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ABSTRACT

This thesis is proposed the method of digital controlled motor protection system to prevents
the damages of a three phase induction motor caused-by both several of utility power supply
quality abnormals and it owns rated power-overloading, this digital protection system control
software comprising of the main program part and the subroutine program parts, the former is
used for system hardware controls and user interfaces, the latter is used to be protection function
which it algorithm is programmed in the form of subroutine modules or several functions
individualy, further more the user can be define the protection function as required easily by an
encouragement of main program, the overall system operation resumes are first the
microcontroller has received analog input signals from the measurement units, second it coverted
the analog signals obe an eight-bits digital data, then it processed these data accordingly to the
defined protection functions task in main program. , finally the microcontroller transfered it
protection result or tripping signal to the motor protective gear to disconnect the motor from the
utility power supply simultanously with an alaraming signal for status of the protected function

monitoring.
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DATA "ARRAY
READING INTO
REGISTERs

Y

CALCULATE THE
AVERAGE VALUE (3-PHASE)
OF SAMPLED DATAs

1

CALCULATE DIFF.
VOLTAGE :dV
WITH NORMINAL

YES NO
\d
CALCULATE ddV
WITH dV-sp
A 4
YES NO
L - IS ddV =(+)? : >

OV-EVENTs ASSURED OV-EVENTs ASSURED

CUMULATIVE CUMULATIVE COUNTF1=
COUNTF1=COUNTF1++ CLEAR

A

A

v 24 v
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DATA ARRAY
READING INTO
REGISTERs

!

CALCULATE THE
AVERAGE VALUE
OF SAMPLED DATAs

f

CALCULATE DIFF
OF THE AVERAGE
TOTAL UNBALANCE
VOLTAGE WITH
NORMINAL VALUE

UNBV-EVENTSs
ASSURED

CUMULATIVE

COUNTF3= CLEAR

UNBV-EVENTs
ASSURED CUMULATIVE
COUNTF3=COUNTF3++

Y

v & ¥ ' ¢
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Aorsan dnfu
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“1umﬂJszqnﬁi“lﬁfy"lnTﬂiﬂauimama{mﬂfmﬂm‘fu sezlsSimssznamsnsimsiiy
QmnQﬁnw“luﬁ'mamﬂslxﬁauamasla‘?uinaﬂmaﬂam'nqﬁuémmaﬁmmﬁuqmnqﬁw
uﬂsmuémszuﬂ"lvh«lyﬁ"lnawywq:nama{ﬂy’wﬁqfumywﬂéaummﬁnﬁuﬁ{mnfmms (3.38)
“lﬁag:“lu;ﬂmaaﬂamﬁuﬁu{nwﬁqqmngﬁﬁuﬂmmwvlyv?i'lﬂawywtiuﬂmas'ﬁa'ﬁ’

- fmualuiinszuauemesiiia 100% Ao L, guuifidn1izasfa (Steady State-
temperature) Lﬁanﬁﬂuﬁuqmﬂqﬁn,mﬁa T,,

- f‘imuﬂiﬁyﬁnmmmmmiﬁmﬂ'lﬂq (Inaafiy 100%) fis I, amwgﬁ%mazm
@ Lﬁatﬁﬂnﬁnqmwgﬁwyﬁnﬁe T,

- HNUM T, = P/AL (D P = 31, R,, AU

312 Rw =
7;,0(1)=—A-2’——(1—e ") (3.39)
31I%,R
wag  T,.(H)= ﬁz(l —e ™) (3.40)
(3.40)/(3.39) 'la
e
T,.(0) = 7 T (1) (3.41)
N
Ve
2
I
T, = (I—“) = (3.42)
N

T v 1 4
S a oo 2

) Ay @ ' "W
1NAUNIT (3.42) qmwqunﬁm’azmmnﬁanamasWTHmmmahqmnuwnmzw
¥ 1

' ' (d' a Aawv W =t 4 ! o’l‘ 't o
sgriumInszuaNBmeTRINUNIAYY Tagase Fulsulsaminszud 1, Awaniiina 100% 1y

wﬁq 250% ﬂﬂﬂﬂﬂﬂllﬁ?ﬂzl‘lﬂﬂﬂllﬂuwuﬁﬂ111ﬁ151\1ﬂ61ﬂﬁ

AN 3-1

P . . .
mmfmnuﬁzm'nnszutmomasnuqmnqmmnm»zq-:qn

I,(%) 100 110 120 130 140 150 160 170 180 200 220 250

MAXDIFF | 100 x | 1.21x | 144x [ 1.69x | 1.96x | 225x 256x [289x | 324x | 400x | 4.84x | 6.25x

TEMPT, | T [T [T |Tw [T [T [Tw |To [T, [T
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v ¥ v
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T, =121 T, (3.43)
wae  T,=144T,, (3.44)

aiu
T,, = 0.76 (T, .T,)) (3.43)

r [ ¥ 0 ] v ¥
Weunum T, wez T, memlumsnlugdi 215 Quunit 2 Fave 22) amanasyu
L4

] ] 3
IEC-Publication 85/1984 9zlam T, = 55 esrmwafve Fanuodusmeseeiiguugin
~

a0

AnNLAIRITIAMITY 55 + 40 = 95 seruzaidea Tavdsznandedu Tnanfififa 100%
suiudlersmaum T,, ut;ammmmmﬂ'mmngﬁﬁﬂmazmﬁaqqqwﬁuﬁazémszuﬁ
ueInes I, 1o Tagthm To Tl lussed (3-1)

