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ABSTRACT

The purpose of this thesis is to present the theory and design of system for

control the position of the ball in the air. The structure consists of foam ball, blower,

infrared distance sensor, related electronic circuits and microcontroller.Procedure of

this system starts from study the control system and the related electronic circuits.

Then structure is designed and constructed. Arduino program is used for control the

driving circuit via microcontroller to fine the appropriate valve. Finally, the system is

experimental. The results showing that the system can control position of the ball in

the air.
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q = A1V1 = A1V2 (2.6)
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2.3 N Pulse width modulation (PWM)
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1. szuumIuANLUUUA (Open Loop Control System)

2. szuumuAuuuule vie ssuualuAuwuutaundu (Closed Loop or Feedback

Control System)

LUUAUANLUULUA
%) = ¢ ) - v
\Wunsldgunsal Controller w3e gunsainszdu (Control Actuator) tielsilens
A v 1o 1% 1 el at
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dmiuszuumiuauwis 9 tu 9199siinrsfineiviedudsfifesnisasaiun
wnnimilannsilined dssvuumuaudanaridussuuiifianududeunnnteiy windnms
vossvuumUANizivilewdn Ae yndauusitsdesnisaiuauazdesdinisindiitlaan
Wi wazdhinwFsuifisufumiisidesnsvesiausiy AMTUTTUUAIUANNAILAT

s

wUs (Multivariable Control System) 2udl nuaueAalusUT 2.5

U

E L3 —% _H
5 gun1suAIuAN NITUIUNIT
—
_— 5 >
NN

a ~

n1390 <

<

= Y
JUN 2.5 sruumupuvaieiiuls

2.4.1 PM5AIVANLUUAREIU (Proportional control,P-control)

n1smuauszuuwuuloundulnglimnuauuuudadiutiy dyarmniuay () 9
udndnlneassivandygnmuiianain (o) AiRnainuasesewineidygiasdaiu
ﬁzy:gmmﬁwmmszwﬁﬁmmsmuau WHUAIWURD YDA UANLUUEREUNAn LR
U 2.6

E(s) U(s)

JU# 2.6 drmuauuuudndIy

U

ANUFUNUSTENIN U U e uanslanadl

u(t) = Kpe(t) (2.8)

= a - s &
We K, 3utuaenineevesinmiuaudl

Usrlgvivesiaruauuuudndiu fis andA1ariuiianainvesssuu Ingaiunsa

I oas -

POUAUBINUANF YR IUAINRANAIRDETLTIIL]A
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2.4.2 NIAVANLUUBUTINTa(Integral Control)

. |

a & < a -
ﬂ’]‘iﬂ?‘UF}NLLUU‘dU'ﬂﬂSa '.LI'S‘ULLUUﬁiJﬂ’]i A u(z‘) = K! IE(f)dt LB KJ. ABDATAINUBY

Y]

[ LY a

o = a s - s a 4
AIAIUANLUUBUNNTA LLNuﬂ']‘W"UﬁE]ﬂ‘ZJE]\‘lW]ﬂ’JUFpJLLUU’EJuV]ﬂ'SﬁLLﬁ@\WIQEﬂ‘ﬂ 2T

Es) U(s)
_— |

S

JUN 2.7 fAmunuuuuduiinga

a - s n=lll L a1 P
MngULUUMsAUANUUUBLTngall asuidyaimmua ut) ssildwinlaed

[ Y

@ - a1 L5 o ] ¥ U = 1
yrunmianan et)  danduguiluntevndadionaruliudafinny nedfinsagan

[

dynruntsmuaulunsdlvesnisarvguuuuduiiniatuegiuailusin (past  value) Tl

wiloufufnuguuuudndudasiueyfuadagiu
e = - s A L% 1 ] I o
Usglowlvoshmunuuuuduiiniaiiiiesesnisandimiuiianaialuaniuresi lu

vuifeatuinuiilaiesnmuesszuuisvaaesasiionsmuauuuduiniad audy
AI a s 2 as 1 L at dl A o
nsfinguduliivszuvveas wu Tunsdssuudududiunia wasdielédaruguuuy

duinialinteeral Controller) udszuulounduasildusuituans

2.4.3 MIATUANLUUBYWUS (Derivative Control)

st

¢ a = wi il = w
NIMTUANKULBYWUS dgUuuvaunisie u(t) = K, il K, AoAmsiivesin

de(t) «
dt
Lo 3 1 L] ot o d 1 /1 s a s !
muAuLUUeyius daunnuarvgldiuiuinuaudu Wy ldsuiufimuauuuudadiu
Faendni muguuuudnduuaniueyiusuie (PD-controller) Fuandlugui 2.8 i
muAuuuudndwlduiuduiinianuioninfmuauuuudadmwuiniuduiinfavie (PI-
controller) uavinldMmunuuuUdndausanfufmuALUUBURinaLasiIAIUANLUY

auus (e (PID-controller)

Els) uts)
K,+Kps

v
v

JUT 2.8 fmuruuuudndiusmiuiinmuauuuusyius

al LY =lil 1 a 1 ] o o o v
MIMUANLUUBYNUS v eifinA1AuvLag (damping)  TUsTUUNABINTSAE

O a o g v al & = ) W i
uAu Uude vilissuuiiaiesnimunndu Tuvusifisaiueziiuidygraevinniieanain
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2/
at

ar a o a W € as a a 0‘: v
mAuAanLUUeyR LSy YYIUNAAIINNTITUIDUNUSVIF YU IUANURAANAIN AIUY 0N

al = ¥ s ol L3 al a
yumNanaInlildygiusuniuein dygiueignieanuinanfinIuALLUY
o & 4 d‘l’ U 17 d‘ U s o/ =
UWUTHILNIUNBY (fluctuate) ApudIIN (HBsa1nAAILTY (slope) ToedmnyuiinTs

Wasuuuasroutrann) Gaagvilissuunivanveasilifiafiosnw

2.4.4 fAUANLUURLER (PID-controller)

