'ﬂf

A

1313 mmmmuumm

'mwwnmz uﬁMlﬁﬂMﬁf’iﬂWﬂ‘iN’ﬂﬁﬁ@ﬁ'ﬁ’ﬂﬁ' ﬁ'ﬁlﬂ&& m'mmmmmﬂ

ﬂ m Vin ﬁ'ammlvﬂ

Lo !
{4 ._\,

Ay | \

e mwmﬂﬁmm

y
(g AR . Vi
| R iy \
‘ AN S 'IM H. 2@..)0
“\“. i { | ) & \ i [ 2 S ¢
VN \ { i LR v
| ) 5 X N |
\ v 2} ok
) | Aotk \ L8 ! ) [
1l ] bl ! l=
Bl I i (it
| R Wl el
. Rk (
i I |

mmmmammmum‘m 3 Lﬂﬂmjm?"’ mmmm&

Hyd R | 4 G R A AR

] AR e AT M i (AR YA ) { A i i {
PR R B | AR AR

RN ul { fA llli‘ Y i T i AR A ! A BN
[ELTHN et e g\ 1 1189 1 ‘ ! (BN G Rl \\ ! 3 A i

i TR ERRRA L | AN ind A GRRE ey \ | ;

{2 S UGN \ Ve : | ; Al X ; \ :

/ | I HR AR B 114 | s _\.."'n'\"‘“"\ \ ‘s, y \ “
45 {rd Ly I 1 AR (i { Fai L‘!!' { b LA ) WA {
i VR i XA \ i ; { i R il (. Q‘ S A R b Al
11‘ SRR 8 ’ ) A | A \ | 0 U] { ¥ ;i AN
WE (BRI SRR QAR A [ SR kI RV R e il
|}" iypd vl \f THEREA A ] ! faCeit “‘ | ".‘\ i) ¥ S \

| y f £l Ne ol g UL R X X & X 4 i1
. L pEer bl (LN WL TR bR g ( . Y5 Ay {1

| ‘ 1 4

G | Y i ﬂi : o \ i i \,I (. ‘i-
< FEAR i AR foti i “ ' rh ‘| it i
“ AT Ao '\ \ } 1 i "l e ‘ﬂ'ﬂ'n !'( “'-‘ i i'-‘ , .I!g B) \ J Tkl "
1‘ Y \‘\‘» TR Uit o ; l.’ ! ‘:“ f ‘ i \‘(' \1“‘:. ‘i A A
'qOFT ‘zﬂ M\{ ﬂN(x OF A 3 PHA%F ‘INDUCHON M@IQR W’ﬁ I‘H (,@N TANT‘ A
B! D &fmmum CURRENT MBS Dl b
i d { i1 i V[ 1 (%]
\ L:..V i LT 1.4 A LG 1 Ay i “-K\\ t.“f'- L9y ! AR
:“l .\l i { i A ‘l_ :r‘ e _. ,cf" Y '.“I \ "“.“le‘ l-\ i H ‘ ; Sie
! V) \ (Lo Ol Y ) L ! gk LG
; ot BRI R AR G
: ( { LA (el AV KR ) (i [ b NI P
{ | {3 I \! p 1 5 i Y 3 .' o
{ ‘ | ' ,‘ s ‘ Lok ] Nisbl B Rt n..' PNl \‘_.'I
0 "M ‘.‘l §| f ‘ f"‘ \ \l‘ } i I “:.:' ‘ ) I ":‘L
i ‘, L& ‘ I\‘ i W e v .'1' Ol “,;l .‘( L “‘l \
) (: | AU Vol [l MRS AR P R ! L
‘ \ f .‘;L ) U "’, ot \-W‘ SN i1 B
£ { ,1 V1% \ i."l: \ % t ;j f,:“‘.‘\f; e | e [ ety ek \ 3
e i e S TR (TR
SRR Tl i f Db RN el i AN AR,
gt Sl e L GEET P
| . e ooy < Tl T { i
; FU AR £ L -f‘ |.‘ N Y'i (‘ Pl (R L
LR AR e .‘i\‘-‘ & it HES R 1 |\ ey i
i 3 i ‘.l‘ i | i Lo . . 1 i *
NER ey \ ] AP RN v FRBSE s
IRNE el mﬁmsm WﬁﬂW%&’ﬁ 139 l(,;,_‘ o il
it AtE Al \ i MU L i
e AR Gt vl gm(m.mm z*wmwp'rmm\mmmm i =
{ ! W f: i ‘— . . | { l_, { ! i
‘A-\I_ ‘\ i \ .j"‘" ”.‘ 1‘ ,‘l:!-‘. l\ ‘:‘ '\l( 3 {1 ‘! \ _ll“. \ 1) ‘: "; .l.
J Th ‘:j"‘ ‘ IJ ' ' .L'_‘ “. i yl { li\ b ,J" "
b ) “ ( iy '{[’ f \ b I ! £ . \ll.. b LA
R ) L ! i Y } : ' gy
BT RE S Cr It Pt G el Isuae
\! -‘ : ..' A | “' | ‘ : i | 'Y <I‘.‘ X I\.fl.‘ '-‘\
;: ] ‘r\ 1 ‘r, t | i "\ : ol l- ! A \ l\'l‘j‘ AN e
¢ o i Y \ \ (A | 1 | ) |
'{ ' (R \ \ _‘_F .\ \ ',
{4 i ‘ {
_“:: \;\ { I ‘!,"L!"". ‘;\ \“}:\ vk ‘ M ‘;{:‘:‘ ”‘:'. \
i e R ) i
i § o cf_j( ‘ i
F ¥ \ ( W\
‘on :' 3&5 dl

