDut )o¢ )AC
1 222 0.22 21.6 19.31 0.57 11.01 8.08 0.6 4.85 44.05 22.44
2 223 0.23 239 19.30 067 12.93 9.20 06 552 4269 23.10
3 222 0.26 27.7 19.31 0.84 16.22 10.63 0.8 8.50 52.43 30.70
4 223 0.29 328 19.29 1.04 20.06 12.12 0.9 10.91 54.37 33.26
5 223 033 356 19.31 1.26 2433 13.56 11 14.92 6131 41.90
6 223 0.38 454 19.29 1.58 30.48 15.20 1.2 18.24 59.85 40.18
7 222 043 519 19.28 188 36.25 16.56 1.2 19.87 54.82 3829
8 223 0.48 59.1 19.27 2.20 4239 17.69 13 23.00 54.25 3891
9 222 0.53 65.5 19.27 2.50 48.18 18.50 1.4 25.90 53.76 39.54
10 223 058 720 19.27 2.80 5396 1897 14 26.56 49.22 36.89




A15197 2-8 MIFVUNNNANITNAABIN 2 N1AIUD 90.45 kHz

156

TEHERNg Hevnds Hevasu n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
)bC ) AC
(Cm‘) Vin Iin Pin Vin Iin Pin \ out [ out Pout
1 223 0.22 21.6 19.30 0.57 11.00 794 0.6 4.76 4331 22.06
2 223 0.24 244 19.30 0.69 13.32 9.30 0.7 6.51 48.88 26.68
3 222 0.26 279 19.31 0.86 16.61 10.63 0.9 9.57 57.61 34.29
q 222 0.31 335 19.30 1.07 20.65 12.32 1.0 12.32 59.66 36.78
5 222 0.34 38.5 19.30 1.26 24.32 13.66 1.1 15.03 61.79 39.03
6 222 0.39 45.6 19.29 1.60 30.86 15.43 1.3 20.06 64.99 43.99
7 222 0.44 521 19.28 1.89 36.44 16.69 1.4 2337 64.12 44.85
8 222 0.47 571 19.28 213 41.07 17.38 14 24.33 59.25 42.61
9 222 0.50 60.0 19.28 2.25 43.38 17.42 1.2 20.90 48.19 34.84
10 222 0.49 60.2 19.27 2.27 43.74 16.77 1.1 18.45 a2.17 30.64
Voltage Out Current Out
30.00 25
25.00
2.0
0.00
15 //v—/'
15.00
v 1
, 10 —
1000 _
5.00 05
00 1 2 3 4 s 6 7 8 9 10 00 1 2 3 4 5 6 7 8 9 10
o s | s | nw | me | me | e | mer | me | s | 2 e VS S S B N VI
s wss | ser | izes | sz | taas | ises | e | isaz | om0 | mss e or | or | es | ao T i [ s [ as | as [ a6 | ar
soomne| aon | san | sass | sams | sase | 1smn | sess | smes | iaso | sawr sosms| s | os | os | s | a1 | 1 | w | a3 | aa |
soaawwa| 790 | os0 | ass | tzm | sase | 1ses | sses | mmae | araz | ssm s oe [ or T oo [ 1o [ i | 15 [ o4 | o T 12 [ ot
Power Out
0.00
50.00
40.00
I 00
20.00
10.00 i -
—
000 1 2 3 4 5 6 7 8 9 10
o e | oo | e | mm | sw | wss | mm | mes | wn | s
—~—sacu| sas | o7 | am | s | 1sss | anms | zess | oss | ses | seso
soswon| s | 55 | ssv | sosi | sass | sas | sem | ssov | sse0 | zsse
soenwe| are | ess | owr | 1am | ssos | o5 | mam | aem | s | saes
; ,
= U o uVL ﬁ =
AN -9 NFINLFAILTIAU NTELLE LAZNIAIWNIVIDDNYBINITNAGDIN 2
1s¢@nEnW Pin DC A Pout DC Us¢&NEAIW Pin AC 6ia Pout DC
7000 s000
000 e Pl N
50.00 = — /
40.00 4’7(
30.00
20.00 0
10
10.00
5.00
0.00 1 2 3 4 5 7 8 9 10 0.00 2 3 4 5 6 7 8 9 10
| e | s | em | s | sa | s | sam | sz | mm | s o] ma | s | ms | mm | e | am | s | w0 | su | e
. wsor | sass | srss | sams | e | saas | sari | saso | sous ——meon] so1s | ass | snor | sss | snes | sss | asos | sass | aros | soas
o5 | spar | semr | eim | sams | sams | ses | sam | e sasacn| a20s | 70 | aar | aazs | erso | dasn | sz | sass | asse | aess
s | st | sass | oim | eass | stuz | sem | asis | v 2205 | e | sass | soms | sws | sass | sass | s | sase | soes

AN 3-10 ANUAASUIZENBAINUBINITNAADIT 2



9.4.2 MINAABAT 3 : 'gULLUUﬁ 1 (THW 4 mm?2 (8)) - gﬂmuﬁ 3 (Induction Coil
3500W (d5231)

T
4 B

1100v/ 2 0.0s 5.0003/ Stop § 1 -625%

w I,( YSIGHT

HNOLOGIES

&l an

Max(1) ACRMS -FS{1}  Fraq(1) 0327 PM
52v 26.36V 83.850kHz Mar 21, 2025

'
=Y

AN 3-12 sURFUdyeaElvdanITIeae 3

KEYSIGHT
Normal
1.006Sa/s

Avg-FSC) 0316 PM
83.493kHz No signal Mar 21, 2025

Max(1) ACRMS - FS(1]}  Fraq(1)
165V 103.03V

A 2-13 sUARUAY RS UYeINIITIARRIT 3

157



A5197 2-9 MIFVUNNNANITNAABIN 3 N1AIUD 80.35 kHz

158

ITYLUIY

Hauada

Hlevniu

n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out IOLI( PDut )o¢ )AC
1 216 0.26 28.0 19.30 0.88 16.98 10.80 0.9 9.72 57.23 34.71
2 216 033 375 19.30 1.23 2374 13.40 1.0 13.40 5645 3573
3 215 0.41 a7.6 19.29 1.71 3299 15.94 1.2 19.13 57.99 40.18
q 215 0.54 63.6 19.28 245 47.24 19.03 1.5 28.55 60.43 44.88
5 215 0.67 79.7 19.26 3.18 61.25 21.28 1.7 36.18 59.07 4539
6 215 0.82 99.4 19.26 4.12 79.35 23.13 1.7 39.32 49.55 39.56
7 215 0.99 1216 19.24 511 98.32 24.15 1.9 4589 46.67 37.73
8 215 1.08 1355 19.24 572 110.05 2375 19 4513 41.00 3330
9 215 1.13 1453 19.24 6.14 118.13 22.32 1.7 37.94 32.12 26.11
10 215 114 149.9 19.23 633 121.73 2037 16 3259 26.77 21.74
A15197 2-10 M1TTUTNNANTIINAABIN 3 AN 83.60 kHz
EFE RN Hsunds Hewafu T EFF | M —EFF
Y99UAAIN fioud Switching (AC) %84 Switching iauLi2935 (DC) 7892995 138an3zud (DC) (UszBudam | (Usz@nsam
(Cm.) Vin Iil’\ Pin VT!’\ IT!’\ P'\n \4 out Iout Pout )b¢ )AC
1 217 0.24 26.0 19.31 0.79 15.25 10.18 0.8 8.14 53.39 31.32
2 217 030 334 19.29 1.08 2083 12.44 09 11.20 53.74 3352
3 217 0.35 40.1 19.30 135 26.06 14.20 1.1 15.62 59.95 3895
q 217 0.44 52.0 19.29 191 36.84 16.97 1.3 22.06 59.88 42.43
5 217 056 66.1 19.28 255 49.16 19.42 15 29.13 59.25 44.07
6 217 0.69 82.8 19.27 3.35 64.55 21.60 1.8 38.88 60.23 46.96
7 217 0.85 105.3 19.26 4.36 83.97 23.50 1.9 44.65 53.17 42.40
8 216 1.02 125.9 19.25 532 102.41 20.48 1.9 46.51 4542 36.94
9 215 118 149.7 19.22 6.37 122.43 24.60 20 49.20 40.19 3287
10 215 1.29 168.6 19.23 721 138.65 2375 1.9 4513 3255 26.76
A15199 9-11 MTNUUINRNANITNAGB 3 N1ANUD 86.68 kHz
EFE RN Heuads Hewafu M —EFF | M DEFF
89YAAN fiauLdh Switching (AC) 9849 Switching fiaudn29as (DC) 7892995 (38anszua (DC) (Wszdndawm | (Usz@vsam
(Cm.) Vin Iin Pin VTh ITh P'\ﬂ V out IOUt Pout ) be ) AC
1 217 0.24 26.0 19.30 0.79 15.25 10.08 08 8.06 5289 31.02
2 218 0.29 33.7 19.30 1.08 20.84 12.39 0.9 11.15 53.50 33.09
3 218 036 423 19.29 1.46 28.16 14.64 1.1 16.10 57.18 38.07
q 217 0.45 53.0 19.29 1.94 37.42 17.13 14 23.98 64.08 4525
5 217 0.55 66.1 19.29 2.56 49.38 19.45 1.5 29.18 59.08 44.14
6 218 0.68 83.0 19.27 335 64.55 21.39 16 34.22 5302 4123
7 217 0.73 93.6 19.27 3.83 73.80 22.00 1.7 37.40 50.67 39.96
8 217 0.80 102.6 19.25 4.26 8201 2145 1.7 3647 a4.47 3554
9 216 081 104.2 19.26 432 83.20 19.85 16 31.76 38.17 3048
10 216 0.81 101.7 19.27 4.21 81.13 17.74 1.3 23.06 28.43 22.68




A5197 9-12 A1519UUNNNANISNARDIN 3 NAIND 90.65 kHz

159

TEHERNg Hevnds Hevasu n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
)bC ) AC
(Cm‘) Vin Iin Pin Vin Iin Pin \ out [ out Pout
1 221 0.25 275 19.31 0.84 16.22 10.34 0.8 8.27 51.00 30.08
2 220 0.32 37.1 19.31 1.22 2356 13.10 1.0 13.10 55.61 3531
3 220 0.40 a7.6 19.30 1.71 33.00 15.83 1.2 19.00 57.56 3991
q 220 0.50 60.2 19.28 2.28 43.96 18.41 1.4 25.77 58.63 42.81
5 220 0.60 73.2 19.28 2.90 5591 20.07 1.6 32.11 57.43 4387
6 220 0.61 74.1 19.27 293 56.46 19.02 1.6 30.43 53.90 41.07
7 220 0.55 67.1 19.28 2.59 49.94 16.49 13 21.44 42.93 31.95
8 219 0.48 578 19.29 2.18 42.05 13.53 1.1 14.88 35.39 25.75
9 220 0.42 50.8 19.30 1.83 35.32 10.90 0.8 8.72 24.69 17.17
10 220 0.39 46.8 19.29 1.66 32.02 9.25 0.7 6.48 20.22 13.84
Voltage Out Current Out
30.00 25
25.00
2.0
0.00
. =
15.00 /
v
10.00 v —
5.00 05
000 B ) S B 8 . 5 3 9 10 00 1 2 3 4 s 6 7 3 9 10
| e | B | e | me | mm | ma | s | mm | na | aw E e T S S 2 N T 2
—saeo] toas | 1aes | a0 | sasr | iser | aie0 | zaso | sass | asso | ms e os | oo | 1+ | a5 | a5 [ s | as | s | s | s
ssowne snos | 239 | ass | rrms | sees | asav | sam0 | e | sems | soma T T T O I w T o e [
sasswa| 103 | sas0 | 1ses | sner | zaor | 102 | sees | s | as0 | oz wosse] os | a0 T 1 [ 4 [ a5 | 16 [ 15 | o | oo [ o
Power Out
0.00
50.00
4000
¥ 0w =
20,00 /
1000 ,/
000 1 2 3 4 5 6 7 8 9 10
v | e | o | ms | wen | wa | om | wa | e | ww
——saso| aae | 1iz0 | sses | zmos | oo | zam | sass | sess | enm | esms
sosmon| son | aiss | sso | zase | ssas | saes | e | sear | siis | zaee
sasswa| azr | 1m0 | o0 | a5 | saas | seas | aies | sam | am | sen
. .
I o o VL ﬂ =
AN 3-14 NSINLEAULTIAU NTELLE LaZA1aINNIVIDDNYBINITNAGDIN 3
15¢@nENW Pin DC 6ia Pout DC Us¢&NEAIN Pin AC 6ia Pout DC
7000 000
6000 o
J —
ha———— ~=
50.00 \
40.00
30.00
20.00 0
100
10.00
5.00
0.00 1 2 3 4 5 7 8 9 10 0.00 2 3 4 5 6 7 8 9 10
| s | sees | wm | s | s | s | sesr | a0 | ma | mem s s | mm | e | s | e | ms | wm | ma | ma | mw
sirs [ sass | sees | sam | eam | sewr | sser | sons | ass ——wstou] 3101 | sass | smss | aaas | sar | sase | aaso | sses | smwr | e
s1as | oate | saon | same | saer | saar | saar | aam sasuon| 12 | sa0s | anor | 455 | 4ase | aiza | sess | ssse | s0es | zaen
srss | sass | sran | ssev | aass | ssas | aaes | o s soms | sss1 | sser | sam | waw | o | s | asrs | w7 | mme

AN 3-15 AUARSUIEENBAINUBINITNAADIT 3



9.4.4 MINAABAT 4 : EULL‘U‘UVI' 1 (THW 4 mm?2 (8)) - g‘dLL‘uuﬁ 4 (Induction Coil

2000W (d1535U))

:/f;> W/ ;

/! {

KEYSIGHT

YSIGH
Normal
1.006Sa/s

AC 10.0:1
AC 100:1

[ Rl

Max(1). ACAMS -FS(1)  Freq(l) 02:43PM
141v 92.48v 83.794kHz Mar 24, 2025

AW 3-17 sUAAUYuildweINIIaeaN 4

EDUX 10524, CNBO150165: Mon Mer 24 14:3513 2025
1100V 7 3060 4200 Stop 1 BN
; } KEYSIGHT

TECHNOLOGIES

1.006Sa/s
B i
AC 10.0:1
AC 10.0:1

Max(1) ACAMS -FS(T). Freq(l) Avg - FS(2). 0234PM
217 136.38V 84 .005kHz No signal Mar 24, 2025

Al 9-18 sUndudygaileiuresnsvaaei 4

160



A5197 9-13 AN519UUNNNANISNARDN 4 NAIND 80.36 kHz

161

ITYLUIY

Hauada

Hlevniu

n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out IOLI( PDut )o¢ )AC
1 223 0.24 255 19.31 0.75 14.48 9.75 0.7 6.83 47.13 26.76
2 222 0.29 332 19.31 1.06 2047 12.10 09 10.89 5320 32.80
3 224 0.36 43.0 19.28 1.48 28.53 14.55 1.2 17.46 61.19 40.60
q 224 0.47 57.6 19.29 2.15 41.47 17.56 1.4 24.58 59.28 42.68
5 224 0.63 785 19.27 312 60.12 20.78 16 3325 5530 4235
6 223 0.81 103.1 19.25 4.24 81.62 2331 1.8 41.96 51.41 40.70
7 223 0.98 1252 19.24 526 101.20 20.48 1.9 46.51 4596 37.15
8 222 111 1435 19.24 6.08 116.98 24.30 1.9 46.17 39.47 3217
9 222 1.14 1473 19.22 6.23 119.74 22.36 1.8 40.25 33.61 27.32
10 223 115 1513 19.23 636 12230 2038 16 3261 26.66 21.55
A15197 2-14 A5 TUTNNaNIIAABIN 4 iAND 83.54 kHz
EFE RN Hsunds Hewafu T EFF | M —EFF
Y99UAAIN fioud Switching (AC) %84 Switching iauLi2935 (DC) 7892995 138an3zud (DC) (UszBudam | (Usz@nsam
(Cm.) Vin Iil’\ Pin VT!’\ IT!’\ P'\n \4 out Iout Pout )b¢ )AC
1 223 0.23 24.1 19.32 0.68 13.14 9.21 0.7 6.45 49.07 26.75
2 223 0.26 287 19.29 0.88 16.98 10.90 08 8.72 5137 3038
3 224 0.32 36.8 19.30 1.19 2297 13.09 1.0 13.09 5699 3557
4 224 0.40 46.5 19.29 1.63 31.44 15.39 1.2 18.47 58.74 39.72
5 223 0.48 58.1 19.27 218 4201 17.65 14 24.71 58.82 4253
6 224 0.58 719 19.27 282 54.34 19.65 16 31.44 57.86 4373
7 223 0.69 87.8 19.27 3.54 68.22 21.25 1.7 36.13 52.96 41.14
8 223 081 105.6 19.25 437 84.12 2240 18 40.32 47.93 38.18
9 222 0.99 1270 19.24 534 102.74 2293 18 41.27 40.17 3250
10 223 1.08 141.0 19.23 596 114.61 2259 18 4066 3548 28.84
A15199 9-15 MTNUUNNRNANSNAGDIY 4 N1ANUD 86.33 kHz
EFE RN Heuads Hewafu M —EFF | M DEFF
89YAAN fiauLdh Switching (AC) 9849 Switching fiaudn29as (DC) 7892995 (38anszua (DC) (Wszdndawm | (Usz@vsam
(Cm.) Vin Iin Pin VTh ITh P'\ﬂ V out IOUt Pout ) be ) AC
1 222 0.23 232 19.30 0.64 12.35 8.94 06 536 4343 23.12
2 222 0.25 274 19.30 0.84 16.21 10.59 0.7 7.41 45.73 27.05
3 221 0.30 34.7 19.30 112 21.62 12.71 1.0 12.71 58.80 36.63
q 222 037 437 19.28 1.51 29.11 14.88 1.2 17.86 61.33 4086
5 222 0.43 529 19.28 1.92 37.02 16.79 1.3 21.83 58.96 41.26
6 222 052 64.0 19.27 243 46.83 18.47 14 2586 5522 40.40
7 222 0.60 74.0 19.26 290 55.85 19.42 1.5 29.13 52.15 39.36
8 222 067 82.0 19.26 3.28 6317 19.65 15 29.48 46.66 3595
9 221 072 88.4 19.27 357 68.79 19.12 14 26.77 3891 3028
10 221 0.73 90.4 19.26 3.67 70.68 18.05 1.3 23.47 33.20 25.96




162

A1519% 9-16 MN51UUNNNANISNARDN 4 NAIND 90.43 kHz

TEHERNg Hevnds Hevasu n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
) bC ) AC
(Cm‘) Vin Iin Pin Vin ITH Pin \ out Iaul Pout
1 222 0.23 236 19.30 0.66 12.74 8.96 0.7 6.27 49.24 26.58
2 222 0.26 29.1 19.31 0.90 17.38 10.98 0.9 9.88 56.86 33.96
3 221 0.32 36.4 19.30 1.18 22.77 13.09 1.0 13.09 57.48 35.96
q 222 0.39 46.4 19.29 1.63 31.44 15.60 1.3 20.28 64.50 43.71
5 222 0.45 548 19.28 2.01 38.75 17.21 14 24.09 62.17 4397
6 223 0.50 61.7 19.27 233 44.90 1791 1.5 26.87 59.83 43.54
7 223 0.50 62.6 19.27 2.38 45.86 17.30 1.4 24.22 52.81 38.69
8 222 0.48 595 19.28 2.24 43.19 15.78 14 22.09 51.15 37.13
9 222 0.44 538 19.28 1.97 37.98 13.42 1.1 14.76 38.87 27.44
10 222 0.41 49.3 19.29 1.76 33.95 1147 1.0 1147 3378 23.27
Voltage Out Current Out
30,00 20
18
25.00 .
2000 L4

15.00 — 1.0
v 1
08
0.00 -
06
o 0.4
5.00
02
0.00 0.0
1 2 3 4 s 3 7 s B 10 1 2 3 4 s 3 7 8 B 10
—e—so36kiz 975 | 1210 | 1ass | 1756 | 2078 | 2331 | 2448 | 2030 | 2235 | 2038 ——s036k 07 0s 12 14 16 18 19 19 18 16
——s3saz| 921 | 1090 | 1309 | 1539 | 1765 | 1965 | 2125 | 2240 | 2293 | 2259 ——s3sa 07 08 10 12 14 16 17 18 18 18
so3skiz 84 | 1059 | 1271 | 1488 | 1679 | 1847 | 1942 | 1365 | 112 | 1805 gs33k 06 07 10 12 13 14 15 15 14 13
043t sse | 1098 | 1309 | 1560 | 1721 | 1791 | 1730 | 1s78 | 1342 | 1147 04z 07 09 10 13 14 15 14 14 11 10
pe s
Power Out
50.00
45.00
40.00
35.00
30.00

Power

15.00
10.00
5.00
0.00
1 2 3 4 s 3 7 s s 10
—e—s036kH: 653 1089 1746 2458 3325 4196 651 4617 4025 3261
—e—g35akH: 645 872 1309 1847 2071 3144 3613 4032 4127 056
8633H 536 741 1271 1786 2183 2586 2913 2048 2677 2347
9043H 6.7 9.88 1309 2028 2409 2687 2022 2209 1476 1147
sz

o w

AA 3-19 NTNLEAILTINU NSEuE Lazaeliivieenvesn1snnassi 4

Use@nENW Pin DC 6ia Pout DC Use&nENIN Pin AC 6ia Pout DC
70.00
60.00
50.00
= =
& 4000 &
& &
& &
& 3000 E
£ 5
20.00 -
10.00
10.00
5.00
0.00 0.00
f p 5 f s . ; s s 0 i p 5 . s . ; f s 10
—soseen| a3 | s | e | sams | s | sun | 4sss | s | mel | 2666 ——wosse 2676 s | a0 | aes | w3 | a0 | s w1 wm | s
——sssacn asr | siw | sess | sars | same | s | sees | aney | a17 | 34 ——wsare 2675 03 | 3ms7 | 97 ass | a73 | e mis | s 2ss
soawn a3 | as73 | seso | 63 | sass | sz | saas | ases | 3891 | 3320 s 2312 | 2205 | 3663 | 4os6 | aize | aodo | 3936 | 3595 | 3028 | 2596
oo as26 | sess | s | easo | 621 w8 sus | e | s s 2658 | o6 | 3596 | e | aer | aase | ey | wmas | oas | 2

AN 3-20 NSNLEAIUTLENTNINUBINITNAADITN 4
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9.4.5 MINAABIT 5 : 'gULL‘UUVi 2 (THW 6 mm? (8 581)) - g‘LJLLUUVi 1 (ayn3u-
YUY (Series-Parallel)

T

“wi ll

KEYSIGHT

TECHNOLOGIES

Normal
1.006Sa/s

Max(1) ACRMS -FS{1}  Freq(1) 0358 PM
144v 83.23v 83.410kHz Mar 25, 2025

i 9-22 sURdudygailedarasnisaaesi 5

1100V 2 } 3060 42002/ Stop % 1 162V
l KEYSIGHT

TECHNOLOGIES
i Acquiition” 2|
Normal
1.006Sa/s
L i B
AC 1001
AC 1001

. Math

Max(1) AC RMS - FS(1) Freqg(1) Avg -FS(2) 0348 PM
o6V 54.73v 83.640kHz No signal Mar 25, 2025

