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ABSTRACT

Nowadays, there are lots of methods of driving and supervising DC mator and
the most effecient way normally depends on each application and also operator's skills.
We cannot deny that computers play an important role in every day lives comparing to
the past. Computer is used widely in every field including industrial fields and it tends to
be used more and more because the computer's efficiency develops all the time.

This thesis proposes how to drive and supervise a DC motor by using a
microcontroller. IGBTs are used for the switching devices. Speed and position of the
motor are collected by an incremental encoder and displayed on the computer screen.
The feedback control is implemented in Visual Basic Program using Pl Controller.

Several parameters are shown on the screen including user interface.
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Ganerator ) Lm:ﬁ'uﬂ%aa‘rﬁ'n'snaLLﬂaagﬂwﬁomu\lwﬂ'}m:mea T Duwasnunans
3unin vateas IMAInTzuanss (DC motor)

vanas Wihnszuaassaziinsabaluunisnyugs mm:@ht.mﬂ&ﬁgmmdw GATREY
LLaimﬁnmnﬁ':’;meﬁnﬁ'uammmmﬁnmnm%mLﬁ]a'§ﬁ'aagm1’i'1ﬁ'u 90 BIFYNIIWTN
Favoinos Wihnszuasdvna i lasnsorinleludumisil

TweSasdnsIWinszusasiidnouiinanes (Commutator) wiseths Carbon
Brush)  Yhwihfamispenszuganinihasy Twanainenfinees (Armature)  Tiiin
T3 nszuanss sananeardassauunasinslniinnsusass udifiadnenlwiian
a‘flmgan:hﬁnmvtwﬁwﬁtﬁa%umrﬂ:u, g ldnsmannmusenitnennsesins  aed
ﬂawﬁ‘wﬂma%'a:‘ﬁ']%ﬁﬂﬁ%’mﬁmn‘s:Ll,af?";as{";mﬁlﬁﬁflv'qmjﬁmn@i’mﬁu Aeedinszualag
Tufiemansstruiuasrldinowssdassunn  ssinladiluadosinsWihnssuanss

danistuanurInlwlens vaaasurzaIaantidia Wi

2.1.1 YssLnnpaINasaas MIEINITZ AR T
v L7 J | ) £
NaLAa INTUAATIINNIINULISBaN lsnatdsaan DuagAudnwmemyadiauy

1 s J [ 3 9
ualinAnuasdanamas warbuagnuiugiumassnuuulasiasisuasatsiuass

L1
MsLUsdssnaynsTeaRINn B anLonaan el 2 wuufo
1. u9La a3 WA NI UEASIL UL FULTIUNIRENAIR
2. uataas I NIzLER ILL UL SULAULTILIIAEN 1a

2.1.2 Ya1eas TN STUAR TILUUIRULT IR AN AR
UpLeaS AN TTULRATIMUULEULSILALARNASA  WIBulBANDS  (Permanent
Magnet) 995171 2.1 Sasnduusawiwiniifiannuiwananseiifnfisiieyowio

INNVARIAFUIN (filedwinding) ﬁagﬂﬁ 2.2



gﬂﬁ 2.1 UeLa 03 AN TELARTIMUDRIREN NS

717 2.2 UOLA 05 IHRINTZ LA SILLUVARIATUIY

nsziailad (Fieideurrentl) axiludmunudusssasiindn dmunualdmeanss
Avsinlumss e dnsudinan bilfansavaierla

O = kil (2.1)

laoh K panphd ARsTosiFuLIILiREn

 wanpdls srWand usindn



uiulsmad  (Rotor) vsflmameanusaudalanesdaaaindngn uni
Yaamarituaad(Armature  Winding) 8‘1‘5\1%:7‘11%ﬁﬂﬁlunwﬁ'ﬂwﬁamu‘lw“ﬂwmﬁghuama§
TWAnszuaasslanrusaainosiuges

wsvdavasneinas AN LA T AR NAMUAUWEIZAINS LERLTIBILRED

¢ ¢ [ o
LASHTSURANILNRET (1) #4FNNITH 2.2

Tem = kl- (bf- ia ( 2.2 )

Taoh K, sunsfadasiusidavosnamasiinszuaass

Musaundow Wi Taundy  (back — emf) ludruvas ansiuaasaziiaanms

wiyna 218997500 TMIA NI O, SaduFuLRIAED ¢,

e.= ke O 0, (23)

ﬂ' r= ] 1 .:l: o
lavht k. wwpbedtasfivaaussan Wi nTsuaass

+ [} 1 1 I Qs A =) A
atielsfionu luwiae  SI A1k uas k, szfidyniugsmanIniiguile

NNFNNTIRUQIWTINN Tauhaatud (e, i, ) wiAumAsIWE mane (O, Ton )
aele

Po= ea ba= k. O O i, (2.4)

wasiad Wi venain Ay

Po= @ Tom = O ke O i (2.5)

wiasansnatWianszuaasain. - munsoinuwnadwetassuilalwinszus
asald walnomlvelufivudnlfrnwiwaiasiudatai  wdadelsfianylu
pozfivmausnuameiwWinsuansais  Aesifesnaadowhua osinie Wi
nszuansy luvmefinmuiiianss aniuymsivaaanusndududosfasamiuaias
fiia i Taomvualdanduusudninnsfinazuaina iasdulnannifiininusi
WY @, sasieRazaanueInnuSsenaeafiia e ldatusst Wi v,
ffinen nirdusausaaaeuwitsnilounsu e, 2zl i, Wanaufiema  dussdie
Ton 9ENALYNS WEUAY  wanNIUNAINMIBIAN LIS anvaslnaaRazutaniy
wia Wi Toawdsnudldazawliundssnoussguluii v, wisaglustasnnuiaulan

lgaaaunmu
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{Forwsrd braking) {Forward motoring)

®
®

NYUNEUMY LUSNARUNTY

{(Reverse motoring) {Reverse braking)

E‘U‘ﬁ 2.3 msinauuasnale a5 Wi NS aO 97T 4 HAsYineIi"

YR AN AR ASHINISLLIANY TIVBILISIAT WAL TIUNAY e, MhlRau
IR st’lzﬁﬂmdmiwuﬁdmmﬁamau dsnaldaunisidiadle lunismidiusanaon
T satoindawnavls waziovaslsiaasanas Wunaldlsanfanniosiidounay

a - o < 0 & , - & o

anas (O ummw)wnszmaJamawqmwmm:mmmaummmmﬂauﬂﬂna:wa
ﬁﬂﬁ'ﬁﬂmamg‘wuawama‘iﬂﬁuu"lﬂ

o o ' P o = -

A9 810 0T INHIN TS LA 599 ANNINYINN LA LUAAN1I LEAANII ARSI wasila
#nsiusn wssbevesaruaiaas Wl NS ULansIRRUITONAUTANAS L6 nngUh 2.3 2z
BREIAITUTUNRESzH 1 sussDaN U a5 I IR U BN TN ua U aLa a3 bHA

NIELENTING 4 BIUNSYIIU

2.1.3 491903 IWFNTZURRSILIWENDN2S ( Permanent Magnet DC motor )
yaLaes i nszuaasILuuuLIAann1s SoulfiluuaeainssuraTeuuIasin
Tasfmaiaasaz lEuavin o5 wnITa I IUINLAREN  TIasyin b AuuTInLndna N
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5N 2.4 wimanoninisiliuaamad InmIaeERIuLIRan

a

%L am’;:agjﬁd AMUE AT FRLTILULRAN Ta1n9f WIIONIIAUYRYDS

Yalans WY NIsULEASILRZANNNS

Tem a I'(T Ia ( 2.6 )
3 AN A (27)
Vo= E,+ R, (2.8)

Tapfl  kp=ke @ uaz ke = k. O
UWRTINFNNITA 2.6 — 2.8 WAWITIMIAIN1INTITOU O, Aimnizaginda

nyiuauau v, wanduweituves T, s ldaunmsh 2.9

®, = 1 Ke] Vi = (R Ky). Tem ] (2.8)
i, =£§'§"
-......"
+
2 5,
Vi

+
o hen C;béﬁ

o,
L
Tm

= k1
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Cdes 1
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)] 1 l o,
mffen

¥

31Jﬁ 2.6 Qmﬁnumz 289 WNDA-AINTIBY V> Vi >Vig> Vo

]
o

Tapf v, doussaulviifne
f;’!ﬂlami.‘m

(Per unit quantities)
4

1.0

»

L 1 | L]
(RIRBNWIL)
{Per unit quantities)

gﬂﬁ 2.7 FuTIOuSaILTSDa-auTMUYaaLie)

aun"ﬁﬁﬁwmmﬂnﬂwwﬁogﬁﬁ 2.6 Aszfinld v fussDadaniudu A
fnumspeIDa-anuiFssuiidnauiiseufisusitunf Vy ﬁﬁmum:ﬁgﬂﬁw
Nau DA ua 9 WA LRTIDa Tem Tasenuuandafsadndosfitinin  axfieen
unssulWihanasaudanudsusasesiueeilvvaiaadWiinizusass 1, R,  uan
ﬁnmfuﬁgmé'num:mao usada- anuSimwsadanlusnldluunannuuanldlasnis
muqudumﬁuwﬂw V, Farin mmﬁ'naumaaTﬁaﬂﬁﬂmﬁﬂwmwaaLmﬁma
anu§isautey  lasazamusnarugudussaulnih FauldunyaiweTWinTzua
ATULLUNRANDTIT
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P . = |
5N 2.8 vawmaiuuuwimanomanllulassnu

atelsfisny Fi'ms“:l.l.am'ﬁmﬁ]a‘fua:xmﬁﬂ“lajm'szjuﬁun'im'mimau.a:Lmﬁmﬁ
AnaaAanan lougas amdulss ﬁattaﬂﬂuzﬂﬁ 26 winldiudlaniinisify
m’nm‘i"maouama%’lwﬂﬂﬁf‘gm'hmﬁﬁﬁm Q:Lﬂuwa'lﬁ'@ﬁ'auﬁuﬁﬁ’maauaLmaﬂwﬂngq

