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POWER LOSS MINIMIZATION/INDUCTION MOTOR/GENETIC ALGORITHM

Energy conservation is an important issue for industrial sectors. Most industrial sectors
utilize three-phase induction motors of various sizes and ratings. Therefore, an attempt to
conserve or to save energy consumed by the motors will benefit the sectors and our society as a
whole. Reported by this thesis, the energy saving scheme employs optimum frequency and
voltage excitation to achieve the motor operation at the minimum power loss. The optimum
excitation is obtained offline according to the motor model of which parameters are searched
from the observed motor characteristics. The search method used is the genetic algorithm. The
developed drive forms a closed-loop control system that contains a rule-based controller. Testing
of the developed drive is limited to half rated load. The test results indicate that the motor input
energy can be saved in the range of 3-61 percents corresponding to percent loads. Furthermore,

the proposed energy saving controller helps to increase the power factor to approximately 0.8.
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NNUUTUINIHNAV 1A WD UMTINTUHINANNITUBIIUIUANDANDT NULLDIAUIN
v

11 a5 eaziBeavesndanmsaana gy 1 lunianuan n.

2.3 J993aNYaveINRINDS il M a

ﬂﬁ 2.5 ’Nfusmluammmmaimummmmwa

D.

[ 1 a Jd =\ [ dy
i]”lﬂ’Ni]iﬁiJiquaﬂﬂgﬂ‘V] 2.5 MWITIUNDITANC ummwmamm‘lﬂu

d’a LI | [ =S a =
o, = anudmayuvewrasnie Mihnszuaady asfeuauni)
[ @ @ 4 =]
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o ~ 1 S R A Y o o a A o 3
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71 2.6 Mmalszunaesauyavesuamesimilenitaula

@ A 1 a A 4 A
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R,+R,/s)+ jX,+X,) (2-1)

X, = 2WfL,

= 2TfL,
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9
NTIEALUUVIAYDINTEUE T, UAWNINY

\%
| = : - (2-2)
J®R, +R, /s +(X, +X))
e uammasnugydeNwoeI1N9 (air-gap power loss) 92 18
R, 5 R,/s
P, =1, =V . ; (2-3)
s (R, +R,/s) +(X,+X,)
ienswmsdugydenvesomees laasidnugapdenlsmesaci
Pree = sPyg (2-4)
ammdsnuindsunamdsnume ihidlusdanuna @) fvaaldnn
Poony = (178) Py (2-5)

o w =

A a A = =
Lll’E]llllﬂﬂﬂ”IaQ\‘111!ﬁﬂllﬁﬂluﬂQ%Tﬂlliﬂlﬁﬂﬂ‘ﬂ?‘uuagﬂ’nj\lPjﬂ P
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STRAY
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(POUT) 1ﬂﬂ1ﬂ Pour = Peowv
[ Y] 4 1 A o ' o w 4 [V 1
ﬂ1ﬂ‘ﬂ')’liJﬁﬂJWH‘ﬁigﬁQW\uﬁQUﬂﬂUﬂWﬂ1@1\3\11”L@1ﬂ1’!ﬂ@\1ﬁﬂﬂ13ﬁ (2-6) %zllﬁﬁumﬁ"um
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A
(o
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UNUAT P, 112 @, 1INANMTN (2-5) tazaumsh 2-7) luagumsh 2-6) a'ld

2

Peony (1-s) Pyg A% R./s

T =

(2-8)

o, (1-s)o, o, R, +R,/5)°+X, +X,)’
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A
INFUNIN (2-7)
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3 A o = a =
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1 a 4 4 ~ ) ) ~ Aa o Aa R Av A
MIMIAWNNUABITVOIWaMIMlenheumladsvuuandanaTnuluanideIme
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VUUANDANOITNN  LALMIITHIAINITINNDT A28 UUAND NI NN TAeN15 1% MATLAB
Toolbox (Chipperfield, Fleming and Pohlheim, 1994)
d d’ ) d’ s Y o (Y] v a d
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s A o A o 9 ] 1 a 7Y
msnadovyemesienieula oihdoyallldlumsmamnsiimesaae
2
Juuandanesnuluanuiteineidnusi wnaaeurInnuduiussznIussdany
] 4 A Aa ' ' a o < A
ANVITIVOIWBINDT 1IONTENIT NTINILHINTATANDANNSE (torque-speed curve) 11199
Jdo @ d a o a ! o 1
nnluilsdduiaglszasdvesduuandaneiinldldaunmsn (2-8) Tumsdmuainim
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A ) 4

f=50; %frequency (Hz) manudnteuliuewes

Ns=(120*1)/P; %Synchronous speed (rpm) //mmﬁafﬁ KRR
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rs=rl; THuomes
r=r2;
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M 5 Famsweu llsunsumpaarugumsiinuluuaas Tnuaduiluedgandaey

~ 9 s A a o o A
Llﬂﬂ!ﬂiﬁ(address)'ﬂUiii]‘“U’03;11ﬂ51]i’]\1Wi’]3@]LﬂiﬂﬂWNW%QLLﬁﬂQﬂQ@TiNW 4.6
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: oalase
J A a 4
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naudyaaveya | naudyanaanuy | nqudyananlugy
LPT1 0x0378 0x0379 0x037a

LPT2 0x0278 0x0279 0x027a
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A o [ o dy @ dy 9 d‘ %
Tdsunsump@dmivarvaumsiinululuuail erdeniugiuaudrlamerny
1 ) % % 4 I~ Y] y o
lod LTC1298 N'l&inaue 3 luade 4.3.1 Faldsunsunmd@nlddlusail (m3rinnun

TaTsunsumm@asquaugd 4.5 uazarseh 4.7 dszneuiioheasmsinnudile)

/T5UnsUAEN C FIMIIILUDI A/D converter

/Maw noawa 013508 au3xiranssu i, wnInndumaluladgsuis, 25 5.0. 44
#include <dos.h>

#include <stdio.h> -M3fmua lWdaurii(Header file)

#include <conio.h>

#define LPT 0x378 :MINHUAAT LPT 110U 0x378
void a_inport(int s_mode,int s_datal2[4]); ;ﬂizﬂ”lﬂ Handu a_inport TSISTREYY
//'s. mode 0=CHOG 1=CH1G 2=CHO01 3=CH10 / MIAIA NAL

void a_inport(int s mode,int s_datal2[4])
{
. .. o Y., . I o
int i,j,data,data_t; ;m‘nu@“lw 1, j, data LIQg data_t 19 ua
a o <]
uﬂwuﬂmmumu
outportb(LPT+0, 0xff); / CS =1 ;mﬁﬁmuﬂﬁmazﬁuﬁ’uiﬂﬂﬂxmu

@

outportb(LPT+0, 0x00); // CS =0 qudgana CS  rungudyanude

yaiiadiga
o A g9 v
outportb(LPT+2,  0x0f); adumsdmueaniizisudulag
// 1111 CLK=0, D=1 Initial start dyananitnuilulain 0 waz D,

WuTadn 1 awueuglit 45 Tag

MHUARIUNQUT YA IUAIVANAIY
A
M13199 4.7
v A Y ) ~
outportb(LPT+2, 0x07); afuarusudunisiinuvesled
LTC1298

// 0111 CLK=1, D =1 Start Clock

Y
if(s_mode==0) g uduaeud msumsdivuanay



outportb(LPT+2, 0x0f);
// 1111 CLK=0, D,,=SGL=1
outportb(LPT+2, 0x07);
//0111 CLK=1, D,,=SGL=1
outportb(LPT+2, 0x0b);
// 1011 CLK=0, D,,=ODD=0
outportb(LPT+2, 0x03);
//0011 CLK=1, D, =ODD=0
¥
if(s mode==1)
{
outportb(LPT+2, 0x0f);
// 1111 CLK=0, D, =SGL~1
outportb(LPT+2, 0x07);
/10111 CLK=1, D, =SGL~1
outportb(LPT+2, 0x0f);
// 1111 CLK=0, D, =ODD=1
outportb(LPT+2, 0x07);

// 0111 CLK=1, D,,=0DD=1

outportb(LPT+2, 0x0f);
// 1111 CLK=0, D, =MSBF=1
outportb(LPT+2, 0x07);

// 0111 CLK=1, D,,=MSBF=1

for (j=0; j<4; j++)
s_datal2[j] = 0x0000;
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o Y 4 A
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//Clear Array Output

for(i=13;i>0;i--)
{
outportb(LPT+2, 0x0f);
// 1111 CLK=0, D, =1 */
outportb(LPT+2, 0x07);

// 0111 CLK=1, D, =1 */

data = inportb(LPT+1);

data t= ( data&0x40)>>6;

// bit 6 of Data

s datal2[0] =s_datal2[0] | (data_t<<(i-1));

data_t=( data&0x20)>>5 ;

// bit 5 of Data

s _datal2[1]=s_datal2[1] | (data_t<<(i-1));
data_t=( data&0x10 ) >>4 ;

// bit 4 of Data
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s datal2[2] = s_datal2[2]] (data_t<<(-1));  :ANNHIIBRSINUAVTOANNTINAU
data_t = ( data&0x08 ) >>3 ; slumsideniia 3 vesnqudanm
// bit 3 of Data anuy(s3) Fuiumssudoyaves

[

FoIdYI 3

s_datal2[3]=s_datal2[3] | (data_t<<(i-1)); ANUNINBRINUAUTDANNIIAY
15
for (j=0; j<4; j++)
s _datal2[j] =s_datal2[j] & Oxfff;
// Clear High Byte
outporth(LPT+0, 0xff); // CS =1 afumsdalifegluannznganinu
outportb(LPT+2, 0x07);
/0111 CLK=1, D =1%*/
}
4.5.2 Tnuamsuasdyanaadnoailudyanomeuzasn
msnlasdyanadtneailudyanaueuzasn IvesduanaueuzasneIdnm 2 1o
Yy Faimnededealdled AD7545 $1191 2 6 uaﬂmﬂf:mimmumiﬁNmmmTwm
i suiludedl#leddn 2 dumhasniled AD7s4s dreuiy ddleddunanielod
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MINN 4.7 nqudyauaugNGwmUIiian 0 (CoOuaziinn 1(C1) ILAIVAUMININUVDI
4 1 [ 4 1 [ o [N {
lo® 7415138 ierdonsosdyaameuzaonoIdna tazngudyyianuaudwusdei 3
(€3) gmuqumsiinuvesled 7418273 ieniuqumsasmdygualIneasuna ¥
2 A o dy @ F) o =
lo@ AD7545 Tdsunsumu@narugumsiinuluTnuaiiondeanudnlomsirnuveslod
<3| 9 w = @ 1 [~ Y dy o 9y = ~
AD7545 iludny Faldsunsuasnarudludall (mamanudnlanmdnisgaisen 4.7

szneumiadigaensiinnuiile)
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TruamMsmau/ves a111‘1’7'i17 a111‘1’7‘i16 61111'7il4 (c1) ﬁmﬁ 1 (C0) ﬁlnﬁ 2-51111'7i9 a111‘17%11 a111‘1’7‘i10 a111‘1’7‘i12 6111‘ﬁ13 6111‘ﬁ15
nosAvUIY (C3) (C2) (D0-D7) (S7) (S6) (S5) (S4) (S3)
11| 10 | o1 | 00
Tviua n. CS Output PC
Trua . CLK Load DO A2UAN CLK INT | Input PC
Trua A,
woIdeyay o 1 CLK D, 11fi 2 (DO)aEAI Input PC
yoIdnya I 2 CLK D, Audyana CS Input PC
WoIT ey 3 CLK D, Input PC
oIy Il 4 CLK D, Input PC
Trua 4.
Fodayay o 1 Latch Cs Output PC
yoadnya I 2 Latch Cs Output PC
WO 1MuA N, A9 1HUAAINDALDIANA
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(% 4 a a a ]
/ag noana 013508 aumMyasnssu i, uianeaoma TuTadgsuis, 25 5.0. 44

void a_outport(char a_ch,int datal2)

{

char ch_sel;

if (a_ch==0)
ch_sel=0x02;

else

ch_sel=0x01;

//0010 0001
outportb(LPT+0,datal2);

//Data Outport L_Byte

outportb(LPT+2,0x0b);

//H_Clk Latch L_Byte 1011

outportb(LPT+2,0x03);
//L_Clk Latch L_Byte 0011
outportb(LPT+0,datal2>>4);
//Data Outport H_Byte
outportb(LPT+2,ch_sel);

//Low Pulse CS DAC1 0010

outportb(LPT+2,0x03);

//Low Pulse D-ff 0011

d o 1
Alszmailean¥y a_outport tpliT
MIFININAY
ASmuadiutls ch sel uwxiia
oNUTY

d’ ) q/ A 1
AuFoulvdmsumsidensos

Ay e UZaDNDIANA

;Lflumsffq%’ayjaﬁfﬁmaa 12 Uaoen
nungudyanadoya Tasde 8 Oa
A1900NNDY

aumsnsmdyanaatch) 8 da
a'Nﬁdqaaﬂmaﬂtjuﬁmﬂuwm%’m@
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3 1" 9 an a ~
slumsaveyantnea 4 Uauun
devennNgudyIuToya
] 9 4

afumsdatoyauouzasnierdua
ponaNsosdyy mitaonlunou
du Tasmunudona €S dmsy
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4.5.3 TrinaAdneaduin
Aaa a I~ Y] [ Aaa a § 3

Truaadneaounalulvuaiudyanuatnon 8 da Faluuailldldled 74LS165

(Meazdvavesnanmsiinug lalumasuin a) fimihnsodeyadtneaduna 8 dauuy
vyo9 Y A J A a 4 & A v 9 aa

YU HAAVDYAVIAFHIUNDFAIATOINUNUVVOYNTY FI91NA131N 4.7 zaT03aAIAD
HUVBYNIHAINAIMIUNGU Ay IMdn Uil 7 (S7) uazngudaaIuaIun
o [ d' = Y d' [ a Y v =\ 1 U [
fumisliah 3 (C3) Budhimuaudyanannim1dnuled 74Ls165 drungudyauni

o I a A o 9 A 9 Aana di Y A qul a
ANAUAUIUAN 2 (C2) 1/11wumﬂ’mﬂumiTwaﬂmagammammmwcﬁmmz 11U UonIn

Y
= 1

inquayanudeyadadiga(Do) imrhinuaudya e Clock Inhibitvoa lod 74LS165 Tao
dd‘ 9 o dys} [ 9 o =
TdsunsumudnldarvqumsiinuluInuaiideserdonnudrlanmstrauveslod

1 Y
7418165 1iuee19a Feldsunsunudaanarnilugaas lii

/Tdsunsun1E1 C 971591911904 Digital input

(% 4 a a a ]
/ag noana 013508 aumyasnssu i, uanedoma TuTadgsuis, 25 5.0. 44

d o
int d_inport() Alsemaleansu a outport 111
J o a o <
{ ﬂmﬁvuwﬂmmumu
. . o Y I o
int i,result,dataS; ;ﬂi‘l’iuﬂﬁlﬁ 1, result Liay datal 1Wua)

a o 3
usrHATIUIUALY

outportb(LPT+0, 0xff); NI 4.7 ngudyaudoya

// Clock Inhibit=1 19 0 i]%ﬂ’f]‘]_lﬂllﬁilluqlﬂmClock Inhibit
vo4lo® 74LS165 degirwazidenla

lumawuan a.

result = 0x0000; AmuaausuAu i uE T result
outportb(LPT+2, 0x0b); aHumssmuadyauuiiniuag
// 1011 CLK=1 Load=0 dyanal Load HIUNQUAYRNMAIY

= £ o & A g
ANATNATTNN 4.7 B9 NAFIHTT U
o 9 aa a 9 ~ =
NITUVDYAAINDA 8 U@ILSUHJW]ULEJGD'

74LS165 tyyvUIY

IS

outportb(LPT+0, 0x00); AU ssiruali Clock Inhibit 1A

// Clock Inhibit =0 duladn o mewisundoudmsy

= 9 o =
PNUBUDNTIOG 1 UA

U



delay(DLY);

for(i=1;1<9;i++)
{
data8 = inportb(LPT+1);

outportb(LPT+2, 0x01);

// 1111 CLK=1 Load=1
outportb(LPT+2, 0x07);

// 0111 CLK=0 Load=1
printf("%X Data In %x\n",i,data8);
data8 = ((data8"0x80)&0x80)>>7;
//'bit 7 of Data

result = result | (data8<<(8-i));

outportb(LPT+0, 0xff);
// Clock Inhibit =1
result = result & 0xff;

return (result);

aa dJ
454 Iﬂuﬂﬂﬂﬂﬂﬁ!ﬁ]ﬂﬂﬂ

77

AMTHUIIUMNUAT DLY 9

fmua B3 ludruiveaTalsunsy

e D
Sh. oD
e

15 data8

I v q Ia & A a
;Lﬂuﬂiiﬁﬂﬁﬂﬁq\‘lfm HFINADUH 7

v
o

1 = A a A
PONUINBDU HUASUNITLIADUUANG

" 2 o
NIUVUHUUNUN

A A A '
;Lﬁl:lﬂ'lﬁlaﬂﬂ‘llﬁcﬂ 7 voNnNgq

'
13 I

AYUYIUTDIUSAIUNITNN 4.7 LAY

]
= (=}

- a4
wou'ldnisuan 7 da ooy
ArUITAA 1A

aflumsideuiindigaued datas 910

Yy 9 9 A A o o
NUNAUUINNEIY INDLTIIATNU

Do
De-

1

dlidetind Tasdaguiluini

=)
o))

A

<3| v @
ﬂyaiﬂlﬂu@u‘ﬂﬂlﬁﬂ

e
(=9

1
4TuMIsvue Clock Inhibit a1

| a A o
dluTadn 1 iengamsiianu

9

an 4 I~ o ) 1 Aan a 1 [
T‘wmmmammwmﬂuiwuﬂmimqmﬁmmmma 8 UADINNNNYUA Y IVUVDYD

an = & J A o [ F) 1 Aa =\
mﬁaa(latch)um%% 741.S245 GINL‘]JuUlf)«]fﬁmiULLﬂﬂﬂJayaizﬂQNauwmm"l’e)clmammm\m

g U

[ A dy [ o = =L S o [ '
ANRNITNNN 4.7 Tﬂﬂiﬁuﬂumﬁﬂmimimmaﬂacﬁ 74LS273 Gﬁﬂ!ﬂuia“ﬁﬁTﬁiUﬂﬂﬂWﬁﬂ]ﬂJ’]m

[ 2]
4

q

w04'l0® 7418245 (buffer) 081UHAIA (31082BIAKENNITINNIUVOI 10T 7418273 1az'lod



78

E4
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/Mag neana o13sny eI dsnisu i, vminedomaluTadgsuts, 25 5.0. 44

void d_outport(int data8) Aszmailandu d outport 1y i

{ M AIAINAL
outportb(LPT+2,0x00); //0000 ;LﬁﬂﬂﬂﬁﬁNWuGluTﬁiJﬂf:’
outportb(LPT+0,data8); dudoyaAinon 8 dnoonniangy
//Data Outport dyanudoya
outportb(LPT+2,0x03); //0011 Aamsi iy Tvuai

}
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Abstract

Genetic algorithm is a searching method based on two natural processes: selections and genetics. It is
considered as an evolutionary computation which has been proved to be a very powerful optimization
method in an artificial intelligence area of interest. There have been various researches and
applications of genetic algorithm covering in most fields of studies. This article introduces the genetic
algorithm in details including its fundamental elements and structures, procedures, properties and
advantages.

Key words : genetic algorithm, searching, optimization, artificial intelligence
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Figure 1. GA cycle.

1. MISAMABNE WU (selection)
ﬁai‘?uﬂau‘lumsﬁ'ﬂtﬁanﬂuﬂnnsﬁﬁ‘lu
5 nu"lﬂsfluﬂummﬂmawumwa‘lnnuuﬂan
warulujuda’ly
2. YUAmsmeaeWug (genetic operation)
ﬂanssmﬁmi1ﬂaau11ﬂaaiﬂﬂuhn
mmnmsnnmawuq rﬂu‘uuﬂaumminan
nmum‘lﬁmnmsﬂuwumamummﬂawwuﬁ
ma"lw"'lﬁaﬂwmunumuwauwmummnwauu

_wsa"lmnnmmﬂswuaummwaumwa'ln"lﬂan

wmumawuﬁlnumﬂw
3. A1SUNUN (replacement)
ﬁaifuwaumsﬁumqnwmufi’nﬁﬁ‘l'nu'
Tlunuilssnnamluguiou Suviaunslu
nsfin@onhiasssiegavalungylaluny
dszannumlungula
GA Iimstassiiaunnisveadeiisse

Tuszuuss sunA nanfenszuaumsnoluves
GA m'Iﬂﬂmau‘umi‘vuunnegmm’mmmﬂu
wm.aqeumm'lﬂaﬂﬁﬂmm‘lnnawti‘luﬂmaum
ﬂmma:ﬂﬂqﬂ'lﬂyswa:mummmﬂﬂs:nau‘lu
1INT GA Udail

o Usz9Ins (population) - Usznou'ldde
nguYealas TuTaw (chromosome) Futludny
yoamaovluszuuAdeanisdum

o ﬂumsuﬂmﬂwuﬁ (parents) - ngxlizying
mnﬂmaamwmi‘lumunu‘lumﬂnmmﬂaw
Wugimilujudaly next generation) Uszyins
nguiivziRouafiouduidiu “Wouwi" dmiuldly
nmsduneamerug ignuaiude 1y

o @MU M (offspring) - M3 "gnuaIu”
Li‘]uﬂimwnsﬂau‘lww'lﬂsumsmuaaﬂmuwuﬁ
mﬂmwauuimmﬂmqm ‘lﬁsumawquﬂﬂqa
eteneade q fululszansgudaly

YUABUNIININUVDI GA

uwunmugun 2 uamsdunowialuves GA uas
mswoulovutnduszuululansSaferimsdum



144

mmumnlulaggsns

Ui 9 advi 1, unsiay - e 2545 71

MABuTineans MasveszuLRdeIms i GA
mmsﬂumnuaaiusﬂﬂaﬂﬂﬂuhﬂunamm
ﬂsnﬂanmﬁaummmsthf]uiﬂsiulcﬁumm
gatungu muuuuummuﬁni"lmmmaunu
841U GA @ amiie q Yuaniehinedialsdae
masziiurweslag Ty lauruiladsiuSagussassd

z. I
airalszainsduku
szdiuanlzzving

wdazIasTilann

fardon
1ofuﬁuﬂﬁnmn'u{
AFIERN ey

lgrma w

- Usdiusinlizzng

'

e

ﬁ'_] GA

ﬁuﬁn:gmmuﬁﬁ’wﬂa?ﬁmmzffmi"uiyumau

voamsunufi Tasldmanummeanlums
ﬁﬁt‘?u

8. Lsuﬂummmnwmuluw 2) Wiy 9 MU

nszia Idneuiidesns maeuiildorinen

TﬂsTuhumnqa‘lunquﬂs:mnsuumﬂmﬂ

§=Amotuveosszun
£ = i nenmoy

T

Figure 2. Simple GA process in real-world system.
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Figure 4. Binary string encoded chromosome.
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Figure 7. Fitness values of each chromosome
in Roulette Wheel selection.
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Figure 8. Stochastic universal sampling.
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3 sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk ok ok
Yoinitial
e sk sk sk sk sk sk sk sk sk skoskokoskokoskokoskokokoskoskokokok ok
s a g as
%AUIUANDANDINY
clear all;
/Mvaadayai lasinmsnadevdaeglude Ina clean_datam
load clean_data;
clean_filter=clean’;
t_desired=0.0001:10/5011:10;
o . Y YA o 9
//NINT interpolate mayaiﬂuﬂ1uaugﬂuaaaa
for h=1:12
clean=clean_filter(h,:);
[clean_interp,t def]=selinterp_ave(clean,t desired);
clean_clean(h,:)=clean_interp;
end
A Y 9 o 1 a sY A a o as
/MABNYAVOYATINITUNITHININITINADTANYIULUANDANDINY
clean_modyfie=clean_clean;

clean=clean_modyfie(l,:);

sk sk sk sk sk sk sk sk ok stk sk ok stk skoskok skokoskoskokskokokskok sk

%main program

sk sk sk sk sk sk sk sk sk stk sk ok skok skoskok skokoskoskok skokokskok sk

msudullsunsy

. A g o
tic; /M3uAUMIIVNaIved1lsunsu
NIND=40; JAmuailsznnsisudu
MAXGEN=3000 yivuasuseulumsiiay
NVAR=4; JAMUAS NN 03 NADINT AU

PRECI=zeros(7,NVAR);

PRECI=[ 30 30 30 30; /fMuaminnuazidenveamsiinesuaazdl
00 0 0; /AMgAYeINNTIMDTNADINTAUN

30 30 0.1 0.1; /AgagAveINITTIABS NADINITAUI

00 0 0; /0femuhsianuyluuineng v uag 1 Ae madnswanuusiamsd

00 0 0: /A MIANAFAAVANA LA 1 AD MIANAFIABMSNY

111 1; /0de lifinsanveuwadigauesiniiines uag 1 Ao H580U0UAMgAvTeIMNTNes
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ymasmuannsuduliiuTlsunsy
GGAP=0.6;

gen=0;
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/ndegazvesmsdaaonaieiug

FieldD=[PRECI(1,:);PRECI(2,:);PRECI(3,:);PRECI(4,:);PRECI(5,:);PRECI(6,:);PRECI(7,:)];

msadadsznnsisududieismadu
LONG=sum(PRECI(1,:));

Chrom=crtbp(NIND,LONG);
simuannaiuimsifudeyavesinunmanion

error=zeros(NIND, 1);

/mlasusnnszuayluunsduszumavgmaugUuuuiluind)

Phen=bs2rv(Chrom,FieldD);

for i=1:NIND
r1=Phen(i,1);
r2=Phen(i,2);
x1=Phen(i,3);
x2=Phen(i,4);
error(i,1)=torque_objective(rl,r2,x1,x2,NIND,clean);

end

~ a o

sahadsznnssuduliiuluuansaneiy

/msoensialioglugiuuuil Tulnd

a

A o P ~ <.
/TIMRIEIN 1 (AU umIuRaane3)

a do A Y] A <.
SR 2 (ANUd MU T5ne3)

A o A ~ o A <
/MTIIRRIEIN 3 (aNumienihfidiames)
JWReesEIN 4 (anumiieninlsees)

U Jdou W 4 . .
//Wﬂﬂﬁlfu’mi]ﬂizﬁﬂﬂ torque_objective

/mingnasvRen lumMInauues GA NasumuiIuseuimvuanse i

while gen < MAXGEN
JMIATUIUAANUH IS TY
FitnV=ranking(error);
/msfaaen Ins T Tay
SelCh=select('sus',Chrom,FitnV,GGAP);
/dmuannuieaiiulumsinsealones
Pc=0.9;

%Pc=0.6;
SelCh=recombin('xovsp',SelCh,Pc);
sdmuanningdulumsiiiumdu
Pm=0.01;

%Pm=0.001;

SelCh=mut(SelCh,Pm);

/mfasusnnszuaylunsduszuuaygmaugUuuuiluing)

Phenl=bs2rv(SelCh,FieldD);

aa=size(Phenl);
S=aa(1);
/ilsRduingszasd
for k=1:S
r1=Phenl(k,1);

/mssnumanumunzanlaglaismsindud
o < o a 4
/madadenlas T Tawunilududuidaaieiug

//Pc = 0.9 (T8I NIND 1108071 50)
//Pc = 0.6 (T8 NIND 119191 50)

Jidadmsumsiinsoalenes

J/Pm = 0.01 (n39] NIND 188A7 50)
J/Pm = 0.001 (58 NIND 119071 50)

JAFIENTUMITNINFY

smsaeasialiedlugiiuuiliuinidvenlszans

JUnaIY
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r2=Phen1(k,2);
x1=Phen1(k,3);
x2=Phen1(k,4);
errorl(k,1)=torque_objectivel(rl,r2,x1,x2,S,clean); //Wﬂﬁ)ﬁl?uﬁ'@lqﬂi La9f torque_objectivel
end
//ﬂ'liﬂ']ﬂ"lﬂ'ﬂllﬂE‘nﬂl.ﬂéﬂu‘ﬁﬁﬂﬂﬁqﬂiull@iﬁ3561J°Uﬂ\1ﬂ15‘ﬁ']\ﬂu
[errormin,index]=min(error1); //141?1'1@‘%1@91ﬁummmmﬂmmﬂﬁﬂu
/am3gidvesmanuamanaey
best_error=errormin;
best_error_plot(1,gen+1)=best_error;
gen_plot(1,gen+1)=gen;
madsunswiftendasnsgidvesdianunmamie
if mod(gen,100)==0 //Ll,ﬁﬂﬁfhﬂ’ﬂuﬂﬂ'lﬂ!ﬂ'gﬂunﬂ 9 100 FOUMININU
fprintf('generation=%g\n',gen); YoRUUANDAND TN
fprintf('best_error=%.10g, index=%g\n',best_error,index);
Phen_best=Phenl(index,:);
fprintf('The best solution = %g %g %g %g\n',Phen_best);
end
/mgamsiavesTisunsulunsdimanuamanaouiiafesnd 0,025
%break when the condition is true (error condition)

