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ABSTRACT

Nowadays, there are lots of methods of driving and supervising DC motor 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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2.3 lulaspaulnsaaad (Microcontroller)
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AULANFIIVEI Microcontroller Ny Microcomputer fia Microcontroller ﬁtuﬁ
auyssmolusize el fe Saudsznausn g asuiu §1u Microcomputer Sudaq
ﬁ’la’mﬁuﬁuqﬂn‘srﬁﬂwtﬁmﬁ%amaﬁnnmuuan U wilnAud eassudowusin
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1. wiwdszuiananad CPU (Central Processing Unit)
2. wunudT (Memory Unit)
o RAM (Random Access Memory)
o EPROM/PROM/ROM (Erasable Programmable Read Onty
Memory)
3. %ﬁ’au’s’mm:uamwaﬂ'a;&a /O {Input’Output) - serial and parallel
4. Timers

5. Interrupt Controller

#ANIMNUIIUFIWLIZNEVBNY LTH Analog to Digital Converter, Pulse
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2.3.2 Programmable Counter Array (PCA)

Adomninlfimiulndwaiudldodini fa ndowlusunialigwnuezd
m’mr?iumnqq Iﬂuﬁg’mnm'ﬂaqﬁfﬁtamm'm'[ﬂmnw‘].ﬁ%’m 4 Undy A

-PCA Clock frequency/6

-PCA Clock frequency/2

-Timer O overflow

-External input ECI(P1.2)

Ria dnmainaunomun 6 Wl da
- 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

ke L
Pulse Width Modutator (lulassnuiianlatanizWaridu 8 bit pulse width modulator)

AT auIn T wlBitaanta9 ﬁﬁmﬁagﬁﬂu@aﬁa 4 dugadufindouii

v
] e 1

Adnadudaszdenu uwilanuiidsriwilannudszlugalsywannidiaiun

3t 2.15 vafafidio lugs vo3 ETT wibueuniul



2.3.3 3384 afﬁtﬁm’ﬁ'aaﬁumsaéﬁagﬂﬂﬁuﬁm%nu@i’mﬁ%m

CKCON(Clock control Registor)

WDX2

PCAX2

SIX2

T2X2

T1X2

TOX2

X2

WDX2 Watchdog Clock

-0 1danlvwua 6 Adan

-15anlvwua 12 adan

PCAX2 Programmable counler array

SIX2

T2X2
T1X2
TOX2

X2

-0 1danlvwua 6 ARaN

-1 13anlwua 12 Adan

UART Clock

-0 3anlvwua 6 ARan

-1 3anlvwua 12 adan

Timer2
Timer1

Timer0

-0 tBanlwua 6 adan

-1 13anlnua 12 adan

CPU Clock

- 0 \Fanlnua 12 adan (Inuaanasgu)

-1 Ranlnua 6 agen ([nua X2)

CMOD (PCA Counter Mode)

CIDL

WDTE

CPS1

CPS0O

ECF

CIDL PCA idle control mode

- 0 lRandaldRdavineuly idle mode

-1 Gandalvdialaivinenln Idle mode

WOTE Watchdog timer enable
- 0 \Aanls Watchdog Clock laivinani
- 1 18anl¥ Watchdog Clock %1974
CPS1: CPS0 EWC Count pulse select bit
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00 Internal clock FPca/6
01 internal clock FPca/2
10 Timer0 overflow
1 External clock

ECF Enable PCA counter overflow interrupt bit
_ 0 Ganlwleaduinaiiwwa ECF lu CMOD
_ 0 aanlwileBwaaiiwdf ECF lu cMoD

CCON(PCA Counter Control}

CF CR - CCF4 CCF3 CCF2 CCF1 CCFO

CF

CR

CCF4
CCF3
CCF2
CCFO

walnoasaursiandofialarnasivag nazazsiiaduaassnwicnte ECE lu

CMODQHL‘B@\

LA D 1DANITHIMTaIRTLE 1A RUSUANSYNIHYBINTLD

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

CCAPnL (n =0,1,2,3,4) PCA Low byte compare/capture

62569




PWM Mode

CCAPnH

i

CCAPNL

'
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CL 8 bit

CL < CCAPnL
'y

3 bit comparator

AND

£t

CL »= CCAPnL
Cq

ECOMN PWMn

Eﬂﬁ 2.16 URBNMSYNIIUY 8 bit pulse width modulator

fratnallsunsusdanandinaoslanls PcA

CKCON EQU  08FH ; Clock Control Register
CCON EQU 0D8H ; PCA Timer/Counler Control
CMOD EQU 0D9H ; PCA Timer/Counter Mode
CL EQU O0E9H ; PCA Timer/Counter Low Byte
CH EQU 0OF9H ; PCA Timer/Counter High Byte
CCAPMO EQU 0ODAH . PAC Timer/Counter Mode0Q
ORG 0000H