dloismaumgungifianizaafaggaiuaazanszuauemesuad s lisroein
msmaisasimsivgungiFezi lduiinmsmeasuitualunitausnnman
msilananifel lunsuauvasiavaiidail

mngﬂﬁ 220 (2) Tumii 2 ¥1u® 223 wagRorsenaums (3.38) szMuNSATIMS
mvgungilugas ¢ < 4t_ Funeuvezihmauase Taoimmedt ¢ < v wazidle t <41,
qmngﬁ%swﬁéﬂmuxmﬁa ﬂ"'m"ymﬁn“ln’mmsnaammnTﬂsunsumuguﬁmmmﬁuéﬂu
mi'mmm*ﬁflﬂ’iw‘hjei?umyeuﬁm%”umss‘hammsLﬁuqqumuuame;ﬁa1‘1;"3%15

) 1 4 1 d
szmnumalssynsuiiaaasiien
0
e' = 2x"/m! (3.46)
m=0

» 1 4
wehmsnsznemeussmiiueynsuzla
2 3

F=ldx+—+—+.. A7
e X STIMET 347
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NNANMITN (3.38) Th(t) = Tim(l—e ") WI5RUNBY (e”"™)IMIinszagey

4
NSUAIAY ALY

RIS | J + - 3 + (3.48)
e ' =]1-— - !
Tm 722! 72-3!
1‘]‘!13‘"13 2 manusmmuaﬂuaums (3.38) ﬂ:’,’lﬂ
n(v(t) = T/in (I/Tm) (349)

deumun Tin=Pl AAz,, =CM [ AZMas P =3 1% R, 9218
TRl BT, ¢ (3.50)

A 4 Yo o Q' Q)
W9 K = 3Rw/CM, :naumsi (3.50) mmmﬂszmm‘lmwmmmwuqmnqwm

wewosuilsiuTasas st U NS mBIBIINAIRY 2 tazhm Taolamnudiniusizninem
QUNQN T, (1) HUNAT ¢ aluusauass yinaunss (3.50) msudenns R I MTUUT
YINITLUA-1IAT AIWIATFIU NEMA-Class 2 uﬂafyiﬂmﬁanqw‘fﬂﬂsMiua}NTnamﬁum
unumasluaunisi (3.50) Taolnm Tro(t) A3 mwz“lﬂ,ﬂamﬁuﬁuﬁlsmu"lmwasﬂlum
LM L, fY ¢ awasneh (3-2)

15NN 3-2

A ~ % N
ATIUTUNUTISHINIDN-NISUTAIVUIATIIUN NEMA- Class 2

NIZUOUOMOT (pu) | 100 | 1.10 | 120 | 130 | 140 | 160 | 180 | 200 | 220 | 250

NSTUAUDIADT - 100 | 121 | 144 | 169 | 196 | 256 | 324 | 400 | 484 | 625

namun Guri) 1000 | 840 | 720 | 620 | 480 | 380 | 300 | 300 | 250 | 1%
MSAUM RAM 1 W430 | - | 15ms | 12ms | 10ms | 9ms | 7ms | 6ms | Sms | 4ms | 3ms
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~+— 110% Load|
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150 s
—O— 140% Load|
100 —X— 160% Load
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Usgmnat 7 ms. v 1 Step.dmsvAmnszualnan I, MOUGTIAUAIANINAN 160%

' ¥ v v
=<

3y ' ' ° o =1 § @ a "Ag »
ﬁu‘ll AIMUAWANUNIVTIAY 100% li')ﬁuﬂ'Jﬂﬂﬂflﬂ'lslwuﬂrﬂﬁ'nlu (1‘111’12111:6%’)1 7 ms
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P

READ DATA
FROM MEMORY

l

CALCULATE
AVERAGE OF
DATA INPUT : lavg

MEMORY STEP UP

17 & RATE 0

MEMORY STEP UP
RATE 1

MEMORY STEP UP
”° L« RATE 2

MEMORY STEP UP
”"—’ RATE 3

MEMORY STEP UP

h

MEMORY STEP UP

@ MAX.RATE ‘_Y“"" RATE ..N
READ MEMORY
CRITERIA SETPOINT
DEFINITION
COUNTF4 VALUE  fe—ves REACH - SP.2 No—»-
FOR TRIP

v ¥
71 3-19 Tassasmsiesniu Tnaainu



MEMORY STEP UP

@ MAX.RATE

4—Yes

IN

DATA POINTER SAVE
REGISTERs VALUE SAVE
READ DATAFROM MEMORY
GET DATA FROM A/D-CHIP

CALCULATE
AVERAGE OF
DATA INPUT : lavg

¥

Yes

?

Yes

¥

Yes

¥

Yes

No-

DEFINE MEMORY LEVEL#0
DEFINE THERMOMEMORY
STEP UP RATE# 0

DEFINE MEMORY LEVEL#1
DEFINE THERMOMEMORY
STEP UP RATE# 1

No -

DEFINE ‘MEMORY LEVEL#2
DEFINE THERMOMEMORY
STEP UP RATE# 2

No-p»

DEFINE MEMORY LEVEL#3
DEFINE THERMOMEMORY
STEP UP RATE# 3

No-P

DEFINE MEMORY LEVEL#n
DEFINE THERMOMEMORY
STEP UP RATE# n

vy

1

MEMORY STEP UP WITH
RATE ACCORDING TO
MOTOR LOAD CURRENT

DEFINE COUNTF4 VALUE
FOR TRIP
PROTECTION RESULT ALARM
RELAY TRIP COMMAND SUB.