1 1 : - ~ L A' " o J » 1 ﬂl -
nhdfiidaszihmsidaniufmuseuluih v, e idfnnavesuaaaivin

2.2 18317 (1GBT: Insulated Gate Bipolar Transistor)
oA A = - & -~ ) bt 4 LY
loiifidaidugdnsaiddnmsfindihasnaaninauanlitinszus uszauay

oA v A P

Wngminszuald laomsmuguainusiaulwiiniuing lediffidydnwnl jua 2.9

(n) UnzquUANB Iz aInsuRLRzURIGU NI sza Iz JUN 2.9 (1) quANb:
ar a a:ll J o B

°l!adﬂ‘i:LLﬁlm:LLNvaMﬂ'ﬂMQ(MJﬂﬂ U 2.8 (9) uaﬂalugﬂ‘n 2.9 fudIaY
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AgalaniAes
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2.3 lulasnaulnsaiaad (Microcontroller)

lulasnaulnsaiaas fo qﬂﬂsniﬂ'a':m‘nm‘sﬁaﬁaﬁnﬁsamwﬁaﬁfumsﬁwm
a9 Pinmoludvesiwas Tapdilassadalndifasivaanfianas da noludsenay
@Twwé'zu%’uﬁagaua:lﬂmnw WIIBUTZIANA RUIDATINST MURDLFAINE  TIEI
ﬂs:naummﬁﬁm’maugﬁrﬂuﬁwaaﬁmaa rlwdudruainuazanunsofiasdiou
Tusunsuanugumsauvasgdnsaling g Mdeudaiuiiu iodaniailldszyndld

AMULANFIIUBY  Microcontroller Ny Microcomputer fia8 Microcontroller ﬁ?%ﬁ
auysteluiva e fe Jdudsznaudni g asufm §u Microcomputer Sudad
ﬁwmiwﬁ'uqﬂn'miﬂlhmﬁmﬁ%amﬁamnmuuan B wilufud edassnudouuein
Junn nu18awWd 1O Y|y

[

dauysznauvasiulasnaulnsainas Sdulsznaunding ai

1. wipdszulananand CPU (Central Processing Unit)
2. wnANYE (Memory Unit)
o RAM (Random Access Memory)
o EPROM/PROM/ROM (Erasable Programmable Read Only
Memory)
3. wiSUUAzUARINATaya /O (InputOutput) - serial and parallel
4. Timers

5. Interrupt Controller

ar

UNINGH aﬁfhuﬂs:nau'éuﬂ W Analog to Digital Converter, Pulse
i a4 2 e )
Width Modulator 44 @3uAvynuszmeslunsldom

2.3.1 lulnsranlntaians AT89C51AC
AT89C51AC2 fp Tulasnaulnianos 8 dannmamnsoganidluaszns 80C51
ATBIC51AC2 Hansziuuuinilan 80C51 Ysznoudmiusumalu 256 lud wasndu
o & & 5 & I - . < a = Lo oa o
wasind  Indlwasianfines endnauiisdines 10 fa uacfidia viedafundsnu
#1ni1 80C51 andat
ATBICS51AC2 anmnsnshandszundlluau 15w lanfinaunedined PWM uaz

NUMLOULDLA as



‘imﬁi-

0432 03896

89C51AC2-IM

3UM 213 AnuizMuanyal Talasnaunlnsalaas AT89C51AC2

[
x
O N
5323
2E3IESE wrila
PRTSZ90Y8EE
[ D WO T+ T "~ v - S T
nognonoooani
O a N EMTN- O
P I A T
P1.4/AN4/CEX1 7 3907 ALE
P1.5/AN5/CEX2 [ 8 38 PSEN
P1.6/ANG/CEX3 []9 371 PO.7/ADY
P1.7/ANT/CEX4 [] 10 367 PO.6/AD6
EAC] 11 357 PO.SIADS
P3.0/RxD ] 12 347 PO.AADE
P3.4/TxD |13 PLCC44 33 PO.3/AD3
P3.2/INTO [] 14 321 PO2/AD2
P3.3INT1 ] 15 311 PO.1JAD1
P3.4/T0 ] 16 3007 PO.ADO
P3.5/T1 17 200 P2.0/AS
CPZITNTILERR
U P U
g I L 2IFE2Z
gx gD
I R B
P& dagdddge

5UM 2.44 dnwamniuesnndeg 189 lulemeoulnsaised ATBIC51AC2
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2.3.2 Programmable Counter Array (PCA)

Adnmninliiwinlniwaiudlidadini o mudouldsudialigenuasd
ﬂ’J’mL'?'immaqa IﬂLl'?ig'mnm'uauﬁ%tammmTﬂﬁLan‘lﬁmn 4 undd fp

-PCA Clock frequency/6

-PCA Clock frequency/2

-Timer § overflow

-External input ECI(P1.2)

fa dnasiaunonun 6 et fio
- 16 bit capture Positive edge trigger
- 16 bit capture Negative edge trigger
- 16 bit capture both Positive and Negative edge trigger
- 16 bit software timer
- 16 bit high speed output

- 8 bit pulse width modulator

¥ ’
Pulse Width Modutator (ulasasnufianlaianizWaridu 8 bit pulse width modulator)

Adaaiusa ltwliidaansos ﬁﬁULﬁagLﬁnTugaﬁa 4 dugiledufindouil

v
o ]

Adnailudaszdanu uwallanutidsriwilasnnueaszlugalfwamanidiaiun

»,
== QREEREIoRy RvRARL C
AR

31 2.15 vefafidie Tuas vos ETT wibupUniul



2.3.3 3389 a§ﬁtﬁmﬁa&ﬁumsa‘%ﬁagﬂﬂ%uﬁm%ﬂmi"a WL

CKCON(Clock control Registor)

16

- WDX2 PCAX2 S5IX2 T2X2

T1X2 TOXZ

X2

WOX2 Watchdog Clock

- 0 1Ranlwue 6 AReN

-1 15anlwue 12 ARan
PCAX2 Programmable counler array
-0 \3anlwua 6 afian
-1 13anlwue 12 adan
UART Clock

-0 13anlvua 6 ARan

SIX2

- 13enlnwa 12 afan
T2X2
T1X2
TOX2

Timer2

Timert

TimerQ

-0 1danluun 6 afan

-1 1Renlana 12 afan

X2 CPU Clock

- 0 15anlnua 12 adan (Inuauiasgiu)
-1 18enlnue 6 asen (Inua X2)

CMOD (PCA Counter Mode)

CIDL WDTE - - - CPS1 CPSO

ECF

CIDL PCA idle control mode
- 0 L1RamDaldAdavineuly Idle mode

-1 GantelvAidialaivinosiulu Idle mode

WDETE Watchdog timer enable
- 0 \Aanl# Watchdog Clock hai¥indu
- 1 vianl¥ Watchdog Clock ¥in974
CPS1: CPS0 EWC Count pulse select bit




duinnoayanan wizvsumndimansz
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00 Internal clock FPca/6
01 internal clock FPcal2
10 Timer(Q overflow
11 External clock

ECF Enable PCA counter overflow interrupt bit
-0 Ganlwleduinaiinna ECF lu cMoD
- 0 GanldTladwnesin# ECF lu cMoD

CCON(PCA Counter Control}

CF CR - CCF4 CCF3 CCF2 CCF1 CCFO0

CF

CR

CCF4
CCF3
CCF2
CCF0

walagarsauasiiandeialarasivig uazaziiaduweasSwionte ECF lu

CMODQHL‘H@E

P P P A A ge d oo
LUALNE tﬂ@]ﬂﬁ?’t’]a’]u‘uaﬁwma Lﬂaﬂiﬂ@lﬂﬂ‘iﬂﬂd’!uﬁadwma

CCAPnH (n = 0,1,2,3,4) PCA High byte comparefcapture

CCAPNL (n=0,1,2,3,4) PCA Low byte comparefcapiure

62569




PWM Mode

CCAPnH

i

CCAPNL
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l —>

CL < CCAPnL
‘0

CL 8 bit

8 bit comparator

CL »= CCAPnL
Cq

AND

i

ECOMnN PWNIR

Eﬂﬁ 2.16 UAANNISYITULBY 8 bit pulse width modulator

dhagelilsunsuaisnanginaonleuls PCA

CKCON EQU  08FH . Clock Control Reqister
CCON EQU  0D8H , PCA Timer/Counler Control
CMOD EQU 0D39H ; PCA Timer/Counter Mode
CL EQU OESH ; PCA Timer/Counter Low Byte
CH EQU OFSH ; PCA Timer/Counter High Byte
CCAPMO EQU ODAH ; PAC Timer/Counter Mode0
ORG 0000H

MOV CKCON, #111111108B

MOV CMOD, #11000001B

MOV  CCAPOH, #7FH

MOV CCAPOL, #7FH

MOV CCAPMO, #01000010B

MOV CCON, #01000000B

LIMP 5
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2.4 llsunsa 327a wAn (Visual Basic)

lsunsafitia Lu?mtﬂu'[ﬂmn‘suﬁ'lﬁ'ﬁ'uaﬂwan*ﬁomw’luﬂ'ﬂqﬁu FTINT895Y
Auldsunsudng g vesuunlulesmanldiduanneg windlulnsoseny aonila 1aafiss
dasld Jme wWEN ﬁw%’mﬁBuf{ﬂmnmGiaLﬁaJLﬁamiﬁ'mu'lm:ﬁugo wiauilydud
unwisadngias g vaslysunsy