3 mm rm*.anmamwmawmlm'wa
Who

| Vi / Al

ﬁmnu*u,wmlﬂﬁ i wwmn'ﬂ nay mmww I ma‘mm W

I \ LR S



MSENANMUUTINHIavRINBIND ST HAHHEY 3 auVUnIHmTaY

=)
NN

SOFT STARTING OF A 3 PHASE INDUCTION MOTOR WITH CONSTANT
STARTING CURRENT

Ty

WIHNTTH WIHWIUBITIN

PHONGPHAN PHONGPHOTJANATHAM

@UY..... "
aUNLInY... 74879 S
s Aon ) 175 TR, 7550 | P

InensinussidudunitsvesmsinumuningasSayandsanssumansumiudin
maIvianssulnih
L7 o =) L
TarnaInende
agiumalulagnszoeunadgunmsaInn szl

W.A.2550



SOFT STARTING OF A 3 PHASE INDUCTION MOTOR WITH CONSTANT
STARTING CURRENT

PHONGPHAN PHONGPHOTJANATHAM

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2007



COPYRIGHT 2007
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



v a a [
VanaInedy
amtumalulagnszoenaudIuNmIsaIAnsEUs

(v a d
luSusesIneniinus

Y] a = 3 A a a d = 4 o a
2R ANNHWUS MITUAUIDU NI TyHA T 3 (aluunseuasy
a =
IAUAIN
Soft Starting of a 3 Phase Induction Motor with Constant Starting Current
LY L4 o
DAY UIUWIHWITU  WIHWIUDTTY
stailszaie 45060124
USeyan IINTINAN AN TUN I UNA
CRLTARED Fetanssu Tl
dal = a a d an =
210130NUInE INNHUNUT  7.A5.3905 AR
o = d =1 ¢'|
AMZNITNMIADVINGNHUNUS DY D
SLATET SRUGN
AT.NM Junisayge ‘_’S\@/Jg
Y
a a o a = a
WALAT. A AANNEY Augauina (yﬁ(ﬂﬂ/\w( rg’w‘?/,(u?f;m
o L4 = =)
WA.AT.B1 Al 19U WA @‘W'M( mpmdJ
371.93.9905 Nauls et

Ju/feowd Naew 29 WoumAy 2550 1981 14.00-16.00 .

aouNaay o 015 12 FU YU 4 ('ﬁﬂﬁ E12-404)