R1sasvuumIUANLULTA

Controller Plant

G.(5) » G(s)

= o
UM 2.9 MAIUANKUY Feed back

PID controller Ussnausae 3 eyl fie Proportion , Integral Wag Derivative
de(t)

MM wu@®) =K, e +K, - [e@)d + K, -
e(t) = r(t) —c(t) (2.9)

dlovinswlasanvanvarld
K
Uls)=(K, + =L+ Ky -5)- E(s)
K f s+ K
U(S)z(]( Y .S)=KDS AR 81 K,
) r D

G o
) E(s s K (2.10)
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ddinseiinduavduvedlusunsuililunisUssananauasaunusyuy

vinn1an1svhaulunmsanvessyuulueesidnnseiindfugunsniusznoudun
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anTananslafaguil 3.1

JEYEAIUE

U9IgNUDA

Aty + 29959V
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- HLIRHIEH
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\WULYDTHSID

JusreymNgy

o o
E'U'VI 2.1 Ua'ﬂﬂlﬂ@:ﬂLLﬂiNLLﬁﬁGﬂWW'ﬁ?N‘U@Q'ﬁL’UU

3.1 Waau DC 12 Taad

Waaudududdydmiulasanui iesmndugunsaivmhiivaesnssuasuile
‘desgnuealifassiunareine Tneiimsldiiunn 12 v dulidsduisasvesinay ms
denldWnandessinmueau s

1. Wimaurwnl12 V nssua 3.96 woud

2. §m113157 2400 rpm Wustam
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3UTl 3.2 Wnau DC 12 Taad 3.96 wowd

3.2 ET-EASY168 STAMP
o 5 d o al &
Wuveinhilasreulnsiaeilunszga AVRE wuinidnds Tasaunvesueiaifie
2cm x 5cm WUy @svunauesaussaiavinduiitivedled 28 DIP 300 Tewdenld
Lulnsneulvsiaednszga AVRS 1wes ATmegal68 vos ATMEL Wiu MCU Yszdruein lne
<& 8 -=i 1 o Qs } 24 4 o ] =
@enly MCU filigusreddanuy 32 TOFP wiasnsassavueniisiiusgns Osdllator way
[y ¢ & w Y § Wy v . I
Reset saulimeneluvein venaintudimeluiueiadalasimenled USB Bridge voq
¢ A gua 1 4 [ Y a ¢ |
FTDI wes FT232R iielddnsedoasuuveynsume RS232 fuaeufiames PC H1ume

wasn USB lalaunss

5UT 3.3 ET-EASY 168 STAMP
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AnauUAveIUadn

- \#onld MCU msvna AVRS 1uas ATmega168 484 ATMEL Run AR 16.00 MHz

- fimheaud Flash dwmsuldeulusunsy 16KByte anldniswaunlusinsuniu
YU AVRISP 30 14Kbyte ioldnswamnlusunsuniusyuu Boot Loader RS232

- § SRAM 19 a1uvunm 1KByte way EEPROM Tdanuunn 512 Byte

- 1 GPIO T uswau 22 On

- Digital GPIO 91u7u 14 Un

- Analog Input (ADC) auInmLaziden 100n 91U 8 Yeq

- Wauduussiulnnssnn +5vDC Tagldldiafuumassne +5vDC/500mA 210
Wosn USBUaZIINUMaIdne +5VDC a1nneuenlasie wian LED Power WasdanIuseol
WS99y

- #7937 External Reset WUy RC Reset Wae Switch Reset wiaungluuasn

- dhsialdennefiuu Pin Header Sep#ia 2.58mm(100mil) vu1a 28 Pin AUy
14Pin)svEsne 600mil(1.5cm) desenistnluseyssynaldanu uay ve182933 /O @mnsn
T4fiuProject Board uay PCB launuseasrldlagdng

- fidhsta USB dwmsuieusiodeansiunesiames PC H1u USB Bridge w®4 FTDI Tu
UuuurenTsieanseynsu RS232 dwiuldendeansuas Download Code Ty McU Tu
Uasn

- it AVRISP wuu IDE 10PIN dwsuld Download Tusunsailifu MCU neluuesn
Tunsalldsimenslanisiamnlusunsusinumie Boot Loader

- i LED uamvaouz laesiofu PB5 wea AVR (Digital-13 ¥ed Arduino Project)

dmivlfidugunsaineasinisiauetasing

wihivesudygyradunisléiuuuy “Arduine Project”

L +5V(+Vin) \undmsuldifugafuusediurunn +5vDC annnsueniiteldifu
wiadadelwEsddifuuede

2. +VCC(+5V) humuvaadrgligausaiuiuiiteulsiiu +veC vos MCU Fagnaiias
SUUSWUNIRIN 2 Unas efuAe v1SuusIty +5V(+Vin) 31091 28 BUBIALALIINY
+VUSB(+5V) 91n%3 USB vetuadn Tneil Diode Posfumstiounduvasussiuliud

3. +AREF 1 HunndmSuSudyqrousesiiud1ads (Analog Reference) T9ifiuadas
Analog Inputlunsgisaenslduseiusnedeainaieuen

4. RESET# \Juvdeyeyres RESET wae CPU yhe it Logic “0”
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5. Digital[0..13] Wuw1 1/0 wuu Digital anansaléaudensefiudyyia Logic TTL

(5V) 6149

6. Analog[0..7] t¥uan Input wuu Analog @111393U Input LUy Analog 0..+5V

AVR Arduino Pin
PDO Digital-0 1
PO Digital-1 2
PD2 Digital-2 3
PO3 Digital-3 +
PD4 Digital-4 5
PDS Digital-5 6
PD8 Digital-8 F 4
PD7 Digital-7 8
P30 Digital-8 9
P21 Digital-9 10
P32 Digital-10 13
P23 Digral-14 12
P24 Digital-12 13
GND GND 14