MOV CKCON, #11111110B

MOV CMOD, #11000001B

MOV CCAPOH, #7FH

MOV CCAPOL, #7FH

MOV CCAPMO, #01000010B
MOV CCON, #01000000B
LIMP &



19

2.4 ldsunsa S22a wAn (Visual Basic)
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Wicroseik Visual Basic [ $4ign)
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2.5 msﬁ'amsdmmawa{ﬂaﬂnw (Serial Port Communication)
luaamﬁunﬂsﬁUu‘[ﬂmnmﬁmﬁmsazmuquaﬁmﬁﬁm’]maww:é’uﬂuaﬂn‘ﬁa
minruguluafianuguiIuam Assembly fﬁaLﬂummﬁgna@ﬁuaﬁmm%mn uiaz
Binanisiiaud wansdounaznisui bl sunsuvinldoanunineis Assembly 10w
mw A lasninnuazdumsn i ldiduln s
sownlalfounimiusunsugalu 9 iRelflunsiBoulysunsu ladendu
A7 C, Pascal 1911 C azldSunufivuuinmsizddsesaninanlndifiu iy
Assembly uazitlalddndn
ualugnilaatu madouldsunsudulngandunsdoulysunsunuvdadoiug
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2.6 adnsnin2930AuBHIvaslsinaduuy incremental (Incremental Encoder)
Tusruuidudunianlaaageuainuiiveiaiaas sauuinudlasiouldan
asunaaenldamasunlflunigineu lanfiiouldametacaiavadAuliduatony
NYSAYHTDIWET "fmmmmﬁw'lﬂ‘lﬂunw‘?uj’mwuL?d'uauwmuamafmm:ﬁwmu’lugﬂ
ISR NIRRT 1o LaMHaR leDoundumnuaasnalansiwlylasnaulnsanafuas
'lﬂLLﬁﬂdNﬂ‘ﬁl‘a“:'J_l'J_lﬂ’mfluda'lﬂ
PnunuImaadauldaassdimiiie1atannuiia (Speed) UazsnLMLY
(Position) 183uatAB 7 ﬁaﬁﬂﬁqﬂnﬂﬁ'ﬂﬁﬂﬁgnﬁnn%amuunmmm:ﬂﬂwﬁdﬁ Speed

Sensor wialiifil3un-1 Shatt Position Sensor laglsznaudlnsiiadia g il

Encoder
[
Analog Encoder Digital Encoder
Tachogenerator Resolver tncremental Absolute
AA BB .CC Gray Code

Dual Code

35U 2.35 msusndszianussenldniaad
nngUA 2.35 toulfaiaad (Encoder) RunTakunUsstnnatunanmsle 2 ngu
= F-3 dl a ar a d. a r-| . 1 a [
forfianrirnulapardonannismiiviimisFonitezwiaen weuldaiaas (Analog

Encoder) wazsianrinnulauerdunanniséisnaa  (Digital Encoder)

sfiafrulasadunanninnieiiwiaFunin aswiasnazUsznavldalrmne
latauiuainiaa(TachoGenerator) 1az3laalied (Resolver) @usiia fivirnulanandn
HAanNNITawanas wIiauuuaInaadzunidwiyy Incremental Encoder LR: Absolute

Encoder
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Basic | controller IGBT \\Moty

A

gﬂﬁ' 3.1 u§an1ma:memﬁﬁwmua:mﬁmuqul@ltmaJ
3.1 2993AILAN

Tusiuy aamsmuquﬁv'wmm aa‘szuwaa{mammﬂﬁgﬂLLmJ'uao NNSAILAY
flownainila96u (Basic Feedback Control) %agﬂsmuﬁanﬂwé‘nm‘smuquﬁﬁwlﬁu
AufinetUNoIne ua:Lﬂumsmuquﬁmm:ﬁ'ui'ﬂqﬂs:mﬁmaoIﬂsaam Fslumsau
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3.1.1 mamuguileunsuiiiesdu (Basic Feedback Control)

suuauguiiaiuardasinanauauasaed I wIMULaI 9iais

AN ﬁaﬁuﬁaaiﬁammugwﬁﬁﬁ OT AR I a1 et T T AT VAR Tak e R RV FARR TN AR Y
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daanms Tapmildisazlidmuguuuudnuguriiai (Proportional Control) fnaunx
niiala (Integral Control) LLazﬁ’Jmuquﬁﬁ@ﬁ (Derivative Control)

anaulauaImsaIunuuuuilaunal (Characteristics of Feedback)