%if best_error<=0.025

%break;
%end
Jmsui
[Chrom error]=reins(Chrom,SelCh, 1,1,error,errorl); //ﬂmmuﬁiﬂiTnimmﬁué’hﬂiﬂﬂﬂmugﬂﬁmu
gen=gen+l;
end
Time=toc; /mgamsdunaived Tsunsy

sms@eunswitenanamad Idnnmsmamnsilinesdreiumdnsane3 iy
fprintf('Time_total = %g\n', Time);
$=0.0001:10/500:10;

figure(1)

plot(s,clean);

hold on;
yy=plot_torque(Phen_best);
title('60 V');

xlabel('Speed(%)");
ylabel('Torque(N.m)");

figure(2)
plot(gen_plot,best_error_plot,'or');

hold on;



title('Error convergence for input 60 V');
xlabel('generation');

ylabel('error');

i
%ilandu torque_objective

ITRTRTR TR R NIRRT RN TN TN TN TN T TN TR IR TR IR IR TR IR TN TN TN TN TN T TNTTRINTRINT}
HHHH T

Ju W J o o ° Y o A L4
/languiagilszasddmiunmsfmiuiavelng T landuduiaaenug

function error=torque_objective(rl,r2,x1,x2,NIND,clean)

P=4;

1=50;
Ns=(120*f)/P;
Ws=(2*pi*Ns)/60;
w=2%pi*50;

V=60,

rs=rl;
mr=r2;
xs=2*pi*50*x1;

xr=2*pi*50*x2;

$=0.0001:10/500:10;
A=(10%*rr./s);
T=((V*¥V)/Ws).*(A./(((rs+A)./2)H(xs+x1)"2)));
//ﬂ15ﬁ1u3mﬁ‘lﬂ’;mﬂmmﬂéﬁ]u(mean square error)
e=(fliplr(T)-clean)."2;
e(:,1)=0;
error=sum(e)/500;
return

ITRTRTR TR TR TR TRIRT RN TN TN TN TR TN TN TR IRIRIRINTRINTNTNT]
HHH T

o o
% ilandu torque_objectivel

ITRTRTR TR R NIRRT RN TN TN TN TRT TN TR TRIRIRIRIRTRINTNTNT]
HHH T

do @ 7 o o o @ [
/languiagilszaddmsumaiiiaveslng Tulauaenug vy

function errorl=torque objectivel(rl,r2,x1,x2,S,clean)
P=4;

1=50;

Ns=(120*f)/P;

Ws=(2*pi*Ns)/60;

w=2%pi*50;

V=60,

/msdsgmeiland torque_objective
/A Inavenomes
JenRisanes(H)
/nnuE % asiaveauemos (pm)

/AANUIE TN UDINBIADS (rad/sec)
/msafusznINasiaames

JAANNAIMIUR a3
' v A 7

/aanudumui lswmes

Jaanurtenifiasnes

Jaanumienim lames

JMIfIuLsIaveINeINes

Jmsdsgmailand torque_objectivel
/A Inavenomas
JenEisanes(H)
/nNuE % asiaveauemos (pm)

/AANUIE TN UDINBIADS (rad/sec)

JMSIRUTEN NN AN 0T
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rs=rl;
mr=r2;
xs=2*pi*50*x1;

Xr=2*pi*50*x2;

$=0.0001:10/500:10;
A=(10%*rt./s);
T=((V*V)/Ws).*(A./(((rs+A) . 2)+((xs+x1)"2)));
//ﬂ15ﬁ1u3mﬁ1ﬂ’ﬂuﬂmmﬂﬁ@u(mean square error)
e _1=(fliplr(T)-clean)."2;
e 1(;,1)=0;
errorl _l=sum(e 1);
errorl=errorl_1/500;

return

HHHHHHHHHHHHHHHH A

%ilaniafu plot_torque

'

silafdudmiumsSouns il torque-speed curve 7 g9 1M ALY
function yy=plot_torque(Phen_best)

P=4;

1=50;

Ns=(120*f)/P;

Ws=(2*pi*Ns)/60;

V=60;

r1=Phen_best(1,1);
r2=Phen_best(1,2);
x1=Phen_best(1,3);

x2=Phen_best(1,4);

rs=rl;
mr=r2;
xs=2*pi*50*x1;

xr=2*pi*50%x2;

§=0.0001:10/500:10;

A=(10%rr./s);

T=((V*V)/Ws).*(A./(((rs+A). 2)+((xs+xr)"2)));
figure(1)
plot(fliplr(s), T, .r');
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' Y A s
A NNAIUMUNTIANDS

' v A 7
/A nuaIumui lsines
Jaanurtsnifasnes

sAanumienim lames

JMssunmsItinveduomes

/m3tszmailanau plot_torque

/3 Inavesweines
JennEisanes(H)
/anus g asiaveauemos (pm)
/AANUIE TN UDINBIADS (rad/sec)

//l,mﬁu‘iwdnmﬂﬁﬁmma‘f

JAnnudimuiaanesnldanmaunidie GA
' A s

Jannudumui Iamesn ldnnmsaunidie Ga

Jaanurtsni e ldanmsfunidie Ga

1 Y o { P
Jamnumtenimn lswesn ldnnamsdunmals GA



hold on;
yy=T;

return

HHHHHHHHHHHHHHHHHH A

S o .
% ilandu selinterp_ave

Misunsudmsumasdoyaldiinougatesa

function [clean_interp,t def]=selinterp_ave(clean,t desired)

n_desired=length(t_desired);

last_sim=t_desired(n_desired);

t_def=0:last_sim/(500-1):last_sim;

for u=1:500
clean_interp(u)=interp1(t_desired,clean,t_def(u));

end

return

'

ITRTRTRTRTRTRTRIR TR R TN TN TR TRTTNTRTRIRIRIRINTNININTN]
HHH T T

J o .
% ilandu change unit

'

ITRTRTR TR RN IR IR RN TN TN TR TR T TR TR IRIRIRINTNININTN]
HHH T T T

9 o o v a @ 1 o
/TUsunsud T UM A IUIUA LS IDAAINEATIEIUVDUFULLDS

o o .
/m3dsemaileandu selinterp_ave

function [cleantorq_60vnew,cleantorq 80vnew,cleantorq_100vnew,cleantorq 120vnew,...

cleantorq_140vnew,cleantorq 160vnew,cleantorq 180vnew,cleantorq 200vnew,...

cleantorq_220vnew,cleantorq 240vnew,cleantorq 260vnew,cleantorq 280vnew]=...

change unit(cleantorq_60v,cleantorq 80v,cleantorq 100v,cleantorq_120v,...

cleantorq_140v,cleantorq_160v,cleantorq_180v,cleantorq_200v,cleantorq 220vi,...

cleantorq_240v,cleantorq_260v,cleantorq_280v)

cleantorq_60vnew=cleantorq 60v./0.2;

cleantorq_80vnew=cleantorq 80v./0.2;

cleantorq_100vnew=cleantorq_100v./0.2;
cleantorq_120vnew=cleantorq 120v./0.2;
cleantorq_140vnew=cleantorq_140v./0.2;
cleantorq_160vnew=cleantorq 160v./0.2;
cleantorq_180vnew=cleantorq_180v./0.2;
cleantorq_200vnew=cleantorq 200v./0.2;
cleantorq_220vnew=cleantorq_220v./0.2;
cleantorq_240vnew=cleantorq 240v./0.2;
cleantorq_260vnew=cleantorq_260v./0.2;

cleantorq_280vnew=cleantorq 280v./0.2;

o .
/m3dsemailendu change unit

/6935189 719 0.2 V/ 1 Nam.

163



164

HHHHHHHHHHHHARHHHHAR A
< v

%NanNTU wavelt_torque

HHHHHHHHHHHHARHHHHA A

/Misunsudmsunsesdyapusuniunndeyan ldnnmsnaaey

function [cleantorq_60v,cleantorq_80v,cleantorq_100v,cleantorq 120v,cleantorq 140v,...
cleantorq_160v,cleantorq 180v,cleantorq 200v,cleantorq 220v,cleantorq 240v,...
cleantorq 260v,cleantorq 280v]=wavelt_torque(torq 60v,torq 80v,torq_100v,...

torq_120v,torq_140v,torq 160v,torq 180v,torq 200v,torq 220v,torq 240v,...

torq_260v,torq_280v) /stlsemeilandu wavelt_torque
[C1,L1]=wavedec(torq_60v,3,'Haar'), //g_ﬂwu ums1fafFu wavedec
[thr1,sorh1,keepappl]=ddencmp(‘den’,'wp',torq_60v); // E’IJLL'U s lgilandu ddencmp

cleantorq_60v=wdencmp('gbl',C1,L1,'Haar',3,thr1,sorh1,keepapp1); I/ ;ﬂuu ums1giladdu wdencmp

[C2,L2]=wavedec(torq_80v,3,'Haar"),
[thr2,sorh2, keepapp2]=ddencmp('den’,'wp',torq_80v);

cleantorq_80v=wdencmp('gbl',C2,L2,'Haar',3,thr2,sorh2 keepapp2);

[C3,L3]=wavedec(torq_100v,3,'Haar");
[thr3,sorh3,keepapp3]=ddencmp('den’,'wp',torq_100v);

cleantorq_100v=wdencmp('gbl',C3,L3,'Haar',3,thr3,sorh3,keepapp3);

[C4,L4]=wavedec(torq 120v,3,'Haar");
[thr4,sorh4, keepapp4]=ddencmp('den’,'wp',torq_120v);

cleantorq_120v=wdencmp('gbl',C4,L4,'Haar',3,thr4,sorh4,keepapp4);

[C5,L5]=wavedec(torq_140v,3,'Haar");
[thr5,sorh5, keepapp5]=ddencmp('den’,'wp',torq_140v);

cleantorq_140v=wdencmp('gbl',C5,L5,'Haar',3,thr5,sorh5,keepapp5);

[C6,L6]=wavedec(torq 160v,3,'Haar");
[thr6,sorh6,keepapp6]=ddencmp('den’,'wp',torq_160v);

cleantorq_160v=wdencmp('gbl',C6,L6,'Haar',3,thr6,sorh6,keepapp6);

[C7,L7]=wavedec(torq_180v,3,'Haar");
[thr7,sorh7 keepapp7]=ddencmp('den','wp',torq_180v);
cleantorq_180v=wdencmp('gbl',C7,L7,'Haar',3,thr7,sorh7,keepapp7);

[C8,L8]=wavedec(torq 200v,3,'Haar");
[thr8,sorh8, keepapp8]=ddencmp('den','wp',torq_200v);

cleantorq_200v=wdencmp('gbl',C8,L8,'Haar',3,thr8,sorh8,keepapp8);
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[C9,L9]=wavedec(torq 220v,3,'Haar");
[thr9,sorh9,keepapp9]=ddencmp('den’,'wp',torq_220v);

cleantorq_220v=wdencmp('gbl',C9,L9,'Haar',3,thr9,sorh9,keepapp9);

[C10,L10]=wavedec(torq 240v,3,'Haar");
[thr10,s0rh10,keepapp10]=ddencmp('den','wp',torq_240v);
cleantorq_240v=wdencmp('gbl',C10,L10,'Haar',3,thr10,sorh10,keepapp10);
[C11,L11]=wavedec(torq 260v,3,'Haar");
[thr11,sorh11,keepappl1]=ddencmp('den','wp',torq_260v);

cleantorq_260v=wdencmp('gbl',C11,L11,'Haar',3,thr11,sorh11,keepapp11);

[C12,L12]=wavedec(torq 280v,3,'Haar");
[thr12,sorh12,keepapp12]=ddencmp('den','wp',torq_280v);
cleantorq_280v=wdencmp('gbl',C12,L12,'Haar',3,thr12,sorh12,keepapp12);

return
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lo% LTC1298

I [ ’ \D LTC1286/LTC1298

TECHNOLOGY

FEATURES
12-Bit Resolution
8-Pin SOIC Plastic Package
Low Cost
Low Supply Current: 250pA Typ.
Auto Shutdown to 1nA Typ.

Guaranteed +3/4LSB Max DNL
Single Supply 5V to 9V Operation
On-Chip Sample-and-Hold
60us Conversion Time
Sampling Rates:

12.5 ksps (LTG1286)

11.1 ksps (LTC1298)
I/0 Compatible with SPI, Microwire, etc.
Differential Inputs (LTC1286)
2-Channel MUX (LTC1298)
3V Versions Available: LTC1285/LTC1288

APPLICATIONS

= Battery-Operated Systems
® Remote Data Acquisition

= Battery Monitoring
Handheld Terminal Interface
= Temperature Measurement
® [solated Data Acquisition

Micropower Sampling
12-Bit A/D Converters In
SO0-8 Packages

DESCRIPTION

The LTC1286/LTC1298 are micropower, 12-bit, succes-
sive approximation sampling A/D converters. They typi-
cally draw only 250pA of supply current when converting
and automatically power down to a typical supply current
of 1nA whenever they are not performing conversions.
They are packaged in 8-pin SO packages and operate on
5V to 9V supplies. These 12-bit, switched-capacitor, suc-
cessive approximation ADCs include sample-and-holds.
The LTC1286 has a single differential analog input. The
LTC1298 offers a software selectable 2-channel MUX.

On-chip serial ports allow efficient data transfer to a wide
range of microprocessors and microcontrollers over three
wires. This, coupled with micropower consumption, makes
remote location possible and facilitates transmitting data
through isolation barriers.

These circuits can be used in ratiometric applications or
with an external reference. The high impedance analog
inputs and the ability to operate with reduced spans (to
1.5V full scale) allow direct connection to sensors and
transducers in many applications, eliminating the need for
gain stages.

TYPICAL APPLICATIONS

25uW, S0-8 Package, 12-Bit ADC
Samples at 200Hz and Runs Off a 5V Supply

47uF 5V

Ealagllct

MPU
s (e.g., 8051)
VREF Vee P1.4
2
ANALOG INPUT = 4N 17c1286 CLK F- P13
OV TO 5V RANGE —{-IN Doyt J P12
4 . 5 SERIAL DATA LINK
GND CS/SHDN
LTC1286/98 » TADY

Supply Current vs Sample Rate
1000

= Ta=25°
[~ Vee = Vaer = 5V T T 11
[ foLk = 200kHz y
g Il A
=100 ;
=
&
« y4
3 7
> /
= /|
& 10 =
& =
w
7
4
1
0.1k 1k 10k 100k

SAMPLE FREQUENCY (Hz)

LTC1286/08 - TAD2

LY IR
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LTC1286/LTC1298
ABSOLUTE MAXIMUM RATINGS (otes 1and 2)
Supply Voltage (Vog) t0 GND ..., 12V
Voltage
Analog and Reference ................ -0.3Vto Vg + 0.3V
Digital INputS ..o, -0.3Vto 12V
Digital Output .........ccovvevrennne, -0.3Vto Vg + 0.3V

Power Dissipation...........cccoeevereeriinncevereeriinne, 500mWw
Operating Temperature Range
LTC1286C/LTC1298C.......ccvvevrereernene, 0°C to 70°C
LTC12861/LTC1298I ...........cocveveeee. —40°C to 85°C
Storage Temperature Range ................. —-65°C to 150°C
Lead Temperature (Soldering, 10 sec.)................ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART TOP VIEW ORDER PART
v [ [Elvee NUMBER 5] ver NUMBER
+IN[2 7] CLK 7] ClK
-IN % % Dour LTC1286CN8 % Dour LTC1286CS8
o [3 5] SSisHon LTC1286IN8 5] cusion LTC1286158
N8 PACKAGE 58 PACKAGE PART MARKING
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC
Towax = 150°C, 65a = 130°CW Towax = 160°C, B34 = 175°CW 1286
12861
TOP VIEW ORDER PART TOP VIEW ORDER PART
tmsion 1] (8] Vee (Vaer) NUMBER [5] Voo (Vaer) NUMBER
o0 2 2] cue LTC1298CNS 7] o LTC1298CS8
or 5] 61 Dour LTC1298INS [6] oour LTC12981S8
GND [4] 5] D . [5] Dy
N8 PACKAGE $8 PACKAGE PART MARKING
S-LEADOPLASTIC nwﬂ 8-LEAD PID_ASTIC sonco 1298
Tymax = 150°C, 44 = 130°C/W Tamax = 150°C, 8yp = 175°C/W 1298
Consult factory for military grade parts.
- RECOMMENDED OPERATING CONDITIONS
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vee Supply Voltage (Note 3) LTC1286 45 9.0 v
LTC1298 45 55 \
foLk Clock Frequency Voo =5V (Note 4) 200 kHz
tove Total Cycle Time LTC1286, g« = 200kHz 80 us
LTC1298, gy = 200kHz 90 us
tho Hold Time, Dy After CLKT Voo =5V 150 ns
tsulS Setup Time CSJ Before First CLKT (See Operating Sequence) LTC1286, Vg = 5V 2 us
LTC1298, Vige = 5V 2 us
tount Setup Time, Dy Stable Before CLKT Vg =5V 400 ns
tWHOLK CLK High Time Voo =5V 2 us
twioLk CLK Low Time Voo =5V 2 us
WHES €S High Time Between Data Transfer Cycles Vo =5V 2 ps
twics €S Low Time During Data Transfer LTG1286, fok = 200kHz 75 us
LTC1298, foLk = 200kHz 85 [

2
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LTC1286/1LT1C1298
CONVERTER AND MULTIPLEXER CHARACTERISTICS (note 5)
LTC1286 LTC1298
PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Resolution (No Missing Codes) ° 12 12 Bits
Integral Linearity Error (Note 6) ° 34 12 +3/4 12 LSB
Differential Linearity Error [ +1/4  +3/4 +1/4  +3/4 LSB
Offset Error ) 3/4 +3 3/4 +3 LSB
Gain Error ® 12 +8 +2 +8 LSB
Analog Input Range (Note 7 and 8) ® ~0.05V to Vg + 0.05V v
REF Input Range (LTC1286) 45< Ve <55V 1.5V 10 Ve + 0.05V Vv
(Notes 7, 8, and 9) 5.5V < Vg <9V 1.5V to 5.55V Vv
Analog Input Leakage Current (Note 10) [} +1 | +1 HA
DIGITAL AND DC €LECTRICAL CHARACTERISTICS (note 5)
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vi High Level Input Voltage Voo =5.25V ® 2 \
Vi Low Leve! Input Voltage Voo =4.75V ) 0.8 v
K High Level Input Current Vin=Vee [ 2.5 vA
im Low Level Input Current Vin=0V [} -2.5 pA
Von High Level Output Voltage Ve =4.75Y, g = 10pA [ ] 40 464 v
Vg = 4.75V, lg = 360pA ° 24 462 v
VoL Low Level Output Voltage Vg =4.75V, lp=1.6mA ° 0.4 v
loz Hi-Z Output Leakage CS = High ° +3 pA
ISOURCE Output Source Current Vour = 0V -25 mA
Isink Output Sink Current Vour = Vee 45 mA
Rrer Reference Input Resistance S =Vee 5000 MQ
(LTC1286) CS=GND 55 kQ
IRer Reference Current (LTC1286) S = Ve ® 0.001 25 pA
toye > 640us, fo k < 25kHz ° 90 140 A
toye = 80ps, oLk = 200kHz [ 90 140 uA
leg Supply Current CS = Ve ° 0.001 3.0 pA
LTC1286, tgyc = 640ps, fgk < 25kHz ) 220 460 pA
LTC1286, tgyc = 80s, fgk = 200kHz [] 260 500 HA
LTC1298, tcyc = 720us, fok < 25kHz [ 320 600 pA
LTC1298, toyg = 90us, ok = 200kHz ° 360 640 pA
DYNAMIC ACCURACY 15p, - 12.5kHz (LTC1286), fgypy = 11.1kHz (LTC1208) (Note 5)
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
S/(N +D) | Signal-to-Noise Plus Distortion Ratio 1kHz/7kHz Input Signal 71/68 dB
THD Total Harmonic Distortion (Up to 5th Harmonic) 1kHz/7kHz Input Signal -84/-80 dB
SFDR Spurious-Free Dynamic Range 1kHz/7kHz Input Signal 90/86 dB
Peak Harmonic or Spurious Noise 1kHz/7kHz Input Signal -90/-86 dB
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AC CHARACTERISTICS (ot 5)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 1.5 CLK Cycles
fsmpL(max)| Maximum Sampling Frequency LTC1286 [ ] 12.5 kHz

LTG1298 [J 1.1 kHz
tcony Conversion Time See Operating Sequence 12 CLK Cycles
tano Deiay Time, GLK{ to Doy Data Valid See Test Circuits [} 250 600 ns
tais Delay Time, CST to Doyt Hi-Z See Test Circuits ° 135 300 ns
ten Delay Time, CLK{ to Doyt Enable See Test Circuits ® 75 200 ns
thoo Time Output Data Remains Valid After CLK. Cpoap = 100pF 230 ns
t Douyr Fall Time See Test Circuits . [ 20 75 ns
t Doy Rise Time See Test Circuits ° 20 75 ns
Cin Input Capacitance Analog Inputs, On Channel 20 pF

Analog Inputs, Off Channel 5 pF

Digital Input 5 pF

The @ denotes specifications which apply over the full operating
temperature range. )

Note 1: Absolute maximum ratings are those values beyond which the life
of a device may be impaired.

Note 2: All voltage values are with respect to GND.

Note 3: These devices are specified at 5V. For 3V specified devices, see
LTC1285 and LTC1288.

Note 4: Increased leakage currents at elevated temperatures cause the S/H
to droop, therefore it is recommended that gk = 120kHz at 85°C, fg ¢ >
75kHz at 70° and fg « > 1kHz at 25°C.

Note 5: Ve = 5V, Vger = 5V and CLK = 200kHz unless otherwise specified.

Note 6: Linearity error is specified between the actual end points of the
A/D transfer curve.

Note 7: Two on-chip diodes are tied to each reference and analog input
which will conduct for reference or analog input voltages one diode drop
below GND or one diode drop above Vgc. This spec allows 50mV forward
bias of either diode for 4.5V < Vce < 5.5V. This means that as long as the
reference or analog input does not exceed the supply voltage by more than
50mV the output code will be correct. To achieve an absolute 0V to 5V
input voltage range will therefore require a minimum supply voltage of
4.950V over initial tolerance, temperature variations and leading. For 5.5V
< Vee < 9V, reference and analog input range cannot exceed 5.55V. If
reference and analog input range are greater than 5.55V, the output code
will not be guaranteed to be correct.

Note 8: The supply voltage range for the LTC1286 is from 4.5V to 9V, but
the supply voltage range for the LTC1298 is only from 4.5V to 5.5V.

Note 9: Recommended operating conditions

Note 10: Channel leakage current is measured after the channel selection.

- TYPICAL PERFORMANCE CHARACTERISTICS

Shutdown Supply Current vs Clock

Supply Current vs Sample Rate Supply Current vs Temperature Rate with €S High and CS Low
1000 v 450 35 — T
E Th=25°C T' [T Tp = 25°C P
I Ve = Ve =5V A=25°C 30 | Vg = Vrgr = 5V L
foLi = 200kHz U 400 Ve = VRer = 5V
z I foLk = 200kHz %5
= 100 ! .I ! ! / ] I~ "z% 20
2 e
2 o120 L Z 350 2
€ LA & 1 £ 15
3 7 o128 g LTC1298 fgypy =11.1kHz S P
z 7 > 300 g - AFTER CONVERSION) | |
[ paVi a
3 10 ~ & a 5
» p 2 N
74 250 s 1
LTC1286 fgypy =12.5kHz g_ooz'lr 3 =Vge ]
1 200 ol [ 1 ]
0.1k 1k 10k 100K -55-35 <15 5 25 45 65 85 105 125 1 20 40 60 80 100 120 140 160 180 200

SAMPLE RATE (kHz)

LT1286/98 G03

TEMPERATURE (°C)

FREQUENCY (kHz)

LT1286/98 Go4 LT1266/8 601
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LTC1286/LTC1298

TYPICAL PERFORMANCE CHARACTERISTICS

Reference Current vs
Sample Rate (LTC1286)
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TYPICAL PERFORMANCE CHARACTERISTICS
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vs Frequency
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CMOS 12-Bit

Buffered Multiplying DAC

AD7345

FEATURES

12-Bit Resolution

Low Gain TC: 2 ppm/°C typ

Fast TTL Compatible Data Latches

Single +5 V to +15 V Supply

Small 20-Lead 0.3" DIP and 20-Terminal Surface Mount
Packages

Latch Free (Schottky Protection Diode Not Required)

Low Cost

Ideal for Battery Operated Equipment

FUNCTIONAL BLOCK DIAGRAM

VRer @

. WR 0 @ Voo
= @.- INPUT DATA LATCHES

AD7545

(3) benp

il
-

DB11-DBO
(PINS 4-15)

GENERAL DESCRIPTION The AD7545 is particularly suitable for single supply operation
The AD7545 is a monolithic 12-bit CMOS multiplying DAC and applications with wide temperature variations.

with onboard data latches. It is loaded by a single 12-bit wide

The AD7545 can be used with any supply voltage from +5 V to

word and directly interfaces to most 12- and 16-bit bus systems. 115 v With CMOS logic levels at the inputs the device dissi-
Data is loaded into the input latches under the control of the CS pates less than 0.5 mW for Vpp = +5 V.

and WR inputs; tying these control inputs low makes the input
latches transparent, allowing direct unbuffered operation of the
DAC.

PIN CONFIGURATIONS
DIP LCCC
o -
out1[1]e 20| Reg § § % ;E
Acno [Z] [18] Viee 32 12019
bGND [3] ['8] Voo =
0811 (Mse) [4] 7] wr DB11 (MSB) 4 o 18 Vpp
osi0[5] Ao7ses [&]Ts DB10 5 AD7545 :: WR
TOP VIEW 089 6 TOP VIEW [
o8 [¢] (Not to Scale) [] oeo ) DB8 7pf| (Notto Scale) 15 DBO (LSB)
oes [7] [14] oB1 DB7 8 14 DB1
87 [2] [13] pB2 N
9 10 11 12 13
pBs [ 2] B3
FEEEE]
oes 10 11] DB4 oaoaa
REV. A

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its

AD7545

TOP VIEW
{Not to Scale)

use, nor for any infringements of patents or other rights of third parties One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.

which may result from its use. No license is granted by implication or Tel: 617/329-4700
otherwise under any patent or patent rights of Analog Devices. Fax: 617/326-8703

World Wide Web Site: http://www.analog.com
© Analog Devices, Inc., 1997
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AD7545—SPEB I FICATI 0 Ns (Voer = +10 V, Vg = 0 V, AGND = DGND unless otherwise noted)

Vpp = +5V Vpp = +15V
Limits Limits
Parameter Version Ta =+25°C Tyy, Tyax' | Ta =+25°C Tagy, Tuax'| Units Test Conditions/
STATIC PERFORMANCE
Resolution All 12 12 12 12 Bits
1L AS 12 12 +2 +2 LSB max
K,B, T 1 1 +1 +1 LSB max
L,CU 172 172 172 172 LSB max
GL, GC,GU| %1/2 +1/2 172 12 LSB max
Differential Nonlinearity LAS t4 14 +4 +4 LSB max 10-Bit Monotonic Ty to Tyax
K,B, T t1 1 *1 1 LSB max 12-Bit Monotonic Ty to Tyax
L,CU t1 +1 t1 t1 LSB max 12-Bit Monotonic Ty to Tyax
GL, GC, GU| %1 £l E31 +1 LSB max 12-Bit Monotonic Ty to Tyax
Gain Error (Using Internal RFB)? LAS +20 +20 $25 +25 LSB max DAC Register Loaded with
K,B, T 110 t10 15 t15 LSB max 11111111 1111
L,C, U 15 +6 +10 +10 LSB max Gain Error Is Adjustable Using
GL,GC,GU | %1 12 +6 +7 LSB max the Circuits of Figures 4, 5, and 6
Gain Temperature Coefficient®
AGain/ATemperature All 15 15 +10 t10 ppm/°C max | Typical Value is 2 ppm/°C for Vpp = +5 V
DC Supply Rejection’
AGain/AVpp All 0.015 0.03 0.01 -0.02 % per % max| AVpp =#+5%
Output Leakage Current at QUT1 I, K, L, GL 10 50 10 50 nA max DB0-DBI1=0V; WR,CS =0V
A,B,C,GC | 10 50 10 50 nA max
S, T,U,GU { 10 200 10 200 nA max
DYNAMIC PERFORMANCE
Current Settling Time? All 2 2 2 2 Hs max To 1/2 LSB. OUT]1 Load = 100 Q. DAC
Output Measured from Falling Edge of
WR,CS=0.
Propagation Delay? (from Digital
Input Change to 90%
of Final Analog Output) All 300 - 250 - ns max OUT1 Load = 100 Q, Cgxr = 13 pF*
Digital-to-Analog Glitch Inpulse All 400 250 - nV sec typ Vzer = AGND
AC Feedthrough®
At OUT1 All 5 5 5 5 mV p-p typ Vger = 110 V, 10 kHz Sinewave
REFERENCE INPUT
Input Resistance All 7 7 7 7 kQ min Input Resistance TC = -300 ppm/°C typ
(Pin 19 to GND) 25 25 25 25 k2 max ‘Typical Input Resistance = 11 kQ
ANALOG OUTPUT
Output Capacitance’
Couri All 70 70 70 70 pF max DBO-DB11=0V,WR,CS=0V
[ 200 200 200 200 pF max DB0-DB!1 = Vpp, WR,C5 =0V
DIGITAL INPUTS
Input High Voltage
Vi All 2.4 2.4 13.5 13.5 V min
Input Low Voltage
Vio All 0.8 0.8 1.5 1.5 V max
Input Current®
I All +1 +10 +1 110 PA max Vin=0o0r Vpp
Input Capacitance®
DB0-DB11 Al 5 5 5 5 pF max Vin=0
WR, TS All 20 20 20 20 pF max Vin=0
SWITCHING CHARACTERISTICS’
Chip Select to Write Setup Time All 280 380 180 200 ns min See Timing Diagram
tcs 200 270 120 150 ns typ
Chip Select to Write Hold Time
tcH All 0 0 0 0 ns min
Write Pulse Width
twr All 250 400 160 240 ns min tcs 2 twry ey 2 0 .
175 280 100 170 ns typ
Data Setup Time All 140 210 920 120 ns min
tps 100 150 60 80 ns typ
Data Hold Time
pH All 10 10 10 10 ns min
POWER SUPPLY
Ipp All 2 2 2 2 mA max All Digital Inputs Vi or Viy
100 500 100 500 A max All Digital Inputs 0 V to Vpp
10 10 10 10 PA typ All Digital Inputs 0 V to Vpp
NOTES

'Temperature range as follows: J, K, L, GL versions, 0°C to +70°C; A, B, C, GC versions, -25°C to +85°C; S, T, U GU versions, -55°C to +125°C.
*This includes the effect of 5 ppm max gain TC.