YES
REACHr'SP-?/

|

>

YES @ NO

READ MEMORY

CRITERIA SETPOINT

NO

RESTORE DATA POINTER
RESTORE REGISTERs

” ¥ o ~ H e J
11 3-20 TnssasumsdesiuTnamiuiil Sy
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DATA POINTER SAVE
REGISTER VALUE SAVE

i

CONNECT TO A/D-CHIP AND
GET DATA FROM ADCHIP

f
|

DEFINE MINIMUM CRITERIA
CURRENT DATAs

’ v '
ilwduTdsunsudadanulugii 322

| ZERO-OFFSET) : ZERO
DEFINE CONSTANT : K=3

PROTECT RESULT BIT

e - PROTECTION RESULT
t BITCLEAR TOV

RELAY TRIP COMMAND SUB.
PROTECTION FUNC. ALARM

{

l

DATA POINTER RESTORE
REGISTER VALUE RESTORE

> b 4 1
7Y 321 Tassasnmisdesdunisnameldvesalamanis




OPEN LINE CURRENT EVENTs
TO TRIP
(ABC) = (YYN)
(ABC) = (YNY)
(ABC) = (NYY)
OTHERSs are not TRIP

READ THE SAMPLED DATAs
FROM DATA ARRAY

a4

CALCULATED THE AVERAGE VALUE
OF THE SAMPLED DATAs
FOR EACH PHASE CURRENT

(3-PHASE)

NO

4

NO

YES

NO

NO
I-C>=07

NO
I-C>=07

DEFINITION COUNTF7
VALUE FOR TRIP

YES

7Y 3-22 Tassaselugy 3-21 ﬁﬂ%’uﬂ;u‘fu
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3.32.8 Iassgnavesantumelesdumsfnvnveslnaamana(Load-
Jam)
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At ta
o d’ > AN N vz Nm)
onsmslasuasmanu§isevie A& ( ; (3.52)
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) v ] ] L4
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1 4 Y 2

(e At = d>> 0 annzdsnaniiszwiganmmsiia Tnaaiy i lumsngae
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dl a’ S <Y !
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Y
READ THE SAMPLED

| DATAs
| OF 3-PHASE CURRENTSs

1

CALCULATED THE
AVERAGE
VALUE OF MOTOR
CURRENT
1

NO
IS layg <= FS. 2

YES

CALCULATE DIFF.OF
CURRENT TO LR-SP
:dim

YES
1S dim = (+)?

NO

READ STATUS LOGIC
OF SPEED-SW.SENSOR
& SPEED DATA

YES
IS Nm=07? o

¥

CALCULATE DIFF. OF SPEED
DATA TO NORM-SPEED: Nn
dNm = (N-Nn)

T

|

NO

NO

IS dNm = (-) ?

YES

CALCULATE DIFF. OF SPEED
DATA TO JAM-SPEED: NJ
dNm = (N-NJ)

NO @
YES

LOAD JAM-EVENTS T

CUMULATIVE
. | DEFINITION COUNTF9
COUNTF9 = COUNTFg+~ | VALLE TO TRIP

V t ouT

2 * (.'a ¥ @ a e
JUf 2-23 TassasniandunisssnuInanaata Load-Jam)
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Tasli Insaas izl 3-24

¢

[ READ THE samPLED
DATAs OF 3-PHASE
CURRENTS

¥

CALCULATED THE
AVERAGE
VALUE OF MOTOR
CURRENT

H NO
YES

CALCULATE DIFF.OF
CURRENT TO LR-CURRENT
: dim

NO

READ STATUS LOGIC
OF SPEED-SW.SENSOR
& SPEED DATA

CALCULATE DIFF. OF SPEED
DATA TO NORM-SPEED: Nn
dNm = (N-Nn)

NO

ISdNm = (+) ?

CALCULATE DIFF. OF SPEED
DATA TO NOLOAD-SPEED: NO
dNm = (N-NO)

NO @ YES
r

LOAD LOST-EVENT:
CUMULATIVE ) DEFINITION COUNTFX
COUNTFX = COUNTFX++ VALUE TO TRIP
,
I ;

®

v ¥
31 3-24 Tasaasumsdesiumsmielivesinan (Load-Loose)
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(Starting) FIUNUNITATIVADUNTLUDUALANUITITOY muwummgﬂ‘n 3-25

@

READ THE SAMPLED
DATAs
OF 3-PHASE CURRENTSs

)

CALCULATED THE
AVERAGE
VALUE OF MOTOR
CURRENT

NO
IS lavg <= FS.?

YES

CALCULATE DIFF.OF
CURRENT TO LR-SP
:dim

YES

IS dim = (+) ?

¥ T NO

READ STATUS LOGIC
OF SPEED-SW.SENSOR
& SPEED DATA

YES

IS Nm=07?