A 9-23 suadudynuileiuresnsmeaesi 5



A5197 9-17 M15190UNNNANISNARDN 5 NA1UD 80.43 kHz

164

LYY

Haunds

Hevasu

N DEFF | M —EFF
Y839UAAIN fawdh Switching (AC) 984 Switching fiaudna9as (DC) 7892925 Boanszua (DC) (Wszdudam) | (Wszdndam)
(Cm.) Vin Iin Pin Vin Iin Pin \ out Iout Pou( be AC
1 224 0.36 419 19.30 1.43 27.60 14.73 1.2 17.68 64.05 42.19
2 224 045 548 19.28 201 38.75 17.51 14 24,51 63.26 44.73
3 224 052 64.0 19.28 245 4724 19.08 15 28.62 60.59 44.72
q 224 0.62 76.4 19.27 303 5839 20.60 16 3296 56.45 4314
5 224 0.69 86.9 19.28 351 67.67 2143 16 34.29 5067 39.46
6 226 076 97.0 19.26 396 76.27 21.65 17 36.81 48.26 37.94
7 225 081 102.7 19.26 4.23 81.47 21.16 17 3597 44.15 3503
8 225 0.83 1053 19.26 434 83.59 20.70 17 3519 42.10 3342
9 225 0.88 1124 19.26 4.67 89.94 19.50 15 29.25 32.52 26.02
10 225 0.90 1174 19.26 4.86 93.60 19.10 14 26.74 2857 2278
A15197 2-18 AT NTUTINNANTIINAABIN 5 AN 83.58 kHz
sEHLUng Hevmds Hawafu n oEF | M e
Y89UAAIN ot Switching (AC) 984 Switching fiautdna9as (DC) 7892925 Soanszua (DC) (Wszdudam) | (Uszdndam)
(Cm.) Vin Iin Pin Vin Iin Pin \ out Iout Poul be AC
1 225 0.36 413 19.30 1.39 26.83 14.60 1.2 17.52 65.31 42.42
2 224 0.43 50.4 19.29 1.81 3491 16.81 1.3 21.85 62.59 43.36
3 225 051 61.0 19.28 230 44.34 18.84 15 28.26 63.73 46.33
q 224 061 737 19.27 291 56.08 2085 17 3545 6321 48.09
5 224 071 87.3 19.27 354 68.22 2245 18 4041 59.24 46.29
6 224 0.85 1055 19.28 437 84.25 24.00 20 48.00 5697 45.50
7 224 0.99 124.6 19.25 524 100.87 24.90 20 49.80 49.37 39.97
8 225 1.10 140.6 19.24 594 114.29 2550 20 51.00 44.63 36.27
9 224 1.23 1584 19.22 674 12954 25.14 20 50.28 38.81 31.74
10 224 131 1745 19.20 743 142,66 20.63 19 46.80 3280 26.82
A15197 2-19 M1TNTUTNNANIINAABIN 5 1AND 86.50 kHz
L EV RN Hsunds Hawadu n —EFF n —EFF
Y29UAAIN fiowdn Switching (AC) 9849 Switching fiautdn29as (DC) 7892925 oanszua (DC) (Wszdudam) | (Uszdnsam)
(Cm') Vin Iin Pin Vin Iin Pin \ out Icut Poul pe AC
1 225 0.37 419 19.30 1.43 27.60 14.72 1.2 17.66 64.00 42.16
2 225 0.42 49.4 19.30 1.76 3397 16.59 1.2 1991 58.61 40.30
3 225 0.51 61.4 19.27 232 44.71 19.09 1.5 28.64 64.05 46.64
q 224 0.59 715 19.28 281 54.18 20.70 1.6 33.12 61.13 46.32
5 224 0.70 854 19.27 345 66.48 2221 17 37.76 56.79 44.21
6 224 0.79 97.4 19.26 399 76.85 2286 18 41.15 5355 42.25
7 224 0.85 105.2 19.25 434 8355 2263 17 3847 46.05 36.57
8 224 0.88 109.8 19.25 454 87.40 21.69 17 36.87 4219 3358
9 224 0.89 1109 19.26 4.62 88.98 2030 16 3248 36.50 29.29
10 225 0.87 109.8 19.25 453 87.20 18.46 14 25.84 29.64 2354




A15197 9-20 M1519UUNNNANISNARDN 5 MR 90.40 kHz

165

SEHEUIg Hevmds Hawafu N DEFF | M —EFF
Y839UAAIN fawdh Switching (AC) 984 Switching fiaudna9as (DC) 7892925 Boanszua (DC) (Wszdudam) | (Wszdndam)
DC AC
(Cm.) VTn Iin Pin Vin Iin Pin \ out | out Pout
1 224 0.37 423 19.30 1.44 27.79 14.89 1.1 16.38 58.93 38.72
2 224 0.43 50.8 19.28 1.83 35.28 16.97 1.2 20.36 57172 40.09
3 224 0.49 59.6 19.29 2.23 43.02 18.61 1.4 26.05 60.57 4371
4 224 0.56 67.7 19.27 2.60 50.10 19.67 1.5 29.51 58.89 43.58
5 223 0.58 70.8 19.28 2.76 53.21 19.56 1.5 29.34 55.14 41.44
6 223 0.57 69.9 19.28 2.72 5244 18.41 14 2577 49.15 36.87
7 223 0.54 65.9 19.28 2.53 48.78 16.74 13 21.76 a44.61 33.02
8 224 0.50 60.3 19.29 2.27 4379 14.50 1.1 15.95 36.43 26.45
9 223 0.46 55.7 19.30 2.06 39.76 12.79 0.9 11.51 2895 20.67
10 223 0.43 51.1 19.29 1.84 35.49 10.87 0.8 8.70 24.50 17.02
Voltage Out Current Out
30.00 25
25.00 //”‘0\‘ ;
20
// 15 \‘\
, . =
10.00 0
5.00 05
0.00 1 2 3 4 5 6 7 8 9 10 00 1 2 3 4 5 6 7 8 9 10
—msmn | ars | s | mw | e | mas | mes | mu | mw | ms | o e s | o | as | as | e [ | r | | as | e
ssssa| as0 | tess | amse | o | saas | a0 | saso | zmso | s | saes mssen| 12 | is | as | 1 | 1 | a0 | 3o | a0 | 30 | 1
sssaws | 3am | sass | 109 | e | maam | mass | 2 | mes | am | isss sosnon] 12 | s | s | 26 | | ae | a7 | 2 | 16 | 1s
sastuns | sas5 | sasr | sass | smer | avss | smas | asne | saso | e | ow S B T N S T N YN O T ™
Power Out
60.00
50.00
40.00
% 30.00 - /’4/\\\
2000 /
1000
000 1 2 3 4 5 6 7 8 9 10
o 1761 | i | anae | asas | o | amoo | smso | suoo | sass | deso
assove| 1rss | e | smes | aas | arss | eras | mer | sewr | ssen | sas
soanon| 163 | v | aeos | amsi | ssss | ssar | i | ases | siss | s

AN 3-24 NS LARILITIAUY

dszangnm

——8043kHz
—
86.50KH:z
90.40kHz

6405
6531
6400
5893

6326
6259
5861
5172

1I5¢&NBATW Pin DC 6ia Pout DC

6059
6373
6405
6057

5067
5924
5679
5514

4826
5697
5355
4915

215
937
4605
4461

210
463
4219
3643

Aszua waznasluiivneenvesn1sneaseii 5

1252
3881
3650
2895

2857
3280
2064
2150

60.00

50.00

4000

30.00

Aszaniaw

20.00

10.00

0.00
——043H
—e—8358kHz
8650KHz
9040KHz

—

o

X 2 3 . s

w19 | an | an | a1e | 34

a4 | a3 | 4633 | 4809 | 4629

4216 | 4030 | 4ses | 4632 | sa21

3872 | 4009 | aum1 | a3ss | avas
stz

15e&NEATW Pin AC 6ia Pout DC

37.94
4550
4225
3687

AT 3-25 AULERSUIEEVBANURINITNAGDIN 5

7
35.03
3997

3657

3302

s 5
3342 2602
3627 3174
3358 2029
2645 2067

10
2278
2682
2354
17.02



9.4.6 M3NAABAT 6 - JULUUT 2 (THW 6 mm? (8 59) - JULUUT 2 (THW 6 mm?

(24 s90))

E 528, CNBO150 e 514.05
1100v/ 2 0.0s 5.000%/ Stop 5: A -8.75V
KEYSIGHT

TECHNOLOGIES

Channels

Max(1) ACAMS - FS(1)  Freq(i) 0204 PM
96V 57.39V 82.988kHz Mar 25, 2025

AN 9-27 sURdudyaniledarasnisaaesi 6

KEYSIGHT

TECHNOLOGIES

Max(1) ACAMS - FS(1):  Freq(1) Avg - FS(2) 01:56 PM
169V 105.69V 83.222kHz No signal ~ Mar 25, 2025

Al 9-28 sUAdudynuileiuresnmaaesi 6

166



A15197 9-21 MN519UUNNNANISNARDN 6 NAIIND 80.37 kHz

167

ITYLUIY

Hauada

Hlevniu

n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out Iout PDut )o¢ )AC
1 223 0.23 237 19.31 0.66 12.74 8.97 0.7 6.28 49.27 26.49
2 222 0.25 271 19.31 0.83 16.03 10.33 08 8.26 5156 3049
3 223 0.29 325 19.30 1.04 20.07 11.86 1.0 11.86 59.09 36.49
q 222 0.35 39.7 19.30 1.32 25.48 13.68 1.1 15.05 59.07 37.90
5 223 041 a1 19.29 1.70 32.79 15.59 13 2027 61.80 4249
6 222 0.49 58.7 19.29 221 42.63 17.72 1.5 26.58 62.35 45.28
7 222 0.60 72.7 19.27 2.87 5530 19.90 16 31.84 57.57 43.80
8 222 074 90.1 19.27 366 70.53 2206 1.7 37.50 53.17 41.62
9 222 091 111.0 19.26 4.63 89.17 23.82 1.9 45.26 50.75 40.77
10 222 1.03 126.4 19.23 532 10230 24.60 1.9 46.74 4569 36.98
A15197 9-22 M1TNTUTNHANTINAABIN 6 AN 83.33 kHz
EFE RN Hsunds Hewafu T EFF | M —EFF
Y99UAAIN fioud Switching (AC) %84 Switching iauLi2935 (DC) 7892995 138an3zud (DC) (UszBudam | (Usz@nsam
(Cm.) Vin Iil’\ Pin VT!’\ IT!’\ P'\n \4 out Iout Pout )b¢ )AC
1 223 0.22 22.5 19.32 0.60 11.59 8.42 0.5 4.21 36.32 18.71
2 223 0.23 204 19.30 0.69 13.32 9.40 07 6.58 49.41 2697
3 223 027 287 19.31 0.89 17.19 10.89 09 9.80 57.03 34.15
4 223 0.32 34.6 19.31 1.11 2143 12.46 1.0 12.46 58.13 36.01
5 222 036 39.9 19.29 134 2585 13.85 11 15.24 58.94 38.18
6 222 041 470 19.29 1.67 3221 15.52 1.1 17.07 53.00 36.32
7 222 0.48 56.0 19.28 2.10 40.49 17.30 1.4 24.22 59.82 43.25
8 223 056 655 19.27 252 4856 18.78 15 28.17 5801 4301
9 222 0.66 78.8 19.27 3.13 60.32 20.49 1.6 32.78 54.35 41.60
10 223 077 922 19.26 374 7203 21.78 1.7 37.03 51.40 40.16
A15199 9-23 MTNUUNNRNANTNAGBI 6 N1ANUD 86.65 kHz
EFE RN Heuads Hewafu M —EFF | M DEFF
89YAAN fiauLdh Switching (AC) 9849 Switching fiaudn29as (DC) 7892995 (38anszua (DC) (Wszdndawm | (Usz@vsam
(Cm.) Vin Iin Pin VTh ITh P'\ﬂ V out IOUt Pout ) be ) AC
1 222 0.22 213 19.31 055 10.62 7.90 06 474 44.63 2225
2 222 0.23 233 19.31 0.64 12.36 891 0.7 6.24 50.47 26.77
3 221 0.25 265 19.31 0.80 15.45 10.28 08 8.22 5324 31.03
q 221 0.29 315 19.30 1.00 19.30 11.82 0.9 10.64 55.12 3377
5 221 0.33 37.0 19.30 1.21 23.35 13.25 1.0 13.25 56.74 35.81
6 221 038 430 19.31 148 2858 14.75 1.2 17.70 61.93 41.16
7 221 0.42 48.9 19.30 1.75 33.78 16.00 1.2 19.20 56.85 39.26
8 222 047 551 19.29 204 39.35 17.14 13 2228 56.62 4044
9 222 052 61.6 19.29 233 44.95 18.09 13 2352 5232 38.18
10 221 0.58 69.3 19.27 2.70 52.03 18.89 1.4 26.45 50.83 38.16




A5197 9-24 A15190UNNNANISNARDN 6 NAIND 90.00 kHz

168

TEHERNg Hevnds Hevasu n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
) DC ) AC
(Cm‘) Vin Iin Pin Vin Iin Pin \ out [ out Pout
1 223 0.21 215 19.31 0.55 10.62 7.85 05 393 36.96 18.26
2 223 0.23 239 19.31 0.66 1274 9.06 0.6 5.44 42.65 22.74
3 223 0.26 27.6 19.31 0.84 16.22 10.50 0.7 7.35 45.31 26.63
4 223 0.29 322 19.31 1.01 19.50 11.85 0.8 9.48 48.61 29.44
5 223 0.33 37.1 19.31 1.21 2337 13.21 1.0 13.21 56.54 35.61
6 223 0.37 a2.7 19.29 1.46 28.16 14.72 1.0 14.72 52.27 34.47
7 223 0.42 49.5 19.30 1.77 34.16 16.25 1.2 19.50 57.08 39.39
8 223 0.47 55.6 19.28 207 39.91 17.31 13 22.50 56.38 40.47
9 223 0.50 60.0 19.28 225 43.38 17.73 13 23.05 53.13 38.42
10 223 0.52 62.3 19.28 2.36 45.50 17.57 13 22.84 50.20 36.66
Voltage Out Current Out
3000 20
18
25.00 6
o . ///
, >
5.00 10
v I /
08
1000 06 —
5.00 04
02
0.00 1 2 3 4 5 6 7 8 9 10 00 1 2 3 4 5 6 7 8 9 10
s ssr | wm | nes | ne | s | 12 | 1me | n0 | e | e s o7 | e | 10 | 11 | 15 | 15 | 16 | a7 | 15 | 1s
—~—wwn| sa2 | s | 0w | 16 | s | assz | a0 | s | aes | e | 0s | o7 | oo | 10 | 11 | 11 | 14 | 15 e
soesiv| 750 | e | 10zs | mm | mas | wzs | e00 | wa | mes | 1as seesen 05 | 07 | o8 | 05 | 10 | 12 | 12 | 13 | 13 | 14
soaote 785 | s0s | 105 | mss | wa | wn | s | wm | um | s soante 05 | 05 | o7 | o8 | 10 | 10 | 12 | 135 | 13 | 13
Power Out
0.00
o S /
0.00
i 2 s f s s ; . 5 ©
o sas | 26 | niss | w0 | mar | zess | sk | wso | 526 | sem
—~camen| 4m | ese | om0 | mas | 1 | mor | mm | mu | mm | mm
seeste a7s | 62e | sz | s | s | 170 | 120 | ;s | ;s | e
souna| 3s | st | 735 | sas | mam | 1am | wmso | zaso | zaos | zase
o [ o o o w 1 ﬁ P
AN 2-29 AFTINULERILTIAU NTELE LaZN1RINNIVIDDNYBINITNARDIN 6
15¥&nEW Pin DCia Pout DC 1s¥&NEAIN Pin AC ia Pout DC
7000 w0
000 ﬁ_\:/\
40.00
oo \\ //\/ <
E / E
£ 40.00 3
z i H
€ 3000 H
] £
2000
0.00
1000
5.00
0.00 1 2 3 5 6 7 8 000 1 2 3 4 6 7 8 10
s sz | wss | s | sor | e | mm | ss | sw —sosnne| 2ea | s | e | wm | me | mm | am | ae 2008
—e—ssssn| sem | een | son | sans | sase | sa0 | seer | sem s 1en | o7 | s | seer | sam | sem | aws | e s
sssson | aass | soar | saze | ss;z | s | o109 | seas | ses sassen| 2225 | 2677 | 3uos | mm | smser | 4 | a6 | aoas 16
soacs| 3696 | azes | 4s; | asr | sese | sav | swe | sem soacen| 1026 | 227 | zesr | zmas | sser | a7 | 393 | aoar 3565

AMNA 9-30 NLERIUTEENSANVBININAGDIT 6
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9.4.7 MINAABAT T : gULLUUVi 2 (THW 6 mm? (8 581)) - gﬂufuuﬁ 3 (Induction Coil

3500W (d5231)

g

Stop 1

Max(1)

AC RMS - FS(1). Freq(1) 01:24 PM
153v 93.62v 83.271kHz Mar 25, 2025

AW 9-32 JUARUAYIURNERINTIARRIN 7

F 1 388V

,{~ KEY:

SIGHT
e

[

Max(1) AC RMS - FS(1). Freq(1)
237V 151.00V 83

9 01:14PM
No signal Mar 25, 2025

Avg - FS(2)
285kHz

A 9-33 sundudygaileiuresmsvaaei 7



A5197 9-25 AN519UUNNNANISNARDN 7 NA1UD 80.37 kHz

170

ITYLUIY

Hauada

Hlevniu

n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out Ioul PDut )o¢ )AC
1 221 0.32 35.4 19.30 1.15 22.20 12.87 1.0 12.87 57.99 36.36
2 222 039 439 19.30 1.54 29.72 15.06 1.2 18.07 60.80 4117
3 221 0.48 554 19.27 207 39.89 17.54 14 24.56 61.56 44.32
q 222 0.60 715 19.26 2.80 5393 20.19 1.6 32.30 59.90 45.18
5 222 076 90.5 19.26 3.68 70.88 2234 1.7 37.98 5358 41.96
6 222 0.89 107.5 19.25 4.45 85.66 23.59 1.8 42.46 49.57 39.50
7 222 0.94 1126 19.25 4.69 90.28 2387 18 4297 4759 38.16
8 222 1.01 1242 19.24 521 100.24 23.20 1.9 44.08 43.97 3549
9 221 1.08 134.3 19.25 5.65 108.76 21.23 1.6 3397 31.23 25.29
10 221 1.10 1376 19.24 577 11101 19.50 14 27.30 24.59 19.84
A15197 9-26 M1TNTUTNNANTIINAABIN 7 AN 83.34 kHz
EFE RN Hsunds Hewafu T EFF | M —EFF
Y99UAAIN fioud Switching (AC) %84 Switching iauLi2935 (DC) 7892995 138an3zud (DC) (UszBudam | (Usz@nsam
(Cm.) Vin Iil’\ Pin VTV’\ IT!’\ P'\n \4 out Iout Pout )b¢ )AC
1 221 0.29 31.7 19.30 1.01 19.49 11.95 0.8 9.56 49.04 30.16
2 221 035 39.3 19.30 131 2528 13.98 1.0 13.98 5529 3557
3 221 0.42 480 19.29 172 3318 16.10 1.2 19.32 5823 40.25
q 221 0.51 59.1 19.29 223 43.02 18.56 1.4 25.98 60.39 43.96
5 221 0.65 76.6 19.28 303 58.42 2008 16 3213 55.00 41.94
6 221 0.79 929 19.27 379 73.03 2242 17 38.11 5219 41.03
7 222 0.94 1126 19.25 4.69 90.28 2375 1.5 35.63 39.46 31.64
8 220 1.08 1325 19.24 559 10755 24.50 18 44.10 41.00 3328
9 221 1.23 154.0 19.23 6.53 12557 24.52 1.9 46.59 37.10 30.25
10 220 135 172.0 19.21 733 140.81 24.23 18 4361 3097 2536
A151991 2-27 MTNUUNNRNANITNAGD 7 91ANUD 86.81 kHz
EEEV RN Eﬂwﬂﬁ'd E.]d’llﬂ%'u M —EFF M —EFF
U29UNAIN fiausd Switching (AC) 1849 Switching fiauli293s (DC) 1892995 138an3zua (DC) (UszAnSam | (Uszdnsnm
(CmA) Vin Iin Pin VTF\ ITH P'm \4 out Ioul PDut )o¢ )AC
1 221 0.30 32.6 19.32 1.04 20.09 12.06 1.0 12.06 60.02 36.99
2 221 036 405 19.30 136 2625 14.18 11 15.60 5943 38.51
3 221 0.44 50.1 19.29 1.80 34.72 16.42 13 2135 6148 4261
4 222 0.53 61.2 19.27 232 44.71 18.59 1.5 27.89 62.37 45.56
5 221 0.64 754 19.27 3.00 5781 2062 16 3299 57.07 43.76
6 221 0.74 88.4 19.26 3.57 68.76 21.68 1.7 36.86 53.60 41.69
7 221 081 97.3 19.26 4.00 77.04 21.67 1.7 36.84 a7.82 37.86
8 220 0.84 1015 19.26 419 80.70 20.84 16 3334 4132 3285
9 221 0.84 102.3 19.25 4.21 81.04 19.14 1.5 28.71 35.43 28.06
10 220 0.82 99.9 19.26 411 79.16 17.46 14 24.44 30.88 24.47




A5197 9-28 MN519UUNNNANISNARDN 7 MR 90.05 kHz

171

ITYLUIY

Hauada

Hlevniu

M —YEFF | M —YEFF
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
) DC ) AC
(Cm‘) Vin Iin Pin Vin Iin Pin \ out [ out Pout
1 222 0.32 34.9 19.29 1.13 21.80 12.46 1.0 12.46 57.16 35.70
2 221 0.40 44.6 19.28 1.56 30.08 15.09 1.2 18.11 60.21 40.60
3 221 0.48 55.0 19.26 2.05 39.48 17.40 14 24.36 61.70 44.29
4 222 0.59 70.0 19.28 274 52.83 19.85 1.5 29.78 56.36 42.54
5 221 0.65 77.0 19.26 3.06 58.94 20.25 1.6 32.40 54.98 42.08
6 220 0.64 76.4 19.26 3.04 58.55 19.13 15 28.70 49.01 37.56
7 221 0.59 69.7 19.27 272 5241 16.60 13 21.58 41.17 30.96
8 222 0.54 629 19.28 2.39 46.08 14.34 1.1 15.77 34.23 25.08
9 221 0.48 555 19.29 2.06 39.74 11.83 0.9 10.65 26.79 19.18
10 221 0.44 50.8 19.29 1.84 35.49 9.86 0.8 7.89 22.22 15.53
Voltage Out Current Out
0.00 20
18
25.00 16
20.00 > L
4/ 12
v 5.00 ./// . 10
L 08
0.00
06
5.00 04
0.2
000 1 2 3 4 5 6 7 8 9 10 00 1 2 3 4 5 6 7 8 10
o ne | 10 | wse | w1 | | ms | pw | mm | ns | s e 10 12 1e 15 a7 18 | 1s 15 | 16 | 1
——casan| 105 | 1ass | tos0 | sse | wos | 2ax | zars | ase | 2es2 | 2em ~—saam 08 | 10 | 12 | 14 | 15 | 17 | 15 | 18 | 15 | 18
soosie] izte | sses | ins [ ase | mass | amts | seaes | sas [ dies | s 0 T e se [ as | aa | s | oo | os
g
0.0 1 2 3 a 6 7 8 9 10
—soaen| 127 | o7 | aass | mm | wes | sas | wae | aase | mer | wam
— ose | 1% wsx: | asss | i i e i sess | a3l
o ase | s e o9 | ssse | sess | 33 s 2ass
s i aess | as7s | sas0 | a0 | oiss | 1577 | doss | 78
a % o o o w 1 ‘ﬂ d'
AN -34 NTINLEAILTIAU NTELE LaZNIRINNIV1DDNYBINTNARDIN 7
1I58&n8W Pin DC6ia Pout DC 1I58&NBAW Pin AC 6ia Pout DC
70.00 50.00
. _ 45.00 —t
R ST S S~ S :
E w \>\ H
2 2
£ o \ £ 0w \
20.00 15.00
000
10.00
5.00
000 1 2 3 4 6 7 8 10 1 2 3 4 5 6 7 8 9 10
s asos | ssz9 | s | o i w0 w0 09 ——wsaen] 016 | st | oz | aase | sios | 4105 | mes | 3z | sz | 2536
sesite @00 | soes | e | 6237 s an | me | som sesn 99 | smsi | sel | asse | aae | 4t | was | s 206 | 2e47
soost s | soa1 | ewo | see an | ws | wm | 22 soose 3570 | aoe0 | asas | ase | w08 | 375 | 096 | 2508 | 1o1s | 1553

AN 3-35 NINLEAIUTLENTNINUBINITNAARIN 7
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9.4.8 M3NAABAT 8 : 'gULLUUﬁ 2 (THW 6 mm? (8 581)) - gﬂufuuﬁ 4 (Induction Coil

2000W (d1535U))

KEYSIGHT

TECHNOLOGIES

Max(1). ACAMS - FS(1).  Freq(1) 11:35 AM
121V 74.16V 83.773kHz Mar 25, 2025

AN 9-37 sUAdudyailedaresnisaaesi 8

EDUX 10524, CNBO150178 Tue Mar 25 1
1100V 2 0.0s 5.000%/ Stop 5 1 -1.25V
i KEYSIGHT