LY a a A d = 4 o
ﬂ?%ﬂ%ﬂﬂ]ﬁwuﬁ ﬂ'ﬁﬁﬂlﬂullﬂuuuu?ﬁﬂﬂqualﬂﬂi‘ﬂuﬂlﬂﬁﬂquq 3 eLuL

ATTUATUAUASN
AN U WIHWI T WIHNIUTI T
L o o
sviagdszdnn 45060124
U3yan INITUAAATUNIYAA
191317 Frngsulnih
N.A. 2550

dal a = 3 aa a
ﬂﬁ]'l%'ﬂﬂiﬁﬂﬂ'nﬂﬂ]“wuﬁ IF.AT. J9AT NTULSH

s )
UNAAEID
a a efcsy 9/ 1 = o ad a a d a =1 ° a aa
ginus i ldnarufeanuismssuaunamessiam dunihuuiyuIaning
a = 7q ¥ P a g 9/ A 1 a a
AURUATTIASUIANYDINBIABS I AsmuRdems Tiieanilymiang lussuuiifiaein
A a 4 4 o Aa [ o o
nMsiuAUYBmesMHsNhNNvalng 1Y usruanluszuy gunsalaaneudalssums
o A a - a aw a a ' ° a i
MMISuAUNDIRDS 1o INnszumiuing MssuANIDUYNUIanszi Tavlsunlaou
ar a a S A 9 a a P 9/ = o d a o
usssnvnzisuAuvemamaiivelinssuaSudunsii Taolfeade s illugnsaiaindg
arunuusssuiiloulifuuemes TaoldluInsnouInsasesives 30r4011 Wudanaugu
uazainsesgaruu uag ldnmsuSsusuaussousvesssunluuuuiivoue uas

" 3 '
uuplimuguaszuasuay wennndidylatinssiassmsianuluTysunsy MATLAB i

nAaeUR LY Mo 3 e vuia 7.5 kw 380 v uazIdwaiunumela



Thesis Title Soft starting of a 3 phase induction motor with constant starting current

Student Mr. Phongpan Phongphotjanatham
Student ID. 45060124

Degree Master of Engineering

Program Electrical Engineering

Year 2007

Thesis Advisor Assoc. Prof. Dr. Vijit Kinnares

ABSTRACT

This thesis describes soft starting of a 3 phase induction motor having current control
with required constant starting current, in order to reduce various problems in the system occurred
by starting of a 3 phase large induction motor such as voltage sags in the supply during starting,
circuit breaker open circuit during starting due to over rate current. Soft starter operates with
adjustable voltage in order to keep starting current constant by SCR as switching devices to con
troll motor terminal voltage. Microcontroller 30f4011 is used for controlling firing angle. The
performance comparison between the proposal method and the system without starting current
control is given In addition, simulation of operation with MATLAB is included The proposal
system has been tested with a 3 phase , 7.5 kW , 380 V, 50 Hz induction motor. The results

appear satisfactory
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DPF =cos¢, (2.18)

PF = ILDPF (2.19)
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Forward Time Harmonics

s1 7 13 19 25
1 1 1 1 1
0.95 0.993 0.999 0.997 0.998
0.9 0.986 0.999 0.995 0.996
0.85 0.979 0.998 0.992 0.994
0.8 0.971 0.998 0.989 0.992
0.75 0.964 0.997 0.987 0.990
0.7 0.957 0.997 0.984 0.988
0.65 0.950 0.996 0.982 0.986
0.6 0.943 0.996 0.979 0.984
0.55 0.936 0.995 0.976 0.982
0.5 0.929 0.995 0.974 0.980
0.45 0.921 0.994 0.971 0.978
0.4 0.914 0.993 0.968 0.976
0.35 0.907 0.993 0.966 0.974
0.3 0.900 0.992 0.963 0.972
0.25 0.893 0.992 0.961 0.970
0.2 0.886 0.991 0.958 0.968
0.15 0.879 0.991 0.955 0.966
0.1 0.871 0.990 0.953 0.964
0.05 0.864 0.990 0.950 0.962
0 0.857 0.989 0.947 0.960
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Backward Time Harmonics

