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ABSTRACT

This thesis proposed method to control speed of single phase induction motor using
technique of Multi-Frequency and Binary Rate Modulation (BRM) control . The motor speed was
controlled with the application of 8051 microcontroller to supply 8-bit, binary rate signal
simultaneously with voltage signal from AC source to stator winding. Due to lower AC voltage
distortion and radio frequency interference, the proposed method had better results than phase
control and electronics switching control. Experimentation with 220 voltage, 1/3 HP and 50 Hz
single phase induction motor shown that power was suitablely and effectively controlled
according to fluctuation of output speed, and transient response was fast, resulting to high

performance operating under both of on load and off load conditions.
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2.2.1.1 NgUHAUBIBIMANYYUY (Double revolving field theory)
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P, =ILR, (2.32)
o ar - o o d”d
dmsuuseiaimualaaatl fie
P
&f
T, e (2.33)
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T =— (2.34)
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HAZHATINVDAULTILA AD
I 2
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1
F(8,1) = _ﬁ[(NmIm — N,I,sin6,)cos(@t +0) — (N1, cosb,)sin(wt + 8)]

+~Jl—2—[(NMIm + N, I, siné,)cos(wt —8) +(N,I, cosb,)sin(awt — )] (2.46)
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2.2.2.5 UINDINUVIIA9 ( Shaded - pole Motor )
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Hﬂlﬂﬂi‘}fuﬂuIﬂi\%ﬂgﬂﬂla\ﬂnlmkﬂﬁﬂ (Pole) ﬂﬂlﬁlﬁﬂ‘illﬂﬂl}*ﬂ'ﬂ']ﬂ\lzﬂﬂ 2.16
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¥ ¥
Tildgniladen dnvazsuibihliifaduusanimanludmdnidimgaga naanmduuse
[ P [ o1 R g ar e R - ] [ ]
Tudaui hignadeuiimdegageganeuy dmsunesauyadidonnsanduusasimanly
' iy v v @ 8 SR £ o 3 ' ¥ =
douin lildgniladenszaraanududnnds Fwzmuldhaumsimdnmpndeuinn
[ 4:{ ' 3 s ] : o o 9 o =Y q. 9 as -
daun lhignadenldedminidimalinenssiasudunyy uazguanuuz usala -
ar 1 @ : M L} J L]
anus waas 13z 2160w vemesuuuisiadn Inaignadisiulusalszina 120

Y
33U

C——Pp O

s { <877 .
(o2 15 50 75 100
weiduannudidalniiia
(m (v)

d. A o L 3
31U 2.16 vemesmilsniwuuia

2.3 NYUHUATHANMIIAIVAN

i]aqﬁumsmuqus:um’:’mﬂ?;auumﬂas"lﬂﬁms:uﬁmmmzns:uﬂaﬁu 1%ims
hdanuguuazszuuaugenlflussuuiundousemesiuedianravnanaiiie W
zupiimamineuaussiiiuaiivinsmndons uaﬂ'inn'f':sznumuqu“luﬂwﬁuﬁqﬁ
msfmuaienlvusanismuguiiinnududeudiniu snfusesuiiudeaiidnuguiines
Famsnszuumsana Wi lauidoulvdsnan1Rediisz@niamilgaqa

dmimlszanvesmsnuguannsomieenddsll  Aensaauguuuutloundy
uazmsnuguuuy ldhamhaimsauguuunileundviided Avannsavasumssuniu
AUNTZUIUMITNNTUA Taumﬁnmuﬁnaﬁas‘htxﬂsﬁgnmuf]mmzlﬂm‘{mﬂnﬁuamum

@ = ' o oY vt a °
1ﬁﬁ1ﬂ‘)ﬁflutﬂﬂuuil.‘lJfNﬂ'llﬂ'lﬂT!ﬁ.lHl'll'lfjﬂ'll{h?ﬂl'IU Ilﬂﬁ‘l,.l'ﬂlﬂﬂ ﬁﬂﬂ?i'h’ﬁl‘!fﬂﬂ'l??'ﬂﬂ‘]uﬂ'l



27

] H v
Tandanndunlsignaruguiboauuluds Tudmvesmsnuguuuy ldhandniy

" '
=t [t

annsaianssumutazsaseneunwlsignasuguezisuuu lnnamimuall

2.3.1 MIAUAN (Controller)
S Aq Vo A A9 o - ¥
'ﬁ"l'l‘l‘iUﬁ']ﬂ']'l.]ﬂuﬂ‘lﬁfﬂﬂi:UUﬂ?Uﬂifa'lj'luﬂ'liﬂﬂﬂ'lﬂ'ﬁﬂ'nJi‘]N ﬂﬂﬂlﬂﬂﬂ1'ﬂlﬂﬂ13
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AUNUISUUNIDNIEUIUMTIUUY lﬂﬂ1ﬂuﬂﬁﬂ17ﬂﬂu’ﬁuﬂQﬂﬂuﬁ:lﬂﬂﬂizff'ﬂﬁﬂ']“‘q:lf!ﬁ

1 b
Tashamnsomismnuauesnilu 4 Uszianlng q 1ddsiide

2.3.1.1 MINWANUVY ON - OFF

msauguiioiqaildlussuuaiugy fio MsnuAuLLY ON - OFF Tauil
MIUAAITNITIDIANA Mﬂmsmuqmmuffﬁﬂé' 2 ansniniu e 0 % wip 100%
weraslugaldi 2,17 dmsvanuduiugszndndaeaeidna(Manipulated Variable:MV) 1)
FryaauBuna (Process Variable V) firihvu (Set Point :SP) lasmitaimun 18l

-
19

MV= 0% ifa PV (SP

=100% 1D PV ) SP (2.48)
Controller Qutput
A
100 % 1 >
|
|
Y | A Direct acting
|
|
0% > Ly >
0
——
Deadband

3UN 2.17 HAAIMIAIUANUVY ON-OFF

H L ‘; J 1 1 = - o
1031 2.17 SmAanaANLYLINANIAINGA (Critical Value) Hna 1
wwmaiRamsn/aounlann 0 % i 100 % uazlumeasadwiudmAanainandiag
v "ol a Aan’: ° ' o 4 o
ahnhangmiiiram e wnanlaounn 100 % du 0 % dmfumsaruguuy

ar 1 : ' d' \ L) H ﬂ’l 3 J
ON-OFF sananiineuiinuemyaiamsnldsulaniuszifaanuuud (Deadband) ¥
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o 4 [ " @ d o 1 o " a
50U 9 MAANAIA Fadinumniugel (Zero eror) Auiulusiuanuuuasue A hifa

msnlasulausaediala

2.3.1.2 ﬁ’amuqmmu P (Proportional Controller)
] L
dmiunmsaugualinieInsnIuguuuY P U ANDIANAYBIAINILNY
nasumlauiudadiuTavasatumwesmidanma  drrrAanaImINANOIRNAYEIRINIY
o 3 Y r & £ 1 (4 P Z 3 o w o 1 ar
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m(t) = KP [7(£) —¢c(2)] +m(0) (2.49)
m(t)= er(t) + m(0) (2.50)
diosmuald m(r) o 11WHANARIAILGUNSE MV (Manipulated Variable)

H(t) #e Authwinen3s SP (Set Point)
o) Ao AwingnAIuRY W3e PV(Manipulated Variable)
e(t) o AAanaN
- ar W
K, 09 2ATIMITIYeIANILANIMLL P
m(0) fo aludmilusmesnvasiiniguiiio e(r) =0
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wuuiide Smsysudmsiined K, ssdiferdudeidionSoy fie meumdawain et
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Y
dmivanuduiuisenin K, uaz PB uaaslddsil Ae
PB =100/K, (2.51)
2.3.1.3 MINIVANUVY I (Integral Controller)

» ¥
NIUINTIVAVUVY I UU VNATINNUTIND m‘m‘mqmmn‘%‘ﬁn (Reset Control)

i a nvl - 3 o da e : { o -3 &
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¥ v
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4
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dmsvaumaeanavesianuguimualddsil Ae
1
mt)=— [ett)dt +m(0) 2.52)
i

Taohn T’ = Integral 130 Reset Time

2.3.14 ﬁ)ﬂ?ﬂqntlﬂﬂD (Derivative Controller)
o s g o 3 L o d’
dmiunsuInNsmunNLUY D enlavesiInIuguiuegiusaimsnlaou
»
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m(t) =T,[ )