1. m‘smuammuﬂauné‘umm‘snﬁ’nlﬁszumﬁﬂLaﬁmmw'lﬁ

2. msmm}mmuﬂauna"fur_Tammmﬁﬂlﬁﬁusmu:lwﬁ'mmmt%ﬂumaas:uu
ad
LTI
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- s(e+1)

31U 3.3 mInuquuuugile

_K
s{s+ 1) K
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() 14 K s+ s K
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amanldin e K> 0 uvasiadasnw
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3.1.2 quanwmszadzuuiianiuguealndnIunuaiiaf (P-controller)
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3.1.3 auanwosrasuulamusuainaniuqgusiiale (-controller)
L -y -sr s L e d‘ [ L 1 @ L
amnwqueiaiiifyyumuguaanndsdanidudaduiudyyimaae

Laawn
DU = Kie(t)
ui) = Kifeadt
Tau K Aasaefifiususnle
U(s) = Kils.E(s)
+ U{s}
E(s) .
Ki/ls ——

:a;ﬂﬁ 3.5 LLN%ﬂ"!WﬂTﬂU‘JJENGT’]ﬂ?UQN’ﬂﬁﬂia

3.1.4 Qmﬁnmmz‘uaﬁ:nuLﬁﬂmuquﬁmﬁ'}muqu'ﬁﬁﬂma (Pl-controlier)

[ J G [ B
Gl']ﬂ’.ll!ﬂllLLUU%L'ﬂHﬂ’!‘ﬁ?Nﬂ']ﬂ']UFJSJLLU]J P NV | Vinaenn LLﬁ:l‘ﬂ%ﬂ'ﬁﬂ?UﬂN

wuUlaTsnuilfantd

Uy = Kp.e(t)+ (Kp/Ti) [ e(t)dt

Geawiwensudnslanle

U(s)
= Kp(1+1/Tis)
E(s)
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E(s) T Kp(1+Tis) U(s)
Tis

31" 3.6 m‘srl.*'fs'ﬁamuqml,uu Pl

lag K, §89931007087% WAz T, B38n3199919818uAn3R (Intigral time) 1 K,

o '

uaz T, 1udrnsfifuTuale erunavvasdn T, 300 reset rate TananadiswIuaieen

wififidyanmaivauildniiu 2 i
e(t) &

Unit step

31" 3.7 duanawdhWaiunilonlan

Pl control action

ZKp
Kp oo aam .
| Prop only
: t
0 Ti g
gﬂ'ﬁl 3.8 SN IUDDNVLINIAIUAY
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Power
Supply
+
Speed » Converter » DC Motor
controller
Speed
Sensing

71N 3.9 yianlaszunsyralatinu

3.1.5 guansuzadruudamuguaininuautiiaRd (PD-controller)

G'f'm'mqmmuﬁlﬂun'n‘nuﬁumuqmmu P U D tINdtnu

U{t} = Kp.e(t)+KpTd D e(t)
Warsudplaude

U

i = Kp(1+Tds)

E(s)

Tap K, AadamupnudIu uas Ty, Guniitianmauwnut (Derivative time) 61 K
p . p
-~ 1 d':i L 1 1 o R - = L ’ ar
uas T, Dumaefindiusnla MInIzAILANULLY D Wy maanddndudaduny
aaTuUanuulasradfy yI uaaanRawg
UM 3.10 UAAIUNULAKNIDUIBININIUAU PD Mdy L mASARaWINI
anwoswwsudnioniiaadygd 3.1 azlddyoimaunudigui 3.12
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1l W =) = - o ¥ o ﬁ. L . J
wuy D ueiidatdofie vonodyanmyunuuazanaifiiansaue (Saturation) Aulu

dui (Actuator) 1¢l
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Unit ramp
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A A . gt - = =l
316 R Ntk YaI=uLLdl ﬂﬂ?UﬂN@?Uﬂ?ﬂ?Uﬂ&l‘ﬁu@]W\la@ {(PID-controller)