TECHNOLOGIES

Max(1]} ACAMS - FS(1).  Freq(1) 03.58PM
144v 83.23V 83.410kHz Mar 25, 2025

A 9-38 sUndudygnileiuresnsvaaei 8



A15197 9-29 MN519UUNNNANISNARDN 8 NAIND 80.78 kHz

173

ITYLUIY

Hauada

Hlevniu

n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out Ioul PDut ) pe ) AC
1 223 0.29 31.8 19.29 1.00 19.29 11.63 0.9 10.47 54.26 3292
2 222 035 39.1 19.27 130 25.05 13.51 11 14.86 59.32 3801
3 223 0.44 504 19.28 1.82 35.09 16.12 13 20.96 59.72 41.58
q 222 0.56 66.9 19.25 2.59 49.86 19.12 1.5 28.68 57.52 42.87
5 223 0.70 855 19.25 345 66.41 2148 18 38.66 58.22 4522
6 223 0.83 104.1 19.23 4.30 82.69 23.16 1.9 44.00 5322 42.27
7 222 0.99 126.8 19.24 534 102.74 24.25 20 48.50 47.21 3825
8 222 112 145.0 19.21 6.15 118.14 24.30 20 48.60 41.14 3352
9 223 1.19 157.0 19.20 6.63 127.30 23.35 1.9 44.37 34.85 28.26
10 222 1.22 166.9 19.20 707 135.74 21.72 18 39.10 28.80 2342
A151991 3-30 MTNUUNNRNANITNAADIN 8 N1AUD 83.56 kHz
EETEART) Heunda flavadu T TEFF | M TVEFF
Y99UAAIN fioud Switching (AC) %84 Switching Aaut$na9as (DC) #892995 BoansEud (DC) (WszBnSnm | Wasudam
(Cm‘) Vin Iin Pin VTn ITn PTn \ out Iout Pout ) be ) AC
1 223 027 2838 19.31 0.89 17.19 10.90 08 8.72 50.74 3028
2 223 032 35.2 19.30 114 22.00 12.65 1.0 12.65 57.49 3594
3 223 0.38 439 19.28 1.52 29.31 14.80 1.1 16.28 55.55 37.08
q 223 0.46 537 197 19.28 37.98 16.98 13 2207 58.12 41.11
5 224 057 68.4 19.27 264 50.87 19.23 14 2692 5292 39.36
6 223 0.69 83.7 19.25 3.37 64.87 21.17 1.6 33.87 52.21 40.47
7 223 081 99.6 19.26 4.10 7897 2243 1.7 38.13 48.29 38.28
8 222 0.95 119.3 19.23 5.00 96.15 23.49 1.8 42.28 43.98 35.44
9 222 1.10 1403 19.22 594 114.17 24.01 18 4322 37.86 30.80
10 221 1.23 161.7 19.21 6.88 132.16 2368 18 4262 3225 2636
A15199 3-31 MTNUUNNRNANITNAGDIY 8 N1ANND 86.46 kHz
EEEV RN Eﬂwﬂﬁ'd ﬁd’llﬂ%'u M —EFF M —EFF
U29UNAIN fiausd Switching (AC) 1849 Switching fiauli293s (DC) 1892995 138an3zua (DC) (UszAnSam | (Uszdnsnm
(le) Vin Iin Pin VTF\ ITH P'm \4 out Ioul PDut ) be ) Ac
1 220 0.27 27.5 19.31 0.85 16.41 10.64 1.0 10.64 64.82 38.69
2 220 031 331 19.28 1.06 2044 12.28 1.0 12.28 60.09 37.10
3 220 036 404 19.29 1.36 2623 14.14 1.2 16.97 64.68 42.00
q 220 0.43 49.3 19.28 1.78 34.32 16.14 13 20.98 61.14 42.56
5 220 0.50 573 19.28 2.15 4145 17.58 14 24.61 59.37 4295
6 220 0.57 67.7 19.26 2,62 50.46 18.98 1.5 28.47 56.42 42.05
7 221 063 756 19.26 2.99 5759 19.56 15 29.34 5095 38.81
8 220 0.68 82.8 19.25 334 64.30 19.57 16 3131 48.70 37.82
9 220 0.72 87.1 19.25 3.53 67.95 18.78 1.4 26.29 38.69 30.19
10 221 073 89.5 19.25 363 69.88 17.56 13 2283 3267 2551




A5197 9-32 AN519UUNNNANISNARDN 8 NAIND 90.05 kHz
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ITYLUIY

Hauada

Hlevniu

T —PEFF | M TEFF
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
) DC ) AC
(Cm‘) Vin Iin Pin Vin Iin Pin \ out [ out Pout
1 222 0.27 28.0 19.30 0.87 16.79 10.67 0.8 8.54 50.84 30.49
2 222 0.32 34.7 19.30 1.11 21.42 12.59 1.0 12.59 58.77 36.28
3 221 0.37 413 19.29 1.40 27.01 14.40 1.1 15.84 58.65 38.35
4 222 0.44 51.0 19.29 1.83 35.30 16.55 13 2152 60.95 4219
5 222 0.50 58.6 19.28 221 4261 17.86 14 25.00 58.68 4267
6 221 0.54 64.3 19.27 247 47.60 18.32 14 25.65 53.89 39.89
7 219 0.56 65.4 19.27 252 48.56 17.57 14 24.60 50.65 37.61
8 219 0.54 632 19.27 242 46.63 16.20 1.2 19.44 41.69 30.76
9 219 0.50 59.2 19.27 224 43.16 14.43 1.0 14.43 3343 24.38
10 219 0.47 54.7 19.27 202 38.93 12.35 1.0 12.35 31.73 22.58
Voltage Out Current Out
3000
25.00 20
20.00
15
5.00
v I
> 10
0.00 L —
5.00 05
0.00 0.0
i 2 s . s . 7 0 . © i 2 s . s 7 s 5 ©
a6 | Bst | w1 | w2 |z | mws | s | | o | an ~wrme| 05 | 11 | 13 | 15 | 18 | 1o | 20 | 20 | 19 | 1
o 1050 | 1265 | 1m0 | tass | 1om | a1 | aams | a0 | 2amm ~oseoe| 08 | 10 | w1 | 13 | 14 | 1 v s s s
seasi 1064 | 1228 | aaa | 1614 | 1ss | 1o | 1056 | 1957 | 1878 seaste 10 | 10 | 12 | 13 | 14 | 1 s | s |1 | 1
saosn 1067 | 1259 | s | 1655 | mms | 1w | wsr | 1620 | s | 1238 oo 08 | 10 | w1 | 13 | 14 | 1 w | |10 | 1
Power Out
60.00
0.00
1000
% 30.00
20.00 o
10.00 r-
0.0 1 2 3 4 6 7 8 9 10
uss | mes | mm wo | mm | sme | aw | w0
nes | 1w | 2o we | wn | em | oz | ae
1 | 169 | 2 wwar | 23 | | e | mm
s | 1ss | ms 2565 | 2as0 | moas | 1a4s | 123
P [ [ u\l ﬁ P
AMNY -39 NFINLFALTINU NTTLE LAZNIANNIVI10DNVBINITNAABDIN 8
1s¥&nEAW Pin DCsia Pout DC Us¥&NEAIN Pin AC ia Pout DC
7000 5000
000 45.00 s
.//\-}’x e
50.00
.
e 40.00
"E B - \
€ 3000 -~
£
20.00
1000
00
1 2 3 4 5 6 7 8 9 10 000 1 2 3 4 6 7 8 9 10
sz | wm | wn | wm | mn | mm | an | an | ws | mw —woran| ms | woi | as | ew | sm | an | ws | nn | wn | ne
sa | sas | ssss | seu2 | sese | sam | sase | aase | ames | 325 ——sssoon| 028 | ot | wos | arnr | a3 | soar | e | sas | som | a3
sasz | 6000 | sase | o1 | saw | seer | sass | e | 3ees | 3267 saasen| 36 | 310 | 200 | axss | aass | sa0s | sem | we | om0 | s
soss | ser7 | sees | ess | saes | suss | soss | ase | s | sm saosien| 304 | 3628 | 3e3s | 429 | azer | sass | wer | 76 | 2e3 | mse

2NN 9-40 NSWLARIUTEANTNINUBINTNAABIN 8
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9.4.9 MINAABIT 9 : 'gULLUUVi 3 (Induction Coil 3500W (§523Y)) - 'gULL‘UUVi 1
(@UnIN-VUU (Series-Parallel))

100V 2 00s 50005/ Stop 1 -150V
T T KEYSIGHT
i TENOLOGIES
; Normal
; 1.00GSals
I
|
} AC 1001
i

1

Max(1) ACAMS - FS{1). Freq(l) 02:34 PM
84y 59.53v 83.68%kHz Mar 22, 2025

AN 9-42 sURdudygailedarasnisaaesi 9

Ay KEYSIGHT
Tebnolones
Normal
1.006Sa/s

i Chemel 3
AC 1001
AC 1001

Max(1) ACAMS-FS(1). Freq(1) Avg - FS(2) 02:23PM
12v 6.26V 78.143kHz No signal Mar 22, 2025

A 9-43 suadudynuileiuresnismaaesi 9



A5197 9-33 AN51UUNNNANISNARDIN 9 NAIND 80.73 kHz

176

EECEVRT Hauada Hevasu n - | M e
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out IOLI( PDut ) pe ) AC
1 226 0.19 18.1 19.31 0.39 7.53 5.48 0.4 2.19 29.11 12.11
2 225 0.20 19.1 19.31 0.44 850 6.26 05 313 36.84 16.39
3 226 0.21 21.0 19.30 0.52 10.04 7.31 0.5 3.66 36.42 17.40
q 225 0.21 22.0 19.30 0.58 11.19 7.70 0.6 4.62 41.27 21.00
5 226 0.22 227 19.30 061 1177 7.70 06 4.62 39.24 2035
6 225 0.22 223 19.31 0.60 11.59 7.15 0.6 4.29 37.03 19.24
7 225 021 215 19.30 056 10.81 6.23 04 249 23.06 11.59
8 225 021 206 19.31 052 10.04 524 04 2.10 2087 10.17
9 226 0.20 199 19.30 0.48 9.26 4.27 0.3 1.28 13.83 6.44
10 226 0.20 194 19.30 0.46 8.88 354 02 071 797 365
A15199 3-34 MTNUUTNRNANITNAGDIT 9 N1ANUD 83.70 kHz
AR Heunda Hevafu T —EFF | M —EFF
Y99UAAIN fioud Switching (AC) %84 Switching Aaut$na9as (DC) #892995 BoansEud (DC) (WszBnSnm | Wasudam
(Cm‘) Vin Iin Pin VTn ITn PTn \ out Iout Pout ) be ) AC
1 226 0.19 179 19.30 039 753 540 03 162 21.52 9.05
2 225 0.20 188 19.31 043 830 6.07 04 243 29.24 1291
3 225 0.20 19.2 19.31 0.44 8.50 6.24 0.5 3.12 36.72 16.25
q 225 0.20 188 19.30 042 8.11 586 05 293 36.15 15.59
5 226 0.18 18.0 19.32 0.39 7.53 5.15 0.5 2.58 34.17 14.31
6 225 0.19 16.9 19.30 0.35 6.76 4.14 0.4 1.66 24.52 9.80
7 225 0.18 16.2 19.31 032 6.18 323 03 097 15.68 598
8 226 0.18 15.7 19.31 0.30 5.79 2.56 0.2 0.51 8.84 3.26
9 225 017 154 19.30 0.28 5.40 1.99 03 0.60 11.05 388
10 225 017 15.2 19.30 0.27 521 1.50 02 0.30 576 197
A15199 3-35 MTNUUNNRNANITNAGBI 9 N1ANUD 86.44 kHz
U1 Hevmda Hevasu n SEFF | M —EFF
Y29UAAIN fiould Switching (AC) 9849 Switching fiauld29as (DC) 7892995 (38anszua (DC) (WUszdndawm | (WszAvsam
(cm.) Vi by P Vin by P Vo o Pout o 'AC
1 225 0.19 176 19.30 037 7.14 516 05 258 3613 14.66
2 226 0.19 18.1 19.31 0.39 7.53 5.49 0.5 275 36.45 15.17
3 226 0.19 176 19.30 038 733 517 05 2559 3525 14.69
q 226 0.18 168 19.31 033 637 443 04 1.77 27.81 10.55
5 226 0.18 15.7 19.31 0.29 5.60 3.42 0.3 1.03 18.32 6.54
6 226 017 15.1 19.31 0.26 502 261 02 052 10.40 346
7 226 017 148 19.31 0.25 4.83 197 02 039 8.16 2.66
8 225 0.17 143 19.30 0.24 4.63 1.48 0.2 0.30 6.39 207
9 226 017 144 19.30 023 444 1.10 00 0.00 0.00 0.00
10 226 0.16 144 19.30 0.23 4.44 0.77 0.0 0.00 0.00 0.00




A5197 9-36 MN51UUNNNANISNARDIN 9 NAIND 90.43 kHz

177

TEHERNg Hevnds Hevasu n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
) bC ) AC
(Cm‘) Vin Iin Pin Vin Iin Pin \ out [ out Pout
1 225 0.19 173 19.32 0.36 6.96 4.92 0.4 1.97 28.30 11.38
2 226 0.18 17.0 19.31 0.34 6.57 4.70 0.3 1.41 21.48 8.29
3 225 0.18 16.3 19.31 0.31 5.99 4.08 0.3 1.22 20.45 751
q 225 0.17 15.1 19.31 0.26 5.02 295 0.2 0.59 11.75 391
5 226 0.17 145 19.32 0.25 483 2.26 0.2 0.45 9.36 3.12
6 226 0.17 14.2 19.32 0.23 4.44 1.65 0.2 0.33 743 2.32
7 2250 0.16 139 19.31 0.22 4.25 1.19 0.2 0.24 5.60 171
8 226 0.16 13.7 19.31 0.22 4.25 0.85 0.1 0.09 2.00 0.62
9 226 0.16 137 19.31 0.22 4.25 0.58 0.1 0.06 1.37 0.42
10 226 0.16 140 19.31 0.23 444 0.36 0.1 0.04 0.81 0.26
Voltage Out Current Out
000 ,
8.00 0.6
oo
05
6.00
Voo 1o
3.00
0.2
2.00
00 0.1
0.00 1 2 3 4 6 8 9 10 00 1 2 3 4 6 7 8 9 10
| s | e | e | m o T T R ) s s | o5 or [ os | me | e | os | o3 | s
oo sas | aor | sz | sas e e ase | e | am o os | s | o5 | os | os | os | ws | ox | o3 | s
sssion| s1s | s | sz | em 2o [ asr | 1 | 10 | om ssssoe] os | os | s | o4 | es | sa | w1 | s | oo | uo
snson] a3 | | am | 208 T T TR sveson] a4 | o3 | os | ws | o2 | ws | w | o1 | w1 | w
Power Out
5.00
450
4.00
3.50
3.00
$ a0
Y //./
1.50 <
1.00
0.50
0.0 1 2 3 4 5 6 7 8 9 10
FE T T T N T T T
2 [ sa i oo [ as | os | om
2 [ am [ am oss [ oz | omw | omw
i i om oar | oo | ow | oue
P [ [ u\l ﬁ P
AINA -44 AINLAAULTIAU NTELLE LLaZNIALNNIVIDDNVYBINITNAGDIN 9
1s¥&nEAW Pin DCsia Pout DC Us¥&NEAIN Pin AC ia Pout DC
P 2500
40.00
35.00 0.00
z £ 1500
00
g 20.00 / "g '///
- 15.00 - o /
10.0 5.00
5.00
00 1 2 3 4 5 6 7 8 9 10 0.00 1 2 3 4 5 6 7 8 9 10
e T T T T2 Y N T N T | | | e | aw | ms | s | ne | o | sa | s
w0 sy | st | anrs | aess | saxr | sass | smes | ame | s | sas —saroon| sos | sn | anss | ssss | sast | sso | sww | sz | am | 1w
soadus] soss | sess | ssas | s | ssr | soso | sis | ess | ase | om soadon] sass | isar | 1ees | toss | sss | sas | zes | zer | om | om0
sossa ass0 | aaas | amas | iirs | s | 749 | sso | zse | sar | os soason d1ss | s | vss | ser | s;a | as | in | o | e | oss

2NN 9-45 NSLARIUTLENTNINUBINITNAABIN 9



9.4.10 M3vaaesil 10 : EULL‘U‘U‘ﬁI 3 (Induction Coil 3500W (@n5a5U)) - gﬂLL‘uuﬁ 2

(THW 6 mmz2 (24 58v))

1100V 2 0.0s 5.000%/ Stop § 1 -7.50V
K H

TECHNOLOGIES

Normal

1.006Sals
AC 1001

1

Max(1) ACAMS - FS(1) Freq(T) 04:19PM
v 51.19vV 83.773kHz Mar 22, 2025

A 9-47 sUAaudYuidrenITmaaeil 10

£ 1 1.25V
w KEYSIGHT
TECHNOLOGIES

Oscilloscope

O longuage
English

-

-

Max(1) AC RMS - FS(1). Freq(1) Avg - FS(2)
38V 21.46V 83.243kHz No signal |

Anil 9-48 sundudynnuileiuresnisvaaesi 10
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A15197 9-37 AN5190UNNRANSNARDN 10 NIANE 80.07 kHz

179

ITYLUIY

Hauada

Hlevniu

n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out Ioul PDut ) pe ) AC
1 225 0.17 15.6 19.31 0.29 5.60 3.62 0.3 1.09 19.39 6.96
2 225 0.18 163 19.31 032 6.18 421 03 1.26 2044 775
3 226 0.18 170 1931 035 6.76 477 04 191 2823 11.22
q 225 0.19 18.0 19.30 0.39 7.53 5.35 0.5 2.68 35.54 14.86
5 226 0.20 188 19.31 043 830 576 04 230 27.75 12.26
6 226 0.21 19.8 19.30 0.47 9.07 6.14 0.5 3.07 33.84 15.51
7 226 021 21.0 19.30 053 10.23 6.48 06 3.89 3801 18.51
8 225 021 213 19.31 054 10.43 6.40 06 384 36.83 18.03
9 226 0.22 219 19.31 0.57 11.01 6.23 0.5 3.12 28.30 14.22
10 225 0.22 214 19.31 056 10.81 558 04 223 20.64 10.43
A151991 3-38 A1TNUUNINNANTNAGDN 10 N1ANUD 83.45 kHz
EETEART) Heunda flavadu T TEFF | M TVEFF
Y99UAAIN fioud Switching (AC) %84 Switching Aaut$na9as (DC) #892995 BoansEud (DC) (WszBnSnm | Wasudam
(Cm‘) Vin Iin Pin VTn ITn PTn \ out Iout Pout ) be ) AC
1 226 017 154 19.30 0.28 5.40 332 02 0.66 12.29 431
2 226 0.18 159 19.31 030 579 378 04 1.51 26.10 9.51
3 226 0.18 16.4 19.30 0.31 5.98 4.16 0.3 1.25 20.86 761
q 226 0.19 16.7 19.31 033 637 441 04 1.76 27.68 10.56
5 226 0.18 16.7 19.30 0.34 6.56 4.56 0.4 1.82 27.80 10.92
6 225 0.19 16.8 19.30 0.34 6.56 4.52 0.3 1.36 20.66 8.07
7 225 0.19 169 19.31 034 657 430 03 1.29 19.65 7.63
8 226 0.19 16.7 19.31 0.33 6.37 3.94 0.3 1.18 18.55 7.08
9 225 0.18 16.4 19.31 032 6.18 356 03 107 17.28 6.51
10 225 0.18 16.2 19.31 031 599 3.06 0.1 031 511 1.89
A151991 3-39 ATNUUTNNANITNAGDIN 10 N1ANUD 86.40 kHz
EEEV RN Eﬂwﬂﬁ'd ﬁd’llﬂ%'u M —EFF M —EFF
U29UNAIN fiausd Switching (AC) 1849 Switching fiauli293s (DC) 1892995 138an3zua (DC) (UszAnSam | (Uszdnsnm
(le) Vin Iin Pin VTF\ ITH P'm \4 out Ioul PDut ) be ) Ac
1 225 0.18 155 19.31 0.28 5.41 3.31 0.2 0.66 12.24 4.27
2 225 0.18 159 19.31 030 579 370 03 111 19.16 698
3 225 0.18 16.2 19.31 0.31 5.99 4.05 0.2 0.81 13.53 5.00
q 226 0.18 16.4 19.31 0.32 6.18 4.20 0.2 0.84 13.59 5.12
5 226 0.18 163 19.31 032 6.18 412 02 0.82 1334 506
6 225 0.18 159 19.32 0.30 5.80 3.78 0.2 0.76 13.04 a4.75
7 225 017 154 19.30 0.28 5.40 333 0.1 033 6.16 2.16
8 226 017 15.0 19.31 0.26 502 2.89 0.1 0.29 576 193
9 226 0.17 149 19.31 0.26 5.02 2.40 0.0 0.00 0.00 0.00
10 2260 017 148 19.30 0.25 4.83 194 00 0.00 0.00 0.00




A1519% 3-40 M15190UNNNANISNABDIN 10 NIAND 90.33 kHz

180

TEHERNg Hevnds Hevasu n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
) bC ) AC
(Cm‘) Vin Iin Pin Vin ITH Pin \ out [ out Pout
1 226 0.18 159 19.31 0.29 5.60 3.36 0.2 0.67 12.00 4.23
2 226 0.19 16.4 19.31 0.31 5.99 3.87 0.2 0.77 1293 a.72
3 226 0.19 16.6 19.30 0.32 6.18 4.16 0.3 1.25 20.21 752
q 226 0.18 16.5 19.31 0.32 6.18 4.14 0.3 1.24 20.10 753
5 226 0.17 16.2 19.31 0.31 5.99 3.82 0.3 1.15 19.14 7.07
6 227 0.18 15.8 19.31 0.28 5.41 3.38 0.3 1.01 18.75 6.42
7 226 0.17 15.2 19.31 0.26 5.02 2.75 0.2 0.55 10.95 3.62
8 226 0.17 14.7 19.31 0.25 483 2.20 0.1 0.22 4.56 1.50
9 227 0.17 14.4 19.31 0.24 4.63 1.75 0.0 0.00 0.00 0.00
10 227 0.17 142 19.31 0.23 444 1.37 0.0 0.00 0.00 0.00
Voltage Out Current Out
" o
s 05
s 0s
400 04
A} I o
0.2
o \
o 1 2 3 4 5 7 8 9 00 1 2 3 4 5 6 8 9 10
sl an | an | s | an [ s | es | an [ st | s o T o T os T o o T os [ os T os [ o8 [ s
ssan] sa1 | sr0 | ans | aso | a1z | am | sm | am | se CE T T 0 T T T
sosav] 236 | aw | s | ess | am | am | 2 | ame | ams | iz or [ ox | oa [ oa | s | ms | o1 | i | oo | m
Power Out
o
40
.5
3.00
i aw
150
1.00
0.00 1 2 3 4 5 7 8 9 10
e T O Y T T T
sesnoa| ass | ini | ams | oms | am | ose | am | oz | ow | om
P [ o o [ u\l ﬂ P
AINA -49 N INLAAULTIAU ATELLE LAaZNIaLNINIV1BBNVDINITNAGDIN 10
15¥&nEW Pin DCia Pout DC 1s¥&NEAIN Pin AC ia Pout DC
w000 2000
o 1800
6.00
200
i '5.00 E
E 0.00 ”g
£ o £ a0
600
10.00
4.00
5.00 2.00
000 1 2 3 4 5 6 7 8 9 000 1 2 3 4 5 6 7 8 9 10
| m | woa | e | B | ms | s | e | e | mw —woen| ass | 7w | s | s | mw | mei | me | e | s | o
sssn| a9 | st | a0 | wres | arao . s | vas ——sasen| as1 | ass | ver | soss | toms | sor | res | ew | ass | um
seana| iras | ssas | sass | rass | st 76 | om soaoou| 427 | ess | s | s A3 [ aae [ ass | om | om
sosgva] 1200 | 1255 | st | zas0 | aase | a5 | aoss | ass | om sosson| 4z | am | asi | rss o4 s [ aso | ow | om

AMNA 9-50 N uansUTEENSANIBININAGDNN 10



9.4.11 MIVAaosdi 11 : EULLUU?{ 3 (Induction Coil 3500W (d1593Y)) - gULLwﬁ 3
(Induction Coil 3500W (d115393U))

x 3 A

T
.l &

!, 06524, CNeD15l 8 Sat Mar 250 A
100V 2 00s 50005/  Stop 4 1 -625¢
{ KEYSIGHT

TECHNOLOGIES

|
i

! Normal

i 1.006Sa/s
|
|
|

Max(1) ACAMS - FS(1). Freq(1) 01:22PM
76V 51.71v 84.21kHz Mar 22, 2025

il 9-52 sUnaudyeauledavesnimeaesi 11

EDUX1052A, CNBD150165: Sat Mar 2512025
1 100v/ 2 -3060: 42005  Stop 4 1 500V
i KEYSIGHT
| TECANOLOGIES
{ Normal
i 1.006Sa/s
Max(1) ACAMS -FS(1)  Freq(1) Avg - FS(2) 01:12PM
40v 23.84v 83.900kHz Nosignal  Mar 22, 2025