ET-EASY 168 STAMP

Pin Arduino AVR
28 +5V(+Vin) +5V(+Vin)
27 +VCC(+5V) | +VCCi(+5V)
26 RESET= RESET(PCS)
25 Anglog0 PCO/ADCO
24 Analog-1 PC1/ADCH
23 Anglog-2 PC2/ADC2
22 Anglog-3 PC3/ADC3
21 Analog-4 PC4/ADC4
20 Analog-5 PCS/ADCS
19 Anslog-5 ADCS
18 Anglog-7 ADCT
17 +VCCi+5V) | +VCC(+5V)
16 +AREF +AREF

15 Digital-13 PES

U 3.4 mydinassndynmesuaia ET-EASY 168 STAMP

= ar . 1
wihvasvdyaadumsldnuiuy “AVR Micro Controller

s ] al £ a a c:J £
1. +5V(+Vin) Wuwrndmivldidugaiuussduaua +5vDC anmeueniiieliiliy

wasdngluidealinuueta

2. +VCC(+5V) Wurunasirelngaieafufuiideulsiiu +VCC vee MCU Fagnilay

FULSIAULNDIN 2 uvae Aenufe ITunsIsiu +5V(+Vin) 27027 28 Y89UssALazIn

Y1+VUSB(+5V) 21097 USB veduaia taeil Diode Yasfunisdounduvesussnuliugn

3. +AREF 1 unrdmTuiudyyinusafiusneads (Analog Reference) Toifua99s

Analog Input Tunstifsnislaussiuenadeainaieuen

4. RESET# Wuvdnyayed RESET 484 CPU vie il Logic “0”

5. PB[0..5] Wuwn 1/0 wuv Digital aansaldaudensesudyyia Logic TTL (5V)

#199)

6. PDI0..7] {ur1 /O wuv Digital anansaléudeudesudyyia Logic TTL (5V)

7114¢)

7. PC[0..51 it 1O Ssaansasvusividuléit Digital wae Analog Input
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8. ADC6,ADC7 t¥uan Input WUU Analog @111303U Input WUU Analog 0..+5V

mIaulusunsuvatuada ET-EASY168 STAMP

Tunsnnlusunsauesuain ET-EASY168 STAMP thu fl¥annsaidentdiinis
Wanunlusunsale 2 jUuuusediu fe

1. AVR Micro Controller 1funisWmunlusunsumiuguuuuees AVR Micro
Controller UsnAdianunsadenldlusunsunwilagiléfisesiunisideusiuiu AVR wes
ATmegal683ffldamsaidentdlusunsulunsimunldnuaunta Wy arwuudn
BASCOM-AVR %38 ne1d 19u Code Vision waiw WinAVR iludiu

2. Arduino Project lumsitaunlusunsulasldlusunsuuaryndndslunaidou
TUsunsusnenw® (C++) ved “Arduino Project” Fudiulassmstaunlulasreulnsaaes

AVR wuu Open Source

3.3 2995 ldneTuszuu

i Bt Syed
JT‘ ‘ NI Wip:? - - ‘!
ey e € YT
11 A & A

= - v
3UM 3.5 29asildneluszuy

d‘ 1 1 4 - a d‘ =
Wesnndunlunuavds output iweluauauuemeslussuudyyiundneadail
[ 2 1 = -=i o = o =1 L 1 at o
wIIRuLarnIsLalae hulieawenvsduuawaslalaenss Fedndudeskinuisastuiievens
dyglunisdu Tutagtuiheesduliasudenunnunemileuiy W ledduuewes 1993du
P3 'Y a 5 ) = 1 ar
Taediad 29astulaeninudames vieiesdulasldnisdenlaenisuwas uiaz199snaiive

TawSsududSeusnaiu Amsdenlglnunauiusy
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3.4 lo% L298
) ¢ o v
51k led L298 LfJu'mwwammuaxmmmmuqummﬁwaauamai Tnedou

wsan Ul 12 v

UszinSnmnisineuees L298

1. annsaldussiuduuainaslagan 50V

2. Foyqyreu Logic gagn 7 Volt

3. @nnsadunewned 1 fie IC 167

4. awnsalin1snIuAtuuy Full Speed u3eluy Pulse dmSudiu Speed ldde
LUy

5. @1130AIVANTIANISNBINDIAIEN15IY Logic

AMENUAYY L298

/ !. Ao o BT CURRENT SENSING B
W T ouTRUT A

'@' » N QUTPUT 3
12 LSS B hanutd
N T ENABLE B

g X Wi T 7

Y 0w W e LOGIC SUPPLY VOLTAGE Vs
P ultiwatels
Ly (v o R
[ INPUT 2
e?  EHAHLE i
-$- et OO THYA Y
\ i - [ CURRENT $ENSING A

[TIO s 2 INPUT 1|
Z TAP CONNECTED TO PIN 8 DDA,

SUPPLY VOLTAGE V¢

——  outrura

L T I S T S

5UTl 3.6 o L298

- 91 1 Unfine Gnd lAlae

-9 2-3 dadianemed

- 91 4 Junswiudwmiunemes laefilsfenisdnvazaeines (Motor Specification)
Wumdn

- 915, 7 Juwndmiudu Logic 1 (3.3 Volt +), Logic 0 (0Volt) iilamuguuaines
A (UaLmest)

- 91 6 Enable A Ag1eqn1sUa-Un wawed 4151918uA Logic 14915 , 7 usiliisne
Enable A uaimasnayliviauaiu UnRengusediu ua 3.3 Volt Aagidiunis Enable wawmes

A1
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- 91 8 Ground feudu Ground TIMULASU 21 1 wae 15 Fasrasiudie

- U7 9 U39AU M3V Logic

-1 10, 12 Wuvdwmiuiu Logic 1(3.3 Volt +) , Logic 0( OVolt ) Lﬁ'amuau
UBLnOS B (LBl 2)