U{t) = Kp.e(t)+ (Kp/Ti) [ e(t)dt + KpTd D e(t)
Wargurnolaufie
U(s) )
= Kp(1+1/Tis+Tds)
E(s)

lap K, fagandaam T, Suniiinanaduiindd ua: T, Senhdunaeywus

E(s) ¥ | Kp(1+Tis+TiTas) J(s)
Tis

3171 3.13 mslﬂﬁ'ﬁamuqmmu PID
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Y -
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u) 4
PID control
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-~ PD control
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3.3.2 Frame Object
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IWifan 2 fimnna Aald 2 Option fia FORWORD uax REVERSE lawatilu Frame
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3.3.4 Text Box Object
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3.3.5 Label Object
Label Object \udauning AlflumsinawetanmnuuuWaiunaiony Text Box
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3.4.6 Command Button Object
Command Button Object Liludsuidndniianwuzidulufundon sanuuuwiie
& o woa a4 W oA &
lﬁlmmaﬂanmwmaamguuﬂmﬂan
Py Ao w [P P g o
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SIERGLERIRIAIEY wsama§€1ﬁ1‘ﬁlum‘nﬂ§ﬂ%3ﬂLmucsﬁ'aé'nmﬁmmﬁamw 3N

WIaLWaIaN 1T un1siUAuuiuas Command Button S9ieisqaluil

Caption : Hwiimwuatanuednsg vutlu lavdndasfFoillu Command
Button n151URsuudasgrunsnvinlah Property Box fi Caption 129 Command Button

TaanunuwaslUfiazUmnglu Command Button g
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Style and BackColor - \Dunsawadanlflunisidsuives Command Bution
Tapsesliwsomeda 2 srlumadioud Svanmsluf wsawed style Geasiidnls
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3.3.7 Picture Object
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NI HIRY a9 Picture Object luﬂﬁmu"a:ﬂ]uaQﬂUﬁﬂJﬂJ?N‘HSUN?QTﬂ@?L@MIﬂ@
ma‘?rhu"lﬂmﬂauimmaa'ﬁ:,ﬂawanﬁu’]ﬁ JBI8 LURN ’%JQZLLEQJaaﬂi]']L‘ﬂ%ﬂ'ﬁ%ﬁ’Uad

nriFufinourupdstaiuiinula (Real Time) daurasluzun 3.28
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3.3.8 Timer Object
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Dim speed{0 To 200) As Single

Dim Index As Single

Dim data As Siring

Dim counter As Single

Dim error, U_FCA, error_Old, sum, Ui, Up, U, ixtSpeeds As Single
Dim status_For, status_Rev As Booclean

Private Sub emdRUN_Click{)

txtSpeeds = Val(txtSpeed.Text)
pic{0}.DrawWidth = 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 error”
xtSpeed. Text=""
End i
End Sub
Private Sub emdStop_Click()
txtSpeeds = O
txtSpeed.Text = "0"

bihsc.Caption = U_PCA

IblError.Caption = error

hIPCA.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(Q).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 |

pic(0).CurrentX = -12
pic(0).CusrentY = 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 |

End Sub

Private Sub Form_Load()
msc.CommPort = 2
msc.Settings = "8600,n,8,1"
msc.PortOpen = True
msc.RThreshold = 1
msc.lnputLen = 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
IbiStatus_F.Visible = False
IblStatus_R.Visible = False

End Sub

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

End Sub

Private Sub hsc_Scroll{)
msc.Qutpul = Chr{hsc.Value)



Iblhsc.Caption = {(hsc.Value)
End Sub
Private Sub msc_OnComm()
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{Val{lbl1.Caption))
Call plolgraph
End Select
End Sub
Sub plolgraph()

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

Elself 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 = False
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 If
Else
Index = Q
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_0Q()
pic(0). DrawWidth = 1
pic(0).Scale {-15, 660}(205, -40)



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

Fori= 0 To 600 Step 50 " scale Y axis
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(C).CurrentX = -12
pic(0).CurrentyY = 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)r(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 i

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 = 1195
pic(2).Print "time”

pic(2).DrawWidth = 2
speed(index + 1) = counter
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).CurrentY =i+ 9
pic(3).Print i

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 = 1795
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
iblStatus_R Visible = False



status_For = True
status_Rev = False

End Sub

Private Sub optRev_Click{)
IbiStatus_F.Visible = False
IblStatus_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_OMd)
error_Old = sum
Ui = sum * 0.05
Up = error * 0.05
U=Ui+Up
U PCA = Round(tJ /41 + 128)
tbiStatus_F Visible = True
IblStatus_R.Visible = False

msc.Output = Chr{U_PCA)

AR R LA Rl R RS AR Rt sl LR S PCA upper bound Proiection AR RS LR T S A ]
{f U _PCA > 190 Then
trmComp.Enabled = False
End If

22 AR LSRRl R R Rt R ittt i R RRTRLRSERSRIEREIRSERE LR ]
iblhsc.Caption = U_PCA
IblError.Caplion = eror

IbIPCA.Caption = U



Else
error = txtSpeeds - counter
sum = (error + error_0Old)
error_Old = sum
Vi =sum * 0.05
Up = error * 0.05
U=VUi+Up
U PCA = Round{128 - U / 41)
IbiStatus_F.Visible = False
IbIStatus_R.Visible = True

msc.Output = Chr{U_PCA)

atarsrrs s PCA ypper bound Protection ***ttes s
If U_PCA < 66 Then
trmComp.Enabled = False
End If