] (2.53)

Tav T,= Derivative Time
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23.2.3 ﬁ"m’mqusmu PI (Proportional Integral Controller)
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11199910MSATVANLLY P ¥ ldinan offset Nasesnuthvue lunsdifivaiu

3 =f q’ | - - a
lﬂﬂl.l‘llil-ﬂﬂ'l'iﬂ‘]‘llf]mﬁlﬂﬂ [TUNINBUUI integral Y70 reset action AIANNIT(2.54)

1
m(e) =K e(t) +— [e(ydt +m(0) (2.54)
Tasdonauguuuy PI vudidunlsnldlivuddunmsaiuguandesms 2 dunls fie X,
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i



30

2.3.2.2 v“hmuqmmu PD ( Proportional Derivative Controller )

¥ 1 ¥ 1
fanriiaiildiunszuaumsildmsaluguuuy Pwiniy  Taendaniugy

.: a0 9 é = 9 ar
UNIMTAANTITHAIININ maaﬁmu'lﬂﬂmnmi(z.ss)
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1+ m(0) (2.55)

2.3.2.3 ﬁ".m’.mqmmu PID (Proportional Integral Derivative Controller )
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ar o i 2 . 2 ar s d’ 4;
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Taudaszaofiuy (Linear Independent waveforms) ﬁ'auﬁm‘lugﬂﬁ 2.18
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P (W) 0 44.45 88.22 131.19 173.42 215.83 | 250.15
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o w =ay a d? < a &v [l a o 1 - -
maaﬂ'l‘uﬂumu‘uu HAZA MU ITBUINUVU ﬂ]ﬂlz‘lﬂiﬂﬂﬂ 0.3-1.75 WIAUABILAT IUDINY

s T PRI e s
A0 aawalvinszuauazmasnun sy duaasluasian 4.16-4.19

4.4.1 MinaadaunUY Open loop — No lead

M3N 4.4 HANTNATBULLY Open loop — No load NAUA 40 Hz

BRM | BW) | L(A) | V(V) | PF | S(VA) | Q(VAR) | N(pm)
60 40 0.95 115 0.32 110 100 1250
80 40 1.10 133 0.30 150 140 1291
100 50 1.28 148 0.28 190 180 1302
120 60 1.46 160 0.25 230 220 1306
140 80 1.77 172 0.24 290 280 1310
160 920 1.90 180 0.25 340 330 1312
255 180 3.24 216 0.25 700 670 1319

v 4 ’
M9 4.5 HANINATOVUVY Open loop — No load H1A210 50 Hz

BRM | POW) | L&) | V") | PF | S(VA) [ Q(VAR) | Napm)
60 40 0.98 115 0.34 110 100 1365
80 40 1.00 133 0.32 140 130 1432
100 50 1.20 148 0.26 180 170 1446
120 60 1.34 160 0.29 210 200 1452
140 70 1.50 172 0.27 270 260 1455
160 80 1.67 181 0.26 300 290 1460

255 150 4.0 217 0.24 590 570 1470




M1 4.6 WANMINATDULUL Open loop — No load NN14D 60 Hz

)

BRM | P(W) | L(A) v(v) PF S(VA) | Q(VAR) N(rpm)
65 40 0.93 118 0.35 110 100 1478
80 50 1.01 134 0.34 140 130 1535
100 50 1.14 150 0.29 170 160 1555
120 60 1.27 162 0.27 210 200 1562
140 70 1.43 172 0.27 250 240 1565
160 70 1.59 183 0.25 290 280 1570
255 130 245 218 0.25 540 520 1580

4.4.2 Mmanaaeuuul Open loop — Take load
m:m?; 4.7 NaNINATDL Open loop — Take load = 0.3 N.m. ﬁm‘mﬁ 40 Hz

BRM | PB(W) | L(A) | vV PF | S(VA) [Q(VAR)| B(W) | N(rpm)
90 70 1.37 133 0.388 180 170 40.93 1222
120 80 1.47 155 0.343 230 210 42.70 1275
140 90 1.67 167 0.349 280 260 43.04 1285
160 100 1.88 177 0.317 330 310 43.24 1291
210 150 1.52 198 0.301 500 480 43.54 1300

A15197 4.8 HANINATBY Openloop — Take load = 0.9 N.m. HA1MA 40 Hz

BRM | P(W) { L&) | V¥ PF | S(VA) |Q(VAR)| P(W) | N(rpm)
110 140 213 146 0.455 310 280 112.04 | 1115
120 130 1.84 152 0.469 280 250 121.28 1207
140 130 1.79 164 0.431 290 260 125.40 1248
160 140 1.91 174 0417 330 300 127.31 1267
210 180 2.54 196 0.363 500 460 129.32 1287




M50 4.9 HANMINATOU Open loop — Take load = 1.75 N.m. #7211 40 Hz

56

BRM | BOW) | L&) | V) | PF | S(VA) |QVAR)| PW) | Nopm)
90 : - - : : : : 3
120 : - : ; i : : :
140 | 2100 | 226 | 162 | o507 | 370 | 320 | 19677 | 115
160 | 210 | 213 | 1712 | o495 | 370 | 320 | 20632 | 1232
255 | 220 | 254 | 195 | 0433 | 490 | 450 | 21268 | 1270

A5 4.10 HANINARBY Open loop — Take load = 0.3 Nun AAINA 50 Hz

BRM | W) | L) | voo | PR | sova) [QvAR)| PwW) | Nerpm)
100 | 100 1.6 144 | 0421 | 230 | 210 | @555 | 1360
120 | ‘100 | 152} 158 | o412 | 240 | 220 | 4739 | 1415
140 110 | 162 | 169 | 0389 f 270 | 250 | 4813 | 1437
160 | 110 {171 | 180 | 0359 | 310 | 200 | 4853 | 1449
255 170 | 268 | 2169 | 03 580 | 550 | 4903 | 1464

M0 4.11 HANMINAABY Open loop — Take load = 0.9 N.m.Ain 1A 50 Hz
‘ BRM | 2wy | L) | vv | PF | sva) |QVAR)Y| PW) | Nerpm)
90 : : 3 - : > . .
130 | 150 | 194 | 160 | 0477 | 310 | 270 | 13595 | 1353
140 140 | 182 | 165 | 0479 | 300 | 260 |'139.16 | 1385
160 140 f 183 |- 175 | o449 | 330-| 200 | 14238 | 1417
255 | 200 | 262 1213 | 036 | s60-) 520 | 14610 | 1454




M519N 4.12 HAMINATOL Open loop — Take load = 1.75 N.m. NN2130 50 Hz

5

BRM | B(W) | LA | Vv | PF | S(VA) |Q(VAR)| P(W) | Nerpm)
90 - : : ; : : - -
120 ; i . 3 : . . :
150 | 220 | 253 | 168 | 0527 | 420 | 360 | 21687 | 1295
160 240 2.2 173 0.526 380 320 22742 1358
255 | 250 | 264 | 211 | o425 | seo | s00 | 24132 | 1441

A5197 413 WAMINATEY OpenToop — Take load = 0.3 Nem. AA1A 60 Hz

BRM P(W) L (A) vV) PF S(VA) |Q(VAR)| P(W) | N(rpm)
920 - - | z - - - - -
120 | 110 | 155 | 155 | o453 | 240 { 210 | 5603 | 1673
140 110 15 166 | 0434 | 250 | 220 | 5761 | 1720
160 | 110 ] 148 | 176 | 0423 | 260 | 240 | ss21 | 1738
255 140 | 204 | 213 | 0332 | ‘440 | 410 | 5918 | 1767

3190 4.14 HANIINAZOV Open loop ~ Take load = 0.9 N.m. 1A 1aid 60 Hz

BRM | BOW) | L&) | VW | PF | SvA) {QvAR)| BW) | Nepm)
90 2 : 3 3 2 - : .
120 . : ) = . : i 5
150 | 180 | 208 | 168 | 0506 | 350 | 300 | 16328 | 1625
160 | 180 | 184 | 173 | os07 | 320] ~270| 16800 | 1672
255 180 | 21 21 | 042 | 440 | 400 | 17584 | 1750