NO

CALCULATE DIFF. OF SPEED
DATA TO NORM-SPEED: Nn
dNm = (N-Nn)

YES

CALCULATE DIFF. OF SPEED
DATA TO LR-SPEED: Nir
dNm = (N-NIr)

LR-EVENTs YES
CUMULATIVE I

COUNTFS8 =
DEFINITION
COUNTFS++ COUNTF8

VALUE TO TRIP

* ouT

v £ & L4
g1} 3-25 Tassasumsdesiumsaenlanes
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3.3.2.9 Iassasnafensumsiesiumsasula (Phase-Sequence)
¥ . 1 . v Yy » v v
ilassasiedagii 326 sudundnmsiiaunsoaslansyadided lunmin wen
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dmsunanmsIsusmivuaawm i Ui 3-26()uaz 3 I¥mIBuines S nanaasdgyl

3-26(b)

@

[ CONNECT 7O PHASE-
SQ.NETWORK

4
LR‘EAD DATA OF PEAK-A ,

l DELAY TIME STEP _}

EQU .= 1 DEG.
€S 8.1 e,

DELAY TIME STEP
EQU = 1 DEG.
DELAY TIME STEP
= NO EQU.= 1 DEG.
YES NO
o — DEG.=120 ?
READ DATA OF PEAK-C]
YES o —
v
@ liaao DATA OF PEAK-B
YES NO
1 NO
l DELAY TIME STEP PEAK-B 2
| Eaqu=1DsG.
T
IES DEFINITION
COUNTFXX! ouT

TO TRIP

= NO
ves |
e Y

[
READ DATA OF PEAK-C]

NO

—

: §
| A

v b
31 3-26 (a) Tassasumsdssdumsaduma



PHASE-

Lopime it LOGIC OUTPUT

DETECTOR
TO 8051-INTERRUPT
CIRCUIT P

(00

| OPTO-COUPLER

INTERRUPT SERVICE ROUTINE

IN

INTERRUPT STATUS
LOGIC READING

FAULT NO
FUNCTION
ALARM

YES

RESET INT. STATUS
CONTROL LOGIC
& CLEAR FAULT

FUNCTION ALARM

@)

v v v P ¢
71 3-26 (b) Tnssasumsasiumsadumalaslesumes Swa
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3.3.2.10 Tassasnalantumsieanugaumgiithu (Temperature-Protection)

80

o v - ¥ ¥ d' - v 2 .
wanms laesine luaaluunil 2 ave 23 aunsoasdeadumdnmsauianu 51

3-27 A9l

YES

O,

Y

DATA ARRAY
READING INTO
REGISTERs

i

CALCULATE THE
AVERAGE VALUE
OF SAMPLED DATAs

f

CALCULATE DIFF.
OF TEMP:dTMP
WITH NORMINAL
(AMBIENT-TEMP)

CALCULATE ddTMP
WITH - dTMP-sp

CALCULATE ddTMP
WITH dTMP OF
INSULATION CLASS

IS ddNm = (+) ?

YES

NO

IS ddNm = (+) ?

NO

DEFINITION
COUNTF6 VALUE
FOR TRIP

t

OVERTEMP-EVENTS
ASSURED CUMULATIVE
COUNTF6=COUNTF&++

OVERTEMP-EVENTs
ASSURED
CUMULATIVE
COUNTF&= CLEAR

v ¥
31 3-27 Tassasuamisveanugungiinu



3.3.2.11 IassasWantumsiesnuanmiiseuiiy (Over - Speed)

uerad lamudaanugi 3-28

O,

r

DATA ARRAY
READING INTO
REGISTERs

|

I

CALCULATE THE
AVERAGE VALUE
OF SAMPLED DATAs

!

CALCULATE DIFF.
OF SPEED:dNm
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4KT X 8 +5V
T 74LS241 MCS-51
SPST-SW. ( 8051-PORT1
e $::%:3333 v T SOCKET
STBY 'L l + ! Iro—; P1.0
MODE »_._:l— 3 Pl ‘l\ o o P1.1
! L P
ENTER L - {\ iool—— P1.2
1 ‘ |
SET .__.rl‘— +- ;,\ {oo P1.3
- |
g |
CLEAR ‘L +- ol \ :oc: P1.4
) I { i
FUNC ‘l' + » \ ooL——— P1.5
) I
A - \ 0o P1.6
= / .
AR Kl
& — 5 0 O P1.7
1,: C:1uF18V X8 f ‘L
¥ = | = . l =
VR 10K
Vo
Vdd
R Rs RW E DB0O D81 DB2 DB3 DB4 DB5 DB6 D87
=3

\
X

TO MCS-5 1\\

DATA BUS

\

—c Vvdd

\__—’ Vss
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8255 4L
PPI-CHIP2 74LS241
BUFFER 330R X 8
"
> s AAA e
i 1> g
D1 o — S
N A .
D2 1> Wi ;
2 i Y - bt
PORT-A D3 4> "',\‘,\'-'/
D4 ! AN —
n i
D5 > q"
DS J 5 A— Atk
- DS T
D7 1> VWA ~+
DO *——ﬂ*oLmensnc STOP | OPEN l —
TO 8051 D1 < o[ E TIC Rumcv.oss_]
SYSTEM PORT-C D2 *4————-0[ NOT USE I
By D3 ——4——0L NOT USE I
5 D4 ———»——o{ START / STOP CONTROL I
> | ~ AAA /j""
DO 1 T O t
- Ry,
D1 jf\ A ANA BY
7 g ST &
D2 ') N ) P e
(e _4l N = '—&""
PORT-B = : ' @1 PPN /
IR A 2
D5 > > M g
YA LT &
N2 . 4
06 v 2 T =
L
GND D7 > AN e
330R X 8 il
:L 7415241 =
BUFFER

gﬂlel(d)5aumaaﬂ13uaﬂawaﬂ1iﬂéaﬁu (Alarms)
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waathy

" SIN o

c2

ALL 1/0O PORT INITIALIZATION

MOTOR START DISAB. SUB.
SYS-STATUS RDOUT1 SUB.
SYSTEM STANDBY

SYS-ON/OFF-STBY ?