Al 9-53 sUndudyaaileuresnsvaaei 11
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A15197 3-41 A15190UNNRANISNARDN 11 NIAUD 80.00 kHz

182

Hauada

Hlevniu

EECEVRT n —EF | M D
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin ITH P'm \ out IOLI( PDut ) pe ) AC
1 226 0.16 14.4 19.31 0.23 4.44 1.50 0.0 0.00 0.00 0.00
2 225 017 146 19.32 0.25 483 245 0.1 025 507 1.68
3 226 0.17 153 19.31 0.27 5.21 3.23 0.2 0.65 12.39 4.22
q 225 0.18 16.4 19.31 0.32 6.18 4.32 0.2 0.86 13.98 5.27
5 226 0.19 176 19.30 039 753 534 04 214 28.38 12.14
6 225 0.20 19.8 19.29 0.48 9.26 6.51 0.5 3.26 35.15 16.44
7 226 0.22 222 19.30 059 11.39 735 06 441 38.73 19.86
8 225 0.23 2042 19.30 0.69 1332 761 06 4.57 34.29 18.87
9 225 0.24 258 19.30 0.76 14.67 737 0.6 4.42 30.15 17.14
10 226 0.25 268 19.29 081 15.62 6.72 05 336 21.50 12,54
A151991 9-42 A1TNTUTINHNANITNAADNN 11 N1AN1D 83.72 kHz
EETEART) Heunda flavadu T TEFF | M TVEFF
Y99UAAIN fioud Switching (AC) %84 Switching Aaut$na9as (DC) #892995 BoansEud (DC) (WszBnSnm | Wasudam
(Cm‘) Vin Iin Pin VTn ITn PTn \ out Iout Pout ) be ) AC
1 226 017 144 19.31 0.24 4.63 1.72 0.1 0.17 371 1.19
2 225 017 149 19.30 0.26 502 238 0.1 0.24 474 1.60
3 225 0.17 155 19.30 0.28 5.40 3.16 0.2 0.63 11.70 4.08
q 226 0.18 16.5 19.30 032 6.18 4.08 02 0.82 13.21 4.95
5 226 0.18 171 19.30 0.36 6.95 4.83 0.2 0.97 13.90 5.65
6 225 0.19 17.6 19.31 0.38 7.34 5.14 0.3 1.54 21.01 8.76
7 225 0.19 173 19.30 036 6.95 473 02 095 13.62 547
8 225 0.18 16.8 19.30 0.34 6.56 3.95 0.2 0.79 12.04 4.70
9 225 0.18 16.0 19.30 031 598 295 0.1 030 4.93 1.84
10 226 017 15.7 19.30 0.28 540 260 00 0.00 0.00 0.00
A151991 9-43 A1TNUUTNNANITNAGDIN 11 N1ANUD 86.84 kHz
EEEV RN Eﬂwﬂﬁ'd ﬁd’llﬂ%'u M —EFF M —EFF
U29UNAIN fiausd Switching (AC) 1849 Switching fiauli293s (DC) 1892995 138an3zua (DC) (UszAnSam | (Uszdnsnm
(le) Vin Iin Pin VTF\ ITH P'm \4 out Ioul PDut ) be ) Ac
1 226 0.17 14.5 19.31 0.24 4.63 1.72 0.0 0.00 0.00 0.00
2 225 017 149 19.31 0.26 502 233 0.1 023 4.64 1.56
3 225 0.17 15.6 19.31 0.29 5.60 3.32 0.2 0.66 11.86 4.26
q 226 0.18 16.7 19.30 0.32 6.18 4.20 0.2 0.84 13.60 5.03
5 225 0.18 173 19.30 036 6.95 4.87 03 146 21.03 8.45
6 225 0.18 171 19.31 0.35 6.76 4.67 0.3 1.40 20.73 8.19
7 225 0.18 16.2 19.30 031 598 375 02 0.75 12,54 463
8 225 017 154 19.30 0.27 521 271 02 054 10.40 352
9 226 0.17 149 19.30 0.26 5.02 1.95 0.0 0.00 0.00 0.00
10 226 017 147 19.31 0.25 4.83 124 00 0.00 0.00 0.00




A5197 9-44 A15190UNNRNANISNABDN 11 VAU 90.70 kHz

183

ITYLUIY

Hauada

Hlevniu

M —YEFF | M —YEFF
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
) DC ) AC

(cm‘) Vin Iin Pin Vin Iin Pin \ out | out Pout
1 225 0.17 14.5 19.32 0.25 4.83 1.80 0.0 0.00 0.00 0.00
2 226 0.17 15.0 19.32 0.26 5.02 253 0.2 0.51 10.07 3.37
3 225 0.17 159 19.30 0.30 579 3.54 03 1.06 18.34 6.68
4 226 0.18 17.1 19.31 0.35 6.76 4.68 0.4 1.87 27.70 10.95
5 226 0.18 17.2 19.32 0.35 6.76 4.84 0.4 1.94 28.63 11.26
6 226 0.17 159 19.30 0.29 5.60 3.65 0.3 1.10 19.56 6.89
7 226 0.17 14.7 19.32 0.25 4.83 253 0.2 0.51 10.48 3.44
8 226 0.16 143 19.31 0.24 4.63 1.76 0.2 0.35 7.60 246
9 226 0.16 11.2 19.30 0.23 4.44 1.13 0.0 0.00 0.00 0.00
10 226 0.17 14.1 19.38 0.23 4.46 0.78 0.0 0.00 0.00 0.00

Voltage Out Current Out

7.00 0.6

6.00

500

04
o 6 / | /
03

00

2.00 // = J

00 0.1 ——

000 1 2 3 4 5 6 7 8 9 10 00 1 2 3 4 5 6 8 9 10
s as0 | 245 323 am 5 s e 1w en —~soo 00 o1 o2 02 os 05 | os o5 | os | os
B I R T T T s am | ow | ame e T N N T N TN

Power Out

5.00

450

4.00

350
o
3 a0

0

150

1.00

050

L S T S T B )
seas 000 | 02 % | os % | 10 | o1 | osa | oo | oo
oro| 000 | o5t | 16 | 17 % | 11 os1 | o3 | om | ow

a (% o u\l ﬁ N

AN 3-54 NTINULERULTIAU NTEULE LaZNIRINNIV199NVBINTNAFDIN 11

1l5¥&EnW Pin DC sia Pout DC U58&MENIW Pin AC ia Pout DC

45.00 25.00

40.00

5.00 0.00
£ £ 1500
& &

& H
2 £ 1000

15.00 v
10.00 //,——"/

0.0 1 2 3 4 5 6 7 8 9 000 1 2 3 4 5 6 7 8 10
oo o0 | 507w mes | w15 ms | sam | s ook 000 | iss | 4z | sy ;s | teas | asss | s m | 1s
~—wa a1 | are | o | mm | ms | am | pe | w0 | 4o e 115 | 160 | aos | ass | ses | a7 | sar | am | 1s | om
sesave 000 | ase | 11ss | 160 | 205 | 207 | 1258 | 10a0 | 0w sesace 000 | 155 | a2 | 503 | aas | s1s | ae | 3 | 000 | oo

AN 3-55

519 L@nIUTEANTNINVDINTNARDN 11



9.4.12 MIVAaDsT 12 EULLUU‘?{ 3 (Induction Coil 3500W (d1593Y)) - gﬂmuﬁ q
(Induction Coil 2000W (d115393U))

x

Al

ANA 9-56 EULL‘U‘U?J@@’]@ﬂWi‘V]ﬂaENﬁ 12

1100v/ 2 0.0s 5.000%/ Stop § 1 -625%
EYSIGHT

KEYS|
TECHNOLOGIES

“Normal
1.006Sals

Max(1) ACRMS-FS(1).  Frea(1) 01:22PM
76V 51.71v 84.21kHz Mar 22, 2025

A 2-57 sURaudyguiladaresnImaaeil 12

1.100v/ 2

-30.60% 4.2005/ Stop F 1 5.00v
T
\[ - KEYSIG;IEI
i
I
I
1
I
|
i
I

i Ref s
Max(1). ACRMS-FS(1)  Freq(1) Avg - FS{2) 01:12PM
aov 23.84v 23.900kHz Nosignal  Mar 22, 2025

Anil 9-58 sURdudynnileuresnsvaaei 12
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A5197 9-45 AN5190UNNRNANISNABDN 12 NIAUD 80.58 kHz

185

ITYLUIY

Hauada

Hlevniu

n - | M e
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
(Cm‘) Vin Iin Pin Vin Iin P'm \ out IOLI( PDut ) pe ) AC
1 226 0.17 14.4 19.31 0.24 4.63 1.50 0.0 0.00 0.00 0.00
2 225 0.17 146 19.32 0.26 5.02 245 0.1 0.25 4.88 1.68
3 226 0.17 153 19.31 0.27 5.21 3.23 0.2 0.65 12.39 4.22
q 225 0.18 16.4 19.31 0.34 6.57 4.32 0.3 1.30 19.74 7.90
5 226 0.19 176 19.30 039 753 534 04 214 28.38 12.14
6 225 0.19 19.8 19.29 0.51 9.84 6.51 0.5 3.26 33.09 16.44
7 226 0.21 222 19.30 0.60 1158 746 06 448 38.65 20.16
8 225 0.23 2042 19.30 0.69 1332 761 06 457 34.29 18.87
9 225 0.24 258 19.30 0.76 14.67 737 0.6 4.42 30.15 17.14
10 226 0.24 26.8 19.29 0.85 16.40 672 05 336 20.49 1254
A151991 9-46 M1TNUUNNNANITNAGDN 12 NIAuD 83.41 kHz
AR Heunda Hevafu T —EFF | M —EFF
Y99UAAIN fioud Switching (AC) %84 Switching Aaut$na9as (DC) #892995 BoansEud (DC) (WszBnSnm | Wasudam
(Cm‘) Vin Iin Pin VTn lTn PTn \ out Iout Pout ) be ) AC
1 226 0.17 14.4 19.31 0.24 463 172 0.1 0.17 371 1.19
2 225 017 149 19.30 0.26 502 238 0.1 0.24 474 1.60
3 225 0.17 155 19.30 0.28 5.40 3.16 0.2 0.63 11.70 4.08
q 226 0.18 165 19.30 032 6.18 4.08 02 0.82 1321 4.95
5 226 0.18 171 19.30 0.36 6.95 4.83 0.2 0.97 13.90 5.65
6 225 0.19 17.6 19.31 0.38 7.34 5.14 0.3 1.54 21.01 8.76
7 225 0.19 173 19.30 036 695 473 02 095 1362 547
8 225 0.19 17.2 19.30 0.34 6.56 3.95 0.2 0.79 12.04 4.59
9 225 0.18 16.0 19.30 031 598 295 01 0.30 4.93 1.84
10 226 0.17 15.7 19.30 0.28 540 260 00 0.00 0.00 0.00
A151991 3-47 MTNUUNNNANITNAGDN 12 N1ANUD 86.78 kHz
U1 Hevmda Hevasu n SEFF | M —EFF
Y29UAAIN fiould Switching (AC) 9849 Switching fiauld29as (DC) 7892995 (38anszua (DC) (WUszdndawm | (WszAvsam
(cm.) Vi by P Vin by P Vo o Pout o 'AC
1 226 0.17 145 19.31 0.24 463 172 00 0.00 0.00 0.00
2 225 0.17 149 19.31 0.26 5.02 233 0.1 0.23 4.64 1.56
3 225 0.17 156 19.31 0.29 5.60 332 02 0.66 11.86 4.26
q 226 0.18 167 19.30 032 6.18 4.20 02 0.84 13.60 503
5 225 0.18 17.3 19.30 0.36 6.95 4.87 0.3 1.46 21.03 8.45
6 225 0.18 17.1 19.31 035 6.76 467 03 1.40 20.73 8.19
7 225 0.18 16.2 19.30 031 598 375 02 0.75 12,54 4.63
8 225 0.17 15.4 19.30 0.27 5.21 271 0.2 0.54 10.40 3.52
9 226 0.17 149 19.30 0.26 502 1.95 00 0.00 0.00 0.00
10 226 0.17 14.7 19.31 0.25 4.83 1.24 0.0 0.00 0.00 0.00




A15197 9-48 MN51TUNNNANITNARDIN 12 NIAND 90.21 kHz

186

TEHERNg Hevnds Hevasu n oEF | M 2
U29UAAIN fiaudn Switching (AC) %849 Switching Aawin2995 (DC) 1892995 138an3zua (DC) (UszAnSam |(Uszdnsnm
) bC ) AC
(Cm‘) Vin Iin Pin Vin ITH Pin \ out Ioul Pout
1 225 0.17 14.5 19.32 0.25 4.83 1.80 0.0 0.00 0.00 0.00
2 226 0.17 15.0 19.32 0.26 5.02 2.53 0.2 0.51 10.07 3.37
3 225 0.17 159 19.30 0.30 5.79 3.54 0.3 1.06 18.34 6.68
q 226 0.18 171 19.31 0.35 6.76 4.68 0.4 1.87 27.70 10.95
5 226 0.18 17.2 19.32 0.35 6.76 4.84 0.4 194 28.63 11.26
6 226 0.17 159 19.30 0.29 5.60 3.65 0.3 1.10 19.56 6.89
7 226 0.17 14.7 19.32 0.25 4.83 2.53 0.2 0.51 10.48 3.44
8 226 0.16 143 19.31 0.24 4.63 1.76 0.2 0.35 7.60 2.46
9 226 0.16 11.2 19.30 0.23 4.44 1.13 0.0 0.00 0.00 0.00
10 226 0.17 14.1 19.38 0.23 4.46 0.78 0.0 0.00 0.00 0.00
Voltage Out Current Out

7.00 0.6

6.00

500

o
y / 1 /
o
00 e
2.00 // 2
00 0.1 ——

000 1 2 3 4 5 6 7 8 9 10 00 1 2 3 4 5 6 7 8 9 10
| s | e | s | s | m 7 | e | e | em —sozon] o0 | o1 | oz | o5 | w4 | s | o5 | os | us | us
s i | 2s | as | e | am s o | ae o S I Y T Y N T N TN TN T

Power Out
5.00
450
4.00
350
s
3 a0
< 00
150
1.00
050
0.00 =

AN 2-59 NFILAAILTIAU NTELE wazAadlWiNv199nUBINITNARDIN 12

Uszandaw

0.00

—e—s021kHz
—e—83720
86.84kHz
90.70kHz

——s021kHz 000

——8372H 017

8680kH 0,00
0700z 000

2 6 130 14 32
2 63 082 097 154
023 66 084 6 L4
051 106 187 9 11
s

1l5¥&EnW Pin DC sia Pout DC

2 3 4
as8 1239 1974
an 11.70 121
as4 1186 360
1007 1831 | 2170

AN 3-60

6 7
3309 3865
2101 362
2073 250
1956 048

25.00
0.00
£ 1500
&
-
|
£ 1000
0.00
s o
3020 3015 ——s0210z
1204 493 —— 372k
1040 | 000 86.80kH:
760 000 000 90,7044z

a8 457
0.95 079
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Please read and follow all instructions in this Users
Instruction Manual before attempting to operate your
Freerider Scooter for the first time. If there is anything
in this manual that you do not understand, or if you
require additional assistance for setting it up , contact
your Authorized Freerider Agent.

Using your Freerider product safely depends upon your
diligence in following the warnings, cautions and instructions
in this manual. Using your Freerider Scooter safely also
depends upon your good judgment and / or common sense,
as well as that of your Provider, Carer or Health Professional.
Always think safety!
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IRtRORUEION: s wcnrosnon o sioms scatormom st oo soatmson szors o 2
Product description. . . ......... ... .. ... .. 3
Purpose of your Freerider Scooter . . ................ S
RilleSTORSaEISE: savinusiony v vanmnns suarsewn S
Getling to know your Freerider Scooter. .. ............ 7
Operating your Freerider Scooter. . . ................ 8
Freewheeling your Freerider Scooter .. ............. 12
Safety instructions and warnings . . . ............... 12
Safetyinstruction [abelsy... ..o vow smmeome wmmpsmys 16
Leamning to getabout'vs s vemmangs v vimmags » 16
Transporting your Scooter . . ............. ...... 19

Battery and battery charging . ................... 23
Care and maintenance. . . ...................... 26
Basicfault Andifg: o s s wemven s ssmenien 5 30
Techiiical SPEeiEation s <o e s ssan wmvmmsns 33
Clreult diagrams., . iss wmmsmmms sme v s 38
Advisory:safety notice ; s v s viwimsy 39
Freerider Scooter spare parts . . .................. 39
OPHONAlTACCESSONES v ccons ssstoinon eons spsisiasatoram s st 40
Guarantee terms . .. ............ ... 41
Servicerhistory: v YEowags U wemes 42

( INTRODUCTION

Congratulations on purchase of your Freerider Scooter.

Please read this User Instruction Manual carefully
before your attempt to operate Freerider Scooter. Your
User Instruction Manual will assist you to get the most
from your machine.

This manual contains important information regarding
the safe operation and maintenance of your Freerider
Scooter. Before beginning to use your Scooter, make
sure you completely read and understand all
instructions thoroughly. Please observe the "Rules for
safe use"and the Safety Instructions outlined on

page 5,12 of this manual. If you have any queries
concerning operation or maintenance, consult your
authorized Freerider dealer.

Please keep in mind that the operator of the Scooter is
responsible for hazards occurring to other people or
their property.

Your Freerider Scooter has numberous features not
found on other power Scooters. With proper care and
maintenance, you will enjoy many years of dependable
service.

Your Freerider Scooter needs to receive maintenance at
regular intervals and should be inspected frequently

for proper mechanical operation. Troubles shooting
Guidelines, methods of detecting improper operation
and making minor adjustments are included in manual.

Follow all recommendations to obtain trouble free, safe
and enjoyable operation of your Freerider Scooter.

Please remember that when it comes Lo service and
repairs, your authorized Freerider dealer knows your
Freerider Scooter best.
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( PRODUCT DESCRIPTION

@ Rear-wheel drive via sealed drive axle

@ 36 A/H sealed non-maintenance lead-acid batteries.

@ Automatic charging system.

@ Off-board charging facility.

@ Scat with folding backrest, height adjustment and
adjustable width arm-rests.

@ Scal rotates and is fully adjustable forwards and backwards
and for height.

@ Multi-positional handle bars for greater comfort, driving
mirror, front basket for storing personal items.

@ Asimple ‘wig-wag' tyre control lever situated on the
handlebar, controls speed, braking and direction.

@ Steering is controlled by handlebar attached to a linkage
system containing front wheels for FR168-4/FR168-4S/
FRS 10DX2/FRS 10DXs2.

@ Steering is controlled by handlebar attached to a fork system

containing the single front wheel for FR168-3/FR168-3S.

@ 'System-of-the-art' micro-controller electronics ensure a

smooth, comfortable and safe drive on all surfaces and
gradients.

@ Two piece steel chassis for ease of transporting.

@ Your scooter can be dismantled into separate components
without the use of tools for ease of transporting. However,
your scooter is not designed to transport the user in a
moving vehicle; for advice on transporting consult your
selling agent.

Your Freerider Scooter should be serviced as

recommended by an approved Freerider distributor in

order to ensure safe, reliable operation. For details and

list of options available for user, refer to accessories

section of this manual.

( FR510DX2/FR510DXs2 FEATURE GUIDE

Steering handlebars
Drive mirror

Console

Charging socket

Basket

Front light

Direction indicator lights

Front and rear bumper

N 00 N O L1t AWN

Amber side reflectors

10 Floor mat

Il Pneumatic wheels with grey tyres
12 Rear lights and indicators

13 Adjustable angle seat with backrest
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C "FR168-4/FR168-45/FR168-452h FEATURE GUIDE

Adjustable steering handlebars

Driving mirror

Console

Charging socket

Basket

Front light

Direction indicator lights

Front and rear bumper

N 00 N O v A WN

Amber side reflectors

10 Floor mat

'l Pneumatic wheels with grey tyres
12 Rear lights and indicators

13 Adjustable angle seat with backres

[ f  FR168-3/FR168-35 FEATURE GUIDE

Adjustable steering handlebars

Driving mirror

Console

Charging socket

Basket

Front light

Direction indicator lights

Front and rear bumper

N 00 N O v AW N

Amber side reflectors

IS

Floor mat

Pneumatic wheels with grey tyres

N

Rear lights and indicators

w

Adjustable angle seat with backres




Your Freerider Scooter is suitable for
persons who require independent mobility
combined with comfort, maneuverability,
reliability and a product that needs a
minimal amount of maintenance.

The intended user should possess some degree of ability with
the use of both arms and hands, reasonable balance and
eyesight, and a degree of spatial awareness. The user should
have received training in the use of the product, preferably in
their normal environment. The maximum user weight for your
Scooter can be found in the rear of this manual,
under'Technical Specification'(see page 33.34).

Your Scooter is suitable for use indoors in shopping malls or
precincts for example, or outdoors on dry, smooth level
surfaces. It climbs slopes safely up to 8 “rain or snow, on
loose slippery surfaces and slopes or on wet grass elc.,
which could become a danger to the rider. Passengers must
not be carried. Excess baggage outside of the seating area
can affect stability.

Your Scooter is a 'Class 2' (B) * vehicle and designed for
pavement use only. The Scooter must only be used on the
road with caution if a pavement is not available. It is designed
for a single occupant who experiences difficulty or discomfort
when walking for prolonged periods, but has the use of both
legs and the physical, visual and cognitive ability to operate
the Scooter safely.

Do not drive your Scooter if you are under the influence of
alcohol, drugs or medication that may affect your ability. If in
doubt consult your doctor. As a pavement user you should

familiarize yoursell with the current editions of the Highway
Code.

* DEFINITION

Electrically powered scooter are classified in the following
categories :

Class 2 as defined in "The use of invalid carriages on the
Highways Regulations 1988"

A scooter tyre invalid carriage designed for the use on the
footway, with maximum speed up to 4 M.PH.

Class 'B', as defined in The European Standard EN12184
:1999. A scooter sufficiently compact and maneuverable for
some indoor environments and capable of traveling over
longer distances and negotiating outdoor obstacles.

' RULESFORSAFEUSE )\ /4\ _

These symbols below are used in this owner manual to
identify and warnings and cautions. It is very important for
you to read and understand them.

A Warning: Failure to note the warnings in this users
manual may result in personal injury.

A Cautions: Failure to observe the cautions in this
users manual in damage to your scooter.

Your scooter is a powerful machine, for your safety

and the safety of bystanders, please read all of the
instruction in this manual before operating your scooter, they
have been prepared from years of experience with this tyre of
equipment.

Follow notes carefully to ensure safety at all times.

Always make certain your machine is in full working order
before starting your journey.

. Do not ride your scooter without reading this instruction
manual. Also read all of safety instructions and warnings
starting on page 12 of this manual.

N

. Only drive your scooter if your health condition will allow
you to be safe.

w

. Do not exceed the maximum safe gradient outlined for
your vehicle (see Technical Specification, page 33).
Warning: Always have the anti-tipping wheels fitted
when outdoors or on rams indoors (see Fig 18 pagel9).

4. Do not carry passengers or exceed the maximum carrying
weight.

[

. Do not mount or dismount your scooter unless it is
switched off with the freewheel device fully engaged.
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6.

20.

2

2

N

23

24.

Do not switch your scooter 'on’ with the forward/reverse
lever depressed. Warning: Do not hang bags etc over
your steering handlebars, always use the front basket.
Failure to observe this warning may interfere with your
controls and put you and other at risk.

Do not mount or dismount your scooter unless the
speed adjustment dial is set to minimum.

Do not reverse your scooter onto uneven inclines or
surfaces. Be cautions when traversing slopes.

Do not drive your Scooter in a confined space unless the
speed adjustment dial is set low.

Do not turn suddenly at full speed, especially on uneven
or sloping ground.

. Do not drive your Scooter where you cannot safely or

legally walk. Obey the Highway Code.

. Do not drive your Scooter unless the seat is locked into

the driving position.

. Do not drive your scooter with the handlebar adjustment

lock, in the unlocked position.

. Do not drive your scooter over deep, soft terrain

(eg. soft earth, deep grass, snow).

. Do not drive when under the influence of alcohol or certain

drugs which may impair your safety.

. Avoid climbing or descending kerbs, you may ground your

chassis and fall over.

. Always approach small obstacles "straight on" and at slow
speed. Do not attempt to climb or descend kerbs. This may

damage your Scooter

. Always stop fully before changing dissection

(forward or reverse).