-1 13, 14 sedihuewned

- 91 15 Unisia Gnd

3.5 [WuLwaFInsEEEN14 infrared
ldwuigesiiu GP2Y0A21 luganiadussesvnsvesgnueadn sumisvesgnueaiiu

apgey t sumdle

UsyanSnimnsvineuveaawuigaiu GP2Y0A21

- lnsemadusseemememsasiisulasduninm

- Anszeenndla 10 §a 80 wwufiuns

- IAeailvansande 4.5v s sv foamsnszualuihiinisinssezmagean 80mA

- Thersinmiluussdugu 0.4v fa 2.4v AlWEss +5v

- Taulslagliifeosrogunsainieuenifisiiy

GP2Y0A21 Uulugansiaduszesnnuuududsusailvadeldau 3 vife vse
legaa(Vcc),mﬂniﬂaﬁ(GND) WASUILTIIUDIANA(Vout)  N1SBIUAINTIAUIIN GP2YOA21
wdosseliudruniouniundenveduganeu Seldnan 32.7 B 52.9 faddundt fadulu

NIT9IUANLTINUTIATTOIINUTIIaRena 1 lUABY

VANNIT19IUYB4INQAIN 5N 1IA I UHIBUN TR
s ] = s 1 s i < d} Lo v
lugadnszogmeszdunasdunsisnnndddlunsenuingimueudyuielniauasls
a 9 = [y a a a '
fnnuduuadludagalaganis deuaslunssnuingauianisnszieeanadlulufirniesneg
1 r.'l! = o at =l L3 s Q v nl 3
navdumiliaznsudsludiniaiu laefiaudnniuyhmihfisuuauasivungannnssnu

1 1 a v = ] a =l o L4
LLE“I\T‘UL’ﬂﬂﬂ\iN'lulﬂENIWIGWI?WU‘UﬂLF]E]"E"IHU']N?.J']ﬂVIG]E]L'SEJW]’]ﬂULﬂUS'i‘SL'iE(I

u

1 dQJ v v - s L 1
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n1.gilen1sldeu L298

572

L2938

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLYVOLTAGEUPTO 46 V

=« TOTALDC CURRENT UPTO 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 circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
steppingmotors. Two enableinputs are providedto
enableordisable the deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
spanding externalterminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multiwatt15

ODRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (Powers3020)

nectionofan externalsensing resistor. Anadditional
supplyinput is provided so that the logic works at a
lower voltage.

+¥gg
iy L]

A S
m..i

SENSE AD 3
! !"54.

1 2 3 4
nt Ing
& b '] O
1
In2 In3
- L1
CnA EnB
[ : : n __B
15
l S-305U7

b OSENSE B
0~




ABSOLUTE MAXIMUM RATINGS
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Symbol Parameter Value Unit
Ve Power Supply 50 V
Vas Logic Supply Vohage 7 N
ViMen  |Inputand Enable Veltage 03t07 )
lo Peak Qutput Current (each Channel)
- Non Repeitive (t= 100,3) 3 A
—Repetitive {80% on —20% off; t, = 10ms) 25 A
-DC Operaticn 2 A
Vians Sensing Voliage -11023 A"
Pt | Total Power Dissipaion (Tease = 75°C) 25 W
Tep Juncton Operating Temperature 2510 130 ‘C
Teg Tj | Storage and Junction Temperature —40 to 150 G
PIN CONNECTIONS (top view)
/ [I A LY i —, CURRENT SENSING B
@ WL~ 3 _ouTPUT4
e =d =0 QUTPUT 3
12 [ B0 NPT #
L ENAELE B
Wil T mpuTa
LM p ) P LCGIC SUPPLY VOLTASE Vs
ultiwatt15 Al m— g
(" INPUT2
b LB T EE O ENARTER
| A INPUT 1
4 2 SUPPLY VOLTAGE Vg
T O QUTPUT 2
-3 sy §.11 -5 )
\ “ R AT A2 ) CURRENT SENSING A
4 TAB CONNECTED TO PINS DERNHCA
GND [ 1 20 ] GND
SensedA [ 2 19 [T SenseB
NEARS] S 18 ] N.C.
Cut1 [ 4 17 ] Out4
oz s PowerS020 45 7 ous
ve L] B 15 [ Input4
Input1 [ 7 14 1 EnableB
Enable A [ & 13 £ Input3
Input2 1 9 12 = wvss5
GND [ 10 1] GND
DSEINZIZ
THERMAL DATA
Symbol Parameter PowerSC20 Multiwatt15 | Unit
Riri<case | Thermal Resistanca Junclion-case Max. - 3 ‘CW
Rinjamy | Thermal Resistanca Junclion-ambient Max. 13(") 35 ‘CIW




PIN FUNCTIONS (referto the block diagram)
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MW.15 | PowerSQ Name Function
1,15 2,19 SenseA; Sense B | Between this pin and ground is connected the sense resistor to
contra the current of the load.
2.3 4.5 Qut 1; Out 2 Qutputs 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 nan-inductive 100nF capacitor must be connected between this
pin and ground.
57 74 Input1; Input2 | TTL Compatible Inputs of the Bridge A.
611 8:14 Enable A; EnableB | 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 VAR Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13:15 Input3; Input4 | TTL Compatible Inputs of the Bridge B.
13; 14 1617 Qut 3; Out 4 Outputs of the Bridge B. The cument that flows through the load
connected between these two pins is menitored at pin 15.
- 3;18 N.C. Not Cannected