‘Guaranteed but not tested.

*DBO-DB11 =0V to Vpp or Vpp to 0 V.

*Feedthrough can be further reduced by connecting the metal lid on the ceramic package (Suffix D) to DGND.

“Logic inputs are MOS gates. Typical input current (+25°C) is less than 1 nA.

"Sample tested at +25°C to ensure compliance.

Specifications subject to change without notice.

o REV. A
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AD7345

MODE SELECTION

1 tes
cHIP \l
SELECT
twr —— /—Vun
WRITE
[

[—— tpg =ty

-
Voo
DATA IN Vin
(DBO-DB11) v, DATAVALID ><

Write Cycle Timing Diagram

ABSOLUTE MAXIMUM RATINGS*
(Ta = + 25°C unless otherwise noted)

VoptoDGND . .......coiiiiii i, -0.3,+17V
Digital Input Voltage to DGND ....... -0.3V, Vpp +0.3V
Vs VRer o DGND ... oo +25V
VemitoDGND .. .................. -0.3V,Vpp +t0.3V
AGND t0 DGND ................. ~0.3V, Vpp + 03V
Power Dissipation (Any Package) to +75°C ....... 450 mW

Derates above +75°C .. .................... 6 mW/°C

Operating Temperature

CAUTION

WRITE MODE:

TS AND WR LOW, DAC RESPONDS
TO DATA BUS (DB0-DB11) INPUTS.

HOLD MODE:

EITHER T5 OR WR HIGH, DATA BUS
(DBO-DB11) IS LOCKED OUT; DAC
HOLDS LAST DATA PRESENT WHEN
WR OR T5 ASSUMED HIGH STATE.

NOTES:

Vpp = +5V; t; = = 20ns

Vpp = +15V; t, =ty = 40ns

ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO

DD
TIMING MEASUREMENT REFERENCE LEVEL IS Viy + Vj/2.

Commercial (J, K, L, GL) Grades ........ 0°C to +70°C

Industrial (A, B, C, GC) Grades ........ -25°C to +85°C
Extended (S, T, U, GU) Grades ....... -55°C to +125°C
Storage Temperature .................. -65°C to +150°C
Lead Temperature (Soldering, 10 secs) ........... +300°C

*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD7545 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD

s s

precautions are recommended to avoid performance degradation or loss of functionality.

TERMINOLOGY

RELATIVE ACCURACY

The amount by which the D/A converter transfer function
differs from the ideal transfer function after the zero and full-
scale points have been adjusted. This is an endpoint linearity
measurement.

DIFFERENTIAL NONLINEARITY

The difference between the measured change and the ideal
change between any two adjacent codes. If a device has a differ-
ential nonlinearity of less than 1 LSB it will be monotonic, i.e.,
the output will always increase for an increase in digital code
applied to the D/A converter.

PROPAGATION DELAY
This is a measure of the internal delay of the circuit and is mea-
sured from the time a digital input changes to the point at which

the analog output at OUT1 reaches 90% of its final value.

DIGITAL-TO-ANALOG GLITCH IMPULSE

This is a measure of the amount of charge injected from the
digital inputs to the analog outputs when the inputs change
state. It is usually specified as the area of the glitch in nV secs
and is measured with Vggr = AGND and an ADLH0032CG as
the output op amp, C1 (phase compensation) = 33 pF.

REV. A -3-

ORDERING GUIDE!
Maximum
Gain Error
Temperature Relative Ta = +25°C | Package
Model® Range Accuracy | Vpp =+5V | Options®
AD7545]N 0°C to +70°C +2LSB +20LSB N-20
AD7545AQ ~25°C to +85°C | *2LSB +20 LSB Q-20
AD75455Q -55°C to +125°C | +2 LSB +20 LSB Q-20
AD7545KN 0°C to +70°C +1LSB +10 LSB N-20
AD7545BQ -25°C to +85°C | +1 LSB +10 LSB Q-20
AD7545TQ -55°C to +125°C | +1 LSB +10 LSB Q-20
AD7545LN 0°C to +70°C +1/2LSB +5LSB N-20
AD7545CQ -25°Cto +85°C | *1/2LSB | +5LSB Q-20
AD7545UQ [ -55°Cto +125°C | +1/2LSB | +5LSB Q-20
AD7545GLN | 0°C to +70°C +1/2LSB +1 LSB N-20
AD7545GCQ | -25°C to +85°C +1/2LSB +1 LSB Q-20
AD7545GUQ | -55°C to +125°C | £1/2LSB +1 LSB Q-20
AD7545]P 0°C to +70°C +2 LSB +20 LSB P-20A
AD7545SE ~55°C to +125°C | +2 LSB +20 LSB E-20A
AD7545KP 0°C to +70°C +1LSB +10 LSB P-20A
AD7545TE -55°C to +125°C | +1 LSB +10 LSB E-20A
AD7545LP 0°C to +70°C +1/2LSB | #5LSB P-20A
AD7545UE ~55°C to +125°C | £1/2LSB | #5LSB E-20A
AD7545GLP | 0°C to +70°C +1/2LSB | +1LSB P-20A
AD7545GUE | -55°C to +125°C | +1/2LSB | +1LSB E-20A
NOTES

'Analog Devices reserves the right to ship either ceramic (D-20) in lieu of cerdip
packages (Q-20).

*To order MIL-STD-883, Class B process parts, add /883B to part number.
Contact local sales office for military data sheet. For U.S. Standard Military
DRAWING (SMD) see DESC drawing 5962-87702.

’E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip
Carrier; Q = Cerdip.
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CIRCUIT INFORMATION—D/A CONVERTER SECTION
Figure 1 shows a simplified circuit of the D/A converter section
of the AD7545 and Figure 2 gives an approximate equivalent
circuit. Note that the ladder termination resistor is connected to
AGND. R s typically 11 kQ.

Vrer R R R R
o MA——N M v
2R 2R 2R 2R 2R 3 2R
I | | ) Reg
| T | | | |
nrueryy ot o
hd ¢ OouT 1
1 I 1 I
| t t Xt t O AGND
! | ! | !
DB11 DB10 DB9 DB1 DBO
(MSB) (LSB)

Figure 1. Simplified D/A Circuit of AD7545

The binary weighted currents are switched between the OUT]1
bus line and AGND by N-channel switches, thus maintaining a
constant current in each ladder leg independent of the switch
state.

The capacitance at the OUT1 bus line, Coyry, is code depen-
dent and varies from 70 pF (all switches to AGND) to 200 pF
(all switches to OUT1).

One of the current switches is shown in Figure 2. The input
resistance at Vrgg (Figure 1) is always equal to R pg (Rypg is
the R/2R ladder characteristic resistance and is equal to value
“R”). Since Ryy at the Vggr pin is constant, the reference termi-
nal can be driven by a reference voltage or a reference current,
ac or dc, of positive or negative polarity. (If a current source is
used, a low temperature coefficient external Rgg is recommended
to define scale factor.)

TO LADDER

FROM
INTERFACE
LOGIC

—]

AGND

}___

ouT1
Figure 2. N-Channel Current Steering Switch

CIRCUIT INFORMATION—DIGITAL SECTION
Figure 3 shows the digital structure for one bit.

The digital signals CONTROL and CONTROL are generated

from CS and WR.
.

CONTROL
Figure 3. Digital Input Structure

TO AGND SWITCH
Vin

TO QUT1 SWITCH
———
INPUT BUFFERS

CONTROL

The input buffers are simple CMOS inverters designed so that
when the AD7545 is operated with Vpp = 5 V, the buffers con-

vert TTL input levels (2.4 V and 0.8 V) into CMOS logic levels.

When Vyy is in the region of 2.0 volts to 3.5 volts, the input
buffers operate in their linear region and draw current from the
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power supply. To minimize power supply currents it is recom-
mended that the digital input voltages be as close as practicably
possible to the supply rails (Vpp and DGND).

The AD7545 may be operated with any supply voltage in the
range 5 < Vpp < 15 volts, With Vpp = +15 V the input logic
levels are CMOS compatible only, i.e., 1.5 Vand 13.5 V.,

BASIC APPLICATIONS

Figures 4 and 5 show simple unipolar and bipolar circuits using
the AD7545. Resistor R1 is used to trim for full scale. The
“G” versions (AD7545GLN, AD7545GCQ, AD7545GUD)
have a guaranteed maximum gain error of £1 LSB at +25°C
(Vpp = +5 V), and in many applications it should be possible to
dispense with gain trim resistors altogether. Capacitor C1 provides
phase compensation and helps prevent overshoot and ringing when
using high speed op amps. Note that all the circuits of Figures 4, 5
and 6 have constant input impedance at the Vggr terminal.

The circuit of Figure 1 can either be used as a fixed reference
D/A converter so that it provides an analog output voltage in the
range 0 to ~Vyy (note the inversion introduced by the op amp),
or Vi can be an ac signal in which case the circuit behaves as
an attenuator (2-Quadrant Multiplier). Viy can be any voltage
in the range —20 < Vyy + 20 volts (provided the op amp can
handle such voltages) since Vrgr is permitted to exceed Vpp.
Table II shows the code relationship for the circuit of Figure 4.

Vop
o R2*

L. (1)

1, @) veer  AD7545

Vin
0

AD544L
(SEE TEXT)
ANALOG

COMMON

DB11-DBO

*REFER TO TABLE |

Figure 4. Unipolar Binary Operation

Table I. Re ded Trim R Values vs. Grades for
Vop =45V

Trim

Resistor | J/IAIS K/BIT LICIU GLIGCIGU
R1 500 Q 200 Q 100 Q 20Q

R2 150 Q 68 Q 33Q 6.8Q

Table II. Unipolar Binary Code Table for Circuit of Figure 4

—4-

Binary Number in DAC Register | Analog Output
4095
1111 1111 1111 *Vle
2048
1000 0000 0000 -Vin 2096 =-1/2 V|
1
0000 0000 0001 -Viv | 2006
0000 0000 0000 0 Volts

REV. A
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AD7545

Figure 5 and Table III illustrate the recommended circuit and
code relationship for bipolar operation. The D/A function itself
uses offset binary code and inverter U, on the MSB line con-
verts twos complement input code to offset binary code. If ap-
propriate; inversion of the MSB may be done in software using
an exclusive ~OR instruction and the inverter omitted. R3, R4
and R5 must be selected to match within 0.01% and they should
be the same type of resistor (preferably wire-wound or metal
foil), so their temperature coefficients match. Mismatch of R3
value to R4 causes both offset and full-scale error. Mismatch of
R5 and R4 and R3 causes full-scale error.

R4
20kQ

“FOR VALUES OF R1 AND R2
SEE TABLE|.

DATA INPUT

Figure 5. Bipolar Operation (Twos Complement Code)

Table III. Twos Complement Code Table for Circuit of
Figure 5

Data Input Analog Output
2047
0111 1111 1111 +V1Nxm
1
0000 0000 0001 +Vinx | 3028
0000 0000 0000 0 Volts
1
1111 1111 1111 -VinX | 5028
2048
1000 0000 0000 -Viv X M

Figure 6 shows an alternative method of achieving bipolar out-
put. The circuit operates with sign plus magnitude code and has
the advantage of giving 12-bit resolution in each quadrant, com-
pared with 11-bit resolution per quadrant for the circuit of Fig-
ure 5. The AD7592 is a fully protected CMOS change-over
switch with data latches. R4 and R5 should match each other to
0.01% to maintain the accuracy of the D/A converter. Mismatch
between R4 and R5 introduces a gain error.

Voo R2*

1/2 AD7592)N

“FOR VALUES OF R1 AND R2
SEE TABLE I

Figure 6. 12-Bit Plus Sign Magnitude D/A Converter
REV. A

Table IV. 12-Plus Sign Magnitude Code Table for Circuit of
Figure 6

Sign | Binary Number in DAC

Bit MSB LSB Analog Output, Vour
4095

0 1111 1111 1111 +Vin X | 2006

0 0000 0000 0000 0 Volts

1 0000 0000 0000 0 Volts
4095

1 1111 1111 1111 -V X 2096

Note: Sign bit of “0” connects R3 to GND.

APPLICATIONS HINTS

Output Offset: (CMOS D/A converters exhibit a code depen-
dent output resistance which, in turn, causes a code dependent
amplifier noise gain. The effect is a code dependent differential
nonlinearity term at the amplifier output that depends on Vg
where Vs is the amplifier input offset voltage. To maintain
monotonic operation it is recommended that Vg be no greater
than 25 X 107°) (Vggr) over the temperature range of operation.
Suitable op amps are AD517L and AD544L. The AD517L is
best suited for fixed reference applications with low bandwidth
requirements: it has extremely low offset (50 pV) and in most
applications will not require an offset trim. The AD544L has a
much wider bandwidth and higher slew rate and is recommended
for multiplying and other applications requiring fast settling. An
offset trim on the AD544L may be necessary in some circuits.

General Ground Management: AC or transient voltages
between AGND and DGND can cause noise injection into the
analog output. The simplest method of ensuring that voltages at
AGND and DGND are equal is to tie AGND and DGND
together at the AD7545. In more complex systems where the
AGND and DGND intertie is on the backplane, it is recom-
mended that two diodes be connected in inverse parallel
between the AD7545 AGND and DGND pins (IN914 or
equivalent).

Digital Glitches: When WR and CS are both low the latches
are transparent and the D/A converter inputs follow the data
inputs. In some bus systems, data on the data bus is not always
valid for the whole period during which WR is low and as a
result invalid data can briefly occur at the D/A converter inputs
during a write cycle. Such invalid data can cause unwanted
glitches at the output of the D/A converter. The solution to this
problem, if it occurs, is to retime the write pulse WR so that it
only occurs when data is valid.

Another cause of digital glitches is capacitive coupling from the
digital lines to the OUT1 and AGND terminals. This should be
minimized by screening the analog pins of the AD7545 (Pins 1,
2, 19, 20) from the digital pins by a ground track run between
Pins 2 and 3 and between Pins 18 and 19 of the AD7545. Note
how the analog pins are at one end of the package and separated
from the digital pins by Vpp and DGND to aid screening at
the board level. On-~chip capacitive coupling can also give rise
to crosstalk from the digital-to-analog sections of the AD7545,
particularly in circuits with high currents and fast rise and
fall times. This type of crosstalk is minimized by using

-5-
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Vpp = +5 volts. However, great care should be taken to ensure
that the +5 V used to power the AD7545 is free from digitally
induced noise.

Temperature Coefficients: The gain temperature coefficient
of the AD7545 has a maximum value of 5 ppm/°C and a typical
value of 2 ppm/°C. This corresponds to worst case gain shifts of
2 LSBs and 0.8 LSBs respectively over a 100°C temperature
range. When trim resistors Rl and R2 are used to adjust full-
scale range, the temperature coefficient of R1 and R2 should
also be taken into account. The reader is referred to Analog
Devices Application Note “Gain Error and Gain Temperature
Coefficient of CMOS Multiplying DACs,” Publication Number
E630-10-6/81.

SINGLE SUPPLY OPERATION

The ladder termination resistor of the AD7545 (Figure 1) is
connected to AGND. This arrangement is particularly suitable
for single supply operation because OUT1 and AGND may be
biased at any voltage between DGND and Vpp. OUT1 and
AGND should never go more than 0.3 volts less than DGND or
an internal diode will be turned on and a heavy current may
flow which will damage the device. (The AD7545 is, however,
protected from the SCR latch-up phenomenon prevalent in
many CMOS devices.)

Figure 7 shows the AD7545 connected in a voltage switching
mode. OUT1 is connected to the reference voltage and AGND
is connected to DGND. The D/A converter output voltage is
available at the Vggr pin and has a constant output impedance
equal to R. Rgp is not used in this circuit.

REFERENCE o
VOLTAGE

15 VOLT CMOS DIGITAL INPUTS

Figure 7. Single Supply Operation Using Voltage
Switching Mode

The loading on the reference voltage source is code dependent
and the response time of the circuit is often determined by the
behavior of the reference voltage with changing load conditions.

To maintain linearity, the voltages at OUT1 and AGND should
remain within 2.5 volts of each other, for a Vpp of 15 volts. If
Vpp is reduced from 15 V, or the differential voltage between
OUT1 and AGND is increased to more than 2.5 V, the differ-
ential nonlinearity of the DAC will increase and the linearity of
the DAC will be degraded. Figures 8 and 9 show typical curves
illustrating this effect for various values of reference voltage and
Vpp. If the output voltage is required to be offset from ground
by some value, then OUT1 and AGND may be biased up. The
effect on linearity and differential nonlinearity will be the same
as reducing Vpp by the amount of the offset.

178

+2

g /7//////;////%/ Y,

(L]

Vpp - Volts

10 15

Figure 8. Differential Nonlinearity vs. Vpp for Figure 7
Circuit. Reference Voltage = 2.5 Volts. Shaded Area Shows
Range of Values of Differential Nonlinearity that Typically
Occur for L, C and U Grades.

7/ 77/

5 10
Vaer - Volts

Figure 9. Differential Nonlinearity vs. Reference Voltage
for Figure 7 Circuit. Vpp = 15 Volts. Shaded Area Shows
Range of Values of Differential Nonlinearity that Typically
Occur for L, C and U Grades.

The circuits of Figures 4, 5 and 6 can all be converted to single
supply operation by biasing AGND to some voltage between
Vpp and DGND. Figure 10 shows the twos complement bipolar
circuit of Figure 5 modified to give a range from +2 Vto +8 V
about a “pseudo-analog ground” of 5 V. This voltage range
would allow operation from a single Vpp of +10 Vto +15 V.
The AD584 pin-programmable reference fixes AGND at +5 V.
Vi is set at +2 V by means of the series resistors R1 and R2.
There is no need to buffer the Vggr input to the AD7545
with an amplifier because the input impedance of the D/A con-
verter is constant. Note, however, that since the temperature
coefficient of the D/A reference input resistance is typically
-300 ppm/°C; applications that experience wide temperature
variations may require a buffer amplifier to generate the +2.0 V
at the AD7545 Vggr pin. Other output voltage ranges can be
obtained by changing R4 to shift the zero point and (R1 + R2)
to change the slope, or gain, of the D/A transfer function. Vpp
must be kept at least 5 V above OUT1 to ensure that linearity is
preserved.

-6- REV. A
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Vpp = +10V TO +15V

ADS544L Az Vo
45V A apsaay

CMOS DATA BUS
Vop = +10V TO +15V

Figure 10. Single Supply “Bipolar” Twos Complement
D/A  Converter

MICROPROCESSOR INTERFACING OF THE AD7545

The AD7545 can directly interface to both 8- and 16-bit micro-
processors via its 12-bit wide data latch using standard CS and
WR control signals.

A typical interface circuit for an 8-bit processor is shown in
Figure 11. This arrangement uses two memory addresses, one
for the lower eight bits of data to the DAC and one for the up-
per four bits of data into the DAC via the latch.

A1
ADDRESS BUS
A0 Q g
T
ADDRESS
DECODE b
cPU
AD7545
WR O
D7
8-BIT DATA BUS 8
0o

*Tp = DECODED ADDRESS FOR DAC
Qy = DECODED ADDRESS FOR LATCH

Figure 11. 8-Bit Processor to AD7545 Interface

REV. A

Figure 12 shows an alternative approach for use with 8-bit
processors which have a full 16-bit wide address bus such as
6800, 8080, Z80 This technique uses the 12 lower address lines
of the processor address bus to supply data to the DAC, thus
each AD7545 connected in this way uses 4k bytes of address
locations. Data is written to the DAC using a single memory
write instruction. The address field of the instruction is orga-
nized so that the lower 12 bits contain the data for the DAC and
the upper 4 bits contain the address of the 4k block at which the
DAC resides.

A15
16-BIT ADDRESS BUS
A0
<z | |

ADDRESS
DECODE

7 cpPu V/|peo
mj’___»

WR o

D7
DATA BUS
Do

Figure 12. Connecting the AD7545 to 8-Bit Processors via
the Address Bus

AD7545

SUPPLEMENTAL APPLICATION MATERIAL
For further information on CMOS multiplying D/A converters
the reader is referred to the following texts:

Application Guide to CMOS Multiplying D/A converters
available from Analog Devices, Publication Number G479.

Gain Error and Gain Temperature Coefficient of CMOS
Multiplying DACS—Application Note, Publication Number
E630-10-6/81 available from Analog Devices.

-7-
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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@ MOTOROLA

OCTAL BUS TRANSCEIVER

The SN54/74L8245 is an Octal Bus Transmitter/Receiver designed for
8-line asynchronous 2-way data communication between data buses.
Direction Input (DR) controls transmission of Data from bus A to bus B or bus
B to bus A depending upon its logic level. The Enable input (E) can be used
to isolate the buses.
¢ Hysteresis Inputs to Improve Noise Immunity
® 2-Way Asynchronous Data Bus Communication
® Input Diodes Limit High-Speed Termination Effects
e ESD > 3500 Volts

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

Vec E Bl B2 B3 B4 BS B6 BY

mmmmmmmm@m

I_IL_JI_IUI_II_JI_II_JLIIM

DR A1 A2 A3 A4 A5 A6 A7 A8 GND

TRUTH TABLE

INPUTS
E | DIR

L L Bus B Data to Bus A

L H Bus A Data to Bus B
H X Isolation

H = HIGH Voltage Level

L = LOW Voltage Level
X = Immaterial

OUTPUT

GUARANTEED OPERATING RANGES
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SN54/74L.S245

OCTAL BUS TRANSCEIVER
LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

DW SUFFIX
20 SOIC
CASE 751D-03

ORDERING INFORMATION

SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXDW SOIC

20

Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 54 4.5 5.0 5.5 \
74 4.75 5.0 5.25

Ta Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

loH Output Current — High 54,74 -3.0 mA
54 -12 mA
74 -15

loL Output Current — Low 54 12 mA
74 24

FAST AND LS TTL DATA
5-1
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SN54/74L.S245
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 2.0 v g‘l’?gzﬂ::ed Input HIGH Voltage for
vIL Input LOW Voltage jj 2; v g:’f;:ﬂ::ed Input LOW Voltage for
VT4+-VT- | Hysteresis 0.2 0.4 \ Vce =MIN
ViK Input Clamp Diode Voltage -065 | -15 Y Ve =MIN, [[N=—18 mA
Vors Output HIGH Voltags 54,74 24 34 V  |Vcc =MIN, IgH =-3.0 mA
54,74 2.0 \ Ve = MIN, IgH = MAX
54,74 0.25 04 . V [loL=12mA Vee =Vee MIN,
VoL Output LOW Voltage VIN=VjLorVIH
74 0.35 0.5 \ loL =24 mA per Truth Table
lozn Output Off Current HIGH 20 MA  |Vcec =MAX, Voyr =27V
lozL Output Off Current LOW —-200 pA Vee =MAX, VoyTt =04V
AorB,DRorE 20 pA  |Veec =MAX, ViN=27V
H Input HIGH Current | DR or E 0.1 mA |Voo =MAX V|N=7.0V
AorB 0.1 mA | Vocc =MAX,VIN=5.5V
L Input LOW Current -0.2 mA |Vcec=MAX VIN=04V
los Output Short Circuit Current (Note 1) -40 -225 mA | Vcc = MAX
Power Supply Current
Total, Output HIGH 70
lcc Total, Output LOW s | M [Voc=MAX
Total at HIGH Z 95
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C, Vo = 5.0V, TRise/TFALL < 6.0 ns)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
:FP’hHL Propagation Delay, Data to Output 38 :5 ns
Cy =45 pF,
tpzH Output Enable Time to HIGH Level 25 40 ns R =667 Q
tpzL Output Enable Time to LOW Level 27 40 ns
tpLz Output Disable Time from LOW Level 15 25 ns CL =5.0pF,
tpHz Output Disable Time from HIGH Level 15 25 ns R =667 0

FAST AND LS TTL DATA
5-2
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@ MOTOROLA

OCTAL D FLIP-FLOP WITH CLEAR

The SN54/741.8273 is a high-speed 8-Bit Register. The register consists of
eight D-Type Flip-Flops with a Common Clock and an asynchronous active
LOW Master Reset. This device is supplied in a 20-pin package featuring 0.3
inch lead spacing.

e 8-Bit High Speed Register

® Parallel Register

o Common Clock and Master Reset

® Input Clamp Diodes Limit High-Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)
Vecc Q7 D7 Dg Q Q5 Dg Dg Q4 CP

[20][1e] 18] [7][v6] (s 1 (a1 (2] [
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SN54/74L.S273

OCTAL D FLIP-FLOP
WITH CLEAR

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
) CASE 732-03
20
1
]1”2”3”4”5”6”7”8'9|10| N SUFFiIX
MR Q Dp Dy @ Q Dy D3 Q3 GND PLASTIC
CASE 738-03
PIN NAMES LOADING (Note a) 20 \
HIGH LowW
CP Clock (Active HIGH Going Edge) Input 0.5U.L. 0.25 U.L.
Dg-D7  Data inputs 0.5U.L. 0.25U.L. DW SUFFIX
MR Master Reset (Active LOW) Input 0.5U.L 0.25U.L. 20 c Ass%?o 03
Qp-Q7 Register Outputs (Note b) 10 U.L. 5(2.5)U.L. 1 -
NOTES:
a) 1 TTL Unit Load (U.L.) =40 pA HIGH/1.6 mA LOW.
b) The Output LOW drive factoris 2.5 U.L. for Military (54) and 5 U.L. for Commercial
(74) Temperature Ranges. ORDERING INFORMATION
TRUTH TABLE SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
MR ] CP | Dx | Qx SN74LSXXXDW SOIC
L] x| x L
H || H H
H | | L L
H = HIGH Logic Levet
L = LOW Logic Level
X = Immaterial
LOGIC DIAGRAM ® ® Q) ® ®
® Do Dy Dy D3 D4 Dg Dg D7
EDC
CP D CP D CP D CPD CP D CP D CP D CP D
@ Ch q CD q CD q CD q CD q CD q CD q CD q
MR E
Y Y Y Y Y Y Y Y
GND = PIN 10
(O =PIN NUMBERS Qo Q1 Q Q3 Q4 Qs Qs Q7
® ® ® ® ®

FAST AND LS TTL DATA
5-1
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SN54/74L.S273
FUNCTIONAL DESCRIPTION
The SN54/74LS273 is an 8-Bit Paraliel Register with a independent of the other inputs. Information meeting the setup
common Clock and common Master Reset. and hold time requirements of the D inputs is transferred to the
When the MR input is LOW, the Q outputs are LOW, Q outputs on the LOW-to-HIGH transition of the clock input.
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vece Supply Voltage 54 4.5 5.0 55 A
74 4.75 5.0 5.25
Ta Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
IoH Output Current — High 54,74 -0.4 mA
oL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Vin Input HIGH Voltage 20 v zlljfnr‘a;:::ed Input HIGH Voltage for
54 0.7 Guaranteed Input LOW Volitage for
VIL Input LOW Voltage . o8 \ All Inputs
ViK input Clamp Diode Voltage -0.65 | -1.5 \% Vee =MIN, Iy =-18 mA
54 2.5 3.5 A\ Voe = MIN, IoH = MAX, VN = VIH
VOH Output HIGH Voltage 72 27 v v or Vii_ per Truth Table
54,74 0.25 0.4 \Y oL =4.0mA Ve =Vee MIN,
VoL Output LOW Voltage VIN =VILor Vi
74 0.35 0.5 \% loL=8.0mA per Truth Table
20 HA Voo =MAX, VN =27V
hH Input HIGH Current ce N
0.1 mA | Ve =MAX, VIN=T7.0V
I Input LOW Current -0.4 mA Ve =MAX, VIN=04V
los Short Circuit Current (Note 1) ~-20 -100 mA Vee = MAX
Icc Power Supply Current 27 mA Vce = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C, Vog = 5.0 V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Input Clock Frequency 30 40 MHz Figure 1
tPHL Propagation Delay, MR to Q QOutput 18 27 ns Figure 2
tPLH . 17 27 "
tPHL Propagation Delay, Clock to Output 18 27 ns Figure 1

FAST AND LS TTL DATA
5-2
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SN54/74L.S273
AC SETUP REQUIREMENTS (Tp = 25°C, Vg =5.0 V)
Limits
Symbol Parameter Min Max Unit Test Conditions
tw Pulse Width, Clock or Clear 20 ns Figure 1
ts Data Setup Time 20 ns Figure 1
th Hold Time 5.0 ns Figure 1
trec Recovery Time 25 ns Figure 2
AC WAVEFORMS
|e——— 1/fmax
w TR WP
cP % 13V 1.3V 13V trec
ts(H ts(L)T 13V
sl )m tn(H) s(_),‘*" th(l) < ]
/A /) /////, 74 /// o N\
YK e Qn 13V 13V
~— tPLH tPHL B tPLH
Qn 7 1.3V 1.3V

Qn 13V 1.3V
bt tpr tPLH
*The shaded areas indicate when the input is permitted to
change for predictable output performance.