. Always keep your feet on the vehicle when driving.

Always proceed carefully while riding, especially as you
approach the downgrade of a ramp.

. Always avoid uneven surfaces.

. Always consult your physician or a therapist if in doubt

about your ability to operate a Scooter.

Transport- Do not sit on your scooter while it is in a
moving vehicle. Always strap down your scooter then
transfer to the vehicle seat.

The batteries fitted to your scooter are Maintenance
free and do not require topping up with distilled water.
Do not attempt to remove the safety values situated in
the top of the battery. Failure to observe this warning

will invalidate your battery guarantee.

2

wi

. Do not drive your Scooter through deep water or clean
with a high pressure hose.

26. Do not drive your Scooter through sea sand or sea water,
this is very corrosive. Always wash salt splashing from the
metal parts of your scooter with hot soapy water as soon
as possible. This is also important during the winter
mouths when roads and pavements have been treated with
sal It to prevent icing.

Please remember you are a motorized pedestrian and must
observe all rules and regulations of other pedestrians
wherever possible. Your scooter has not been designed for
use on normal roads, except for crossing between pavements
and where a pavement is not available.

Please have a safe journey
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( GETTING YOU KNOW YOUR SCOOTER

Your Freerider scooter is delivered in a strong tri-wall carton.
When unpacking the carton, first remove all of the sharp
metal staples which are located in the top. Carefully dispose
of the staples to avoid injury. Remove all packing materials,
avoid using sharp instruments as this may damage the
scooter. Carefully remove the scooter from the carton; to
minimize damage o the scooter and the operator, two
people should be used for this operation.

Safely dispose of all packaging materials, your local waste
disposal authority can advise you on this procedure.

Your Freerider Scooter is delivered fully assembled, fitting the
two batteries and the seat assembly together with some
minor adjustments are detailed on the following pages, under
‘Operating your Freerider Scooter'. A full technical
specification for your Freerider Scooter can be found at the
rear of this manual.

A great deal of thought and consultation has gone into the
design of your state-of-the-art, life-changing scooter. Your
Freerider Scooter will help to increase your mobility and
therefore give you more time and energy to enjoy life.

Six models of Freerider Scooter are described in this manual.
Freerider models have same control functions but vary in
wheel sizes, battery location and seats. Please refer to your
appropriate model when reading the manual. A full technical
specification for each model can be found at the rear of this
manual. A great deal of thought has gone into the design of
your Freerider Three wheeled vehicle which will allow you to
negotiate obstacles found in confined shopping areas, four
wheels will give you added stability on uneven surfaces. This
is just one of the features you will find on your Freerider
Scooter.

Others are:

COMFORT- The contoured seat helps cushion you from the
vibrations of a journey, giving you maximum comfort. A fully
proportional speed-controller with a speed restriction facility
allows you a smooth jerk-free ride. Automatic braking gives

you that added peace of mind.

VERSATILITY- The removable fold down seat, together with
a facility to fully lower the steering handlebar, allows your

. to be easily transported in an average saloon or

hatchback car for those days when you travel further afield.

SERVICE- Your Freerider scooter has been designed to be
service [riendly. Sealed batteries which are virtually
maintenance-free will give your Freerider the power it

requires. Should you need to take you batteries on an aircraft,

then you can peace of mind because the batteries are totally

Spill-free. (Please consult your carrier for details).

SAFETY- The advanced speed controller has been designed
with extensive self-checking circuits to give you the maximum
'state-of-the-art' safety technology. Fully automatic braking
give the driver confidence in any environment. The on/off key
be removed for added security and safety, this disables the
electronic drive circuitry, and your Freerider scooter cannot
therefore be easily driven away by any other person.

CAUTION- Do not switch 'off' the on/off power key when
you are moving; this will automatically apply the motor
parking brake suddenly and could place you in a dangerous
situation. Your scooter is fitted with anti-tipping wheels. Do
not remove these anti-tipping wheels, lheyare an important
part of the scooter design provided specifically for your safety.
They help protect against backwards tipping on excessively
sharp inclines.

CHARGING- Your scooter is fitted with a battery level
indicator. Charging is straight forward. Your charge is fully
automatic and will reduce to a top-up charge mode when the
re-charge cycle is complete. (See Batteries and Battery
Charging section of this manual).
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( OPERATING FREERIDER SCOOTER

Before setting out on your scooter you need to make sure
that your seat is in the correct driving position. Your
Freerider distributor will set the seat to the correct height for
your individual needs (note: see warnings on page 9). The
seat has four basic adjustments to assist your comfort.

1. Seat Lock Lever :(Fig 1). This allows the seat to swivel
through 360" NB: It can be re-located on the right side for
your convenience. Pull up fully to release the seat allowing
rotation. Release level to lock the seat into the desired
position.

Warning: When driving, the seat should be locked in the
straight ahead position.

Caution: The seat locking level must lock be lifted up fully
when rotating the seat, failure to observe this may result in
unnecessary wear of the seat post.

Removing seat from Scooter: The seat mounting post is
designed with a special safety lifting point, this will prevent
the seat from inadvertently dismounting itself in the case
only be demounted by turning the 90" the forward driving
position.

Warning: The seat base has a series of threaded holes for
universal mounting, on no account must your scooter seat
be relocated from the original factory setting. Failure to
observe this warning will put you into an unstable and
dangerous situation which could cause you harm.

N

. Armrest Width Adjustment: On each side at the rear of
the seat you will find a large black knob (Fig 2). By simply
loosening this knob you are able to slide the armrests in or
out to whatever width you desire. Re-tighten the knobs fully.
You may need a friend to assist you with this initial setting
up operation. This may extend the width of your Scooter.
Caution: The backrest of your seat will not fully fold
forwards if armrests are positioned too closely towards one
another.
Warning: Do not drive your scooter with the arms removed
or in the raised position.

w

. Armrest Angle Adjustment :(Fig 3). The armrest angle
can be adjusted individually to suit your needs. To make
adjustments to the armrest angle you will need two 13mm
spanners (not provided). Lift the arm upwards, you will note
the adjusting bolt. First loosen the locking nut, rotate the
bolt in or out until the required angle is found, lower the
arm and check the angle for comfort; re-adjust as necessary.
Finally tighten the locking nut.
Warning: When lowering the arm make certain clothing or
fingers are not positioned under it.

ES

. Seat Height Adjustment: You may need to alter the seat
height setting at a later date, please follow these
instructions.

I.Remove your seat from the Scooter by lifting the seat

locking lever and lifting the seat clear of the vehicle (see
Fig 4). Note your seat for safety reasons can only be
removed when it is Turned 90 . Please take care when

lifting heavy weights. Place your seat on a soft clean
work area.
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N

. With the aid of a I7mm spanner (not supplied) loosen
the 10mm seat clamp fixing bolt (see Fig S).

w

. Remove the 10mm fixing bolt and reposition the bolt
into one of the four preferred location holes of the seat
mounting tube (see Fig 6).

EN

. Re-tighten the 10mm fixing bolt. Refit the seat onto
your Scooter.

Warning: Do not have the seat set too high, you must be
able to place both feet firmly on the Scooter's floor area.
Stability will be reduced the higher your seat is set on the
mounting tube. Always take great care when cornering,
lean into the corner to achieve the best stability from your
Scooter.

5. Seat Slide of the seat: (see Fig 7) Located on the right
front side of the seat. The lever allows you to adjust your
seat forwards and backwards when sitting on the seat.
Simply pull up the lever and move in the desired position
backward by pushing or forward by hitching. As soon as
the lever is released, the seat will lock into the new position.

Caution: The best the seat has fully locked by hitching
backwards and forwards.

Warning: Do not carry out this operation when your scooter
is moving, first stop apply the brakes and then carry out the
seal position.

CAPTAIN SEAT

The seat as fitted to your Freerider Scooter, has a fold down
backrest . The seat has four height positions similar to those
found on the standard seat. Your Freerider distribution wick

position the seat to allow you the most comfortable driving

position.

6. Backrest Angle Adjustment (option): The angle of your
backrest can be adjusted to a comfortable driving position
by the operation of the lever situated on the left side
of your seat. When sitting on your seat, lean backwards
against the backrest and at the same time lift the operation
lever upwards. Lean forwards or backwards once the
locking mechanism has released, positioning the backrest
in a comfortable driving position. Releasing the lever will
lock the backrest in your chosen position.

Caution: Care should be taken during this operation as the
backrest mechanism has a strong assisting spring to aid
movement. Please Note: Damage can result the mechanism
il the backrest is not supported during this operation.

7 .Backrest Height Adjustment: The upper cushion of
your backrest (See Fig 8) can be adjustment for
height, giving you more back support if you are tall,
by operating the small latch cushion up or push
down for the most comfortable position. The headrest will
also lift out for convenience.

HANDLEBAR ADJUSTMENT
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The handlebar of your Scooter is designed to allow you to
position it in a comfortable driving position. It can be locked
into numberous positions or unlocked to move freely for
transportation.

The handlebar lock is operated by a black lever positioned
on the right hand side of the handlebar (see Fig 9, page10).
To release the handlebar from a locked position pull the black
lever upwards, the handlebar will now move freely, but under
mild tension.




To lock the handlebar into a comfortable driving position,
simply push the black lever downwards until the handlebar is
locked firmly into position.

With the combination of the height adjustment together with
the handlebar movement, you should find a suitably
comfortable driving position.

Warning: Always make certain the handlebar locking lever is
fully down and the handlebar is securely clamped onto the
chrome support plates before driving your Scooter. To make
service adjustment of this part, refer to the Care and
Maintenance section of this manual.

CONTROL FEATURES

Your controls are located on the handlebar console (see
Fig 10) they are:

1. Speed Adjustment Dial: This allows you to pre-select your
desired top speed. The dial is proportional to speed and
can be set anywhere between minimum ('min') and maximum
('max) increments. Turn the dial knob anticlockwise to
minimum for a very gentle operation, and clockwise
towards maximum to increase your speed. NOTE: When
attempting to climb obstacles, you will need to set the dial
to a high setting. Remember the higher position you set
your speed dial to, the faster your Scooter will travel.

N

. Horn Buttons: (yellow). Sounds a polite warning signal.

w

. On-Off Power Switch: Located at the right side of the
control console. Insert the key and turn clockwise. You will
note after a second the needle on the battery state indicator
moves towards the green sector and the green status light
illuminates. Your Scooter is now ready to drive. To switch
off your machine turn the key anticlockwise. Remove the
key when your vehicle is left unattended. Do not attach
heavy additional keys to your key ring, the weight can
damage the switch unit.

Caution: Do Not switch to 'off' when your Scooter is moving.

Failure to observe this warning will result in the motor brake
being applied suddenly and placing you I.in a dangerous
situation.

You should only switch ‘off' when in motion in the case of
an emergency. Continual use in this mode may cause undue
stress to the drive system and damage the main electronic
speed control unit. Be extremely cautious on slopes. Sit
upright in your seat or your machine could become less
stable.

Sleep Time: When you rest your Scooter with the electronics
switched 'on' you are using valuable battery power. Your
Scooter will automatically go into a sleep mode to preserve
battery energy after approximately 15 minutes, the battery
indicator and green status light goes off. To start your
Scooter again simply switch the key switch to 'off' and

back to 'on’ again, your Scooter is now ready to go.

4. Status Light: When you turn your Scooter on, the green
light on your console will illuminate at a constant rate.
The status light is connected to a very sophisticated

“w

On-Off
Power
Switch

Front/Rear
Light Switch

Battery
Condition
Indicator

Status
Light

Direction

Hazzard
Wilarning

2 Horn

Indicator
Buttons

Light Switch

diagnostic system which can identify faults which could
occur on the main speed control system or some other
part of your Scooter's electronic drive system. For
instance if your batteries run low in power, the status light
will flash slowly at one flash a second:; this indicates your
batteries need recharging.

If you notice the status light flashing at two flashes per
second, you are being notified that the battery voltage
is too low and you must stop using your Scooter at
the earliest opportunity.

Your status light has nine similar flashing diagnostic
signals, reference to these diagnostic codes is found
under 'Fault Finding' at the rear of this manual.

. Battery Condition Indicator: Located at the top of your

console. When your Scooter is switched on, the needles
on the gauge will move across the scale from the left 'red'
sector towards the 'green’ sector, indicating the state of

charge in your batteries. As the power is used up in your
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batteries the needle will move towards the red sector
indicating the state of charge at that precise time. When
the needle is fully over to the right (green sector), the
batteries are fully charged. When the needle falls towards
the red sector your batteries are losing power, but you will
still have power to spare. When the needle falls into the
red sector your batteries are low in power and need to be
re-charged, although you will still have approximately
half-an-hours normal flat pavement driving in reserve.
Itis not recommended to use this power regularly as it
will shorten battery life. It is wise to re- charge your
batteries when the needle enters the red zone (see
Batteries and Battery Charging section of this manual).
NOTE: When driving up a slope or similar obstacle your
Freerider Scooter will be working hard, the battery gauge
will move into the red sector, it will return towards the
green sector once the load on your motor is reduced,
this does not indicate low batteries.

N

. Front/Rear Light Switch: This rocker tyre switch controls
the function of the front and rear lights. Simply push down
on the left side (white spot) (Fig I 1) for ‘on' and the right
side for 'off'.

.

Direction Indicator Light Switch: Located at the bottom
right of your console, the direction indicator lights for
right and left manoeuvres are controlled by this switch.
When making a turning manoeuvre on the road the
appropriate switch dissection warning light (See Fig 10),
will flash. To cancel the direction indicator return

the switch to the centre position. The left direction
indicators are activated by 'flicking' the switch to the left.
Caution: Please note the direction indicators are not
self-canceling. Warning: Please be aware to test the
function of your direction light before each journey. Failure
to observe this warning could put you and other road
users into a dangerous situation.

8. Hazard Warning: Positioned to the bottom left o
your console, when pressed this red triangular button
activates all of the amber flashing direction lights to
warn other road users that you are stationary or in
distress. This function should only be used in
emergencies. You will note that both green direction
lights at the top of your console are flashing to warn you
the hazard system is in operation. To cancel the hazard
warning simply press and release the red triangular button.

FORWARD, REVERSE CONTROL LEVER (Wig wag)

Located under the handlebar grips. Your speed for
forwards and reverse motion and braking is controlled
here. The right thumb lever moves your Scooter in a
forwards direction (Fig 12) and also controls the rate of
speed by the proportional amount of pressure applied.

The left thumb lever moves the Scooter in a reverse direction
and controls the rate of speed by the pressure applied (Fig 13).
The lever when released will return itself, and you will gently
stop. You will note that you can obtain the reverse of this
procedure by pulling the levers backwards with your thumb.
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Warning: Do not hang bags etc over the steering handlebars
which could interfere with the movement of your control
lever. Failure to observe this warning could put you in a
dangerous situation.

Note: Your approved Freerider distributor can modify

your vehicle for left-hand forward operation use.

A

A

Warning: If you are not an accomplished outdoors
powered vehicle driver, we strongly recommend that
you first practice in an open, safe area, free from traffic,
preferably with a Freerider Scooter who can assist you.
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( FREEWHEELING YOUR SCOOTER

If for the reasons of convenience, you require to push your
scooler, the drive from the motor can be disconnected to
allow the vehicle to roll freely.

Free wheel procedure: The free wheel device is a 'red'
handled lever located at the rear right hand side of your
machine under body cover (See Fig 14).

To free wheel your scooter push down the red lever; gently f
rock your machine to assist the drive to disengage. You can
now push your scooter with ease.

To re-engage the drive simply pull up the red lever; again
gently rocking your machine will allow full engagement of the DISENGAGE
drive system.

Caution Notes:

1. You must sit on your scooter with free wheel in the General Note: If you are able to push your scooter the A
disengaged position. When the free device is disengaged, drive to the lfansmlssmn brake is disconnected. Do not
you have no braking function of your scooter. Do not park ALEmptito dnve‘your scooter. Please check oncemore:
your scooter on a slope with free wheel device disengaged. the above mentioned procedure for re-engaging the drive.

2. If the scooter is in the free wheel mode, when turn on

your machine and depress your speed control, you will Warning: Yellow
. i P . warning notice _ WARNING Z: \

not be able to move under motor power. Dismount EMERGENCY FREEWHEELING DEVICE

and re-engage the drive label situate on NEVER SIT ON YOUR SCOOTER WITH THE
g g ) your rear cover FREEWHEEL DEVICE IN THE DISENGAGED
. POSITION. ALWAYS RE-ENGAGE THE
3. "Always' check that the free wheel device is in the drive located under A PO 08 a1
3 a . " our Sﬁal USE. FAILURE TO COMPLY WITH THIS
position before attempting to drive your machine after J WARNING MAY RESULT IN INJURY.
it has been left unattended for a period of time. Failure
to observe this warning may result in an accident. Please take extreme care
GENERAL The authorized Freerider Distributor in the instruction

process for the safe use of the scooter.
Warning: Do not attempt to operate your new Scooter for

the first time without completely reading and understanding There are certain situations, including some medical

all of the facts in this Users Instruction Manual. conditions, where the Scooter user will need to practice
operating the Scooter in the presence of a trained attendant.

Your Scooter is a state-of-the-art device designed to A trained attendant can be defined as a family member or

enhance and increase your mobility. Freerider provides a care professional specially trained in assisting a Scooter user

range of Scooters to best suit the individual needs and in various daily living activities.

circumstance of the Scooter user.
When you begin to use your Scooter, you will probably

Please be aware that the final selection and purchasing encounter situations in which you will need some practice.

decision regarding the model of Scooter to be used is the Simply take your time and you will soon become confident

responsibility of the Scooter user who is capable of making and in control as you manoeuvre through doorways, on and

such a decision with assistance from his/her healthcare off elevators, up and down ramps and over moderate terrain.

professional (i.e. medical doctor, physical therapist etc.) Below are some tips, precautions and other safety measures
that will help you to become accustomed to the safe

The contents of this Users Instruction Manual are based on operation of your Scooter.

the expectation that the mobility device

Expert has properly fitted the Scooter to the user and Your Scooter is fitted with a number of "Safety & Warning

Has assisted the prescribing healthcare professional and/or Instruction labels"(see page16).



These labels communicate important warnings or
instructions - Please familiarize yoursell with their location.

SAFETY CHECK

Get to know the feel of your Scooter and it's capabilities.
Freerider recommends that you perform a safety check
before each use to make certain your Scooter operates
smoothly and safely. For details on how to perform these
necessary inspections, see the Care and Maintenance section
of this manual. Perform the following inspection prior to
using your Scooter.

@ Check tyre inflation, maintain at 30 p.s.i. (210 kpa)

@ Checkall battery connections, make certain they are
serviceable and not corroded.

@ Check front basket is fitted correctly.

@ Check batteries have been fully charged.

@ Check operation of brakes.

Warning: It is critical that the pressure in the pneumatic tyres
is maintained at 30 p.s.i. (210 kpa) at all times. Failure to
observe this warning may result in a serious failure of the
tyre or wheel, causing serious personal injury and/or damage
to your Scooter.

Warning: Do not carry passengers on your Freerider Scooter.
Your Scooter is designed for a single occupant which
complies with legal requirements for pavement vehicles.
Carrying passengers on your Scooter may result in personal
injury and/or property damage.

WEIGHT LIMIT

Your Scooter is designed for a maximum user weight limit of
136kg (300Ibs).

Warning: Exceeding the weight limit will void your warranty
and may result in personal injury and damage to your
scooter. Freerider will not be held responsible for injuries
and/or property damage resulting from failure to observe
these weight limitations. Please also remember when
carrying heavy objects that this will increase your total
weight and may make your Scooter unstable.

CORNERING

Excessively high cornering speeds can create the possibility
of tipping. Factors which affect the possibility of tipping
include, but are not limited to, cornering speed, steering
angle (how sharply you are turning), uneven surfaces,
inclined surfaces (such as heavily cambered pavements),
riding from an area of low traction to an area of high traction
(such as passing from grass areas to a paved area - especially
at high speed while turning), and abrupt directional changes.
Do not corner at high speed! If you feel that you may tip
over in a corner, reduce your speed and steering angle to
prevent your Scooter from tipping.

Warning: When cornering sharply, reduce your speed. When
using your Freerider Scooter at higher speeds, anticipate
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Changes in the road surface. This will greatly reduce the
possibility of a tip or fall. To avoid personal injury or
property damage, always exercise common sense when
cornering.

BRAKING

Your Freerider Scooter is equipped with one powerful brake
system:

Electric/Mechanical Disc Park Brake: Located on the end of
your drive motor it activates mechanically after the
regenerative brake slows your Scooter to a near stop, or
when power is removed from the drive system for any reason,
as in the case of switching your machine off!

Brake engagement is far more abrupt at higher speeds. It is
important that you anticipate when the brakes will engage
and that you are braced for the resulting deceleration.

Warning: Your Scooter can decelerate very quickly. Do not A
decelerate or turn abruptly when traveling at high speed
unless absolutely necessary. Ifit is necessary to decelerate or
turn abruptly when driving at high speed, brace yourself by
gripping the steering handlebar tightly and positioning your
feet firmly on the floorboard. Users who cannot grip the
handlebar tightly and/or place their feet firmly against the
footboard should avoid deceleration from or turning abruptly
at high speed, and therefore should avoid travelling at high
speed. Failure to observe this warning could result in serious
personal injury and property damage. Always brace yourself
firmly when decelerating your Scooter.

Never drive down slopes at full speed, always adjust your
speed to the driving condition and allow for gradual
descents on inclines.

OUTDOOR DRIVING SURFACES

Your Scooter is designed to provide optimum stability under
normal driving conditions i.e. dry, level surfaces composed

of concrete or asphalt. However Freerider recognizes that

there will be times when you will encounter other surfaces

such as packed soil, grass and gravel. These surfaces may not
be sound and fail to give good traction, caution should be
considered before driving on this tyre of surface to prevent
stability problems resulting in injury or damage to your Scooter.

@ Reduce your Scooters speed when driving on uneven
terrain or soft surfaces.

@ Avoid long and unsafe grass that can become tangles in
the running gear or may hide debris and holes.

@ Avoid snow, this can quickly build up around your wheels.

® Avoid loosely packed sand and gravel.

@ Ifyou feel unsure about a driving surface, please

anticipate and avoid that surface.

STREET AND ROADWAY DRIVING

Warning: Your Scooter has not been designed for operation
on public streets and roads. It is designed for operation on
pedestrian pavements and traffic free shopping areas.

Your Scooter must be driven with due care and compliance
with the Road Traffic Acts and conditions of the Highway
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Code. Always obey all local pedestrian traffic rules. Wait until
your path is clear of traffic, and then proceed with extreme
caution. Note: Always wear light or illuminating clothing
When driving your Scooler. Be aware that it may be difficult
for traffic to see you when you are seated on your Scooter.
Only drive your Scooter on the road when a public pavement
is not available (i.e. in the countryside) or when crossing the
roadway from one pavement to another.

INSURANCE

Although it is not a legal requirement for accident insurance
cover (third party), it is a sensible precaution. Your Freerider
Authorized Agent will be able to give you details of specialist
insurance companies or you own insurance company will be
able to advise you.

WEATHER PRECAUTIONS

Warning: Freerider recommends that you do not operate
your Scooter in icy or slippery conditions or on salted
surfaces i.e. Roads and Pavements etc. Such use may result
in accident, personal injury or adversely affect the
performance and safety of your Scooter.

Warning: Freerider recommends that you do not expose your
Scooter to any tyre of heavy moisture at any time i.e. rain,
snow or power washer. Such exposure can damage your
Scooter. Never drive through deep water or expose your
Scooter to sea water. Do not operate your Scooter if it has
been exposed to heavy moisture until it has been thoroughly
dried out.

FREEWHEEL YOUR SCOOTER

Your Scooter is equipped with a manual freewheel device for
convenience when you need to push it. See the Freewheeling
your Scooter section on page 12 of this manual.

Warning: Do not use your Scooter in the freewheel mode
without an attendant present. Personal injury may result.

Warning: Do not attempt to personally disengage your
Scooter in the freewheel mode while seated on it. Personal
injury may result. Ask an attendant for assistance if necessary

Warning: Do not place your Scooter in freewheel mode while
on an incline. The Scooter could roll uncontrollably on its
own, causing personal injury.

TYRE INFLATION

If your Scooter is equipped with pneumatic tyres, you should
check their condition on a daily basis. Have the tyre pressure
checked and if necessary inflated to 30 p.s.i. (210 kpa) at
least once a week. Properly inflated tyres will help ensure a
smooth, stable ride with minimum rolling resistance for your
motor, it will also prolong the tyre's life and resistance to
punctures..