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

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs |Supply Yokage (pin 4) Operative Condiion Viq +2.5 46 \i
Vas | Logic Supply Voltage (pin 9) 45 5 1 N
ls Quiescent Supply Current (pind) |Ven=H: L =0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven = L Vi=X 4 mA
Iss  |Quiescent Currert from Vss (pin 9) [Ven = H: L =0 Vi=L 24 36 mA
Vi=H i 12 mA
Vgn =L Vi=X 6 mA
Vi [Input Low Voltage -0.3 1.5 v
(pins 5,7, 10, 12)
Vih |Input High Voltage 3 VSS v
(pins 5,7, 10, 12)
I Low Voltage Input Current Vi=L -10 A
(pins5, 7,10, 12
ly  [High Valtage Input Current Vi=Hxz Vg5 -0.6V 30 100 uA
(pins&,7,10,12)
Ven= L |Enable Low Voltage (pins 6, 11) -0.3 1.5 \
Ven = H |Enable High Voltage (pins €, 11) 248 Vag \'A
len=L |Low Voltage Enable Current Ven =L -10 HA
(pins 6, 11)
len =H | High Voltage Enable Current Ven = H Vi3 0.6V 30 100 HA
(pins 6, 11)
Veesainy | Source Saturation Voltage IL=1A 0.95 1.35 1.7 \'
I = 2A 2 27 v
Veesary |Sink Saturation Voltage L=1A (5) 0.85 1.2 1.6 vV
IL=2A (5) 1.7 23 N
Veesa | TotalDrop IL=1A (5) 1.60 32 A
IL=2A (5) 4.9 v
Veens | Sensing Voltage {pins 1, 15) -1 (1) 2 vV




ELECTRICAL CHARACTERISTICS (continued)
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Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Ty (Vi) |Saurce Current Turn-off Delay 0.5Vito 091 (2);(4) 1.5 us
Tz (V) [Source Current Fall Time 0.91L o011 (2);(4) 02 us
Ta (Vi) [Source Current Turn-on Delay 0.5Vito 0.11L  (2):(4) 2 us
T4 (M) |Source Current Rise Time 011, o091, (2);(4) 0.7 us
Ts (V) |Sink Current Tum-off Delay 05Vito091L (3 {4) 0.7 us
Ts (V) |Sink Current Fall Time 091, to0.11.  (3):(4) 0.25 us
T7 (V) |Sink Current Tum-on Delay 0.5Vito0.91L  (3);(4) 16 us
Tz (V) [Sink Current Rise Time 0.11L o091, (3);(4) 0.2 us
fe (V) [Commutation Frequency IL=2A 25 40 KHz

T+ (Ven) |Source Current Turn-off Delay 0.5Vento 091 (2);(4) 3 us

T2 (Ven) |Source Current Fall Time 091 w011, (2);(4) 1 us

Ta (Ven) |Source Current Turn-on Delay 05Vento 011 {2);(4) 0.3 us

Ta (Ven) |Source Current Rise Time 011 o091, (2)(4) 0.4 us

Ts (Ven) |Sink Current Tum-off Delay 0.5Vento 091 (3);(4) &2 us

Ts (Ven) | Sink Current Fall Time 091, w011, (3);(4) 0.35 us

T7 (Ven) |Sink Current Turn-on Delay 0.5Vento 091 (3);(4) 0.25 us

Ts (Ven) |Sink Current Rise Time 011, 0091 (3);(4) 0.1 us

1) 1)Sensing voltage can be -1V fort < 50 ysec; in steady state Vems min 2 =0.5 %,
2) Seefig. 2.
3)See fig. 4,
4) The load must be a pure resistor,
Figure 1 : Typical Saturation Voltage vs. Qutput Figure 2 ; Switching Times Test Circuits.
Current.
@~ 6418
Vsar
(v VosP N Vg2V
ey
24 e H INPUT
oo
0 L
14 L298N
16 # ;;’ ] ENABLE I
1.2 g R(=2000
08
0.4 5-585211
0 04 0B 12 16 20 24 IlofA), Note: For INPUT Switching, set EN=H

For ENABLE Switching, setIN=H
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L298
DIM 2 L OUTLINE AND
" | MIN. | TYP. | MAX. [ MIN. | TYP. | MAX.
; MECHANICAL DATA
A 5 0.197
B 265 0.104
c 16 0.063
D 1 0.039
E | 049 055 |0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 102 | 127 | 152 | 0.040 | 0.050 | 0.060
G1 |17.53 | 17.78 | 18.03 | 0690 | 0.700 |0.710
H1 | 196 0.772
H2 202 0.795
L | 219 | 222 | 225 |0.862 | 0.674 | 0.886
L1 | 217 | 221 | 225 [0.854 | 0.870 | 0.886
12 | 1765 181 | 0.695 0.713
L3 [17.25| 175 |17.75 | 0.679 | 0.689 | 0.699 |
L4 | 103 | 107 | 109 |0.406 |0.421 |0.429
7 | A66 29 |0.104 0.114
M | 425 [ 455 [ 485 [0.167 [0.479 | 0191
M1 463 | 508 | 553 | 0.182 [0.200 |0.218
s | 19 26 | 0075 0.102
s1 | 19 26 | 0075 0.102 Multiwatt15 V
Dial | 365 3.85 | 0.144 0.152
Hi
A - -
- 5
JLC ~ _.}_, ,
- / /' kE
. ‘ ‘ Dl 1 F;
9 <
= O ) =
= - ,
H2
i -
B b el U
E
F_ G
M M Gl N
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L5

DIM mm inch OUTLINE AND
"] MmN | TYP. [ MAX. | MIN. | TYP. | MAX.
MECHANICAL DATA
A 5 2.197
B 265 2.104
¢ 16 2.063
E | 049 0.55 | 0.019 0.022
F | 066 075 | 0.026 0.030
G | 114|127 | 14 |0045]0.050]0.055
G1 | 1757 | 17.78| 1791 0692 | 0.700 | 0.705
H1 | 196 0.772
H2 202 2.795
L 20,57 0.810
L1 18.03 0.710
L2 2.54 0.100
L3 [17.25] 175 | 17.75| 0.679 | 0.689 | 0.699
L4 | 103 | 10.7 | 10.9 | 0.408 | 0.421 | 0.429
L5 5.28 0.208
LB 238 0.094
L7 | 265 2.9 |0.104 0.114
S 1.9 26 | 0075 2.102 )
s1 | 19 26 | 0075 0.102 Multiwatt15 H
Dial | 3.65 385 | 0.144 0.152
Hi
8 s
P{id e~ ar —-,— - r$1
(] L/ /- [
r
. 1 Dia. 1 | &%
i
o |
B
N
w
N
\
Lé
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{1)"D and =" do not inelude mald flash or protrusiens.
- Mold flash or protrudons shall not exceed 0.15 mim (0.005).