Tuduposnmdldlumsdonlusunsiu Wamnunanmwiuin ( Basic ) #9
dlumsfifanudendaluadofiield eos ( Dos ) lumswannlsunsy lunowsiud
MW NUENMAIL9T 877 QBasic, MBasic 1Judu

dudeyfivnld doos  wEn narwaniiluldsunsufifouldinnludogiug
wizamwwingmbhanideslwnmiviuled Alddldmansnldrslysunsyle
HMIFEAN WAz IATTNNEINARLIAND Y

TulassomiliRanldlusunssdsn wan naditu 6.0 duiluneisuiionldiu
unlutlagtiy seluamanunamiladie g swldismrdunldlunsarugulunugasn
nITNlTzingn g Bndae

uanmnfuﬂ’amﬂﬂﬁaLLuf%omwjmaﬁmqﬂﬂavﬁmaﬂmi ARIFD %aﬁag}imn
e dmiuneiiu 6.0 4 wbiidafedymezmusousldlesligwnin sawfons

F; L = > 3 o HAI J
WRarinulumandowldad 9 aueanunddiau

VB wiard  [ata Project s
Manager Aokt aton

[t . P

Hohabere | Categorzed |

B ™ Dont show this didog n the Iynes

Tistart. . 0 4 9

TR tomotword . ow

UM 247 wihdawuzues 3218 win Wianlwuemsvinnu
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=~ Projett Microsodf Visual Baskic [davign)
Be & oo Boiect Famt | | Query Disgam lods fddhes Yprcow tele

Mn-TEE s BA e NEEERAL H
0
_Gerrd e B R e e SR A 3 &=

» Projectt - Foemt {form]
.

0,0 L 4800 ¢ W00

prrotect - peajecty | X

4 Forms

B Fom1 (Forml}
|
Foe LIl
ER =B R
M :
L] F — .
é e Forml Form hd
— B Alphabeuc f(ﬂswnzad}
L Jiotoreraw  Fase ~
BaccCoor ] &r60000
QE orcerStie 2 Saatke
= . |
o W nnbik  Tne "I

:le’nn
-Returmsfsats the 18:t dsphayed
n an object's e bar o below

< m brokt - Mol

3 2.18 wihsiwwiauadnioluszindaalafuginaes Sma Lwén

ALFUUALEN T 1DIITIR LUED

uannanuisuazanugzaansuslunslsuasdnmlusuntuud 3ma wan
ol ax o ' dl Lo d“
dfnficin g Awaardle aolt

] v A 3 e - o & o au o

1 A deulbunsylensinlofuasiy - e wan lwneidundrg lasums
vanisamndguldsunsuliinulanuwiuladuazuudunsdiia lapidauls
dowldaunsuuwinlafmusolszgadldanuiiianioglunm e undwndiadute
' = [ ¢ 4 = - a v
e Tapaansaifous VB Seript aafhumwluaznaima win ldathsmea

d‘ =) .=I‘ ] |‘$ ol o8 v A

2. unlaldsunsuidiowinlaie owaTimadisuldsunsuasidafianana
mautlmiatiulslumondsmaddsn win duildislesiieiasfiodig aautas
\WRasg

u ’

3. DenasWanedndann anfinanuudrialusunsy e wan  dud
a . “ i - oW “ a & s [ [ v
fialdinnluiogin  elillywmiadomduifiaduezmdasyldhoandianuin
& , = & € ¢ = st v
nanasiustusudisg uianduvleduaslulnmmaniusaioladdug du

4. dluldsunsufidiowrae  Jma win swduwnwndoulysunsunlulasaany?
foiudumwfisagun  Bgmdmuinaddaiiias  mahneidulnig  azomiis

AYIURINTINALIIUN MR I IEsAIRaNwA e nn el sunsy
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25 m‘sgamiﬁﬁ%mawa{ﬂaﬂnw {Serial Port Communication)

luaamfumnﬁmulﬂmnsuﬁmmm:muquaﬁmn{ﬁmwmawn:sﬁ”uﬂuazm‘i‘ja
msmfuqwluaﬁmmugumumm Assembly %aLﬂummﬁﬁna@ﬁuaﬁﬂLn{mﬂ RS
lwuanisviaud wamslousaznisuitoldsunsuvinldornunninss Assembly 11w
Mt lasnnunnwesdum il dulnssai

oy ldlfommmnitsunsugelug 9 iRelilunsiBoullsunsy bideni
n1#1 C, Pascal Tan w1 C azldSuaufisuninms:dussininwlndidu iy
Assembly uazitnlalddinnin
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axanrnAuanud dygnsudnlulasmanlnsaeed misdan 12 w3eorandnaldh
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ar 3

AunusaNavasnSrRa AT % LaIMISA28 12 Biklas

ol e
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» a2 -

71 2.33 danSudslnan 0 = anuBFganawfin w312

Inum 2 895V5U8S (Baud rate) lulwua 2 18enld 2 dasianundalunisivas
2L r o o o & - A
Toya Togw ldananudvesdyamuwinzelulasnaulnsawed wisdin 32 wis
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SMOD =0

w

w5 64
ATNB Aeyey R EE —9 ]3-5. 'S, p s051ssudadioya

WThsAau™Ms alaas
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L d

15 32

SMGCD = 1

U7l 2.34 Sas1iualrun 2 = AWAFYQIMUNRNY ¥1T 32 WIaWIS 64

o1ua SMOD = 0

DATIIUEIINNG 2 = 1/64 LYwasnNNDFY LN MR

file SMOD =1

AaT13uEI R 2 = 1/32 LUsIn U DRI MR

ReIN M sSiiraszuuvadlulasnaulnsaaasand a;&a‘luﬁm SMOD a9zt
Fmuz 0 Lawe Manun@Inniesdvwilugassniumsiiwianfian s

(Baud rate) leesaunisas Ui

o a SMOD = a o i o
oaTITUFIMNA 2=27 " /64 x AMARL AR LS

Tunsdifislsadaaandn 11.0502 MHz 2z ldendan3uds (Baud rate) §9gm = 345.6 K
luns@finldadanaa 12 MHz azldmdanivss (Baud rate) gaga = 375 K

[nua 1 uazlyun 3 2:d8as1n33ugs (Baud rate) Tayalavgniwualdany

daims lalEdasinsiialanesivaivasindinait wie Indwes 2 Jludrivua
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o w SMOD o P
BATURIANG 1 waz 3 =2 132 x (ammafialaiasiWatvasinduas 1)

lun'rsl'ﬁ'mu%am'sﬁa;& [RREN AN El“lf};ﬂii.l %y 1azfonltnulndiua$ 1‘14: AN UTY S

Tua 2 ( Auto-reioad wuafinssuRuAsIaaas TMOD = 0010XXXX) mMdwank
WIRNFANTURS (Baud rate) aridaunisaasialuil

™ a SMOD
das15uaIlNa 1 URz 3 = 27 /32 X [ Oscillator / 12 % [256 — (TH1)] |

ienansnfzld indinedt Hdanmssuaeng lalasold Tnilwast lulwnuai
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mMyIN 21 useseudanivadeayaiiuannmsld Indwedt Wals
YIALINAINNATHINA1 Y wazmMIinuad1a3imas’ TMOD Ade CIT waziimaad
PCON #ifia SMOD 1#algau

a9 2.1 Saniudsdayafidimuaninmsld Indwat Welduaasmannasgu

Timer1
Baud rate F(MHz) | i@ SMOD Reload
1o C/T MODE
Value
82.5 k 12.000 1 0 2 FFH
19.25 k 11.059 1 0 2 FDH
9600 11.059 0 0 2 FDH
4800 11.059 0 0 2 FAH
2400 11.059 0 0 2 F4H
1200 11.059 0 0 2 E8H
137.5 11.059 0 0 2 1DH
110 6.000 0 0 2 72H
110 12.000 0 0 1 FEEBH

wdnnalénnsldnunnanudndasaalnannasionazidanldannnunfiiien

11.0592 MHz L‘ﬁil{lﬁﬂﬂﬂ’]iﬁ’]ﬁ%@lﬁ'\é’@'ﬁﬂ’l‘i"‘ﬁlﬁdﬁﬂ%ﬁﬂﬁ]:ﬂ’m'\'ﬁﬂﬁ’]“%@ﬁﬂuBm'ﬁ‘ﬂlu

Tvua 1 wazlwans 16 wasifusnfisnasgaudu 1200,2400,4800, 9600,19200 fanuis

Lﬁumﬁlﬁaﬁﬁ’naﬂﬂlﬁﬂ%ﬁﬂﬂﬂﬁ’lﬂ’l’lﬂjﬁ 11.0592 MHz anAdnen 12 MHz lumsiuue

a Qe ' L% ot o L3 [ @ 1 L] 1 L v ] d'.e:
m‘m‘suawayammmmmﬂﬂﬂmua's 2 fwuad e naasiyldvenslunilinezle
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2.6 adnsniasraduduniivaslsinasuuy incremental (Incremental Encoder)
Tuszvuisdudumiivisasiageuanuimwainanas sawsnudlvsioulidu
aswunasanldawmaiinlflunisivinnu lasfieuldamaiasaowasiuysiuasony
MIRYUTBINE *’fmmmmﬁ’ﬂﬂ‘lﬁumﬁuj’mmL'?’;'JJaammnamm‘mm:ﬁwmu‘lugﬂ
Pasa T unRadle udnhnafldlaundusnuaasnalasiwlulasraulnsaastua:
'llJLLﬂmnaﬁi:UUﬂ'mqmiaM
PnunuImtadauldaaaidiimiifiasiatannuida (Speed) wazsinumi
(Position) 1auaiaad ‘iaﬁﬂﬁ’qﬂﬂiﬂf‘ﬁﬁ@i{gnﬁnn%amuuwmﬂua:ﬂﬁwﬁ;dw Speed

