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2.1 Raspberry Pi
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2.1.3 3uvasuasa Raspberry Pi

2.1.3.1 Raspberry Pi Model B

\Uuuasn Raspberry Pi fimannadmhelu@wmndudiuusn lnelddilg
BCM2535 ¥W ARM11 core ARM1176JZF-S A213t59 700 MHz N52uuudqe
Uszaunansiinusa GPU Tnneludidafeniu Tivdieanudusy 2 56 MB
1 = <@
AN wLUuY 512 MB

gﬂﬁl 2.6 Raspberry Pi Model B

2.1.3.2 Raspberry Pi Model A

Wuuasa Raspberry Pi flsanunmumdaun Iﬂaﬁmiﬁﬂqﬂnsaﬁlsﬂé’
Tueenly wevinlidunuanas dwsudilusdaduiudnieTiudeduls
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3‘1Jﬁ 2.7 Raspberry Pi Model A



2.1.3.3 Raspberry Pi Model B+
vneyatls Raspberry Pi 3sindulauiuzuuuuvasuasn Raspberry Pi
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1.t Port USB 2.0 u 4 wedn @ nifia 2)

2. swdaadeunite 3.5mmidiiutes RCA nanelugas AV

3. 1 GPIO 1Ty 40

4. \WAasuvas SD card 1 micro SD card tiasasfunifadiiian
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2.1.3.4 Raspberry Pi Model A+
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2.1.3.5 Raspberry Pi compute module
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AauwasTuluuLanIEl (custom system) lngdndauvasdiiguazaunsal
dndggeanuiulugandeluganisennusa faguil 1-9 @ean) Tuluga
wanusznaudig Tusivawas BCN2835, usu 512MB uaguiiganudiumnasy
4GB usslussiuesRUnTvunafiEs 67.6 x 30 HY. AWVUINUIATHIUYDS
Tuga DDR2 SODIMM

gﬂﬁ 2.10 Raspberry pi compute module development kit
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Teadnsaidnunianldudoe, Indewssn GPIO uazgasda HOMI daun1s
Andafiulugandesuazvsuanwnariunasa CSl waz DSI Aazlivasaazuny
ma%u'ni'mﬁﬂugﬂﬂ?i 2.10

2.1.3.6 Raspberry Pi

Na49INUBIA Raspberry Pi 890219919118 ﬁﬁé’wﬁﬂ%‘uq WAL
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" pouauUAnIamAllavad Raspberry Pi2 figteil

1. IWUsEulamandn : Broadcom BCM2836 ARM Cortex-A7 quad
core ATAL5? 900MHz

2. wiu2wUszuans Wnw3a GPU : Broadcom VideoCore IV dual-core
GPU #38Liiguvingassun1suanuaniuaa HDMI

3. %dwAMUI1 SDRAM : 1GB LPDDR2

4. In\Tiouda : USB 2.0 $1uau 4 wasnsasiunisasesinu
USB hub WL%&&JﬁBﬁ'UQ‘LIﬂ‘Jﬁi USB ldvaneiuu 1 wnd, Aduaia,
WiFi, ugns, snfananaigusn, USB uraglasn \Judiu

5. Port AV fissnandinaidsuasdaananmisaialalide i
6. Port LAN
7. General Purpose Input/ Output : GPIO 40 91 fisivadava SPI
(Serial Peripheral Interface Bus), ICIS, ¥étyanuiudsloyaaunsu
%58 UART
8. Port micro SD card @15ULdaU micro SD card
9. Iada CSI dmTusslunandse Raspbernry Pi
10. yada DSI fmsulsuanska LCD
11. yasialWidns +5V dursudinees microUss
12, amudasnislwides : +5V 1.5A lusdrades uusthldouiuazuay
waslungs +5V 2A wiawnsasinglndsasitownesiusd +5v
JUIARALA 3,000 mA Tyl
13. AuUm : 85 x 56 U,

" drudssnaunngsuasuasa Raspberry Pi 2

1. dulsziqana
Ua3n Raspberry Pi 2 Tdawuseunanaain Broadcom BCM2836
Judily 4 unuiildeusandnenssu ARM cortex-A7 ¥audaeanud
900 MHz uasiidwuszutanans inidly VideoCore IV wuu 2 unudi
5895U OpenGL ES 2.0, OpenVG waz5895U Decode H.264 5 AU
1080p30 Hyawanudntoyausuwuy LPDDR2 AN 1GB
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Ul 2.11 ARM cortex-ATdautszananauas Raspberry Pi 2

2. YanagUnsalnteuan

N3asia HDMI d3udafiuvauanINan1uazIBsnge 5995U
HDMI 1.3 wag 1.4 Juan AV 3.5 ual. d1mTuiAnnidesanaslauas
deyanae A19zUUY Component Video, fiyasaunasdnall +5V s
neAoULinIAes microUSB, sesfunisifieudalugandasritu Camera
Serial Interface, ﬁ'jamiaqaLgamwas&'\uﬂaul,ﬁnma% DSI (Display
Serial Interface), Ta33Un1sLiBaaLASotnBaE LAN Hugadodises
Win wazgadanain USB 4 vas Lﬁaﬁiaﬁuqﬂnmimauan

y AnR8 LAN
| 9afa CSI :
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! I IS
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qnnavain USB

qAMAS microUSB
& wiv
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AnAn HDMI

gﬂﬁ 2.12 9asiagunsainieuanaas Raspberry Pi 2

3. drufndanisantieanun
1 o ¥ a o g 5
miwanundeyauarszuuufianisvasuasa Raspberry Pi 2
< ¥ 1 1 1 < = 4 =
azgninuliegluwsiuniitaaiudn micro SD n1dn laedidaaday
micro SD agustannliivasa
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2.1.4 m3dousia Raspberry Pi

I51ENNsaldiausia Raspberry Pi lifulsanauiimes, aefitvsevasunmla
& = ' =
neluns@eudaiuuiasuasl¥aney

2.1.4.1 n1siadauuuldians Tne Raspberry Pi
aursadeusalaeldnisdeudeaednuas HOMI 18 uSadalad
o3 HOMI Nsnunsasaruaedyyiaidleund (Hudivdea) 1Hduiu
uianuazBenanvazaind

2.1.4.2 msviausauuulians Tay Raspberry Pi
d 1 |} . 1

mmﬁnmaumaiﬂamu WIFI 4an91NADDUAAINALAIAD IAD
aﬂnimiwaua Raspberry Pi fisecfunduas Adusiasinu USB port Unf
Lw:ifl.,a..,uummsnwmauawﬁﬂuawmuaaummma'lﬂ 1ag szuudelnvas
Raspberry Pi Adreuniie e deuay Mini USB m‘sﬂﬁﬁ'ﬁ%uanauav
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2.2 uamaslWiinszanss (DC Motor)

gﬂ‘ﬁ 2.16 wawmaslwinszuanss (OC Motor)
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amuAnTiusrtafaunsalasunlasnnansalavaiseanidu 2 vlia
¢ a d ad de «
1.1. HaLMBTUVUANTINTEFaN YIUNINLUUNBLRas 1 e naz 3 e
~ Y 2 . - ¢ =
1.2, uawnasuiinveadniuvsaslinnouansauawmasaauss 9
Whusiawadyta 3 wia
2. yawmasaelasild

Cut view of 3-phase I.M

| Non-Drive End

31.11'7'; 2.17 daulsznauvasuawmaslwilinszuaaau (AC Motor)

2. 1ama3 NIz uanse (Direct Current Motor)

waLpsInihnszuanssuuseanilu 3 sialaud
= yaInRsUUVaYNTH (Series Motor)
" @A suuuayIuI (Shunt Motor)
" s slnihuuunEs (Compound Motor)
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Ul 2.18 duusznauvesamesiviinszuanss (OC Motor)

&, 4 o o oS o o w 1 ]
waiwaslinszuanss WulunidslunaaundAgagramigluy
e o ' s ) 1
TssnugramnssumszdaaauianauluitunisuIuanudalidnus
AnuTw geaudgedn dealdiuannlulssugaamngsy Wulswune
o 2/ = 4 = v & ¥ o o
1 Tssnudulalndieames lranuagalansvsailusuniaddunis
YULARDY
Tunis@nenieanuuawmasluiinszuansedeniszanaunsalang 4
V99U a3 IHIN T uaASIAI U IINANNITN 19U INBIN a5 LN
NIZUARTILUUAN 9

2.2.2 duUsenauvrasuatmasninszuanss

ke

uawsluinszuansllidiuusenauiiddsy 2 ddu s

2.2.2.1 danas (Stator) Usznaunae
1. wisy 39 oA (Frame Or Yoke)
< ° v o g a o & H) P
WulAsaneuan Mnvsinnilun1fuvaadunsasiviananndinide
Ut ldasurasiardndiuysenaudugiudause vdlemanuaanse
[ [ b7 (=4
maﬂLLNuwmmuLngUwsanssuaﬂ

3UN 2.19 doudiediiun v3e awaes
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2. Yuslivan (Pole)

B dauusnunuta (Pole Core)
o w \ o Yoy o P 2 e w
MIAWHAUMANUN ¢ NuAEauUUsEnaunuilulisgannny twsu
daudaemindugUlisiueldssugunanasiidlswmasandt Tusiman
(Pole Shoes) iiinguszasdlidawimanuazlsimasindatuanniigaiinely
ndasinAtsenigaazdia  Tiduusauimdnanduimandulugsls
wasinniigavibiiiaidednvaslanes anvilivawmastinaemyu

sUfl 2.20 LLﬂu‘??‘}

u

" daulidpsunadnsuiusivan (Field Coil)
awiuegsauqunuTIimanvaaailiminiunssuaanaieuen
o v 1 2 gua & o - | a o v =
Weadadunsssianiiiavuuazidulsudinanilaziiansiindnavsa
wRaiufivauinanTae e i iiausia

o S
U7 2.21 vaadmauuivEn

" giamyu Rotor)
af = = ) & af éll’ ] Y = o at = 1
Amywiresenilsiwmes Amauibinifadidsnu dununsegly
os 24 . = ey W Y
adugnUu (Ball Bearing) Ausenavagluuiulniavinig vaswawmas
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Ul 2.22 fimsgu Rotor)

o/ g 14 [l } 74 of &
flswmeasusznaunie 4 dausieiu fAa

1. wnuwan (Shaft) Wuiidmiudanaufiawmmed uazdaunuwmanans
11983 (Armature Corelsenautfudalsings” unuinwanii sz 1seguy
wu3e edeiulimuaglunuatidsiinisduaziiieuld

2. WAUIMNANDI3NI98S ( Armature Core) ¥WARIBUEUAN U UAUAY
Duiidwiuiuenanerfanee sdwdsussdn ( Torque)

3. maufiuawmas ( Commutator) Madrevnasuasaanuuuiluiudaz s
aualafa (mica) Ausenitedvasasyiiname? duifuosneuiug
wad eisasdmsuld Yaredevasvnain a1suees dnaulivanes
ﬁé’mLLﬁuﬁmﬁ'ULmuLwa'lL‘fJug‘lJnaumanixuan Twtiaf udafuwlssdau
(Carbon Brushes) ieafunszuaanaedloudluiwaanariuass
Weatadunsanl wdndnduvdsifanisindruaziSuiuiuduuss
wimAndndau FuRevnunamndusivandman Sunujisewenes

4. YAaIN15uNTB3 (Armature Winding) Wuwaaaiiuaglusasansm
(Slot) vawnuasuLIes VUIATEsAINITLANYIE Ive) §1urusauazan
w%aﬂasﬁu%uagiﬁumsaanmemﬁﬂ'sma%ﬁﬁﬂﬁu«]Lﬁaﬁmﬂﬁmm:au
AUUANNY

2.2.3 ManN1SVaINamasNHINSELERSS

nannN1sYaINames insLuanse ( Motor Action) Watunseaunseualwiin
8 g 1 =5 ] ¥ = d v 4 -4
a9 Whldludawmeddrunilsazulasanurunauiinmmasiinluly vnalno1su1an s
1] g d 1
a¥reaurundwmantunaznszualwindndrunisarinadrluluveasnauiuusiman
. . 6’:' =1 .5 = (] /oy
( Field coil) a¥19tauunile - 16 Fuazifinaunuwivén 2 auiu suauauURvaudiuuse
waiwianazll fafufiAneestng asinanetunasianiafeasiasunseiu inliAna
a o = &5 s ar o
uselaludioniunaes mununwauazunumartawegiundugnluvesuainas
oy & 1 % oo ¢ s o v o P ' ¢ o]
vinliasuesinyuldivaeifsefunme svimdinivgulal Sendlswmes (Rotor) @
AN famiunisidunadunsasivianndediufisendeiu vilfuaadnens
wvaivselawmesyulunululumunglledreveswuvaulis (Fleming left hand rule)
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224 wﬁmamamaﬂw%nﬁmama

2.2.4.1 wpIMAsLUUBUNTH (Series Motor)

fio ualmasiidavnatnauNLAiMAnaYnsuRUD B fYaaIna ST
i1 Series Fieldfinnudnunziinfeliusedagedealfiiuduidsassaluiin
vise snenuaasulvin aAruEaseuresaimasoynsuiiolifivanauiaag
gannuidniiinanundeanuifazanamiuluan Iuanunusesiiaumin
aniEanas udvnadevasawe lsiiusunmennaueautat Sedsminunld
fueFedldluiinlutunaiedie 1wy el , IATeaNaNeMS , A4
Wil , Snsidudh vide inTaatum 1Hudy

uewainszuansuuvaynsulisuniinldfisliauminnssuaazann
anuisIsavazananislifilvanudennmitezgunnanainduasgld
fatiu WlaisBu anmaemesiutaunsy Fasdl Inanunsong

o I

Series Anmn

UM 2.23 1sn1siieuvesiaimesinihnszuansuuvaunsy

2.2.4.2 u9LMa3IWAINTEUEASILUUILIY (Shunt Motor)