- Criticaldimensions "E", "5* and "a3*

DIM mm inch _
" [ MiN. T TYP. [ MAX. | MIN. | TYP. [ MAX. OUTLINE AND
A 36 0142 MECHANICAL DATA
al 0.1 0.3 10.004 0.012
a2 3.3 0.130
ajl 0 0.1 |0.000 0.004
b 0.4 0.53 | 0.016 0.021
" 0.23 0.32 | 0.009 0.013
D(1)] 15.8 16 | 0622 0.530
D1 9.4 9.6 | 0370 0.366
E 13.9 14.5 | 0547 0.570
e 120 0050
e3 | 11143 L 10450 :
E1(1)] 10.9 11.1 | 0.429 0.437
E2 29 0.114
E3 5.8 6.2 |0228 0.244
G 0 0.1 | 0.000 0.004
H 155 15.9 | 0.610 0.626
h 1.1 0.043 JEDEC MO-166
L 0.8 1.1 | 0031 0.043 |
N 10° {max.)
S 8° (max.)
LA _Lto Lo )0 PowerS020

N ﬁN | R—-\t
; a2 A '\- -
LU R LA :.-1_-*_,_%:
1—l~-|- DETAL A —l—*—e vie) ¥ )
€3
| o eag |1 DETALLA
6 . NS
N a3 § P
|
10000000na. 7.
20 ' 1" W r |
| Sl S
£a “'J T J‘m,m -y _@E . EQTTOM YIEW [COPLARARITY)
T 5 :
: et | E3
N i 0 i
‘ [OUmCoooE
duuubuoood i
hxdg ! e ]




n2.gilansldanuiwuieas GP2Y0A21

GP2Y0A21YKOF

M Description

GP2Y0A2IYKOF is a distance measuring sensor unit,
composed of an mntegrated combination of PSD
{position sensitive detector) , IRED (infrared smitting
diode) and s:gnal precessing cireuit.

The variety of the reflectivity of the cbject, the
environmental temperature and the operating duration
are not influenced easily to the distance detection
decause of adopting -he triangulation methed.

This device outputs the voltage corresponding to the
detection distance. So this seasor can alse be nsed as
1 proxXimity sensor.

M Features

1. Distance measuring range : 10 to 0 cm
2. Analog outpur type

3. Packzge size : 29.5%13x13.5 mm

. Consumption cusrent : Typ. 30 mA

- Supply voltage : 4.5t0 3.5V

e
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Distance Measuring Sensor Unit
Measuring distance: 10 to 80 cm
Analog output type

B Agency approvals/Compliance
L. Compliznt with RoHS direct:ve (2002/95/EC)

M Applications
L. Touch-less switch
(Sanitary equipment. Coatro] of illumination, etc. )
2. Robot cleaner
3. Sensor for energy saving
(ATM. Copier. Vending machine)
4. Amusement equipment
(Rotot. Arcade ganme maching)



M Block diagram

M Cutline Dimensions

42

(Unit : mm)

-

Note 2. Unspecified tolerances shall be = 0.3 mum.
Note 3. The dimensions in parenthesis are shown for reference.

Stanp(Erample}
N B . ¢
- ML | = Mo e Maut} 0 1X.YZ)
\ RIS / o Year20:s)
L P E A
Ligioung o lgedwer fusee
‘45 ‘2001 A = /
2 buf
%% I\ 7 z Ll T7
“;\ ;\\\1 " // \ : i b :_-r i ol
/i (AN (KT 8
& I = | ‘:av =
N': 378 i / g
Conpector . -~
141 il
b T 12
(33)
40 153
l
il DATAE <01 L W
L L i vy
Dea | =
r--/ TTL \——,
Cmmﬁ:&s’;pd Materials
sgnlass|  (ormecior Lens Z.-\EI)"!IC af::id Tesin
(D] Ve | JSTTRADING COMPANYLID, . {Visidle light cut-off resin)
@ GND $3B.PH Case :Carbonic ABS
@ v (Conductve resin)
PWB :Paper phenol

Note 1. The dimensions marked * are described the dimuensions of lens center position.

Product mass : Approx. 3.6g
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B Absolute Maximum Ratings (Ts=25"C.Vee=5V)
Parameter Symbol Rating Unit
Supply voltage Vee -0.3 10 +7 v
Output terminal voltage Vo -0310Veet03 | V
Operating temperature Toot -10 to +60 C
Storage temperature Tis -40 to ~70 T
M Electro-optical Characteristics (T=25C.Vee=3V)
Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Average supply current Iec L=80cm (Note 1) — 30 40 mA
Distance measunng AL (Note 1) 10 — 80 cm
Qutput voltage Vo L=80cm (Note 1) 0.25 0.4 0.55 v
Output voltage differential AVp szlgc‘z{:;ili‘?gi;i;;::;n 1.65 19 | 245 v

* L : Distance to reflective object
Note 1 : Using reflective object : White paper (Made by Kodak Co.. Ltd. gray cards R-27 *white face. reflectance: 90%)

B Recommended operating conditions

Parameter Synibol Rating Unit
Supply voltage Vee 45t05.5 v

Fig. 1 Timing chart

Vee(Power supply)

< 38.3ms=9.6ms of

rya i st s g e ov 4 dashom iy

; Second / ( nth

H ; i First measurement i
Distance measuring operaring measurement /) measurement

\T'