Figure 1. Clock to Output Delays, Clock Pulse Width,
Frequency, Setup and Hold Times Data to Clock

DEFINITION OF TERMS

SETUP TIME (ts) — is defined as the minimum time required
for the correct logic level to be present at the logic input prior to
the clock transition from LOW-to-HIGH in order to be recog-
nized and transferred to the outputs.

HOLD TIME (th) — is defined as the minimum time following
the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in order to ensure continued

Figure 2. Master Reset to Output Delay, Master Reset
Pulse Width, and Master Reset Recovery Time

recognition. A negative HOLD TIME indicates that the correct
logic level may be released prior to the clock transition from
LOW-to-HIGH and still be recognized.

RECOVERY TIME (trgc) — is defined as the minimum time
required between the end of the reset pulse and the clock
transition from LOW-to-HIGH in order to recognize and
transfer HIGH data to the Q outputs.

FAST AND LS TTL DATA
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1-OF-8 DECODER/ SN54/74L5138

DEMULTIPLEXER

The LSTTL/MSI SN54/74L.S138 is a high speed 1-of-8 Decoder/
Demultiplexer. This device is ideally suited for high speed bipolar memory
chip select address decoding. The multiple input enables allow parallel ex-
pansion to a 1-0f-24 decoder using just three LS138 devices or to a 1-of-32 1-OF-8 DECODER/
decoder using four LS138s and one inverter. The LS138 is fabricated with the DEMULTIPLEXER
Schottky barrier diode process for high speed and is completely compatible

with all Motorola TTL families. LOW POWER SCHOTTKY
* Demultiplexing Capability
* Multiple Input Enable for Easy Expansion
® Typical Power Dissipation of 32 mW
o Active Low Mutually Exclusive Outputs
® Input Clamp Diodes Limit High Speed Termination Effects 2 J SUFFIX
CERAMIC
CONNECTION DIAGRAM DIP (TOP VIEW) CASE 620-09
16
Vcc Op 01 Op O3 05 1
[16] [15] [14] [1] [r2] I—I [10]
NOTE:
The Flatpak version N SUFFIX
) has the same pinouts PLASTIC
(Connection Diagram) as CASE 648-08
the Dual In-Line Package. 16
1

Lll_ll_ll_ll_ll_ll_lL_l

A2 Eq E; Ej 07 GND

PIN NAMES LOADING (Note a) « DSUrEX
16

HIGH Low T CASE 751B-03
Ap=~A2 Address Inputs 0.5U.L 0.25 U.L.
Eq, E2 Enable (Active LOW) Inputs 0.5U.L. 0.25U.L.
—_ Enable (Active HIGH) Input 0.5U.L 0.25U.L. ORDERING INFORMATION
0Op-07 Active LOW Outputs (Note b) 10UL [5(25) UL
SNB4LSXXXJ Ceramic
:)O1T‘IEI§L: Unit Load (U.L.) =40 pA HIGH/1.6 mA LOW. SN74LSXXXN - Plastic
L)= i 6m .
b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) SN74LSXXXD  SOIC
Temperature Ranges.
LOGIC DIAGRAM _ LOGIC SYMBOL
¢ M fo £ F28s 123 456
0|0 O ® ®  Voc=PIN16
GND=PIN8 3
(O = PINNUMBERS
Ag Ay A E

V 0Op O1 02 O3 04 05 O O7
Yy TTTTTTT

!
L 1 R S
GND=PIN8

~—q

ol ol ®l @l @l @l @

07 Og Og 04 03 07 04 Op

FAST AND LS TTL DATA
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SN54/74L.5138

FUNCTIONAL DESCRIPTION

The L8138 is a high speed 1-of-8 Decoder/Demultiplexer
fabricated with the low power Schottky barrier diode process.
The decoderaccepts three binary weighted inputs (Ag, A1, A2)
and when enabled provides eight mutually exclusive active
LOW Outputs (Og—O7). The LS138 features three Enable in-
puts, two active LOW (E1, E2) and one active HIGH (E3). All
outputs will be HIGH unless E4 and E2 are LOW and E3 is
HIGH. This multiple enable function allows easy parallel ex-

pansion of the device to a 1-0f-32 (5 lines to 32 lines) decoder
with just four LS138s and one inverter. (See Figure a.)

The LS138 can be used as an 8-output demuitiplexer by
using one of the active LOW Enable inputs as the data input
and the other Enable inputs as strobes. The Enable inputs
which are not used must be permanently tied to their appropri-
ate active HIGH or active LOW state.

TRUTH TABLE

INPUTS OUTPUTS
Eq E2 E3 Ag A1q A2 Op 01 -02 03 04 Og Og 07
H X X X X X H H H H H H H H
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
L L H L H L H H L H H H H H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L
H = HIGH Voltage Level
L = LOW Voltage Level
X =Don't Care
A
Al
A2
! ! ! 0
A3 { >o—|
A4
L TG C
Ag A1 Ay Ap A1 A2 E Ag A1 Ay E Ag A A2 E
LS138 LS138 LS138 LS138
0001 02 03 04 050g O7 0p 01 0203 04 0506 O7 0g 09 0203 04 0506 O7 0p 01 0203 04 0505 O7
e R R R R 031

Figure a

FAST AND LS TTL DATA
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SN54/74L.S138
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 4.5 5.0 5.5 \
74 4.75 5.0 5.25
Ta Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
IoH Output Current — High 54,74 -0.4 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
- Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 20 \ Al Inputs
54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage 72 08 \ Al Inputs
VIK input Clamp Diode Voltage -0.65 | -1.5 A Vee =MIN, |y =-18 mA
54 25 35 \ = = =
VOH Output HIGH Voltage Vee = MIN, [oH = MAX, ViN = ViH
74 2.7 35 Vv or V|L per Truth Table
54, 74 0.25 0.4 v loL =4.0 mA Vce =Vee MiN,
VoL Output LOW Voltage VIN = VL or VIH
74 0.35 0.5 \ lop =8.0mA per Truth Table
20 1A Voo =MAX, ViN=2T7V
IIH Input HIGH Current ce IN
0.1 mA Vcec =MAX, VIN=7.0V
I input LOW Current -04 mA Ve =MAX, VIN=04V
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Icc Power Supply Current 10 mA Vee = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C)
Levels of Limits
Symbol Parameter Delay Min Typ Max Unit Test Conditions
tPLH Propagation Delay 2 13 20 ns
tPHL Address to Output 2 27 41
tPLH Propagation Delay 3 18 27 ns
tPHL Address to Output 3 26 39 Vee =50V
teLH Propagation Delay E 1 or Ep 2 12 18 CL=15pF
tPHL Enable to Output 2 21 32 ns
tPLH Propagation Delay E 3 3 17 26 ns
tPHL Enable to Output 3 25 38
AC WAVEFORMS
vy A3V 13V ViN 13V 13V

L—T tPHL H’ tPLH H tPHL tPLHAL_'I

Vour 13V 13V Vour ﬁkmv 7|Z 13V

Figure 1 Figure 2

FAST AND LS TTL DATA
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lo% 74LS165

8-BIT PARALLEL-TO-SERIAL

SHIFT REGISTER

The SN54/74L8165 is an 8-bit parallel load or serial-in register with
complementary outputs available from the last stage. Parallel inputing occurs
asynchronously when the Parallel Load (PL) input is LOW. With PL HIGH,
serial shifting occurs on the rising edge of the clock; new data enters via the
Serial Data (DS) input. The 2-input OR clock can be used to combine two
independent clock sources, or one input can act as an active LOW clock

enable.

CONNECTION DIAGRAM DIP (TOP VIEW)

Veg CPp P3 P

[16] [16] [14]

P1 Po
1

DS

6] [z [ [s] [5]

Q7
9

NOTE:

The Flatpak version

has the same pinouts
{Connection Diagram) as
the Dual In-Line Package.

PIN NAMES LOADING (Note a)
HIGH LOW
CP4,CP2  Clock (LOW-to-HIGH Going Edge) Inputs 0.5U.L. 0.25U.L.
DS Serial Data Input 0.5U.L. 0.25U.L.
PL Asynchronous Parallel Load (Active LOW) 1.5U.L. 0.75 U.L.
Input
Po-P7 Parallel Data Inputs 0.5U.L. 0.25U.L.
Q7 Serial Output from Last State (Note b) 10U.L. | 6(2.5) U.L.
Q7 Complementary Output (Note b) 10U.L. | 5(25) U.L.
NOTES:

a) 1 TTL UnitLoad (U.L.) =40 pA HIGH/1.6 mA LOW.
b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

TRUTH TABLE

cP CONTENTS
PL RESPONSE
112 jQ|Q|Q |Q3 |Q4]|0Q5 |Qs]|Qy

L | x| Xx |Po|P1i|P2fP3|Ps]|Ps |Ps| Py | ParallelEntry
H Ll |Ds|Q |Q1 | Q2 [|Q3|Q4 [Qs5 ]| Qs Right Shift
HIH] //]Q Q1 |Q |Q3|Qs]| Q5 [Qs]| Q7 No Change
HIl/ | L [Ds|Q|Q1|Q [Q3]|Qs |Q5] Qs Right Shift
Hi/ | H|Q|Q |Q |Q3|0Qs]|Q5 |Qs]| Q7 No Change

H = HIGH Voltage Level
L =LOW Voltage Leve!
X = Immaterial

189

SN54/74LS165

8-BIT PARALLEL-TO-SERIAL
SHIFT REGISTER

LOW POWER SCHOTTKY

™ J SUFFIX
I CERAMIC

CASE 620-09
16

N SUFFIX
PLASTIC
16 CASE 648-08

<~

1

D SUFFIX
SOIC
CASE 751B-03

ORDERING INFORMATION

SNB4LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

LOGIC SYMBOL

11121314 34 5 6
AENEEEEE
PL PgPq P2 P3P4 P5Pg P7
bs Q7p—9

) -
L arp—7

Ve =PIN 16
GND=PIN8

FAST AND LS TTL DATA
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LOGIC DIAGRAM ) @ ) @ ) @
Py Py Py P3 Py Ps Pg
] | ] | 1 | ]
®os
® cPy PRESET] PRESET] PRESET PRESET] PRESET PRESE PRESE
S Q S Q s Q] s o S Q S Qg S Qg
®cr cpP ~qce ~qcP _ rqcp cp ~dcp ~qcp
2 R ~O P o b r ~ao.b P R A0 P
_ R ¢,Q R ¢ Q4 R CLQ2 R Q3 R Q4 Rec Qs Re¢ Qg
Vcc =PIN 16
GND=PIN8

O = PIN NUMBERS

FUNCTIONAL DESCRIPTION

The SN54/74LS165 contains eight clocked master/slave applying a HIGH signal. To avoid double clocking, however,
RS flip-flops connected as a shift register, with auxiliary gating the inhibit signal should only go HIGH while the clock is HIGH.

to provide overriding_asynchronous parallel entry. Parallel Otherwise, the rising inhibit signal will cause the same
data enters when the PL signal is LOW. The parallel data can response as a rising clock edge. The flip-flops are
change while PL is LOW, provided that the recommended set- edge-triggered for serial operations. The serial input data can
up and hold times are gbserved. change at any time, provided only that the recommended

For clock operation, PL must be HIGH. The two clock inputs setup and hold times are observed, with respect to the rising
perform identically; one can be used as a clock inhibit by edge of the clock.

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

Vce Supply Voitage 54 45 5.0 5.5 \
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

loH Output Current — High 54,74 -0.4 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
5-2
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SN54/74LS165
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voitage for
VIH Input HIGH Voltage 2.0 \ Al Inputs
54 0.7 Guaranteed Input LOW Voltage for
V|
1L Input LOW Voltage T 08 v All inputs
Vik input Clamp Diode Voltage ~0.65 | -15 Y Vee = MIN, |y =—18 mA
54 25 3.5 \ Ve =MIN, IoH = MAX, VIN = VIH
VOH Output HIGH Voltage 72 27 | 35 V| or ViL per Truth Table
54,74 0.25 0.4 \ loL=4.0mA Vee =Vee MIN,
VoL Output LOW Voltage VIN = Vi or Vi
74 0.35 05 \ loL =8.0mA per Truth Table
Input HIGH Current
Other Inputs 20 1A Vee =MAX, ViN=27V
m PL Input 60
Other Inputs 0.1 _ _
PL Input 0.3 mA | Voo =MAX, V|N=7.0V
Input LOW Current
hL Other Inputs -0.4 mA Voo =MAX, ViN=04V
PL Input -1.2
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
lco Power Supply Current 36 mA Ve = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Input Clock Frequency 25 35 MHz
tPLH Propagation Delay 22 35
tPHL PL to Output 22 35 ns
tPLH Propagation Delay 27 40 _
ns Vee =50V
tPHL Clock to Output 28 40 CL=15pF
tPLH Propagation Delay 14 25 ns
tPHL P7to Q7 21 30
tPLH Propagation Delay 21 30 n
tPHL P7to Q7 16 25 S

FAST AND LS TTL DATA
5-3
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SN54/74L.5165
AC SETUP REQUIREMENTS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Teost Conditions
tw CP Clock Pulse Width 25 ns
tw PL Pulse Width 15 ns
ts Parallel Data Setup Time 10 ns
ts Serial Data Setup Time 20 ns Vec=5.0V
tg CPq to CP Setup Time ! 30 ns
th Hold Time 0 ns
trec Recovery Time, PL to CP 45 ns

1The role of CP 1, and CP in an application may be interchanged.

DEFINITION OF TERMS:

SETUP TIME (ts) — is defined as the minimum time required
for the correct logic level to be present at the logic input prior
to the clock transition from LOW-to-HIGH in order to be recog-
nized and transferred to the outputs.

HOLD TIME (th) — is defined as the minimum time following
the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in order to ensure continued

recognition. A negative hold time indicates that the correct
logic level may be released prior to the clock transition from
LOW-to-HIGH and still be recognized.

RECOVERY TIME (trec) — is defined as the minimum time
required between the end of the PL pulse and the clock
transition from LOW-to-HIGH in order to recognize and
transfer loaded Data to the Q outputs.

AC WAVEFORMS

a

PL q3y 13V X 1.3V

‘PLH“L_'1 L—+ tPHL

_ tPHL Q7ORQ7 ﬂ
Q70R Q7wv
Figure 1 Figure 2
e JI > > i S Y
ts(H)’I_.I‘“r_ th(H) ‘s(L)‘I;:‘ [t e— ty trec
PLOR CP 7}[1.3v \ 7(11.3v P 13V
Figure 3 Figure 4

FAST AND LS TTL DATA
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function slip=speed_fcontrol_spline(f,T)
P=4,

V=380;

Ns=(120*f)/P;

Ws=(2*pi*Ns)/60;

rl=stator R(V);
r2=rotor_R(V);
L1=stator L(V);
L2=rotor L(V);

xm=160.1679;

x1=2*pi*f*L1;

vph=V/sqrt(3);

A=xm/(x1+xm);
vth=vph*A;
rth=r1*(A*A),

xth=x1;

A=3*vth*vth;
B=2%pi*f*L2;
C=B*B;

D=2*xth*B,;
E=(rth*rth)+(xth*xth);
F=2*rth*r2;

G=12%r2;

K1=T*Ws*C;
K2=T*Ws*D;
K3=T*Ws*E;
K4=(T*Ws*F)-(r2*A);

K5=T*Ws*G;

SOL=[K1 K2 K3 K4 K5];

/lszmerilandu speed_fcontrol_spline

//ﬁmaui‘wammmma‘f

Adav

JMSIRUAINANAACLSIAUTENINNEY)
/nnuE % asTaveauemes (pm)

/ANUIE UFUVDINBIADS (rad/sec)

/m3Een1dilandu stator R
/m33en 19 Han U rotor R
/im3zen1diladdu stator L
/m33en19Han U rotor L

JAANNMHE NI AL UIHED

' = o A s
/MANUAUSIUINTANDT

msasulantlounemes
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slip=roots(SOL);

for i=1:4
Nm(i,:)=(1-slip(i)) *Ns;

end

fprintf('Speed] = %3f \n Speed2= %3f \n Speed3= %3f \n Speed4= %3f \n',Nm(1),Nm(2),Nm(3),Nm(4));

! ' v 1
mIeuwlvdmiuasnaeui manuiisendldnnmsdimnanis 4 m mlagndesdiga

if slip(1)>0&slip(1)<0.25
fprintf('Speed_IM = %3f \n',Nm(1));

end

if slip(2)>0&slip(2)<0.2
fprintf('Speed _IM = %3f \n',Nm(2));

end

if slip(3)>0&slip(3)<0.25
fprintf('Speed_IM = %3f \n',Nm(3));

end

if slip(4)>0&slip(4)<0.25
fprintf('Speed _IM = %3 \n',Nm(4));

end

return

/mEaanamanusseuifiwld
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function slip=speed_vfcontrol_spline(f,T)

P=4;
V=f*7.6

Ns=(120*f)/P;
Ws=(2*pi*Ns)/60;

rl=stator R(V);
r2=rotor_R(V);
L1=stator L(V);
L2=rotor L(V);

xm=160.1679;

x1=2*pi*f*L1;
vph=V/sqrt(3);
A=xm/(x1+xm);
vth=vph*A;
rth=r1*(A*A);
xth=x1;
A=3*vth*vth;
B=2%pi*f*L2;
C=B*B;

D=2*xth*B,;

E=(rth*rth)+(xth*xth);

F=2*rth*r2;

G=12%r2;

K1=T*Ws*C;
K2=T*Ws*D;

K3=T*Ws*E;

/Alszmeilandu speed_vfcontrol spline
/AmuInavesuemed
Jasfnamus sz emeiitlounemesd
Tag3nM V/E= 7.6 Faf1uaa97n 380/50
/aNuE % asiaveauemos (pm)

/ANUE UFBUVDINBIADT (rad/sec)

/m3Eenldilandu stator R
/m33en 19 Han U rotor R
/im3sen1diladdu stator L
/m3Een1Flatdu rotor L

' = o A ]
/MANUHUSIUINLNUKAN

' = o A s
/AMANUAUSIUINTANDT

msasulantlounemes

K4=(T*Ws*F)-(r2*A);

K5=T*Ws*G;

SOL=[K1 K2 K3 K4 K5];



slip=roots(SOL);

for i=1:4
Nm(i,:)=(1-slip(i)) *Ns;

end

197

fprintf('Speed1 = %3f \n Speed2= %3 \n Speed3= %3f \n Speed4= %3f \n',Nm(1),Nm(2),Nm(3),Nm(4));

! ' v 1
mIouwlvdmiuasnaeui manuiasendldnnmsdimnais 4 a1 mlagndesiiga

if slip(1)>0&slip(1)<0.25
fprintf('Speed_IM = %3f \n',Nm(1));

end

if slip(2)>0&slip(2)<0.2
fprintf('Speed IM = %3f \n',Nm(2));

end

if slip(3)>0&slip(3)<0.25
fprintf('Speed _IM = %3f \n',Nm(3));

end

if slip(4)>0&slip(4)<0.25
fprintf('Speed_IM = %3f \n',Nm(4));

end

return

HEHHHEHEHEHEHEHEHEHEHEHEHEH

%ilaniau stator R

HHHHHHHHHHHEHE
/Msunsummanudumiisane fd1dnnmsduméie Ga
function Rs=stator R(V)

format short

load Rs_data

k=V-60+1;

k=round(k);

Rs=A(:.k);

return

HHHHHHH R HHHHHHHH T R

o
% ilandu stator L

ITRTRTR TR R NIRRT R TR TN TN TN TN T T TR TR TRIRIRIR TR TN TN TN TN TN TNTRTNINTON]
HHHH T

/Mlsunsumanumiioniiaanesd1d0nnsdunmdas Ga
function Ls=stator L(V)

format short

load Ls_data

k=V-60+1;

[y d @
/m3dsemadlandu stator R

~ 9 ' Y d' sy ¥
/AsanUya ﬂ?ﬂ’]'lllﬁ?uﬂ1uﬂﬁ!ﬂlﬂﬂiﬂ1ﬂmﬂﬂﬁ

a do o
Uszmnadramataglansimdisy

[y d @
/m3dsemaiandu stator L

/3endeya manumileniiamaeiildanms

a do w
Uszmnadramataalansimdisy



k=round(k);
Ls=C(:,k);

return

R

%ilaniafu rotor R

A
/Musunsummanudumuil Tnnes s 1dnnmsdumds Ga
function Rr=rotor R(V)

format short

load Rr_data

k=V-60+1;

k=round(k);

Rr=B(;,k);

return

HEHHHEHEHEHEHEHEHEHEHEHEHEH

%ilaniafu rotor_L

HHHHHHHHHHH
/Msunsummanumiionii TsmessaIdnnmsdumais Ga
function Lr=rotor L(V)

format short

load Lr_data

k=V-60+1;

k=round(k);

Lr=E(:;,k);

return

198

sstsemeiladeu rotor R

' { 7o
/zendeya marudwmuilsmesi ldenns

Usznademainalaerimdiaiy

/msdsemeailandu rotor L

oy ' = o & sy v
//LiEJﬂGUﬂﬂJuﬂ mmmmumumTsmasw‘lmmmw

a do o
Uszmnadramataalansimaisy
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TR TR TR TR R YRR IR TR IR TN TN TN TN T N NIRRT NIRRT R IR TN TN TN TN TNTTNTRTRIRIRINTRINTNTNT]

ITTR T TR R YRR TR R IR R TR TN TN TN TN TR TN NI TRTRTRIRIRTRINTNTNTNTAT]
A

HHHH

function [pt min,f use]=search f(f min,f max,T,N,V.f s)

n=1;

/Auseumsiauiemmhdinugydoveuene

for f=f min:f s:f max
Pt=loss_spline(f,T,N,V);
if Pt>=0
fl(n)=f;
Ptl(n)=Pt;
n=ntl;
else
end

end

[pt_min,index]=min(Pt1);
f use=f1(index);

return

ITRTRTRTRTRTR RN TR R TN TN TN TR TNTNTRTRIRIRIRIRTRINTNTNT]
HHH T

J o i
% ilandu loss_spline

ITRTRTR TR TR NIRRT RN TN TN TN TRTNTNTRTRIRIRIRIRTRINTNTNT]
HHH T

function Pt=loss_spline(f,T,N,V)
P=4;

Ns=(120*f)/P;
Ws=(2*pi*Ns)/60;

rl=stator R(V);

r2=rotor_R(V);

L1=stator L(V);

L2=rotor L(V);

Lm=160.1679/(2*pi*50);
rm=3.3114*10"3;
s=(Ns-N)/Ns;

Z1=r1H(Q2*pi*f*L1)*));
Z2=(r2/s)H((2*pi*s*f*¥L2)*));
Zm=(rm*2j*pi*f*Lm)/(rm+((2*pi*F¥Lm)*)));

Zt=(Z1*Z2)HZ1*Zm)+(Z2*Zm);

/Alszmeilandu search f

UAAUD £ min DIANND £ max

a o w { g
//‘Wi]1’5mua‘wwmmawmqmﬂﬁamﬁmﬂuum

3 o w ' {
//mm’faynﬂmmN1uﬁ;{nﬁuﬁﬂmmumzﬂamﬁ

o o 3 v s
//mﬂusummsmumau“acluaxLiﬂ

/MIRERUIMANNIIHNE AR
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A=(Z2+Zm)/Zm;
B=abs(A);
C=abs(Z2);
D=T*Ws*s/12;

=

P=D*((B*B*r1)+r2-+H(C*C)/rm)); /msinnummaanugads

o

return
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//Header file SEARCH_FREQ.H//
#define pi 3.14159
s Fudmsumsmadiga
ﬁ**************************************************************************U
// Function for finding minimum value 1
ﬁ**************************************************************************U
#ifdef _ cplusplus

int min (int valuel, int value2);

int min(int valuel, int value2)

{

return ( (valuel < value2) ? valuel : value2);

}

#endif

Y L L]

/lsfdFudmsomssnnammanudimuzigaithdmhasnugydeiisniosiige
ﬁ**************************************************************************N

// Function to findind frequency for minimize losses /!