TalRB SLUULNuAaInEULLImEn (Field Coil) azdarurniuunaln
yaorfuaes uanafuuuruiinndnunsfianuiiand ussda Gunsyus
udAZsauad

FuiueimasdiuannineAueudell Waay msziaaudain1sauE
Tunnsvyuasiuazaansaasudiaualdieg

+ O

Arm. Shunt %

et

JUN 2.24 219930150 usemasivnsEuaaswuUTUY
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2.2.4.3 wawesIWAnsTuanSILUUKEN (Compound Motor)
uawnasininszuanausiaidaziiauanvuzifvaswoinasinii

NIUARTIMUUVLIULAZ L UUBYNTUANTINAY
wawefuuunafinaanuzfitasfoliusddn uinnusasaunsiinausda

Liifilnanaunsensiilnaniiud
UDIMD TWUURANIION S URAIATINUTaYAAdIAT YR 2 35

" 3371 1 Short Shunt Motor

Series field (Fiaan)

—

(un'mna{) (i"'\mﬂaa'j

i
Arm. Shunt field ==
<

O

JUN 2.25 295115919971 204 Short Shunt Motor

" 737 2 Long shunt Compound motor

+olfm\

Series field (Fianan)

¢ . (fwnian‘}
(@1Tuaes)
" Shunt field

. £

JUN 2.26 2993015%1197U84 Long shunt Compound motor
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2.3 L298N Dual H-Bridge Motor Controller

31117; 2.27 L298N Dual H-Bridge Motor Controller

2.3.1 A1sldenu L298N Dual H-Bridge Motor Controller
as = 3 a [ o
L298N \Uugadiuaawnasaiin H-Bridge Jedulugiasgnilullunisaiuau
a = PR
firnnuazanaseuemes Jeninsaauauaeinasidinmia 2 Channel

2.3.2 WANNITIINIUYAL L298N Dual H-Bridge Motor Controller

2495 H-Bridge 994 L298N azdunszuaidnuainas audiinvunnleasia
WWaAIUANTIANI §IUAINLTITENBLABSUUITYNAIUALGIY Feyayras (PWM
/ = P a i W =] v v
Pulse Width Modulation) #faiin1susuanud iz aunulawnasnay dae

2.3.3 ﬂaa&aWNmaﬁﬂ%dLZ%N Dual H-Bridge Motor Controller
asnadl 2.1 qmﬁnﬁ“@‘maa L298N Dual H-Bridge Motor Controller

Dual H bridge Drive Chip L298N

wsedudnyyiniaain 5V Drive voltage: 5V-35V
NITUEYasd AR 0 - 36mA

nasuaduNames gegnd 2A (Hlalduainadifien)
Maslnigegn 25W

N 43 x 43 x 26 fanluns
miin 26 N3y




2.3.4 916149284 L298N Dual H-Bridge Motor Controller
M15799 2.2 91999 L298N Dual H-Bridge Motor Controller

Four | mwheu Fou | M
Out1 | fewetilvuewamat A | ENA Fowadyan PWM dmidu
uaimes A
out 2 | deshdilvivesiawmad A | N1 ﬁaaﬁaa‘wﬂm‘,ﬁmaa‘%ﬁtﬁaﬂwqu
femnvaaamad A
Out3 | dewetilivewawmed B | N2 '&aeﬁaﬁzysgﬁmaa%mﬁaﬂm@u
firnivasuamas A
out4 | testetrlivesawmedB | N3 ﬁawiaé’cyju_pmaa%mﬁamuau
frnnsawaines B
12V fosdnelviduwewme’ IN4 ﬂaaﬁaﬁmmﬂ’ummaﬁmﬁaanu
@eldnmud 5V - 350) fifmsvosweainas B
GND dasialwau (Ground) ENB Jowodiyaa PWM dwdu
uanes B
5\ JoselviEbwemad
5V

L29%N Dual M-Bridge

* Internal Sv voltage Regulator

Motor B lead out

2T Enabics PWM s
Svinput "o 1

GND

12v input from DC powwer source

;a"d‘ﬁ 2.28 1a59a5196199299 L298N Dual H-Bridge Motor Controller

22
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2.4 Servo Motor

g‘dﬁl 2.29 Servo Motor

< ¢ a4 w - ° & v
Servo Motor LUquﬂ‘im%ﬁ’m'l‘iﬂﬂ’mﬂmﬂ‘iaﬁ]ﬂ‘ma NIDITUUNITNNIUUUE) 1‘“

Dulumuanufonis iy asuquananga, asuguwseln, wazaruauwswwile e lilen
padwstinnantulumuanmadonis Tneldniseuauuuulieunau (Feedback Control)

Feedback Control fi9 szUUAIUANTENITIAAL MNATEITEUVINNLUSBUBURY
AR uNALNeAIUANLRE UTuudsliAnatawavasszuuTilidn wiiiu vse TndilReauddunn
2.4.1 N13AIVANNITTINIUYEY Servo Motor

© - o = PO ] & ' o v =
MsiuLiesdia Servo Motor Litevadruiigauuliianansavinanld nsiiae
Y = S & o &
i Servo Motor azauANanEazina1IndnsduliudodiarUsznaudsll

2.4.1.1 Controller

Controller An1TuArdeangldeudrdesnisli Servo Motor

§ = 1 1 Cl 3 o ;%'

wndau ideanusavinlnsuazszeznie Indulelnaudlnu niiinsed
az1llu Controller azillufivimunlifiuda Servo Motor
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g‘d‘fﬂi 2.31 Servo Driver

2.4.1.2 Servo Driver

af

Driver 92 3Udfyay10uu1397n Controller wasdan13hifiuda Servo

Motor LaRaunaIuil Controller 4015 tws121Ha931n Servo Driver a1y

AANUTUASA1Y8 967 Servo Motor Tiinetumnszukuuvasnisauasliinag

Wun1saruas AL59(Speed Control) , w53da(Toucque) LaRwnie

(Position Control) #2 Servo Driver a¢1Ju fafdivuadafands wia
= g 1 ¥ o s ¥ o 8 1 73 [ o

wsalimasineg Tifuda Servo Motor Tiivinauldiadregndesuazusiug

wszazuuiialyl Servo Motor fazfass] Servo Driver Ld@3lo

2.4.1.3 Servo Motor
o v odw = ¢ o o 2y

Servo Motor IniiiduinaaugUnIalivadATadnINansaszuuvas
msinuiiug Whlulumuguuuun 163uddeainda Servo Driver wdaufiu
dedfeynaillounduliiiusa Servo Driver 1nauil Servo Motor waaaufidinag
anusainlusuazszeznnslunisindauiniduszsznmavinlusudanae
o o = o o 9 v ol =i
drunyreu ¥a9ia Encoder Miagnelusia Servo Motor vinlinsiadauiives
Servo Motor HuflAauaiugngs
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2.4.2 RC Servo Motor

Servo horn Output‘shaft Connector
==

@m= Cable

Mounting tabs

]
=

JUN 2.33 drdsznauniguan RC Servo Motor

2.4.2.1 daudsznaunieuan RC Servo Motor

1. Case 6704 %39 NT9UYBIRT Servo Motor
2. Mounting Tab d@udufiada Servo fuduny
3. Output Shaft a8
4. Servo Horns dauidausiaiy Output shaft deadrenalna
5. Cable se\vaudeiite 3161 wAz ATUAL Servo Motor azUsznaudag
anelul 3 1 uaz Tu RC Senvo Motor axiidvasanaunndinedulusiedl
" gaedue Ae IWides (4.8-6V)
" g1eden vide uana Ao 15198
" mgdvaes @ e ieth) fe agdeiyginiadaiuau (3-5V)
6. Connector qmﬁ'}awiama'lw

2.4.2.2 druusznaunielu RC Servo Motor

1. Motor Wugdnmasiamas

2. Gear Train W38 Gearbox \Uugnfig imauss

3. Position Sensor Wulduiwaiastadudumdaivemidesailunismyu
4. Electronic Control System LﬂudquﬁﬂququLLazﬂizmqawa

fgﬂ‘ﬁ. 2.34 dyuusenauniglu RC Servo Motor
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2.4.3 NANNI5Y191UV04 RC Servo Motor

= o o v} !

Wadredgyannadidnungs RC Servo Motor dauasaauaunialu Servo
zinssukazUszuaradIanun e sdyaaasidudunewuadnlu
o ' o v o a dy e ) ¥ 1 o & o
funsasAnNdoens i Motor wyuiafaunlugduniaily wdsdedrddluvionis
aauauli Motor nyuludadunisfidiasnas Taedl Position Sensor 1Uusiv
\ugasaaeIaA1yuil Motor Andauyu 1y Feedback ndunnliiasasauay
Wiguiiigunuardunaiaasugulilddaiundaiidasnisatisgniaausiugl

2.4.4 dyy1ns RC Tugduuu PWM

§2 RC Servo Motor aaﬂmerfl%ﬁ'm%'u%'uﬁqé"wm Remote Control il
ﬂ'mﬂmaal,aumﬂazummm@mq W 1eSeeduledy, saveledy, Bevwu Wugu
4 Remote SnniiAnIATUS Lnjmm'mmmaaanm’l.usﬂuwammm PWM

Receiver
= o UL
| onz JULL

CH3

sUil 2.35 Syayiad RC Tuguuuy PWM

uuvansAazTuagiuanunitsasdyanaiad Selasdiutinanuning
vosWadl¥lu RC Servo Motor 928U 1-2 ms w39 0.5-2.5 ms

BnREINTIINAMUAAMNN s ve s NS 1 ms Servo Motor a2
yyulunednedeaugn Tumandufnnimuaruniswedyanamiadlii 2 ms
67 Servo Motor azuyulugsiumisanga usimnimuaanuninsvesdanoiad
1% 1.5 ms Servo Motor fAsgvyuanagiifumimsinans

JUN 2.36 N1sMaUALMLLYES Servo Motor snain1sitasunuadlunisatuay



27

FatiuamnsadinunssAINIIMyuYas RC Servo Motor IiTngnasiiiaudn
19U RC Servo Motor anansavyuld 180 asan Tasi 0 asenldanunirsiadiinfu
1000 us @ 180 asAANUNAITATTTY 2000 Us WszaztuAiUABulU 1 9
agldanunirawadeineii (2000-1000)/180 wWinfiu 5.55 us

MNMIAIANUNAsWadiiya 1 asa wndiasimuali RC Servo Motor
vyulUTiy 45 asrnazmAniadiidesnisldann 5.55 x 45 winfu 249.75 us udfiyy
0 asrusBuRANUN A 1ms Fe 1000 us aztuarunieNadRldiual
RC Servo Motor yisulUfl 45 aeen fi 1000 + 249.75 winfuuszun1250 us

1.250 ms

UM 2.37 NSy UsumlaYas Servo Motor 71Ny 45 99A7

2.4.5 Servo Motor Block Diagram

Electronic Control
Servo Input ———a.m-———a Gear Train
l Posltion Sensor %

E‘Uﬁ 2.38 Servo Motor Block Diagram

——> Servo output
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2.5 1Usunsu SOLIDWORK 2017

5
DS SOLIDWORKS | Premium  What's Newin 2017

Loading add-in:
Your Daily Dose of Support

COMPUTER AIDED
TECHNOLOGY
%, MCAD

sUfi 2.39 TWsunsuSOLIDWORK 2017

SOLIDWORKS 2017 {Julusunsudinduniseenuuundadueiidiuogsnwivaneu
fumsdneuazanamnssululiogiu neidiuesesdiedmiunsFoudiibuuianssulng
dmfunisesnuuusasiauInaad s ldnudng uanmnﬁé’aLﬂuTUiLtnimﬁﬁmmgm
gaEmNIIUFMIUNITRRNULU LA AAINSSUBNGAEY

2.5.1 A15igaulusunsy SOLIDWORK 2017

2.5.1.1 WAULASDINaISNAY

{g}m

2 L2 4
JDS souaworexs‘ Pl B s i

[

=i -
JUT 2.40 uauiAtasiiaizusiy

1. Butuenlugi : WéwdudlefasmaBuieuesnuuy

2. Wadunuiidaiuld : WdmiudenVatumuiiaetuiinlfunufuuse

3. GufinBusu : Wdwiutufindunulisgtuiivhegiiedasiunisgame

4. snidnnnsnseviangn : Wawiuudlansnszviiiawanslag
nsfiautumaudngn

5. 11509A1 : TamSuUSUasuAINISHERIHaRI N5 ULa I lUSIASY



2.5.1.2 SUAUNIT DI

New SOLIDWORKS Document [ x |
]
Part Assembly Drawing
a 30 representation of a single design a 3D arrangement of parts and/or other & 2D engineering drawing, typically of a
component assemblies part or assembly.
Advanced ’7 "ok {" |~ Cancel ! —l'klp

JUN 2.41 wiradennsiuAuTueuln

P ) o oy A - N s =
Lllalﬁ'lﬁaﬂﬂ'I'iLiﬂJﬂu‘UU\i']uahﬂuﬂzNﬂ'llﬁaﬂﬂ'igLﬂﬂ“llaﬂ‘ﬂuﬂ'lu%ﬁ"l

ABANTISITASIN 3 UszLAnastl

a

1. ENIDNULUVILIUUUAUFWENTRNTE3TaNL U aUSY

yusesEInNN1TeanuuUlidase
2. iaenaanuuulagn1sunBuunas1elAudunyssnaunu
3. laneanuuula ldwatian1saaniuuaa iR

Tnalusieaumaniiaz e sssnni a3ty wazilalaaniuu
= = d' £ ] a g ¥ I [ s él’
#1 1 Wsauuun 2 azusnguiasisnisiaudusnazsdaluauanlanai