Sensor w3 l1ifi3un1 Shaft Position Sensor Lapsznaudliusiiadng g doil

Encoder
[
Analog Encoder Digital Encoder
Tachogenerator Resolver incremental Absolute
AA BB.CC Gray Ceode

Dual Code

U 2.35 nsuendszanzpusuldnesd

INFUA 2.35 tanlfaaad (Encoder) RIINTORENUTEANANNRANANT LS 2 nga
farfienrinaulasardonannismilsnimisFonitazuisen wuldawma (Analog

Encoder) warziainawlasondunanmsasnaa  (Digital Encoder)

sfanYslavodoranninnissimiatundt azsusanazdsznavlddimne
latauinaisinai(TachoGenerator) 1az3loal185 (Resolver) @usiia Aviulasandy
WANNIIDANAADR MIDULLAINARITLENITWUUL Incremental Encoder WA Absolute

Encoder
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Fixed board with slits
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phase A =
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/
%Light-sensing
device
\
<

Slit of phase 2

Rotary disc

U1 2.36 lansaiauasdyuanaasiuaduiufiouldnaas

Tfma%’wm:ﬂs:nauﬁwsﬁﬁ'}tﬁmm,@Tﬁuumﬁagnﬁunmaﬁmut&umunau 9fi
Imyvigianzlisauquein ( '{]’ﬂmuga:ﬁuagﬁum’ma:tﬁumaa incremental encoder )
AT WEAMNUONTOI DI AAS A B Uas Z

fygnaiaditinanawldaneisfiniesiznauds 3 unse 8o A B ugas Z
SagUT 2.36

WadTLAAIN UNTA A uas B awfanswdeuns TanuedaWaty 90 a9
Lﬁaﬁ’mﬁﬁﬁﬂﬂ\nuwa'uaam'}m%ua:ﬁﬁmmmquwamamas“lﬁ'ﬂau‘[mamzﬁ dail

NSRWAS A thalurion B nauTﬂ‘smaai‘a:i"uj’dwamas‘r’hé’wguﬁwﬁﬂmamn
Wamdm withnnwad B tiadunon A ﬂaﬂmama%z%'uj%imamas‘ﬁwé’wquﬁm
Arnanawduunn

HIUUNTA Z WIaNaFade aiatn 1 Wadlumsnam 1 sou imshiildsess
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P - e & &
31]7] 2.39 ﬂ’k‘iﬂﬂm"iﬂu‘lﬁguuﬂ:ﬂ’lL‘ﬂuL“IIai‘LLEm

2.6.2 LN aIgUNINIaTITUE ULl saR UL incremental
Tosludrdyaionerriwnfiasnmanienldanailonass dnazlsduli
dinawslumseunusSadszinans Aunwdidasiinersng wasulasdgmnmsa |l

S [ G o - LR o 5 £ o L% = A
louldnigoiaioiane dyimgnaduitdaiuandudwaefintudes duglaanioy
=l = [ J v A = d‘ L s 3 dv [ hd
wiasd eniustnslrinediuanuandoafidons judygimrdiiauinili
=ooa &

wasundymgUimisaidlosmase aauwisuasfnduiis fusundlisaas
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Unn 3

ﬁﬁﬂﬂ’]‘iﬁ'lﬁ'l%tlaﬁﬂ'ﬁaE)ﬂll!J]J'M‘iJ‘i

ﬁwm%’ulu‘[ma&mﬁa:ﬁnmﬁ'mﬁ'umsmquama%"LWﬂ’m's:LLama laplaly
Tasnaulnsataasidudrlszuandids ﬁaaaniﬂﬁq@ﬂu%uﬂmwa DC - DC
CONVERTER FULL-BRIDGE 91412387 «Juaingd vavaua 4 62 lasduluuanis
vhawfe 4 aafauasudt lapmsiouiiaze disnatmaiBuveunasildoulnuany
dasnts azdnastleundurasszuulanlea tauldamas doundulduansnad
fAaudaed

Tuawnsnoufinaasin 921815003y Visual Basic 1%ﬂ15§ﬂﬁ?§ﬂ%1ﬂﬂ1fﬂ’]%
ogolsinaimeirhnuaudanisuazunsilounduanuainaiufiananddndre g f

Fufludansihaunsaasgeudesanimwmsyinnulasuainaia kg

Vi l ‘V— ” : m Encoder
sual | ) Micro Fuli Bridge DC N

w1 GYad

}
Basgic | controller IGBT \\Moty

A

31N 3.1 ‘LI5Eva@lEl:LLﬂﬁJﬂ’lﬁﬁ'\d’imm:ﬂ'}iﬂ'mﬂ‘u{@U‘i’)&l

3.1 2993A2UQ Y

lumummmﬁmnquﬁv'wmm asszuvpaslassnuazidsiuunvas msarugu
fowndunissdu (Basic Feedback Control) %agﬂsmuﬁ?anﬂuwé‘nmsmuqmﬁﬁwlﬂu
Audifetuees uazLﬂumsmuauﬁmm:ﬁ’u*‘;’@qﬂs:aaﬁmaa‘[mamu Fslumsanu
Qmmuﬂauné‘uﬁ a:ﬁqmﬁnmmxlum‘smuguﬁ’m lulag 5 Anwar fia nsAIunuLUL
P, 1, Pl, PD uaz PID %\13'1na:t.’é'a;mm:qmﬁnwm:maal,wia:ﬁﬁm:a"ﬁmmia‘lﬂ

uanmnf:ﬂ'aﬁawimqumsﬁwmﬁuﬂ BN g 299910 NN 299IAILAVNNT
ﬁﬁmmma:ﬁwaa‘la‘%ﬁﬁlu‘gmwﬁﬁﬁa %am‘smuquL%ﬁiﬁﬁa:ﬁaaﬁwmﬂ'ﬁ:muﬁmﬁa

T¥msrnaurasuateasuarrsuundnumiuldaia sz iniaw

3.1.1 manmuuilaunsuiiiesdu (Basic Feedback Control)

sruuauguiiniuazdeslHanaURIDIMAaF TN WIHUVEN 9DLRTS

MWHa ﬁaﬁnﬁaaiﬁammmmﬁﬁﬁmmmﬁwlﬁs:wmmmﬁnmlﬁﬁammu:mw
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daans Tasvialisazlddaunuuuudnugusfiai (Proportional Control) Aamaunx

wiiala (Integral Control) wazaInuAuTiad (Derivative Control)

anaulausIMsaIunuuLLilaunall (Characteristics of Feedback)

1. msmuammuﬂauné‘ummmﬁﬂlﬁiznmﬁmLaﬁmmw‘lﬁ

2. MaemunuLuil AUNAU I TN A AU TS U | Wi s wF w83 3zuy
d;
AU

3. ANTNAARIAANTAAAANAIA LUANNIZAIN 16

4. MWINMIAFUUIUIVNIU LS

5. FUTSNAAANN UBIsE LGNSR UL a3 UBswI e a e

4 ar

“a =4 L | a
G rsruula giwsiguanlaudsil

1

2 B

Lﬁa‘fnn’n‘ﬂwﬁgmzuuﬁanéﬂﬁmﬁ%uwQl]ﬁ]@]

s(s D

i 3.2 manugulunaide

K

Te)= e

wudszyvezliadins ldmunsnaiuguld fesnnimandudinda (J/9) andu
Wsldwanmiszasmsmuguuunilowndy
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- s(s+1)

3N 3.3 Rl RNTGHIBDI T

K
s{s+ 1) K
T(s)= -
() 1s K s+ s K
s(s+ 1)

a=dnld e K> 0 ssuyasiadysmw

mnn’nﬁnmm:tﬁﬂﬁimé’nmsmugmmuﬂauné’m:ﬁﬂﬁi:uuﬂmaﬁm

ol VA ~ o * e J
IO UTﬂ'\Wiﬂ‘Hd%:&lNﬂ'ﬂ’ﬂﬂ TEUUNUW

3.1.2 quanwnsyasstuuliamuguelsiaiuquuiiail (P-controller)

aamunuiiiFyauavguesnuniudmamulasasinusy s

=
o~
—~
s
1

K.e(t)
K E(s)

]
at
[}
N
b
tl

lapdl K, Aadamaisdadauiaain

U{s)

E +
(s} Kp

3UA 3.4 LnumwnsauuassmuausieR

L1}
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3.1.3 quanwosrasvuilaauguainaniuqusiale (I-controller)
B -y ‘r ot L B d‘ [ L 1 @ L
meunurislilisyyrumuquasnindisaaniidudaduiudyyimaae

e
DU = Kie(t)
Uity = Kieat
Tan K faaaniiysudnle
Us) = Ki/s.E(s)
+ U{s}
E(s) .
Kifs +—

Eﬂﬁ 3.5 UHBNANTALUBINT ﬂ?UQN'ﬂﬁﬂ18

3.1.4 AnAnsIBITzULIoMUANTIUMaILauTiiaile (Pl-controlier)
- J | e B A L 5 B 3
meuguuuuikiumsumeuguuuy P Ay hdndieis wssilunsaugu

wuuilassnuilfantsd

U(t) = Kp.e(t) + (KpsTi) | e(t)dt

Eowuiadsudnolanle

Ufs) :
= Kp(1+1/Tis)
E(s)