ﬁ**************************************************************************U

float search_f(float f min, float f s, float f max, float T, float N, float volt) /msdszmeiland search_f

{

//Declaration//

int loss(float f, float T, float N, float volt);
int n,i;

float f1[800],Pt1[800], first,secound,compare,f use,Pt min,f,Pt;

n=1;
/fprintf("nl= %d\n", n);

N**************************************************************************N

// Initial parameters value //

N**************************************************************************N

for (i=0;i<=800;i++) /msveaiioidmsuiudoya
{

. 3 9 ' =
£1[i1=0.00; /mivdeyamaiud
Pt1[i]=0.00; Mmindeyasimdanug

1

Y L]
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/Milsuasudmsumasmseumssnnaniiommanudimngiga
//LOOP FOR SEARCHING FREQUENCY //

for (f=f min; f<f max; f=f+f s)

{

// printf("f= %f\n", f);

Pt=loss(f, T,N,volt);

// printf("Pt=" %f\n", Pt);

//f1[0]=10000.00;

Pt1[0]=10000.00;

if (P>=0.00)

{

if (P>=10000.00)
{

Pt=3000.00;

i

f1[n]=f;

Pt1[n]=Pt;

first=Pt1[n-1];

secound=Pt1[n];

compare=min(first,secound); // MINIMUM FUNCTION //
if (compare==secound)

{

f use=f1[n];

Pt min=Pt1[n];

}

else

f use=fl[n-1];

Pt min=Pt1[n-1];

/lprintf("f use= %f\n", f use);
printf("Pt_ min= %f\n", Pt min);
/lprintf("n=%d\n", n);

break;

n=n+l;
}
/lelse
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//printf("sorry\n");
}
return(f_use);

}

ﬁ**************************************************************************U

/Milsunsudmsuirammmasnugyds

ﬁ**************************************************************************U

/! Function for findind power losses //

ﬁ**************************************************************************U

int loss(float f, float T, float N, float volt) //miﬂixmﬁ%ﬂﬁ’ﬁ]ufu loss

{

ﬁ**************************************************************************U

/! Declaration for this program (local) /!
ﬁ**************************************************************************U
float Rs,Rr,Ls,Lr,P;

float Ns,Ws,Lm,Rm,s,re,im,re2,im2,re3,im3,re4,im4,B,C,D,Pot;

int result,result1,result2,result3;

int lookRs(float);

int lookRr(float);

int lookLs(float);

int lookLr(float);

N*************************************************************************U

3 v ' v = s = ' o A 7 3 9 7
//G]'IS'NLﬂ‘]J“U?]lI‘,ﬁﬂ'lﬂ'J'liJﬂ']u'V]'luV]f"fmmﬂi“H\?LLiJiLﬂﬁﬂuﬁ'lllﬂ'luiﬂﬂu'ﬂﬁmmﬂiiﬂmﬂﬂﬂlﬂﬂ"ﬁﬁlugﬂuﬂﬂﬂlfo]miEl

N**************************************************************************N

/! Table for stator resistance /l

ﬁ**************************************************************************U

float Rs_data[221]={14.8863,14.6131,14.3697,14.1549,13.9673,13.8057,
13.6689,13.5556,13.4646,13.3946,13.3444,13.3127,13.2982,13.2998,13.3161,
13.3459,13.3880,13.4410,13.5038,13.5751,13.6537,13.7382,13.8275,13.9203,
14.0153,14.1113,14.2071,14.3013,14.3927,14.4801,14.5623,14.6379,14.7057,
14.7645,14.8131,14.8501,14.8743,14.8844,14.8793,14.8577,14.8182,14.7602,
14.6848,14.5936,14.4883,14.3706,14.2420,14.1043,13.9590,13.8078,13.6525,
13.4945,13.3356,13.1774,13.0215,12.8697,12.7234,12.5845,12.4545,12.3350,
12.2278,12.1340,12.0528,11.9832,11.9238,11.8736,11.8313,11.7957,11.7656,
11.7399,11.7174,11.6969,11.6771,11.6570,11.6353,11.6108,11.5823,11.5487,
11.5087,11.4612,11.4050,11.3393,11.2648,11.1827,11.0942,11.0004,10.9024,

204
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10.8015,10.6988,10.5954,10.4925,10.3912,10.2928,10.1983,10.1089,10.0258,
9.9501,9.8830,9.8257, 9.7792,9.7448,9.7232,9.7135,9.7144,9.7247,9.7430,9.7681,
9.7987,9.8335,9.8712,9.9105,9.9502,9.9889,10.0254,10.0584,10.0865,10.1086,
10.1233,10.1293,10.1254,10.1102,10.0830,10.0446,9.9967,9.9406,9.8779,9.8098,
9.7380,9.6639,9.5888,9.5144,9.4420,9.3731,9.3091,9.2515,9.2018,9.1615,9.1319,
9.1145,9.1108,9.1222,9.1498,9.1927,9.2494,9.3186,9.3990,9.4892,9.5878,9.6935,
9.8049,9.9207,10.0395,10.1599, 10.2806,10.4003,10.5175,10.6309,10.7391,10.8408,
10.9347,11.0193,11.0936,11.1574,11.2109,11.2542,11.2875,11.3108,11.3245,11.3285,
11.3230,11.3081,11.2841,11.2510,11.2090,11.1582,11.0988,11.0308,10.9545,10.8700,
10.7774,10.6768,10.5685,10.4532,10.3317 ,10.2048,10.0731,9.9377,9.7991,9.6583,
9.5159,9.3728,9.2299,9.0877, 8.9473,8.8093,8.6745,8.5437,8.4177,8.2973, 8.1833,
8.0765,7.9777,7.8875,7.8070 ,7.7367,7.6776,7.6303,7.5958,7.5747, 7.5679,7.5762,
7.6003,7.6410,7.6992 ,7.7755,7.8709,7.9861, 8.1218,8.2789 , 8.4581,8.6603};

ﬁ**************************************************************************U

2 v ' Y = ] e ' v A o = s
/MsnuTayamANNAIHNINR Tamessalsnldeumumussduinaiames lagtnudeyalugiuuuvesessd
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/! Table for rotor resistance V

N**************************************************************************N

float Rr_data[221]={4.7375, 4.7920, 4.8440, 4.8935, 4.9406, 4.9853,
5.0277,5.0678, 5.1057, 5.1414, 5.1750, 5.2065, 5.2360, 5.2636,
5.2892, 5.3130, 5.3349, 5.3551, 5.3736, 5.3905, 5.4057,

5.4194, 5.4316, 5.4423, 5.4516, 5.4596, 5.4663, 5.4718,

54761, 5.4792, 54812, 5.4822, 5.4823, 5.4814, 5.4796

54770, 5.4736, 5.4694, 5.4647, 5.4593, 5.4533, 5.4468

,5.4399, 5.4329, 5.4257, 5.4187, 5.4119, 54055, 5.3996,
5.3944, 53901, 5.3867, 5.3845, 5.3836, 5.3841, 5.3862,
5.3901, 5.3958, 5.4036, 5.4136, 5.4260, 5.4408, 5.4581,

5.4778, 5.4998, 5.5240, 5.5505, 5.5791, 5.6098, 5.6426

,5.6773, 5.7139, 5.7525, 5.7928, 5.8348, 5.8786, 5.9240,
5.9709, 6.0194, 6.0694, 6.1207, 6.1733, 6.2269, 6.2810,
6.3352, 6.3892, 6.4426, 6.4950, 6.5459, 6.5950, 6.6418,
6.6861, 6.7273, 6.7651, 6.7991, 6.8290, 6.8542, 6.8744,
6.8892, 6.8983, 6.9012, 6.8976, 6.8882, 6.8736, 6.8545,
6.8314, 6.8053, 6.7766, 6.7462, 6.7146, 6.6827, 6.6509,
6.6201, 6.5909, 6.5640, 6.5401, 6.5198, 6.5039, 6.4931,
6.4879, 6.4891, 6.4972, 6.5115, 6.5314, 6.5560, 6.5846,
6.6163, 6.6504, 6.6862, 6.7227, 6.7594, 6.7953, 6.8297,
6.8618, 6.8909, 6.9161, 6.9367, 6.9518, 6.9608, 6.9628,
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6.9571, 6.9431, 6.9214, 6.8928, 6.8580, 6.8179, 6.7733,
6.7250, 6.6737, 6.6203, 6.5656, 6.5104, 6.4554, 6.4016,
6.3496, 6.3003, 6.2544, 6.2129, 6.1764, 6.1458, 6.1219,
6.1053, 6.0957, 6.0926, 6.0956, 6.1042, 6.1180, 6.1364,
6.1589, 6.1853, 6.2148, 6.2472, 6.2819, 6.3184, 6.3563,
6.3951, 6.4343, 6.4735, 6.5122, 6.5499, 6.5861, 6.6206,
6.6531, 6.6838, 6.7126, 6.7395, 6.7646, 6.7879, 6.8094
,6.8290, 6.8470, 6.8631, 6.8775, 6.8902, 6.9012, 6.9105,
69181, 6.9240, 6.9283, 6.9310, 6.9321, 6.9315, 6.9294
,6.9257, 6.9204, 6.9137, 6.9054, 6.8955, 6.8842, 6.8715,
6.8572, 6.8416, 6.8245, 6.8060, 6.7860, 6.7648, 6.7421,
6.7181, 6.6928, 6.6662, 6.6382};

N**************************************************************************N

3 9 ' = o A ] = ' o A o 3 9 e
//G]'Ii'l\uﬂ‘U”Uﬂgaﬂ'lﬂf]'mLﬁuﬂ’iu'l'ﬂﬁmmﬂi“lﬁuﬂﬂﬂﬁﬂu@]13Jﬂ']!,!§\1ﬁu1/]ﬁmmﬂiiﬂmﬂ'ﬂTﬂﬂqﬁiuzﬂtlﬂﬂﬂlﬂﬁﬂzliEJ

N**************************************************************************N

// Table for stator inductance /!

ﬁ**************************************************************************U

float Ls_data[221]={ 0.0427, 0.0422, 0.0416, 0.0410, 0.0404, 0.0398, 0.0392,
0.0386, 0.0380, 0.0374, 0.0367, 0.0361, 0.0355, 0.0349,
0.0343, 0.0337, 0.0332, 0.0326, 0.0320, 0.0315, 0.0309,
0.0304, 0.0299, 0.0294, 0.0289, 0.0285, 0.0281, 0.0276,
0.0273, 0.0269, 0.0265, 0.0262, 0.0259, 0.0257, 0.0255
,0.0253, 0.0251, 0.0250, 0.0249, 0.0248, 0.0248, 0.0248,
0.0249, 0.0250, 0.0251, 0.0253, 0.0255, 0.0257, 0.0260,
0.0262, 0.0266, 0.0269, 0.0273, 0.0276, 0.0281, 0.0285,
0.0289, 0.0294, 0.0299, 0.0304, 0.0309, 0.0315, 0.0320,
0.0326, 0.0331, 0.0337, 0.0342, 0.0348, 0.0353, 0.0358,
0.0363, 0.0368, 0.0373, 0.0377, 0.0381, 0.0385, 0.0388,
0.0391, 0.0393, 0.0395, 0.0396, 0.0397, 0.0397, 0.0397,
0.0396, 0.0395, 0.0393, 0.0391, 0.0389, 0.0387, 0.0385,
0.0382, 0.0380, 0.0377, 0.0374, 0.0372, 0.0369, 0.0367,
0.0365, 0.0363, 0.0361, 0.0360, 0.0359, 0.0358, 0.0358,
0.0357, 0.0357, 0.0357, 0.0357, 0.0357, 0.0357, 0.0358,
0.0358, 0.0358, 0.0358, 0.0358, 0.0358, 0.0358, 0.0357,
0.0357, 0.0356, 0.0355, 0.0353, 0.0352, 0.0350, 0.0348,
0.0346, 0.0343, 0.0341, 0.0339, 0.0337, 0.0335, 0.0333,
0.0331, 0.0329, 0.0327, 0.0326, 0.0325, 0.0324, 0.0323,

0.0323, 0.0323, 0.0324, 0.0324, 0.0325, 0.0327, 0.0328,
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0.0329, 0.0331, 0.0332, 0.0333, 0.0334, 0.0335, 0.0336,
0.0336, 0.0336, 0.0335, 0.0334, 0.0333, 0.0331, 0.0328,
0.0325, 0.0321, 0.0317, 0.0312, 0.0307, 0.0301, 0.0296,
0.0290, 0.0285, 0.0279, 0.0274, 0.0269, 0.0265, 0.0260,
0.0257, 0.0254, 0.0252, 0.0250, 0.0250, 0.0250, 0.0252,
0.0255, 0.0258, 0.0262, 0.0268, 0.0274, 0.0280, 0.0287,
0.0295, 0.0303, 0.0311, 0.0320, 0.0329, 0.0338, 0.0348,
0.0357 , 0.0366, 0.0375, 0.0384, 0.0393, 0.0401, 0.0409,
0.0416, 0.0423, 0.0430, 0.0435, 0.0440, 0.0444, 0.0447,
0.0449, 0.0450, 0.0450, 0.0449, 0.0447, 0.0443, 0.0438,

0.0431, 0.0423, 0.0414, 0.0402};

ﬁ**************************************************************************U
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ﬁ**************************************************************************U

1/ Table for rotor inductance //

Y L]

float Lr_data[221]={ 0.0441, 0.0441, 0.0441, 0.0440, 0.0440, 0.0439, 0.0438,
0.0436, 0.0435, 0.0433, 0.0431, 0.0429, 0.0427, 0.0424,
0.0422, 0.0419, 0.0417, 0.0414, 0.0411, 0.0408, 0.0405,
0.0402, 0.0399, 0.0396, 0.0393, 0.0391, 0.0388, 0.0385,
0.0382, 0.0379, 0.0377, 0.0374, 0.0372, 0.0370, 0.0368,
0.0366, 0.0364, 0.0362, 0.0361, 0.0360, 0.0359, 0.0358,
0.0358, 0.0358, 0.0357, 0.0357, 0.0357, 0.0358, 0.0358,
0.0358, 0.0358, 0.0358, 0.0358, 0.0358, 0.0357, 0.0357,
0.0356, 0.0355, 0.0354, 0.0352, 0.0350, 0.0348, 0.0346,
0.0343, 0.0340, 0.0337, 0.0333, 0.0330, 0.0327, 0.0324,
0.0321, 0.0319, 0.0316, 0.0314, 0.0313, 0.0312, 0.0311,
0.0312, 0.0313, 0.0314, 0.0317, 0.0320, 0.0324, 0.0329,
0.0334, 0.0340, 0.0346, 0.0352, 0.0359, 0.0365, 0.0372,
0.0378, 0.0385, 0.0391, 0.0396, 0.0402, 0.0406, 0.0410,
0.0413, 0.0415, 0.0416, 0.0417, 0.0416, 0.0414, 0.0412,
0.0409, 0.0405, 0.0401, 0.0397, 0.0392, 0.0387, 0.0383,
0.0378, 0.0374, 0.0369, 0.0366, 0.0363, 0.0360, 0.0358,
0.0357, 0.0357, 0.0358, 0.0360, 0.0363, 0.0367, 0.0371,
0.0375, 0.0380, 0.0386, 0.0391, 0.0396, 0.0401, 0.0406,
0.0411, 0.0415, 0.0418, 0.0421, 0.0423, 0.0424, 0.0424,
0.0422, 0.0420, 0.0416, 0.0411, 0.0405, 0.0399, 0.0392,

0.0384, 0.0376, 0.0368, 0.0359, 0.0351, 0.0343, 0.0335,



208

0.0327, 0.0320, 0.0314, 0.0308, 0.0304, 0.0301, 0.0298,
0.0297, 0.0298, 0.0299, 0.0302, 0.0305, 0.0309, 0.0314,
0.0320, 0.0326, 0.0332, 0.0338, 0.0345, 0.0352, 0.0358,
0.0364, 0.0370, 0.0376, 0.0381, 0.0385, 0.0389, 0.0391,
0.0393, 0.0394, 0.0394, 0.0393, 0.0392, 0.0390, 0.0388,
0.0385, 0.0381, 0.0377, 0.0373, 0.0368, 0.0363, 0.0358,
0.0352, 0.0347, 0.0341, 0.0335, 0.0329, 0.0323, 0.0317,
0.0311, 0.0305, 0.0299, 0.0294, 0.0289, 0.0284, 0.0279,
0.0275, 0.0271, 0.0268, 0.0266, 0.0263, 0.0262, 0.0261,
0.0261, 0.0262, 0.0263, 0.0265};

P=4.00;

Ns=(120.00*f)/P;
Ws=(2.00*pi*Ns)/60.00;

if (volt>280.00)

{

volt=280.00;

¥

result=lookRs(volt);
Rs=Rs_data[result];

//printf("index %d\n", result);
//printf("Stator resistanc %f\n", Rs);
resultl=lookRr(volt);
Rr=Rr_data[resultl];

//printf("index %d\n", resultl);
//printf("Rotor resistanc %f\n", Rr);
result2=lookLs(volt);
Ls=Ls_data[result2];

//printf("index %d\n", result2);
//printf("Stator inductance %f\n", Ls);
result3=lookLr(volt);
Lr=Lr_data[result3];

//printf("index %d\n", result3);
//printf("Rotor inductance %f\n", Lr);
Lm=160.1679/(2.00*pi*50.00);
Rm=3.3114*1000.00;

s=(Ns-N)/Ns;

/lprintf("s= %f\n", s);

if (s==0.00)
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s=0.00001;
re=Rs;
im=2.00*pi*f*Ls;

complex Zs=complex(re,im);

re2=Rt/s;
im2=2.00*pi*s*f*Lr;

complex Zr=complex(re2,im2);

re3=0.00;
im3=2.00*pi*Rm*f*Lm;

complex Z3=complex(re3,im3);

re4=Rm;

im4=2.00*pi*f*Lm;

complex Z4=complex(re4,im4);
complex Zm=Z3/74;

complex A=(Zr+Zm)/Zm;

B=abs(A);
C=abs(Zr);

D=T*Ws*(s/Rr);

Pot=D*((B*B*Rs)+Rr+((C*C)/Rm));
return(Pot);

}
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ﬁ**************************************************************************U
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ﬁ**************************************************************************U

1/ Function look up table for Rs

/

ﬁ**************************************************************************U

int lookRs(float volt)

{
int B;
float k;
k=volt-60.00;
B=ceil(k);
return(B);

}

smslszmedlanay lookRs
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/ Function look up table for Rr 1
J R AR SR SR RS SR R R A S A ok
int lookRr(float volt) smsdsgmailandu lookRr
{
int B2;
float k2;
k2=volt-60.00;
B2=ceil(k2);
return(B2);
}

N**************************************************************************N

'y
IR T

Misupsudmsumssumannumionhiiaames iyuegiunsiiuiiamaed

ﬁ**************************************************************************U

/! Function look up table for Ls //
[ R R SRR SR SR SRS RR  SR
int lookLs(float volt) /mssemailanau lookLs
{
int B3;
float k3;
k3=volt-60.00;
B3=ceil(k3);
return(B3);
¥

ﬁ**************************************************************************U

' Y
R

o W Y ' = o A < Vo o A s
ﬁIﬂiuﬂiMﬁ]ﬂiﬂﬂ1iﬂuﬁ1ﬂ1ﬂ3ﬁﬂﬁuﬂﬂuWﬂIﬂﬁﬂiWmuﬂgﬂuuiﬂﬂuﬂﬁwuﬁﬂi

ﬁ**************************************************************************U

// Function look up table for Lr /!
J R R R
int lookLr(float volt) /msals xﬂ1ﬁWﬂﬁ’ﬂ?}u lookLr
{
int B4;
float k4;
k4=volt-60.00;
B4=ceil(k4);
return(B4);
}

Y L]
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= <3 a = a A o
siwazealunmanuan 2. Wumsesuelusunsunyuedusuud uag Tilsunsunund NAIUANNITNINIUYDN

* ' b
gatdunaouvemesmisnhmumalunuiseinnivus  TaeTusunsunpuweausundad  ¥aiwaumsiaululag

aouInsaians 8051 YBUTHN atmel 31 AT89S8252

A

% TsunsuapueaEIUa dmTuaIuaumsiaureaIvetnled

%l noana 9133508 a1nIximangsuliih, winodemaluladgsui

A

ORG
IMP

ORG
IMP

ORG
START:CLR
CLR
CLR
MOV
MOV
MOV
MOV
MOV
MOV

CALL

MOV

SETB

SETB

SETB

LOOP: MOV
XRL

DATA_COMM:
CALL

0000H
START

000BH

INT_TIMERO

0100H
EA

EX0

TRO

SP#30H

PO,#0FFH

P1,#0FFH

P2,#0FFH

P3,#0FFH
NOW_COUNT #00H

START LOAD
TMOD,#00000001B
ETO

SETB  EA

TFO

TRO

AP3

A#ID_CODE

INZ LOOP
CALL  RECV_DATA
ENCODER

/s mualida EA vessvames IE iugud Famine
ae lifimsdadanay

/8 laifimsdunarluTvuaTimer 0

/e 30H vl“lJ'l’gJ’ﬁ stack pointer

/e oFFH 'l B3inesa Po

/e oFFH Tu13finea p1

/nien oFFH T3 finesa P2

/e oFFH ' 3finesa p3

//NOW_COUNT 11101 00H
/5onlFauTsunsudes START LOAD

JAuaTnuansiaIuYed Timer 0 15w Tvua 1
JimualfinsTaT91IZ U4 Timer0

° ya A < & =
i mualida EA vossvames IE WU 1 #9mane
a4 Sulimstadanig
/imualiims Tenes IWatued Timero

/A5UMSRINIUVOS Timer0

9 o

/M35 EX-OR A1 0AH (ID_CODE) i1 A Sdeyansudn lils
ID_CODE l#useumssudeyasunideyaiisudnnizgndes

o ¥ o o iy o ' s 4 "o
//ﬂ'Iﬁ\?ﬁ'ﬁ’ﬁ‘ﬂﬂﬁDuiﬂﬂlﬁﬂiﬂi’l}ﬂ%ﬁiﬁuﬂ']iwaiﬁ 3 Lﬁﬂ A |llJ!,“lll'IﬂTJ 0

/5enldauTdsunsudes RECV_DATA

/5enldaullsunsuges ENCODER



CALL
IMP

/5enl4a1T1)5unsudes ENCODER

/s lan Ui Tdsunsuges LOOP

sttt s ot st s ot ks s ot ek sk s ol ks st kst st kst sk sk ks sk sl ok Rk sk skl R R sk ok

Recived Data

sttt s ot s o ot ks s ot ek sk s otttk st kst s ot ksl skt ks sl kR R sk skl R Rk sk ok

RECV_DATA:
XRL
1z

MOV
MOV
MOV

_R_DATAO0:
XRL
1z

MOV
DINZ

MOV
SWAP
ANL
XRL
INZ

_OK_DATA:
MOV
INC
INC
DINZ

"R DATA X:
MOV
CALL
MOV
MOV
RET

LOAD DATA
LOOP

MOV A,P3
A#ID_CODE
RECV_DATA
RODATA 0
R1,#08H
R2,#01H

MOV A,P3
A#ID_CODE
RECV_DATA
A#B0H

Acc,$

A,P3

A

A#OFH

A,R2

"R _DATA00
MOV A,P3
@RO,A

RO

R2

RI, R_DATA00

MOV  A#00H
P BACK,A
ACK_DELAY
A#OFFH

P BACK,A
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9 Ao s ' v A ' a =
//Gli?ﬂﬁﬂ‘]J“Ui]i,lva‘ﬂiUNW]NW’ﬂiﬁ P3 NQﬂﬁﬂﬂ‘Viiﬁl‘lﬂJ Iﬂﬂllﬂﬁ!,l]iﬂﬂ

fieufua1 ID_CODE

/8 A flugudlvingz Taa liiTisunsudes RECV_DATA

/I DATA_0 1181 50H (RO fie LoAATa)

/3 manseuvesmsiinumied auseuns gy

//R2 Ao §1uveToya

v Ao s ' v 2 ' a =
//G]i’J"l]ﬁf]“]J“UﬂiJ"ﬁV]'iﬂﬂJW]NWﬂiﬁ P3 ’J']Qﬂ@'lf]\iﬁiﬂvlll Iﬂﬂllﬂ']ilﬂitm

fieununa1 ID_CODE

/nian 8oH U130 A

/AMMIHUIAT

/5udeyadunantanesa p3

Jadudeyaszning 4 Savuiv 4 dads

/Aian 4 daanaldn A

Y A @ 1 1 o
/el A milounual R2 A1 A vgdiauilu 1

/5udoyadunan1awesa P3
/il A Pindumiaeaasaues RO (F9 RO = 50 H)

/mapudumianueamsadali

masudrwudeyaidiudeyadali

/ane R1 uagd R1 Ha1 Tdm

fueudlilua

9

Y

Tisunsuges _R_DATA00 tVesudoya

//P_BACK fi0 PO

/m3enTsunsudos ACK_DELAY

iR



3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk stk sk sk sk stk sk skosk skl sk stk sk sk sk skl sk sk sk stk sk kol skok sk skokoskokskoskokskokok

Encoder Data

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk stk sk sk sk stk sk sk sk skl sk stk sk sk sk skl sk sk sk stk sk kol skok skoskokoskokskoskokskokok

ENCODER:
MOV
MOV

_ENCODEO0:
ANL
SWAP
MOV
INC
MOV
ANL
ORL
INC
MOV
INC
DINZ

RET

MOV RO#DATA 0
R1,#R_TEMP_MSB
R2,#04H

MOV  A,@RO
AMHOFH

A

B.A

RO

A,@RO

A#OFH

AB

RO

@RI1,A

RI

R2, ENCODE00

miluTlsunsudesdmsuneas e
//R_TEMP_MSB 11111 26H

//R2 D $11IUT0VURINT I
/midleyanndumiis Ro 137 A
/niddea 4 Sadia 137 A

Jadudeyaszning 4 Savuiy 4 dads

minueamsaiudumviadaly

/1M OR Feyaszning A fu B

/mideyann A T TAndwmiaeamsaves R1
A o ' o o

mandwiiaeawymiludumiisia )

/aad R2 wagd R2 Har TushAugudlili

T1sunsuges ENCODEO0O

sk sk sk sk sk sk sk sk sk stk sk sk sk skosk sk stk sk sk stk sk skosk sk sk stk skok sk skok skoskosk sk skokok skokokoskok ook skorskokok

Load Data

sk sk sk sk sk sk sk sk sk stk sk sk sk sk sk stk sk sk stk skoskosk sk sk stk skok sk skok skokok skokoskoskok skokoskoskok ook skorskokok

LOAD_DATA:
MOV
MOV
MOV
RET

MOV R _TIME HON,R_TEMP MSB

R_TIME_LON,R_TEMP_MID
R_TIME_HOFF,R_TEMP_LSB
R_TIME_LOFF,R_TEMP_SUM

sttt s ot s ot ot ks s ot ek st ksl st kst s st ot ks skt sk sk sl kR sk sk skl R Rk sk ok

Acknowladge Delay

sk sk sk sk sk sk sk sk sk stk sk sk sk sk sk sk stk sk sk stk sk skosk sk sk stk skok sk skok skoskok sk skoskok skokoskoskok ook skorskokok

ACK_DELAY:
MOV

ACK_DLY00:
DINZ
RET

CLR A
BA

DINZ  Acc,ACK_DLY00
B,ACK_DLY00

sttt s ot s ot ot ks s ot stk s st sk st kst sl st ksl skt ks sl kR Rk skl R Rk sk ok
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3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk stk sk sk sk stk sk skosk skl sk stk sk sk sk skl sk sk sk stk sk kol skok sk skokoskokskoskokskokok

Timer0 Delay

Not Turn off Timer0O for Run All Time

sttt s ot st ot e ks s ot ek s s ol ksl st kst s st ot ks skt ks sk sl ok kR sk skl Rk sk ok

INT_TIMERO:
MOV
MOV
JB

MOV
MOV

_LOAD _INT:
INC
CALL

X_TIMERO:

CLR TRO sdmuald TRO i 0 Favneda dalusuduna
THO,R_TIME_HOFF /Tvaadoyan R_TIME_HOFF 11 13# THo
TLO,R_TIME_LOFF /Traadeyasin R_TIME_LOFF 11137 TLO

NOW_COUNT.0, LOAD INT //mn5zlanldsiiildsunsudes LOAD INT dieomludumisvesia

NOW_COUNT.0 danuilu 1

THO,R_TIME_HON /Maadoyanin R_TIME_HON 37 THO
TLO,R_TIME_LON /Mviandeyanin R_TIME_LON 1137 TLO
SETB TR0 /M5usuna

NOW_COUNT /AfiNAT NOW COUNT

OUT PORT /5on 14 1sunsuties OUT_PORT

RETI

sttt s ot sk ottt st ek s st sk sk st kst sl ot kst sk sk ks sk sl kR Rk skl R Rk sk ok

Sending Data to Port3

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk skesk sk sk sk stk sk sk sk skl sk stk sk sk sk skl sk sk sk stk sk kol skok sk skokoskokskokokskokok

OUT_PORT:
CLR
JNB

CPL
_OUT_PORT:

POP

RET

PUSH Acc /A Ace Ty 137 stack pointer
A
NOW_COUNT.0, OUT PORT //n3elaa’livivilysunsugos OUT PORT iiesnludumisvesia

NOW_COUNT.0 iy 1

A

o v a s
MOV P2,A /MeYAN A Talawesa p2
Acc /@991 Ace 980N stack pointer

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk stk sk sk sk stk sk sk sk skl sk stk sk sk sk skl sk sk sk stk sk kol stk sk stokoskokskoskokskokok

Read Data From PORT and Save to EEPROM

sttt s ot s ot et st ek sk s otttk st kst s st ksl skt ks sk sl kR sk sk skl R Rk sk ok

START_LOAD:
MOV
MOV
MOV
MOV
MOV
RET

MC_ON EQU

MOV  DPTR#CT ON /e cT_oN Fuiludioya 16 1a 11130 DPTR

R_TIME_HON,DPH /e DPH 1137 R_TIME_HON
R_TIME_LON,DPL /e DPL 11137 R_TIME_LON
DPTR,#CT_OFF /mhe cT_oFF daifiudoya 16 1in 11137 DPTR
R_TIME_HOFF,DPH /i DPH 1137 R_TIME_HOFF
R_TIME_LOFF,DPL /e DPL 10137 R_TIME_LOFF

AR AR R R R AR AR R
450 //Min=10 Max=890 (150159 1Uv992995501)11)0F)
0-MC_ON //Min 30uSec = FFFOH ,Max 100% = FC88H (A1 T_ON)

CT ON EQU
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CT_OFF EQU 0-900+MC_ON //Constance = #FC88H (A1 T_OFF)
ID_CODE EQU 0AH

P BACK EQU PO

SR R R R SR

NOW_COUNT EQU 20H

R_TIME_HON EQU 21H

R_TIME_LON EQU 22H

R_TIME HOFF  EQU 23H

R_TIME_LOFF EQU 24H

R_TEMP_MSB EQU 26H
R_TEMP_MID EQU 27H
R_TEMP_LSB EQU 28H
R_TEMP_SUM EQU 29H

DATA 0 EQU 50H
END



e

% TsunsuampuemIENUa SMTuAIUANMITIUYeNITBUNeT IS

Aw o a a a v ) =)
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IRTRTRTRTRTRIRIRIRINN]

IRTRTTR TR TR RIRT RN TR TR TN TN TN TN TRT NI TRINIRINT]

I L
HHHH T

ITTR T TR R YRR RN NIRRT NN TN TN TR TN NI TRTRTIRIRIRTRINTNTNTNTAT]
A

ORG
IMP

ORG
IMP

ORG
START:CLR

MOV
INITIAL:CLR
MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV
MOV
MOV

SETB
LOOP: MOV
XRL

CALL
IMP

0000H
START

000BH

INT_TIMERO

0100H
EA

SP.#40H
TRO
P0,#0FFH
P1,#0FFH
P2 #0FFH
P3 #0FFH

R_GAP,#200D
R_TIME MSB #0FFH
R_TIME_MID,#0CBH
R_TIME_LSB,#0EBH

TIMEO_COUNT,R_TIME_MSB

THO,R_TIME_MID
TLO,R_TIME LSB
NOW_COUNT,#00H
TMOD,#00000001B
IE,#10000010B

TRO

A,P3

AHID_CODE

LOOP

RECV_DATA
LOOP

#

JAWMUINEI8ANNSUTUAUYRY START

/a8 1S uAUYEd INT TIMERO

simualiiia EA vosivames IE Wugud Favine
=1 =) v v

ae lifimsdadanay

/i 40H 311137 stack pointer
#8laifimsdunarlu TvuaTimer 0

I~ ° Ay J 1
//lﬂuﬂ'liﬂ']ﬁuﬂﬂ']!illﬁ]uﬂlf]ﬁWﬂiﬂﬂN 9

/MHUAATR_GAP 11111 100uSec

JAuamANNDYeIdUNesIABsIEuAUN 25H2

JAuaTnuansiaIuYed Timer 0 15 Tvua 1
/UAN1IMITA9HIL AT IN LA NMTTATINIZVDS
Timer 0