3 : i =,
—— - ; - [

ies cesnes rra - e (s
(ol 2w 2

R b

Sty s | G | Soiped | KOOGS TG0 s e e @@ T

_Q!E i,!. B | | A
7

b rort <Ot By e
v

= e v e

e . &
SUT 2.42 wileinen1saanuuuTuny

sasagEs. |

s %
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1. uauieSesile : Wunavdwiudenieiasfialunisadrauazuiulse
2. wpuseaBeatuany ; WulaudwiuuanseaziBensenues
Funuiiatuan
3. douuanea : uvdnafieuaatunuiliseenuuuuazaansa tiasedie
wudlvtunuldludion

2.5.1.3. 1As04Nafd1AYa1TUNITRNLUY

1 2 3
P T
: D'r:lr::gon lv ‘Q’h g @ N
v - @9 r @ _‘ iy

= |
3‘1.]'1/1 2.43 1AsaNNaaanuy

1. LﬂémﬁaaammuLL'Liau‘Jua'mzimﬁegﬂ
- fdenTnuanissnadu : dmduudldtuaulaenssnanansedn
visaUanisTdaula
- esasiiodavunn : eFeslladmSuinszes yu e nTuvas
Fuald
- inFasiiardy : dmFunisimundusuuuudgasUutuny
2. inSasiiaUSunATuY
Tunslnueiedletisniudedinsdondnatiunuvieiduuy
Funurauiie Wieteslomiillnefiadesfiofiddalaud
1 2 3
§ oo, | GG @ Bowww | oitnde @we 9 Y

7 Hole Fillet | tinear Reference Curves o= :
Bxruded |Revoived J Lofted Boss/Base” | Bitruded vizar: Revohved @ Lofted Cut patter D) DTt @ Intersect | .ty nstan
Boss/Base |Boss/Base Cut Cut :

@ Boundary Boss/Base - @ Boundary Cut - - [ﬁl Shell Hﬂ Mirror -

SUN 2.44 1A39950USULAITUIY

Y

E = o o 8 v = a & A Y Ao v
1. wAspanse dwsuldiansavenausiaudunuvsaduidants
= o o a & = ¥ o v
2. @spdiien1sane dwmsuldiansusadiuauvsaduindantly
3. LA39419aAYY MSUNTITUSULASYRUYRIBUIIY
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2.6 TUswnsu VNC

File View Help

iEnter a VNC Server address or search

S5 Addressbook

229 John's Team

gﬂﬁ 2.45 Tsunsy VNC weldisuuu PC

1 o = 0
VNC 8831911 Virtual Network Computing {usandurinauauszeslnadeoelin
Y o a ¢ o g, [ p ' Y .
dunsng wazldnauivasuimasiasamila (server’) lagldlusunsudnes (Viewer") an
a = = i a
pRN BT BnullaAToswiuBuwaSiialé
= < & = 1o & o P I a A ) ' ' o
AauNuAasNFRRTashidntunazfeuluvinfieanu sgniduqmuazaansald VNC
= o . & o a ¢ §
\WagLA394 Linux ¥84iiauanaesitines Windows sasaumtinu
VNC il ldemurBuazagraduaisisue waziinisidausgraunsvanslaeaunansdnu
< = o y) a P2 =
MUMIaAEMNTIN N5ANET uazuuUdauaa nsldreuiureniameslusseyinaliuGad
$NIANLIN

Pea W 08:19 TERN
< fum
VNC Viewer - Remote Desktop

Ve ,

5.0k kkkk *140 a+

fiozlslmsl

New
« iPhone X fullscreen support iy

MILARIRIDET

U 2.46 Tusunsu VNC #ildlauiu 105
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2.7 Lithium battery

Traditional lithium-ion celis

Custom-made lithium-polymer cells

sUTl 2.47 Lithium battery

U

DunummeItgnitauntulul 1912 uilignldegauwivanstin sunszis sony
donlduunnosulailul 1991 Wiuwllausuuzadu ndreziEuisy) wuaneiUseuan
Lithium lon JAmamuiutiuve wdsnugs uaziiddaysiagna Lithium Polymer Tunnsld
afausnliideswndaniou waznisvanUdoswdsnusnunn sgaslsinny Lithium lon agiinns
Lﬁauﬂmwmu"imm’iﬂ'lﬁgn’lfﬁﬁmm

=

M990 2.3 AnaNURveLUALABIANEY

- a5 uioul

oo ' -
Uszian naun 2 (ngusksn Ni-Cad)
a aa = ' ar Ej 1o a8 4
kR IGEY uanswiuly Tuegivaaninslad

gauillunsufuinag | 4° F fi1 140° F (-20° C 84 60° O) :
wnzuinasldauiu | defia aunsalrsuiamaiiiode @Eunimlnutiuies)

wsasuiSudy 3.6 &7.2

AR uansieiuly uiunfiitu 2 wirves Ni-Cad
anTInsaaelsEy | dee

219151891 300 - 400 cycles win 100%

anupiilunisvda 32° F i1 140° F (0° C 14 60° O)

21gn1siuinm gudeuszqiaunt 0.1% daideu

aaunnfilunisiiu -4° F fia 140° F (-20° C i1 60° C)

N33R ansoihlEladald

MUBABUY wnzuinmIvsanglugunsalinnnhnismianieuen

a & o aor g = A
nsaaRTUNN gnanfinlugy Svideupus
wINhuusmasTwIniiniia (Ni-Cad wag NiHM)
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2.8 Tdsunsu Python

& python’

gﬂﬁ 2.48 Tusunsu Python

Python Li’]ummL’i‘mu‘[ﬂmn'smsé’ugaﬁ’lﬁﬁuaehqn%wmw‘lumiL%ﬂu‘lﬂmniu
dmudnguszasdnalu 1w Python Huriiiatuluuated 1980 uasnisiaunvessiusi
(Suéulu December 1989 Thg Guido van Rossum 7 Centrum Wiskunde & Informatica Tu
Uszinasesuaud iWeslugiuszauanudnialunisaisnim ABC iflanuananse dmsu
N5 exception handling uazn1sARRBNETURUSTULURTRNTS Amoeba 4 Van Rossum 1
\WudiFeundnnisuasnim Python waziwiwdihiidunarslunssnduladmiuiianianis
WAIUYRIN1E Python

N1 Python Qﬂmmm'i'ﬂ%\iu‘iﬂ’f,u*ﬂ 1991 Python ﬁutﬁummtmu interprete ‘Vigﬂ
sanuuulaeiiufaqnitazyiTlildegwldietu wasasiblusunsues aunsadilouusdn
nmsBeuldalagldussiinfitdosasniiniuiede C++ uag Java %mqmﬁugnﬁmuﬂiﬁﬁ
Tﬂsaa%ﬂaﬁﬁ"'a’laiﬁnﬂsﬁ]ﬂu‘iﬁﬂLﬁﬂlﬂ&ﬂﬂﬁq‘lﬂﬂﬂtﬂﬁyL?m'lﬂwﬁq‘lﬂmﬂ'smum“lmg

2.8.1 uauUAYas Python

Python Hufiguantiiiunwndsulusunsunuulaufinduaz sz uunis
Jansnirsanaisaludfuasaduayuns@eulusunsunaeguuuuiiusznaudiae
N9 U ulUsuNTNTeIng imperative N5 UlUSHASUMUURSATY wazn1513eu

Tsunsuuuutiuney fufllausinasaungunisieuegiamanuany
susTuntw Python tuillil#lunareszsuuufdnas vinlil&avasnam
Python anunseiuluszuudneg legnen3reuns CPython thudiunnswamnlududy
284 Python JaiduTUsunsuuy open source uarliguwudmiuiduduuuulunis
Wl Wesnniulffinsinluiauinszarglusgramainwane CPython ﬁuﬁagn

Innslagasanshinassinanilsadne Python Software Foundation
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SD Card (Secure Digital Card)

amanunh
1 AdugdnTaliuiny

Kingston® .
25668

meeg @

BIG STORAGE

UHS-1 Speed Class
X Tu) Widduguninbnars
UHS-1

UHS-I
sosfubuinatirly
UHS-I

JUN 2.49 n1sduAtANUEYRs SD Card

Secure Digital Card A@ qUnmiﬁmﬁu%a;Jatmu non-volatile memory card

Tidndusiesldlwideiannsanssnmdoyallu NAND flash 14
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o
Y

o o a < o w a & a \ o P H
AWAIUN SD Card dvuUIALandIN V]"I‘IMLL'iﬂL‘iﬂuuu'ﬁ'}ﬂqﬂﬂi‘mqﬂgﬁLLﬁ:ﬁﬁJﬂ'}"luilﬂ']

annludadd 1999 widisdhgeeunTumaluladannsardaliidanagiinniuiazsaniignas
sugnnsadudodld TaeUagduiiilfidenldauiufud 2GB 4GB 8GB 16GB 32GB 64GB
128GB 256GB 512GB ay 2TB
SD Card fivanuansuuauazsusns s micro SD Wag mini SD lunagunsallunis

daufiudoya wuu NAND Flash Memory fifinasiluldeusauiugunsalBiaanseiindwans

[ ] 14 an of L4 e = o o = < o w oo Yot e
YN YU NADIAAADA stﬂwwuaﬂa NIBLLUNITTNINULR R ﬁ']LWE‘Iﬁ']ﬂEyJVlﬂ']‘LﬁQJULUuVIUEIN

& o 9 oA - o f o o v a ¢ = e [ |
A 'i’lﬂ'ﬁﬂﬂ'ilu"ﬂ'lﬂgﬂ LU UAURUI-AIIUINDUE HNaﬂﬁQJ’]iﬂIVJuﬁ]ﬁLﬁaﬂiﬁ microSD Card

udwlng wazdaglulinsiamn microsD Waunau TngtawizluiSasresanunialunis

ol = o a [ @) 1
UuNn Faunsuusaaniy Class A4

2.9.1 MSAMMUAAIINGIVBNSD card association
1. Speed Class
< & aify Y ¢ 4 ' Y = 2 aw X
\Wuamaamuinldeuiugunsaiguii Teeldiauiessyanuda Iaad
" Class 2 Toushedoyatumldnamusa 2 MB/s
v & & vyd
" Class 4 Toudedayadunlanianusa 4 MB/s
" Class 6 loudedayavusléfinnusa 6 MB/s
" Class 10 Tousnedoyatunldninmania 10 MB/s

2. UHS Speed Class

Ultra High Speed l¥amuisalunis@eutusnilauenanuuansisuaanida
®UHSH Speed Class 1 fiannadalunisideudusndl 10Me/s
B UHS- Speed Class 3 fiamuSalunis@eududni 30Me/s
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2.9.2 3UuuuYad SD Card YUIANINTFIU

SD Standard

SDHC Standard
3UN 2.50 drydnwalyas SD Card WuUs1

SDXC Standard

Tudlaqiiudi SD Card surmnasgIusionun 3 VMUY Feazivthninteusn
zuAndneiunss Interface Zvazliananda uazsuuvulumsdadiulndazuandneiu
nisdendeliidinfuiugunsaifisneldanudag amAnwpuanifvesgunsaliug 4
saafuldtieguuuulvu SD,SDHC w3a SDXC Tnsfarsanansuavadingiiisndasnns
THiiues TnganunsaunsuunSsuiisudumsdldssdl

A15190 2.4 arsunisuiguiisuqueaAves SD Card Tuguuuusigg

ISD Standard SDHC Standard |SDXC Standard
imore than 2GB  |more than 32GB
Capacity up to 2GB
up to 32GB up to 2TB
File System IFAT 12, 16 FAT 32 lex FAT
sSD 32 x 24 x 2.1 mm, Approx 2¢
Card
mini SO [20 x 21.5 x 1.4 mm, Approx 1g
Specifications
micro SD |11 x 15 x 1.0 mm, Approx 0.5¢
INormal Speed (NS) NS, HS NS, HS
Bus Speed
ish Speed (HS) UHS-I UHS-|
NS,
ISpeed Class Speed Class Speed Class
HS mode
Speed Classes
Speed Class Speed Class
UHS-I mode
UHS Speed Class [UHS Speed Class
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2.9.3 5UuuUYa4 SD Card Yu1nED

“2.1
. ' : gu
SD Card minimal mini SD micro SD

3‘1]175 2.51 au1nuad SD Card U199

sULuUvBInnanuUgevuan Avzdiidy mini SD uaz microSD (TF) @
godwaunielildnuiugunaniouindn wuaunmlny, ndosinsn, ndes Action
Came uae Raspberry Pi Wufiu daulnaiifiaufufifie microsD (TF) fisiwuiaiies
Uaeiiafos Sts sUlUY SD,SDHC wag SDXC

A1519% 2.5 ATNIsTBULigUANENUAYRY SD Card YuingauasuunnUng

_ SD Card mini SD micro SD
Card Type SD, SDHC, SDXC SD, SDHC SD, SDHC, SDXC
Area 768 mmz2 (100) 430 mm2 165 mm2
Card Volume 1,613 mm3 (100) 602 mm3 165 mm3
Thickness 2.1 mm 1.4 mm 1.0 mm
Weight Approx. 2¢g Approx. 1g Approx. 0.5¢
Physical
Number of pins 9 pins 11 pins 8 pins
File System FAT16/32 FAT16/32 FAT16/32
Operating Voltage 2.7V - 3.6V 2.7V - 3.6V 2.7V -3.6V
Write-protect Switch YES NO NO
Copyright protection CPRM CPRM CPRM

2.9.4 3§n'ﬁ§] Interface %84 SD Card

Bnrsgirdaluuld Interface uuulwuldigiiviingss viantinlalives SD
Card 1#iae 3y viin UHS- vi3e 2ila UHS-I d1lsifiRuvivanlilddannainga SD
Card Tnganunsassnanuanadisldgenn Tng UHSI fisindduiawasnd vl
Uszavsnmlumsleudnedoyalan uidedldauiugunsaiiisassu
UHSHI wintuSsaslaunnusaldiiad
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5Uf 2.52 Normal Speed/High Speed/UHS-ICard