Warning: Always inflate your tyres from a regulated air

source. Over inflation from an unregulated air source could
Over inflate your tyres resulting in "blow out" or personal
injury.Itis critically important that pneumatic tyres are
inflated to 30 p.s.i. (210 kpa). Do not over inflate your tyres
to the maximum inflation pressure of S0 p.s.i. (350 kpa)
indicated on the tyre cover, failure to observe this warning
could damage your Scooter wheels.

MOTOR VEHICLE TRANSPORTATION

Currently there are no standards approved for "tie down"
systems in a moving vehicle of any tyre to transport a person
while seated in a Scooter.

Although your Scooter may be equipped with a positioning
belt *, this is not designed to provide proper restraint during
motor vehicle movements.

Anyone travelling in a motor vehicle should be properly
secured in the motor vehicle seat with a safety belt fastened
securely.

Warning: Do not sit on your Scooter while it is in a moving
vehicle. Personal injury may result.

Warning: Always make certain that your Freerider Scooter is
properly secured when being transported. Failure to comply
may result in personal injury and/or damage to your Scooter.

* POSITIONING SAFETY BELT (NOT SUPPLIED)

Your authorized Freerider Agent, therapist and other
healthcare professionals are responsible for determining your
requirement for a positioning belt in order to operate your
Scooter safely.

Warning: If you require a positioning belt to safely operate
your Scooter, make certain it is adjusted and fastened
securely. Serious personal injury may result if you fall from
your Scooter.

ACCESSING YOUR SCOOTER

Getling on and off your Scooter requires a good sense of
balance. Please observe the following tips when getting on
or off your Scooter:

@ Make certain your Freerider Scooter is switched off at the
power switch, and the power key is removed.

@ Ensure your Freerider is not in the freewheel mode (see
page 12 Freewheeling your Scooter)

@ Make certain the seat and handlebars are locked firmly
into position.

@ The seat armrests can be lifted up to make access easier.
Make certain you do not attempt to drive with the armrests
raised.

Warning: Position yourself as far back into the Scooter seat
as possible to prevent tipping and causing injury.

Warning: Avoid using the armrests for weight bearing
purposes, such use may cause the Scooter to tip and
cause personal injury and/or damage to the Scooter.

A

A

A
A
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Warning: Avoid putting weight onto the steering
handlebars, such use may cause the Scooter to tip and
cause personal injury and/or damage to the Scooter.

Warning: Avoid putting all of your weight onto the
footboard, such use may cause the Scooter to tip and
cause personal injury.

MODIFICATIONS

Freerider has designed your Scooter to provide maximum
mobility. A range of accessories are available from

Authorised Freerider Agents, to further customise your
Scooter needs. However, under no circumstances should

you modify, add, remove or disable any feature, part or
function of your machine.

Warning: Failure to observe this warning may result in personal
injury and/or damage Lo your Scooter.

INCLINES

More and more modern buildings are designed with
disability

access in mind. Ramps have specified percentage of
inclination, designed for easy and safe access. Some
ramps may have turning switchbacks (180 degree turns)
that require you to have good cornering skills on your
Scooter.

@ Proceed with extreme caution as you approach the
downgrade of a ramp or other incline, sit right back in
your seat, brace your arms on the handlebars and your
feet on the floorboard

@Take a wide arc with your Freerider's front wheel
around tight corners, your rear wheels will follow
preventing you from cutting the corner short and
bumping or getting hung up on raised kerbs.

@ When descending an incline keep your speed
adjustment set to the slowest speed selting to ensure a
safely controlled descent and driving in a forward
direction only. If your Scooter descent is quicker than you
anticipated allow the Scooter to completely stop, then
progress at a slower speed setting.

Warning: Never drive down an incline at full speed.

@ When climbing an incline, try to keep your Scooter
moving, if you must stop, start up again slowly and then
accelerate smoothly with caution. Avoid sudden stop
starts, lean forward towards your handlebars to increase
stability and prevent rearward tipping.

Warning: When climbing an incline, do not zig-zag
or drive at an angle up the face of the incline. Drive
your Scooter smoothly up the incline without
stopping, this greatly reduces the possibility of a tip
or fall.

Warning: You should not travel over a potentially
hazardous incline i.e. areas covered with ice or snow,
cut grass or wet leaves or any unstable surface.

Warning: Do not overload your Scooter at the rear when A

climbing an incline. Always lean forward to
Provide the best stability and prevent rearward tipping.

Warning: Any attempt to climb or descend an incline
steeper than shown in the Scooter Specification at the
rear of this manual may put your Scooter in an unstable
position and cause it to tip, resulting in personal injury.
Never remove the anti-tip wheels of your Scooter, they are
an important part of your Scooters design. See also
Control on an Incline page19.

LG

Max10” Max6"

STAIRS AND ESCALATORS

Warning: Scooters are not designed to travel up or down
stairs or escalators. Always use an elevator. Failure to
observe this warning may result in injury to yourself and
others and damage your Scooter.

PREVENTING UNINTENDED MOVEMENT

Warning: If you anticipate being seated in a stationary
position for an extended period of time turn off the power

key switch, this will prevent unexpected motion due to
inadvertent movement of the direction control (wig-wag) lever.
Failure to observe this warning may result in personal injury.

DISPOSAL OF ELECTRO-MOBILE SCOOTER

In time when your Scooter becomes unusable it must be
disposed of in accordance with the laws implemented at that
time. For further information regarding the recycling
arrangements for this tyre of vehicle and its batteries, contact
your local authority or government department, details of
this can be found in your telephone directory.

ALWAYS TAKE CARE AND BE SAFE

A

A
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( SAFETY WARNING & INSTRUCTION LABELS

The following labels are positioned on your Freerider, they
communicate important warnings or instructions regarding the
safe operation of your scooter. Please familiarize yourself

with their location.

= o, .
freefiider

. ENGAGE
= /A WARNING *

v - DO NOT USE
- b BEFORE READING

: USER'S MANUAL
AR, Located at right rear
) DISENGAGE of handlebars near
M. MAX.  MAX. Located on right of handlebar cover charging socket
P i,
VAN L - : - = -~ — Located at the left or right
M“‘“E“‘K&KW Representalive: hand rear cover of
Control console label am'-’s“ﬂ? Scooter
“THE NETHERLANDS

AWA R NI N G Located on front wheel cross member

EMERGENCY FREEWHEEL DEVICE MAIN CIRCUIT BREAKER
NEVER SIT ON YOUR SCOOTER WITH THE

FREEWHEEL DEVICE IN THE DISENGAGED PRESS TO RESET

POSITION. ALWAYS RE-ENGAGE THE .
Located on the top leftside of the rear cover
EMERGENCY FREEWHEEL DEVICE AFTER
(under seat).
WARNING MAY RESULT IN INJURY. T U o

USE. FAILURE TO COMPLY WITH THIS

Located on the top of the Scooter’s rear cover f
(under seat) E In order to avoid the damage of the
| wire of tail-light caused by pulling,

Lo e Lt (G | please lift the rear shroud and carry

Braen s froaghioe it gently when you dismantle the scooter.
Data serial plate located on front wheel Wiring diagram for batteries located under Yellow label located on the top of the rear cover
cross member rear cover
A Warning: If you are not an accomplished outdoors mobility stop simply release the lever, the brakes will be automatically
. . " | 1

product driver, we strongly recommend that you first practice applied.firmly in position. Next, turn the ‘Speed Adjustment

Dial' to minimum (min), and turn the 'on/off" key to ‘on' (Fig
10, page10). (The battery state indicator will move and the
green status light will illuminate). Gently press the right
MOUNTING thumb control lever (Fig 12, page 11) to start you in a forward
direction. To stop simply relese the lever, the brakes will be
automatically applied.

in an open area, free from traffic and preferably with an
attendant who can assist you.

For your first drive make certain that you and your new

Scooter are on a level surface. Put the power on/off key into ﬁ
its slot, but leave it turned off. Stand behind the Scooter's Warning: Please take care not to have your thumb on the

seat, and reach down to the 'Seat Lock Lever'. It will be on forward/reverse control lever when you switch ‘on’ your

the left side directly under the armrest. Scooter; this will result in your machine going into a fault

mode. Switch 'off' then 'on’ again to clear the fault.
Grasp the 'black' knob on the lever and pull up, releasing the
Seat (Fig 15). It will now turn easily to meet you. If need be,
you can lock the seat into position to make it steady before

Warning: If your Scooter has been adapted for left hand,
forward operation then this procedure will be reversed: i.e.

you sit down. You can also ift up the armrest to assist this pressing with the left thumb for forward direction and the

procedure. Seat yourself and swing the seat to face the right thumb for reverse direction.

handlebars. Make sure you are straight, then release the

spring assisted lever, making certain that it locks your seat Warning: Il your Scooter has been converted with a* A

Delta" tyre control system,please refer to the separate



instructions provided with this accessory (see also page 40 of
this manual)

DISMOUNTING
Always switch off your Scooter before dismounting. Locate
the seat lever and pull up (Fig 15). Now you can swing the

seal away, lock it, and ease yourself onto your feet.

If you prefer you can swing the armrests back to allow you to
pivot on your seat and then ease yoursell onto your feet.

Caution: Do not use the handlebars as a crutch to lever

yoursell out of your seat. Failure to observe this warning may
damage the handlebar mechanism and make the Scooter
unstable.

PARKING IN PUBLIC

If you need to park and leave your Freerider Scooter, simply
remove your key. This will keep the brake on and make your
Scooter more difficult to move. It is best to leave it in sight
of someone like a store assistant etc. who can watch it for
you. Another precaution is to you're your serial number and
the date of purchase.

Your serial number can be found on a plate attached to the
front cross member located under the body cover.

BASIC DRIVING

Make certain you are comfortably seated on your Scooter
and both armrests are down. Ensure that the 'Speed
Adjustment Dial' (Fig 10, page 10) is turned to minimum for
your first drive. When you have become more confident you
can increase the setting to a higher speed. Push the right
‘Thumb Lever Control' (Fig 12, page 11), as described earlier.
You will very gently move forwards. Release the lever, and
you will gently stop. Practice these two basic functions until
you get used to them.

Steering the Scooter is easy and logical by turning the
handle bars in the direction you wish to manoeuvre. Be sure
to remember to give a wide clearance when turning so that
the rear wheels follow the path of the front one, instead of
cutting short.

Cutting short on pavement corners or 'cut outs' can mean
8 p:

that a back wheel will go off the pavement, causing a stability
problem. Avoid this at all times by steering an exaggerated
wide arc around the obstacle.

If you must steer in a tight spot, such as entering a doorway
or when turning around, stop, turn the handlebars to where
you want to go, then apply the power gently. This will make
the Scooter turn sharply. It will still go gently, and with
complete stability. Practice in an open area, until you are
proficient.

Reversing requires attention. Be sure your 'Speed Adjustment

Dial'is turned to minimum before you reverse (Fig 10, page 10).

Push the left thumb reverse control lever (Fig 13, page 11).
Remember, when you reverse you have to steer in the opposite
direction to the way you want to go. Practice is required here,
again use that open space. Please note as a safety requirement
reverse speed is half of forward speed.

Note: If your Scooter is set up for left forward driving the
afore mentioned description is reversed.

REMEMBER: If it is a tight turn, turn your steering column
before applying power. Steer wide of all corners and
obstacles, please move slowly and with care.

Warning: Do not turn your ‘on-off' power key switch to the A

'off" position when your Scooter is in motion, failure to
observe this warning may irreparably damage the main
electronic speed control unit or drive transmission. Always
first slow your Scooter down o a stationery position before
you switch your Scooter off.

CONTROL THROUGH TIGHT SPOTS

When you start using your Scooter you will meet some
obstacles that will require some practice to drive through
smoothly.

Here are some common problems, with tips that will help
you master them quickly. You will soon be in control through
doors and up and down ramps with surprising ease by
following these tips.

CONTROL THROUGH DOORS

Approach an unfamiliar door slowly, sizing it up. Does it
have a knob or push bar? Does it open toward you or away?
Think in terms of using the power of the Scooter to do the
work for you! You need not strain.

Hold the doorknob or bar in one hand and apply power with
the other hand. (Remember that you can drive forwards by
using your left thumb to move the wig-wag lever towards
you.) If the door is self closing, you can go through, allowing
the door to close behind you, if you go quickly enough. If
not, just stop when you're clear of the door and push it
closed.

If the door opens toward you, hold the knob or bar with one
hand and gently let the reverse power do the work. When
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the door is open wide enough, go ahead quickly, leaving the
hand on the door to keep it free of the Scooter and letting go
as you pass the doorjamb. It is an easy technique. Practice
makes perfect. Remember - your Scooter can do the work
without wearing you out!

Going through doors, with the back wheels: If you're not
moving, your rear wheel is probably caught. Reverse and try
again. Take your time - relax - enjoy yourself.

CONTROL ON AN INCLINE

More and more buildings have ramps for wheelchair access.
Some have a change of direction in the middle, and good
cornering is required.

Make a wide manoeuvre with your front wheel around tight
corners.so that your back wheels follow a wide arc to stay
clear of the corner.

If you stop while facing uphill, the automatic parking brake
will hold you safe. To start again, slowly push the forward
direction lever, the parking brake will release and you will
start to move.

When you approach an incline, it is best to lean forward, (Fig
16.17). This moves the centre of gravity of your Scooter
towards the front of the Scooter for improved stability.

When going down an incline, keep your speed slow. This will
keep you in a safely controlled descent. It is best to lean
backwards, this moves the centre of gravity of your Scooter
towards the rear of the scooter for improved stability. If you
wish to stop completely, release the control lever, and you
will come to a gentle stop, avoid sudden stop starts.

Warning: Do not exceed the incline guidelines or any other
specifications presented in this manual.

CONTROL OVER STATIONARY OBSTACLES

Stationery obstacles (steps, kerbs etc) must be avoided where
possible. Your Scooter has small wheels and a ground
clearance of 4.0cm. Proceed with extreme caution when
driving near raised surfaces, unprotected ledges and/or drop-
offs such as kerbs, porches, stairs elc.

Most new pavements have wheelchair access ramps at
intersections, use these at all times. Plan your route where
possible to avoid poor and uneven surfaces. Do not attempt
to ride up or down kerbs as you may ground your Scooter
and damage it's construction.

CONTROL OVER GRASS & GRAVEL ETC.

Care must be taken when attempting to drive over soft
surfaces such as those found in parks etc. The surface may
look level, but this can be deceiving and hidden dangers may
make your Scooter become unstable or grounded. Avoid
unkept grass, loose deep gravel or sand, do not exceed the
capabilities of your Scooter.

Always have an attendant to assist you in circumstances

o,

Fig1 6:Normal driving position

Figl7:Normal driving position

where you are not certain of the terrain. Always anticipate
and think safety.

Caution: Because of the power of your Freerider Scooter, you
will be able to climb inclines. But The maximum safe gradient
limit is 10 degrees. The reason for this is to ensure good
stability. Always have the anti-tipping wheels fitted to your
machine (Fig 18) when climbing angles or obstacles.

Always avoid turning on slopes or climbing kerbs.

Always make certain that your Scooter is in full working order
before attempting to drive. Never attempt to drive beyond
the design capability of your Freerider Scooter. Observe
weather conditions. Tyres can slip on wet or icy surfaces.

DO NOT DRIVE THROUGH DEEP WATER OR LEAVE
YOUR FREERIDER EXPOSED TO HEAVY RAIN.

i.e. During or after a thunderstorm.

Do not attempt to turn when negotiating an incline, only turn
when all wheels are fully on or off the incline; failure to
observe this warning could result in the machine becoming
unstable and toppling over.

Always lean forward when ascending an incline and
backwards when descending an incline. This will enable you
to maintain good stability and will eliminate any chance of an
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PLEASE NOTE: The rear stability of your Scooter is
dependent on a number of factors which you should consider
before attempting to climb an incline or other obstacle: (a)
your height; (b) the height of your seat; (c) your weight and
(d) the angle of the incline you are attempting to climb. All of
these factors can affect the rear stability of your Freerider
Scooter. If you are unsure of your capability to climb an
obstacle, then try another route - always think 'safety first'.

Please take care and be safe

Whether it is for a holiday, a day out to visit family or friends,
or a trip to the shop, your scooter can be taken along too.

Depending on the size or model of your car you will be able
to load your scooter in one of the following methods.

. With the aid of a car hoist. Your fealer will be able to
advise on suitable equipment.

. With the aid of ramps. Ramps will aid you to drive your
scooter straight into a people carrier or estate car, if the
rear opening is low you may have to remove your
scooter seat and lower handlebars. You will also require
a suitable folding ramp to lift your scooter into your car.
Your Freerider Distributor will be able advise you of
suitable for this purpose (See Fig 19).

. Small hatchback or estate or estate car (See Fig 20.21).

. Ifyour car is small or has a conventional boot, your
scooter can be dismantled into six basic parts (See Fig 29).
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LOADING YOUR SCOOTER

. Remove your seat or fold down the backrest as necessary
(Fig 22).

. Lower the steering handlebars sufficiently to allow the
handlebars clearance under the top of your tail gate
entry, lock handlebars into position with black locking lever
(See Fig 9 page 10).

. Set your speed 'min-max' adjustment dial (See Fig 10
pagel0).

. Switch Scooter 'on' and gently operate the speed control
lever, to make a slow and controlled accent of ramp.

. When you have safety loaded your scooter into your
vehicle switch off the power switch. Load ramp into vehicle.

N

w

N

[

To unload your scooter from your car follow points to 5
in reverse order.

A Warning:

@ Always make certain that you are on level ground when
loading and unloading your scooter from your carrying




vehicle. Always keep your body clear of your scooter to
prevent entrapment.

@ Always make certain your scooter tyres and your ramp
surface is dry, failure of observe this warning could make
your scooter unstable and put you in a dangerous situation.

@ Always make certain your ramps are at a sufficiently
low angle to maintain good stability and climbing
adhesion. Failure to observe this warning could put you
in a dangerous situation.

@ Never ride on your scooter when loading it into a
vehicle, warning could put you in dangerous situation.

@ Always make certain that your scooter and any ancillary
art is correctly strapped into your carrying vehicle to
prevent forward or reward movement during normal
driving or in the case of severe braking. Most of modern
vehicles have 'loading eyes' situation in the carrying
vehicles floor, use these with suitable straps to prevent
your scooler moving.

Warning: Always make certain your scooter drive system
is in the engaged position.

DISMANTLING YOUR SCOOTER FOR JOURNEYS AWAY

For convenience, you may want to dismantle your scooter to
allow it to be transported in a smaller space. Your scooter
can be dismantled into six individual parts (See Fig 29, Page
21). To enable scooter to be dismantled and transported
follow these simple instructions. This procedure can be
carried out without tools.

. Drive your scooter close to the vehicle into which
you are about to load it. You may need some assistance
to life the components once your machine is dismantled.
Switch off your scooter. First remove the seat by releasing
the 'black' locking lever. Rotate the 90" to the right or left
(See Fig 1,4), lift the seat upwards slightly twisting. This will
release it from its mounting tube.
. Lift up the rear cover, disconnect the rear light plug
and socket (See Fig 23), please safely to one side.
Note the cover is secure by Velcro tyre material at each
side at the front and in the centre. Unfasten the battery
straps by parting Velcro fastening.
. Battery Plugs: Disconnect the two shrouded battery plugs
be gently pulling apart. These plugs are polarized and
only be fitted together one way. Do not force together
when reassembling.
Carefully lift up each battery with the handle provided.
Use two hands for this operation, one to steady the
battery .
Note: Make certain that the carry handles is fastened
tightly prior to lifting the battery. Please the batteries on a
firm and safe surface. Your batteries are sealed and cannot
spill if tipped over. Always carry the batteries upright.
Warning: Do not place metal objects over open battery
terminals. BEWARE of short circuits. Make certain the
terminals are covered by the red and black plastic
protectors at all times.
. Lift the front wire basket from the mounting bracket
on the handlebar cover, you will note this mounts on
three clips (Fig 24).
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7. Lower the handlebars by releasing the locking lever.
The handlebar will rest on the floor mat. Note place
a soft piece of material under the painted console
for protection.

8. Electric Plugs: disconnect the 12 pin and 3 pin 'white'
connectors (Fig 25) by squeezing the small latch and
carefully pulling apart. These connectors are polarized and
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can only be reconnected together one way. Note the
locating lugs on the connectors, do not force these
connectors together when refitting.

9. A: De-Docking Lock Pin (FRS 10DX2/FRS 1 0DXs2):
The de-docking lock pin locates the rear motive powered
unit to the front steering platform. The locking pin locates
through holes in the front square chassis tube bracket and
the rear chassis location tube. The locking pin is held for
convenience at one end by a ring and chain. At the lower
end of the locking pin is a spring loaded clip. When secured
through the two chassis parts, the de-docking locking pin

(Fig 26) is prevented from removal by the spring loaded clip.

Warning: It is good practice to visually check this locking
pin weekly for correct location through the two chassis
points. Visual access to the locking pin can be viewed
under the rear body cover.

B: Locking Mechanism (FR168-4/4S/3/3S): The front

of and rear chassis components are locked into

position with a spring loaded pin (Fig 27). The spring
loaded into a hole in the rear of the front chassis unit
preventing the two chassis components from lifting

apart driving.

To unlock the two chass is parts rotate the locking
mechanism knob inf an anti-clockwise direction indicated by
the "loosen arrow". Turn the knob approximately four full

turns until you can lift it upwards against the spring pressure.

Carefully separate the two halves of your Scooter (Fig 28)
by holding the 'C' shape handle on rear of the Scooter so
that the rear chassis remains level. With your other hand,
lift the seat post vertical until the front and rear sections
have separated.
NOTE: This operation is made easier if you first lower and
lock the tiller. You will find the front section is better
balanced in this position.

10.You are now ready to separate the two halves of your
Scooter.
Warning: Before you carry out this operation,have you
remembered to unfasten all of the connectors and plugs?
Failure to observe this could result in unnecessary damage.

Caution: Please keep the rear chassis level at all times during
the de-docking operation, failure to observe this caution will
result in the two sections jamming together.

The Scooter is now dismantled into its 6 basic parts (Fig 29).

© The Seat @ Rear Motive Powered Unit
@ The Batteries @© Steering Platform
© The Basket @ Rear Cover

You can now load your Scooter into a suitable car.

Caution: Protect clothing when lifting Scooter parts, some
components may have lubricating fluids on their surfaces.

Work out the best practice to stow each part of your
machine, this will vary with different car designs. An old
blanket can be used to stop the various parts rubbing against
each other. It is good practice to stand the batteries upright
and locate them so they do not fall over and touch the battery
posts on any metal framework. Your Scooter will increase the
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load in Your car, please remember this and adjust your
driving to suit this condition.

Note: In some midsize cars the scooter seat may need to be
stowed on the front seat of the vehicle. Use the cars safety
belt to secure the seat in position.

Caution: The body mouldings on your Scooter have not
been designed for lifting your machine. Use the firm metal
lifting handles only.

Warning: Take care when lifting heavy parts. If in doubt
always seek assistance when lifting parts in or out of your
vehicle.

HOW TO RE-ASSEMBLE YOUR SCOOTER
Your Scooter is very easy to re-assemble once you reach your

destination. To re-assemble, follow the preceding procedure
in reverse order, noting the following:

. When re-assembling the front and rear sections of your
Scooter, make certain you are on firm, level ground. Place
the front and rear units close together with the channel of
the rear motive unit. With one hand support the rear
motive unit at the seat post keeping it level. With your
other hand lift the rear of the front steering section by the
seat post and lower it into the 'U' shaped channel
(See Fig 30), simultaneously locate the locking pins brackets
together.

A: Fit the safety locking pin through the location holes, make
certain that the spring loaded safety ‘clip'is firmly located
into the safety " locking pin"

B: 1. When re-assembling the front and rear section of your
three wheels scooter, make certain you are on firm, level
ground. Please the front and rear chassis units close
together with the round tube of the front steering section
facing the 'u' shaped channel of the rear motive unit.

. Pivot the rear chassis unit background onto
the anti-tipping wheels and pull down the
central support leg, lower the rear chassis
onto the support leg (3 wheels scooter).

Warning: Do not pivot the rear chassis this warning will
damage the paint finish.

. Lock the two chassis sections together by pushing forward
on the seat mounting post, this allows the rear support leg
to pivot upwards under spring pressure and the two chassis
sections lock together. You will note the locking mechanism
with an audible "click".
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4. The front and rear chassis parts can now be fully
locked together by rotating the locking mechanism
in a clockwise direction indicated by the "tighten"
(See Fig 31). Fully tighten the locking mechanism
(approximately four full turns) until the locking pin is
fully located. Pull backwards and forwards on the seat
mounting post to determine that the two chassis
parts are correctly located together, no movement in
the two chassis parts should be found.
Warning: Failure to fully engaged the safety pin
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mechanism correctly could result in an accident, please
take particular care.