M31N 4.15 HANINATDU Open loop — Take load = 1.75 N.m. N0 60 Hz

58

BRM P(W) L (A) Vi(V) PF S(VA) |Q(VAR)| P (W) | N(rpm)
90 - = . = - - . =
120 - - % - - - - -
140 . ¥ . - - - - .
190 290 223 185 0.555 410 340 277.49 1657
2535 290 2.23 210 0.498 470 410 289.38 1728
4.4.3 minaaeavuituy Close loop — No load
mnaﬁ 4.16 Wan1inAaoUClose loop— No load
fHz) | BOW) | L&) | VW | PF | S(VA) | Q(VAR) | N(pm)
40 60 1.42 159 0.268 230 220 1300
50 40 1.02 132 0.308 130 130 1400
60 50 0.98 134 0.362 130 120 1700
70 60 1.11 169 0.335 190 180 2100
80 70 1.10 177 0.35 190 180 2300
4.4.4 MmIinaaauLuLY Close loop — Take load
M3 4.17 WAMINAABY Close loop - Take load 1AM 40 Hz
T(N.m) | P(W) L(A) Vi(V) PF S(VA) | Q(VAR)| P (W) | N(rpm)
0 50 1.15 134 0.353 150 140 0 1250
0.3 80 1.44 147 0.383 210 200 41.87 1250
0.6 110 1.61 161 0.399 260 240 83.73 1250
0.9 130 1.64 164 0.439 300 270 125.60 1250
B 4 170 1.68 168 0.465 330 290 167.47 1250
210 222 180 0.467 400 350 209.33 1250




A319N 4.18 WAN1INATDY Close loop - Take load AN 50 Hz

59

T(Nm) | PCW) | L(A) | VV) | PF | S(VA) |Q(VAR)| P(W) | N(rpm)
0 70 1.28 150 | 0352 | 19 180 0 1390
0.3 90 1.41 158 0.385 220 210 46.556 1390
0.6 120 1.72 172 | 0397 | 300 270 | 93.111 | 1390
0.9 150 1.95 180 0.441 350 310 139.73 1390
1.2 200 2.08 184 | 0462 | 380 340 | 18622 | 1390
175 240 2.38 194 0.468 460 410 232.78 1390

M3 4.19 HAMINATDY Close loop - Take load HAF1IE 60 Hz

T(N.m) | W) | L) | V(V) PF | S(VA) [Q(VAR)| P(W) | N(rpm)
0 90 14 162 | 0413 | 230 210 0 1700
0.3 110 1.5 165 0.441 250 220 56.939 1700
0.6 140 1.75 177 0.468 310 270 113.877 1700
0.9 180 1.85 183 | 0496 | 340 200 | 17082 | 1700
1.2 240 207 189 | 0506 | 390 340 | 22775 | 1700
175 290 222 198 | 0525 | 440 370 | 28469 | 1700
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Quick Torque Controlled SPIM Using PID Controller Based On PLL Technique

V. Tipsuwanporn and A. Charean
Faculty of Engineering, King Mongkut's Institute of Technology
Ladkrabang, Bangkok, Thailand, Tel: (66-2)739-2406. Ext.102,
E-mail ktyjttay@kmitl.ac th

Abstract: This paper is to propose the PBRM technique by used
Phase Locked Loop(PLL) and Binary Rate Multiplier(BRM)
techniques combine together for control speed of single phase
induction motor (SPIM). By define ac signal S0Hz from the 8 bit
binary rate is generated in which Micro-controller 8031 and
transmitted to control motor speed which will be selected
Proportional plus Integral plus Derivative(PID) controller by
considering speed error form phase locked loop method to sense
and select the proper Joad. The system simulation is based on
utilizing discrete signal and Root locus technique to analyze the
stability of the system before designing. It is easy methed to
determine the result response of system. The PBRM can adjust
Circle Criterion in digital loop by considering K ratio value between
0.179 to 1.85. Another, this PBRM technique can control response
signal back to steady stage less than 1.7 second during variable load
or no load.

Keywords: PLL, PID, BRM, PWM, PBRM, SPIM, quick torque,
low ripple and digital control systems , stability and Ziegler Nichols
technique.

I. INTRODUCTION

Generally, Single phase or 3-phase induction motor control
are performed by either PWM or phase control[8]-{11]}. This
paper propose the technique of single phase motor control by
PBRM. For this PBRM technique, we are consider the BRM
technique(6],[7]. BRM signal gencration is the technique of
forming specific pulse signals. Number of pulse B can be
calculated from (1) k,, .k, ...k, k, are the binary bit of B

B=k,2" +k, 2% k2 ¥k2° (1

If 27 is the number of pulse per cycle. R is the energy of
each pulse in period T and 7, =(2” *T) is the cycle time thus,

the average power is given by (2)
BR
btk Lo n Lty TR

Since f =% » when pulse is transmitted at frequency of
i S e

e, depends on the binary bit of pulse B. In
2 22 zn-l "

order to define the average maximum power during time
period 7., it is done by manipulation of waveform
distribution by linear independent waveforms, that is
Sio S fizs each frequency are independent then
combination as in equation (3)

W. Piyarat, T. Kittisiam, P. Thepsatorn and T. Sum-im
Department of Electrical Engineering , Faculty of Engineering,
Srinakarinwirot University, Nakornnayok, Thailand, Tel: 66-37-322605,
E-mail: waksin@psm.swu.ac.th

. oo sk
e e o

when u(r) is unit step function
a isbinary (a=0,,2,...,m-1)
M is magnitude
T is pulse time

Fig 1. BRM waveform (m =8)

Consider Fig.1, Show the BRM waveform at each pattern
from f, to f,,, waveform.

II. PRINCIPLE AND THEORY

A. Structure of control system

lm
wt

I Lok
£ o)l [ ol e S
X

Fig.2 Structure of close loop control system.

S

B
Bl

To determine the system, It is divided into main parts. As
shown in Fig.2 By define approximate ac motor transfer

function[5],[7] to be the ratio of speed (@) to the stator
apply voltage (v) as

ols)_ Ky )

¥(s) 5T, +1

Define X,, is motor gain and T, is time constant of motor.

The digital control systems use phase locked loop: PLL
technique are base on control[1]-[4]. Define element G.(2)

0-7803-5938-0/00/$10.00 (c) 2000 IEEE



to be proportional plus integral plus derivative[12], K.is
ratio of control element, 7; are integral time and T, are
derivative time. So transfer function of G.(z) are

G,:K,{l-i— L +Td““"13} ®

T,(1-z7") T,
define 7, are sampling time equal @~ -nrand Fig. 2, If

Zero Order Hold(ZOH) element connect to motor with given
transfer function G,

] L2 —s1y
Gin(2)=G,, ()G ()= K,y {ﬁis_:ﬁ} (©6)
SN

Transfer function of equation(7) on Z-transform are

Ts
I—e ™

Galz)= K4 T )
z—e M

from the control system in Fig.2 it can define the transfer
function of close loop as in equation(9) By given BRM
dispatcher to be dc gain (K , ) 1015.625 mW/bit.

60)= &) __KL2Ga)

‘ (®)
Rz) 1+ KG(2)Ga(z)
. .
. rA Ty(t-z"Y| |1~ ™™
""“""{'*m-z--) 3 T ©
g T
G(z) = T3
g T T,(-s"y | 1-e ™
HK'K‘A"{“L(I-{')“ T } s

1= ™

T
Consider equation (9), given a=e ™ and x-xKK.01-q)
The characteristic equation (10) is brought to analyze the
stability by Root locus technique. By giving
Ty.Ty ,K, ,K , Rootlocus is plotted by varying 7, and
T, at different values, giving the results as shown in Fig.3.

For consider the response of close loop system in Fig.2, when
define the high amplitude gain is right, the ripple will be low
[5]and the response time in steady state to be fast.

ol o
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Fig. 3 Analyze of stability by Root locus.

B. Hardware design

The paper is the combination of the microcomputer and
Micro-controller 8031 to generate BRM as in Fig.4 and each
part function as follow.

1. Microcomputer to process and controf incoming data
and display on monitor.

2. Micro-controller 8031 generate BRM 8 bit and control
power sensor feeding to motor. :

3. Power circuit of drive circuit and amplify the output of
BRM as well as supply power to metor under required
condition.