Eul ug

sUfl 2.53 UHSI Card

A1319% 2.6 MINMsIUTEUTBUAMENTRAYES UHS- Card Lag UHSHI Card
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Card Type Bus Mark Bus Speed Spec Version
Normal Speed |SD, SDHC and SDXC — 12.5MB/s 1.01
High Speed |[SD, SDHC and SDXC — 25MB/s 2.00
S S | 5S0MB/s (SDR50, DDR50)
UHS-I SDHC and SDXC 3.01
=1 X1 404MB/s (SDR104)
o e 156MB/s
UHS-I SDHC and SDXC — e 4.00

312MB/s
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2.10 Switching Regulator

Electronicspocketbook. Blogspot.com
5U# 2.54 Switching Regulator Block diagram

¢ a a o < oo o 6 = ) ¢
sniawesuuUEIRtslituaanuaziinddwihgydeaiieSauisuiusyames
wuuallesndiwunlnguezimasinihgadesnniinaniasiiin Rated Power) winiu log
maiauvesERniusnamesannsalisuiduuieonlaszunsuldidsgy
a < PR T 2 a = w & ¢ = ¢
53 Qlazlinthiniuaindasslauazlnieas Al wiannivnoaaanes
& oo & @ o« ar v v = < w o o ¢ ¢
Jefidnwalunadaudyimaauauiidininseduiviuaues Q1 AusWUNadIERNA
v ] v dHasy oA W = o &  w o v
w84 Q1 egndudilidasnsasuswiuiildavzedamilsninludansasnszsud vinlila
wsasuluihnszuensseansn
mnavaswulihnszuansezudsiunsiuanunias aall e szaulswy
= a v de oy oA el o o v = e =
fidnae Waddedesdinnsaaunulifinnanienaiidng 2aTeeddialnasuazwaTlisuliioy
Fallududrdgiivivdriiacugunisleudadlviud QluazasnIRdaUAN LTI ANA
asiagzalyl
INUANNITHINUUUUEINTY vinlitinaaugardsannisinnudes Jssnaunu
gunsnanIuInvesiamienilidiauinanaddd dwaligunsallagsuilivuindnas Jq

ﬁ']i.l’l‘a’ﬂﬂﬂ?m”lﬂ‘daﬂ'lﬂ'i]35'&11?1@11]153]'171

2.10.1 Switching Regulator with LM2576T-ADJ

Bewce 11|formau i

_PARTNUMBER'| ~ PACKAGE | BODY SIZE{HOM)

ST Toz6) 10,46 mm x .51 mm-

LM2STEHY DDPAKITO:263 (5} [10.16 mm = 8.42 somi

{1} For al avalable packages, see the omersble addendur at
‘the end of the data sheat.

Fixed Output Voitage Version Typical Application Diagram
7V - 40V FEEDBACK
{80V for HY) el LM2578/ 13

UNREGULATED A
pC INFUT 1| L2 576HV OUTPUT k1 ;?;uuzzn
[ QUTPUT
i :
?;'0 ) T owgg- me""* | Coyy -3ALOAD
] # msazz I’DW KF

TR D s,

gﬂﬁ 2.55 Switching Regulator with LM2576T-AD)J
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ganuAn LM2576 iuasassuiififuiduiidmiudmuaunisaeusing
WU step-down (buck) Feanunsadunszuazivan 3-A'lddaen1saruauduuas
Tnanfivenidey gunsafiaunsoldldfuussiulihnesnasi 33V, 5V,12 V,15V
wazguleinnusuld Suflufesiidamdszneunsusnsuutosianiuguindild
nudeuazsadnisiaiuarufionann uazeaatiamainnaiiin

e LM2576 dnauanisnaunuiiiussansnmgedmiuiatuaudadu
wuumesitasmiaiduiiten aunsaifianauinvasisszuisanudouasediawin
wazluunnsalisniufosidszursanuiouas yadunieniannsgiivane
dwisuldiu LM2576 Sdenlinndudanassns audnuasiitisananugenty
nseanuuuwanglwin lulvuasalind

qmﬁmﬂ'ﬁ?ﬂu g ldun aununiudausesulniiievreani 4% aaelu
usslniBuwaiidivun waganizTnaneninmuas £10% dwmiuanubvesend
awnad nslnszuuneuenniaudlenssugauaununy 50 uA WUni) dAndlantivym

sBnIsfnsEuaRIATINRs WuRBIunsassuussueAuFeu
iannstlasiustanysainglfsaisanufiawain

2.10.2 nsUszanald LM2576

" {aRdUANLUUBULITM
gﬂﬁ 2.55 uand LM2576-12 Tugdiuu buck-boost Lﬁaa%"ml,a'lﬁwm 12V
Wuavanussduluiiandhiiiluuan dwiuussiulafhwnds 12 v wdeunad
nszudlnveengegaiiaunsalildlunisimuadiiazegiivszana 700 mA e
Tnantios ussulwindunadgadeanauniauszan 4.7 Taad
nszuan1sasulusUuUL buck-boost iigendiniseanuuyTvanBuckiuy
1AsgIUTNaaan s dwawdealdnu vanminiinszudduwniBuduesioulag
buck-boost genfanrugninuaBuckialy uazaraililantiuuvasdnglvidi
nssrfanszuatioond 5 A n1sldasasiliseesdidmiesasionasesiuinil
sovilossdaeliussulwihdunmindiulufss fuiigaeiiazanunsodaaindl
ilosanamuuanansvaslaseaineszniefanruauuuubuck kazfAUAL
WU buck-boost FunBUN1TaaNLULAIUANLUUbuck lianunsaldiiierdand
wilsnimdedufvlszgoniywldtvesuiisniviuuzihdmiunisesnuuy
buck-boost agjszwins 68 uHWAZ 220 uH wasAduRUUTERR NNz ABdlwgn
Aundfisndudwiuniseanuuy buck ussiulnihandndwienszudluuaaniigs
dodldAanuuszguualeg
nszudlnfminingegadaduduiderivaindgegaludagduauisa
Auanildluaunsdd]



40

= bo Ut IVolt , ¥wlVol . 1

Yin CWNEIVE T 2k fose

where
» Tee=582kHz

v o W = o 1 oA 3 <, =
meldanaznisvinnuvesiamilsninssudedneiaiiies VIN dgaluns
Madengn Wenwllgnhfldiunsindududmiunseudlniihgeganaianisalll

#1270 +45Y
UNREGULATED FEEDBACK

0C INPUT +¥iy
L1

4
HY=1
2 68 uH i

G
100 uF -
3|enn 5] ON/OFF

+

. =
1N5822 f‘;‘{,c uf

=12V @ 0.7A
REGUEATED
UTPUT
r——

Sop § 104, Tenan nrerems

sUfl 2.56 LM2576-12 Tuguituy buck-boost titea1aendyn 12 v

usnniusssulnihgsgaiivnnglusiniugufanasuve wseiuridiuas
Y108n dmiuene -12V ussauliundngegadmiu LM2576 fia +28 V %ive

+48 V d15U LM2576HV

" GA7UANLUY Negative Boost
sULUUEY 9 vaslATeas1euUY buck-boost Aa negative boost 29351y

5UT 2.57 sausu wissiulwihwudadaus -5 V B -12 V uagiinmsaunuiandnai
-12 V wseuluihendngendn-12 vialiiewinmgedundn -12 v udlidvinlviia

ANHLFEENUAIAUAY

Vi
= M2sTE-12
i 1OWESR

et
2

3 5 1NSE20
GND ORIOFE. g

+

Vo =AN

= 100
SVio-12v
Copyright © 2016, Texas Insinaments Incorporated
Typical Load Current
400 MA 107 Vi = —5.2V

750 MA for Vig =—7 V
Heat sink may be required.

sUfl 2.57 Negative Boost

\Ha991nboostileAduvasdianuausiinil nzudlnadulsdaudnegs
Tnslanzuseduluihvndngn msdnanszudlwihvesniluraansaindnigegn

YBINTUEEIND
uannilipauauuuy boost ldansalinisiasiunisdninnssudlnan

Tunsailuandnnsasanadnludodiiooy q Wy Had 9nafinnusndu
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2.11 WIFI

sU# 2.58 WIFI

13w Wi-Fi) \Dumaluladildsuanafisuiivaeliiaunsaididnusedndlunisuanide
foyavisonaidousodumaidauuuliaelnglinfuing f1 4 Tiduedomaneniséruas
Wi-Fi Alliance ilflidfismaaslalwimmnegds "yardadmdila q farunsaitnulda
wasuedednenaniamesiuuliany @auldsne) Waguusnasgiy IEEE 802.11" agnalsh
aanilasnuanl3aneiviuaivdninapsusgivinasgrumai dvih el Seisnldly
amdanguilulaeludiesdmiu "waulane” daiilalwsanuuuinlddmiugunsal
wawae 9 uazldiedatne LAN winu widagtudenldllwedefudumadida Tne
gunsaivnA1e 9 WunssRumeiduyana tassuauinud nsdwiauidulay uiiuida
ndesRdviauaziaTeudesitvia aansaleudeiudumesidaldduaunsaliienituen
\wanasdse senalan uazUTINTsTIZiINNs YR BALYEWR BRATaUAgNaEUsEINM 20 U,
Tuanns wiszeziaglnanndndunlduds

awrasgUnsaldstayanuuliansludwunsaibunsnweandenuuauliaeuazinsedny
viesauldanalunisiuiionans

WiFi fianudasadedasndinisiwendawuulians (Su Ethernet) lwsnzgynsnlyl
o & w 1 y < dgw = @ ' vea PRI LIRL B4
dnlufiesdeusdanisnisnin ninaunld ssL finnudasade uwinislddumnasidanlalld
Y] o v Y] =1 Yo = v Y]
dhsiaanunsaszasianulagdunin ddewmgll Wi-Fi lawauumalulagnisidrsiddng g
w1y WEP Wunisidhsviaguusn o fgadudridiedeanisynin nslnaeaniinaunings
ndldun WPA, WPA2 fiiiuausntuniends aadnwadaaaniiudiuniul 2007 fienh
Wi-Fi Protected Setup (WPS) fidaunusasieussivauliglanfannsadfusisdiuveasn
waslAWi-Fi Alliance Idinntsufulssusuntsnagausazlusunsunisiusasnsusnuusiu
uieliwilan aunsaildsumssusashuinmunaansadadiunislauild
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2.11.1 anwazn1svesagunsal

Tl lnmuwusdnwaiznsteusdavatsgunsainisluasadnawau 13 2 anwas
faluun Infrastructure wazlnun Ad-Hoc %38 Peer-to-Peer

2.11.1.1 Tuua Infrastructure

Tagvhluudgunsaflutaiadnglalvl avdeusdeiuludnuvazvssuyn
Infrastructure FaduTnunfioygyinligunsainielu LAN aunsaideusiefy
isoteBuld Tulumn Infrastructure HazUsznauludisgunsal 2 Usziowldud
anilffld (Client Station) FeRregunsaineuiiame? WaUTiay, vi3e PDA finse )
fitlgunsal Client Adapter al¥5udstoyarinulalu uasanfusidedsimiiam
datdenanilfléidriunIednedu @dagunfaziluiaSadng IEEE 802.3
Ethernet LAN) n1svinemululvan Infrastructure Situgiuanainszuuiaiadie
Tnsdwislefie ndmpedariifliszanunsaiudedeyalasnsefuaaiiuidngd
Tu3nis unsarfigldtueguiniy douganiiuidisazsimidinfidedaforward)
foyaiildSuanandfldluiganutelasmmiodedadeyaitld Juan
irsetnedundeantiily

2.11.1.2 nua Ad-Hoc w38 Peer-to-Peer

w3atnelalw Wlviun Ad-Hoc 3o Peer-to-Peer Whuasatieiindio sl
anfimitnenaclifimsideuseduinsatietu Uinaaaasadiellnluluue
Ad-Hoc 22158191 Independent Basic Service Set (IBSS) %dﬁmﬁﬁﬂ%%ﬁa
snnsnAndedeansteyarivanifldoy « Tuian 18SS Heafuldlagnsdaglsi
foshuaaiiaidne udanifdazlbisansaduddeyatuniedidy 9 18

2.11.2 nalnshwraudaandne

Talsldnvualisinnadendmsvadmnulasnnalinuiasatnsuauuuu
1Zane FrenalnBedivaFentn WEP Wired Equivalent Privacy) Feaanuuuunsiaiiial
anuUasanaiuasatne LAN uwuuliagliflndifesnuanulasnnavaaaiadneiuy
Aldianerideyana (EEE 802.3 Ethernet) unuwuas WEP uialu 2 daumdn « e
nsdnsviadaya (Encryption) uag N13AsRERUELY (Authentication)

2.11.2.1 nsiduaznanasiadaya
nsudhuazaansviadoya (WEP Encryption/Decryption) Tdugnnislunis
huaznensiiadeyafifiuuuy symmetrical (udesaitlélunsidhsiadoya
adusaReaiuiusianld dwmiunisoensadeya)



43

mMsiuvaInsidisiateyalunaln WEP Encryption

1. Key yunn 64 w3 128 Tn a¥rstulnsmsiinersviadudsdinauens 40
V3o 104 On andevaufiudeanuiGudiu IV (nitialization Vector) wun
24 ﬁmﬁﬁwumwu@uﬁum

2. Integrity Check Value (ICV) au1a 32 O a¥1sulngnisAunesi 32bit
Cyclic Redundant Check 3ndayafufiazdseanty (CV) Feaziihlude
saunudeyadiu dlidmTunsndeuanugnieswesdoyandsainnis
AOASHALLAT)

3. foAruiifinnugy (Key Stream) sunauinfuanunivaseyanuiiazds
fushn 32 On @adluamuerves I0V) a¥stulneninadredonnudid
ANNEUYTE PRNG (Pseudo-Random Number Generator) fifdadunt
RC4 Feazld Key fingnaundnadiudu Input (438 Seed) WUELe PRNG
wadudeanuduiluandneiudmsu Seed ustazAndild