THERMOMEMORY-CHECKING
AMBIENT-TEMP.CHECKING
OPERATION MODE RDOUT SUB.

YES

MODE-ENTRY ?

MODE- SETTING SUB.
SETTING VALUEs STORE IN RAM SUB.
SYS-STATUS RDOUT2 SUB.

SETTING-EXIT ?

DERFAULT-VALUEs READING SUB.
SYS-STATUS RDOUT3 SUB.

NO

UTILITY CONDITION-CHECKING SUB.

1V 4-12(a) Tsunsumdn 1/4
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ANY ABNORMAL 7?7

MODEA4-OPERATION ?

102

SYS-STATUS READY TO START
MOTOR STARTING ENABLE SUB.

YES SYS-ALARMs SUB.
SYS-STATUS4 RDOUT
SuB.
YES
> c3

\ 4

RELAY TRIP COMMAND SUB.
SYS-STATUS 6 RDOUT SUB.

<. S 5

AUX. CONTACT STATUS
LOGIC READING

NO

AUX.-NO = OPEN 7

AUX.-NC = OPEN ?

' N

NO

CUMULATIVE COUNT TO ENSURE
CONTACT STATUS CHECKING :C++

4

IS COUNT=0K?

4

3

THERMO-MEMORY
COLLDOWN2 SUB.

31 4-12 () Tsunsuwan 2/4
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ROTOR SPEED CHECK
WITH SPEED-SW. SUB.
LOCK-ROTOR TIME
LIMIT CHECKING SUB.

h 4

YES

THERMOMEMORY
LOADING SUB. : RUNMEM

4
STOP MOTOR ?

s
-

UTILITY SUPPLY LINE OPEN
DETECTION SUB.

OPEN-PHASE ?

OPEN-PHASE ?

MOTOR LINE CURRENT/
OPEN-PHASE DETECTIO

PROTECTION FUNCTIONS..

SUB. MODULE SUB. THERMO
MEMORY
LOADING
SUB. :
NO YES LOCKMEM. |
T ANY-ABNORMAL ?
Y

Y

PROTECTION

A MOTOR OVERLOADING PROTECTION FUNCTIONS
RESULT PROTECTION FUNCTION| ALARMs SUB.
ALARM SUB. SuB. : FUNCTION BY

FUNCTION

C

MOTOR COOLDOWN BY
THERMOMEMORY COOLDOWN 1 |
SUB.

\ 4

RELAY TRIP COMMAND SUB. |

NO

7

MOTOR TRIP ?

Y

3 4-12 (¢) Tdsunsuman 3 /4



104

c3

<
%

MODE4-DUTY CYCLE OPERATION
SYS-STATUS7 RDOUT SUB.

DUTY CYCLE OPERATIO
TIME SET READING SUB

I

ON-TIME PERIOD
OPERATION SUB.

Y

OFF-TIME PERIOD
OPERATION SUB. v

YES
STOP 72 > D >
\ &
NO
‘ SYS-STATUS8 RDOUT]
TEMPERATURE | SUB. .
MEASURING SUB. | SYS-STATUS READY
AGAIN
i =
éx A
A
YES
CLEAR THERMOMEMORY

TO AMB. TEMP.

MOTOR TRIP COMMAND SUB
RELAY ALARM RDOUT sSuUB{
THERMOMEMORY LOADING

SUB. : DUTY-LOAD #

G

AMB.-TEMP. ?

<
<%

Y

NO

MOTOR COOLDOWN BY
THERMOMEMORY
COOLDOWNZ2 sSuUB.

NO :
TEMPERATURE
MEASURING SUB.

YES NO

L ]

TEMP-FAULT ?

4

31 4-12 (@) Tosunsuman 4/4
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DATA POINTER SAVE
DEFIND COUNTER : M =0
DEFIND INDEX1 : m=0
DEFIND INDEX2 : d=0
DEFIND INDEX3 : K=4

Y

ENTER ?

YES * YES
<+—
DATA POINTER RESTORE m=m+1
CLEAR ALL VARIABLE M=m+d A
REGISTERs
- Y A
pi7 d=d+1

CLEAR INDEX1: m=0

CLEARINDEX2:d =0

CLEAR INDEX3:K=0
CLEAR COUNTER: M =0

MODE SELECTION DETAIL RDOUT |
SUB. ‘

=

YES

MODE ENTRY SUB.

YES

Y

YES

END

Y

- ENTER ?

31 4-13 (a) Tosunsugeeidvnnisyingu (MODE) 1/2
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()

CODE CHECKING

CODE DEFAULT TO M1

y

\ YES
CODE> 472
NO

CODE READING

MODE # 1 SETTING
SUB.

MODE # 2 SETTING
SuB.

MODE # 3 SETTING
SuB.

MODE # 4 SETTING
SUB.

=

31 4-13(b) Tlsunsudemdonn3iiam (MODE) 272



\ 4

STORE REGISTER
VARIABLE VALUEs
STORE DATA POINTER

NO

4

DEFINE ADDR.: LRTABLE
DEFINE INDEX:L=0

DEFINE INDEX : LR=10

3

ENTER ?
NO
YES
GET DEFALT DATA
AND CLEAR ALL
INDEX REGISTERs
<+ v
A
CLEAR ALL INDEX NP ST
REGISTERs AND
RESTORED ADDR.= LRTABLE+ L
MOVC A,@A+DPTR )
REGISTERs VALUE ( 4
LOCK-ROTOR TIME
LIMIT SET DISPLAY
SUB.
A

s

YES

MOV DATA TO WORKING
REGISTER : Rn/ BNKO

4

31 4-14 Tsunsudesmsidensraiienlsimes (MODE 1)
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e

DATA POINTER SAVE
DEFINE COUNTER : M2=0
DEFINE INDEX1 : m2 =0
DEFINE INDEX2 : d2=0
DEFINE INDEX3 : K2=8

DATA POINTER RESTORE
CLEAR ALL VARIABLE
REGISTERs

108

FUNC ?

m2 +1
m2 +d1

53
([}

4

(=9

NO

A\

d2 +1

MODE2 / FN1-FN 8

SELECTION DETAIL RDOUT SUB.