4. Encoder function as the tachometer and fesdback signal
to control and process the data.

S HE-O0 =

Fig. 4 Hardware structure.

From Fig. 4, we are define the K_,T, T, and setting speed

value bymdumicmcomputcrlheusmdthescrﬁngspeed
value to a Micro-controller 8031. After that, It will select the
proper BRM and created the BRM waveform transmit to the
power circuit for controlled the SPIM. The encoder will
measure and return the real motor speed value to Micro-
controller 8031. then return the real speed value to a
microcomputer. then it will calculated the speed value follow
PID technique by consider the different error between real
motor speed and setting speed value follow PLL technique
[4]. The speed value result calculated will send to Micro-
controller 8031 for select the proper BRM.

C. Software design

Start from program initial, checking the key which control
motor speed, the key is processed, the BRM signal will
control power circuit and the input and output of motor speed
by PLL technique(4] as shown in Fig.5

0-7803-5938-0/00/$10.00 (c) 2000 IEEE
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Fig. 5 Flow chart of BRM moter control.

III. EXPERIMENTAL RESULTS

The results got from the PBRM technique of motor control
by testing on induction motor of 220V/3.65A, 260 W,
P.F =06 and encoder = 1024 P/R. From an open loop, we
are define X,, =17, =0677 second, 7, =0667 ms and
K4 =9141W, the values of x,,7, and T, calculated By
Ziegler Nichols technique based on ultimate method, with
K, =20,7, =0.066 secondand 7, = .02 second.

a7 2.3 : 3
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Fig.6 Relation of speed at 1410 rpm (a) No-load. (b) Load at 0.64 N.m. and
(c)Load at 1.6 N.m. 3

On speed 1410 rpm, Fig. 6(a) show the time response at no-
load. Fig. 6(b) and (c) are the time response at medium load
0.64 N.m. takes 1.35 second and maximum load 1.6 N.m.
takes 1.65 second.

IV. CONCLUSION

Motor control system by BRM technique is found that the
charmisticeqmﬁon(lﬁ)ismtoompluaullmdeuyto
study the stability. It is seen that the locus is in the circle,
shows that the system is stabilized as Fig.3 Apart from that
PBRM method lead the system to reach the stability is short
time. Such as in Fig. 6 (a)-(c). When it is loaded at 0.64 and
1.5 N.m. The time reaching stable state in only 1.35 and 1.65
seconds are very quick torque control.
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Abstract - This paper presents the methodology of Single
Phase Induction Motor (SPIM) speed cantrolling by new
Binary Rate Multipliers (BRAM) technique that gives rise
to suitable encrgy supply 1o motor at _any instan.
Knowing the voliage and current, power is caleulated
by vector space method. The result js Jfeedback 1o
Proportional - Integral (P1) controller Jor processing by
means of BRM which gives the patierns up to 256 forms.
It shows fast time response of returning to normal state,
both loading and no load , notexceed 1.5 seconds. The
superiority of this technique is that , both apparent-and
reactive power decrease while running at no load and
Jull load power factor increase up o 0.444 and 0.633
respectively. Thus, higher efficiency is achieved,

Key words : SPIM, New BRM Technique, PI Control

I. Introduction

Because of their Simplicity, Single phasc are three
phase induction motor are widely wused in industrics
compared (o DC machine. It is well known that,
controlling motor is not easy usually it is done by
PWM. But this rescarch topic.developed from the
previous reference paper [1] ie., Binary rate multiplier
(BRM) applization in controlling, and  mainly
emphasis on responsive timing due to load variation.

2. Principle and Theory
2.1 Alternative Proposal

Generally , induction motor is designed to achieve
maximum efTiciency at full load [2-4], but at no load the
problem arises | i.c., the power factor drops down, which
in turn causes energy losses. The characteristic of torque,
speed and equivalent circuit derived form “Double
revolving ficld theory™, it is seen that at no load the slip
changes slightly , in calculation of the characteristics,
such small amount need not be taken into account
because the results do not differ [3]. This paper present
is the technique of SPIM speed control by new BRM
with energy saving | decreasing reactive power by
vector space method with power factor increases. Both
no load and running load , the lagging angle must be

minimized. To delermine the power and power factor , it
is given in reference [1,5] i.e. apparent power S is a
product norms to be written in terms of the vector
representation of voltage and current.

S=HVMIH 6))

average power and reactive power are given as

‘—' T
P [ )

0=(s2-p2)2 5

Where T denotes the transpose of
The power factor is defined as the magnitude of
average power divided by apparent- power.

PFéIﬂ= l 4 (4)
S P2+Q2

When motor is running at no load , it seems to work as
loaded. 1t opcrates under the following  conditions,
small lagging angle , higher power factor » low voltage
and low current. More advantageous factor is low power
dissipation 7°R .

The slip-at tunning load is more or less the same as the
slip at full Toad. Thus total electrical input energy is
almost converted into output energy.

2.1 Principle of BRM [6-7) signal generation

BRM signal generation is the technique of forming
specific pulse signals. Number of pulse B can be

calculated form (5) &, R s S5y ko are the
binary bit of B by define m=N-1, N are amount of bit.

B=k 2" +k, 2" 4k +£2
1 1 kﬂ (5)

If 2" is the number of pulse per cycle. R is the energy
of each pulse in period T(pulse time) and Te = is the
cycle time thus, the average power is given by (6)

- F251 =
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P=_,— -.-[km:g+km_,§-}-+...k, -2‘%41:0 2mf“}.'ﬁt (6)
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Since f =F , when pulse is transmitted at frequency

depends on the binary bit of

pulse B. In order to define the average maximum power
during time period T, , it is done by manipulation of
waveform distribution by Fourier analysis waveforms,
that is new BRM modulate cach frequency in equation

(9).

2’"” 2m¢l
Bt fibite i
m 20 9’! 1-: (2aol 2u ]
K|+ Y T |sin —————e———s,
-1

fittls 2, blekh 1 b=0 o’ =l
L
[;;.;:.-m,_z;'_J
- sir = " 2 .z'w(rr,_!.m)}ﬁ. (7
27 =l .,

» .
() = Y, 2.—(1 =cos(ma))sin(m 127. /) (8)

m=l M7
Varae (1) =R (0)* V2(1) 9)
w=2%x*f (10)

when
Vprae (1) is new BRM modulate voltage.
A0 s new BRM multiplier voltage.
Fy(r) is square wave vollage.
¥ is magnitude of vollage.
K, is weightef new BRM.
[ 15 main frequency
n, is hamonic order of new BRM
waweform

Thus for example, with V= 220, Ky =1, K3=0,K; =1,K; =0

m =7 and /= 50 through equatiun(7),(8) and (9). See
the 10® new BRM waveform on fig. 1.
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Fig. 1. at 10" new BRM waveform  (a) new BRM
multiplier waveform (b) unit square waveform
and (¢) new BRM modulate waveform.

' 2.3 Control System design

T em | A ¢
KeGe@pP L0 L tpzom

Fig.2 Block diagram of close loop system
with only Tachogenerator.

Design of the control system is done by close loop as
in Fig:2. G,(z) is proportional plus integral , K, is
gain control, T, is integral time.

Hence, transfer function [8]

£y B
Gc(z)“Kc{l""ITl'z_l} (Il)

T, is sampling time << (2™ - 1) T, if we consider the
Zero Order Hold (ZOH) connected directly with plant.
Here, we assumed to be the single phase induction motor
, with mechanical constant (T, ) and a fixed gain (X, ).

Then the transfer function becomes.

l_e-T,IT’
Gp,,(z)zKp —-—'-_'ﬁ (]2)
zZ—-e

- 1252 -



Each new BRM pattern has different dc gain K,, in

this experiment, Kzequals 1o 1019.6 mW / bit. The

control and transfer function in Fig. 1 can be defined as
close loop transfer function as in equation ( 13) where:

’\.'I\.J}l-f‘l\.r[(]_’ .5_/_'___“7,}2 ~ I] x [

6(2) z -1
( =
{ -1 -
3 ,‘.',(‘K’,\.'[(_;_r;_f_g&_} T?WTJ

In equation (13), Ky denotes apparent power which

: , -7,
equals to  cquation (1), we defincx=e ““rand

K=KKL K (1-x), thus the characterietics cquation ean
r r

be writlen as equation (14}

Kis in between 0.179 1o
1.85.