4. $opuitldsunisitnsite (Ciphertext) a31stulnensiine ICV dafu
foyanuuganings XOR wulndedniudaanudu (Key Stream) Bs
PRNG 'lgfai3147u

5, fyaaunazadwanluda ICV wazdaamunldsunisidhsia (Ciphertext)

" nisvinsuvaanindhsiadeyalunaln WEP Decryption
1. Key 9u1@ 64 %30 128 Un #¥ulnnisiensiaauddianuen 40 vise
104 9n @uduaisdudeaiuilflunsdrsiadous) adesauiu IV fiden
fudyanadilasy
2. PRNG a@¥efianmudu (Key Stream) Mivunawiniuamueivesionnai
IgSuntsdhsauazasun Tneld Key Aindnandnsdiudy Input
3. foyanuuag Icv I#Funsnensialasnisinendonnuilésuin XOR uuy
nstedafudonnudu (Key Stream) 34 PRNG ldas1ety
4. @319 10V Tngnnsduanan CRC-32 anndiagafuiinonsiaudauiietian
\WRsuifisuiiudn 10V fidan windwisdesmsaiu (CV' = ICV) wansinis
nensagniewazifidwlfsuayann Gaiaduraantodng) wivndsis
sadlinssfuuansinsnensidlignfewieliidunluiliuayane
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3.1 AN ITANEIAUAIILAZNITIVENARDY
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nernzEavinldlddsnislunsfuahuas Sl

3.1.1 dududayannundslioyaiianunsaieniald 1y Datasheet, nilsdouas

Furnadiin

3.1.2 Anwuazeuiondiniianudingnslumsldeunsaiiiug wiadldnuaunsal
finsndendumeiiin suluiivdeunulpensinguin

3.1.3 ddayanldunipseimaduangdungniulasenu uazvinmaaamui

3.1.3 aevintvaasdiveguanismaaasilddntuldaunguinield wildvinns

TuUAndeRantunIseaas sauludenanisyinaamevan azlanin1siasiging
P 1 e o o

nmeaasliilulusungeiinenamauazsianisuile
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3.1.4 vinmsusulsaudlateiawanaiiintuaulanannaaasiidulunameug

3.2 dnwnizdeya n1sidendaya LasnIsnaaas

3.2.1 anwasdoya
ar v = F7 & = [ =
anvadayaiudeyansdinmunn uazdoyalelsunu

3.2.1.1 Yoyal¥ennnn

\WiBedtunsn1snaass JegavekanIsnaassi 3ansatuiinld

ot = ﬂ' d' = 3 0 & s 1 g
Tudnwuzanauds viedinavulusnznisitdtewinbi laguainisveass
2 s [ Sy a wa A w o
dulalddayandrBnaaautfvesgunisiudazdmidlunmaaes
Y mvyvo v a 1 v o ¢ a = wa 1

i ldidayanasizideeddiaunsaluiiale dnuautnogials
) = ¥ ooy = o qyy M v o a
fmaaesislddmdianis WuawmgivinlideyanlatidnuaziBwmanin

3.2.1.2 dayardediunn
Wasiueunn1snaaes dayavamanisvaasgidvauisaldiiamse
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seggnanntuussingulunisduiinld vinlvgidelddeyaniidnwus iy
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3.2.2 msdendeya

Tumsidendaya medhintidglddondeyanmuanumngauvesnisidnu lny
=1 o a o = d =
AWM aNn1eEinAdeldldanmiandenasatialdin sadunulunisudn
& a = o]
Buululdauats saulvdmanisnaaasainnisvaassiinuizauiige andu
o o o - v o ¢ A o v > v v_a
naninaalunisaaduladenldiagaunsal iiefiazldTununausaldaulaaie
a ' o da o Pt o { o
lugnmuandauass 1y aauiinldaunsaiilunisidndrstsfedauiiilidnwazla
sullutisanuiilunsiauansuauinlusaniididneazduls Sanmwndoudu
wiuls TuaeannwFalal Wy

3.23 A1INAED9

Tun1snaaemeiiinideldimuadiiidenisléusiesnindeuaniudee
\dandagirdedldlaquuuledselinaniseaswmiuiifesnts antulwnvnas iy
P o o aa & a8 oA v e [T v o
Aannadnidnlulumungeiviali SmnnbinmdeRanain wazusuudiloauld
ARGV ARINTT

3.3 1A329BKAaYATN15IBNAFDY

3.3.1 Raspberry Pi 3

3UN 3.1 shumisvasgunsaiuu Raspberry Pi 3

" ¢ a ¢ 2 o = P a a s

Raspberry Pi 3 Aauainaauiatnaivuiaaniianuisatieudanuaayailinas

= -4 } 7 Q & o 1 a a 3

AgUasA wazlndld anunsaianvssendldlunisinlassunnsdiudiannseling

a5 Reulusunsy viadumsasmauiunasaadlazaurndn Lidezidunisiineu

Spreadsheet Word Processing 1491udutnasifin saulufianisidunud Snneds
anusaduluaIAlannuazidungs (High-Definition) lé@néiae
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U83n Raspberry Pi 5945us2UUUURN15AYND (Linux Operating System)
l@vaneseuu WU Raspbian (Debian) Pidora (Fedora) was Arch Linux Wudy Tae
findeuu SD Card Uasn Raspberry Pi ignesnuuuulsill CPU GPU uas RAM @ §

melutUiReanu Teaweude GPIO TildanusminluldswivaunsaiBanvseiing
due ¢l Badieuiu Raspberry Pi 3 uda Uszavaniwgan Raspberry Pi 289 50%

M191497 3.1 asuAaEIURYae Raspberry Pi 3

AMENURA

System on a chip Broadcom BCM2835

(CPU, GPU, DSP, SDRAMandSingle USB Port)

CPU Quad-core 1.2 GHz ARM Cortex-A53 LLlUU 64 bits

GPU Broadcom VideoCore IV @ 400 MHz

OpenGL ES 2.0 (24 GFLOPS)

MPEG-2 and VC-1, 1080p 30 h.264/MPEG-4 AVC high-profile decoder

andencoder
Memory (SDRAM) 1 GB (LPDDR2-900 SDRAM) (Shared with GPU)
Internet 802.11n Wireless LAN
LAN Speed 10/100Mbps
USB 2.0 Ports 4 USB ports
Bluetooth Bluetooth 4.0
Video Input A CSl input connector allows for the connection of RPF designed

camera module

Video Outputs Composite RCA (PAL and NTSC)

HDMI (rev 1.3 & 1.4) ,raw LCD Panels via DSI 14 HDMI resolutions
from 640x350 to 1920x1200 plus various PAL and NTSC standards.
Audio Outputs 3.5 mm jack, HDMI

as of revision 2 boards, 125 audio (also potentially for audio input)
Onboard storage SD/ MMC/ SDIO card slot (3.3V card power support only)
Onboard network 10/100 Ethernet (8P8C) USB adapter on the 4 port of the USB hub

Low-level GPIO 40 pins
peripheralsLow- UART
level peripherals 12C Bus

SPI Bus with two chip selects
12S audio +3.3V, +5V, Ground

Power ratings 700 mA (3.5 W)
Power source 5 Volt via Micro USB or GPIO header
Size 85.60 mm x 56. mm (3.370 inch x 2.125 inch)

Weight 45 g. (1.6 oz.)
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3.3.2 L298N Drive Motor

\ e
5U# 3.2 L298N Dual H-Bridge Motor Controller £33

NINITDDALUULDY

3.3.2.1 n15l%e1u L298N Dual H-Bridge Motor Controller

o a & | ' o
L298N 1Jugaduneimaseia H-Bridge Tadaulvajazgniinluldluns
= A 3 L]
AUANTIANIUAZATIIITBWIABS Te1sanIuANNDINDSIANmILA 2 Jos

3.3.2.2 NaNAIWI9IUYEY L298N Dual H-Bridge Motor Controller

1995 H-Bridge w24 L298N 2zdunseuaidnaimed audafismvuadae
aevAaAUANTIANIS fhuﬂ'mu‘%wmuaLﬂ@%ﬁuazgnﬂququﬁaﬂﬁmzyﬁm
(Pulse Width Modulation) Z#asiinisusuamualy wansaufueines

i3 3 . o M
twy |,

o _L Vewlt h:
00w F I

1

Il ns

T D “

n2 3 W In¥

= = O

g‘- 3 ‘ - EnB
u 3 [ -

SENSE AD—4 N Err——
ﬂ. i _L Q‘“’ Sl

Ul 3.3 2e3nelu IC LM298



3.3.2.3 Schematic

wd

N
.mmm Hikg

4
Cap2
104uF

g

)

m,_._m 3.4 Schematic L298N Dual H-Bridge Motor Controller



3.3.2.4 PCB

miﬂ 3.5 PCB L298N Dual H-Bridge Motor Controller
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3.3.3 Lithium battery LG 18650

gﬂ‘ﬁ' 3.6 lithium battery LG 18650

fu"39 Li-ion 18650 e LG §u LGDBHG21865 LG HG2 AuLiu
3000mAh 318NTTUAZeER 20A ST 1 fiau

3.3.3.1 AnuENUAYAY Lithium battery LG 18650

WUsUR: LG

3u: INR18650-HG2

sUuuy: 18650

Uszinn: Li NiMnCo )O2

annsamsailaie 500 ase

AUUNRA: 3000mAh / 11.1Wh

Aga: 2900mAh

ussaulwih: nsunsaln: 4.2 £ 0.03V

AT 3.7V

ussiulwindlarsadin uazlsifiuunaes 4.2V & 2.7V respectively
FBnsnfa: CC-CV wssulnihasiivaznszudln $1dn )
n5YIsINsUALNTAN A3t 500mAh, 4.2V | 50mA nszualiing
ANIMTFIU: 1500mA, 4.2V | 50mA nssudluiing

Rapid Charge (MAX.): 4000mA, 4.2V | 100mA Fugnluilaqiu
alun159139: Slow Charge: 387 Wil / 6.45 4l
ANASEIL 147 Uit / 2.45 Falug

Rapid Charge: 72 w1l / 1.2 4law
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= gegn nszudlvlunisaneysey: derlles: nazuansil 20A
B Peak: 30A Inannszualniin
" uugi: nszuaasil 3A
" gamgilun1svineu: ¥1359: 08950 ° C
" psAnedsey: 20 8975 °C
" gamgiilunmsdadu: 13:-20~25°C
3 1@au: -20 ~ 45 °C
1 (fou: -20 ~ 60 ° C
n it 45g / pc
" gum: @ 18.5 Uil x 65 1. @ 1.85 . x 6.5 @

3.3.4 DC Motor BO1

o = o
JUN 3.7 yaiestiuNawmas BO1

v

Evnaasld DC Motor yailasdiuawmas BOL
AauauURae 1. Jdnsma 120:1
2. WuweLmas DC wuu 2 Output

3. Tanesauamaiuuy IDC

E.e
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3.3.5 Servo Motor Tower Pro SG20S

Q\‘ :&\

31]17; 3.8 Servo Motor Tower Pro SG90S

= = a4 4 0 =
Servo Aaaunsalueiaas NanursanIuANNISyURWiug) weslyniilivuna
winuselia 1.2-1.4 KG/em fuanasnenstn dundvidn 4.8-7.2v ddudaqnabuyn
nyulé 90 v

3.3.5.1 Anuaulfva Servo Motor SG90

AN5199 3.2 ARNURAYES Servo Motor SG90

Basic Information
Modulation Analog

Torque 4.8V : 25.0 oz -in (1.80 kg-cm)
Speed 4.8V: 0.12 sec/60°
Weight 0.32 oz (9.09)

Dimensions Length : 0.91 in (23.0 mm)
Width : 0.48 in ( 12.2 mm)
Height : 1.14 in (29.0 mm)
Motor Type 3 - pole

Gear Type Plastic

Rotation/Support | Bushing
Pulse Width 500 - 2400 us




3.3.6 293UATW Sony TV UHD LED (43",4K,Smart) 'a:'u KD-43X7000E

3.3.6.1 AauanUfvas Sony TV UHD LED (43", 4K, Smart) $u KD-43X7000E

AN3NeTl 3.3 AnuauTAUaY Sony TV UHD LED (43",4K,Smart) $1 KD-43X7000E

Basic Information

UUNAD 43 in
FEUUNMN UHD/4K
AMUALLDEANTINRD 3840x 2160 Pixels
Contrast Ration Over 1 Million
Brightness (CD/M) 500
Response Time (MS) 1
Dimensions Length : 97.1 cm
Width : 7 cm
Height : 57.1 cm
Connector USB 3 %24
HDMI 3 %29
Composite 1 %84
Features WEB Browser , Media Player
,Digital TV ,and HDR
Network LAN and Built - in
HUNBIVDININ 178 °©

Weight 10 Kg
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3.3.7 n15h091ulUsnsy SOLIDWORK 2017

Tulusianiinanisalaldluswnsu SOLIDWORK 2017 Tuniseanuuudiige
e lanansaussyTudwsswazgunsalinedld TaansesnuuuBudussgiuazd
z 2 v &
YUABUNUFIUAL
3.3.7.1 YUABUNITANNUAYUIAVDITUIY
Susenisnaldaudaninuanissradunaun nntudsldiasesiianivua
v & X & v ¥ A A o o v
wWunaluguiewesduaunaainis uazldinsasdisdadmunsuinve iy

Ay

FUN 3.10 AwauassUsNvauinmual’

nnulidenuinaiismunliug uaslidieto dlatiaitevinliida
AMIUYRITuLIY Tasvaesidndsimunaamuntiuausativualily
Uilunseuduncuazaziizunmuansitegiatudindaiegy wasIndle
anaminfigaenisudrlinannasdes Edunuiiiarumuinudesnisiniu