ENTER ?

YES

MODE2 FN1-FN8 ENTRY

SUB.

ENTER ?

CLEAR INDEX1: m2=0

CLEAR INDEX2 : d2=0

CLEAR INDEX3 : K2=0
CLEAR COUNTER : M2=0

L]

END

Y

31 4-15 (a) Tsunsudesmsidenileandu (MODE2) 1/2



CODE CHECKING

CODE > 8?2

NO

CODE DEFAULT TO F1

YES

CODE READING

CODE=F1?

Qm?

CODE =F4 2

ouT

FUNCTION # 1 SETTING
SUB. of OF MODE 2

| FUNCTION #2 SETTING

SUB. OF MODE 2

FUNCTION # 3 SETTING
SUB. OF MOOE 2

YES

FUNCTION # 4 SETTING
SUB.OF MODE 2

FUNCTION #5 SETTING

SUB. OF MODE 2

| FUNCTION #6 SETTING

SUB. OF MODE 2

FUNCTION #7 SETTING
SUB. OF MODE 2

FUNCTION # 8 SETTING
SUB. OF MODE 2

71 4-15(0) TWsunsudoonimidenilaiiu (MODE2) 272
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e

DEFINE INDEX1 :
DEFINE INDEX2 :

DATA POINTER SAVE
DEFINE COUNTER : M3=0
m3=0

43=0
DEFINE INDEX3 : K3=3

ENTER 7?7

DATA POINTER RESTORE
CLEAR ALL VARIABLE
REGISTERs

m3 = m3+1
M3 = m3 +d3

Y

(=)

NO

MODES / FN1-FN 8

SELECTION DETAIL RDOUT SUB. |

ENTER ?

YES

MODE3 FN1-FN8 ENTRY
SUB.

g g o
M

NO

v

YES

d3 +1

CLEAR INDEX1: m3= 0
CLEAR INDEX2:d3 = 0
CLEAR INDEX3 : K3 =0

CLEAR COUNTER : M3 =0

ENTER ?

YES

\ 4

END

31/ 4-16 (a ) Tsunsudesnmsidenilandu (MODE 3 ) 1/2
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<+

CODE CHECKING

CODE > 87?2

NO

YES

CODE DEFAULT TO F1

CODE READING

CODE=F1?

CODE=F27?

NO

CODE=F37?

NO

CODE=F47?

NO

CODE=F57?

NO

CODE=F6?

NO

CODE=F77?

NO

NO
CODE=F87?

YES

YES

YES

YES

YES

YES

YES

FUNCTION # 1 SETTING

SUB. of OF MODE 3

FUNCTION #2 SETTING
SUB. OF MODE 3

FUNCTION # 3 SETTING
SUB. OF MODE 3

FUNCTION # 4 SETTING
SUB.OF MODE 3

FUNCTION #5 SETTING

SUB. OF MODE 3

FUNCTION #6 SETTING
SUB. OF MODE 3

FUNCTION #7 SETTING

SUB. OF MODE 3

| FUNCTION #8 SETTING

SUB. OF MODE 3

ouT

21} 4-16(b) Tusunsutooniadoniafidu (MODE3) 272



STORE REGISTER
VARIABLE VALUEs

STORE DATA POINTER

Y

NO

ENTER ?

YES

GET DEFALT DATA
AND CLEAR ALL
INDEX REGISTERs

A

CLEAR ALL INDEX
REGISTERs AND
RESTORED
REGISTERs VALUE

YES

DEFINE ADDR.: ONTABL
DEFINE INDEX: TOX =0
DEFINE INDEX : TON =1

<
<«

4

A

TOX=TOX#

NO

TOX=TOX-1

TOX=TON

GET DATA FROM
ADDR.= ONTABLE + TOX
(MOVC A,@A+DPTR )

DUTY-CYCLE
ON TIME PERIOD

DISPLAY SUB.

MOV DATA TO WORKING
REGISTER : Rn/ BNKO

A

31 4-17 (a) TdsunsudesnisasAmrlu MODE4 1/2
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(g

STORE REGISTER
VARIABLE VALUEs
STORE DATA POINTER

NO

A

NO

ENTER ?

YES

4

GET DEFALT DATA
AND CLEAR ALL
INDEX REGISTERs

CLEAR ALL INDEX
REGISTERs AND
RESTORED
REGISTERs VALUE

R

YES

DEFINE ADDR.: OFTABLE
DEFINE INDEX: TOF =0
DEFINE INDEX : TFF =10

<
<

A 4

A

TOF = TFF

GET DATA FROM
ADDR.= OFTABLE+ TOF
(MOVC A, @A+DPTR)

b

MOV DATA TO WORKING
REGISTER : Rn/ BNKO

31 4-17 (b) T)sunsudesmsdsnilu MODE4 2/2
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STORE REGISTER
VARIABLE VALUEs
STORE DATA POINTER

DEFINE ADDR.: UVTABLE
y DEFINE INDEX: U=0
DEFINE INDEX : UV = 10

YES NG YES
YES NO
Y
GET DEFALT DATA NO !
AND CLEAR ALL YES
INDEX REGISTERS DOWN ? [ vsu-1 | 0 | u=o |
NO

CLEAR ALL INDEX
REGISTERs AND
RESTORED
REGISTERs VALUE

GET DATA FROM
ADDR.= UVTABLE +U
(MOVC A,@A+DPTR )

UV- SETPOINT
DISPLAY SUB.