s1 5 11 17 23

1 1 1 1 1
0.95 1.01 1.00 1.00 1.00
0.9 1.02 1.01 1.01 1.00
0.85 1.03 1.01 1.01 1.01
0.8 1.04 1.02 1.01 1.01
0.75 1.05 1.02 1.01 1.01
0.7 1.06 1.03 1.02 1.01
0.65 1.07 1.03 1.02 1.02
0.6 1.08 1.04 1.02 1.02
0.55 1.09 1.04 1.03 1.02
0.5 1.10 1.05 1.03 1.02
0.45 1.1 1.05 1.03 1.02
0.4 1.12 1.05 1.04 1.03
0.35 1.13 1.06 1.04 1.03
0.3 1.14 1.06 1.04 1.03
0.25 1.15 1.07 1.04 1.03
0.2 1.16 1.07 1.05 1.03
0.15 1.17 1.08 1.05 1.04
0.1 1.18 1.08 1.05 1.04
0.05 1.19 1.09 1.06 1.04
0 1.20 1.09 1.06 1.04
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P, =312+ IR, (2.48)
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T, = K[z,ulmL, sin(z — 6w,t)+ W, 1, sin(5 + 6w,t)
+w,, s, sin(r — 6w,t)+ s, 1, sin(6 - 6w,t)] (2.50)

j;ﬁ = K[Wlm (]?r o ISr)Sin 6met + ]Ir(W'?m + !//.Sm )COS 60)21‘] (251)
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v, =V, (2.60)
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s 2 1 1
Ve oY 7V 5 %™ Ya (2.63)
#o3e o33

4 1 1
Vi = _ﬁ Vo T ﬁva (2.64)

Tuaums 2.63uaz2.64 ansoutasliffunyninsed19Bauuumyu (Rotating reference

frame) "lﬁ'ﬁju

€ —
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V,, COS@, 1 =V, SN, (2.65)
Vi =V, SiN@,t + v, COS@,t (2.66)
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v, = RSIS +7 + @, XYy (2.68)

1 e — 4 Q. J o o d’ L= =
Tuduves @, x 7, ivudundmuaiiuusssuifasinnsnyuvesnsed s uazsiou

Tugdvesszuy 2 unuuuy Tassdredumumyy Iy

d
Ve = Ryl + Z;q’ + @ 4 (2.69)
= . d
Ve = Rgiy + ‘““dv'jf — W (2.70)

[ Ed
smualiueimesngaiia (o, = 0) v laumsmeduTsmesifudadl

- . dy,
v, =Ri, + dtq + 0, (2.71)
v, =Ri, + dc‘;ﬁ” —oy, 2.72)
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(2.78)

Wy = Lyiy + L (i +1,)
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- | (2.79)
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Vi —(0,~-w,)L, SL, -(w,-w,)L, R +SL ||i,
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SEMIPACK®1

Thyristor / Diode Modules

SKKT72
SKKH 72
SKKT 728

Features Ll .

« Heat transfer through aluminium
oxide ceramic isolated metal.
baseplate

» Hard soldered joints for high
reliability

« UL recognized, file no. E 63 532

Typical Applications

» DC motor control
(e. g. for machine tools)

« AC motor soft starters

« Temperature control .