& ; b i Partr Petncs Deos.
S EEsle

) Bow Exrtrude @

R

From -~

FHesEeD,

Torcvon ~|

i
5 e
1

G

= - | TRl lits el iR
Selects hansie 1 mocty

JU 3.11 gunwitegrauazidmiuldaranumun
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o al 1 g nl =
3.3.7.2 9UnaUN1ISUSULASTUITUINULAL

s 2 = v o ar . - a A [
N8N LAYUIATUNUNABINI5LAREEINTAUTULAITUULRULA
a a o . a a ) f P
Taenisidanusinanfoanisususdaiuduaniunaldluuanis s dudsay
1 = A 1] 5
Wunrssraduawzluudnafdaninviitu

i o = a o 1
3UT 3.12 m3tmuausanifeanIsuiuung

s & v A o = P Y] ° '

wasanuulilaasellanvuanasiasasilodalunisAivunaiuad
' = ar Poa A a4 o A Ady &
douiveanisuFundaiianiy Tunilisnegimuaiunidenisaizsunu
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e
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NUULFDNLATDILBINZ AN IMUAANUANNADINITRZ A LULAING
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MAIINUUILVINTANYHYBITUNY TneidanuTiaasduuuituau
Tnense Tuduneuillisnduszfeaimundulaaeludediflvunnisiradu
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P> = o e o w e
EUVI 3.14 USAMLaaNa I uINIUanvUau

Y a a4 o o y dw ) -1
MnUULFaNASoslnanvaukalldarffaanisasty Tunisusundeil
& vy o = o a a ¥ 1 oo o
Anunsaiaantain ituveulAsuursavaunuUARIS B L laAnIuaLA
nannashazlatusuiigndnreumudanis

= a = = = o
U 3.15 JusuignanvaunuulAsm ($e) uasdunuiignaavauuuudnaiEey )

3.3.8 n1sldlUsunsu VNC iWasia Raspberry Pi fiu Wifi

= ° ° { a o
\asansadisnvessnlusadisnniinsavguuuuliane Wusumgiinli
tsudenldaunsal Raspberry Pi 3 wsnzdnlusuusniifadudayea wifi Tudaies
= ' e ' o &
TngTunsiwausaislalilusunsy VNC Tuniseusie laetidunaudsil

" ginnsfinga VNC Server 15114 Tight VNC aslu Raspberry Pi Tngldinds
1. sudo apt-get update
2. sudo apt-get install Tightvncserver
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5UM 3.16 n15fans VNC Server 13714 Tight VNC aslu Raspberry Pi
P = 1 < & o af =5 Yo & o l:gl’
B 51915 RARNLETINAT 1IN153U Tight VNC Buanlagldddsnesaluil

1. Tightvncserver 21nUusesvanu lagsiantudaslidiiu 8 i Wanesviaeiiu
i3audziiiuit VNC gillaldauuda

31!1'7; 3.17 simsnestiarily Tight VNC astu Raspberry Pi

& o QIJ' o Y b7 1
Fasranusa ldardenivuaiantlanisidery VNC lduzaz ds1doeanisln
Remote Desktop flagaunaniivawinlnsanuazidenialvs

Tufitiaasrmun Remote Desktop TTldnvunafisndaanisidu 1280x720
vncserver :1 -geometry 1280x720 -depth 24

dafvuaunadenaanda vncserver :1 -geometry 1280x720 -depth 24
aziudndunisile desktop display :1 (nnﬂ%v'aﬁyw Raspberry Pi Tusnlysidiasdn
uFudrdsinnaduiio@anisléou WNC Server usifisanauineazuan s iy
VNC server é’ﬂiu%nnﬂ%ﬁmﬂ Raspberry Pi fuanlvil)



g‘lﬁﬁi 3.18 ﬁ'\miéfa Remote Desktop ulu Tight VNC aslu Raspberry Pi

B 715RaR9 VNC Client aslupauinasuaznis laau
1. Aans Tight VNC Tagluannillnanii
https://www.tightvnc.com/download.php

2. edalusunsudiusn nsen IP Address vas Raspberry Pi iU display Tuii
o :1 9¢1Mu 192.168.1.222:1 na Connect

New TightVNC Connection e X

Connection
Remote Host: { Vl I Connect l

Enter a name of an IP address. To'specifyaport number, Y %
append it after two colons {forexample, mypc::5202), . Options...

Reverse Connections

Listening mode allows people to attach your viewer to LI e, o
their desktops. Viewer will wait for incoming connections: el 3 o
TightVNC Viewer

TightVNC is cross-platform remote control software:

w Its source-code is available to everyone, either freely
VN 1 {GNU GPL license) or commerdzlly {with no GPL restrictions).

!

fo—er

:Versioninfo...: Licensing { Configure...

35U 3.19 n1sfinas VNC Client aslupauinanas
3. ldwiadsansinald na OK

Vnc Authentication X

Connected to: | 197.168.1.222:1 |

Password: | sesssasesl |

Cancel

5U# 3.20 aadldwansanunaeaili

58
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4. 151MewE1U158 Remote Desktop lAuéa

5 113t propomrygn ) - Tt oemer -~ 8 X
ZLAED NS M s S e 1

g-OEmn0 0= 9=

&

wastasior

gﬂﬁ 3.21 Remote Desktop

nseaAls VNC Server %'ué’miuﬁ‘ﬁnnﬂ%’juﬂaym Raspberry Pi Busin
nluudlelulng .bash profile Togldinds
1. sudo nano -c ~/.bash_profile
2. vncserver :1 -geometry 1280x720 -depth 24 -dpi 96 L3181419 adsuaune
nsHARIMALAUZAZ 1WU 970 1280x720 TUilu 1920x1080 teeanld Full HD
3. NUUNA Ctlax AU ‘y’ wé Enter e save nd

| GNU nang 2.2+%6 o

a o = - = 7 [] i < 1 Uu
\i18L51%11N153YN Raspberry Pi s 61 access /U putty agLiiuiaziu
‘g ot e
VNC server JUiDaLuli6
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3.3.9 18650 battery 3.7V 5V 2A step-up module Rechargeable

Tuga Step up wiounsisa waslvann 3.7 Wu 5V nsvudgedn2A dmiu
WUALABIT 18650 LDAWALUU USB 2 B84 1A uaz 2A

el . nn.{i-ri:'
g wlllﬂlll
i - an

gﬂﬁ 3.23 18650 battery 3.7V 5V 2A step-up module Rechargeable 2X USB

A15797 3.4 Qmﬁuﬁﬁ%mlSéSO battery 3.7V 5V 2A step-up module Rechargeable

RiEns i

-, 2 Y ' e v o
LN@Q"IUIWH]"I'NQSLLE‘YJ LED 1UaatlaanaLlan s n L wsauney

YUIA 69 mm x 32 mm x 8 mm
Input fan1susenuasil 5V 1A Tumsvisa
Output USB 2 port

Input port MicroUSB (Android port)
Output port | USB




H Y )
3.4 YUNDUDDNLLUULAYEIINLATINAUD

Input

( switch on/off )
i

|

61

L298N Motor driver

(Driver motor)

L298N Motor driver give
an order to DC Motor.
Then Motor works.

| mm—
' Step 4

vehiele sarvey work!!

When you turn ON, LM 2576 Raspberry Pi controls :
Step 1 | will regulate voltage from L298N Motor driver. Raspberry Pi Camera
battery T4Vto 5V
Step 3 Module V2
LM 2576 Raspberry Pi3 Step 5 " (Camera)
(Regulate) {€ontrol Raspberry Pi controls

Voltage from battery
drop74Vto5V.

—_—
Step 2

Then Raspberry Pi 3 ON.

Raspberry Pi Camera to
capture image .

Step 6

Raspberry Pi Camera to
capture image . | £ 1
Then Raspberry Pi Camera & £ 4 Fg
Will sent the real image to &#‘, 4
Raspberry Pi for solve -

Finally Il

Raspberry Pi Will solve the real image and sent the real image
to Display for Present.

**Our Display is LCD TV

JUT 3.24 TumausanuuuLazEaiIuATase
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NNSNAADILASNANITNAGDY

4.1 9UnsnlaNNImAaaY

4.1.1 Raspberry Pi 3

g‘dﬁ 4.1 Raspberry Pi 3

4.1.2 Raspberry Pi camera

gﬂff'i 4.2 Raspberry Pi Camera
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4.1.3 L298N Drive Motor

e e

g‘d‘ﬁ 4.3 L298N Dual H-Bridge Motor Controller

\flasdentsinuued Raspberry Pi 3 t fasnasusssudglninszuanss
U9 5.1 V uasfioanisuszud 3 A deldlunisduinieusa Raspberry Pi 3 S4din
Motor Controller Tngvidlusneussuldifies 5 V uaznszia 2 A wintu

MufReiaeldade Motor Controller anias Taeldiiia LM 2576 uaz L298N
Tun1s0anLUY Tellannsasnenseuaiasussiulanudasnns

4,1.4 DC Motor BO1

URl 4.4 yailesiuseines BO1

gvmaaasly DC Motor gaasdutawmas BO1
NaneudAfl 1. Tdnsma 120:1
2. \[Wuwelmas DC wuu 2 Output

3. fidnerauaLmasuy IDC



4,1.5 Servo Motor Tower Pro SG90S

gﬁﬁ' 4.5 Servo Motor Tower Pro SG90S

ﬂ’l‘i'}ﬂﬁ 4.1 @mﬁu%maa Servo Motor SG90

Basic Information
Modulation Analog

Torque 4.8V : 25.0 oz -in (1.80 kg-cm)
Speed 4.8V : 0.12 sec/60°
Weight 0.32 oz (9.09)

Dimensions Length : 0.91 in (23.0 mm)
Width : 0.48 in (12.2 mm)
Height : 1.14 in (29.0 mm)

Motor Type 3 -pole

Gear Type Plastic

Rotation/Support | Bushing
Pulse Width 500 - 2400 us

4.2 NANISNAADINISAUVDIUDLADS

5UT 4.6 Mnaaesden1suaines
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4.3 NaNISNAABIL9NISDINLUULAZES1950871529

4.3.1 %umu‘mﬁﬁqaﬁgnﬁ%ﬂa%’umnhlmniu SOLIDWORK 2017

al

ola

©

Tumsvinlasesnuiingugn MN5PBNUUUAITANTUSINSTN SOLIDWORK

Y

b oA
L

VIVUA 9 YUAININ

e

ar

JUa9UITdIUNLN (F8) YUANVDITOFIUNNAT (V1)

JUT 4.7 Budwiud1aesedsne

JuUUYaIsadIuu (Fw) YUUUVDITEIUNE(V27)

i 2
= ] af -]

o
EUW 4.8 YUAMWYUUUVDIINE1TN
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4.4 NanNISNAABIIAEIUNISIARIUNVBITAE1529

A13199 4.2 a5UNAN1TMABR950IN1TARRUNIYRITAH5IR

A5LARUNTUSLEENIA 3 LUAS

AUTU (B4A)

szazian (Aui)

0 241
T 25.1
15 27.3
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uni 5

d7UNAN1TIBUaTYaLHUBLY

5.1 #3UHan1539e

5.1.1 n1sVnasliaufauasasauassiniliuasuRnas

MNNISNAARIAS 1IN IS WaUAB VDS NSIEUD S U UABuAauTaeNIUY
Tusunsu VNC waqdadnluntinasvessaiuassing iamausdanuszuudumadiiin
wuuldane Walveusaldudlraeianisiiiay IP address va4378LUDSS lillRause
@ a ¢ 2 W | a & = a 1 g
Aussuvdumasitdalianeunldlulusunsy VNC 8nase 39dunsatioudasaiuass
Twilnazpauiamasalessuulsany

5.1.2 n1sveasdduindaufduatmas

Tavinnrsmeassleulantatuinaounvsamas lngnadltlusunsy Python 7
agn1elulusunsu lasbian vassaiuassinilagldszuuduinaaunainad 2 67 lne
A o o a o w o € v W, o o
WainsduiadeulUdrminazvasnisuataainiauiume 2 02 uaznyululu
AAEn1afenNu u,siwmL’fJunmﬁmual,ma%ﬁﬁ'leﬂuasﬁl,tﬁﬁmﬁmu,asLﬂuuama%ﬁafg
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5.1.3 nsunassmyugeltained
Ienanadddwaliluntsusundesaassinilaeldivelwisian 2 fuieas
vyl 360 asen uazlavinnseuldnlulaiuissifeafuiuituemes

5.2 397150lNan15Nnaag
52.1 nsvesaadeusiavasasiauasiiwiivaeuianed
nnsnagedesdoudesadisadnfuneudlsaiedeudedumnesiiadey
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Udeedyrdumedidawuudiuia uidenrasansadoudefiudugnadumedila
Zaneldnni
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 46 V

= TOTAL DC CURRENT UP TO 4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 15 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

ORDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nection of an external sensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.

ouT3 ouTs
0 Q

+¥s5
O .

i il AN
lOOnE

— }—1
1 2 3 4
In1 In4
a—t 4 g = o | i) e
*— — —
‘E‘\j ¥ 10 %3
EnA |g - EnB
O
1 ) 15 s
b -L ¢ OSENSE B < sasir2
Rsp

Jenuary 2000
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vg Power Supply 50 V'
Vss Logic Supply Voltage 7 vV
V1,Ven Input and Enable Voltage —0.3t07 V
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voltage -1t02.3 \Y)
Ptot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature —25 to 130 o
Tetg, Tj | Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
I. N\ 5 3 CURRENT SENSING B
/"\ N[22~ = 23~DUTPUL4
T sV OUTPUT 3
2 L =AW= RINPUT 4
(/) YRR ENABLE B
90 ) |aate” AT | INPUTHE
g o\ <&y LOGIC SUPPLY VOLTAGE Vgg
[Multiwatt15 t B AN
b | ams N INPUT 2
6 3 ENABLEA
2| FATA A ¥ INPUT 1
4 T3 SUPPLY VOLTAGE Vg
$ AVATACANA QUTPUT 2
SO asonm®D) J DUTPYT| |
\ [ LA 1T Lsm—erI CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 DO5IN240A
/7
GND [ 1 20 1 GND
Sense A [__| 2 19 |1 SenseB
NC. /] 3 18 [ NC.
out1 | 4 17 1 Out4
out2 —} 5 PowerS020 15— out3
Vg 16 15 ] Input4
Input1 [ 7 14 1 EnableB
Enable A [__| 8 13 1 Input3
Input2 1 9 12 1 vss
GND [{ 10 11 1 GND
D95IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rinjcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rthjamp | Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/W