(2= =)+ K+ 74702 <Al 0 1 (1)

2.4 Hardware of the system

In Fig.3 signal from lachogencrator and current
sensing are feedback to  A/D + 8 bit analog to digital
converter. TMS 320031 Micracontroller function the
duty of calculating proper K4 by vector space algorithm
method in conjunction with PI controller, seleet the
comect new BRM , transmit to gale drive circuit to the
inverter for speed controlling,

— Tacagenaraior
Converter } Teverter --@.‘:ﬁf_d =

AC Sawree
Cote Dibve } e
I Voltsge snd '
Currest Searlng
e o WL l—*
! wiroller b
. IG-'L—I'E-.] rm I &
I Cowverter L
t LBRM Aoy ]
1

Fig. 3. System block diagram.

2.5 Software design

Fig. 4 shows flow chart of the system working for

detecting error while motor is running Wy oi=Wpr ~ i,

when detecting error, if there is some data changing such
as K or T, change, the program will directly operate
“GO TO" such step accordingly. 1f no data flow in, the
calculating process will function by vector space method

in order to select the proper new BRM patterns and
transmit to inverter according to the PI for motor control,

74

Fig.4. Flow chart of the system.

3. Experimental Results

The experiment is done on 220V,50 Hz, 2.65A 260 W
4 poles motor with PF. = 0.6 at speed of 1410 rprn. At
speed 1000 rpin, the tachogenerator gives output | volt.
The tesults indicate that » by direct. control, phase
control and new BRM technique control, By new BRM
control technique we begin with T, =1.334ms and
Ky, =91.76W, K. and T, is found by Ziegler Nichols
method which cquivalent fo 30 (in_practice while we
may have o increase K. 101 or 2 to suite loading and 7
second respectively). The resulls from those (hree
methods are compared in table 1,2 and 3 respectively.
The characteristics of motor such as power consumed,

power factor, cificiency of both ne load and full load are
shown in Fig.5

Table 1. Direct control
06

T(N-m' 0 0.3 5 0.9 12 1.5 1 1328
Mipmy_ 1435 11405 w04 | 1353 175 | 1374 | Ti3ss
V(V) 220 220 220 220 220 220 220
| WA) | 276 {377 2.78 279 |70 152 2.83
Py 147 160 20 03 27 244 279
| Q(Va) | se9 S8 £S 79 2] s10 557
S(VA} 607 609 612 614 616 620 62)
__—_I'I'. 0.242 0.263 0.294 0.331 0.369 0.394 0.448
T W) 0 245 1 8.2 170010 |14 | 3158 250.1
(%4)n 0 21.78 | 4901 | €463 | 7640 8345 | 89.6s
Table 2. Phase control
T(N-m) 0 0.3 0.6 0.9 1.2 1.5 ).75
Hpm) 1 1410 179410 410 1 aie 1410 | 1410 | j410 |
V(v | 150 160 166 175 179 181 150
__I,(A[ 1.20 1.40 1.70 2.00 2.10 2.20 2.35
F(W) 65 92 128 61 200 238 13
QVar) | 168 | 204 251 31 319 20 54
S(VA) 180 224 282 350 376 398 447
PF. 936 | 0412 0455 | o480 1 o053 0397 | 0.609
PAW) 0 44.30 88.59 132.8 177.1 221.4 258.4
%)n 0 48.18 69.21 82.54 88.60 93.06 94.65

it



Table 3. new BRM technique Control

Fig. 5. Comparison of controlling characteristics by

Lead Terque (H-m)

(d) Efficiency

different methods.

T(N-m) 0 03 0.6 0.9 1.2 1.5 1.75
N(rpm) 1410 1410 1410 1410 1410 1410 1410
Vi{V) 129 153 160 170 176 181 182
1{A) 1.10 1.29 1.60 1.83 2.04 2.14 2.30
P{W) 63 89 124 150 190 23 269
Q(Var) 127 176 224 FI7] 30 309 329
S(VA) 142 197 256 311 35/ 387 425
TF. 0444 | 0452 | 0.48) | 0483 | 0529 | 0602 | 0.633
P W) 0 4430 | 8839 | 1328 | 1701 | 2214 | 2584
(%) [ 4978 | 7144 | 8859 | 9326 | 9506 | 96.06
m
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For Fig.6, shows the current and voltage wave form
under the energy saving condition , i.e. suitable power

consumption must be fulfilled for both running load ang
no load.

(c) 1.2 Num load

(d) 1.75 N.m load

Fig.0. Voltage(top) and Current (bottom) waveform.
(ch.1:5V/div, c¢h.2:100mV/A)
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(b) Full load 1.75 N.m at speed 1380 rpm
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(c) Full load 1.75 N.m at speed 1400 rpm

Fig.7. Time response at different loads.

For Fig.7, (a) shows time response at no load, speed
bétween 1350-1410 rpm not exceed 2.2 seconds. Fig. 7
(b) and (c) are time response at full load - 1.75 N.m
reférence speed 1380 rpm , takes 1.5 seconds, reference
speed 1400 rpm, takes 1.1 seconds .

4. Conclusion

From single phase @ induction  motor testing as
shown in Fig.7 it is scan that, new BRM controlling
gives rises to fast response of retuming to normal
state less than 1.5 seccond at  maximum load
(reference speed 1380 rpm), apart from that power
factor can also be incrcased and feed the proper
power to motor under control. Consequently, reactive
power decreases. This technique can ~ be extended to
utilizes in controlling 3-phasc induction motors,
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Tusunsudaui 1
;***************************************************
; COMMUNICATE BETWEEN COMPUTER AND MCS-51

; ANUCHIT CHAREAN

: KMITL
;***************************************************
PORT A EQU OF800H

PORT B EQU 0F801H

PORT C  EQU OF802H

CIRL P EQU O0F803H

PORTA EQU OFCOOH
PORTB EQU OFCOIH
PORTC EQU 0FCO2H
CTRLP EQU  OFCO3H

« 3% % o 3 ok 3 o ok ok ok sk ok ok ke ok ok 3k i ok ol ok ok ok sk ok ok ok gk ok ke sk Sk ok ke ok ok ok ke ok ok
|

g o3
STACK: DS -~ 20

ORG  0000H
DELAYTIME: MOV -« R7#0FEH
DELAYTIME2: MOV R6,#0FEH

DINZ R6,$

DINZ R7,DELAYTIME2
DELAYTIME3: MOV R7#0FEH
DELAYTIME4: MOV R6,#0FEH

DINZ R6,$

DINZ R7,DELAYTIME4



« 3¢ 2 e b 2 e ke 3 ok Sk 3k 3k 3k ok e 3k ok sk ok sk ok ok ok 3k ok 3 ok ok ok ok ok ok ok ok ok ok 3K ok ko
’

START: MOV DPTR#CTRL P :SET INPUT PORT
MOV  A#9BH
MOVX @DPTR,A
MOV DPTR#CTRLP :SET OUTPUT PORT
MOV A #80H
MOVX @DPTR,A
MOV  SCON,#50H :SET SERIAL PORT
MOV TMOD,#20H
MOV  TH1#0FDH
SETB TR1
MOV P1#00H

+ % e e 2k 3 Sk e ok S ok sk ok ok Sk ok sk ke ok ok e e e ke ke ke ke ke sk ok ke sk kol k kol ok ok k-
»

BEGIN: ~ MOV RS5#00H
MOV DPTR#PORTB
MOV = AR5
MOVX. @DPTR,A

» 3k 3 ok ok o 3 ok o ofe el e ke Sk ok ke ok ke skl ok e ki ok o ok Rk ok KO ke ok ok ok Ok ok
?