44

E(s) + Kp(1+Tis) U(s)
Tis

31" 3.6 ms’lx*ﬁ'ﬁamuqmuu Pl

lag K, 80903 987889% LAz T, (38N3151919818uAN3 (Intigral time) #1 K,

o I

uaz T, 1udrnsfifiySuele arunavvasd T, 15un reset rate TananudiswIuaTide

wififidyauaiuauiidniiy 2 i
e(t) 4

Unit step

37 3.7 oo Waritunionioy

Pl control action

ZKp
Kpkooaan e
| Prop only
t
0 Ti g
31Jﬁ 3.8 S IWDENVBINIAIVAN
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3mmumm’mqmaa'[ﬂ'm'ma:l.i‘luminurﬁ'zmuqmmu P vnAuuuY |

Power
Supply
+
Speed » Converter » DC Motor
controller
Speed
Sensing

517 3.9 ufanlaezunsuveilannu

3.1.5 AuansuzaassruudamugusInaInuauTiaRd (PD-controller)

ﬁdmuqmmuﬁlﬂumsﬂm'f’m'mﬂuuuu P N D (7918

Ut} = Kp.e{t)+ KpTd D et}
Wariduolaude
u
i = Kp(1+Tds)
E(s)

lau K, Aadamuunudim uaz T, Funirnnaiauwiut (Derivative time) i1 K,
= 4 e S 1 A o L s ot e = L ’ ar
waz Ty tudmafiiiuenle manssyesuauuuy D idyanmeaniiddudadauny
paTHLURpuLU 8IS I IARIALAREWT
U7 3.10 URGILHUNHATALADIMIAIUYY PD Fygnmamaafaudni
snwmaiwwsudnioniiadsgd 3.1 azlddynimeuaudagud 3.12
azdana ldmInsziaiuquuuy D uaderruuniuuy P dadudodvas
T - - a 2 + a a g . &
wuy D ualdaidnfia vonpfygrasuniuazonavnldiiansane (Saturation) Anlu

19Ul (Actuator) et



E(s) * U(s)
Kp(1+Tds) >

3111 3.0 nsldmauquuLL PD

e(t) 4

Unit ramp

31 3.1 dygnmfdiiflaiiuusednimiiag

U(t) &
PD control
action
S
" Prop only
t
O -

31N 3.12 fyresnusIdIAILNY
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A A . gt - = =l
316 AEUR Nk YaII= UL E]ﬂ’JllFl%J@’J ummquu@w‘la@ (PID-controller)

Ut) = Kp.e(t)+ (Ko/Ti) [ e(t)dt+ KpTd D e(t)
Warriurnolaufa
Ufs) )
= Kp(1+1/Tis+Tds)
E(s)

lag K, fosandaam T, Suniiiianmduiindd uas T, Fenddunaenwus

Es) ¥ | Kp(1+Tis+TiTas) B\
Tis

gﬂﬁ 3.13 mﬂ%ﬁamnqmmu PID

e(t) &

Unit ramp

o
Y -

U1 3.14 FynoAvinwsTuusudnilamig
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PID control

action P
-~ PD control

action

317 3.15 dQyIEaNYBININILAY

3.1.7 199300 Ny
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wastaa T Bdailaaduadnstuiadoiuiauniauny Svinniasa199s

& 3 v oo ¢ o ' = ) T
ﬂuﬁl:'ﬂ’ll‘ﬁﬁ’}ﬂ'ﬁmﬁﬂﬂﬂ LLﬂtﬁ\'}Hﬂ]‘LﬂﬂOﬂ’ﬂﬂJtﬁUﬂ’]UI@]EI':T'JN’BHO'S:UUVLGI

Signal form microcontroller

S
4050

1N4181
+~H
4093 4093
j nF
4093 l 4093
1nF
1N4181
P

51 3.16 19asiealnid
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Dim speed({0 To 200) As Single

Dim Index As Single

Dim data As String

Dim counter As Single

Dim error, U_PCA, error_Old, sum, Ui, Up, U, ixtiSpeeds As Single
Dim status_For, status_Rev As Booclean

Private Sub cmdRUN_Click{)

txtSpeeds = Val(ixtSpeed.Text)
pic{0}.OrawWidth = 2
pic(0).Line (0, Val(txtSpeed.Text)}-{200, Val(txtSpeed.Text)), vbRed

If txtSpeeds < 3000 Then
trmComp.Enabled = True
Else
MsgBox ("Speed can't more than 3000 rpm"), , "command esror”
txtSpeed.Text=""
End Iif
End Sub
Private Sub ecmdStop_Click()
txtSpeeds = 0
txtSpeed.Text = "0"

tbthsc.Caption = UJ_PCA

IblError.Caption = error

bIPCA.Caption = U

End Sub



Private Sub Form_Activate()

pic{0).DrawWidth = 1
pic(0).Scale (-15, 660)-(205, -60)
pic(0).Line (0, 0)}-(200, 0)
pic(0).Line (0, 0)}-(0, 600)

Fori= 0 To 600 Step 50
pic(0).Line {-2, i}-(200, i)
pic(0).CurrentX = -9
pic{0).CurrentY =i + 9
pic(0).Print i

Next i

Fork = 0 To 200 Step 20
pic{0}.CurrentX = k - 2
pic(0).CurrentY = -6
pic(0).Print k * 0.025
Next k

Forj=10 To 200 Step 10
pic(0).Line (j, 600}(j, 0)
Next j

pic(0).CurrentX = -12
pic(0).CwrrentY = 650
pic(0).Print "Speed (rpm)"

pic(0).CurrentX = 190
pic(0).CurrentY = -35

pic{Q).Print "time (sec)"



End Sub

Private Sub Form_Initialize()
Index =0
Fori=1To 4 Step 1
pic(i).Visible = False
Next i

End Sub

Private Sub Form_Load()
msc.CommPort = 2
msc.Settings = "8600,n,8,1"
msc.PortOpen = True
msc.RThreshold = 1
msc.IlnputLlen = 0
if Not msc.PortOpen Then
msc.PortOpen = True
Else
MsgBox ("com port already open"), , "comport error”
End If
hsc.Min = 128
hsc.Max = 200
hsc.Value = 128
trmComp.Enabled = False
error_Old =0
biStatus_F .Visible = False
bIStatus_R Visible = False

End Sub

Private Sub hsc_Change()
msc.Output = Chr(hsc.Value)
Iblhsc.Caption = (hsc.Value)

End Sub

Private Sub hsc_Scroll()

msc.Qutput = Chr{hsc.Value)



blhsc.Caption = {(hsc.Value)
End Sub
Private Sub msc_OnCommy()
Select Case msc.CommEvent

Case comEvReceive

data = msc.Input ‘get data from 8051

Ibl6.Caption = Asc(Right(data, 1)) * 256 + Asc(Left(data, 1))
Ibl1.Caption = Round(Val(lbl6.Caption)) "sampling 100
mS if mut by 1.5
counter = Round{al{lbl1.Caption))
Call plotgraph
End Select
End Sub
Sub plotgraph()

If index < 200 Then

If counter < 600 Then
pic(1).Visible = False
pic(2).Visible = False
pic(3).Visible = False
pic(4).Visible = False
Call scale_ 0

Elself counter < 1200 Then
pic(1).Visible = True
pic{2}.Visible = False
pic{3).Visible = False
pic{4}.Visible = False
Call scale_1

Elsel counter < 1800 Then
pic(1) Visible = Failse



pic(2).Visible = True
pic(3).Visible = False
pic(4}.Visible = False
Call scale_2
Elself counter < 2400 Then
pic(1).Visible = False
pic(2).Visible = False
pic(3}.Visible = True
pic(4).Visible = Faise
Call scale 3
Elself counter < 3000 Then
pic(1).Visible = False
pic{2}.Visible = False
pic(3).Visible = False
pic(4).Visible = True
Call scale_4
End
Else
Index = 0
speed(0) = speed(200)
pic{0).Cls
pic{1).Cls
pic{2).Cls
pic(3}.Cls
pic(4).Cls

End if

End Sub

Sub scale_0()
pic(0).DrawWidth = 1
pic(0).Scale {-15, 660}-(205, -40}



pic(0).Line {0, 0)-(200, 0) X axis
pic(0).Line (0, 0}-(0, 600) Y axis

Fori= 0 To 600 Step 50 " scale Y axis
pic(0).Line (-2, i)-(200, i)

pic{Q).CurrentX = -9

pic(0).CurrentY =i + 9

pic(0).Print i

Next i

For k=0 To 200 Step 20
pic(0).CurrentX =k - 2
pic(0).CurrentY = -6
pic{0).Print k * 0.025
Next k

Forj = 10 To 200 Step 10
pic(0).Line (j, 600}-(j, 0)
Next |

pic(0).CurrentX = -12
pic(0).CurrentY = 650
pic(0).Print "Speed (rpm)"

pic(0).CurrentX = 190
pic(0).CurrentY = -20

pic(0).Print "time (sec)"

pic(0).DrawWidth = 2
speed(index + 1) = counter

pic(0}).Line (Index, speed(index)-(Index + 1, speed(Index + 1)), vbBlue



Index = Index + 1
End Sub
Sub scale_1()

pic(1).DrawWidth = 1

pic(1).Scale (-15, 1260)-(205, 560)
pic(1).Line (0, 600)-(200, 600)
pic(1).Line {0, 600)-(0, 1200)

Fori= 600 To 1200 Step 50
pic(1).Line (-2, i)-(200, i)
pic{1).CurrentX = -13
pic{1}).CurrentY =i + 9
pic(1).Print i