/ASHVIAN

=

/M5 EX-OR #1 OFH (ID_CODE) fiu A d1deya

Sudun il i0_copk luseumssudeyasu
) do v g

ANV NTUININALYNADA

sidadmsumsiuseuivesuteyalninanesa

P3

/5enl¥ 1dsunsutdesi¥e RECV._DATA
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3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk skosk sk sk sk stk sk sk sk skl sk sk sk sk sk sk skl sk sk sk stk sk skoske stk sk stk sk sk sk stk sk skosk stk sk kol skok skeskokoskokskokok sk

v Ed v Y
Data Sequence (M3 MyuamMsamsmanunda lo3ifine 6 Aausoumsiaunga1’)

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk sk sk sk sk sk stk sk sk sk skl sk sk sk sk sk sk skl sk sk sk stk sk skosk stk sk stk sk sk sk stk sk skosk skok sk kol skok skekokoskokskokok sk

T_TABLE:DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

00000011B
00100011B

00100001B
00110001B

00110000B
00111000B

00011000B
00011100B

00001100B
00001110B

00000110B
00000111B

;Gap_Data

;Data_Out

;Gap_Data

;Data_Out

;Gap_Data

;Data_Out

;Gap_Data

;Data_Out

;Gap_Data

;Data_Out

;Gap_Data

;Data_Out

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk skesk sk sk sk stk sk sk sk skl sk stk sk sk sk skl sk sk sk stk sk kol stk sk kol skokskoskokskokok

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk skosk sk sk sk stk sk sk sk skl sk stk sk sk sk skl sk sk sk stk sk kol stk sk kol skokskokokskokok

Timer0 Delay

Not Turn off Timer0 for Run All Time

sttt s ot s ol e ks st ks s otttk st kst sl et ks skt ks sk sl kR sk sk skl ook sk ok

INT_TIMERO:

MOV

MOV

SETB
PUSH
PUSH
INC

MOV
INZ

CLR TRO
THO,R_TIME MID

TLO,R_TIME LSB

TRO
Acc
B

TIMEO_COUNT

A,TIMEO_COUNT
X_TIMERO

sfmuald TRo Hu 0 Fanwneds Sl usuna
/Mvaadoya R_TIME_MID fisumnniid u'137
THO

/Mviandoya R_TIME_LSB #ifuananiia in13i
TLO

/M5usuna
miusisuduneuiivgiinsdaiane
miusisuduneuiivgiinisdaiinie
/msuan 1 fudeyamelumizeanui
§113119999 TIMEO_ COUNT &3 TIMEO_COUNT
Suaniaasnouseuvesms
/Tnaafyes TIMEO_COUNT ‘137 A

/81 A = 0 azrInedamsvunaSeuesuda 1
fdaluussiindel1d udd A w0 150

iidelu X_TIMERO
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MOV
INC

MOV
MOV
DIV

MOV

MOV

CALL
CALL
MOV

CALL
X_TIMERO:

POP

RETI

TIMEO_COUNT,R_TIME_MSB

NOW_COUNT

ANOW_COUNT
B,#6D
AB

NOW_COUNT,B

B,#00H
OUTPORT
GAP_DELAY
B,#01H
OUTPORT
POP B
Acc

3 o A )
//NOW_COUNT flududenmivoyalunisga

A =

w171 10309 a1uA1319 T TABLE #aluaisiadl

v
Smugadoyadmiugaruiuledbivanue 6 ya

U a

/imsmsmdeyaneluiimaes A uaziimans
B Taothwadni i 18lu Tudwandr laiu 137
F3mnes A uazludvdngaluifiu137Tsmand B @
amsnovea Tsunsylugrediiumsidendlu
1319 T_TABLE tfieyaruanle3 il
AnmsHsauiIdaded thauay daie A B 1)
iu137dns NOow COUNT

/1B 1fus 00H madsdeyaitogaruaulesiii
wiflumsianlugiaes GAP DELAY uily
¥ARIS1Y84 Gap Data A1UA1519 T TABLE
/5en1¥Tsunsudesiive OUTPORT
/5on1FTsunsudesiide GAP DELAY

/1B i 01H madedeyaitogarunu lesiid
ﬂmﬂuﬂﬁﬁnm“lw]gﬂﬁﬁwm Data_Out A1UA15 14
T TABLE

= gy

/1939930 B 990910 stack

=<

//A3UBUA Acc DDNIN stack

U

e

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk skosk sk sk sk stk sk sk sk skl sk sk sk sk sk sk skl sk sk sk stk sk sk sk stk sk stk sk sk sk stk sk skosk stk sk kol skok sk skokoskokskokok sk

Data Outport (11 TUsunsudosdmsudonmain Table tiedaoon ludulodnnna

o
NO3N PO)

sttt s e s ot ek s ot st sttt s ot st ks stttk s ot sk sl st ksl st kst skt sk stk sl kR sk skl ook sk sk ok

OUTPORT:
RL

ADD
MOV
MOVC
MOV
RET

MOV ANOW_COUNT

A

AB
DPTR,#T TABLE
A,@A+DPTR

PO,A

Hvaygutialu A Tnedne 1 dauaziia 0 fia10
anwrnenfe Wumsgauminu13lu A d 2
& g ax = A ' A
FauiluiBmanilalumsidenmain Table tiods

doyanalyasuaunnvesledii Idedregndos

Sy
AUNADINIT
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3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk stk sk sk sk stk sk skosk skl sk stk sk sk sk skl sk sk sk stk sk kol skok sk skokoskokskoskokskokok

Gap Delay

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk stk sk sk sk stk sk sk sk skl sk stk sk sk sk skl sk sk sk stk sk kol skok skoskokoskokskoskokskokok

GAP_DELAY:
_G_DLYO00:
RET

MOV AR _GAP

3k sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk skesk sk sk sk stk sk sk sk sk sk stk sk sk sk stk sk sk sk stk sk kol stk sk stokoskokoskoskokskokok

Recived Data

3k sk s sk sk sk sk sk sk skl sk sk sk sk sk sk stk sk sk sk stk sk sk sk skl sk stk sk sk sk skl sk sk sk stk sk kol stk sk stokoskokskokokskokok

RECV_DATA:
XRL

1Z

MOV

MOV
MOV

_R_DATAO0:
XRL
1z

MOV
DINZ

MOV
SWAP
ANL
XRL

INZ

_OK_DATA:
MOV
INC
INC
DINZ

DINZ Acc,$
MOV A,P3
A#ID_CODE
RECV_DATA
RO, #DATA 0
R1,#06H
R2,#01H

MOV A,P3
A#ID_CODE
RECV_DATA
A #00H

Acc,$

A,P3

A

A#OFH

A,R2
_R_DATA00
MOV A,P3
@RO,A

RO

R2

R1, R_DATA00

4

/Mvaadeyasinwesa P3an'13n A
vy do g . v a9
/aswaeuneyansudwiudeyamuidosnms

v '

w3e Tt Wl WS udeoyarunesa p3 Tny

U

o ' ' o o v & { o
sdwianizeanuhidmsunudeyansudhun
[ s
HIUN1INDTA P3

1 E

/augiiiiny 6 19zIueUMIININ 6 A3

< o ) @ o w 3
mudunlsdmsunmsasisdeudinuvesdoya

Y A [l

gndesniely

L1

v a v Ay
//G]i’Ji]ﬁf]Uﬂlﬂgﬁﬂﬂﬂiﬂ’ﬂgﬂﬂﬂﬁﬁiﬂqn

/gafnduieniiang

/Myaadeyayaii 1 9nwesa p3 137 A

/iumsasvaeudeyaiisuidmianesa p3 11

I~ { '
Wudoya yai 1 3ol

o { < { o
/mideyayan 1 T TAnviaearus ro

A o ' =3
/AABUAULNUINITINVUDYA

saamlu R1 wagl1¥fMdaludiuvos R_DATA00
FadlusrdadmsuInsoumsThaaunTEians 6

soumImanuamunimua’l’
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"R _DATA_X:
MOV
CALL
CALL
MOV
MOV
RET

MOV  A#00H
P BACK,A
ACK_DELAY
ENCODER
A#OFFH

P BACK,A

sttt s ot s ot e ks s ok ks s ot skl st kst sl ot ks skt ks sl kR R sk skl R R sk ok

Encoder Data

sttt s ot s ot e ks s ot ek sk s ok ksl st kst sl ot ksl skt ks sl ok kR sk skl R R sk ok

ENCODER:
MOV
MOV

_ENCODEO0:
ANL
SWAP
MOV
INC
MOV
ANL
ORL
INC
MOV
INC
DINZ

RE_LOAD:
MOV
MOV

_X_RELOAD:

MOV  RO#DATA 0

RI#R_TEMP MSB

R2,#03H Jspumsihaianye 3 501

MOV  A,@RO //ﬁwmﬁafﬂuﬁmmiamimmmﬁ‘h RO 137 A

AHOFH

A

B.A

RO e s mmianizenusidalal

A,@RO

AHOFH

AB

RO e s mmianizensadalal

@R1,A

R1

R2, ENCODE00 //aaf R2 adaaz 1 sunseitas R2 Seusiiy o #s
WineRaIuseUMsILRaLe 3 afa

MOV R TIME MSB,R TEMP MSB ;Save MSB

R_TIME_MID,R_TEMP_MID

R _TIME LSB,R_ TEMP LSB

RET

st st e s e sk s otk s otk sk sl sk s s st kst sl et ks sk ok sk sk sk sl Rk sk ko ok

R _GAP EQU
ID_CODE EQU
P BACK EQU

20H /msmvuamndudsang q luldsunsy
OFH
Pl

3k sk sk sk sk sk sk sk sk sk sk sk sk ske stk sk sk sk sk sk sk stk sk sk sk skl sk sk sk stk sk skosk stk sk kol skok sk skokoskokskskokskok

R_TIME MSB
R_TIME_MID

R_TIME LSB

EQU 21H
EQU 22H
EQU 23H
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R_TEMP_MSB
R_TEMP_MID
R_TEMP_LSB

NOW_COUNT
LAST COUNT
TIMEO_COUNT

DATA_0 EQU
END

EQU
EQU
EQU

EQU

EQU

EQU

2AH

24H
25H
26H

27H
28H
29H
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//Header file TRIGGER.H//

void Amp_Control(int D_data); /1 dsgmeilandu Amp_Control
void Freq_Control(long int D_data); / Usemeiladdu F req_Control
void D_Outport(int Datag); // szmailandu D_Outport
int D_Inport(); #Usemailand D_Inport

int T On,Mode,X Data8;

int A_Amp = 0x0a,A_Freq = 0x05,A_Idle=0xff;

float F_Freq;

Wi i

void Amp_Control(int D_data)

{
int Data8, Temp,iijj=1; /fij AD éwﬁmwﬁ'ay‘aﬁﬁa Fafiianua s i
delay(5);
D_Outport(A_Amp); /19 30az1B80avelanF 1 D_Outport Tuunii 4 voq
Inendinus
Data8 = 0-D_data; N¥aavdmsurasiunm udeyaluduves T ON)
for (ii=0; ii<4; ii-++) ndwsumsdsdoyaliiululnsaeuInsames
Tﬂﬂdaﬂﬁ'anvaﬁwm 4 afadmivm T_ON
{
Temp = (Data8 >> (12-(4*ii))) & 0x0f ;
Temp = ((jj << 4) | Temp )|0x00; //For Micro_0
//printf(" Data loop %2x Data = %2x\n",jj, Temp);
Jitts
delay(5);
D_Outport(Temp);
h
Data8 = 0-8000+D_data; /iudoyaluduves T OFF
for (ii=0; ii<4; ii++) ndwsumsdsdoyaliiululnsaeuInsames
Tﬂﬂdaﬂﬁ'anvaﬁwm 4 afadmivm T_OFF
{

Temp = (Data8 >> (12-(4*ii))) & 0x0f ;

Temp = ((jj << 4) | Temp ); //For Micro_0
//printf(" Data loop %2x Data = %2x\n",jj, Temp);
Jitts

delay(5);

D_Outport(Temp);
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}
delay(5);
D _Outport(A_Idle);
¥
W

void Freq_Control(long int D_data)

{
. LA o o v A1 990 PR g .
int Temp,ii,jj=1; /i Ao drauvesdeyandelinylulnsnouTnsames Fallnanua 6
LA o w o 19 Y o o
//ii A9 ﬁ']ﬂ‘ﬂﬂ1i‘1/n\ﬂuéllf]\1ﬂ']iﬁ\?éllf]ll"ﬁblﬁﬂﬂ‘lllliﬂiﬂﬂui'ﬂiﬁmﬂi
/Iprintf(" n");

//printf(" Enter Range %lx\n",D_data);
delay(5);
D_Outport(A_Freq);
. . .. 9 1 19 Y o 4
for (ii=0;, ii<6; ii++) rdwsumsdetoyalidnululnsaeuInsamos

v v
Taodadoyananu 6 A5

Temp = (D_data >> (20-(4*ii))) & 0x0f ;
Temp = (jj << 4) | Temp ;

it

delay(5);

D_Outport(Temp);

//printf(" Data loop %2x Data = %4x\n"jj, Temp);

delay(5);
D_Outport(0xff);

Wiy s

void D_Outport(int Data8) /g waziBeaveailiddu D_Outport luumii 4 veaTneiinug
{
outportb(LPT+2,0x03);
outportb(LPT+0,Data8);
outportb(LPT+2,0x08);
outportb(LPT+2,0x03);
}

A A S L L B LR L b
HHH T T T
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int D_Inport() /g3 waziBeaveailsiFu D Inport Tuuni 4 ves3neninug
{
int i,data8,result=0x0000;
outportb(LPT+0, 0xff);
outportb(LPT+2, 0x0b);
outportb(LPT+0, 0x00);

for(i=1;i<9;i++)

{
data8 = inportb(LPT+1);
outportb(LPT+2, 0x0f);
outportb(LPT+2, 0x07);
data8 = ((data8°0x80)&0x80);
result = result | (data8>>(8-1));
}

outportb(LPT+0, 0xff);
return(result & 0xfY);
¥
W



MANHIN Y.

Tilsunsumuaumsiauvesnsszuumeisyniandany



A
' £ '
% ldsunsunendin ¥ lumsaiugumsihauvesisszuuielszudandeau

Aw o a a a v ) =)
%1a8 NEINA ©135nY ﬁ'l‘ll']’J“]f']’JP(’JﬂiﬁJVl‘V\lﬁ'l, 11141’3'7]61?]6!,‘1/]?]11!1@8?151!']3

IRTRT TR RN R R RN TN TN T TN T TN R IR TR R NIRRT NN TN TN T N NIRRT RN RN IR TN TN TN TN T T NI TR IR NIRRT R TN TN TN TN TN TRTNTNTRIRIRIRIRTRINTNTNTNTNIN]
HHH T T T

#include <dos.h>

#include <stdio.h>

#include <conio.h>

#include <d:\tc\energy\interface.h>
#include <d:\tc\energy\rec.h>
#include <d:\tc\energy\trigger.h>
#include <math.h>

#include <iostream.h>

#include <complex.h>

#include <stdlib.h>

#include <d:\tc\energy\search_freq.h>

#define LPT 0x378
#define DLY 100

227

void Amp_Control(int D_data); /lsFuniuaumsiauresiasyvetilesd
void Freq_Control(long int D_data); /lsRFumugumsthaureIdunesines
void D_Outport(int Data8);

int D_Inport(),Vrms,V,B;

int lookT(int Vrms),T 0ld=300,T new,T use,T use2,T use3,hk;

float f 0ld=50.00;

int T[221]={100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,
100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,
100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,
100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,
100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,100,
100,100,100,100,100,100,100,100,101,101,101,102,102,103,103,104,104,105,105,106,106,107,
107,108,108,109,109,110,110,111,112,113,114,114,115,116,116,117,118,118,119,120,121,121,
122,122,123,123,124,125,126,127,128,129,130,132,134,135,136,137,138,139,140,142,143,145,
146,147,148,150,152,154,155,157,159,161,163,165,167,168,170,173,175,178,182,188,194,197,

199,200,200,200,200,200,200,200,200,200,200,200,200,200,200,200,200,200,200,200,200,200,

200,200,200,200} ;

int d_inport();

float error,errorl,voltage,volt real,torque,voltagel,volt reall,volt actual,volt actuall,speed,



228

speedl,speed2,speed3,speed4,speedS,speed6,speed7,speed8,speed9,speed10,motor_speed,motor_speedl,motor_speed2=1000.00,a

a,bb,speel,spee2,spee3,speed,spees,speeb,spee,speed,spee9,speel0,motor_torque,motor_torquel,motor_torque2=3.00,aal;

void a_inport(int s_mode,int s_datal2[4]);

//'s_mode of 0=CHOG 1=CH1G 2=CHO01 3=CH10 //

void a_outport(char a_ch,int datal2);

void d_outport(int data8);

void d_display(int data8);

int adap(int Mode, int val); silafsudmsumsiumanuaisuneinoy
wazmsUSusmssiuiiverled

void main()

{

int a,S_loop,i,ch,data8,datal2, result[4]result][4],x,maxy,vf;

float v,f,T,S,S1,SP,N,Pt,volt,volt_line,f min,f s,f max,frequency,fr,Ncommand;

int lookRs(float);

int lookRr(float);

int lookLs(float);

int lookLr(float);

int loss(float f, float T, float N, float volt);

float search_f(float f min, float f s, float f max, float T, float N, float volt);

outportb(LPT+2,0x03);

D_Outport(0xff);

//int i,ch,data8,datal2,result[4],k=1,data;
clrser();

printf("\n\n Press Anykey for Running ");
getch();

clrscr();

printf("\n\n With Running Press AnyKey Exit \n\n\n");

dsunsudmiusuRuaiowuunemusWusenutai

for(vf=1;vf<=50;vf++)

{

printf("f =%d Hz\n", vf);

vv=ceil(vf*4.4); /599U = 220 Vnns/phase....ﬂ’ﬂlla =50 Hz

printf("v =%f V\n", vv);

adap(1,vf); /81 mode = 1 Aam3UsuaNNaRBUSINDS
adap(0,vv); /81 mode = 0 Aoms S IsuNve /03

}



fr=adap(1,50);
printf("frequency =%f Hz\n", fr);

volt=adap(0,190) ;

printf("volt=%f V\n", volt);

SP=reciev(2);

printf("Speed = %f rpm\n",SP );
printf(" Enter Speed Command: ");
scanf("%f",&Ncommand);
N=Ncommand;

while(!kbhit())

T=reciev(1);

printf("Torque = %f N.m.\n",T );

f min=10.00;

f max=80.00;

f s=0.1;
volt_line=1.732*volt;

frequency=search_f( f min, f s, f max, T, N, volt line);

printf("Frequency for minimize losses= %f Hz\n", frequency);

if(frequency<=30)
{
printf("!!! Error at frequency\n");
frequency=50.00;
¥
if(frequency>=70)
{
printf("!!! Error at frequency\n");
frequency=50.00;
}
adap(1,frequency);

//Speed//
S=reciev(2);

printf("Speed = %f rpm\n",S );
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error=Ncommand-S;

printf("error = %5.0f rpm\n", error);

if(error>=0.00)

{
while(error>=20.00)
{

if(error>=200.00)

{

volt=volt+30.00;

adap(0,volt);

¥
if((error>=100.00)&(error<200.00))
{

volt=volt+10.00;

adap(0,volt);

}
if((error>=20.00)&(error<100.00))
{

volt=volt+1.00;

adap(0,volt);

}

Sl=reciev(2);
printf("Speed = %f rpm\n",S1);
error=Ncommand-S1;
printf("error = %5.0f rpm\n", error);
if(error<0.00)
{
error=error*(-1.00);
while(error>=20.00)
{
if(error>=200.00)
{
volt=volt-30.00;
adap(0,volt);
}
if((error>=100.00)&(error<200.00))
{

volt=volt-10.00;
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adap(0,volt);

¥
if((error>=20.00)&(error<100.00))
{

volt=volt-1.00;
adap(0,volt);
}

Sl=reciev(2);
printf("Speed = %f rpm\n",S1 );
error=Ncommand-S1;

printf("error = %5.0f rpm\n", error);

if(error<0.00)
{

error=error*(-1.00);

}

}

}
}
}
if(error<0.00)
{

error=error*(-1.00);

&4 ' o A a o v,
//Nf]ull’ll@'l'lﬂ f PAUNUDURUNUADUAU

while(error>=20.00)

{

if(error>=200.00)

{

volt=volt-30.00;

adap(0,volt);

}
if((error>=100.00)&(error<200.00))
{

volt=volt-10.00;

adap(0,volt);

¥
if((error>=20.00)&(error<100.00))
{
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volt=volt-1.00;
adap(0,volt);
}

Sl=reciev(2);

printf("Speed = %f rpm\n",S1);
error|=Ncommand-S1;
error=error1*(-1.00);

printf("error = %5.0f rpm\n", errorl);

if(error1>=0.00)
{
while(error1>=20.00)
{
if(error1>=200.00)
{
volt=volt+30.00;
adap(0,volt);
}
if((error1>=100.00)&(error1<200.00))
{
volt=volt+10.00;
adap(0,volt);
¥
if((error1>=20.00)&(error1<100.00))
{
volt=volt+1.00;
adap(0,volt);
}

Sl=reciev(2);
printf("Speed = %f rpm\n",S1 );
error|=Ncommand-S1;

printf("error = %5.0f rpm\n", errorl);
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int lookT(int Vrms)

{
int B2;
float k2;
k2=Vrms;
B2=ceil(k2);

return(B2);

int adap(int Mode, int val)

{

int S_loop;

float p,b,f new,ff use,f use2,f use3;
if (Mode==0)

{

Vrms=val,

B=l00okT(Vrms);

T On=T[B];

v
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T_new=T_On;
printf(" T _new: %d \n",T new);

//printf(" T_old: %d \n",T_old);

if (T_new>T old)
{
for (h=T old;h<=T_new;h=h+1)
{
T _use=h;
for (S_loop=0;S_loop<10;S_loop++)
{
//printf("\n Loop Number %2d\n",S_loop+1);
Amp_Control(T _use);
//delay(10);
¥
}
T_old=T _use;
}
if (T _new==T _old)
{

T _use3=T_new;

rideamsezal§uliamnnndn T old Falu
vafiimualiTmuihm 300

5wl T_ON v032495%01)11/05 A0 step
fiaz 1 (h=1) yun3zitenn T ON sy

T new

/Fa luTasaeu Insaaessuaws s Tae
' o vy J A
lunaazsonvesmsdiua T ON ldasdmiseo

Ed £ ' v
UUiAdDe 10 AT uNenNUiulY

b ' 1
Muvaedian T old dea/doilu T use Fafide

v '
o 1 o

A1 T_ON weaavswernlesasargaiuies

/A NABIN159LUSY T new Ty T old

2 o Y 1w
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for (S_loop=0;S_loop<10;S_loop++)
{
//printf("\n Loop Number %2d\n",S loop+1);

Amp_Control(T_use3); /AMsUsuM T ON veeavsseiles
//delay(10);
}
T_old=T _use3;
}
if (T new<T old) /rAideaMs9ISD T new fithifosnth
{ T old Fammualyivim 300 Tugeuusn
for (k=T _old;k>=T new;k=k-1) /AMIaai1 T_ON v893393%01lilos
{ NN T old AAAUTITY T new Al
T use2=k; foams Tae step lumsdSuiiawmiu 1

for (S_loop=0;S_loop<10;S_loop++)
{
//printf("\n Loop Number %2d\n",S_loop+1);
Amp_Control(T_use2);
//delay(10);
}
¥
T old=T use2;
¥

return(Vrms);

b

if( Mode == 1) /38 Mode = 1 Mg mstiunuiiees
{ dunosmes

F_Freq=val;

while (I(( F_Freq >= 0.5)&(F_Freq <= 150.00))); Jaadi SudeIag1ura 0.5 - 150 1§50

f new=F_Freq; /f new fio MANARdeImIazaliy

/fprintf(" £ new: %f \n",f new);

/lprintf(" £ old: %f \n",f old);

if (f new>f old) /sl £ new AR £ old #1 £ old A
{ 1 50 (Fsad lunounsn
for (p=f_old;p<=f new;p=p+0.1) JRmsiuAnaTas 0.1 iFadaunszaa
{ manuaTimauiidens
ff use=p;

T On =0 - (2000000 / (6*ff use) );
for (S_loop=0;S_loop<10;S_loop++) /suanudinlulasneu Insames lasdadn 10

{ sou oanwule



//printf("\n Loop Number %2d\n",S_loop+1);

Freq_Control(T_On);
//delay(10);
}
}
f old=ff use;
}

if (f new==f old)

{

f use3=f new;

T On=0- (2000000 / (6*f use3));
for (S_loop=0;S_loop<10;S_loop++)
{
/lprintf("\n Loop Number %2d\n",S loop+1);
Freq_Control(T_On);
//delay(10);
}

//Freq_Control(T_On);

f old=f use3;

}

if (f new <f old)

{
for (b=f old;b>=f new;b=b-0.1)
{
f use2=b;
T On=0- (2000000 / (6*f use2));
for (S_loop=0;S_loop<10;S_loop++)
{
/Iprintf("\n Loop Number %2d\n",S loop+1);
Freq_Control(T_On);
//delay(10);
}
¥
f old=f use2;

}
return(f_old);
¥

}

/N3 £ new (MR £ old

/39 £ new NAoENIN £ old
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/Mlsunsud w3y Header file fi¥o REC.H

sttt st st e sl e sk ek sk sk ek sk s ok s e ok o
//Header file REC.H//

//#define LPT 0x378

//#define DLY 100

int d_inport();

void a_inport(int s_mode,int s_datal2[4]);

void a_outport(char a_ch,int datal2);

void d_outport(int data8);

void d_display(int data8);

float reciev(int signal);

float reciev(int signal)

{

void a_inport(int s_mode,int s_datal2[4]);

int i,ch,data8,datal2,result[4],da,result1[4],x,maxy,s,c,m=1,k=1,1=0,11=1;
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v o v w1 <
//Wiﬁ%uﬁ"l‘i’ii‘ﬂi‘Uﬂ'lﬂ’ﬂllli’Jiﬂ‘U

nSeaAusadaved Ivan

float mo,voltage,volt realtorque,voltagel,volt reall,volt actual,volt actuall,speed,

speedl,speed2,speed3,speed4,speedS,speed6,speed7,speed8,speed9,speed10,motor_speed,motor_speedl,motor_speed2=1000.00,a

a,bb,speel,spee2,spee3,speed,spees,spee6,spee,speed,spee9,speel0,motor_torque,motor_torquel,motor_torque2=3.00,aal;

s=signal;
//Torque//
if(s==1)
{
1=0;
for(1=0;1<=9;1=1+1)
{
a_inport(0,result);
/la_inport(1,resultl);
da=result[0];
voltage=da*5.0/4096.0;
volt_real=(1.033376*voltage)-0.027064;
//printf("voltage real = %f V\n",volt_real);
//delay(100);

if (volt_real<=0.00)

{

volt_real=0.00;

}

//printf("voltage torque = %f V\n",voltage);

volt_actual=(0.2911*volt_real)+0.0145;

/o signal Tadus s

kg 2 w1 a
/A7 s=1 Hend SuAwssiaues Ivaa

E
/AUTOUMININIU 10 A3

o & a
//i“lJﬂ'lLLf)uf;ﬁﬂﬂ@dlﬂuﬂ'ﬂlﬂ‘ﬂﬂﬂlﬂﬂ

Traar U FoIdYYIa 0
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if (volt_actual<=0.00) Fumsnana ldnnmsnaaeuasa

{

volt actual=0.00;

}

torque=(volt_actual)/(0.2); /BATIEIMVR T DS TaA 1T aTA
~ o 1 a 2 '

speel=torque; AUMITUAULINUANIHNA 10 AN

spee2=speel;

spee3=spee2;

speed=spee3;

speeS=spee4;

speeb=speeS5;

spee7=speeb;

spee8=spee7;

spee9=spee8;

speel0=spee9;

/fprintf("m = %d \n",m);
if(m==10) Jasavdeuinsy 10 adaield
{
motor_torquel=(speel+spee2+spee3+speed+speeS+spee6+spee7+spee8+
spee9+spee10)/10.00; /masmiidnnmssuamsaiia

v
NInuA 10 A1

aal=motor_torquel-motor_torque2; /MIATIADUNAA VDY
if(aal<0.00) motor_torquel NUAT motor_torque2
{ Fasmualdnauiiiy 3 Faludu
g v Ay y
aal=aal*(-1.00); uL‘l]uﬂ'liG]ﬁ?ﬁ]ﬁﬁ]ﬂ'JWﬂWﬂ‘lﬂﬁ]'lﬂﬂ'li
) Sadlualnid Fa'lulgaudy Galae

UndudrdadasedavedInan

if(aal>0.2) Unlasulasuamindaldoraiian

{ nasumlasdniosdeiladenie

//printf("aa=%.0f\n", aa); Tumal§iia Fedaugudssdadu
Yy 1 & -

motor_torque=motor_torquel; TR e N luvaiuaussdaves

} Tnaawasylivse lusd1als

else

{

motor_torquel=motor torque2;
motor_torque=motor_torque2;
//printf("speed=%.0f rpm\n", motor_speed2);
}
o Ay v A
speel=0; //ﬂﬁﬂmuﬂﬂuimumawagamﬂ

spee2=0; sesudoyayalvi



spee3=0;
speed4=0;
spee5=0;
spee6=0;
spee7=0;
spee8=0;
spee9=0;

speel0=0;