MOV DATA TO WORKING
REGISTER : Rn/ BNK1

¥ v
71 4-18 TolsunsudesmsdsmdmsunsfloaiuussAud (Function Setting )



©

REGISTERs VALUE SAVE

FUNCTION CONTROL REG.
STATUS READING

NO ‘ YES

FUNCTION CONTROL BIT-n FUNCTION CONTROL BIT-n
STATUS 1 DISPLAY SUB. STATUS 0 DISPLAY SUB.
Y

FUNCTION CONTROL BIT-n

7 3

FUNCTION CONTROL BIT-n
STATUS 1 DISPLAY SUB.

STATUSSETTO1 [ ]

FUNCTION CONTROL BIT-n
STATUS SETTO 0

NO ﬁ YES

A

FUNCTION CONTROL BIT-n
STATUS 0 DISPLAY SUB.

4

TO FUNCTION CONTROL REG.

i

REGISTER VALUEs RESTORE

&

ENTER ?
NO
YES

WRITE FUNCTION CONTROL BIT

£ v
31l 4-19 Tilsunsudesmsdssdmiumsiau/ Tivnaulundasflendu
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=)

REGISTERs VALUE SAVE

INTERUPT CONTROL REG.
(IE, TCON) READING

INTERUPT CONTROL BI™
STATUS 1 DISPLAY SUB.

BITITO=07?
NO YES

INTERUPT CONTROL BIT
STATUS 0 DISPLAY SUB.

INTERUPT CONTROL BIT |
STATUS 1 DISPLAY SUB.

INTERUPT CONTROL BIT
STATUS SETTO 1

INTERUPT CONTROL BIT
STATUS SET TO 0

NO ﬁ YES

INTERUPT CONTROL BIT
STATUS 0 DISPLAY SUB.

ENTER ?
NO
YES

WRITE INTERUPT CONTROL BIT
TO INTERUPT CONTROL REG.

I

REGISTER VALUEs RESTORE

-

] &' v ° a Ju J
. 31 420 Tesunsudesmsdemmsud LA TNA
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MEMORY STEP UP

@ MAX.RATE

DATA POINTER SAVE
REGISTERs VALUE SAVE
READ DATAFROM MEMORY
GET DATA FROM A/D-CHIP

I

CALCULATE
AVERAGE OF
DATA INPUT : lavg

lavg >107 No-p

es
es
es
es

No-py

No—H
EaE e\

DEFINE MEMORY LEVEL#0
DEFINE THERMOMEMORY
STEP UP RATE# 0

117

DEFINE MEMORY LEVEL#1
DEFINE THERMOMEMORY
STEP UP RATE# 1

DEFINE MEMORY LEVEL#2
DEFINE THERMOMEMORY
STEP UP RATE# 2

DEFINE MEMORY LEVEL#3
DEFINE THERMOMEMORY
STEP UP RATE# 3

DEFINE MEMORY LEVEL#n
DEFINE THERMOMEMORY
STEP UP RATE#n

1

MEMORY STEP UP WITH
RATE ACCORDING TO
MOTOR LOAD CURRENT

NO

READ MEMORY

CRITERIA SETPOINT

YES
< HM > INSL-CLAS
Y
YES
< REACH - SP.?
DEFINE COUNTF4 VALUE NO

FOR TRIP
PROTECTION RESULT ALARM
RELAY TRIP COMMAND SUB.

! .

RESTORE DATA POINTER
RESTORE REGISTERs

A

71l 421 TalsunsudesilsigunstlesiuTnamiu



YES

PROTECT RESULT BIT
SETTO1

il

DATA POINTER SAVE
REGISTER VALUE SAVE

CONNECT TO A/D-CHIP AND
GET DATA FROM A/D-CHIP

DEFINE MINIMUM CRITERIA
CURRENT DATAs
{ ZERO-OFFSET) : ZERO
DEFINE CONSTANT : K=3

RELAY TRIP COMMAND SUB.
PROTECTION FUNC. ALARM

f

11 >= ZERO?

12 >= ZERO ?

YES

13 >= ZERO ?

Z b
5 Yo
=
"
P
.

NO

PROTECTION RESULT
BIT CLEARTO 0

" o o A
21l 422 Tilsunswdevilastunistlieadumsvamo lumalamanii

DATA POINTER RESTORE
REGISTER VALUE RESTORE
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DATA POINTER SAVE
REGISTER VALUE SAVE

DATA POINTER SAVE
DEFINE CONSTANT
COUNT FOR READING

Loop

DEFINE POINTER REG.
POINT TO THE SELECTED
RAM ADDR.-PAGE # n

SELECT REGISTER BANK 1
DEFINE RAM ADDR. PAGE#0
DATA READING SUB.

1

COPY DATA FROM THE
SELECTED RAM ADDR. -PAGE #n
TO REG.BANK #0 ( RO-R7)

SELECT REGISTER BANK 2
DEFINE RAM ADDR. PAGE#1 PmT' E‘EAR f‘s”fsp
DATA READING SUB.