\ \ 5

- : nth
Vo(Output) | Unstable output First output X Second output x ;} ouput

_MAX 5.0ms

el |\




Fig. 2 Example of distance measuring characteristics(output)

Output voltage (V)

Qutput voltage (V)

T
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Griy paper (Reflectance ratio 18%a}
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w
(53
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et e

o
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Gray paper (Reflectance ratdo 18%)
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DELTA ELECTRONICS, INC.
292, SHANG YING ROAD, KUEI SAN TEL : 886-(0)3-3591968
TAOYUAN HSIEN 333, TAIWAN, R. 0. C. FAX : 886-(0)3-3501991

SPECIFICATION FOR APPROVAL

FREERARRFERI KT RN ERALERYRREREFXKF

Customer:

Description: ___ DCBLOWRR
Customer P/N: __ _ _________ . REW .
Delta Model NO.:  BFBLZIZGH-ATQ0

Sample Revi P — [ssue NO:
Saple lsue Dute: INALEOOD. ey
[. SCOPE:

THIS SPECIFICATION DEFINES THE ELECTRICAL AND MECHANICAL
CHARACTERISTICS OF THE DC BRUSHLESS BLOWER.

2. CHARACTERS:

| | |
: ITEM ! DESCRIPTION !
T T e T T e e e e e e e e e —————— e =l
| RATED VOLTAGE 12 VI l
e A e —
:L OPERATION VOLTAGE J: 5.5 - 13.2 YDC J{
EL INPUT CURRENT ' 3.30 (MAX. 8.96) A

| INPUT POWER

L710 (MIN. 1539 ) M?/MIN.
60,39 (MIN, 54.35 ) CFM

MAX, AIR PRESSURE ' L04.00 (MIN. 8424 ) mmH,0
. (AT ZERQ AIRFLOY) 4,094 (MIN. 3.317 ) inchH,0

|
|
|
I
|
|
|
|
1
1
1
|
|
1
1
|
1
I
I
I
I
|
|
o
|
1
|
|
|
I
I
1
I
1
I
I
|
I
I
|
[
|
|
|
|
|
|
1
|
1
|
I
:
JUR | N IV, NOp——

| INSULATION TYPE | UL: CLASS A

e e s A A S il e e v e B S T e o ]
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INSULATION STRENGTH | 10 MEG OHM MIN. AT 500 YOC
| (BETVEEN FRAME AND (+) TERMIVAL)

|
|
|
|
e e e e e e e e
|
|
|
|
|
|

i DIELECTRIC STRENGTH 9 mA MAX. AT 500 VAC 60 Hz
ONE MINUTE, (BETWEEN FRAME AND
(+) TERMINAL)

EXTEENAL COVER OPEN TYPE

|

|

I

|

|

|

_I

|

| |
e e e e et

| I

| I

| |

i

|

|

|

LIFE EXPRCTANCE 50,000 HOURS CONTINOUS OPRRATION |
AT 40 °C WITH 15 ~ 65 %EH. }

BIACK WIRL NEGATIVE(-)
RED WIRE POSITIVE(+)
UL 1061 -F- AWG 24
BIUE WIRE FREQUENCY (-F(0)

NOTES: (. ALL READINGS ARE MEASURED AFTER STABLY WWARMING TP
THROUGH 10 MINUTES.

2. THE VALUES WRITTEN IN PABENS , ( ), ARE LIMITED SPEC.
3. ACOUSTICAL NOISE NEASURING CONDITION:

BLONER MICROPHONE )

w?
<= AR FLOW ————— =T ]

| ROTATION CLOCKWISE VIEW i
i_ FROM NAME PLATE SIDE |
i OVER CURRENT SHUT DOWN THE CURRENT WILL SHUT DOWN WHEN f
L LOCKING LROTOR !
| INSULATION TYPE UL: CLASS A |
Waisd’ o sty T PN i~ L St \. N
| LEAD VIRE

|

|

|

|

|

|

I
|
[
|
—
|
!
[
|
|
|
|
|
|
[
|

i
UL 1430 -F- AWG #22 |
i
I
|
I
I
I

(M

NOISE IS MEASURED AT RATED VOLTAGE IN FREE AIR [N ANECHOIC
CHAMBER WITH B & K SOUND IEVEL METER WITH MICROPHONE AT

A DISTANCE OF ONE METER FROM THE FAN INTAKE.
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MECHANICAL:
3-1. DIMENSIONS ----—-----—---———---—--- SEF DIMENSIONS DRAWING
9~2, FRAME ————-—=—= === PIASTIC UL: 94Y—0

3-8, IMPELLER ~———-———-—=-——=-——————m === - PLASTIC UL: 94V-0
3-4. BBARING SYSTEM -—--——-—---———— - TIF0 BALL BEARINGS
3-5. WEIGHT —--——————— oo oo 295 £10 GRAMS
. ENVIRONMENTAL:

4=1. OPERATING TEMPERATURE --------—------ =(0 TO +60 DEGREE (
4=2. STORAGE TEMPERATURE —--—------==---- -40 TO +75 DEGREE (
4-3. OPERATING HUMIDITY ——--------——-——=——=--— 5 T0 90 % RH
4—4. STORAGE HUMIDITY -~ === === o 5 TO 95 % RH
. PROTECTION:

5-1. LOCKED ROTOR PROTECTION

IMPEDANCE OF MOTOR WINDING PROTECTS MOTOR FROM FIRE IN 96
HOURS OF LOCKED ROTOR CONDITION AT THE RATED VOLTAGE.

3-2. POLARITY PROTECTION

BE CAPABLE OF WITHSTANDING IF REVERSE CONNECTION FOR POSITIVE
AND NEGATIVE LEADS.

. RE 0ZONE DEPLETING SUBSTANCES:

6-1. NO CONTAINING PHBs, PBBOs, (FCs, PBBEs, PBDPEs AND HCF(s.
PRODUCTION LOCATION
7=1. FRODUCTS WILL BE PRODUCED [N CHINA OR THAILAND OR TAIWAN.