(*) Mounted on aluminum substrate

2/13
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PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1;15 219 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2;3 4:5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5;7 7:9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; Enable B |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Qut 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vss =5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage (pin 4) Operative Condition ViH +2.5 46 \'
Vss Logic Supply Voltage (pin 9) 4.5 B T V
Is Quiescent Supply Current (pin 4)  |Ven=H; IL.=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven - L Vj = x 4 mA
Iss Quiescent Current from Vss (pin 9) [Ven=H; IL.=0 Vi=L 24 36 mA
Vi=H ¥ 12 mA
Ven=L Vi=X 6 mA
ViL Input Low Voltage 0.3 1:5 V
(pins 5, 7, 10, 12)
Vi Input High Voltage 23 VSS \Y
(pins 5,7, 10, 12)
I Low Voltage Input Current Vi=L -10 pA
(pins 5,7, 10, 12)
lin High Voltage Input Current Vi=H £ Vss-0.6V 30 100 HA
(pins 5, 7, 10, 12)
Ven=L |Enable Low Voltage (pins 6, 11) —0.3 1.5 \'
Ven = H [Enable High Voltage (pins 6, 11) 2.3 Vss \%
len=L [Low Voltage Enable Current Ven=1L =10 pA
(pins 6, 11)
len =H |High Voltage Enable Current Ven =H <Vsgs 0.6V 30 100 HA
(pins 6, 11)
Vcesat(H) | Source Saturation Voltage IL=1A 0.95 1.35 1.7 vV
IL=2A 2 2.7 \Y
Veesat(L) |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 \Y
IL=2A (5) 1.7 2.3 V
Vcesat | Total Drop IL=1A (5) 1.80 32 \"
IL=2A (5) 4.9 \'
Vsens | Sensing Voltage (pins 1, 15) -1 (1) 2 V
KYI 313
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
T4 (Vi) |Source Current Turn-off Delay 0.5Vito 091 (2);(4) 15 us
T2 (Vi) [Source Current Fall Time 091 to0O.11L  (2); (4) 0.2 us
T3 (Vi) [Source Current Turm-on Delay 05Vito 011 (2); (4) 2 us
T4 (Vi) |Source Current Rise Time 011, 10091 (2); (4) 0.7 us
Ts (Vi) |Sink Current Tumn-off Delay 0.5Vito 0.91.  (3); (4) 0.7 us
Te (Vi) |Sink Current Fall Time 09I to0.11L  (3); (4) 0.25 us
T7 (Vi) |Sink Current Turn-on Delay 0.5Vito 0.91.  (3); (4) 16 ns
Ts (Vi) [Sink Current Rise Time 011 to 091 (3) (4) 0.2 us
fc (Vi) |[Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Turn-off Delay 0.5Vento 0.9 1L (2);(4) 3 us
T2 (Ven) |Source Current Fall Time 091 to0.11L  (2); (4) 1 us
T3 (Ven) |Source Current Turn-on Delay 0.5Vento 0110 (2); (4) 0.3 us
Ta (Ven) |Source Current Rise Time 011 to0.91L  (2); (4) 04 us
Ts (Ven) |Sink Current Turn-off Delay 0.5 Vento 0.9 1L (3);(4) 2.2 us
Te (Ven) |Sink Current Fall Time 091 to 011 (3);4) 0.35 us
T7 (Ven) |Sink Current Turn-on Delay 0.5Vento 0.9 1L (3); (4) 0.25 us
Tg (Ven) |Sink Current Rise Time 01110091 (34 0.1 us

1) 1)Sensing voltage can be —1 V for t < 50 psec; in steady state Vsens minz~0.5 V.

2) See fig. 2.
3) See fig. 4.

4) The load must be a pure resistor.

Figure 1 : Typical Saturation Voltage vs. Output

Figure 2 : Switching Times Test Circuits.

Current.
G- 6418

VSAT
)

V=42V

V55 =5V
2.4
20
16 /// s
1.2 //
0.8
0.4
0 04 08 1.2 16 20 24 lolA).
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INPUT

ENABLE

o—1

VsszSV

V=42V

5-5852/1

Note : For INPUT Switching, setEN = H
For ENABLE Switching, set IN = H
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

L298

I A

Imax(2A)

90% -

Ven; (4V)

50% PN~ —C-————=-==xtr~

Y

t

-

5-5853/2

Figure 4 : Switching Times Test Circuits.

Vgsasy  Vg=42V
O

INPUT

ENABLE

5585411

Note : For INPUT Switching, set EN = H
For ENABLE Switching, setIN =L

4
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Figure 5:

Sink Current Delay Times vs. Input 0 VV Enable Switching.

LA

Imax(2A)

e I, W 4
1% <im=— = ok i v
T8 (T8 L U
Vp (4V)
5% +f-———mmm————————— ;
Imax(2A)
90°%%. -
!0 .Il B
(4V)
50°h Y Fi 0N F <aie t
5-10667 %3
Figure 6 : Bidirectional DC Motor Control.
Ns
07
%ﬂun? ' & ﬁ *n;
s .l | im L] ‘n Inputs Function
° Ven=H C=H;D=L Forward
D — - .
?“f 13 " ?,2 C=L;D=H Reverse
9 C=D Fast Motor Stop
P .
L : Ven =L C=X;D=X Free Running
s Lo Motor Stop
12 L298N L =Low H =High X =Don't care
114‘0‘,.“
TO CONTROL 15 8 1
CIRCUIT 'L __r_ o
Rs
D1 TO D4:1A FAST RECOVERY DIODE (t, $200ns)
5-5857/2
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.

Vss

100 nF
) Iri

Vs
100nF
=l I 4
6

3 |our2

ENABLE
O—
IN1
o- 5
IN2
o )
n

o
$-5873/12

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298 integrates two power output stages (A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output : an
external resistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are In1 ; In2 ; EnA and In3 ; In4 ; EnB.
The Ininputs set the bridge state when The En input
is high ; a low state of the En inputinhibits the bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is oo far from the IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the |.C.

7

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Tum-Off : Before to Turn-ON the Sup-
ply Voltage and before to Turn it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which conly one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense output voltage can be used to control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped ; Shottky diodes would be preferred.

713




L298

This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
On Fig 8 itis shown the driving of a two phase bipolar ~ PY the 1.C. L6506.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,
from the IC L297.

Fig 9 shows an example of P.C.B. designed for the
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

¥s
Osv ?JGV
100nF
3

fﬁru:n' 1o g

100nF 470
33InF -l HF
GND o | 02| o3| De
/ I

Wi 2 16 2 9 ] &
cwicew |2 a N tlor
ok | L 3 l
HALFIFULL c | 02
— 19 pes, 0 3 —— %
RESET 1 o 23N\ € 353 HOTOR
20 9 12 13 WINDINGS
enaete | Y N I
o 1b,
ref 15 8 18H2 (] 14 04
1M1 3 13 14 1 15

os| os| 07| D8
[ senser _ 1
SENSE 2
CONTROL HOME
SYNC.
B0
S-5846/4

Rs1=Rg2=05Q

VE<12V@I1=2A
frr< 200 ns

D1 to D8 = 2 A Fast diodes
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L2938

Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L63506.
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DIM. mm inch
MIN. | TYP. | MAaX. | miN. | TYP. | max. OUTLINE AND
& 5 0.197 MECHANICAL DATA
B 2.65 0.104
c 1.6 0.063
D 1 0.039
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 1.02 | 127 | 152 | 0.040 | 0.050 | 0.060
G1 | 17.53 | 17.78 [ 18.03 [ 0.690 | 0.700 | 0.710
H1 | 196 0.772
H2 20.2 0.795
L | 210 | 222 | 225 | 0.862 | 0.874 | 0.886
L1 | 21.7 | 221 | 225 | 0.854 | 0.870 | 0.886
L2 |17.65 181 | 0.695 0.713
L3 | 17.25| 175 | 17.75 | 0.679 | 0.689 | 0.609
L4 | 103 | 107 | 109 [ 0406 | 0.421 | 0.429
L7 | 265 29 | 0104 0.114
M | 425 | 455 | 485 | 0.167 | 0.179 | 0.191
M1 | 463 | 508 | 653 | 0.182 | 0.200 | 0.218
s | 19 26 | 0075 0.102
s1 | 1.9 26 |0.075 0.102 Multiwatt15 V
Dial | 3.65 3.85 | 0.144 0.152
H1
A S
C ™~ *..‘_..
LW a /' \__1_5 t
) S Dia 4 <
[ i
S b | -t
= 1-Do od 5
=
o . y
|
H2
A | |
B v U
) )
F i—L
TR - o -
10/13 57
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pIM. — = OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | mAX.
A p e MECHANICAL DATA
B 2.65 0.104
c 1.6 0.063
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 114 | 127 | 14 |[o0.045 |0.050 | 0.055
G1 | 17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 | 196 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 2.54 0.100
13 |17.25| 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 10.9 | 0.406 | 0.421 | 0.429
L5 5.28 0.208
L6 2.38 0.004
L7 | 265 29 |o0.104 0.114
s | 19 26 | 0075 0.102
s1 | 19 26 | 0075 0.102 Multiwatt15 H
Dia1 | 3.65 3.85 | 0.144 0.152
H
A s &
Tlc ~ e
- L
' A i \_jl—
A A
Dia. 1 J
— A ﬂ
— o | l) i
- O -
_——
| B
l | — \ y
Ll
?__lzi_— - H2
ad
N — ) S
I
.. i Gl o
LS i
I<72 11113
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DIM mm inch
" | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. OUTLINE AND
A 3.6 0.142 MECHANICAL DATA
al 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013
D(1) | 158 16 0.622 0.630
D1 9.4 9.8 0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 127 0.050
e3 11.43 0.450
E1(1)] 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 0.228 0.244
G 0 0.1 0.000 0.004
H 15.5 15.9 | 0.610 0.626
h 1.1 0.043 JEDEC MO-166
L 0.8 1.1 0.031 0.043
N 10° (max.)
S 8" (max.)
L [ 10 | l | 0304 | PowerS020
(1) "D and F" do not include mold flash or protrusions.
- Mold flash or protrusions shall not exceed 0.15 mm (0.006").
- Critical dimensions: "E", "G" and "a3"
A
c
- al
DETAIL B l £
e3d
[—— DETAILA
lead
D ; I h,
a3 slug
OO0 000 PETALE
20
" Gage Plane
,.
S J(/ 1 2 GERTING PLANE
(—
E2 _._,..,} _ T E — | E1 BOTTOM VIEW (COPLANARITY)
o Lj 00nnnnnan
T |
L]
E— 1 - |E3
1 10
JUO00U000dn A
PSO20MEC
hx45
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
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i3 TEXAS
INSTRUMENTS LM2596
@ SNVS124D ~=NOVEMBER 1999—-REVISED MAY 2016
LM2596 SIMPLE SWITCHER™ Power Converter 150-kHz
3-A Step-Down Voltage Regulator
1 Features 3 Description
+ 3.3-V, 5-V, 12-V, and Adjustable Output Versions The LM2596 series of regulators are monolithic
. Adiustable Version Output Volt R 1oy integrated circuits that provide all the active functions
jusiable versian LLplis VB iags Sandas e for a step-down (buck) switching regulator, capable of
to 37-V + 4% Maximum Over Line and Load driving a 3-A load with excellent line and load
Conditions regulation. These devices are available in fixed output
+ Available in TO-220 and TO-263 Packages voltages of 3.3V, 5V, 12V, and an adjustable output
+  3-A Output Load Current version.
+ Input Voltage Range Up to 40 V Requiring a minimum number of external
. Requires Only 4 External Components pomponfants, these regulators are smple to use and
. . . include internal frequency compensation, and a fixed-
«  Excellent I..|ne and Load Regulation Spf:&ﬂcahons frequency oscillator.
- 150z leed-Frequgqcy Intermal Sachet The LM2596 series operates at a switching frequency
* TTL Shutdown Capability of 150 kHz, thus allowing smaller sized filter
»  Low Power Standby Mode, lg. Typically 80 pA components than what would be required with lower
«  High Efficiency frteql:jengy7 gwij‘_cohi;gzao regiil(lators._thAvaiIablled_ﬁin at
] . : standard 7-pin TO- package with several differen
Uses Readily Available Standard Inductors lead bend options, and a 7-pin TO-263 surface mount
«  Thermal Shutdown and Current-Limit Protection package.
« Create a Custom Design Using the LM2596 with ] e
the WEBENCH Power Designer Device Information
PART NUMBER PACKAGE BODY SIZE (NOM)
2 Applications W s TO-220 (7) 14.986 mm x 10,16 mm
+  Simple High-Efficiency Step-Down (Buck) 707263 ) 1040 mm x 8.89 mm

Regulator
On-Card Switching Regulators
Positive to Negative Converter

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application

Feedback
12V +Viy 4
Unregulated LM52396 Qutput L1 5.y Regulated
DC Input ! > 2 m\ Output
Rl IR T 33 uH * ol 3A Load
I 680 uF |2 2 DI I > A
ON/OFF GND 1N5824 H

(Fixed Output Voltage Versions)

Copynight © 2018, Texas Instruments incorporated

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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7.9 Electrical Characteristics — All Output Voltage Versions

Specifications are for T, = 25°C, loap = 500 mA, Viy = 12 V for the 3.3-V, 5-V, and adjustable version, and V\y = 24 V for the
12-V version (unless otherwise noted).