S P T ST TP,

Ibthsc.Caption = U_PCA
ibiError.Caption = error
IbIPCA.Caption = U

End If

End Sub
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CKCON EQU 08FH ; Clock Control Register
CMOD EQU 0D3H : PCA Timer/Counter Mode
CCAPOH EQU OFCH ; PCA Compare/Caplure Module 0 High
CCAPOL EQU OECH ; PCA Comparel/Capture Module 0 Low
CCAPMO EQU O0DCH : PAC Timer/Counter Mode0
CCON EQU O0D8H : PCA Timer/Counter Control
ORG  (0000H
BAUD RETE SETTING
MOV IE#00000000B ; ensure that IE register never set before
MOV  TMOD,#00100101B ; setling T1 auto reload TO COUNTR 16 BIT
MOV TL1 #251D ; setting
MOV TH1,#251D ; setting
MOV SCON.#01010000B ; setting serial communication mode 1 (poppular
mode)
CLR R} - ensure that Rl can't be "1" before
CLR Tt
SETB TR1 ; begin communication

mov  p0,#00000000B
-

MOV CKCON#11011110B
MOV CMOD.#11111001B
MOV  CCAPOH#128D

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



MAIN: JNB RIS

CLR R : waite for recive data
MOV A SBUF
LOOP: NOP

MOV  CKCON#11011110B
MOV  CMOD#111110018B
MOV CCAPOHA

MOV  CCAPOL,CCAPOH
MOV CCAPMO,#01000010B

MOV  CCON,#01000000B ; begin PCA
MOV  TLO#OOD ; setting

MOV THO#00D ; setting

SETB P34

SETBE TRO

ACALL DELAY

CLR TRO

MOV  SBUF,TLO

JNB  Ti$

CLR T

MOV  SBUF,THO
JNB  TLS

CLR TIi

MOV POA

JNB  RILLOOP
SIMP  MAIN



DELAY: MOV  R7#60D
LOOPL: MOV R6,#159D
LOOP2: NOP

NOP

DINZ R6,LOOP2

DINZ R7,LOOP1

RET

; 240 equal delay 100 mS



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 On—chip 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 I/O Lines
» Five-channel 16-bit PCA with:

- PWM {8-bit)

—~ High-speed Output

— Timer and Edge Capture
* Double Data Pointer
+ 21-bit Watchdog Timer (7 Programmable Bils)
* 10-bit Resolution Analog to Digital Converter {ADC) with 8 Multiplexed Inputs
* On-chip Emulation Logic (Enhanced Hook System)
+ Power Saving Modes:

-~ Idle Mode

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

Description

The A/TBICS1AC2 is a high performance Flash version of the 80C51 single chip 8-bit
microcontrollers. It contains a 32 KB Flash memory block for program and data.

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

The AfTBICS51AC2 retains all features of the 80C51 with 256 byles of internal RAM, a
7-source 4-level interrupt controller and three timerfcounters. In addition, the
A/TBIC51AC2 has a 10-bit A/D converier, a 2 KB Boot Flash memory, 2 KB EEPROM
for data, a Programmable Counter Array, an XRAM of 1024 bytes, a Hardware Watch-
Dog Timer, and a more versatile serial channel that facilitates multiprocessor
cammunication (EUART). The fully static design of the A/TBIC51ACZ reduces system
power consumplion by bringing the clock frequency down to any value, even DC,
withoul loss of data.

The ATBICS51AC2 has two software-selectable modes of reduced aclivity and an 8-
bit clock prescaler for furlher 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/T89C51AC2 make il more powerful for applications that
need A/D conversion, puise width modulation, high speed /O and counting capabili-
ties such as industrial control, consumer goods, alarms, motor control, 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 5

Enhanced 8-bit
Microcontroller
with 32 KB Flash
Memory

AT89C51AC2
T89C51AC2

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

Pin Configuration
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TOSHIBA

T..P250

Transistor Inverter
Inverter For Air Conditionor

IGBT Gate Drive

Power MOS FET Gate Drive

TOSHIBA Photocoupler

TLP250

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

This unit is 8-lead DIP package.
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

+ Input threshold current’ IF=5mA{max.)
« Supply current (I¢Q): 11mA({max.)

« Supply voltage (Vo) 10-35Y

« Qutput current {IQ}: +1.5A (mnax.)