. (e: g-:for ovens, chemical

« Professional light dimming
(studios, theaters)
1 See the assembly instructions

Vari Yoru Hrus = 125 A (maximum value for continuous operalion)
v i Iray = 70 A (sin. 180; T, =85 "C)
80C SKKT 72/08E SKKT 72B0SE SKKH 72/08E
1200 SKKT 7212E SKKT 72B12E SKKH 72/12E
1400 SKKT 72/14E SKKT 72B14E SKKH 72/14E
1600 SKKT 72/16E SKKT 72B16E SKKH 72/16E
1800 SKKT 72/18E SKKT 72B18E SKKH 72/18E
2000 SKKT 72/20EH4 SKKH 72/20EH4
2200 SKKT 72/22EH4 SKKH 72/22EH4
Conditions Values Units
sin. 180; T, = 85 (100) °C 70(50) A
o P3/180; T.= 45*C; B2/8B6 62775 A
P3/180F; T, =35 *C; B2/B6 115 1145 A
fams P3/180F; T = 35°C; W1/W3 155/37115 A
bsu T;=25°C;10ms 1600 A
T,;=125°C; 10ms 1450 A
it T;=25°Ci83...10ms 13000 A's
T“-= 1256°C;8,3..10ms 10500 A's
Vi T,;=25°Ci 1y =300 A max. 1,9 v
Viroy W 125°C max, 0,9 v
T T,;=125°C max, 3,5 m)
lo0 lnp Ty; = 125 °C; Vg = Varw: Voo = Vorm max. 20 mA
loot Iro for SKK ...120E; SKK ../22E max. 30 mA
Ly T,i=25'C:IG=1A:dIcIdt=1Nus 1 us
o Vp = 067" Vpru 1 Hs
(dvdy),, Ty= 125°C max. 150 Alys
(dvidt), T;=125°C max. 1000 Vips
£ §=125°C 80 Hs
" Ty= 25 *C; typ. / max. 150/ 250 mA
I T,; =25 °Ci Rg = 33 Q) typ./ max. 300/ 600 mA
Ver T;=25°Cidc min. 3 v
let T,=26"Cidc. min. 150 mA
Vao = 125°C; d.c. max. 0,25 v
leo e 126 °C; d.c. max. 6 mA
Ripic) conl.; per thyristor / per module 0,35/0,18 Kw
Ryge) sin. 180; per thyristor / per module 0,37/0,19 Kw
RM-:) rec. 120; per thyristor / per module 0,39/0,2 Kw
Ryyca) per thyristor / per module 02/0,1 KW
T -40..+ 125 c
T -40..+125 *C
Visol a.c.50 Hz: rm.s.; 15/ 1 min. 3600/ 3000 V-
Vol a. c. 50 Hz; r.m.s.; 15/ 1 min. for SKK...H4 4800 / 4000 V=~
M, to heatsink 5+15%" Nm
M, to terminals 3:15% Nm
a 59,81 m/s*
m approx. 95 g
Case SKKT A48
SKKT ..B A48
SKKH A47
09-03-2004 NOS © by SEMIKRON
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SKKT 72, SKKH 72, SKKT 72B
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Fig. 1L Powaer dissipation per thyristor vs. on-state current - - 3 Fig: 1R Power dissipation per thyristor vs. ambient temp.
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Fig. 2L Power dissipation per module vs. rms current i Fig. 2R Power dissipation per module vs. case lemp.
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Fig. 3L Power dissipation of two modules vs. direct current Fig. 3R Powar dissipation of two modules vs. case temp.
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Fig- 5 Recovered charge vs. current decrease : Fig. 6 Transient thermal impedance vs. lime
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Fig. 7 On-state characterislics Fig. 8 Surge overload cument vs. time i
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Case A 46 (SKKT) :

This technical information specifies semiconductor devices but promises no characteristics. No warranty or guarantee
expressed or implied is made regarding delivery, performance or suitability.
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dsPIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-bit Digital Signal Controller

Note: This data shoet summarizes features of his group
of dsPIC30F davices and is not intended to be a complete
reforence source. For more information on the CPU,
perpherals, register descriptions and general device
functiondlity, refer to the dsPIC30F Famiy Reference
Manual (DST0048). For more Information on the device
Instruction set and programming, refer to the dsPIC30F
Programmer’s Raference Manual (DS70030).

High Performance Modified RISC CPU:

+ Modified Harvard architecture
+ C compier optimized instruction set architecture
with flexible addressing modes
+ 84 base instructions
« 24-bit wide instructions, 16-bit wide data path
+ 48 Kbytes on-chip Flash program space
(16K Instruction words)
+ 2 Kbytes of on-chip data RAM
« 1Kbytes of non-volatile data EEPROM
+ Up to 30 MIPs operation:
- DC to 40 MHz external clock input
- 4 MHz-10 MHz osclllator input with
PLL active (4x, 8x, 16x)
+ 30 interrupt sources
- 3 external interrupt sources
- B user seloctable priority levels for each
interrupt source
- 4 processor trap sources
« 16 x 16-bit working register array

DSP Engine Features:

+ Dual data fetch

» Accumulator write back for DSP operations

+ Modulo and Bil-Reversed Addressing modes

+ Two, 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit single cycle hardware fractional/
integer multiplier

+ Al DSP instructions single cycle

+ 16-bit single cycle shift

.

.