//printf("Torque = %.2f N.m.\n",motor_torque);

mo=motor_torque; /msatinveaInandildonmsia
m=0; /Bgaa m IHuauT 0
motor_torque2=motor_torquel;

//printf("motor_speed2=%.0f rpm\n", motor_speed2);

aal=0.00;

motor_torque=0.00;

motor_torquel=0.00;

bb=0.00;
delay(500);
}
m=m+1;
}
/fprintf("mo = %5.0f rpm\n", mo);
}
if(s==2) /NTEl s =2 ¥ueDe MIsumANu
{ Fr50uv0NDINDT
11=0;
for(11=0;11<=9;11++) JEumanuSaana 10 Augufy
{
/lprintf("I11 = %d \n",11);
a_inport(0,result);
//a_inport(1,resultl);
da=result[3]; /50MANNE TR URIUNIIT D
//Speed// ﬁtgtgwmﬁ 3 ¥p39Tuasdyam
voltagel=da*5.0/4096.0;
volt_reall=(1.033376*voltage1)-0.027064; JaumaildnnnmInaae s
if (volt_real1<=0.00) wilasdyay o
{
volt_real1=0.00;
}

/lprintf("voltage speed=%.0f V\n", voltagel);

238



volt_actual1=(0.4742*volt reall)+0.0158;
if (volt_actual1<=0.00)
{

A
Jaunsi ldunanmanaaeunssuy
Foyarnssulasdygraiice

W9 guaad g n

volt_actual1=0.00;

}

speed=(volt_actual1)*1000.00; /AT IUVRUTULEDS TARIAINN

/Ispeed=(volt_real1/2.057)*1000.00; Lg"JS ? Uﬁ 14

speed1=speed,

speed2=speed1;

speed3=speed2;

speed4=speed3;

speed5=speed4;

speed6=speed5;

speed7=speed6;

speed8=speed7;

speed9=speed8;

speed10=speed9;

//printf("k = %d \n" k);
if(k==10)
{
motor_speed1=(speed1+speed2-+speed3+speed4+speed5+speed6+speed7+
speed8+speed9+speed10)/10.00; //m?i fJ"nglﬁll;l,a ﬁ ’%}Um‘*ﬁs"ﬂ nua 10 M

aa=motor_speedl-motor_speed2; JAnvugmioumssuy 2ya lu

if(aa<0.00) R MLTGE RITEANTE

{

aa=aa*(-1.00);

)

if(aa>20.00)

{

//printf("aa=%.0f\n", aa);

motor_speed=motor_speedl;

)

else

{

motor_speedl=motor_speed2;

motor_speed=motor_speed2;

/Iprintf("speed=%.0f rpm\n", motor_speed2);

)

speed1=0;

speed2=0;

speed3=0;
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speed4=0;

speed5=0;

speed6=0;

speed7=0;

speed8=0;

speed9=0;

speed10=0;

mo=motor_speed;

/Iprintf("Speed = %.0f rpm\n", motor_speed);
k=0;

motor_speed2=motor_speed];
//printf("motor_speed2=%.0f rpm\n", motor_speed2);
a2a=0.00;

motor_speed=0.00;

motor_speed1=0.00;

bb=0.00;

/Iprintf("Speed = %5.0f rpm\n", speed);

delay(500);
}
k=k+1;
}
/fprintf("mo = %5.0f rpm\n", mo);
}

return(mo);

H
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2-Pack IGBT

1200 vV
25A

IGBT MODULE {L series)

M Features

@ High Speed Switching
® Low Saturation Voltage
® Voltage Drive

B Applications

@ Inverter for Motor Drive

® AC and DC Servo Drive Amplifier

® Uninterruptible Power Supply

® Industrial Machines, such as Welding Machines

B Maximum Ratings and Characteristics
@ Absolute Maximum Ratings

M Outline Drawings

230 230
-t
2-¢54 100 100 100
—\ e
ST : S
e eI

16.07.016.07.016.0
16.07.016.07.016.0|

80.0

Tad type terminals
(AMP No.110 equivalent)

M Equilavelent Circuit Schematic

Items Symbols  |Ratings | Units
Collecter-Emitter Voltage Vces 1200 v .
Gate-Emitter Voltage Vees +20 \
Continuous lc 25
Collecter 1ms IC pulse 50 A
Current Continuous ~lc 25
1ms —lc puise 50 a E1C2 E2
Max. Power Dissipation Pc 250 W o & &
Operating Temperature T +150 °C
Storage Temperature Tsig -40t0 +125 |°C
Net. Weight . |185 g
isolation Voltage | AC. Imin, Visol 2500 v
Screw Torque Mour?tlng *1 |36 kgeem *1 Recommendable Value 25 to 35kgecm (M5)
Terminals *2 |35 *2 R dable Value 25 to 35kgecm (MS)
@ Electrical Characteristics (Tc=25°C)
ltems Symbols Test Conditions Min. Typ. Max. Units
VGe=0V Vce=1200V Te=25°C 1.0 mA
Zero Gate Voltage Collecter Current Ices Vor—0V Veem1200V Tom125°C - py
Gate-Emitter Leackage Current IGES Vee=0V Vee=120V 100 nA
Gate-Emitter Threshold Voltage VGE (th) Vce=20V lc=25mA 3.0 6.0 \
Collecter-Emitter Saturation Voltage | Vcesan Vee=18V le=25A 2.7 35 \
Input Capacitance Cios Vee=0V 4500
Output Capacitance Coes Vee=10V - pF
Reverse Transfer Capacitance Cres f=1MHz -
Turn-on Time ton i Vee=600V 0.5 0.8
tr lc=25A 0.3 0.6 us
. toft Vee=+15V 0.8 1.5
Turn-off Time u Re=500 03 |os
Diode Forward On-Voltage VF IF=25A VGe=0V 2.5 \
Reverse Recovery Time tre lF=25A ~di/dt=75A/us VeE=-10V 200 350 ns
® Thermal Characteristics
Items Symbols Test Conditions Min. Typ. Max. Units
Rth ) IGBT 0.50
Thermal Resistance Rith (<} Diode 1.00 °CW
Rth (- With Thermal compound 0.05
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F“J"l 2-Pack IGBT
60 —— 60 7
l I | l TEast | l I l Ti=w8'c |
vee=20Y 18V 2V 1oV av 5 Vee=20V 1BV 12V iV
_ 50 / = -z /
2, // / e 40
I 1/ / av
5 3 —
3 4 I} / - / —
5 7 : Y
(53
2 kY /
° [e]
O 20 © 20
A
0 / 0 74
"4
0 l . A
4] 1 2 3 a4 El 0 2 3 4 5 6
Collector-Emitter Voltage Vee [V] . - _ Collector-Emitter Voltage Vce [V]
Collector Current vs. Collector-Emitter Voltage Collector Current vs. Collector-Emitter Voltage
& I T 1 3 |
] T=25c Vee = 600V
l : : Ve = £15 V
S 5 5 Rs = 5001
= l \ El T) = 25%
8 =
8 I\ 3
i
> 4 R n
s | ! = fotH
< le= N T
< \ 50A £ 05 —— fon T
g 3 N o — u g — i
g N 25a £ 03 il -
w 12.5A7 [~ “1 ot
CL, 2 E tf
b5 S
s
2 3 g
O 2
1 01
0 4 s B % oA 00— & 12 % 20 21 28
Gate-Emitter Voltage Vae [V} Collector Current Ic [A]
Collector-Emitter Voltage vs: Gate-Emitter Voltage Switching Time
3 T T 1 © T EHH
Ve = 600V -
Ve = 15V o
Re = 500 7 5 Ve = 416V
7':'-{, Tj =ws% = Tj=25C toff]
= 1 toff = 3 N
ki [ fon < on
- = B
s 05 = | £ ) L
I — g w ya
g -~ | "1t = - -
= 03 p—— 7
L 2 yd
g el _ £ 05 -
= 4
S |1 = L1 -1t
5 -1 c% 0.3 —
01 bt |1
o1 :
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Collector Current lc [A] Gate Resistance Re [Qf

Switching Time ‘Switching Time-Gate Resistance
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

A
X— B
g 1. Vurc  14.Vwi
2. Uro 15.Br
s 1 *'Q*P*P*‘—Pr_ 3. Up  16.Un
I 4. Vupi 17.VN
i :1 j: tt T 5. Vvec  18.WN
T B At is". RO 6. Vro 19.Fo
H 7. Ve 20.P
Vs eyt H e 208
F i H G 9. Vwec 22.N
| U@TYPR) 10.Wro  23.U
N | | 11We 24V
Padi i T ¥ 12.Vwp  25.W
z 13.Vne
N N| M| M{M|M|M
(4TYP) E

2.0£0.1X0.50.1MMPIN
(6 TYP.)

0.6+ 0.1 X0.4%0.1 MM PIN J
(19 TYP.)

Description:

Mitsubishi Intelligent Power Mod-
ules are isolated base modules de-
signed for power switching applica-
tions operating at frequencies to
20kHz. Built-in control circuits pro-
vide optimum gate drive and pro-
tection for the IGBT and free-wheel
diode power devices.

Features:

[] Complete Output Power
Circuit

[] Gate Drive Circuit

[ Protection Logic
— Short Circuit
— Over Current
— Over Temperature

— Under Voltage
Applications:
Outline Drawing and Circuit Diagram D inverters
Dimensions Inches Millimeters Dimensions Inches Millimeters [ upPs
A 3.98:0.04  101.0£1.0 N 0.41 105 [ Motion/Servo Control
B 378 96.0 P 0.400 10.16 [J Power Supplies
C 3.4810.03 88.50.8 Q 0.392 9.96 Ordering Information:
D 2.700+0.03  68.58+0.8 R 0.31 8.0 Example: Select the complete
E 266+0.02 67.540.5 S 0.26 6.5 part number from the table below
F 2.3620.04 60.0:1.0 T 0.248 6.25 -i.e. PM15RSH120 is a 1200V,
G 1855002  47.0£05 u 0.18 Rad. Rad. 4.5 15 Ampere Intelligent Power Mod-
H 1.8320.03 46.5+0.8 Y 0.18 Dia. Dia. 4.5 ule.
J 1.28 326 w 0.17+0.02 44105 Type Current Rating VcEs
K 0.97 246 X 0.10 25 Amperes Volts (x 10)
L 071004  18.0£1.0 Y 0.100:0.01 2543025 PM 15 120
M 0.53+0.01 13.540.3 z 0.02 05
AA 0.14 35
Sep.1998
MITSUBISHI

ELECTRIC
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

A
X— B
g 1. Vurc  14.Vwi
2. Uro 15.Br
s 1 *'Q*P*P*‘—Pr_ 3. Up  16.Un
I 4. Vupi 17.VN
i :1 j: tt T 5. Vvec  18.WN
T B At is". RO 6. Vro 19.Fo
H 7. Ve 20.P
Vs eyt H e 208
F i H G 9. Vwec 22.N
| U@TYPR) 10.Wro  23.U
N | | 11We 24V
Padi i T ¥ 12.Vwp  25.W
z 13.Vne
N N| M| M{M|M|M
(4TYP) E

2.0£0.1X0.50.1MMPIN
(6 TYP.)

0.6+ 0.1 X0.4%0.1 MM PIN J
(19 TYP.)

Description:

Mitsubishi Intelligent Power Mod-
ules are isolated base modules de-
signed for power switching applica-
tions operating at frequencies to
20kHz. Built-in control circuits pro-
vide optimum gate drive and pro-
tection for the IGBT and free-wheel
diode power devices.

Features:

[] Complete Output Power
Circuit

[] Gate Drive Circuit

[ Protection Logic
— Short Circuit
— Over Current
— Over Temperature

— Under Voltage
Applications:
Outline Drawing and Circuit Diagram D inverters
Dimensions Inches Millimeters Dimensions Inches Millimeters [ upPs
A 3.98:0.04  101.0£1.0 N 0.41 105 [ Motion/Servo Control
B 378 96.0 P 0.400 10.16 [J Power Supplies
C 3.4810.03 88.50.8 Q 0.392 9.96 Ordering Information:
D 2.700+0.03  68.58+0.8 R 0.31 8.0 Example: Select the complete
E 266+0.02 67.540.5 S 0.26 6.5 part number from the table below
F 2.3620.04 60.0:1.0 T 0.248 6.25 -i.e. PM15RSH120 is a 1200V,
G 1855002  47.0£05 u 0.18 Rad. Rad. 4.5 15 Ampere Intelligent Power Mod-
H 1.8320.03 46.5+0.8 Y 0.18 Dia. Dia. 4.5 ule.
J 1.28 326 w 0.17+0.02 44105 Type Current Rating VcEs
K 0.97 246 X 0.10 25 Amperes Volts (x 10)
L 071004  18.0£1.0 Y 0.100:0.01 2543025 PM 15 120
M 0.53+0.01 13.540.3 z 0.02 05
AA 0.14 35
Sep.1998
MITSUBISHI

ELECTRIC
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MITSUBISHEFINTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

Absolute Maximum Ratings, T; = 25°C unless otherwise specified

Ratings Symbol PM15RSH120 Units
Power Device Junction Temperature Tj -20 to 150 °C
Storage Temperature Tstg -40 to 125 °C
Case Operating Temperature Tc -20 to 100 °C
Mounting Torque, M4 Mounting Screws — 0.98 ~ 147 N-m
Module Weight (Typical) — 100 Grams
Supply Voltage Protected by OC and SC (Vp = 13.5 - 16.5V, Inverter Part, Tj= 125°C)  Vog(prot) 800 Volts
Isolation Voltage (Main Terminal to Baseplate, AC 1 min.) Viso 2500 Vrms
Control Sector
Supply Voltage (Applied between Vyp1-Vyupc, Vvri-Vvrce. Vwr1-Vwpee. VN1-VNC) Vb 20 Volts
Input Voltage (Applied between Up-Vypg, Vp-Vvpc, Wep-Vwee, UN - VN - WN - B-VNG) Vein 20 Volts
Fault Output Supply Voitage Applied between (Uro-Vupc. VEo-Vvre, WFo-Vwre. Fo-VNe)  VFo 20 Volts
Fault Output Current (Sink Current at Urg, VFo, WEo and Fg Terminal) IFo 20 mA
IGBT Inverter Sector
Collector-Emitter Voltage (Vp = 15V, Vgin = 15V) VcEs 1200 Volts
Collector Current, (T¢ = 25°C) Ic 15 Amperes
Peak Collector Current, (Tg = 25°C) lcp 30 Amperes
Supply Voltage (Applied between P - N) Vee 900 Volts
Supply Voltage, Surge (Applied between P - N) VCC(surge) 1000 Volts
Collector Dissipation Pc 83 Watts
Brake Sector
Collector-Emitter Voltage VcES 1200 Volts
Collector Current, (T = 25°C) Ic 10 Amperes
Peak Collector Current, (Tg = 25°C) lcp 20 Amperes
Supply Voltage (Applied between P - N) Vce 900 Volts
Supply Voltage, Surge (Applied between P - N) Vee(surge) 1000 Volts.
Collector Dissipation Pc 41 Watts
Diode Forward Current IF 10 Amperes
Diode DC Reverse Voltage VR(DC) 1200 Volts
Sep.1998
MITSUBISHI
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MITSUBISHIANTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

Electrical and Mechanical Characteristics, Tj = 25°C unless otherwise specified

Characteristics Symbol Test Conditions Min. Typ. Max. Units
Control Sector
Over Current Trip Level Inverter Part ocC -20°C £T<125°C, Vp = 15V 22 37 — Amperes
Over Current Trip Level Brake Part 15 27 —_ Amperes
Short Circuit Trip Level Inverter Part SC -20°C < T<125°C, Vp =15V — 56 — Amperes
Short Circuit Trip Level Brake Part — 41 — Amperes
Over Current Delay Time toff(OC) Vp =15V — 10 — us
Over Temperature Protection oT Trip Level 100 110 120 °C
oT, Reset Level — 90 — °C
Supply Circuit Under Voltage Protection uv Trip Level 11.5 12.0 12.5 Volts
UV, Reset Level — 125 — Volts
Supply Voltage Vp Applied between Vyp4-Vypc, 13.5 15 16.5 Volts
Vvp1-Vvpe. Vwp1-Vwee. VN1-VNC
Circuit Current Ip Vp =15V, Voin = 15V, VN1-VNC — 25 35 mA
Vp =15V, VgIN = 15V, Vxp1-Vxpc —_ 7 10 mA
Input ON Threshold Voltage Vin(on) Applied between 1.2 1.5 1.8 Volts
Input OFF Threshold Voltage V(h(om Up-Vupc, Vp-Vvee, Wp-Vwpe, 1.7 2.0 23 Volts
UN VN WN-BrVNC
PWM Input Frequency fewm 3-¢ Sinusoidal — 15 20 kHz
Fault Output Current IFO(H) Vp =15V, VFp = 15V — — 0.01 mA
IFoW) Vp = 15V, VEg = 15V — 10 15 mA
Minimum Fault Output Pulse Width tro Vp =15V 1.0 1.8 — ms
Sep.1998
MITSUBISHI
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE
Electrical and Mechanical Characteristics, Tj = 25°C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max Units
IGBT Inverter Sector
Collector Cutoff Current IcES VcEe = VeEes, Tj= 25°C —_ — 1.0 mA
Ve = VCES, Tj =125°C —_— — 10 mA
Emitter-Collector Voltage Vec -lgc=15A,Vp =15V, VgIN = 5V — 25 3.5 Volts
Collector-Emitter Saturation Voltage VCE(sat) Vp =15V, VN = 0V, I = 15A — 23 33 Volts
Vp =15V, Vg = OV, I = 15A, — 2.1 3.1 Volts
Tj=125°C
Inductive Load Switching Times ton 0.4 0.7 1.5 us
tr Vp =15V, VN = 0«5 15V — 0.15 0.3 ps
tc(on) Ve =600V, I = 15A — 0.3 1.0 us
toff Tj=125°C — 1.7 29 us
tc(off) — 0.7 1.3 ps
Brake Sector
Collector-Emitter Saturation Voltage VCE(sat) Vp =15V, VoIn =0V, Ic = 10A, — 238 3.8 Volts
Tj=25°C
Vp =15V, VgoIN =0V, Ig = 10A, — 25 3.5 Volts
Tj=125°C
Diode Forward Voltage VEM IF=10A, Vp =15V, Vgn = 5V —_ 25 3.5 Volts
Collector Cutoff Current Ices VcE = VcEs. Tj=25°C —_ — 1 mA
Vce = Vces, Tj= 125°C —_ —_ 10 mA
Sep.1998

MITSUBISHI
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

Thermal Characteristics

Characteristic Symbol Condition Min. Typ. Max. Units
Junction to Case Thermal Resistance RthG-c)Q Each Inverter IGBT — —_ 1.5 °C/Watt
Rih(j-c)F Each Inverter FWDi — - 4.5 °C/Watt
Rihc-HQ Each Brake IGBT — — 3.0 °C/Watt
Rih(c-HF Each Brake FWDi — — 55 °C/Watt
Contact Thermal Resistance Rih(c-f) Case to Fin Per Module, — — 0.044 °C/Watt
Thermal Grease Applied
Recommended Conditions for Use
Characteristic Symbol Condition Value Units
Supply Voltage Vece Applied across P-N Terminals 0~800 \Volts
Vp Applied between Vyp1-Vypc, 15+15 Volts
VN1-Yne: Vvpi-Vvee, Vwp1-Vwee
Input ON Voltage VCIN(on) Applied between 0~0.38 Volts
Input OFF Voltage VCIN(off) Up, Vp, Wp, UN, VN, W, B 40~Vp Volts
PWM Input Frequency fewm Using Application Circuit 5~20 kHz
Minimum Dead Time tdead Input Signal 225 us
Sep.1998
MITSUBISHI
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

Inverter Part

SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION ‘OUTPUT CHARACTERISTICS
CHARACTERISTICS (TYPICAL) VOLTAGE CHARACTERISTICS (TYPICAL) (TYPICAL)
3.0 3.0 20 T T
w T, = 28°C Vp =17V
2 _ ,\/J =0V ° 15 |
- B @ cIN
25 - 5 25 z
P ois g T & )13
- 1 z e g
] 2 2 - Z
520 L Sg 20
> 2 2 -
23 =
$ 15 ,/" 35 45 g 10
5 Y% 53 4
g ’ S " ~ — ] E >g ] ] ) é
g 10 ¢ g7 10 g
2
2 Vp = 15V —— 9 g
2os | Vew=ov g 2 /
£ 05 Tx 250 e 05 3
m--T;=125°C ] 5 /
0 1 L 1 L 0 0
0 5 10 15 20 25 0 12 14 16 18 20 0 1.0 20 3.0
COLLECTOR CURRENT, I, (AMPERES) SUPPLY VOLTAGE, Vp, (VOLTS) COLLECTOR-EMITTER VOLTAGE, Vg, (VOLTS})
SWITCHING TIME VS. SWITCHING TIME VS. REVERSE RECOVERY CURRENT VS.
COLLECTOR CURRENT (TYPICAL) COLLECTOR CURRENT (TYPICAL) COLLECTOR CURRENT (TYPICAL)
10— 101 — , 108 102
F Ve = 600v = IF Voe = s0ov I= Vec = 600V 3T a
- H Vp =15V - Cvoz sy HH g
- g [ Inductive Load 5 [ Inductive Load i &
z = e Tj = 25°C = —T=25C H
& [ ===Tj=125°C g | ===T;=125°C -+ [ ===Tj=125°C 3
3 i 5 i u ] £
5 ™=~ tot] B £ | 3
a e % [ A | &
£ 100 & 100 ¢ 102 : 101 3
5 z 3 T z
2 = lon 9 (o) 2 } ~ @
I — = ur ! Q
£ sk z i 4 T N 8
E e LI = =T toton), & al 4
° % r | 4 ﬁ
g
I
4
101 10-1 101 100
100 101 102 100 101 102 100 101 102
COLLECTOR CURRENT, I¢, (AMPERES) COLLECTOR CURRENT, I, (AMPERES) COLLECTOR REVERSE CURRENT, -I¢, (AMPERES)
OVER CURRENT TRIP LEVEL VS. OVER CURRENT TRIP LEVEL VS.
DIODE FORWARD CHARACTERISTICS SUPPLY VOLTAGE (TYPICAL) TEMPERATURE (TYPICAL)
_102 — 140 ' 120
g Vo = 15V —] 5 | Tj=25°C & | vp=1sv
& N = 15V # 5 N
pach "
S 2120 2 110 N
o g 5 N
x S Z N
o
g £ 100 % 100 AN
g g g
g 1 g z
o 10 : g \\
2 £ 80 x 90
H 3 = N
-4 7 & &
-4 @ |4
<] | 7] 3 60 |- B 3 80
o H y
g ; g E
§ { J/ © 1 3 <
100 L 0 0 LA
0 1 2 3 0 12 14 16 18 20 20 0 20 60 100 140
EMITTER-COLLECTOR VOLTAGE, Vg, (VOLTS) SUPPLY VOLTAGE, Vp, (VOLTS) JUNCTION TEMPERATURE, T'v, °cy
Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

Inverter Part

CONTROL SUPPLY VOLTAGE TRIP-RESET TRANSIENT THERMAL
FAULT QUTPUT PULSE WIDTH VS. LEVEL TEMPERATURE DEPENDENCY IMPEDANCE CHARACTERISTICS
TEMPERATURE (TYPICAL) (TYPICAL) (Each IGBT)

25

1 1
Vp =15V

N

=3

/
/

i

NORMALIZED VALUE)

10-1

UV, UV, (VOLTS)

FAULT OUTPUT PULSE WIDTH, L, (ms)
o
UV TRIP-RESET LEVEL,

SINGLE PULSE
STANDARD VALUE = Ryp(.qjq = 1.5°CW

o Ly 103 & 1.3 LLLLLLN | L0l LTV ¢
-50 0 50 100 150 -50 0 50 100 150 10-3 102 10-1 100 101
JUNCTION TEMPERATURE, T, (°cy JUNCTION TEMPERATURE, T}, °c) TIME, (s)
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SUMMARY

For a highly man-machine interacting system, the design of a controller using
a conventional approach may not be possible. This is due to a difficulty, even
inpossibility, in the identification of a suitable wmathematical pmodel. Using a
computer. simulation technique, an assessment of the system's behaviour can be
done in a simple way. The design and realization of a real-time controller for
such a system is practical using the approach of expert system and aicroprocessor

technologies.
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IF <train arrives too early> THEN
1. <compute period of delay time>
2. <run-time for next journey is maximunmn>
3. <delay train at station>
IF <train arrives too late> THEN
1. <train is driven in flatout mode for next journey>
IF <coasting is allowed> THEN
1. <compute time-to-~brake>
2. <compute tine-tofcoast vector as a function
of traction supply voltage>
3., <start dynamic mode>
IF <coasting is prohibited> THEN
1. <disable dynamic -o&e>
2. <a delay loop is inserted for a period of flatout
run-time>
3. <measure station-stop time>
' 4. <restart';tatic mode>
IF <a new sampling period begins> THEN
1. <measure instantaneous traction voltage>
2. <compute average traction voltage>
3. <compute corresponding time-to-coast>
4.:IF <time-to-coast less than real-time> THEN
4.1 <coasting is off>
4.2 <store value of average voltage>

4.3 <restart dynamic mode>
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Rectifier looding(with reg—braking)
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I. INTRODUCTION

Most  industries employ both synchronous and
asynchronous types of electrical machines that consume
a fair amount of energy. Electrical engineers have
attempted several methods to cut the encrgy bills. For
instance, design energy efficient machines, and utilize
electronic technology to save energy for drive systems.
One efficient method to achieve energy savings in
existing electrical machines is to cut the power losses in
machines as much as possible. This topic is the main
interest of this work, particularly addressed to induction
machines that are asynchronous type.

The idea of loss minimization in machines is not new.
Some researchers [1] attempted to find stator exciting
frequency to minimize losses in ac machines. They
assumed constant motor’s parameters through its
operating range. Realistically, those parameters are not
constant. They also assumed equal rotor and stator

frequencies. This condition is true only when the slip is _

equal to 1. Insertion of external impedance method was
proposed in [2] for slip-ring rotor type of induction
motors. This complicated method requires sophisticated
and high cost electronics for realization. Moreover, it
causes harmonics to the system. The work in [3]
attempted 1o find optimum input voltage and frequency
that minimized the total motor losses. Core saturation,
skin cffect. and source harmonics were taken into
account.  These factors are very difficult to be
determined in practice.  Optimum air gap flux to
minimize losses was introduced in {4]. Hammonic and
stray losses were taken into account by the work in [5] to
achieve better description for losses in the motor model.
The central idea of the work described herein is similar
to [6] that uses an equivalent circuit of a motor. For
motors of less than 10 kW, the converter loss is
negligible when it is compared with the motor power
losses. The work presented herein considers nonlinearity
of the motor. It will be shown later that the motor losses
are expressed as the function of torque, speed, voltage,
and frequency. Thus, this approach is realistic in terms
of motor performance, true motor parameters, and is
easy to apply.

Section 2 of this paper describes the motor equivalent
circuit, and the identification of its parameters. The loss

In this work, genetic algorithm is employed to identify the motor’s model.
The approach of loss minimization is suitable for use with variable load
situation. Its usefulness and limitation are illustrated via simulation results,

expression and how to minimize the losses are discussed
in section 3. In section 4, simulation results are
presented and limitation of the method discussed.
Section 5 provides conclusions.

2. MOTOR EQUIVALENT CIRCUIT AND
PARAMETERS

Fig.1 Equivalent circuit of an induction motor

It is commonly known that most portions of power
losses in motor arise during steady-state operation. Thus
an equivalent circuit' of an induction motor plays an
important role in loss minimization [5,7). Fig. 1 shows
the motor equivalent circuit. Conventionally, the
parameters of the equivalent circuit are obtained from
no-load and block-rotor tests. In practice, the motor
impedances vary because of temperature, saturation
characteristic, skin effect, and harmonic [6,8]. Using
constant R's and L’s values could lead to an erroneous
treatment of loss minimization. However, R. and L,, are
practically constant. Their values (R.=3.3114 kQ, and
L.=0.5098 H) are quite large and can be acceptably
obtained from the conventional tests.

This work is interested in variable load condition of
the motor operation. The load ranges from 0-100 %. To
assess the R’s and L's values of the motor as a function
of multi-variables mentioned above is very difficult,
perhaps not possible. In order to keep the problem
tractable, these values are viewed as a function of rms
voltages fed to the motor. This approach leads to simple
modelling and identification; as well as simple future
implementation of an energy saving controller for the
motor. Fig. 2 depicts the experimental set up to measure
the motor speed-torque characteristics. Referring to fig.
2, the pendulum machine and its control unit act
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operating range. Realistically, those parameters are not
constant. They also assumed equal rotor and stator
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equal to 1. Insertion of external impedance method was
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motors. This complicated method requires sophisticated
and high cost electronics for realization. Moreover, it
causes harmonics to the system. The work in [3]
attempted 1o find optimum input voltage and frequency
that minimized the total motor losses. Core saturation,
skin cffect. and source harmonics were taken into
account.  These factors are very difficult to be
determined in practice.  Optimum air gap flux to
minimize losses was introduced in {4]. Hammonic and
stray losses were taken into account by the work in [5] to
achieve better description for losses in the motor model.
The central idea of the work described herein is similar
to [6] that uses an equivalent circuit of a motor. For
motors of less than 10 kW, the converter loss is
negligible when it is compared with the motor power
losses. The work presented herein considers nonlinearity
of the motor. It will be shown later that the motor losses
are expressed as the function of torque, speed, voltage,
and frequency. Thus, this approach is realistic in terms
of motor performance, true motor parameters, and is
easy to apply.