Next i

Forj= 10 To 200 Step 20
pic{1).Line (j, 1200)-(j, 600)
Next

pic{t}.CurrentX = -12
pic(1).CurrentY = 1250
pic{1).Print "Speed (rpm)"

pic(1).CurrentX = 195
pic(1}.CurrentY = 595
pic(1).Print "time"

pic{1}.DrawWidth = 2
speed(Index + 1) = counter
pic(1).Line (Index, speed(index)-{index + 1, speed(index + 1)), vbBiue

Index = Index + 1



End Sub

Sub scale_2()
pic(2).DrawWidth = 1
pic(2).Scale (-15, 1860}-(205, 1160)
pic(2).Line (0, 1200)}{200, 1200}
pic(2).Line (0, 1200)}(0, 1800)

Fori= 1200 To 1800 Step 50
pic(2).Line (-2, i}-(200, i)
pic(2).CurrentX = -13
pic{2).CurrentY = i+ 9
pic(2).Print i

Next |

Forj=10 To 200 Step 20
pic(2).Line {j, 1800)-(j, 1200)
Next |

pic(2).CurrentX = -12
pic(2).CurrentY = 1850
pic(2).Print "Speed (rpm)"

pic(2).CurrentX = 195
pic(2).CurrentY = 1185
pic(2).Print "time”

pic(2).DrawWidth = 2
speed(index + 1) = counler
pic(2).Line (Index, speed(index))-(Index + 1, speed(Index + 1)), vbBlue

Index = Index + 1



End Sub

Sub scale_3()
pic(3).DrawWidth = 1
pic(3).Scale (-15, 2460}(205, 1760)
pic(3).Line {0, 2400)-(200, 2400)
pic(3).Line {0, 1800)-(0, 2400)

Fori= 1800 To 2400 Step 50
pic(3).Line (-2, i}-(200, i)
pic(3).CurrentX =-13
pic(3).CurrentyY =i+ 9
pic{3).Print |

Next i

Forj=10 To 200 Step 20
pic(3).Line (j, 2400)-(j, 1800)
Next j

pic{3).CurrentX = -12
pic(3).CurrentY = 2450
pic(3).Print "Speed (rpm)"

pic(3).CurrentX = 195
pic(3).CurrentY = 1785

pic{3).Print “time"

pic(3).DrawWidth = 2
speed(Index + 1) = counter
pic(3).Line (Index, speed(Index)}-(Index + 1, speed{Index + 1)}, vbBlue
Index = Index + 1
End Sub
Sub scale_4()



pic{4).DrawWidth = 1

pic(4).Scale (-15, 3060)-(205, 2360)
pic{4).Line (0, 2400)-(200, 2400)
pic(4).Line (0, 2400)(0, 3000)

Fori= 2400 To 3000 Step 50
pic(4).Line (-2, i)-(200, i)
pic{4).CurrentX = -13
pic(4).CurrentY =1+ 9
pic(4).Print i

Next i

Forj= 10 To 200 Step 20
pic(4).Line (j, 3000)-(j, 2400)
Next j

pic(4).CurrentX = -12
pic{4).CurrentY = 3050
pic(4).Print "Speed (rpm)”

pic{4).CurrentX = 195
pic(4).CurrentY = 2395
pic{4).Print "time"

pic(4).DrawWidth = 2
speed(index + 1) = counter
pic(4).Line (Index, speed(Index))-(Index + 1, speed(index + 1)), vbBlue
Index = Index + 1
End Sub
Private Sub optFor_Click()
IbiStatus_F Visible = True
ibiStatus_R Visible = False



status_For = True
status_Rev = False

End Sub

Private Sub optRev_Click{)
IbiStatus_F.Visible = False
IbIStatus_R.Visible = True
status_For = Faise

status_Rev = True

End Sub

Private Sub trmComp_Timer()

If status_For = True Then
error = txtSpeeds - counter
sum = (error + error_Old)
error_QCld = sum
Ui = sum * 0.05
Up = error * 0.05
U=Ui+Up
U PCA = Round( /41 + 128)
tbiStatus_F Visible = True
IbiStatus_R.Visible = False

msc.CQutput = Chi{U_PCA)

A A AN A r AR AR ARk krk & PCA upper bound Proiection kA kyrkthd
t{f U_PCA > 190 Then
trmComp.Enabled = False
End If

R A2 SR AR S Rt R R Rttt Rt s ittt RSl
iblhsc.Caption = U_PCA
IblError.Caption = error

IBIPCA.Caption = U



Else
error = txtSpeeds - counter
sum = (error + error_0Old)

error_Old = sum

Ui=sum* 0.05
Up = error * 0.05
U=Ui+ Up

U_PCA = Round(128 - U f 41)
IbiStatus_F.Visible = False
IblStatus_R . Visible = True

msc.Cutput = Chr{U_PCA)

s arssrss st DOA Upper bound Protection ***rrerees
If U PCA < 66 Then
trmComp.Enabled = False
End If

S U U O S OSSP P T SN

Iblhsc.Caption = U_PCA
{blError.Caption = error
IbIPCA.Caption = U

End If

End Sub
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CKCON EQU 08FH ; Clock Control Register
CMOD EQU ODSH ; PCA Timer/Counter Made
CCAPOH EQU OFCH ; PCA Compare/Capture Madule 0 High
CCAPOL EQU  OECH ; PCA Comparel/Capture Module 0 Low
CCAPMO EQU ODCH : PAC Timer/Counter Mode0
CCON EQU OD8H : PCA Timer/Counter Control
ORG  0000H
BAUD RETE SETTING
MOV IE#00000000B ; ensure that |E register never set before
MOV  TMOD,#00100101B ; setling T1 auto reload TO COUNTR 16 BIT
MOV TL1 #251D : setting
MOV TH1 #2510 ; setling
MOV SCON#01010000B ; setting  serial communication mode 1 (poppular
mode)
CLR R ; ensure that R] can't be "1" before
CLR Tt
SETB TR1 ; begin communication

mov  p0#000000008B
-

MOV ~ CKCON#11011110B
MoV CMOD#11111001B
MOV  CCAPOH#128D

MOV CAPOL,CCAPOH
MOV CCAPMO#01000010B
MOV CCON, #01000000B



MAIN: JNB RIL$

CLR RI
MOV ASBUF

LOOP: NOP

MOV  CKCON#11011110B
MOV CMCD#111110018B
MOV CCAPOHA

MOV CCAPOL,CCAPOH
MOV CCAPMO,#01000010B
MOV  CCON,#01000000B

: waite for recive data

; begin PCA

MOV TLO#®OOD
MOV THO#R00D
SETB P34
SETB  TRO
ACALL DELAY
CLR TRO

MOV  SBUFTLO

JNB  Ti$

CLR Ti

MOV SBUF,THO
JNB  TLS

CLR Ti

MOV  POA

JNB  RILOOP
SIMP  MAIN

; setting

: setting



DELAY: MOV  R7#60D ; 240 equal delay 160 mS
LOOPL: MOV R6,#159D
LOOP2: NOP

NOP

DINZ R6,LOOP2

DINZ R7,LOOPI

RET



Features
* BOCS1 Core Architecture
+ 256 Bytes of On-chip RAM
* 1 KB of On-chip XRAM
= 32 KB of On-chip Flash Memory

- Data Retention: 10 Years at 85°C

Read/Write Cycle: 10K
+ 2 KB of On-chip Flash for Bootloader
= 2 KB of Onchip EEPROM
Read/Write Cycle: 100K

* 14-sources 4-level Interrupts
* Three 16-bit Timers/Counters
» Full Duplex UART Compatible 80C51
* Maximum Crystal Frequency 40 MHz, in X2 Mode, 20 MHz (CPU Core, 20 MHz)
» Five Ports: 32 + 2 Digital IfO Lines
» Five-channel 16-bit PCA with:

- PWM {8-bit)

-~ High-speed Output

- Timer and Edge Capture
* Double Data Pointer
+ 21-hit Watchdog Timer (7 Programmable Bits)
+ 10-bit Resolution Analog to Digital Converter {ADC) with B Multiplexed Inputs
* On-chip Emulation Logic (Enhanced Hook System)
+ Power Saving Modes:

- |dle Mode

~ Power-down Mode
« Power Supply: 3V to 5.5V
+ Temperature Range: Industrial (-40° {o +85°C)
+ Packages: VQFP44, PLCC44

Description

The A/TBICS51AC2 is a high performance Flash version of the 80C51 single chip B-bit
microconirollers. It contains a 32 KB Flash memory block for pragram and data.

The 32 KB Flash memary can be programmed either in paraliel mode ar in serial
mode with the ISP capability or with software. The programming voltage is internally
generated from the standard VCC pin.

The AITBIC51ACZ retains all features of the B0C51 with 256 bytes of internal RAM, a
7-source 4-level interrupt controller and three timer/counters. In addition, the
A/TBICS51AC2 has a 10-bit A/D converter, a 2 KB Boot Flash memory, 2 KB EEFPROM
for data, a Programmable Counter Array, an XRAM of 1024 byles, a Hardware Watch-
Dog Timer, and a more versatile serial channel that facilitates multiprocessor
communication (EUART). The fully static design of the A/T89C51AC2 reduces system
power consumplion by bringing the clock frequency down to any value, even DC,
without loss of data.

The AfMBBC51AC2 has two software-seleclable modes of reduced aclivity and an 8-
bit clock prescaler far further reduction in power consumption. In the idle mode the
CPU is frozen while the peripherals and the interrupt system are still operating. In the
Power-down mode the RAM is saved and all other functions are inoperative.