8. P & Q CURVE:

103

L

EA
|

e - N J— N4

b= PR o R I, Y S - S| JPOPRLINY; D L ____________

= L = \

=3 E—1
=, = 0.0 0.3 0.6 0.9 L.2 1.5 1.8 2,1 (MP/MIN.)
g e L | | | | 1 !
= E ) 12 24 136 48 60 w2 (CFM)

ATR FLOW [ >
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9. DIMENSION DRAWING:
LABEL:

K////;i E?tQHL;;;\\\\\ ////;: RRJ%H;;;;\\\\\ /////;: BRUSHLESS

 wooe BFB1212GH | | Weoe BFBL212GH | | oweL BF B1212GH '

' DCIZY 3,265 —AFDO DEIZY 3,984 —AF00 l r:c 2V 3,964 —AF00
Cengn |\ (ChEn | \ Chga
U CR\ 4% 4
*u.éf'"“"r‘tw )__‘Elf"T“‘l‘{{,‘f’:b “Gc‘f;;;e::“n"

T ——
3.3 op 7 2.0
I
. I
o
H
=
B
I
- <
a0 g 3 N
H - g <
N\ - o o g E - -
_ ol o d 94 d
o o (‘c\: H
- # e
~
o
f;!
%]
[¥s]

= ot
A i S - -
30.040.5 9—id.3£0.2 4 f 60.0 N\
[ | 105.040.3 3—fb.0

| B8.0+0.5 [ I1bﬂ

90,040, ! 22.5
120.0% 1.0
UNIT:

10, FREQUENCY GENERATOR (FG) SIGNAL:

1. OUTPUT CIRCUIT - OPEN COLLECTOR MODE:

Vee v
— Fé
(RED) Ic 7 :
WA
R
MOTOR | ) | S FG SIGNAL
PRIVER IC R \
| (BLACK) 0 GROUND
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CAUTION: THE FG SINGAL LEAD WIRE MUST BE KEPT AWAY FROM

"+" 1EAD WIRE & "-" LEAD WIRF.

2. SPECIFICATION:

Va(sat)=0.5V MAX Vre=13.2V MAX

e =5m4a MAX. RV /Te
3. FREQUENCY GENERATOR WAVEFORM:

VN —— s ot S i i’

0.5‘; e o e ___._—___.._J.

MAX.

RUNNING LOCKED RUNNING
FAN RUNNING FOR 8 IFOLES
BLADE LOCKED
S .

—_—

| CR

_T1__I ipd

by
i~

T4, T:')!TD!T?L‘[&

s

T1=12=T3=T4=T5=T6=T7=T8=1 /0TS

N=R.P.M
TS=60/N(SEC)

*YOLTAGE LEVEL AFTER HLADE LOCKED

*§ POLES
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2.1 Taa@eululusunsy Arduino dmiunasaulsuiwas Tuszezsngg

IREINZ = &

int EN1 = 3;

int EN2 = 6;

int IN3 = 7,

int ING = 8;

int Inputsensor,
int sensorPin = AQ;

int sensorValue = 0;

void setup()

{
pinMode(IN1,0UTPUT);
pinMode(IN2,0UTPUT);
pinMode(IN3,0UTPUT);
pinMode(IN4,OUTPUT);
pinMode(EN1,0UTPUT);
pinMode(EN2,0UTPUT);

Serial.begin(19200);
}

void loop()

{
digitalWrite ( IN1 ,HIGH );
digitalWrite ( IN2 ,LOW );
digitalWrite ( IN3 ,HIGH );



digitalWrite ( IN4 ,LOW );

sensorValue = analogRead(sensorPin);

int Inputsensor = map(sensorValue,0,1024,0,255);
analogWrite ( EN1, 200 );

analogWrite ( EN2, 200 );

Serial.printin(Inputsensor,DEQC);
delay (10);
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9.2 Taalddeululusinsy Arduino gmsudutadauliuainasineuniudigs

fin09ns

int sensorX = AQ;
int IN1 = 4;

int IN2 = 5;

int EN1 = 3;

int EN2 = 6;
intIN3 =7,

int ING = 8;

int Inputsensor;
int Inputserial;
int OutputDrive;
int sensorXValue = 0;
int ReadByte =0,

int note;

void setup()

{
pinMode(IN1,OUTPUT);
pinMode(IN2,OUTPUT);
pinMode(IN3,0UTPUT);
pinMode(IN4,OUTPUT);
pinMode(EN1,0UTPUT);
pinMode(EN2,0UTPUT);

Serial.begin(19200);
Serial.println("==================z===z=z==================");
Serial.println("Press Anykey in Centimate......... "
Seriabprintin('===s=s=ss=s==sssrarrrsrrnorananssaznna sl
Serial.println();



void loop()
{
if(Serial.available()>0)
{
ReadByte = Serial.read();
Serial.printin(ReadByte);
int Inputserial = map(ReadByte,48,57,255,120),

sensorXValue = analogRead(sensorX);

digitalWrite ( IN1 ,HIGH )

digitalWrite ( IN2 ,LOW );
digitalWrite (IN3 ,HIGH );
digitalWrite ( IN4 ,LOW );

int Inputsensor = map(sensorXValue,0,1024,0,255);

for ( note = 0; note < 10000; note ++) {

if( Inputsensor < Inputserial )

{
Inputsensor++;
analogWrite ( EN1, Inputsensor );
analogWrite ( EN2, Inputsensor );
Serial.printin("InPuTSenSor");
Serial.println(Inputsensor);
Serial.printin("InPut");
Serial.println(inputserial);
note++;
delay (10);

}

iflnputsensor > Inputserial)

{

Inputsensor--;
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analogWrite ( EN1, Inputsensor );
analogWrite ( EN2, Inputsensor );
note++,

delay (10);
Serial.printin(inputsensor,DEC);

Serial.printin(Inputserial,DEC);
}
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