PARAMETER | TEST CONDITIONS MNO]  TYP@] max®| uNIT
DEVICE PARAMETERS
f i T,=25°C 10 50
Iy Feedback bias current Adjuftablevversmn oy ! nA
Ve =1.3 —40°C < T, < 125°C 100
] s | T4=25°C 127 150 173
fo Oscillator frequency® kHz
—40°C = T, 125°C 110 173
v Saturation valtage® © | loyr =3 A =it 14 id Vv
aturation voltage =
e G ar —40°C < T, < 125°C 15
- Max duty cycle (ON)‘® 100%
Min duty cycle (OFF)® 0%
T,=25°C 3.6 4.5 6.9
lew Current limit® ) Peak current 2 A
—40°C s T;=125°C 3.4 7.5
| Output leakage Outpul =0 V, V|N =40V 50 .UA
k current® (© Output =—1V 2 30 mA
Operating quiescent )
la current ® See 5 10 mA
Current standby A . o | Ty=25°C 80 200 HA
| . ON/OFF pin =5 V (OFF)™
STBY  quiescent g OF S g 2T, 2 125°¢ 250| pA
SHUTDOWN/SOFT-START CONTROL (see Figure 35 for test circuit)
T,/=25°C 1.3
Vi i Low (regulator ON) 7 A \Y%
ON/OFF pin logic input —40°C =T, =125C 06
threshold voltage T, =25°C 13
Vie High (regulator OFF) v
—40°C £ T, < 125°C 2
In ON/OFF pin input Viogic = 2.5 V (regulator OFF) 5 15 PA
I current Vi oaic = 0.5 V (regulator ON) 0.02 5 pA

(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) Typical numbers are at 25°C and represent the most likely norm.

(3) The switching frequency is reduced when the second stage current limit is activated. The amount of reduction is determined by the
severity of current overload.

(4) No diode, inductor, or capacitor connected to output pin.

(5) Feedback pin removed from output and connected to 0 V te force the output transistor switch ON.

(6) Feedback pin removed from output and connected to 12 V for the 3.3-V, 5-V, and the adjustable versions, and 15 V for the 12-v
version, to force the output transistor switch OFF.

(7) V]N =40 V.

6 Submit Documentation Feedback Copyright ® 1999-2016, Texas Instruments Incorporated
Product Folder Links: LM2596
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Application Information (continued)
9.1.2 Feedforward Capacitor (Crf)

NOTE
For adjustable output voltage version only.

A feedforward capacitor, shown across R2 in Table 6, is used when the output voltage is greater than 10 V or
when Cqyt has a very low ESR. This capacitor adds lead compensation to the feedback loop and increases the
phase margin for better loop stability. For Cg selection, see the Detailed Design Procedure section.

<

i 2200

2 Typical RMS current ratings L’
L= 2000 |of low ESR Electrolytic _— >

S 1800 Capacitors. 100 ka, @ 105 C//r/K
8 600 | A 4T0pF
= 1 v =
® 680 uF 330 pf
» 1400 , —
Z P 270 uf
= 1200 /, /,/

ac

. 1000 / L/ (A0 AF -
E 800 L/ 2 1.
o "y > t P
= /! 120 pF

3 600 5

S 400 e

= =

2 200

% 0 10 20 30 40 50 60 70
(&)

CAPACITOR VOLTAGE RATING (V)

Figure 23. RMS Current Ratings for Low ESR Electrolytic Capacitors (Typical)

9.1.3 Output Capacitor (Coyr)

An output capacitor is required to filter the output and provide regulator loop stability. Low impedance or low-ESR
electrolytic or solid tantalum capacitors designed for switching regulator applications must be used. When
selecting an output capacitor, the important capacitor parameters are the 100-kHz ESR, the RMS ripple current
rating, voltage rating, and capacitance value. For the output capacitor, the ESR value is the most important
parameter.

The output capacitor requires an ESR value that has an upper and lower limit. For low output ripple voltage, a
low ESR value is required. This value is determined by the maximum allowable output ripple voltage, typically 1%
to 2% of the output voltage. But if the selected capacitor's ESR is extremely low, there is a possibility of an
unstable feedback loop, resulting in an oscillation at the output. Using the capacitors listed in the tables, or
similar types, will provide design solutions under all conditions.

If very low output ripple voltage (less than 15 mV) is required, see Oufput Voltage Ripple and Transients for a
post ripple filter.

An aluminum electrolytic capacitor's ESR value is related to the capacitance value and its voltage rating. In most
cases, higher voltage electrolytic capacitors have lower ESR values (see Figure 24). Often, capacitors with much
higher voltage ratings may be required to provide the low ESR values required for low output ripple voltage.

The output capacitor for many different switcher designs often can be satisfied with only three or four different
capacitor values and several different voltage ratings. See Table 3 and Table 4 for typical capacitor values,
voltage ratings, and manufacturers capacitor types.

Electrolytic capacitors are not recommended for temperatures below -25°C. The ESR rises dramatically at cold
temperatures and is typically 3 times as large at =25°C and as much as 10 times as large at -40°C. See
Figure 25.

Solid tantalum capacitors have a much better ESR specifications for cold temperatures and are recommended
for temperatures below —25°C.
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Table 1. Inductor Manufacturers Part Numbers
INDUCTANCE | CURRENT | ' SCHOTTKY " \s"RENCO™ _ PULSE ENGINEERING COILCRAFT
(1H) (A) THROUGH- | SURFACE- | THROUGH- | SURFACE- | THROUGH- | SURFACE- SURFACE-
HOLE ~ | MOUNT HOLE MOUNT | = HOLE MOUNT MOUNT
L15 |5 0.99 67148350 67148460 §§'1284‘22‘ RL1500-22 | PE-53815 | PE-53815-S | DO3308-223
L21 |68 0.99 67144070 67144450 | RL-5471-5 | RL1500-68 PE-53821 | PE-53821-S | DO3316-683
L22 |47 117 67144080 67144460 | RL-5471-6 = PE-53822 | PE-53822-S | DO3316-473
L23 |33 1.40 57144090 657144470 | RL-5471-7 i PE-53823 | PE-53823-S | DO3316-333
L2413 1.70 67148370 s714g4m0 | R 128922 — PE-53824 | PE-53825-S | DO3316-223
L25 145 210 67148380 67148490 :2"1253" B - PE-53825 | PE-53824-S | DO3316-153
L26 | 330 0.80 67144100 67144480 | RL-5471-1 — PE-53826 | PE-53826-S | DO5022P-334
L27 | 220 1.00 67144110 67144490 | RL-5471-2 - PE-53827 | PE-53827-S | DO5022P-224
L2s | 150 1.20 67144120 67144500 | RL-5471-3 i PE-53828 | PE-53828-S | DO5022P-154
129 |100 147 67144130 67144510 | RL-5471-4 — PE-53820 | PE-53829-S | DO5022P-104
L30 |68 1.78 67144140 67144520 | RL-5471-5 — PE-53830 | PE-53830-S | DO5022P-683
L31 |47 2.20 67144150 67144530 | RL-54716 - PE-53831 | PE-53831-§ | DO5022P-473
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Application Information (continued)

Table 1. Inductor Manufacturers Part Numbers (continued)

INDUGTANCE | GURRENT SCHOTTKY RENCO PULSE ENGINEERING COILCRAFT
(1H) A) THROUGH- | SURFACE- | THROUGH- | SURFACE- | THROUGH- | SURFACE- SURFACE-
i HOLE MOUNT HOLE MOUNT HOLE MOUNT MOUNT
132 |33 2.50 67144160 67144540 | RL-5471-7 - PE-53032 | PE-53932-S | DO5022P-333
i P 3.10 67148390 s71ass00 | RL128%2% 3 PE-53933 | PE-53933-§ | DO5022P-223
L34 |45 3.40 67148400 gridargn: |t = PE-53934 | PE-53934-S | DO5022P-153
L35 |220 1.70 67144170 — RL-5473-1 — PE-53935 | PE-53935-S —
36 |150 2.10 67144180 - RL-54734 _ PE-54036 | PE-54036-S —
a7 | 100 2.50 67144190 — RL-5472-1 — PE-54037 | PE-54037-S —
138 |68 3.10 67144200 = RL-5472-2 — PE-54038 | PE-54038-5 —
39 |47 3.50 67144210 e RL-5472-3 = PE-54039 | PE-54039-S —
40 |33 3.50 67144220 67148290 | RL-54724 = PE-54040 | PE-54040-S -
L41 22 3.50 67144230 67148300 RL-5472-5 —_— PE-54041 PE-54041-S —
L42 150 270 67148410 — RL-5473-4 — PE-54042 PE-54042-S —_
L43 100 3.40 67144240 —_ RL-5473-2 —_ PE-54043 —_
L44 |68 3.40 67144250 — RL-5473-3 i PE-54044 =

9.1.6 Output Voltage Ripple and Transients

The output voltage of a switching power supply operating in the continuous mode will contain a sawtooth ripple
voltage at the switcher frequency, and may also contain short voltage spikes at the peaks of the sawtooth
waveform.

The output ripple voltage is a function of the inductor sawtooth ripple current and the ESR of the output
capacitor. A typical output ripple voltage can range from approximately 0.5% to 3% of the output voltage. To
obtain low ripple voltage, the ESR of the output capacitor must be low; however, exercise caution when using
extremely low ESR capacitors because they can affect the loop stability, resulting in oscillation problems. TI
recommends a post ripple filter if very low output ripple voltage is required (less than 20 mV) (see Figure 32).
The inductance required is typically between 1 pH and 5 pH, with low DC resistance, to maintain good load
regulation. A low ESR output filter capacitor is also required to assure good dynamic load response and ripple
reduction. The ESR of this capacitor may be as low as desired, because it is out of the regulator feedback loop.
Figure 22 shows a typical output ripple voltage, with and without a post ripple filter.

When observing output ripple with a scope, it is essential that a short, low inductance scope probe ground
connection be used. Most scope probe manufacturers provide a special probe terminator which is soldered onto
the regulator board, preferably at the output capacitor. This provides a very short scope ground, thus eliminating
the problems associated with the 3-inch ground lead normally provided with the probe, and provides a much
cleaner and more accurate picture of the ripple voltage waveform.

The voltage spikes are caused by the fast switching action of the output switch and the diode, the parasitic
inductance of the output filter capacitor, and its associated wiring. To minimize these voltage spikes, the output
capacitor should be designed for switching regulator applications, and the lead lengths must be kept very short.
Wiring inductance, stray capacitance, as well as the scope probe used to evaluate these transients, all contribute
to the amplitude of these spikes.

When a switching regulator is operating in the continuous mode, the inductor current waveform ranges from a
triangular to a sawtooth type of waveform (depending on the input voltage). For a given input and output voltage,
the peak-to-peak amplitude of this inductor current waveform remains constant. As the load current increases or
decreases, the entire sawtooth current waveform also rises and falls. The average value (or the center) of this
current waveform is equal to the DC load current.

If the load current drops to a low enough level, the bottom of the sawtooth current waveform reaches zero, and
the switcher smoothly changes from a continuous to a discontinuous mode of operation. Most switcher designs
(regardless of how large the inductor value is) is forced to run discontinuous if the output is lightly loaded. This is
a perfectly acceptable mode of operation.
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9.1.7 Open-Core Inductors

Another possible source of increased output ripple voltage or unstable operation is from an open-core inductor.
Ferrite bobbin or stick inductors have magnetic lines of flux flowing through the air from one end of the bobbin to
the other end. These magnetic lines of flux will induce a voltage into any wire or PCB copper trace that comes
within the inductor's magnetic field. The strength of the magnetic field, the orientation and location of the PC
copper trace to the magnetic field, and the distance between the copper trace and the inductor determine the
amount of voltage generated in the copper trace. Another way of looking at this inductive coupling is to consider
the PCB copper trace as one turn of a transformer (secondary) with the inductor winding as the primary. Many
millivolts can be generated in a copper trace located near an open-core inductor, which can cause stability
problems or high output ripple voltage problems.

If unstable operation is seen, and an open-core inductor is used, it is possible that the location of the inductor
with respect to other PC traces may be the problem. To determine if this is the problem, temporarily raise the
inductor away from the board by several inches and then check circuit operation. If the circuit now operates
correctly, then the magnetic flux from the open core inductor is causing the problem. Substituting a closed core
inductor such as a torroid or E-core will correct the problem, or re-arranging the PC layout may be necessary.
Magnetic flux cutting the IC device ground trace, feedback trace, or the positive or negative traces of the output
capacitor should be minimized.

Sometimes, placing a trace directly beneath a bobbin inductor will provide good results, provided it is exactly in
the center of the inductor (because the induced voltages cancel themselves out). However, problems could arise
if the trace is off center one direction or the other. If flux problems are present, even the direction of the inductor
winding can make a difference in some circuits.

This discussion on open core inductors is not to frighten users, but to alert users on what kind of problems to
watch out for. Open-core bobbin or stick inductors are an inexpensive, simple way of making a compact, efficient
inductor, and they are used by the millions in many different applications.

9.2 Typical Applications

9.2.1 LM2596 Fixed Output Series Buck Regulator
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Ciy — 470-yF, 50-V, Aluminum Electrolytic Nichicon PL Series
Cout — 220-pF, 25-V Aluminum Electrolytic, Nichicon PL Series
D1 — 5-A, 40-V Schottky Rectifier, IN5825

L1 —68 uH, L38

Figure 32. Fixed Output Voltage Version

9.2.1.1 Design Requirements
Table 2 lists the design parameters for this example.

Table 2. Design Parameters

PARAMETER EXAMPLE VALUE
Regulated Output Voltage (3.3 V, 5V or 12 V), 5V
Vour
Maximum DC Input Voltage, Vjy(max) 12V
Maximum Load Current, I, pap(max) 3A
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