» Switching time {tpLHApHL)® 1.5ps{max.)

* Isalation voltage: 2500Vrms(min.)
¢+ UL recognized: UL1577, file No.E67349

s QOption (D4) type
YDE approved: DIN VDE0884/06.92,certilicate No.76823
Maximum operating insulation voltage: 630VYpK

Highest permissible over voltage: 4000VpK

(Note) When a YDE0884 approved type is needed,
please designate the "option (D4)"

« Creepage distance: 6.4mm(min.)

Clearance: 6.4mmf{min.)

Schmatic

IF
>
2+
VF } 3
3.

A 0.1pF bypass capcitor must be
connected between pin B and 5 {See Note §),

}

lce
+ C Vee
8
(Tr 1)
2 Vg
7
«— Vo
lo 6
(T2
s 0 GND
5

Truth Table
Tr Tr2
Input On On Off
LED off off On

GaAlAs tred & Photo—-IC

Unit in mm

* pix

TOSHIBA

11-10C4

Weight: 0.54 g

Pin Configuration (tcp view)
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ie 20 mA
Farward cument derating (Ta 2 70°C) Alg fATa -0.36 mAf*°C
@ Peak transient forward curent {Note 1) lFpT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 °C
“H"peak output current {Pyy < 2.5ps,f 5 15kHz) {Note 2} lopH -15
“L"peak output current (Pyy s 2.5ps,f £ 15kHz}) (Note 2) lopL +1.5
{Tas70°C) 35
Output vohage Vo v
= (Ta=85°C) 24
2 {Ta s 70°C) 35
8 Supply voltage Veeo \%
{Ta=85°C) 24
Qutput voltage derating (Ta 2 70°C) AVn ! ATa -0.73 VitC
Supply voltage derating (Ta 2 70°C) AVee/ ATa -0.73 vi*C
Junction temperature T 126 ‘C
Operating frequency {Note 3) f 25 kHz
Operating temperature range Topr —20~85 °C
Storage temperature range Tsig -55-125 °C
Lead soldering temperature (10 s} {Note 4) Tsal 260 °C
Isclation voltage (AC, 1 min., R.H.s 60%) {Note 5) BVg 2500 Vs

Note 1:  Pulse width Pyy < 1ps, 300pps

Note 2: Exporenential wavefom

Note 3:  Exporenential wavefom, lopH 5 —1.0A( = 2.5us), lopL S +1.0A( s 2.5us)

Note 4: Itis 2 mm or more from a lead root.

Note §:  Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

Note 6: A ceramic capacitor(0.1pF) should be connected from pin 8 to pin 5 fo 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
input cutrent, on {Note 7} IF(ON} 7 8 10 mA
Input voltage, off VE(OFF) 0 _ 0.8 \
Supply voltage Vee 15 — 30 20 \
Peak cutput current lopH{lopL - —_ 0.5 A
Operating temperature Topr =20 25 70 a5 °‘C

Note 7: Input signal rise time (falt time) < 0.5 us.
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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, Ta=25C 16 1.8 \Y
Jermperature coefficient of aVe/aTal — |lr=t0mA — | -20 — dmvicc
orward voltage
Input reverse current IR — Vr=5V, Ta=25C — 10 A
Input capacitance Cy -—_ V=0,f=1MHz A Ta =25°C — 45 250 pF
H level lopH 3 I = 10 mA 05 | -15 -
Vog=30v |Vee=4V
Output current 1) A
wp v IF=0
L" level lopL 2 Vg g= 2.5V 0.5 2 —
- Voot = +15Y, VEgq =15V _
H" level VoH 4 |RS2000 I = SmA 11 12.8
QOutput voltage v
aw Veos = +15V, Vepq = -15V . _
L" level VoL 5 Ry = 2000, Ve = 0.8V 14.2 -12.5
Veo = 30V, Ig = 10mA _ 7 .
“H" level lech - Ta=25°C
Ve =30V, I = 10mA — — 11
Supply cument mA
Vee = 30V, I = OmA _ 75 _
"L" level looL — [Ta=25C '
Vee = 30V, Ig = OmA — — 11
Thresheld input “Output i Lk _ Voo = +15V, VEpy =15V _ 12 5 A
current L—H R = 2000, Vg > OV
Threshald input “Quiput . IEhL _ Voo = +15V, Vg = -15V 08 _ _ Y
voltage H-L RL =200N, Vg <0V
Supply voltage Voo — 10 — a5 v
Qapacﬂance Cs _ Vg=0,f=1MHz _ 10 20 pF
{input—output) Ta=25+ «
. . = = M 4
Resistance(input—output) Rs — RS Ta=25C 1102 | 10" - Q