The added features of the A/TBICH1AC2 make il more powerful for applications that
need A/D conversion, pulse width modulation, high speed /O and counting capabili-
ties such as industrial control, consumer goods, alarms, motor ¢contral, among others.
While remaining fully compalible with the B0C52, the TBC51AC2 offers a superset of
this standard microcontroller. In X2 mode, a maximum external ¢clock rate of 20 MHz

reaches a 300 ns cycle time.
AIMEL

A

Enhanced 8-bit
Microcontroller
with 32 KB Flash
Memory

AT89C51AC2
T89CS1AC2

Rev. 4127F-8051-03/05
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e A/ T8O C51AC2

Pin Configuration
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TOSHIBA T..P250

TOSHIBA Photocoupler  GaAlAs tred & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

Unit in mm

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated phatodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving eircuit of IGBT or power MOS FET.

+ Input threshald current: IF=5mA(max.)
« Supply current (IgQ): 11mA{max.)

« Supply voltage (Vce): 10-35V

o QOutput current {IQ): +1.54 (max.)

»  Switching time {tpLH/ApHL)® 1.5ps{max.)

» [Isolation voltage: 2500Vrms(min.)

s UL recognized: UL1577, file No.E67349 —
+ Option (D4) type
VYDE approved: DIN VDEC884/06.92,certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VPK Weight: 0.54 g

Highest permissible aver voltage: 4000VPK

(Note) When a VDE0OB84 approved type is needed,
please designate the "option {D4)"”
« Creepage distance: 6.4mm(min.)

Clearance: 6.4mmf{min.)

Schmatic Pin Configuration (tcp view)
lec T

_L ‘*—mc’Vcc 10 * ‘:la

I3 0 209 AN it
o 321 [“7g st}q{ i
)

«— Vo
lo 8 4 . s
-1- T 2)
v - ©  GND 1:N.C
A 0.1pF bypass capcitor must be 5 2 : Anode
connected between pin B and 5 (See Note 5), 3 : Cathode
4:N.C.
5:GND
6: Vg (Output}
7: Vo
8: Ve
Truth Table
T Tr2
Input On On Oft
LED off off On
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current '3 20 mA
Forward cumrent derating (Ta 2 70°C) Alp fATa -0.36 mAf*°C
@ Peak transient forward curent {Note 1) lEpT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 °C
“H'peak output current {Pyy = 2.5ps.f 5 15kHz) {Note 2} lopk -1.5
“L"peak output current (Pyy s 2.5us,f < 15kHz) (Note 2) lopL +1.5
{Tas70°C) 35
Output valtage Vo v
= (Ta=85°C) 24
2 {Ta s 70°C) 35
8 Supply voltage Vee v
{Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AVt ATa -0.73 Vi°C
Supply voltage derating (Ta 2 70°C) aVee [ ATa -0.73 Vi°C
Junction temperature T 125 °C
Operating frequency {Note 3) f 25 kHz
Operating temperature range Topr —20~85 °C
Storage temperature range Tsig -55~125 °C
Lead scoldering temperature (10 s} {Note 4) Tsal 260 °C
Isclation voltage (AC, 1 min., R.H.5 60%) {Note 5) BVg 2500 Vims

Note 1:  Pulse width Py < 1ps, 300pps
Note 2:  Exporenential wavefom
Note 3:
Note 4: Itis 2 mm or more from a lead root.
Note 5:

together.
Note 6:

Exporenential wavefom, lopH £ —-1.0A( £ 2.5us), lppL S +1.0A( < 2.5us)

Device considerd a two terminal device; Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and B shaorted

A ceramic capacitor{0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1em.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
inprut cutrent, on {Note 7} IF(ON} 7 8 10 mA
Input voltage, off VE(OFF) 0 _ 08 \
Supply valtage Vee 15 — 30 20 3%
Peak cutput current lopHilopPL - —_ 0.5 A
Operating tempetature Topr -20 25 70 a5 °C

Note 7: Input signal rise time (falt time) < .5 us.

2004-06-25



TOSHIBA T P250
Electrical Characteristics (Ta = —20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir— Test Conditicn Min. Typ." Max. Unit
cuit
Input forward voltage VE _ Ip=10mA, K Ta=25C 16 1.8 A
FTemperature coefficien of AVe/ATal — |lp=10ma - 20 — dmvic
orwarg voltage
Input reverse current Ir — Vr=5V, Ta=25C _ 10 nA
Input capacitance Cr — V=0,f=1MHz A Ta =25°C — 45 250 pF
H level lopH 3 I = 10 mA 05 | -15 -
Veg=30v  [VBe=4V
Output current 1) A
wp =0
L" level lopL 2 Vg 5= 2.5V 0.5 2 —
- Vcps = +15V, Vg1 =15V _
H" level Vor 4 Ry = 2000, ¢ = 5mA 11 12.8
Output voltage v
wyw Voo = 15V, Ve, = -15V N
L" level VoL 5 Ry = 2000, Ve = 0.8V -14.2 -12.5
Ve = 30V, Ig = 10mA _ 7 .
“H level lccH —  |Ta=25°C
Voo =30V, If = 10mA — — 11
Supply cument mA
Voo = 30V, Ig = 0mA _ 75 _
"L” level lecL A= E5C '
Voo = 30V, I = OmA — — 11
Thresheld input “Cutput q TFLn | Vees = +15V, VEpy =15V ity 12 5 mA
current L—H R =200Q, Vg > OV
Threshold input “Output . I - Veer = +15V, Vg = -15V ol ~ ) | y
voltage H-L RL = 2000, Vg <OV
Supply voltage Voo — 10 g 35 v
(}apacitance Cs o Vg=0,f=1MHz o, 10 50 bF
{input—output) Ta =25 «

. . Vg =500V, Ta=25°C 12 14 ¥
Resistance(input—output} Rg — RLH.< 60% 1%10 10 Q
* All typical values are at Ta=25°C  (*1): Duration of ip time < 50ps
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TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified}

Test
Characteristic Symbol Cir~ Test Condition Min. Typ.” Max. Unit
cuit
Propagation L—H ToLH — 0.15 05
delay time Hesl toHL Ig = BrA (Note 7) — 0.15 05
6 Voo = +15V, VEpq1 =15V us
Qutput rise time 1 R = 2000 _ _ -
Output fall tme ty — —_ —
Commeon mode transient
h . - Vom = 600V, Iy = BmA
immunity at high level CumH 7 - PR -5000 — — Vs
output Vee =30V, Ta=25°C
Common mode transient
: - Ve = 600V, IF = 0mA
immunity at low level Cpr 7 _ — mge 5000 — — V/ius
output Voo = 30V, Ta=25°C

* All typical values are at Ta = 256°C

Note 7: Input signal rise time (fali time) < 0.5 ps.

4 2004-06-25



TOSHIBA TLP250

Test Circuit 1 © Test Circuit 2 : JOPL
8
1 ]8 1{] }I
q [ ppow
C ] C H-® £
!
4 [: :l 5 4 E } o V.5
77 fL 77
Test Circuit 3 - 10PH Test Circuit 4 : VCH
8 8
B - OB
] [ —I_ Voo :] I R Veed
F O01pF =] T 0 -
" Va6 Ir - RL
EE ]_..._@J_’ EE i
Vou
s I: }' lopH \ [ } ) o
o
TVEE1

Test Circuit 5= VoL

o

| S R
{}—=
=
=
m

| Veer

VE

N
R
o

LIJL..J
~@-
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TOSHIBA

TLP250

Test Circuit 6: tyey. tpHL, tr tr

i Is
__J_L.IF I 0. 1uF 1 Vcc1
:I T T‘-’o T
R
] "
| J - v ’7]7
10001 E j_" L veer

Test Circuit 7: Ty, CraL

di
aw IF 0pF

N ‘(j—'[ __FVCC
I —"'"_E  °Vo
I n

L) L

VAN

Ve

Q"
1 2
600V
Ve
-~
SW AllF=8mA)
v
VO /\—- kiY; — 26V
Che
SW B(l=0)

480 (V)
Iy tps)
e 4{50 V)

i {us)

CMLICMH) is the maximum rate of rise {fall) of the commen mode voltage that can be sustained with the output

voltage in the low (high) state.
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TOSHIBA

TLP250

(mA)

IF

Allowable forward current

Allowable paak oulput current

Forward current

{mA}

I

(A)

lopH, lopPL

Ta=25C

Ig —VE

il

I

0.5

'\-

0.1

l

0.05

0.03

Fi

/

0.01

1.0 1

2 14

Forward voltage

186 14 20

VE V)

Ig-Ta

40

Z0

40

80 B0 300

Amivent temperalure Ta (°C)

lopr, lopL ~ Ta

T T T T T

PW - 25 5,1+ 15 KHz

[~]

20

a0

60 80 100

Ambient Temperature Ta  [°C)

Forward voltage lemparature
coafficient « VE/ « Ta{mVv/°C)

v

Allowabls supply vollage Vg

« Vgl Ta-If

-2.4

0.3 05 1 3 5

10 30

Forward current ip {mA)

Vee ~Ta

40

0

20

g 20 4Q <2i]

Ambient temperature  Ta

{c)

as 100
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TAGSHIBA

GTe0M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR  SILICON N CHANNEL IGBT