NO
SELECT REGISTER BANK 3
DEFINE RAM ADDR. PAGE#2 YES

DATA READING SUB.

COPY DATA FROM
REG.-BANK # 0 (R0O-R7)

TO THE SELECTED
- REG.-BANK # n
SELECT SFR. REGISTERs
(IE, TCON,IP ) t
DEFINE RAM ADDR. PAGE# 3
DATA READING SUB. DATA POINTER RESTORE

REGISTER RESTORE

51} 4-23 Tsunsudoonisomanludeusamazfatiusin RAM



DATA POINTER SAVE
REGISTER VALUE SAVE

SELECT REGISTER BANK 1
DEFINE RAM ADDR. PAGE#0
DATA WRITE SUB.

SELECT REGISTER BANK 2
DEFINE RAM ADDR. PAGE#1
DATA WRITE SUB.

120

DATA POINTER SAVE
DEFINE CONSTANT
COUNT FOR WRITING
LooP

f

DEFINE POINTER REG.
POINT TO THE SELECTED
RAM ADDR.-PAGE # n

f

COPY DATA FROM THE
SELECTED REG.BANK #n
TO REG .BANK#0

SELECT REGISTER BANK 3
DEFINE RAM ADDR. PAGE#2
DATA WRITE SUB.

INCREASING
POINTER 1 STEP

COPY DATA FROM
REG.BANK #0 TO
THE SELECTED RAM
ADDR.-PAGE #n

SELECT SFR. REGISTERs
(IE, TCON,IP)
DEFINE RAM ADDR. PAGE# 3
DATA WRITE SUB.

FULL COUNT ?

YES

DATA POINTER RESTORE
REGISTER RESTORE

END

5 0 @ : ' -
31 4-24 Tilsunswoeenmisiwouanlivaumaz landuaslu RAM



CLEAR LCD-DISPLAY SUB.
DATA POINTER SAVE
REGISTER VALUE SAVE

f

SELECT CHARACTER
DATA TABLE # .n
LCD-DATA DISPLAY SUB.

DATA POINTER SAVE
REGISTER VALUE SAVE
DEFINE LCD-CONTROL WORD
WRITE CONTROL WORD TO LCD-PORT

f

DEFINE LCD-COUNT DIGITs
RESET LCD-MODULE

GET DATA FROM DATATABLE

f

WRITE DATA TO LCD-DATA PORT

INCREASE DATA
ADDR.4ANDEX

DATA POINTER RESTORE
REGISTER VALUE RESTORE

INDEX = COUNT ?

YES

DATA POINTER RESTORE
REGISTER VALUE RESTORE

51 4-25 Tusunsudesmsuaaanan1siiauedis LCD dmivlu-
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DATA POINTER SAVE

REGISTER VALUE SAVE

THERMOMEMORY DECAY
RATE READING

MEMORY LEVEL READING
AMBIENT MEM. : LL
AMBIENT MEM. : LH

DELAY TIME WITH DECAY
RATE SETTING

THML = THML -1

123

THML = OFFH

31 427 Tilsunsudessiassmsanm lumizonawsnawisu (COOLDOWN2 )
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Jan. 11. 98 12:39:13  25m/s 400. Onasy/ o

L.CHl :  6.000
CHZ : 1900V
CH3 : 3200V
CHd :  45.00V

’ Iw i
me m nluunml mm |

i CH1 : Range 50V
CHZ : Range 50V
T CH3 : Range 50V
CH4 : Range 50V

S

MMHI' i .
CHI :  -44.00
gicehess CH2 : -31. 00V
CHI:LINE CURRENT Pii CH3 : 18 00V
CH2:LINE CURRENT Hhid CH4 = -5.00V

CH3:LINE CURRENT o

CH4:RELAY OUTPUT

3 5-6 wamsnameuanMzmsdenlime;
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Jan. V96 13:31:08  20hm/s AD0. Oms/cm (PR
I cil 7. 000
Ciz : 20. 00V
CH3 : 32. 00V
CliA - 45. 00V

CHl : Range S0V
CH2 : Range S0V
CH3 : Range SOV
Cli4 = Range S0V

cit 43.00
CHZ : 30. 00V
cH3 : -18. 00V

CH1:LINE CURRENT :
CH2:LINE CURRENT : Cha = 5. 00V

CH3:LINE CURRENT
CHA:RELAY OUTPUT
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JUMPER 1
START / STOP
CONTROL SIGNAL L 18 MAGNETIC COIL
0
JUMPER 2 O~ DRIVER SIGNAL
o e ’
JUMPER 3
MICROCONTROLLER o o
TRIP/ ENABLE SIGNAL

ms1¥uUn@ ;. do JUMPER 1, JUMPER 3 , 92y JUMPER 2 Lil¥
nAaeY Lock Rotor : m9 JUMPER 1, JUMPER 2, a7\ JUMPER 3 Ti1¥

7159 dumiesgadedannuniugunisianisesueiass
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Abstract

This paper presents the method of microcontroller-
based system to solve the major problem of
conventional thermal overload relay which can not
protect the induction motor s winding properly one
caused by an excessive heat from overloading. The
microcontroller-based

proposed technique uses

system  with CT’s and temperature sensor
(thermocouple) to track the motor loading currents
and its temperature by updating the contents of a 16
bits RAM according to motor's dynamical heat
generated from loading curreats, that can be
protected properly compared to the conventional
protective device and suitably designed for using
with a small induction motor rated not greater than

10 kW,
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