* All typical values are at Ta=25°C (1) Duration of ip ime < 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 loLH - 0.15 0.5
delay time Hesl toHL Ig = BmA (Note 7) — 045 0.5
6 Vet = +15V, VEgq = -15V 13
Output rise time 1 R = 2000 _ — —_
Output fall tme ty — —_ —
Common mode transient
. . - Vom = 600V, g = BmA
immunity at high level CmH 7 - Py -5000 — — Vps
output Vee =30V, Ta=25°C
Common made transient _ _
immunity at low level Tt 7 e e so00 | — — |vrus
output cc '

* All typical values are at Ta = 26°C

Note 7: Input signal rise time (fali time) < 0.5 ps.
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TOSHIBA TLP250

Test Circuit 1 : Test Circuit 2 : JOPL
8
1 ]8 1{] }I
g 0  Diew
\Y
C ] C H-® +
lopL
4 [: :l 5 4 E } Ve.s
77 fL /77
Test Circuit 3 : 1IOPH Test Circuit 4 : VOH
8 3
Y - b
[ —I_ Vee I Veet
:] = DApF = :] T O.MWF =
1|: VB-E IF R
- i
—p
. I: j——ﬂ lopH 4 [ }‘ Vou B
A
TVEE1

Test Circuit 5= VoL

o]

LT 1]
{}—=
=4
=
m

| Veer

VF

N
R
o

LIJL..J
~@-
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TOSHIBA

TLP250

Test Circuit 6: tgrH. tpHL, tr ir

i [
o
M T O,RF
] M pl
won 3 (] iy | vee

Test Circuit 7: Cpn, CuL

di
aw IF 0.1pF

A ﬁ—{ T
I —‘""_E —®Vo
1 n

L) L

Gy

Vewm

+ @ - /J7
600V
Vem
—
SW A{lr=BmA)
\/ Chn
Vo — v — 2Bv
/\ Cu
SW :B(l=0)

480 (V)

Iy tas)

p o 280¢Y)

4 (us)

CMUCMH) 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
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TOGSHIBA

GTeOM303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT

GT60M303

HIGH POWER SWITCHING APPLICATIONS

The 4th Generation
FRD Included Between Emitter and Collector
Enhancement—Mode
High Speed 1GBT :tf=0.25ps (TYP)
FRD :trr=0.7ps (TYP)
® Low Saturation Veltage : VCE (sat} = 2.1V (TYP.)

MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Emitter Voltage VcEs 900 A
Gate-Emitter Voltage Vees 125 A

bC I 60
Collector Current A

1ms lcp 120
Emitter-Collector DC lecF 15 A
Foward Current 1ms lecFp 120
Callector Power Dissipation
(Tc=25°C) Fc 170 W
Junction Temperature Ti 150 ‘c
Storage Temperature Range Tstg -55~150 °C
Screw Torgue —_ 0.8 N-m

EQUIVALENT CIRCUIT
@ Collector
Gate 0— K

O Emitter

Uniti mm
o 20SMAR. | #33¢0.2
a1l
k-3
e
b = <
o 3.1.5-EE q;‘iﬁ 1
~ u-l‘:'_-n.-—r-k—r\l Ty -4
25 j; o E?
30 U b
+03 "
1.0-025 |
545%0.15
R
co
+ 1
e 1
SR E
—_
1. GATE
2. COLLECTOR(HEAT SINK)
3. EMITTER
JEDEC —
JEITA —
TOSHIBA 2-21F2C
Weight : 9.75g
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TOSHIBA GT60M303

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Gate Leakage Current IGES VGE = 125V, Ve =0 — — 1500 nA
Collector Cut—off Current IcES Ve =900V, Vge =0 — —_— 1.0 mA
Gate-Emitter Cut-off Voltage Vee (oFF) |lc =60mA, Vg = 5V 3.0 — 6.0 \
Collector—Emitter Saturation Voltage VCE (san (13 | le = 10A, Vgg = 15V —_ 1.6 2.2
Coliector-Emitter Saturation Vollage VeE (say (2) |l = 60A, Vgg = 15V — 2.1 27
Input Capacitance Cias Vop = 10V, Vg =0, f = 1MHz — 3800 — pF
Rise Time t — 0.35 | 060
Switching Time Tum-0On Time ton 150v 0_451,\,.'0' j % — 0.46 0.75 us
Fall Time t "1_"_15V — 0.25 { 040
Tum=-Off Time loit 600V — | o080 ] 070
Emitter-Coltector Forward Voltage VECF lec =15A, Ve = 0 —_ t.5 20 \Y
Reverse Recovery Time ter :j'j .':d1t iALx&EI:pg — 0.7 25 ps
Thermal Resistance Rip (j-c) 1GBT — — 074 |°CIW
Themal Resistance Rin (j-¢) Diode — —_ 40 |°C/W
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TOSHIBA