. Connect the white six pin electrical plug together
(See Fig 25 Page20). DO NOT FORCE TOGETHER, you
may have connected it the wrong way round.

. Replace the two batteries onto the chassis making certain
they are correctly located onto the velcro fastener. Replace
the two battery plugs into their connectors

. When you have re-assembled your scooter and fitted the
rear cover and seat, switch the power key to the ‘on'
position. The battery level gauge will move and the
‘green’ status light will illuminate. This will indicate that you
have re-connected the battery connectors correctly.

If the battery level indicator and status light do not
illuminate then you have not connected the wiring
connectors correclly (See Fig 23,25 Page 20).
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Test the drive function of your machine. Does your scooter
move forwards correctly? If your scooter does not drive, the
freewheel lever may be in the 'disengaged' position, see section
'Freewheeling your scooter' Page in this manual.

Important Notice: Your scooter has been designed for

pavementuse only, IT IS NOT A DIRECT REPLACEMENT
FOR A SEAT IN A MOVING VEHICLE.

Now enjoy your Freerider.



( BATTERIES & BATTERY CHARGING

BATTERY INSTALLATION

Your Scooter is equipped with two maintenance free 12
volt batteries. The batteries are linked together by wiring
cables to supply the electronic system with 24 volts of
POWCF

Warning: It is imperative that the two batteries are
connected correctly to prevent a short circuit between the
two batteries.

When first installing the batteries follow these assembly
instructions.

. Connect the red wire of the battery cable to the
positive (+) terminal of the battery, with the screw, nut
and washer provided.

. Connect the black wire of the battery cable to the
negative (-) terminal of the battery, with the screw,
nut and washer provided.

. Repeat this procedure on the second battery making
certain the plastic red/black terminal covers are secured
over each terminal.
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4. Secure the two batteries into position with the velcro ® ®

hold down adhesive technique.

5. Connect the two black plugs of the batteries into the two
black sockets of the wiring circuit.
6. Switch on your Scooter, the battery meter will now move

to show the state of charge in the batteries and your
Scooter is ready to drive.
7. Switch off your Scooter, fit the battery cover and seat.

BATTERY CONNECTIONS

Warning: Batteries are heavy, always handle with two
hands. Do not allow metal tools to touch both battery
terminals together, this will cause an electrical short and
may damage the battery and injure you. Make certain the
red and black battery wires are correctly attached to the
'+"and "' terminals as the diagram below. Failure to
observe this warning may cause an explosion, short circuit,
fire or injury to your person.

BATTERY CHARGING

Your Scooter has a lot of power for a small Scooter.
Keeping it working to its maximum potential means that
its two batteries must be maintained with full power.
Nightly recharging, after use, will help you to give them a
longer life and will ensure your Scooter is always ready to
go when you are.

BATTERIES

Your Scooter is fitted with two sealed maintenance-free Balteries,

especially designed for motive traction use. This means that
you do not have to worry about topping up the cells.

Warning: Do not attempt to remove the safety valves A
situated in the top of the battery. Failure to observe this
warning will invalidate your battery guarantee.

Your Scooter batteries are virtually Maintenance-free because
the electrolyte is immobilized in a special form and therefore
will not leak out, even if the battery is accidentally overturned.
Because your Freerider batteries are sealed they are more
likely to be accepted for carriage on aircraft.

Please consult your carrier prior to departure, as they will
need advance warning that you wish them to carry batteries.
Please note: Each carrier reserves the right not to carry

what may be termed 'HAZARDOUS CARGO'. Freerider
cannot be held responsible for their final decision.

BATTERY CHARGER

The battery charger supplied, is special to your Scooter
and it may not be suitable for any other powered
mobility product. Only use the charger supplied with
your Scooter; other makes of charger may permanently
damage your batteries and would invalidate the
Guarantee.

YOUR GUIDE TO SAFE AND LASTING BATTERIES

. For longest life, your batteries should be re-charged after
use. Preferably over night.

. I your Scooter is not used for a period of time, a
refreshing charge should be given every month. Never
leave your batteries in a discharged condition. This is
particularly important with sealed batteries as fitted to
your Scooter. If your batteries discharge below a total
terminal voltage of 12 volts (6 volts per battery), the
charger supplied with your Scooter will not operate.
Please consult your Freerider dealer.

. If your Scooter has been stored away for some time,
re-charge your batteries before re-using it.

. Every six months, check the connections on the batteries,
making sure they are tight and clean, make certain the
red/black terminal covers are maintained.

. Batteries carry a limited guarantee from the original
manufacturer which is subject to a stringent wear and
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tear clause. Any battery faults due to a defect in the
original manufacture will normally become obvious
within the first two months. Any gradual deterioration
in performance after this period is normally associated
with fair wear and tear, mis-use or accidental damage
and, as such, is not covered by the manufacturer's
warranty. (This does not affect your statutory rights).

Note: Il one battery becomes faulty during the
guarantee period only that battery from the pair will be
replaced.

CHARGING YOUR BATTERIES AWAY FROM YOUR
SCOOTER

For convenience your Scooter is supplied with an off
board charging cable. In circumstances when your
Scooter is stowed in your car elc., your two batteries
can be recharged away from your Scooter with the aid
of the 'off board' charging cable (PK90-0401).

The cable links together your batteries and Charger.
Simply connect the two black connectors on your
batteries to the link cable and the 3-pin plug of your
Charger to the 3-pin socket of the link cable.

Connect your Charger to a convenient wall socket, switch on,
your batteries are now being recharged away from your
Scooter.

FREQUENTLY ASKED QUESTIONS
Why do my batteries require recharging?

Batteries are the fuel tank for your Scooter. They provide the
vital energy to power your vehicle. When you ride your
Scooter, the drive motor consumes the energy stored in the
batteries. The battery's energy is gradually reduced over the
period of driving time and will need to be replaced before
you can use your Scooter again.

Similar to the situation with a motor car, in that you need to
replenish the petrol as it is used up as energy, likewise with
your Scooter, you need to replace the used battery energy
by re-charging the discharged battery cells.

How does my Charger work?
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Your battery Charger is an intelligent automatic charging
Instrument. Your Charger's robust framework contains a
number of uality components; namely a transformer,
rectifier and complex control circuitry.

The Charger receives the 90/230 volts domestic electricity
supply via a standard 3-pin wall plug and reduces this voltage
down to 24volts via a transformer. At the same time it
rectifies the A.C., alternating domestic current into D.C.,
direct current. This matches exactly, the voltage
characteristics stored by your Scooter's batteries.

Your Charger automatically controls the re-charge cycle from
the moment that you switch it on to the moment the green
'Charge Complete' light on the face of your Charger
illuminates.

When your battery's voltage is very low, the Charger will
work extremely hard to replenish the spent energy. This is
called the 'Bulk Charging' stage. As the battery voltage
approaches 90% of the full charge capacity, the Charger
reduces its output for the final stage of the re-charge cycle.
The time taken from switch-on to the end of the bulk
charging will vary, depending on the amount that the
batteries have been used, or in time their age. At this point a
timer is automatically started, to regulate the final stage of
the charging cycle, this set time ensures maximum capacity
and battery life.

The length of time to re-charge your batteries will vary from
8 up to 12 hours. This variation in time is due to the
following factors:

. Depth of discharge - The amount of energy you have
removed from your batteries when driving your Scooter.

. Battery age - This is due to the changes in their internal
electrical resistance. Note very old balteries may take
longe to fully recharge.
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Where can | re-charge my batteries?

In most safe domestic environments, i.e. your house, garage
or shed. Do not expose to rain or spray - for indoor use only.
Later on in this information, there is reference to the way
temperature variations can affect the performance of your
vehicle. When charging your batteries where reasonably
practicable, ensure that the battery Charger is close to the
vehicle being charged so that the temperature of the battery
Charger and batteries are almost compatible.

For example, a vehicle may be outside whilst the battery

Charger is inside. It is possible in this situation that the
battery Charger will sense the inside temperature, whereas

the batteries on the vehicle will be at the outside temperature,

resulting in an undercharged situation. This situation must be
avoided.

How often must I re-charge my batteries?

Many factors come into play when deciding how often to
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charge your batteries. You may use your vehicle all day on a
Daily basis or you may not use it for weeks at a time. Other
factors such as driver and baggage weight, smooth or rough
terrain, flat areas or inclines and speed must all be
considered.

With these variables you should concern yourself with two
questions: HOW OFTEN should I charge and for HOW
LONG? The Charger is designed so that it is impossible to
overcharge your batteries. If you follow the guidelines below,
your batteries will provide safe and reliable operation.

1. If you use your vehicle during the day. Put it on charge

as soon as you have finished using it. The Charger is fully
automatic so it will not overcharge your batteries. Your
vehicle will be ready each morning to give you several hours
use. It is recommended that you charge your batteries after
daily use until the green 'Charge Complete' light illuminates.

. If you use your vehicle infrequently (once a week or less)
you should charge it at least once per week until the green
Charge Complete' light illuminates. Remember: Keep your
batteries fully charged and avoid deeply discharging them.

. Storing batteries: Batteries should always be stored fully
charged. Check once a month and recharge fully if
needed. Sealed batteries can hold their charge for approx. 6
months. If they are left connected on the Scooter, remember
key switches, meters and electronic circuits can drain the
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batteries rapidly. It is advisable to disconnect the batteries for

prolonged storage. Store in a warm, dry room.
How can | ensure maximum battery life?

Simply put, a fully charged battery is a happy battery! A
fully charged battery will provide reliable performance
and extended battery life, so keep your batteries fully
charged whenever possible.

Handling your batteries

Extra care must be taken when handling batteries, if you
decide to dismantle your vehicle for transportation etc.
Dropped balteries, even from a very small height, can
lead to damage of the internal components, causing
premature cell failure. Your batteries are sealed and do
not require maintenance. Do not force open the valves
in the battery top.

Caution: Used batteries must not be disposed of by
means of a domestic refuse disposal unit (dustbin) etc.
Please contact your Dealer to dispose of used batteries.
Please note, he may charge for this service.

BATTERY WARRANTIES

The batteries fitted to your vehicle are guaranteed
against a manufacturing or material defect for 6
months. Any battery faults due to a defect in
manufacture or materials will be obvious within a few
weeks of use. Your batteries are not guaranteed to
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perform to full capacity for 12 months. This will, of course
be dependent on the actual use of the vehicle and how of
ten the batteries are cycled i.e. discharged and charged.

Gradual deterioration in performance and reduction in
range is normal and associated with fair wear-and-tear,
misuse or accidental damage. Under these
circumstances, the warranty will not apply. It is a fact

that some users due to their hectic lifestyle, weight or
operaling conditions, may wear their batteries out

during the original battery manufacturer's guarantee
period due Lo extensive use of their Scooter. This is
termed 'Cycle Life'. Batteries have a defined number of
discharge cycles they can make i.e. the more times you use
your Scooter the more cycles your battery will make - the
shorter their life span.

If you take time to run-in your batteries properly, it will be
worth it. Remember: how long your batteries will provide
service is quite often a reflection of the care they receive.
This is how to run-in your new batteries:

. Fully recharge any new batteries prior to your initial use.
This will bring your battery up to about 88% performance.
. Ride your vehicle around the house or garden. Do not
venture too far away until you become accustomed to
the controls and feel of the vehicle. This will gently run-
in your batteries.
. Give your batteries another full charge and run the
vehicle again. The batteries will now perform to over 90%
of their full potential.
. After ten to fifteen charging cycles, the batteries will top
off at 100% charge and last for an extended period due
to your patience and care in the first few days of operation.
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How can | get the maximum operating time per charge?

Rarely do we have an ideal driving situation such as a smooth,
flat, hard terrain with no wind or curves and warm
temperatures. More often, we are presented with hills,
uneven and loosely packed surfaces, curves, wind, cold and
heavy loads. All of these factors will affect the distance or
running time per battery charge.

Here are a few suggestions for obtaining the maximum range
per charge:
. Always charge your batteries fully prior to your trip. It

is a good idea to keep your Charger connected when the

'Charge Complete' (green) light is illuminated in the Top-Up'

maintains mode.

. Maintain relevant tyre-pressures as stated in the Technical
Specifications of this Users Instruction Manual.

. Plan your trip in advance to avoid inclines, kerbs and
soft surfaces.

. Limit your baggage weight to essential items.

. Try to maintain an even speed to avoid stop and start
driving.

. Ensure recommended routine servicing of the vehicle's
components, i.e. motors, brakes, electrical connections
elc., is carried out as instructed in this Users Instruction
Manual.
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A Warning: When working or disposing of your batteries

1. Always make certain the terminals of your batteries are
covered with the red/black terminal protectors. Do not
allow metal objects to short out the terminals, your
battery could explode causing you injury.

2. Do not allow your balteries to freeze. If frozen allow
them to naturally thaw out before charging, failure to
observe this warning may damage the batteries.

3. Ifyou need to replace your batteries, contact your
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Freerider Agent. Only batteries supplied as original
equipment on your machine will give you the best
performance. When charging batteries make certain the
positive and negative terminals are correctly assembled.
Failure to observe this warning may cause an explosion,
short circuit or fire.

. Always handle batteries carefully, they are heavy. Wear
protective gloves and glasses when handling.
5.Dispose of worn out batteries carefully, contact your
local wasle disposal authority for advise.
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( CARE & MAINTENANCE

Your Scooter like any other electro-mechanical machine will
benefit from regular servicing by your Freerider dealer.

You too, can help keep your Freerider in tip-top condition by
following a simple guide to home maintenance.

Note: Only competent people should carry out service work.
SEAT UPHOLSTERY

A damp cloth and a little soapy water will keep your seat,
backrest and arms looking smart. Do not use abrasive
cleaners as this will damage the coating. Upholstery can be
damaged by chemical cleaners. The coating material can also
degrade over a period of time due to contamination by
natural oils in the hair and skin.

Ultra-violet light can also reduce the life of the upholstery
coating material. This is a normal ageing process and cannot
be guaranteed (see exclusions in the Guarantee Terms).

BODYWORK

The painted bodywork on your Scooter can be lightly
washed with clean soapy water. Do not use abrasive cleaners
or strong detergents. This could fade the colour, an auto tyre
shampoo works well. Remove salt contact as this is very
corrosive Lo bright metal parts.

Caution: Do not hose down your Scooter with a powerful
cleaner. Water could be forced into the electronics and cause
permanent damage.

On the painted finish, be cautious not to wash with a dirty
cloth as this could scratch the paint finish. Auto polish can
be used to keep the paintwork and bright chrome parts in

pristine condition.

The metal framework of your Scooter should be cleaned
once a year and any paintwork damaged should be treated to
prevent further attack from the elements.

Do not store your Scooter in damp conditions. This may
affect the electronics if left for very long periods of time.
Moisture, if left unattended can cause deterioration on metal
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work, protect with proprietary cleaners.
ELECTRONICS

Servicing of the drive electronics and charger should only be
carried out by your local Freerider service dealer. These units
are sealed and should not be opened. BROKEN SEALS WILL
INVALIDATE YOUR GUARANTEE.

Do not operate your Freerider Scooter in exceptional weather
conditions i.e. very heavy rain. Cover your machine up, if it is
to be left unattended and outside for a long period of time.
Do not drive through deep water with your Scooter. This
could damage the electronic speed controller. Sea and road
salts are very corrosive and should be neutralized quickly.

MOTOR

The motor on your Freerider Scooter is fitted with long-life
brushes. The brushes should be inspected for wear every 12
months or more frequently if you use you Scooter daily for
long periods. The brushes should be changed when they have
worn down to approximately 8mm in length. Access to these
brushes can only be made by dismantling the motor body.

Caution: Only competent people should service the motor's A
components.

DRIVE TRANSMISSION LUBRICATION

This unit is factory filled and will not normally need additional
lubrication.

Note: Your Freerider Scooter transmission is filled with a
special lubricant. Do not attempt to force grease into the
transmission as this will contaminate the original lubrication
and will invalidate your guarantee.

Caution: Take care when lifting the transmission, keep well A
away from clothing. It is normal to find a light film of
lubrication around this part.

MOTOR BRAKES
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Salety Note: For your own safety, we recommend that you
check the function of your Scooter brakes prior to a journey.

Motor Brake: If the motor brake is functioning correctly and
the drive is engaged you will not be able to push your
machine when it is switched off. Or switched on with the
speed control lever in the 'zero speed', central position.

If your machine can be pushed as described above, the motor
brake could be faulty, or the freewheel system has

been disengaged. Please do not use, contact your local
Freerider distributor.

Note: Check the Freewheeling Instructions on page 12 of this
manual.

Driving Brake: Warning: When you drive your Freerider
Scooter and you let go of the speed control lever your
Scooter should reduce speed very quickly. If you notice a
change in the normal slowing/braking condition, and your
Scooter does not slow down quickly, please do not use your
machine, contact your Freerider distributor.

HANDLE BAR BEARINGS

The bearings which control the movement of the steering
handle bar may need to be adjusted if up and down
movement is noticed in your steering handle bars, and those
are accessed at the base of your handle bars.

The bearings are adjusted by first releasing the locking nut
anti-clockwise one full turn with a suitable spanner (Fig35).

Turn the upper bearing adjustment nut clockwise, one flat at
a time until all of the up and down movement in the handle
bars is removed. Retighten the lock nut clockwise into
position with a second spanner. Do not over tighten the

bearing adjustment nut, as this will damage the bearing tracks.

The handle bar bearings are NOT 'Sealed for life' and may
require lubrication with a general purpose bearing grease on
an annual basis.

TYRES

Check the condition of your tyres regularly. Look for signs of
wear, cuts and foreign objects lodged in the tread. Also,
maintain the tyre pressures at all times; failure to comply with
this can lead to poor performance of your machine and could
make your machine unsafe and/or unstable.

Warning: Your Freerider is designed with 'split' wheel rims.
Do not remove wheel bolts with the wheel inflated. Maintain
pneumatic tyres at 30 p.s.i. (210 kpa). Failure to observe
this warning may result in personal injury. Note low or
unequal tyre pressures can make your Scooter become
unstable and reduce battery / motor performance.

TYRE SERVICING REAR WHEEL

To remove a rear wheel from your Freerider Scooter for the
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service of a yre or tube carry out the following instructions
(only competent people should carry out this procedure).

. Switch off your Scooter and remove the key.

. Using a suitable body stand, lift the side of the vehicle you
wish to service off the ground. Place the stand under
the metal chassis. Care must be taken when lifting heavy
loads, you may need a friend to help you. Care should
also be taken when working on a stand.
Please be safe. Do not lift by the plastic bodywork.

. With the aid of a [9mm spanner (not supplied) remove
the centre hub nut and washer (see fig 33).
Slide the wheel from the mounting axle. Rear wheels are
fitted to the drive axle via a hub which locates onto a key.

. These wheels fit tight onto the axle and may need some
pressure from a bearing puller onto the wheel hub to
release them from the axles. Look for spacing washers and
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take care not to mislay the drive key which fits between the

wheel hub and the axle shaft.
. First deflate the air from the wheel assembly by removing
the valve core from the valve with a suitable valve key

[

(purchased from auto shops).

Warning: Please note the rims of your wheel are a split

rim system, do not dismantle the wheel from the hub

without first letting air out of the tyre.

With the aid of 13mm spanners (not supplied) remove

the four nuts and washers from the rear of the wheel hub.
. Remove the four wheel bolts and part the hub from the

wheel rims. Part the inner and outer wheel rim from the

side wall of the tyre.

(=)

To re-assemble the wheel and hub simply follow the above
procedure in reverse order noting the following points:

. Make certain you have tightened the two wheel rims to
the centre hub.

. Make certain your tyre is re-inflated to the recommended
pressure 30 p.s.i. (210 kpa)

3. Make certain that you replace any spacing washers and
keys in the order that they wereremoved.

. Locking Nut: The special nylon 'locking' centre hub nut
may lose its effectiveness when it has been removed
over a number of times. If the plastic locking ring at the
end of the nut becomes worn or damaged, then the nut
should be replaced with a new part obtained you is your
Freerider Agent.

N
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TYRE SERVICING FRONT WHEEL

The tyre should be exchanged when the tread has worn out.
Remove the wheel from the fork with the aid of 19mm and
21mm spanners. The front wheel has two bearings which may
have various spacing washers between the fork, please note the
order of these washers.

Remove the tyre from the wheel by following point 6 above for
Rear Wheels, using a I 3mm spanner and hex key. For
re-assembly, just reverse procedure making certain that all
washers supplied are replaced correctly.

TYRE PRESSURES

The Scooter wheels are pneumatic and their pressure
needs to be maintained at 30 p.s.i. (210 kpa)

Warning: Pressures exceeding those recommended will result
in an uncomfortable ride. Underinflation will result in poor
battery and motor performance. Do not exceed the maximum
pressures marked on the side wall of the tyre, this could
damage the tyre or wheel rim.

Caution: The fitting of solid inserts into the wheels to
replace the pneumatic tube (puncture proofing) is not
recommended as these products detract from the natural
cushioned ride produced from ‘air filled tyres. If you require
puncture proof tyres, your dealer can, at an extra cost, insert
aliquid puncture proofing agent.

BATTERIES

Keep your batteries well charged (see Battery Charging section
of this manual). Keep batteries clean and in a dry frost-proof
place. Keep battery terminals tight. Your Freerider Agent will
be able to test your batteries for their state of service.

Note: a charge may be made for this service.

IMPORTANT: It is not possible to predict the life expectancy
of your batteries. This is mainly due to the different
workloads a battery can be subjected to.

Some Freerider Scooter users will use their vehicle every day
and for long periods of time. Their batteries will receive a
near total discharge, and the life of the batteries will be short
(less than 12 months in some cases).
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Other Scooter users will use their machines less frequently,
putting their batteries through a less demanding discharge
lifestyle. These batteries will probably have a longer life in
excess of 12months). This can only be a general guide and
one cannot be more specific, due to other factors such as;
motor loads, tyre pressures, general service factors, working
conditions, periods of non-use and abuse etc.

When you need to purchase batleries, always insist on the
model fitted as standard equipment to your Scooter. Do not
use less expensive car starter batteries. If in doubt, consult

your local Freerider authorised agent.

Warning: Correct disposal of exhausted batteries is advised.

Please note: The charger supplied with your Freerider
Scooter is specifically designed for sealed type batteries and
may not work correctly with other battery designs. (See also
Batteries and Battery Charging section of this manual).

LUBRICATION

The Freerider Scooter has been designed with low
maintenance in mind. Wheel bearings and steering bearings
are sealed for life. The following points will need
checking/lubricating at the following service intervals:

RECOMMENDED SERVICE INTERVALS DAILY

Check the following:

@ Operation of motor brakes

@ Operation of driving brake

@ Operation of seat lock

@ Tyre condition

@ Front basket and any carrying accessory is firmly attached
@Batteries are fully charged

Caution: Only drive your Freerider Scooter if it is in full
working order.

WEEKLY Check the following and adjust as necessary:

@ Check chassis locking mechanism (see Fig 27 page 21 )

@ Arm rest tightening knobs (see Fig 2 page 8 )

@ Tyre pressures 30 p.s.i. 210 (kpa)

@ Battery fastening

@ Allow battery charger to go through a full recharge ¢ycle
until the green light is illuminated (see page 23 )

@ Clean paintwork with auto shampoo. Do not use a high
pressure hose. Wax painted and bright metal parts.

SIX MONTHS Check and adjust as necessary:

@ Tyre wear, replace as necessary

@ All fasteners and fittings for sound function

@ Tension of handle bar lock and hinge bolt

@ Battery connections

@ Inspect all electrical plugs and sockets for damage and
good contact and fit.

Lubricate the following:
@ Wig-wag acceleralor lever pivot point (see Fig 34)
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@ Spray metal parts with moisture repellent (Wd40)

@ Seat lock lever pivot bolt

@ Scat rotation, grease face of seat post and pivot pin at
base of seat.

@ Scat arm hinges

@ Inspect, lubricate and adjust upper handle bar steering
bearings

ANNUALLY Check the following and adjust as necessary:

@ Motor carbon brush wear (minimum brush length 8mm)

@ Front wheel bearings for wear

@ Handle bar bearings

@ Chassis for sound welds

@ Rear Drive wheel hub keys

@ All wheel bolts

@ Drive axle securing bolts

@ Motor mounting bolts

@ Magnetic motor brake disc and function

@ Main control box electrical connections

@ Main wiring loom for damage

@ All steering components

@ Clean chassis and repaint any exposed parts

@ Lubricate on/off power key barrel

@ Replace any damaged axle seals

@ Cycdle test charger for full operation function

@ Cycdle test batteries for operating capacity (This test can be
performed by your Freerider Agent)

Note: the items listed under weekly and six months should
be incorporated into this annual inspection.