GT60M303

Unit: mm
HIGH POWER SWITCHING APPLICATIONS
L 205MAX. | #3340
-}-e% —- j'%
® The 4th Generation ¢ - 2
® FRD Included Between Emitter and Collector b é'
® Enhancement—Mode E ~ 4
e High Speed IGBT :tf= 0.25ps (TYP.) jf“ - ;?
FRD :trr=0.7ps (TYP) 2 sto”
- 2
® Low Saturation Veltage : VCE (sat} = 2.1V (TYP.) 10t | S
545%0.15
MAXIMUM RATINGS (Ta = 25°C) se
[=] -1
+ 1
el 1
CHARACTERISTIC SYMBOL RATING UNIT - =
———
Collector-Emitter Voltage Vees 900 A
_ 1. GATE
Gate-Emitter Voltage Vees 25 v 2. COLLECTOR(HEAT SINK)
oo I 80 3. EMITTER
Collector Current A
ms lep 120 JEDEC _\
Emitter-Collector DC lecr 15 i JEITA -
Foward Current 1and oy 120 TQSHIBA 2-21F2C
Collector Power Dissipation P 170 W Weight -8,754
{Tc =25°C) g
Junction Temperature Ti 150 ‘c
Storage Temperature Range Tstg -55~150 (5
Screw Torgue — 0.8 N-m
EQUIVALENT CIRCUIT
@ Collector
Gate 0— K
@ Emitter
1 2002-02-06



TOSHIBA GT60M303

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Gate Leakage Current IGES Ve = £25V, Ve =0 — — 1500 nA
Collector Cut—off Current IcES VcE =900V, Ve =0 — —_— 1.0 mA
Gate~Emitter Cut-off Voltage Vee (ofFf) |lc = 60mA, Vg = 5V 3.0 — 6.0 \
Collector—Emitter Saturation Voltage VCE (say (13 | le = 10A, Vgg = 15V —_ 1.6 2.2
Coliector-Emitter Saturation Voltage VCE (sat) (2; | e = B0A, Vgg = 15V — 2.1 27
Input Capacitance Cias Vo = 10V, Vge =0, f = 1MHz — 3800 —_ pF
Rise Time te — 0.35 Q.60
Switching Time Tu m—.On Time ton 158] 0_541,\,@, ] % — 0.46 0.75 b
Fall Time i J—LJ'_15V — 0.25 { 040
Tum-Off Time it 600V — jo60 | a70
Emitter-Coltector Forward Voltage VECF lgc =15A, Vg = 0 S t.5 20 v
Reverse Recovery Time tr :; ‘,: d1t i‘ﬂ‘_;rocf ',Iug — 0.7 25 s
Thermal Resistance Rih (j-c) IGBT — — 074 |°CIW
Thermal Resistance Rih (j-¢) Dioce —_ — 40 |°"Ciw
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Ic - VCE YCE — VGE
100 o N 1c T
1 14 el i » ITE
COMMON 20 15 // i : COMMON EMITTER
< EMITTER / / 95 c . ; Te=-40°C
8¢ . : s T
) Tew= 250 : :
© ’ AV = 5 =
£ /S /4 5 |
Z 9_| 3 ]
E [10] f //r ? b .80
2 L. / e o :
= // : = [ 60
= 40 // / | E 4 L i T
& ; // /. O = 147
= i 1 L
= 20 | T o X,
5 N — F S & e —
L ! / VC-E=7V' _’-‘3‘ ]C»—-IUA
0 ] 5 L
0 1 2 3 4 5 0 4 8 12 16 20 24
COLLECTOR-EMITTER VOLTAGE Veg (V) GATE-EMITTER VOLTAGE Vgg (V)
VCE - VGE VCE - VGE
£ 10 S 10
- COMMON EMITTER . COMMON EMITTER
3 Te=25°C 0 To=125°C
- H 8
3 g
Q
é 20 g 80
2 & = 6
= | [=]
= r~ 60 = o
- - T s 2 60
o4 -H
E . , E il
= 2017 \ = =
& AT S =] - - o
£ 2 q = 2 f
o = = i
:r-_i Ig=10A = Ig=10A
& [ SINATA | \d
) l ) 12 16 20 24 0 4 8 12 16 20 24
GATE-EMITTER VOLTAGE Vgg (V) GATE-EMITTER VOLTAGE Vgg (V)
VCE - VGE VCE (saty — Te
100 4 —
COMMON EMITTER // / 4 COMMON EMITTER
_ - i e
I i /] e Vap=15v
v 1] £ 501
E /1] =3 1" 80
Za =
&0 [ — v
: /] x5 | Lt
& L 1 [ SEC- Bl
< 1/ g8
0 ; ==
: a1l/] = ‘ —=
2] b —— | - ] Ig=10A
=] Ho 1
3 1/
8w / 3
< Te=125°C / -40 = -~
- | —A- — 5
D i ]
) 2 4 P 3 19 —a0 0 40 80 120 160

CATE-EMITTER VOLTAGE Vgg (V)

CASE TEMPERATURE Tc (*C)
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TOSHIBA

GT60M303

(x10V)
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VCR
¥GE
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0
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1
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(pF)
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Ic (W
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TOSHIBA

GT60M303

TRANSIENT THERMAL IMPEDANGE
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Current Transducer LTS 25-NP

For the electronic measurement of currents : DC, AC, pulsed, mixed,
with a galvanic isolation between the primary circuit (high power)
and the secondary circuit (electronic circuit).

Preliminary
| Electrical data
ton Primary nominal r.m.s. current 25 Al
L, Primary current, measuring range 0. .80 Al
Vo Analog output voltage =0 25" v
£,  25%0825 v
N Number of secondary turns (x 0.1 %) 2000
R, Load resistance 22 kQ
R, Internal measuring resistance (+ 0.5 %} 50 9]
TCR,, Thermaidriftof R <50 ppm/K
Ve Supply voltaga (£ 5 %) 5 \'4
I Current consumption @ V, =5V Typ 20 + 1 mA
v, R.m.s. voltage for AC isolation test, 50/60 Hz, 1 mn 2.5 kV
v, R.m.s. rated voiltage 5252 v
Accuracy - Dynamic performance data
X Accuracy @1, , T, = 25°C +0.2 %
Accuracy withR , @1, . T, =25°C +*0.7 %
£ Linearity <01 %
Typ | Max
TCV,,, Thermal driftof V, @1, =0 -10°C ..+ 85°C | 50 100  ppm/K
TCEG Thermal drift of the gain -10°C ., +85°C 509 ppm/K
V,.  Residual voltage @ I, = 0,after an overload of 3 x1,, +0.5 my
Sxl,, +2.0 mv
10x1,, +2.0 myv
t, Reaction time @ 10 % of I, <50 ns
t, Response time @ 90 % of I, < 200 ns
difdt  difdt accurately followed > 100 Alps
f Frequency bandwidth (0 .. - 0.5 dB) DC .. 100 kHz
(-0.5..1dB} DC .. 200 kHz
General data
T, Ambient operating temperature -10..+85 °C
T, Ambient storage temperature -25 ..+ 100 °C
m Mass 10 g
Standards EN 50178
Motes : " Absclule value @ T, = 25°C, 24875<V,  <2.5125

# Pollution class 2, category Il
# Only dueto TCR

Features

+ Closed loop (compensated) mulli-
range current transducer using the
Hall effect

» Unipolar voltage supply

* Insulated plaslic case recognized
according to UL 94-V0

¢ Compact design for PCB mounting

* Incorporated measuring resistance

¢ Extended measuring range.

Advantages

s Excellent accuracy

* Very good linearity

» Very low temperature drift

» Optimized response time

= Wide frequency bandwidth

e No insertion losses

« High immunity to external
interference

e Current overload capability.

Applications

* AC variable speed drives and servo
motor drives

» Static converters for DC motor drives

e Battery supplied apglications

» Uninterruptible Power Supplies {UPS)

* Switched Mode Power Supplies (SMPS)

+ Power supplies for welding
applications.

Copyright pratected.

981222/4
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Dimensions LTS 25-NP (in mm. 1 mm = 0.0394 inch)

Bottom view 222 Operation principle
12 . 0.2
s 52 is
OL:.IT tlp
65 4 o— N
N T |
Ao . N )(;?3
P [ L= /'S
o .Y 1 J > o— | -
=1
123 ’ : o
' Closed loop Output amplifier
16 {ransducer
=1 125mA @], = £ 25 At
1 3
@
\ _/3
R Al
n — 22 k\ =
r o BT =
g I K=l g
W +od @ &
=}~ 4 '8 cz
2 Lyl & 5 _
3xPE.5x0.35mm_/ ' [} [P a8 z
2254 3| [sesl | 3 0
184 | | 762 [508) 768 12.7
Back view Right view Front view
Number | Primary nominal Nominal Primary Primary Recommended
of primary r.m.s. current output voltage ; resistance | insertion inductance connections
turns L [A] Vour [V] R, [m{] L, [KH]
6 5 4 ouT
OO0
1 +25 2.5x 0625 0.18 0.013
Oo—{O—0
IN_ 1 2 3
8 5 é ouT
2 *+ 12 2.5+ 0.600 0.81 0.05 ™~ -
o—=0
IN 1 2 3
6 5 4 ouT
3 +8 2.5+ 0.600 1.62 0.12 8\3\8
IN 1 2 3
Mechanical characteristics Output Voltage - Primary Current
» General tolerance +0.2mm Vour [V]
* Fastening & connection of primary 6 pins 0.7 x 0.8 mm
Recommended PCB hole 1.3 mm
* Fastening & conneclion of secondary 3 pins 0.5x0.35 mm
Recommended PCB haie 0.8 mm
+ Addiional primary through-hole & 3.2 mm

Remark
[IRY)

[+
terminals 6, 5, 4

is positive when |, flows from terminals 1, 2, 3 to

— 1, [Al]

Pmaa

LEM reserves the right to carry out modifications on its iransducers, in order to improve them, without previos s notice.
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