GTe0M303
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TOSHIBA

GT60M303
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Current Transducer LTS 25-NP

PN
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
Ly Primary nominal r.m.s. current 25 At Features
L, Primary current, measuring range 0. .80 Al
Vor  Analog output voltage l.=0 2.5 V e Closed loop (compensated) muiti-
tl,, 25x08625 v range current transducer using the
N Number of secondary turns (+ 0.1 %) 2000 Hall effect
R, Load resistance 22 kQ * Unipotar voltage supply
R, Internal measuring resistance {* 0.5 %} 50 Q e Insulated plastic case recognized
TCR,, Thermaidnftof R < 50 ppm/K according to UL 94-V0
vV, Supply voltage (£ 5 %) 5 V e Compact design for PCB mounting
I Current consumption @ V, =5V Typ 20 + 1 mA * Incorporated measuring resistance
v, R.m.s. voltage for AC isolation test, 50/60 Hz, 1 mn 2.5 kv * Extended measuring range.
v, R.m.s. rated voitage 5252 v
Advantages
Accuracy - Dynamic performance data
» Excellent accuracy
X Accuracy @1, , T, =25°C +0.2 % * Very good linearity
AccuracywithR, @1,,, T, =25°C +0.7 % » Very low temperature drift
E Linearity <01 % » Optimized response time
Typ | Max . Widg freq.uency bandwidth
TCV,,, Thermal drift of V. @1, =0 -10°C ..+ 85°C | 50 | 100 ppryk  * No insertion losses
TCE_ Thermal drift of the gain -10°C ., + 85°C 509 ppryK  * High immunity to external
V,, Residual voltage @ I, = 0,after an overload of 3x1,, +05  mv interference N
5x1,, +20 mv * Current overtoad capability.
10xlen *20 m Applications
t, Reaction time @ 10 % of I, <50 ns
t, Response time @ 90 % of I, <200 NS o AC variable speed drives and servo
difdt  di/dt accurately followed > 100 Alps motor drives
f Frequency bandwidth (0 .. - 0.5 dB) DC .. 100 kHz « Static converters for DC motor drives
(-0.5..1dB) BbC .. 200 khz » Battery supplied apglications
» Uninterruptible Power Supplies {UPS)
General data « Swilched Mode Power Supplies (SMPS)
+ Power supplies for welding
T, Ambient operating temperature -10..+85 °C applications.
T, Ambient storage temperature -25..+ 100 °C
m Mass 10 g
Standards EN 50178
Notes : " Absolute value @ T, = 25°C, 24B75<V  <2.5125 Copyright protected.
# Pollution class 2, category Il
® Onlydueto TCR,,
881222/4
LEM Components www.lem.com



Dimensions LTS 25-NP (inmm. 1 mm = 0.0394 inch)

Bottom view 222 Operation principle
12 . 0.2
s 52 s
OL:.IT tlp
45 <& o— M o
N . |
sit—|<Tfown . N )(;?3
P [ L= /4 ='S
Rl |i v J > o— | -
=
1232 4 : -
N Closed loop Output amplifier
18 transducer
L=t125mA @I, =125At
1 3
Q
A _/3
g anigl:
n — oo k\ >
r~ - o
g I =il g
';! + 08 © W
=y ~ 'g :?-
2 i 5 5 _
3x[@¢.5x0.35mm__/ ' | 07D Smm B 3
2254 as | Jsesl | 3m i
184 | | 762 |508) 7.66 12.7
Back view Right view Front view
Number | Primary nominal Nominal Primary Primary Recommended
of primary r.m.s. current output voltage t resistance | insertion inductance connections
turns L [A] Vo, [V] R, [m@2] L, [kH]
6 5 4 ouT
O—0—0
1 + 25 2.5+ 0.625 0.18 0.013
o—0O0—0O
IN_ 1 2 3
6 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 g\g\g
IN 1 2 3
Mechanical characteristics Output Voltage - Primary Current
» General tolerance + 0.2 mm our [V]

* Fastening & connection of primary
Recommended PCB hole

* Fastening & conneclion of secondary

Recommended PCB hoie
+ Additional primary through-hole

Remark
L'

ouJ!

terminals 6, 5, 4

6 pins 0.7 x 0.8 mm
1.3 mm

3pins 0.5x0.35mm
0.8 mm

& 3.2 mm

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 previoy s notice.
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