LUBRICATION

Use a general purpose light lubricating oil on moving parts.
All wheel bearings are factory sealed and should not
normally need lubricating. Handle bar bearings should be
lubricated with a general purpose bearing grease. However,
your drive axle is factory filled with a special lubricant and
will not normally need replacing.

Caution: Do not mix other lubricants with this factory fitted
drive axle lubricant. Failure to observe this caution will
invalidate your guarantee.

Please note: These service intervals are a guide, more
frequent use of your Scooter may require adjustment to these
suggested intervals.
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RECOMMENDED AREAS FOR ADJUSTMENT STEERING
COLUMN ADJUSTMENT

The steering column locking system works on a'cam’
principle to lock the column in the desired driving position
(see Fig 9 page 10).

If you notice the column is not firmly held when the black
cam operating lever is fully down, follow this procedure to
readjust the ‘cam' tension:

. Push steering column forward as far as it will go with the
locking lever released, i.e. pushed upwards. Support
steering column.

. With a 10mm spanner (not supplied) loosen the locking
nut positioned on the opposite side to the black locking
lever (Fig 32).

. Next to the locking nut is a chrome threaded 'clamping
nut' this has a slightly tapered shape. Turn this clamping
nut clockwise approximately a quarter of a turn.

4. Push the 'black' clamping lever down and test that the tiller
is tightly held in place; adjust ‘clamp nut' until correct
tension is achieved on clamp plates.

5. Tighten locknut with 10mm spanner.
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If your Freerider Scooter will not start:

. Check the power key switch is turned 'on'. If it is, the
battery condition indicator meter will be operating. If the
green status light on your console is flashing once per
second, charge your balteries.

If the battery condition meter and the green status light fail
to operate when the key switch is in the 'on' position, check
the following:

. Make sure the battery charger is not plugged into the
tiller charge socket, this will prevent drive.

. Check both battery connectors.

Check battery terminal condition.

. Check the 'circuit breaker' (Fig 36): If your Scooter
stops for no apparent reason, it is probably due to the
circuit breaker disconnecting from the speed control
lectronic box.
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On rare occasions, a temporary overload on the electric
circuit can occur - for instance when climbing a steep
incline. If this happens, the circuit breaker, which is located
under your Freerider's rear cover and beneath your seat
will trip and pop out. To reset the circuit breaker wait for
two minutes to allow the temperature activated switch to
cool down. Locate the plunger on the circuit breaker
through the access hole (Fig 36 ). Place a finger onto the
circuit breaker and press down on the plunger until it
remains down. You are now ready to drive again.

If the circuit breaker trips up again wait for S minutes and
try again.

Caution: If you find the circuit breaker is continually tripping
out, contact your authorised Freerider dealer.

The battery condition indicator meter operates and the
green status light flashes, your Freerider does not drive:

Check the ‘white' plug's, located under the rear cover
and positioned in the main controller module (see Fig 25
page 20). Check also the status fault codes (page 32 )
indicated by the green L.E.D. on your console flashing.

If your Freerider does not slow down or behaves erratically:

1. Turn off the power ‘on' key switch.
2. Inform your authorised Freerider dealer.

Warning: If you find for any reason your Scooter does not
reduce speed when you let go of the forward-reverse speed
lever . Switch your Scooter 'off' with the on/off key.

The parking brake will activate immediately and stop your
Scooter. Beware the scooter will stop very suddenly, brace
yourselfl with the handlebars, sit back in your seat.

30

Warning: This operation should only be carried out in an
emergency; continual use of this facility will damage the drive
transmission and motor brake.

Inform your authorised Freerider dealer before using your
machine again.

Warning: If you feel for any reason that your Scooter is not
driving correctly or making an unusual noise, stop using the
machine. Be safe, conlact your Freerider dealer, he will be
able to advise you.

IMPORTANT SPEED CONTROLLER INFORMATION
GENERAL DESCRIPTION

The speed controller system incorporates a sophisticated
micro-processor design (Fig 37). It is located under the rear
cover of your Scooter. The in-built micro-controller
continually monitors the Scooter's systems to ensure safe and
reliable operation.

SAFETY CONDITIONS MONITORED INCLUDE

@ Speed control system integrity

@ Internal voltages and circuits

@ Motor voltages and circuits

@ Freewheel speed limiting downhill.
@ Battery voltage

When the battery voltage is low, the 'status' indicator light
situated on the control console (a green light positioned next
to the battery state indicator meter (Fig 10 page 10) will flash



slowly as a warning to recharge your batteries. If the 'speed
controller' detects a fault the green light will flash rapidly,
with the number of flashes indicating the nature of the fault.
For example, the controller will not operate if the speed
thumb lever (wig-wag) is not in the zero speed position with
the Scooter switched 'on'. Return the speed lever (Wig-Wag)
to the zero speed position, when the scooter will be allowed
to operate normally once again.

If your Scooter is turned ‘on' but not operated for a set
period of time (15 minutes approx) the speed controller
system will automatically turn itself 'of' to conserve valuable
battery energy. It can be turned on again by turning the
on/off switch to 'off', and then to 'on' again.

FAULT DIAGNOSIS

Faults with the main speed controller are rare. Most faults on
powered vehicles are associated with wiring or
misconnections due to poor maintenance or incorrect
installation of connectors when assembling the Scooter alter
transportation in a car.

If your Scooter should fail to operate you will be assisted in
diagnosis and locating the area of the fault by observing the
number of flashes emitted from the 'green’ status light on
your control console (fig 10 page 10).

If your Scooter fails to operate and the green status light is
not illuminated, first check the points aforementioned under
'FAULT FINDING'.

If your green status indicator light is flashing, first switch your
Scooter to 'off and back to 'on' again to see if the problem
will clear. If the 'status' light continues to flash and your
Scooter will not drive, refer to the 'STATUS FAULTS CODE'
on page and take the appropriate remedial action as advised
in the '‘comments' column. If in doubt consult the dealer from
whom you purchased your Freerider Scooter.

CHARGING CIRCUIT FUSE

One fuses protect your Scooter charging circuit from
receiving an overload of electrical current. The fuse used in
the Scooter is the same type which is found on automobiles.
In the unlikely event that a fuse should 'blow' and needs
replacing (Fig 38) use only a fuse of a 10amp rating. Please
note this size of fuse has been selected to give your Scooter
the best protection without premature blowing.

Warning: Do not use fuses with a higher rating than 10amps
as this may cause permanent failure to the wiring and wiring
connectors or personal injury.

The 10amp fuses are located under the Scooter's rear

body cover (Fig 39). The fuse is positioned in a black

plastic housing which is sealed by a hinged lid.
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Working fuse(replace)
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Working fuse(OK)

For access to a fuse remove the four screws located in the rear

body cover, lift cover. Locate and lift the fuse block on it's wire,
lift up the fuse lid and withdraw the 'read' fuse. Replace the
blown fuse with recommended 10amp (pink) fuse, close fuse
lid and replace fuse block.

Reposition rear body cover, refit four screws. If the
fusecontinually fails, contact your Freerider supplier.



STATUS FAULT CODES

1 Flash Battery needs recharging

Driving still possible The battery voltage has dropped below 23.3 volts in neutra.
Recharge the batteries soon.

2 Flashes Battery voltage too low

Drive inhibited The battery voltage at Controlker has dropped to 16.5 volts.
Check the battery condition and the connections.

3 Flashes Battery voltage too high

Drive inhibited The battery voltage at the controller s greater the 32 volts.
Check the battery condition and the connections.
Suspect a charger malfunction.

4 Flashes Current limit time out

The Controller has detected a shorted or ovenvorked motor.
Check the loom for shorts or check out the motor.
Contact your Service Agent.

Drive inhibited

S Flashes Brake fault

Check the Freewheel Lever is fully engaged. Check the Park
Brake and wiring for open or short circus. Contact your
Service Agent.

Drive inhibited

6 Flashes Out of neutral when power
switched on at key switch

Retum the speed lever o neutral. Re-adjust the specd lever

Drive inhibited. Drive possible I neutral if necessary. Consult your Service Agent.

neutral selected within 10 secs.

Check speed pot wiring for open or short circuits. Speed pot

7 Flashes Speed pot error Drive inhibited may not be correctly set up. Contact your Service Agent.
(wig wag)
8 Flashes Motor volts error Drive inhibited Motor or wiring is faulty. Contact your Service Agent.
C Service A
9 Flashes Other internal error Drive inhibited S s 4
SPEED CONTROLLER SETTINGS The original manufacturer's settings for this Scooter are:

The forward-reverse speed Controller (Fig 37
page 30) is a state-of-the-art microprocessor
designed to give smooth and safe operation. For
maximum performance, protection and
convenience the Controller is housed in a solid
die cast aluminium case situated under the rear
body cover.

The speed Controller, 'Dynamic' model
DS72KO1 (Rhino 70amp) is programmed by
Freerider to obtain the maximum performance
and safety for your Scooter.

Warning: Performance adjustments should not be
made which could put the operator in a serious
situation of control or braking. Performance
adjustments should only be made by a person
fully trained and conversant with the
programming process and it's capabilities.
Warning: Incorrect settings could cause injury to
the Scooter operator and/or to bystanders, or
damage to the vehicle and/or surrounding
property. If in doubt consult your Freerider
Manufacture

168-3 168-3S 168-4 168-4S 168-452b 510DX2 510DXs2

Acceleration 1 1 1 1 1 1 1

Deceleration 6 6 6 6 6 8 8

Forward Speed 10 10 10 10 10 8 10
Reverse Speed 4 & S 4 4 4 S

Reduce Speed 4 i 4 4 4 4 4

Buzzer Volume 10 10 10 10 10 10 10
Motor Resistance 60 60 60 60 60 60 60
Sleep Time 1S 1S 15 15 15 1S 15
Maximum Current 70 70 70 70 110 70 70
Park Brake Delay 6 6 6 6 6 6 6

| ormonmenupeserTonserves

Single-Ended Pot OFF  OFF OFF  OFF OFF OFF OFF
Standard Speed Pot OFF  OFF OFF  OFF OFF OFF OFF
Motor Reverse OFF  OFF OFF  OFF OFF OFF OFF
Pot Reverse OFF  OFF OFF  OFF OFF OFF OFF
Brake Checking ON ON ON ON ON ON ON
Load Compensation ON  ON ON ON ON ON ON
Enable Sleep ON ON ON ON ON ON ON
Check for Slope OFF  OFF OFF  OFF OFF OFF OFF
Current Limit Tim ON ON ON ON ON ON ON
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( TECHNICAL SPECIFICATION

Model Code:FR168-4 Model Code:FR168-4S/FR168-4S2b

SPECIFICATION: SPECIFICATION:
Overall length 120cm/47inches Overall length 120cm/47inches
Overall width 58cm/23inches Overall width 58cm/23inches
Ground clearance 6.5cm/2.5inches Ground clearance 6.5cm/2.5inches
Maximum load 136kgs/300Ibs Maximum load 136kgs/300lbs
Range up to 32km/20ml(26Amp batteries) Range up to 40km/25ml(36Amp batteries)
Total weihgt(excl.batteries) ~ 53.5kgs/1 18 Ibs Total weihgt(excl.batteries) ~ 53.5kgs/1 18 Ibs
Heaviest port 21kgs/46 Ibs Heaviest port 21kgs/46 Ibs
Wall to wall turning radlus  104.5cm/42inches Wall to wall turning radlus ~ 104.5cm/42inches
Maximum Speed 8.8km/5.5mph(10 inches rear tires) Maximum Speed 9.6km/6mph(12 inches rear tires)
Battery 26Amp/36Amp/SOAmp Battery 26Amp/50Amp
Model Code:FR168-3 Model Code:FR168-3S

SPECIFICATION: SPECIFICATION:

Overall length 1 13cm/44.5inches Overall length 1 13cm/44.Sinches
Overall width 61.5cm/24.2inches Overall width 62cm/24.4inches

Ground clearance 8cm/3.2inches Ground clearance 8cm/3.2inches

Maximum load 136kgs/300lbs Maximum load 136kgs/300lbs

Range up to 32km/20ml(26Amp batteries) Range up to 40km/25ml (36Amp batteries)
Total weihgt(excl.batteries) 49.5kgs/1091bs Total weihgt(excl.batteries) 50kgs/1 10lbs

Heaviest port 2 1kgs/46lbs Heaviest port 21kgs/46 Ibs

Wall to wall turning radlus 94cm/37inches Wall to wall turning radlus 94cm/37inches
Maximum Speed 10km/6.25mph Maximum Speed 9.6km/6mph(12"rear tire)
Battery 26Amp/36Amp/50Amp Battery 26Amp/36Amp/S0Amp
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Model Code:FRS510DX2/510DXs2

SPECIFICATION:

Overall length 138cm/54.7inches

Overall width 63cm/24.5inches

Ground clearance 8.5cm/3.4inches

Maximum load 136kgs/300lbs

Range up to 40km/25ml(36Amp batteries)
Total weihgt(excl.batteries) 68kgs/150 Ibs

Heaviest port 23.Skgs/52 Ibs

Wall to wall turning radlus 1 16¢cny45.Sinches

Maximum Speed 10km/6.25mph

Battery 36Amp/SOAmMp

CLASSIFICATION Type 'B' indoor/with some outdoor
capability (EN12184 : 1999) Class 2 (The use of invalid
carriages on the highway regulations 1988)

Maximum safe climbing angle: 8°(136kg) rider

Warning: The safe climbing angle is measured with the seat

in the highest position, and a rider weight of 300lbs (136kg).

The motor on your scooter is powerful and may be able to
climb a steeper incline than the maximum safe climbing
angle.

Exceeding the safe climbing angle may put you at risk of
injury. On no account must you attempt to climb an incline
of more than 8’

Maximum speed: up to 4mph (6km/h) [+/- 10%] dependent
on weight and manufacturing tolerances.

Range: Up to 10 miles (16km) between charges under ideal
conditions. Note: Range varies with weight, terrain,
temperature, battery condition etc. and is subject to
manufacturing tolerances.

Recommended Tyre Pressure: Front solid, Rear 30psi
(210 kpa). Do not exceed maximum inflation figure
indicated on tyre wall.

Batteries: 2 x 12 volt. Maintenance free. 26AH sealed lead
acid.

Charger:
AC input. 230 volt. 50 Hz. 71w. 0.57A UK Plug 5 Amp f
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use internal TIA. DC output 24 Volt. 2 Amp.
Conforms to: EN60335-2-29 and En12184.

Electrical System: 24 volt DC.

ADDITIONAL FEATURES

Drive system: Rear wheel, direct drive via sealed drive axle.
Motor: 24 volt DC. Permanent magnet, totally enclosed for
outdoor use. Internal brushes. 3.0 Amp. (no load)

350W. S100R.PM.

Brake: Automatic dynamic regenerating braking system with
spring activated magnetic solenoid parking brake. Free wheel
facility.

Modular Design: Easily dismantled into six basic pieces for
convenient transporting.

Adjustable Locking Tiller: for driving comfort.

Proportional Speed Control: State of the art design for safety
and smooth operation; incorporating 'Fault' diagnosis.

Contoured Seat: Adjustable for height, arm width and armrest
angle. Swivels for easy access.

Automatic Charger: Charging point is on the rear cover.

ce

complies with E.M.C. Directive 89/336/EEC

complies with Medical Devices Directives 93/42/EEC
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( SIZE SPECIFICATION-FR168-3/FR168-3S
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( SIZE SPECIFICATION-

FR168-4/FR168-4S
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( SIZE SPECIFICATION-FR510DX2/FR510DXs2
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( ADVISORY SAFETY NOTICE

A Warning: Radio wave sources may affect Scooter control.
Your powered Scooter is designed to operate in appropriate
environments, however radio wave sources
such as radio or TV broadcasting stations, amateur (Ham)
radio transmitters, two-way radios and
cellular portable telephones can affect powered motorised
Scooters.

The following warnings listed below should reduce the
chance of unintended brake release or
uncontrolled powered Scooter movement.

. Do not turn on hand held personal communication
devices such as citizen ban (CB) radios and cellular
phones, while your Freerider Scooter is turned on.

Be aware of nearby transmitters such as radio or TV
stations, and try to avoid coming into close contact
with them.

. If unintended movement or brake release should occur,
turn your Freerider OFF as quickly as it is safe to do so.
Be aware that adding accessories or components or
modifying your Freerider Scooter may make it
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( FREERIDER SCOOTER SPARE PARTS

Your Scooter is an electro-mechanical machine. Some of its
consumable components will need replacing due to normal wear
and tear.

more susceptible to interference from radio wave sources.
Note: There is no easy way to evaluate their effect on the
overall immunity of your powered Scooter.

. Report all incidents of unintended movement or brake
release to your Freerider supplier, noting if
there is a radio wave source nearby. He will then be able to
diagnose your Scooter to eliminate any
possible Scooter component failure. Please note a charge
may be made for this service. Your Scooter has
been tested to the following standards with reference to
EN12184. Emissions EN50022(B), Immunity
IEC1000-4-3, E.S.D. IEC801-2

%

Note: All figures, speeds, measurements and capacities
shown in this manual are approximate and do

not constitute specifications. Our policy is one of continual
improvement. We reserve the right to alter,

without notice, any weights, measurements or other
technical data shown in this manual. If you require

specific accurate data, please contact your Freerider
authorised dealer.

Enjoy your Scooter

The following list of components can be purchased from your local
Freerider Agent from whom you purchased your Scooter. Quoting
model code

Handlebar Rubber Grip PP02-0201 Charger Circuit Fuse (10amp) PKEI-1002-1
Charger Socket Assembly PAEI-0405 Battery Cable PK90-0300-R
Front Basket PM90-0100 Off Board accessary Charging Cable PK90-0401
Anti-Tipping Wheel PP0O7-0102 Power Key PM90-0900
Drive Transaxle 168-4/168-4S PMI 1-0206 Power Key Switch PMO1-0100
Drive Transaxle 168-3/168-3S,510DX2/510DXs| PMI 1-0207 Horn Button PKEI-0103
Motor PMI1-0316-SY51| Horn PKEI-0603
Motor Brake PMI1-0101 Battery Meter PKEI-0700
Motor Carbon Brush PMI 1-0403-50 Top Control Board (P.C.B.) PAEI-0300-BI
Motor Carbon Brush Cap PP11-0201 Controller PKE2-0100
Front Wheel Bearing (6202Z7) PM00-0303 Potentiometer Sk Assembly PAEI-0201
Self Lock Nut Front/Rear Wheel M 12 PU00-1202 Potentiometer Spring PM02-0200
Arm Rest Pad PP14-0101 Variable Resistor 20k (min-max speed) PAEI-0100
Arm Tighten Knob PP00-0200 Black Knob (min-max speed) PP01-0500
Circuit Breaker (3 Samp) PKE2-0403
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( AINAL ACCESSORIES

For information regarding these optional accessories please contact your Authorised Freerider Agent.

REAR BASKET

Provides easily accessible
additional carrying
capacity for shopping.
Basket maximum load 4kg
(91bs)

LOCKABLE STORAGE BOX
This smart storage box allows
you to lock away your valuable
items when leaving your
Scooter UnSUPC[ViSCd.
Maximum load 2kg(4.51Ibs).

STICK/UMBRELLA
HOLDER

Ideal way to carry walking
aids.

DELTA CONTROLLER

For Scooter users with limited hand
dexterity. Allows the user to control the
Scooter by pulling the lever toward
themselves.

Warning: The rear basket and crutch/cane holder will extend the dimensions of your Scooter. Please allow for this when turning.
Do not overload carrying accessories as this will make your Scooter less stable.

Please note : Accessories illustrated are displayed on various models of Freerider Scooters.
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GUARANTEE TERMS

Please keep a note of your serial NO. ......c..cooveiiecniienne

(This is located on a plate on the front frame tube, under the front
body cover).

SERIAL NO:

U

MAX.USER WEIGHT:

Your Scooter is guaranteed for 12 months from the date of

purchase against faults arising due to defects in manufacture or
materials. This guarantee does not detract from, but is in addition

to your legal rights. Parts replaced or repaired under the terms of

this guarantee will be covered for the balance of the 12 months period.
This guarantee applies only to parts supplied or approved by
Freerider®

Due to the individual prescription nature of this product. This
guarantee is not transferable.

Note: Extended guarantee insurance can be arranged by your
Freerider Distributor, he will be able to advise the extra cost of this cover.

WARRANTY REGISTRATION

To enable Freerider to handle any enquiries regarding the
guarantee of your Scooter; please complete and retum the pre-
paid warranty registration card supplied with your Scooter at your
carliest convenience. If you prefer use our website at
www.freerider.com.tw

Exclusions: This guarantee does not extend to consumable items
which may need replacing due to normal wear and tear, namely
tyres, tubes, punctures, lubrication, carpets, oil seals, gaskets,
screws, brake shoes, mirrors, bulbs, upholstery, motor brushes,
fuses, batteries, handgrips etc. or to damage to the product caused
by mis-use, neglect or accident for which Freerider or its agent
cannot be held responsible.

This guarantee does not apply if your Freerider shows signs of
excessive wear and abuse, or has been modified without the
authority of Freerider.

This guarantee does not cover the following items:

1. Any noise or vibration, which does not effect the quality and
function of the machine.

2. Damage due to lack of maintenance or improper use or
operation or storage.

3. Fees for the regular service inspection and maintenance.

4. Any fees incurred as a result of warranty repair, losses or
compensation because of the inability to use the Scooter
(telephone use, shipping, car rental, travel fees etc.)

METAL WORK: Metal components, such as the framework and
bright metal parts require special attention and may deteriorate in
certain conditions. Moisture and salt may corrode parts left
unattended, proprietary auto cleaner polishes should be used to
Prevent long term damage. Failure to clean and protect these
components may void your warranty.
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PAINT WORK: This guarantee does not cover deterioration of
paintwork resulting from the lapse of time i.e. natural fading. It is
the users responsibility to clean and protect the painted surfaces.

SPEED CONTROLLER: Servicing of the speed controller or
battery charger must only be carried out by your local authorised
Freerider distributor. Any attempt to open or dismantle these items
render the guarantee void on that item.

BATTERIES: Batteries carry a limited 12 month guarantee from the
original manufacturer which is subject to a stringent wear and tear
clause. Any battery faults due to a defect in the original manufacture will
normally become obvious within the first two months of use.(See
batteries and battery charging section of this manual). Any gradual
deterioration in the performance after this period is normal and
associated with fair wear and tear, mis-use or accidental damage and as
such is not covered by the manufacturers warranty. (Batteries are
guaranteed as single parts, only the failed part is replaceable).

A

Warning: Do not attempt to open the battery vent plugs.

SERVICE CHECKS

In line with all mobility vehicles, your Freerider will benefit from
regular service inspections to keep it in pristine condition. The
frequen(y of these service inspections will depend on the amount of
use your vehicle is put to. We strongly recommend you contact your
local Freerider distributor to arrange for a service visit. (See Care &
Maintenance Section of this manual).

Your Freerider product must be fully serviced at least every 12
months or more frequently if conditions and use require it.

Please contact your authorised Freerider distributor who will be able
to advise you of his current costs affecting service visits. Please note:
Non-warranty service costs are chargeable.

The warranty on your Freerider may not apply if routine maintenance is
not carried out as defined in the 'Care and Maintenance' section in this
manual.

WARRANTY SERVICE VISIT: If your Scooter should need

attention due to failure as defined under the guarantee terms, please
contact the distributor from whom you purchased your machine.

The Scooter shown and described in this manual may not be exactly
identical in every detail as your own Freerider. However, all instructions
are still entirely relevant, irrespective of detail differences. If you are not
sure of any details, please consult your Freerider Authorised Distributor
before driving your Scooter.

DISCLAIMER

Freerider ®disclaims all responsibility for any personal injury or
property damage which may occur as a result of improper or
unsafe use of its products. Mechanical or electrical defects will be
dealt with on a contingency liability basis. The part or parts will be
replaced or repaired but no responsibility for damage or injury can
be implied to Freerider ®

Guidelines in this manual are intended to assist you in the safe
operation of your Freerider powered Scooter. If you should have
any questions about the correct operation of your Scooter, please
contact your authorised Freerider dealer. Consult your doctor and
therapist if you are in doubt about your ability to operate your
Freerider Scooter.

It is the responsibility of the user to carry out daily inspections
and regularly maintain and keep records of inspection and
maintenance covered in this manual. The user is also responsible
for the proper use of the Scooter as detailed in this manual.
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