FIRST: ACALL DATA ;MAIN PROGRAM CLOSE LOOP
JNB - RLFIRST

SECOND: ACALL RECV

THIRD: ACALL DATA
LIMP SECOND

+ 3 3k e e 2k 3 ok e S ok e ok b e e 3 ok ok ok ok e ok ok ek ok ok ok ok ok ok ok ok ok ok ok ok okok
’

DELAY: MOV R7#01H
DELAY?2: MOV  R6,#0FFH
DINZ Ré6,$
DINZ R7,DELAY2
RET

79



ok e sk s ok o ok ke ok ke ok ok ok ok sk ok ook s ok sk ok ook sk ok ok ok sk Kok koK ROk oK
]

;RECEIVE DATA FROM COM

« 3 3k 3k 3 sk ok ok ok ke ok ke ok ok 2k ke ok 2k ok Sk i ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok k ok
’

RECV:

SHOW:

JNB RIS :RECEIVE BRM FROM COM
MOV  A,SBUF
MOV PLA
MOV RS5A
MOV DPTR,#PORTB
MOV AR5
MOVX @DPTRA
CLR RI
RET

« 3 3 ke 3k 3k sk ke sk ok 3k e ok sk sk ok ok ook ok ke sk ok ok ok ok sk sk ok ol ok ok ok ok sk Ok koK KK
bl

;SEND DATA TO COM BY DELAY

« 2k ok o ok o ke ok ke ok ook sk ok Kk ok ek ok e ok ok ke ok 3 sk 33k ok sk ok ok kR ok ok
]

DATA:

MOV DPTR#PORT B :RECEIVE DATA FROM ADC/0804
MOVX A@DPTR

« 3 ok o e ok o ke ok o ok o ke ok ok ok e ok okl ok e ok ok ok ok ok ok sk ok ok e ok ok ok ok ok ok ko
’

HTOA:

MOV  R4,A ;CHANGE DATA TO ASCII CODE
SWAP A
LCALL HTOAS
MOV RLA ;FIRST BYTE
MOV AR4
LCALL HTOAS
MOV R2A ;SECOND BYTE

« 3% 3k 3 3 e 3k ok sk vk ok 3k Sk ok ok ok sk Sk 3k Sk ok ok ke ke ok ok ke ke ok ok ok ok ok ok Ok ok ok ok okok ok
’

SEND:

MOV ARI :SEND DATA FROM 0804 TO COM
CLR TI
MOV SBUF,A
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JNB TL$

CLR TI

MOV AR2
MOV SBUF,A
JNB TIL$

RET

« 3 3 3 e e e e o ok ok sk ok de ke ke ke ke ok ke ok ke sk ke ok ok sk Sk e ok ok e ok ok ok ok ok ok
’

HTOAS:

ANL A,#OFH
MOV ROA
MOV  A#Q9H -
CLR JL
SUBB ARO
I/ HTOAS!
MOV  ARO
ORL A#30H
RET

HTOASI: MOV. ARO

END

I ¢
SUBB A #09H
ORL A,#40H
RET

; CHANGE DATA TO ASCII
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Tsunsuaun 2
;******************************************************
; BRM SIGNAL CREATION( BINARY RATE MULTIPIER )
: ANUCHIT CHAREAN
- KMITL
;*****************************************************
ORG 0000H
LCALL DELAY
LIMP START
;********* e 3 3k ok ok 3k sk ok sk kool sk sk e ok ok ok ok
START: MOV~ APl
MOV - R2,A

« 3% 3 ok S ok e 3k ok ok Sk e ok 3k ok sk sk ok ok ok ok ok ok fe ok ke sk
¥

:BINARY RATE
;*********************t*****
BRM: MOV  AR2
MOV - RO,#0FFH
MOV RLA
MOV DPTR#TABLE
LOOP: CLR A
MOVC A,@A+DPTR
ANL ARl
INC DPTR
JNZ ONE
ZERO: CLR P37
LCALL DELAY
DINZ RO,LOOP
LIMP START
ONE: SETB P3.7
LCALL DELAY
DINZ RO,LOOP
LIMP START



- 3% % 3 3k sk 3k sk ok 2k ok ok ok ke e sk Sk ok ok 3k ok 3k ok ok ok ok ok ok ok ok ok ok
’

DELAY: MOV  R6,#02H

DELAYl: MOV R7#60H
DINZ R7$
DINZ R6,DELAYI
RET

SRR R RS EEEEREEEEERRRRR R

TABLE: DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,08H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,04H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,08H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,02H
DB 80H,40H,80H,20H,80H,40H,80H, 10H
DB 80H,40H,80H,20H,80H,40H,80H,08H
DB 80H,40H,80H,20H,80H,40H,80H, 10H
DB 80H,40H,80H,20H,80H,40H,80H,04H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,08H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,01H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,08H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,04H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,08H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,02H
DB 80H,40H,80H,20H,80H,40H,80H,10H



DB 80H,40H,80H,20H,80H,40H,80H,08H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,04H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,08H
DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H
END
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* SPEED COMTROL OF A SINGLE PHASE INDUCTION MOTOR BY VISUAL BASIC
¢ ANUCHIT CHAREAN
* KMITL
& sk ke s ok ke o 3 o o ok ok ok ok ok ok ke kol ko ok ok sk ke o s sk ok ok ok ok ok 3 ok 3k 3k ok ok ok K K i ok 3k ok e sk sk ok ok ok 3k o oK o k3 3k ok 3k ok 3k ok ok ok ok ok ok ok
Public KP As Single
Public KI As Single
Public PO As Single
Public DT As Single
Public DE As Single
Public DV As Single
Public DSP As Single
Public SUM As Single
Public PI As Single
Public START As Single
Public SPEED As Integer
Public OLDSPEED As Integer
Public DIFFSPEED As Integer
Public INC As Integer
Public DEC As Integer
Public RANGE As Integer
Public Dmax As Integer
Public Dmin As Integer
Public N As Integer
Public BACK As Integer
Public Diff As Integer
Public BRM As Integer
Public ERROR As Integer
Public NUMBER As Integer
Public SEND As Integer
Public OVER As Integer



Public QUAD As Integer
Public DELAY As Integer
Public RELAY As Integer
Public ZERO As Integer

Public CONDITION As Integer
Public CODE As String

Public INDATA As String
Public DATA As String

Public NOTE As String

Private Sub Command5_Click()
Form4.Enabled = False
Form4.Hide
Form1.Show
Form1.Enabled = True

End Sub

Private Sub Form_Load()
RELAY =0
ZERO =0
End Sub

Public Sub Command1_Click()
Command4.Enabled = True
Command3.Enabled = True
Command2.Enabled = True
Command].Enabled = False
Command5.Enabled = False
Labell1.Enabled = True
Label12.Enabled = True
Label13.Enabled = True
Label14.Enabled = True

'START BOTTOM
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Labell5.Enabled = True

SPEED =0

DSP =0

SUM =0

Pi=0

OLDSPEED =0

QUAD =0

BRM =0
MSComm?2.PortOpen = True
MSComm2.Output = Chr$(QUAD)
MSComm2.PortOpen = False
MSComm]1.PortOpen = True

End Sub

Public Sub Command2 Click()
SPEED =0 'STOP BUTTOM
DSP =0
SUM =0
PI=0
BRM =0
BACK =0
QUAD =0
MSComml.Output = Chr$(BRM)
MSComm]l.PortOpen = False
CODE = Hex$(BRM)
Debug.Print "CODE BRM =" & CODE
DELAY =5
Do Until DELAY =0
DELAY =DELAY -1
Loop
MSComm2.PortOpen = True
MSComm2.Output = Chr$(QUAD)
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MSComm?2.PortOpen = False
Command]1.Enabled = True
Command2.Enabled = False
Command3.Enabled = False
Command4.Enabled = False
Command5.Enabled = True
Timerl.Enabled = False
Timer2.Enabled = False
Timer3.Enabled = False
Labell1.Enabled = False
Labell2.Enabled = False
Labell3.Enabled = False
Label14.Enabled = False
Label15.Enabled = False
Labelll.Caption = 0
Label12.Caption =0
Label13.Caption = BRM
Labell4.Caption = 0
Label15.Caption=0

End Sub

Public Sub Command3_Click()
NOTE = "INPUT DATA"
If Textl.Text ="" Then
NOTE = NOTE & " ,SPEED "
End If
If Text2. Text ="" Then
NOTE = NOTE & " ,Dmax "
End If
If Text3.Text ="" Then
NOTE =NOTE & " ,Dmin "
End If
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If Text4.Text = "" Then
NOTE=NOTE&" KP"
End If
If Text5.Text ="" Then
NOTE=NOTE & " KI"
End If
If Text6.Text ="" Then
NOTE=NOTE&" PO "
End If
If Textl, Text="" Or Text2,Text=""Or _
Text3.Text = "" Or Textd.Text ="" Or
Text5.Text ="" Or Text6.Text = "" Then
MsgBox NOTE, vbOKOnly, " Data Constant "
End If
If Textl.Text <> "* And Text2.Text<>"" And
Text3.Text < "" And Textd. Text <> "" And _
Text5. Text < "" And Text6.Text <> "" Then