Peripheral Features:

+ High current sink/source /O pins: 25 mA/25 mA
= Timer module with programmable prescaler:

- Five 16-bit imers/counters; optionally pair
16-bit timers into 32-bit timer modules

+ 16-bit Capture input functions

» 18-bit Compare/PWM output functions

+ 3.wire SPI™ modules (supports 4 Frame modes)

» ZC™ module supporis Muki-Master/Slave mode
and 7-bit'10-blt addressing

» 2 UART modules with FIFO Buffers

+ 1 CAN modules, 2.0B compliant

Motor Control PWM Module Features:

+ & PWM output channels
- Complementary or Independent Output
modes
- Edge and Center Aligned modes
» 3 duty cycle generators
» Dedicated time base
+ Programmable output polarity
+ Dead-time control for Complementary mode
+ Manual output control
» Trigger for A/D conversions

Quadrature Encoder Interface Module
Features:

+ Phase A, Phase B and Index Pulse input

» 168-bit up/down position counter

Court direction status

» Position Measurement (x2 and x4) mode

+ Programmable digital noise filters on inputs

+ Alternate 16-bit Timer/Counter mode

+ Interrupt on position counter rolloveriunderfiow

-

& 2005 Microchip Technolegy Inc.
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Analog Features:
» 10-bit Anaiog-to-Digital Converter (A/D) with
4 S/H Inputs:
- 500 Ksps conversion rate
- 9 input channels
- Conversion avaiable during Sleep and Idle
» Programmable Brown-out Detection and Reset
generation

Special Microcontroller Features:

» Enhanced Flash program memory:
- 10,000 erase/write cycle (min.) for
industrial temperature range, 100K (typical)
+ Data EEPROM memory:
- 100.000 erase/write cycle (min.) for
industrial temperature range, 1M (typical)
» Self-reprogrammable under software control

= Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

+ Flexible Watchdog Timer (WDT) with on-chip low
power RC oscillator for reliable operation

+ Fail-Safe clock monitor operation detects clock

faillure and switches to on-chip low power RC

oscillator

Programmable code protection

In-Circuit Serial Programming™ (ICSP ™}

Selectable Power Management modes

- Sleep, ldle and Alternate Clock modes

CMOS Technology:

+ Low power, high speed Flash technology

+ Wide operating voltage range (2.5V to 5.5V)
+ Industrial and Extended temperature ranges
* Low power consumption

dsPIC30F Motor Control and Power Conversion Family*

Program Output | Moto -

Dovie | o e By | S5 LM | e o) compisa conit| 50 |G\ 8 5 15 |3
dsPIC30F2010 | 28 12K/M4K 512 1024 3 4 2 6ch 8ch Yes [1[1]1]-
dsPIC30F3010 | 28 24K/8K 1024 | 1024 5 4 2 6ch 6ch Yes | 1|11~
dsPIC30F4012 | 28 48K/M1EK 2048 1024 3 4 2 6¢ch 6¢ch Yes | 1|11 |1
dsPICI0F3011 |40/44 |  24K/BK 1024 | 1024 5 4 4 Gch 9¢ch Yes |2 |1 |1]-
dsPIC30F4011 [40/44 | 48K/MEK 2048 1024 § 4 4 6ch 9ch Yes | 2|11 |1
dsPICIOF5015 | 64 66K/22K | 2048 | 1024 5 4 4 8ch 16 ch Yes [ 1|21 (1
dsPIC30F6010 | 80 | 144K/M48K | 8192 [ 4006 5 8 8 8ch 16¢ch Yes [2(2]1 ]2

* This table provides a summary of the dsPIC30F6010 peripheral features. Other avaiable devices inthe dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.

M
DS70135Cpage 2 Preliminary © 2005 Microchip Technology Inc.



92

dsPIC30F4011/4012

£ 2005 Mcrochip Technology Inc.