Section 2 of this paper describes the motor equivalent
circuit, and the identification of its parameters. The loss

In this work, genetic algorithm is employed to identify the motor’s model.
The approach of loss minimization is suitable for use with variable load
situation. Its usefulness and limitation are illustrated via simulation results,

expression and how to minimize the losses are discussed
in section 3. In section 4, simulation results are
presented and limitation of the method discussed.
Section 5 provides conclusions.

2. MOTOR EQUIVALENT CIRCUIT AND
PARAMETERS

Fig.1 Equivalent circuit of an induction motor

It is commonly known that most portions of power
losses in motor arise during steady-state operation. Thus
an equivalent circuit' of an induction motor plays an
important role in loss minimization [5,7). Fig. 1 shows
the motor equivalent circuit. Conventionally, the
parameters of the equivalent circuit are obtained from
no-load and block-rotor tests. In practice, the motor
impedances vary because of temperature, saturation
characteristic, skin effect, and harmonic [6,8]. Using
constant R's and L’s values could lead to an erroneous
treatment of loss minimization. However, R. and L,, are
practically constant. Their values (R.=3.3114 kQ, and
L.=0.5098 H) are quite large and can be acceptably
obtained from the conventional tests.

This work is interested in variable load condition of
the motor operation. The load ranges from 0-100 %. To
assess the R’s and L's values of the motor as a function
of multi-variables mentioned above is very difficult,
perhaps not possible. In order to keep the problem
tractable, these values are viewed as a function of rms
voltages fed to the motor. This approach leads to simple
modelling and identification; as well as simple future
implementation of an energy saving controller for the
motor. Fig. 2 depicts the experimental set up to measure
the motor speed-torque characteristics. Referring to fig.
2, the pendulum machine and its control unit act
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as a torque measuring instrument. Input voltages of
various rms values were fed to the motor and the
characteristics recorded. Some of the test results are
iltustrated in fig. 3. An off-line identification based
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Fig.4 Identified values of R’s and L’s (a) stator and
rotor resistances, (b) inductances

Fig.3 Motor characteristics obtained from the tests.

on genetic algorithm (GA) was employed to extract the
motor parameters as the function of rms input voltages.
The readers can find an informative review of GA in {9].
The results obtained from the GA identification are
ilustrated in fig. 4. Fig. 4(a) depicts the stator and rotor
resistances. while the inductances in fig. 4(b). The
corresponding numerical data is compiled in table 1.
Applying the linear regression, one can obtain the
equations (1-a)-(1-d) describing these parameters as the
function of the exciting rms voltage.

14 .
Stator resistance (+)
12 )

. %
[ 4
h " Rolox esistance(s)
4
2 . .
0 50 100 150 20 250 300
Votage(V)
@)

Voltage R(Q) R(Q) L(H) Li(H)
V)
60 14.8863 4.7375 0.0428 0.0441
100 14.8182 5.4533 0.0248 0.0359
140 11.4050 6.1207 0.0396 0.0317
180 10.1102 6.4891 0.0356 0.0357
220 11.0193 6.1219 0.0328 0.0298
280 8.6603 6.6382 0.0402 0.0265

Table 1. Numerical data obtained from
GA identification

(1-a)

R, = -0.028006 x V + 15.961169

Lg = 6.292346e - 006 » V + 0.033130 (1-b)
R, =0.008418~ V + 4.716302 {1-¢)
L, = ~4.222108e - 005  V + 0.043419 (1-d)

Next section discusses the role of these parameters in
loss minimization.

3. LOSS TERMS AND APPROACH TO
MINIMIZATION

The total power losses of the motor can be expressed
as
Pioss. 10l = stator copper loss+rotor copper loss
+core losses.
Losses in switching devices are lumped into the stator
loss, while stray loss, friction and windage loss are
negligible. Hence,

2, ’ 2 |vm’2
Bloss, total =|Is! Rg "’IIrI R, + R
13

2 2
=v2{22"z"‘ Rs+ﬁl R, +
27

Zr

2
%j /RCJ @
Zr
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where
Zy =Rg + j2nf L 3)
Z, = %  RrsfL, @)
Zv =275 + 22 + 232 (6), and
slips = Ns = Nm )

From the motor torque equation (8)
R, 1

2
T =P _\2lZm 1
ZT S ag

Qg

(8

, one can realize that

S
Hoss,total =T'“‘s'—‘[
Re

2 2

Zy +Zm, ‘7-2‘
‘—i Rg + R, + 5L 9
Zm s*hr R, ©)

Equation (9) is in a useful form for the implementation
of loss minimization in an induction motor. Regarding
this, the load torque T is known from measurement or
estimation; the rpm required is known from the speed
command; and the rms voltage is known from
measurement. Some computational results for the total
power losses are illustrated in fig. 5. Referring to fig. 5,
the negative power loss means generating mode. Only
the positive power loss (motoring mode) is considered

T=03pu V=250V

1000 T
1800 pm
8oof Ompm J
. 1200 pm N
Wopm .
&0 80 pm
400 *
8 .
T 0
& [ minimum 7
| o D e e e
® - . N
g “““M L .
800 . E
-1000
10 2 30 4Q 50 60 0 80
frequency(Hz)
Fig.5

herein. The minimum power loss line can be found for
the whole speed range. For other values of torque and
rms voltage fed to the motor, the shape of the curves
looks similar.

In terms of implementation, real-time computing and
searching for a comresponding frequency for the motor to
run on minimum power loss are possibly executed by a
fast processor. With a low clock rate processor, a lookup

269

table is a suitable approach. The method of loss
minimization can be viewed as an adaptive algorithm of
energy saving controller for an ac drive.

4. SIMULATION RESULTS

Simulation has been brought into action to assess the
usefulness of limitation of the proposed method. Fig. 6
T=03p.u.

200,
t

&

8

3

Total power losses(W)

Fig. 6 Simulation results when load torque is 0.3 p.u.

shows that the proposed method is the most efficient
way to minimize losses in induction motors when the
load torque is low. The results are compared with those
of the v/f constant and the fixed voltage with varied
frequency methods, respectively. When the load torque
is up to about half rated, the proposed method is still
efficient as can be seen from the fig. 7. When the load

N T=0.45 p.u.

B Y

Total power losses(w)
i 8

120+ \. Yeried frequency V=380 Vims
100 0550 T
K4 minimiz ation A\t‘>—~~—-4,,- ‘“‘—4'
80
600 800 1000 1200 1400 1600 1800
Speed{rpm}

Fig. 7 Simulation results when load torque is 0.45 p.u.

torque is high, the proposed method is not attractive
because an excessive voltage must be applied to the
motor. However, it is still efficient in a low speed range
as illustrated in fig. 8. Under such circumstances, the
fixed voltage with varied frequency method becomes
more attractive for loss minimization in induction
motors.
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Fig. 8 Simulation results when load torque is 0.8 p.u.
§. CONCLUSIONS

This article has described a new approach to
minimize power losses in induction motors. The
proposed method is based on the wue parametric model
of the motor. The parameters are obtained from
identification. The simulation results show that the
method is very efficient when the load torque ranges
from O to half rated. Above half rated load, the method
is still attractive in a low speed range. Implementation
of the method as adaptive algorithm for energy savings
in ac drives is not complicated using either real-time
computing or lookup table approach. Design and
implementation of an ac drive with energy saving
schemes to cover the whole load range is now
undergoing at the Control and Automation Research
Group, Suranaree University of Technology. The project
is supported by the Nation Board of Energy Policy.
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LIST OF NOTATIONS

V' =supply voltage (Vrms)

= supply radian frequency (rad)
= stator resistance (Q)

= rotor resistance ()

= stator inductance (H)

= rotor inductance (H)

= core resistance (Q2)

= core inductance (H)

= air-gap voltage (Vrms)

= stator current (A)

=rotor current (A)

= slip
= stator frequency (Hz)

= synchronous speed (rpm)
= motor speed (rpm)

= synchronous speed (rad/s)
= load torque (N.m.)

= air-gap power loss (W)
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Abstract: Energy saving via loss minimization in an induction motor has been known for years.
The concept is sometimes introduced separately from drive mechanism. Conventionally, most of
the methods utilize approximated machine models; some assume known parameters that are
difficult to measure or estimate. This article describes power loss minimization in small induction
motors driven by voltage-source inverters. It is shown that numerical computing is the effective
approach to obtain optimum excitation voltage and frequency subject to load torque variation such
that losses are minimized. The method employs the motor parametric model with accurately
known parameters, i.e. resistances and inductances of the stator and the rotor, respectively. The
article describes an easy-to-conduct experiment to capture the motor speed-torque characteristics
that in turn are used for parameter identification via genetic algorithm. The proposed method of
loss minimization is useful under variable load torque conditions. Its usefulness and limitation are

discussed with experimental results shown.

Keywords: power loss minimization, induction motor, genetic algorithm

Introduction

Small three-phase induction motors have been widely used in
industries for several decades. Their drive technology utilizes various types of
inverters. The drive commonly found employs voltage-source inverters (VSI)

to achieve the constant v/f, the fixed-v/variable-f, and the variable-v/variable-f
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dominant in railway and traction applications. The later that is an interest of
this paper is useful for a variety of industries. Under the assumptions of
constant motor parameters, and equal stator and rotor frequencies, the exciting
frequency to minimize losses in ac machines could be found ?). The method is
effective in a narrow region of operation where the slip is around 1.
Furthermore, the motor parameters change with frequencies leading to some
errors in derived expressions for loss minimization thereof. Significant energy
savings could be achieved ! providing motor parameters are accurately
known. This method is very limited because the required parameters are
difficult to measure or estimate. At light load, significant energy savings are
possible via field-oriented control ¥l The insertion of an external impedance
to improve the power factor of the rotor circuit *! is effective for wound-rotor
induction motors at the expense of the I’R loss. Moreover, this approach
causes harmonic into the system, and care must be taken to guarantee
satisfactory transient response. Modification of the constant v/f inverters
commercially available to attain minimum loss operating point is possible via
perturbing rotor frequency *). The scheme requires no knowledge of motor
parameters and is suitable for nonlinear load such as fans, and pumps.
Minimizing loss in induction motors via optimum input voltage and frequency

when saturation, skin effect, and source harmonic are taken into account is also
possible 1. However, these factors are very difficult to measure or predict in
practice. The works *'3! utilize flux control to minimize losses.  Artificial
intelligent techniques have been applied ['® 3! to identify optimum flux as weli
as to control flux and magnetizing current for loss minimization. The d-q loss

model !'"* has been proposed for loss minimization in various types of dc and
ac motors.

It is the central idea of the present work that the factors rendering loss
minimization must be easily controlled. Since the work is proposed for the
VSI induction motor drive, to control the excitation voltage and frequency is
therefore the main task. Regarding to the loss minimization objective, the
motor parameters, i.e. resistances and inductances of the stator and the rotor, of
the steady-state model must be accurately known. We propose that these
parameters be identified from the actual speed-torque characteristics obtained
from simple experiments. We apply the genetic algorithm (GA) to identify the
parameters that appear to be nonlinear functions of the excitation voltages.
The terms representing the core losses can be obtained from the no-load and
the blocked-rotor tests. With our proposed loss expression, it is possible to
calculate the optimum excitation voltage and frequency that minimizes losses
at all time corresponding to the load torque variation and speed demand. In
terms of implementation of the loss minimization controller, one may consider
either real-time and on-line calculation or lookup table approach to search for
the optimum excitation. The choice depends on the performance of the
hardware used.

This paper is organized into four sections including the introduction.
In materials and methods section, one can find explanation on the motor
equivalent circuit, identification of its parameters, review of genetic algorithm
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(GA), loss expressions, and approach to loss minimization. The experimental
results, advantage, and limitation of the proposed method can be found under
the section of results and discussion. The last section provides conclusions.

Materials and Methods

Motor equivalent circuit and parameters

Most portions of motor losses arise during steady-state operation.
Thus, an equivalent circuit of the motor plays an important role in loss
minimization. For a small three-phase induction motor, the electrical model
shown in Figure 1 is widely accepted ', The shunt branch appears at the
input terminals because its impedance is large compared to the stator
impedance. Referring to Figure 1, s is slip, R; and L; are motor parameters.
These parameters are assumed constant conventionally and obtained from the
no-load and the blocked-rotor tests. Realistically, only the core loss term
represented by R, and L,, may assume constant values. R.=3.3114 kQ, and
L,=0.5098 H are obtained from the conventional tests for our slip-ring
induction motor-of 4 poles, 1500 rpm synchronous speed, 1.5 hp, 380 V.., 50
Hz ratings. The other parameters vary according to excitation voltage and
frequency, temperature, saturation characteristic, harmonic, and skin effect
1e171 " From the practical viewpoint, it is more convenient to consider the
parameters as the function of excitation voltages while the other effects are
lumped within. Our assumption is acceptable because the motor’s parameters
are based on the true speed-torque characteristics. The resulted nonlinear
functions representing the parameters lead to a fine treatment of loss
minimization.

Figure 1. Equivalent circuit of an induction motor

To obtain accurate parameters requires observations of the true motor
characteristics, and an offline identification. Figure 2 depicts the equipment
set-up for monitoring the motor speed-torque curves. This work utilizes GA
for identification and itis reviewed herewith. The proposed method leads to
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simple modelling and identification, as well as simple implementation of an
energy saving controlier for the motor.

Oscilloscope

[ ]

Tacho |_
3¢ _ ! &
380V, (line) 3¢ — M Variable load torque
50 Hz Transformer RS «— torque tranducer

Figure 2. Experimental set up for observations of motor
speed-torque characteristics

Genetic algorithm (GA)

GA is one of efficient search methods based on the principle of
natural selection 3!, It has been successfully used as a tool for optimization
problems in broad fields such as engineering, economic, etc. GA can provide
approximate solutions for multivariable optimization problems. It has also
been applied successfully to identify the parameters of induction motors ['%2%,
To apply GA appropriately, the problem must be firstly converted to a
criterion function called “fitness function”. This function represents the
performance of the system. The higher the fitness value, the better the
performance. GA consists of three main procedures namely selection, genetic
operation, and replacement, respectively. Generally, at the first step GA starts
a random selection of population from the population set. Then the fitness
evaluation is invoked. The retained population must pass the minimum
requirement of the fitness evaluation while the rest is discarded. These
retained members are then parenting to produce offspring. All the parents and
offspring have to go through the process of fitness evaluation again and only
the strong ones are retained. These strong members are then used as
replacement to the startup population. Afterward, parenting occurs and the
process is repeated until the most fitness member or optimum solution is
found. The readers can find more detailed information about GA in the
literature ['"*2Y. A brief summary of the construction of GA is as follows:

1) Define chromosome: For an optimization problem, the parameters to be
searched have to be defined as parameter strings. These strings can be
coded as binary or real and termed chromosome.

2) Define the fitness function: The fitness {unction is the performance index
of GA to resolve for acceptable solutions. The design of the fitness
function can be based on the problem’s requirement, e.g. error, convergent
rate, etc.

3) Generate initial population: The initial population of N sets are generated
randomly with the size of N chosen arbitrarily.
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4) Generate next generation or stop: To generate the next generation, GA
uses the operations of reproduction, crossover, and mutation. A stop
criterion must be defined such as number of repetitive loops, acceptable
error, etc.

Identification

To obtain the parameters of the equivalent circuit requires true motor
characteristics. Some experiments were conducted on the test bed depicted in
Figure 2 to capture the motor speed-torque characteristics. Line-to-line
voltages of various rms values are fed to the motor and the speed-torque
characteristics recorded. Some of the test results are illustrated in Figure 3
where the voltage values are line-to-line. The noisy curves shown in Figure 3
represent the observed motor characteristics. The smooth curves are obtained
from calculation based on the equivalent circuit model. In the GA’s terms, the
motor’s parameters R, R, L, and L, are defined as chromosome. In order to
have an efficient GA search, some initial guessed solutions and search
boundaries fed to the searching routine are particularly useful. The results
obtained from the conventional tests of the motor are suitable to be the initial
guessed solutions with search boundaries given. The conventional tests yield

Torque(N.m.)

rw‘lllm
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*f*‘ﬁ?:,’.‘.‘mmm
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Figure 3. Motor characteristics
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R;=6.4333 Q, R, =4.1178 2, and L, = L, = 0.0289 H. The search boundaries
are R;: 7-15 Q, R 4.5-75 Q, L and L,: 0.0239-0.0446 H, respectively.
Resolution of the search for each parameter is 30 bits. These parameters are
concatenated to form a single chromosome of 120-bit resolution. After
random selection of initial population, they are converted to real values and
passed the fitness test. The fitness function is given by

Fitness function = 1 (1)
€
where
N
> et
i=1
e = — 2
. 2)
The error term e(i) is defined by [T(i)- T, m?2 . T, is the actual torque
obtained from measurement. < is the estimated torque expressed by
> - -
T= v- Ry /s 3)

s (R, +IA2r/s)2 +(X, +X, )2

where X = 2nf L X, =2afL, , and any symbols with " representing
estimated values. At each trial of the search, the torque is estimated according
to the equation (3), and the error calculated. The closer the value of the
estimated torque to the actual torque, the higher the fitness value. The search
stops at 3,000 counts. The error convergence is monitored through the
searching process. One example showing the convergence of error to zero
during the search is depicted in Figure 4. Figure 5 illustrates the estimated

Mean squared errors
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Figure 4. Convergence of estimation error during the search by GA.
This case is for the 160 Vrms line input voltage.
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motor parameters composing of stator and rotor resistances, and inductances,
respectively.  Figure 5(a) depicts the stator and rotor resistances, while the
inductances in Figure S5(b). Table 1 gives the details of corresponding
numerical data. The data exhibit nonlinear relationships to the exciting line
voltages, that are, in this work represented by the cubic spline approximation.

resistance(2)

16 v —
+ --- + stator resistance

0 --- 0 rotor resistance

1a}
12}

10}

0 100 150 20 250 300

line-to-line voltage(Vrms)
(a)

inductance(H)
005

+ --- + stator inductance
o --- o rotor inductance
0. 0451

ooc4t

00351

Q0251

aoz L L " "
0 100 150 20 250 300

line-to-line voltage(Vrms)

(b)

Figure 5. Identified motor parameters (a) resistances, (b) inductances
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Table 1. Numerical data resulted from GA identification for various voltages

line-to-line R.(Q) R,(Q) L(H) L.(H)

voltage(Vrms)
60 14.8863 4.7375 0.0428 0.0441
100 14.8182 5.4533 0.0248 0.0359
140 11.4050 6.1207 0.0396 0.0317
180 10.1102 6.4891 0.0356 0.0357
220 11.0193 6.1219 0.0328 0.0298
280 8.6603 6.6382 0.0402 0.0265

Loss expression and approach to minimization

In electrical machinery, stator, rotor, and core losses dominate the
overall power losses '’ Stray, friction and windage losses exist, however
small enough to be negligible. When drive is brought into play, converter loss
exists and can be lumped into stator loss. In this case, the total power losses of
the motor can be expressed as

Pioss, total = Stator copper loss+rotor copper loss+core losses.

Equation (4) describes the power losses mathematically
V. 2
|3055, total = |Is|2Rs + [Irler + %
C

2 2 2
_v?| |22+ Zm| R5+‘Zm| R, +[%2Zm| R, (4)
2 Z7|
where
Zy =Rg +j2nf Lg (5)
Z, = %Jr j2nf L, (6)
Rcj2nf L
- m_ 7
™" R +j2nf Ly, )
ZT = 2122 +lem +Zzzm (8), and
slips = w (9)
NS



Descriptions of these parameters are in the nomenclature. The resistances and
inductances of the stator and the rotor, respectively, in the above relations can
be substituted by numeric values resulted from cubic spline interpolation.
Furthermore, the torque of an induction motor can be expressed by

2
p
T-ra9 _y2(Zm| R 1 (10)
®g ZT S g
From the equations (4) and (10), one can realize that
2 - 2
S (1Z>+2 Zy :
Hoss,totalzT'(’)s'R_r —Zz‘m_ml RS+Rr+% (11)

Equation (11) is the useful model for implementing loss minimization in an
induction motor. It shows that the total power losses depend on load torque,
synchronous speed, motor speed, exciting voltage and frequency. The analysis
is simple, yet the loss model can cope with the machine ’s nonlinear

T=0.45 p.u.

goo. ..
good..
aon ..

2004 .

total power losses(W)

line-voltage(Vrms) frequency(Hz)

Figure 6. Surface plot of the total power losses in an induction motor driven
by a VSI as a function of speed, exciting voltages, frequencies,
and constant load torque at 0.45 p.u.

characteristics via the accurately identified parameters. With suitable
substitution of the impedances in the equation (11), one can compute the
power losses accurately. As an example of the results, Figure 6 illustrates the

287
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surface plot of the losses. Sliding surfaces can be noticed as the speed varies.
The illustration shows clearly that some particular frequencies yield minimum
power loss lines. These frequencies can be computed accordingly. This
computing approach is more attractive than the conventional differentiation
to find minimum point because the conventional method results in very high
order polynomial. In practice, reduced order via some approximation is
unavoidable. This could eventually introduce a considerable amount of errors
to practical results.

Results and Discussion

Referring to Figure 6, the surface plot of the total power losses
reveals the possibility of minimum loss attainment. This figure is of the case
0.45 p.u. load torque. Similarity in the shape of these surfaces can be assumed
for different loads. The rpm values indicated in the figure represent the steady-
state speed demanded. The surface slides upward in accordance with the
increase in speed. The amount of total power losses also varies due to changes
in line-to-line voltage (rms) excitation. Still, minimum loss line can be found
for each case at a specific exciting frequency.

Referring to the equation (11), the load torque T is known from
measurement or estimation, the motor resistances and inductances are obtained
from identification, and the synchronous speed is also known. In terms of
implementation, real-time computing based on this equation to obtain optimal
exciting voltage and frequency is possible. The optimal excitation will result
in minimum power loss according to individual speed command. Offline
calculation with lookup table approach is also an alternative. The real-time
computing  approach requires a high performance processor for
implementation. The lookup table approach needs only a low-cost
processing unit with somewhat more complicated programming. The
solution of optimal excitation can be used to instruct some switching devices
to drive the motor. Furthermore, the proposed method of loss minimization
can be viewed as adaptive algorithm of an energy saving controller for ac
drive.

Simulation has become a tool to assess the usefulness and limitation
of the proposed method. Simulation runs were conducted for varied load (0-50
% full-load) and speed (600-1800 rpm). Figures 7 illustrate the simulation
results that provide a comparison of three drive schemes in terms of total
power losses. These schemes are v/f constant, fixed voltage with varied
frequency, and the proposed method, respectively. The ratings of the motor
under test are 380 Vrms, 1.5 hp, 50 Hz, 4 poles, and 1500 rpm synchronous
speed. Referring to the Figures 7, the voltage parameters shown therein are
line-to-line. Figures 7(a) and (b) show that the proposed method is the most
efficient approach to minimize losses in induction motors with light load, e.g.
0.15 and 0.3 p.u., respectively. When the load torque is up to about half rated,
the proposed method is still efficient as can be seen from Figure 7(c) in which
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Figure 7. Calculation results compare the total power losses occurred in
various drive schemes namely loss minimization, constant v/f, and
fixed-V-varied-f. (a) load torque = 0.15 p.u., (b) load torque = 0.3
p.u., (c) load torque = 0.6 p.u., and (d) load torque = 1.0 p.u.

the torque is 0.6 p.u. With high load torque (above half rated), the proposed
method is not attractive because the amount of energy saved is not significant
and an excessive voltage must be applied to the motor. The stress caused by
the excessive voltage can damage the motor insulation. Nonetheless, the
proposed method is still efficient in a fow speed range as can be observed from
the results shown in Figure 7(d).

Figure 8 shows the diagram representing our hardware
implementation. The IGBT modules are main switching devices. The proposed
method has been implemented as control software together with suitable data
tables. The PC executes the control algorithm coded in C. It reads the speed
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and load torque from sensors through a 12-bit A/D converter. The numerical
results obtained from the control algorithm are switching commands in turn
sent to two microcontrollers through eight logical outputs. These
microcontrollers perform real-time switching functions to drive the chopper
and the inverter, respectively. Tables 2 and 3 give details of the experimental

Table 2. Experimental results of the system without the
energy saving controller

Load Speed P, (W) p-f. line-to-line voltage f

(%) (rpm) ) (Vrms) (Hz)
0 1500 145 0.25 380 50
10 1497 200 0.32 374.12 50
20 1487 280 0.44 365.12 50
30 1475 380 0.55 357.50 50
40 1462 490 0.66 348.49 50
50 1450 600 0.72 339.14 50

Table 3. Experimental results of the system with the controller

Load Speed Pi, (W) p.f. line-to-line voltage f
(%) (rpm) (Vrms) (Hz)
0 1500 56 0.87 81.41 55.5
10 1500 125 0.80 162.81 52.2
20 1500 245 0.82 208.19 52.1
30 1500 370 0.83 242.14 51.7
40 1500 480 0.82 274.01 51.1
50 1500 590 0.81 305.19 50.5

Table 4. Experimental results of the system with the controller
for a constant speed (1800 rpm) drive

Load Speed P, (W) p-f. line-to-line voltage f
(%0) (rpm) (Vrms) (Hz)
0 1800 66 0.83 103.92 65.3
10 1800 155 0.82 173.97 63.1
20 1800 290 0.80 240.41 62.4
30 1800 430 0.83 269.16 62.7
40 1800 590 0.83 306.92 62.6
50 1800 720 0.83 333.59 62.6
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results in which the values of the input power (P;,) and the power factor (p.f.)
were measured at the input terminals of the motor by using FLUKE™ 41B.

Referring to table 2, for the case of the motor driven at rated without
the controller, the motor speed and the terminal voltage drop naturally when
the load increases. The input power increases according to the load increase.
The motor power factor is very low at light load. Even at about half rated load,
the power factors are still considerably low. For the case of the implemented
system represented by the diagram in Figure 8, to maintain a constant speed at
various loads is possible with the proposed controller. However, the
experimental results shown in table 3 reflect the actual input power fed to the
motor under the same condition of speed and load as for the case of the motor
running without the controller. This is for comparison purposes of the input
power and the power factor. The rightmost two columns of table 3 show the
optimum excitation line-to-line voltage and frequency corresponding to the
load. It is noticeable that the proposed method is very effective for 0-30% load
in terms of input power savings. The amount of energy savings ranges from 3-
60% approximately. Above 40% load, the amount of energy savings is not
significant. In terms of power factor at the motor terminals, the proposed
method significantly yields the power factor around 0.8 or better for the whole
load range. Additionally, the data in table 4 gives the flavour of driving the
motor at a constant speed, i.e. 1800 rpm, with the proposed controller. The
power factor at the motor terminals is maintained around 0.8. For all cases, the
power factor at the utility interface is around 0.9. The simulation and
experimental results agree and confirm the effectiveness of our proposed loss
minimization method.

Conclusions

This article presents a new approach to power loss minimization in
small induction motors driven by voltage-source-inverters. The proposed
method employs motor equivalent circuit, i.e. motor parametric model. The
model’s parameters can be accurately identified from true motor
characteristics. Experiments conducted are simple and require instruments
commonly found in electrical machine laboratories. The loss model
incorporates the variation of exciting veltage, frequency, and load torque as
major factors. Some minor factors, e.g. temperature and harmonic effects, are
viewed as being lumped into the loss model. Under this consideration, the
representation of motor parameters substantially includes the motor’s
nonlinear characteristics. Hence, the loss model and the proposed loss
minimization method are very accurate and can cope with machine
nonlinearity to a certain extent. The computing results show that the proposed
method is efficient when the load torque ranges from 0 to half rated. Above
half rated load, the method is attractive for low speed range. Implementation
of the method as adaptive algorithm for energy savings in ac drives is not
complicated. The implementation approach can be either real-time computing
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or lookup table depending on processors available. Our control algorithm has
been implemented in C on a PC. Two microcontrollers perform real-time
switching functions to drive the chopper and the inverter. Experimental results
confirm the effectiveness of the method for 0-30% load in terms of input
power minimization. Additionally, the method significantly renders a high
power factor of about 0.8 at the motor terminals, and about 0.9 at the utility
interface. Our future works will focus on the enhancement of the algorithm for
energy savings in high load range up to full load, the incorporation of the
power factor controller, and the harmonic reduction for the voltage and the
current waveforms. The whole work will ultimately results in a complete
induction motor drive with very efficient energy saving schemes based on our
concept of actual nonlinear representation of motor parameters.
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Nomenclature

Supply voltage , Vs
Stator resistance , 2
Rotor resistance, 2
Stator inductance, H
Rotor inductance, H
Core resistance , 2
Core inductance, H
Air-gap voltage, Vs
Stator current, A
Rotor current, A,

Slip

Stator frequency, Hz
Number of data
Synchronous speed, rpm
Motor speed, rpm
Synchronous speed, rad/s
Load torgue, N.m.
Air-gap power loss, W
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