€ o ke s ok e e e ol e sk e e sk e ok Sk ok ok ke o el ok ok ok ok sl ok e o ok ke o ok ok ok ok ok kel ok R kR e ok

~ If SPEED > OLDSPEED Then
e ke ok e sk sk ok ke ok 3 2k ok ok e ok o ok ok ke ok i sk o ok e ok S sk ke 3k ok 3ol o ok o ok ok o ol ke ok o ok ok ok ok ok
DIFFSPEED = SPEED - OLDSPEED
INC = DIFFSPEED \ 100
RANGE = (INC * 0.2)\ 1
BRM = BRM + (RANGE + 0.1)
If BRM > 255 Then
BRM = 255
End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.2)
If BRM > 255 Then
BRM = 255



End If
MSComm1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.3)
If BRM > 255 Then

BRM = 255
End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.4)
If BRM > 255 Then

BRM = 255
End If
MSCommi1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.5)
If BRM > 255 Then

BRM = 255
End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.6)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.7)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.8)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr§(BRM)
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¢ *******t*t**#*Il************t*#t*******ttt**l#it*!******t#**#**t****

Elself SPEED < OLDSPEED And SPEED <> 0 Then
B o
DIFFSPEED = OLDSPEED - SPEED
DEC = DIFFSPEED \ 100
RANGE =DEC\ 8
BRM = BRM - (RANGE * 0.2)
If BRM < 0 Then
BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM =BRM - (RANGE * 0.3)
L If BRM < 0 Then
BRM =0
End If
MSComm1.Output = Chr$(BRM)

BRM = BRM - (RANGE * 0.4)
If BRM <0 Then

BRM =0
End If
MSComml.Output = Chr$(BRM)
BRM =BRM - (RANGE * 0.5)
If BRM < 0 Then

BRM =0
End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.6)
If BRM < 0 Then

BRM =0
End If



P

MSComm]1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.7)
If BRM < 0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.8)
If BRM < 0 Then

BRM =0
End If
MSComml.Output = Chr$(BRM)

BRM = BRM - (RANGE * 0.9)
If BRM < 0 Then
BRM =0
End If
MSComm1.Output = Chr$(BRM)

€3k ok ok e ok ok ok e ok ok o 3 2 ok ok ok ok o ol ke o e e ok ik ok sk s ol 3 e sl ol ook ke ok sk Sk ok e s o s o ok ok ok ok o RO ok

Elself SPEED =0 Then
€ ook ok ke ok ke ok ok ok ok o ok ke Sk o ok ol ok Ok ok ok ke ol ok ok e ok ok ok o o ok 3 o ok 3 ok sk o ol e ke o o sl o ok ok o ok ok ok ok ok ok
SUM =0
PI'=0
DE=0
BRM =0
MSComm!.Output = Chr$(BRM)
End If
End If
OLDSPEED = SPEED
Timer2.Enabled = True
End If
End If



End If

End Sub

Private Sub Command4 _Click()
NbTE ="INPUT DATA"
If Textl.Text ="" Then
NOTE = NOTE & " ,SPEED "
End If
If Text2.Text="" Then
NOTE =NOTE & " ,Dmax "
End If
If Text3.Text=""Then
NOTE =NOTE & " ,.Dmin"
End If
If Text4.Text = "" Then
NOTE=NOTE & " KP"
End If
If Text5.Text ="" Then
NOTE=NOTE& " KI"
End If
If Text6.Text ="" Then
NOTE =NOTE & " 'PO™"
End If

ke ot ke o ok e ok b ok ke o ok o ok e ok ok o ok ke ok ok ke ok ok ke ok ok ok ok ok ok e e ok e e ok o ke o i ok ok ok ok ok ok ok 3k s ok o ok ok

If Textl.Text = "" Or Text2.Text ="" Or _
Text3.Text ="" Or Text4.Text ="" Or _
Text5.Text = "" Or Text6.Text = "" Then
MsgBox NOTE, vbOKOnly, " Data Constant "

End If

s b e s S e ke ke e ok ok ok e ok ok ok ok e ok ok ok e ok e o o s sk ok sk ok ok ok ok o o o o ok 3k ok ok ok ok ok ok ok ok ok ok ok



94

If Textl.Text < "" And Text2.Text <> "" And _
Text3.Text <> "" And Text4.Text < "" And _
Text5.Text < "" And Text6.Text <> "" Then

MSComm1.PortOpen = False
MSComm?2.PortOpen = True
MSComm?2.Output = Chr$(QUAD)
MSComm?2.PortOpen = False

MSComm1.PortOpen = True

SPEED = Val(Textl.Text)
Dmax = Val(Text2.Text)
Dmin = Val(Text3.Text)
KP = Val(Text4.Text)
KI = Val(Text5.Text)
PO = Val(Text6.Text)
© o e ok ok o ok e e ok e Sk ok e sl ke ol ok e okl s ok ol e ok o ok ok ok o o ok ke o ok ke ok ok o ok ok ok ok ok ke ok ke ok ol o ok e ok e ok ok
If Dmax = Dmin Then
MsgBox "Dmax equal Dmin", vbOKOnly, "Distance Speed Error"
End If
If Dmin > Dmax Then
MsgBox “Warning! Dmin more than Dmax", vbOKOnly, "Distance Speed Error"
End If
If Val(Textl.Text) > 2500 Then
MsgBox "Error Data Speed Which Yor want", vbOKOnly, "Speed Error"
End If

© 3 o ke o ok o o ok ke sk ok s ok ke sl okl ok ok ol sk ok e ok ofe ok o sk ok ke ok ok ok sk ok ke ok ok e ok ok o ok ok ok ke ok ke o ok ok ok ok ok ok ok ok ok

If Textl.Text <> "" And Text2.Text <>"" And _
Text3.Text < "" And Text4.Text < "" And _
Text5.Text < "" And Text6.Text < "" And _
SPEED <= 2500 And SPEED >= 0 And _



KP <> 0 And KI <> 0 And Dmax > Dmin Then
Timer2.Enabled = False
NUMBER = 0
N=0
If OLDSPEED = 0 Then
START = ((SPEED / 2500) * 255)
START =START *0.3
SEND = (START *0.3)\ 1
BRM = SEND
MSComm]1.Output = Chr$(BRM)
SEND = (START * 0.4)\ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START * 0.5)\ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START * 0.6) \ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START *0.7)\ 1
BRM =SEND
MSComm1.Output = Chr$(BRM)
SEND = (START *0.8)\ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START *0.9)\ 1
BRM = SEND
MSComm]1.Output = Chr$(BRM)
End If

e o e o ke e ok o o ok e ok e ok ok ok ok ol ol ke o ok ke s ol e ok ok ke sk ok o ok ok ok ok ok ok sk ok ok e ok ok o ok ok ok ok ok

If OLDSPEED <> 0 Then

€ she e o ok obe ok s o ke ke e S o Sk ok ek ok ok ok ok ok ok ke e ok sk ok ke ke ke e o ok sk sk s e o o sk sk ok sk ok ke ke ok ok okok

95



DIFFSPEED = SPEED - OLDSPEED
INC = DIFFSPEED \ 100
RANGE =(INC *0.2)\ 1
BRM = BRM + (RANGE + 0.1)
If BRM > 255 Then
BRM = 255
End If
MSComm1.Output = Chr$(BRM)

BRM = BRM + (RANGE + 0.2)
If BRM > 255 Then

BRM = 255
End If
MSComm].Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.3)
If BRM > 255 Then

BRM = 255
End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.4)
If BRM > 255 Then

BRM = 255
End If
MSComm].Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.5)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.6)
If BRM > 255 Then

BRM = 255
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End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.7)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr$(BRM)

BRM = BRM + (RANGE +0.8)
If BRM > 255 Then
BRM =255
End If
MSComm1.Output = Chr§(BRM)

& !t#*****l****!l*****t*****t#*#*i**##**tt‘#**‘***t#ﬁ*ttiti***titi*

Elself SPEED < OLDSPEED And SPEED <> 0 Then
© AR KRR AR R KOO R R R R R R R R
DIFFSPEED = OLDSPEED - SPEED
DEC = DIFFSPEED \ 100
RANGE =DEC\ 8
BRM = BRM -~ (RANGE * 0,2)
If BRM < 0 Then
BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.3)
If BRM < 0 Then
BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.4)
If BRM < 0 Then
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BRM =0
End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.5)
If BRM < 0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)

BRM = BRM - (RANGE * 0.6)
If BRM <0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.7)
If BRM <0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.8)
If BRM <0 Then

BRM =0
End If
MSComml.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.9)
If BRM < 0 Then

BRM =0
End If
MSComm]1.Output = Chr$(BRM)

© o 3 o kol o ok ok o ok ok ok ok ok ke ke ke o sk sk ok ok o o ok ok ok ok ok ok ok ok ke ok K ok ok ok ok ok ok ok o ok ok sk ok

Elself SPEED = 0 Then



‘ *Ik****#t*******Ii*#***#*******************t***#******
SUM =0
PI=0
DE =0
BRM =0
MSComm1.Output = Chr$(BRM)
End If
End If
OLDSPEED = SPEED
Timer2.Enabled = True
End If
End If
End Sub

Public Sub Timerl_Timer()
MSComm]l.PortOpen = False
MSComm?2.PortOpen = True
MSComm?2.Output = Chr$(CONDITION)
MSComm?2.PortOpen = False
DELAY =35
Do Until DELAY =0
DELAY = DELAY -1
Loop
CONDITION = 130
MSComm2.PortOpen = True
MSComm?2.Output = Chr$(CONDITION)
MSComm2.PortOpen = False
MSComm1.PortOpen = True
Do Until BACK <= 300
INDATA = MSComm1.Input
DATA ="&H" + INDATA
DSP = Val(DATA)



BACK = (DSP * 2500) / 255
Loop
MSComm]1.PortOpen = False
CONDITION = 128
MSComm?2.PortOpen = True
MSCommz2.Output = Chr$(CONDITION)
MSComm?2.PortOpen = False

DELAY =3
Do Until DELAY =0

DELAY =DELAY - |
Loop
MSComm?2.PortOpen = True
MSComm?2.Output = Chr$(QUAD)
MSComm2.PortOpen = False

¢ #****‘#t#*t!**##*t#****l*#**#t#***ttt*l****i!*i#*

* START RUNNING
© AR KRR R R ok R S K KR
MSComm1.PortOpen = True
SUM =0
DE=0
PI=0
BRM =0
OLDSPEED =0
NOTE = "INPUT DATA"
If Textl.Text = "" Then
NOTE = NOTE & " ,SPEED "
End If
If Text2.Text = "" Then
NOTE = NOTE & " ,Dmax "
End If
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If Text3.Text = "" Then
NOTE = NOTE & " ,Dmin "

End If

If Text4.Text = "" Then
NOTE=NOTE&" KP"

End If

If Text5.Text = "" Then
NOTE=NOTE &" KI"

End If

If Text6.Text="" Then
NOTE = NOTE & " ,PO "

End If

‘****t#*t#t***#***#*#t*t*ﬂt‘#‘#**t#‘iti.***‘###t***#*

If Textl.Text ="" Or Text2.Text="" Or 14
Text3.Text="" Or Text4.Text = "" Or _
Text5.Text=""Or Text6.Text = "" Then
MsgBox NOTE, vbOKOnly, " DATA CONSTANT "

End If
SPEED = Val(Text1.Text)

Dmax = Val(Text2.Text)
Dmin = Val(Text3.Text)
KP = Val(Text4.Text)
KI = Val(Text5.Text)

PO = Val(Text6.Text)

"t*tit****l***it#i#******#!**t**t***t#*-*tt***t*****

If Dmax = Dmin Then

MsgBox "Dmax equal Dmin", vbOKOnly, "Distance Speed Error”

End If

If Dmin > Dmax Then

101

MsgBox "Warning! Dmin more than Dmax", vbOKOnly, "Distance Speed Error"

End If
If Val(Text1.Text) > 2500 Then



MsgBox "Error Data Speed Which Yor want", vbOKOnly, "Speed Error"

End If
¢ t*#********t***#*t***lﬂ*****ﬂl**lt***#tt*l*#***t***#t***

If Textl.Text <> "" And Text2.Text <> "" And =

Text3.Text <> "" And Text4.Text <> "" And _

Text5.Text <> "" And Dmax > Dmin And _

SPEED <= 2500 And SPEED >=0 And _

KP <> 0 And KI <> 0 And Text6.Text <> "" Then

START = ((SPEED / 2500) * 255)
START =START *0.3

SEND = (START *0.3)\ 1

BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND =(START * 0.4)\ 1

BRM = SEND
MSCommi.Output = Chr$(BRM)
SEND = (START *0.5)\ 1

BRM = SEND
MSComm]1.Output = Chr§(BRM)
SEND = (START *0.6) \ 1

BRM = SEND
MSComml.Output = Chr${BRM)
SEND =(START *0.7)\ 1

BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START *0.8)\ 1

BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START *0.9)\ 1

BRM = SEND
MSComm]1.Output = Chr$(BRM)

End If
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Timer2.Enabled = True
Timer1.Enabled = False
End Sub

Private Sub Timer2 Timer() |

e o ke o ok ke ok e o ke ok ok sk sk ke sk ok e ok ke e sk ke ke ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok

* SEND BRM GO TO MCS-51
CRRR R R Rk R AR K R
ERROR: IfN >= 10 Then
BRM = OVER
End If
MSComm1.Output = Chr$(BRM)
NUMBER =0
Label13.Caption = BRM
CODE = Hex$(BRM)
Debug.Print "CODE BRM =" & CODE

€0 3 o ke e s o ol ke e ke e ok ok ol s ol ok ol ke o o s ok o ok ok sl ok o ok ok ok ok ok ok ok ok ok o o o ok sk ok ok ok

* RECEIVE DATA
& 3 s ke o sk s ok ok e oK o ok sk e o ok ok ok ok 3k 3k S sk ok 3 ke ok ol ok ok Bl o e s ok ok ok o ek koo
MSComml.InBufferCount = 0
Do
NUMBER = NUMBER + |
Loop Until MSComm1.InBufferCount >= 2 Or NUMBER >= 300
If NUMBER >= 300 Then
GoTo ERROR
End If
INDATA = MSComm].Input
DATA = "&h" + INDATA
DSP = Val(DATA)
Labell1.Caption = DSP



‘*******t*#*****#t*#**t*****t******#t*t****

BACK = (DSP * 2500) / 255
Label12.Caption = BACK
© AR AR KKK KKK KRR Rk ok
If SPEED >= 2480 Then
If DSP = 255 Then
N=N+1
End If
End If
If N > 100 Then
N=15
End If

€ ok ok s e o e ok o ok koo ok ok ok o6 e ok ok ok o ok ok ok s ok ok ok ook ok ok ok

* CALCULATE PI
© ke e o o o Sk ok S sk ok ok o ok 3k ok oK ok 3k e sk o ok o ok ok K K ok ok ok
If Dmax > Dmin And Dmax <> Dmin And _
SPEED <= 2500 And SPEED >=0 And _
KP <> 0 And KI <> 0 Then
Diff = Dmax - Dmin
DV = (DSP * 2500) / 255
DE =(SPEED - DV) / Diff
PO=0
SUM =SUM + DE
Label14.Caption = SUM

PI=(KP * DE) + (KP * KI * SUM) + PO

If DIFFSPEED > 1200 Then
If P <0 Then
SUM=0

End If
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End If
Label15.Caption = PI
End If
* **t**1l*tt*t#******#t**!*U‘t**ttttiﬂ****‘tttiiiittt
If (PI >= 0 And PI <= 255) Then
. BRM =PI\ 1
End If
If (PI > 255) Then
BRM = 255
End If
If (P1 <0) Then
BRM =0
End If
© SRR AR AR R A
If N=5 Then
OVER = BRM
End If
End Sub

Public Sub HScrolll_Change()
Textl.Text = Format(HScroll1.Value, "#i###")
End Sub

~ Public Sub Text]_Change()
If Val(Text1.Text) > 2500 Then
MsgBox "Error Data Speed Which You Want", vbOKOnly, "Speed Error"
Else
HScrolll.Value = Val(Text1.Text)
End If
End Sub
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