| e — Ty
Pin Diagrams
40-Pin PDIP
WCLR o4 W/ whaw
EMUDVANGVRes HCN2ZRBO O 2 39 [0 Avss
EMUCYANIAVRer-/CNYRBY O3 38 0 PWMILRED
ANZSS1/CNA/RB2 OJ4 37 J PWMIHRE
ANVNDX/CN&RB3 5 36 0 PWM2ZURE2
ANJXQEAICT/CNG/RB4 6 35 0 PWMZHRE3
ANSQERICA/CNT/RBS 07 E- 34 0 PWMAL/RE4
ANG/OCFA/RBS 08 B 33 0 PWMAHRES
AN7/RB7 OJ9 -— 320 voo
AN&/RBS O 10 O 31 ves
L
OSCHCLKN 013 8 28 [T U2RXCN17/RF4
OSC2/CLKORCYS O 14 - g g gﬁZTXCNI&‘RFgmu“ SHRES
EMUDY/SOSCIT2C/USATX/CNIRC13 O 15 ry C/EMUG/UY I3
Gwmmscmmwmcmﬂc; E 18 3 3 i;ggf:ﬁt;uumsoowcmra
FLFA/INTO/R 1
EMUD2/OCAC2/INT2RDY 18 23 1 EMUC200C1ICIANT /RDO
OC4RD3 H19 2 0 OCYRD2
Vss 020 210 voo
44-Pin TQFP
>
Q
5 g
W
S S
§g g2
EORE
S g
g g = ﬁg
800 3, £
Z98 BRE®
3eCe e
a =
29885883702
TAODNAROARR
HHEHAHHHEHAH
FIITIARGRAN
PGC/EMUCIU ISDARF T NC
1mu?rn):.:ém mg§ ) EMUD1/SOSCUT2CK/ W ATX/CN1/RCI3
U2RX/CN17RF4 0T OSC2CLKORC 1S
CTX1RF1 301 OSC1CLKIN
CRX1RFO 2 Vvss
va : dsPIC30F4011 g%x%m
PWMBH/RES 1 8 26/ ANT/IRB7
PWM3L/RE4 9 2% T ANS/IOCFARBS
PWMZH/RES 1] 10 24 HT1 ANS/QE BACA/CNT/RBS
PWM2URE2 ] 14 23HT ANAQEAICT/CNE/RBA
NmT0en02gny
EEEEEEEEEE
jponoonona
22ifgeect
52 9908
Bas
1ies
3555
<5
Bo
22
]
[ e e e e e e e e P e e e

Preliminary DST0135C-page 3



stauaaundnlvluszuy

.equ _ 30F4011, 1
.include "p30f4011.inc"

config  FOSC, CSW_FSCM_OFF & XT_PLL16 ;Turn off clock switching and
;fail-safe clock monitoring and
;use the External Clock as the

;system clock

config _ FWDT, WDT_OFF ;Turn off Watchdog Timer

config FBORPOR, PBOR_ON & BORV_27 & PWRT_16 & MCLR_DIS
:Set Brown-out Reset voltage and

;and set Power-up Timer to 16msecs

config _FGS, CODE_PROT_OFF ;Set Code Protection Off for the

;General Segment

.equ SAMPLES, 64 ;Number of samples

..............................................................................
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.global wreg_init  ;Provide global scope to _wreg_init routine
:In order to call this routine from a C file,
:place "wreg_init" in an "extern" declaration
:in the C file.
.global __reset :The label for the first line of code. If the
:assembler encounters "_main", it invokes the
;start-up code that initializes data sections
.global _ TlInterrupt ;Declare Timer 1 ISR name global
.global _ T2Interrupt ;Declare Timer 2 ISR name global
.global _ T3Interrupt ;Declare Timer 3 ISR name global
.global _ T4Interrupt ;Declare Timer 4 ISR name global

.global _ T5Interrupt ;Declare Timer 5 ISR name global

.global _ CNinterrupt ;Declare CN ISR name global

:Define Register

’

.equ 12C_DAC_CON,#0b01000000 ; CONTROL of PFC8591P
.equ12C_ADD_ADC_2,#0b10010010 ; ADDRESS of PFC8591P #2
equT 2, #0X50

equY_MAX,#0X9999

.equ Y_MIN,#0X0000

.equ KP,#0

.equ K1,#4

.bss REF_CERRENT,2
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.bss REAL_CERRENT,2
Jbss START_TORQUE,2
.bss PHASE,2

.bss ALPA,2

.bss ALPHA,2

.bss SALPA,2

.bss KEEP_VAL,2

.bss KEEP_SUM,2

Jbss 12C_DATA,2

Jbss B 12C_ACK,2

.bss COUNT _INT,2

Jbss COUNT_SUM,2
bss X 71,2

JbssY 71,2

.bss SUM,2

Jbss SUM_1,2

.global REF_CERRENT
.global REAL_CERRENT
.global START _TORQUE
.global PHASE

.global ALPA

.global ALPHA

.global KEEP_VAL
.global KEEP_SUM
.global 12C_DAC_CON

.global 12C_ADD_ADC_2

.global B_I12C_ACK
.global 12C_DATA
.global COUNT_INT
.global COUNT_SUM
.global T_2

.global Y_MAX
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text

__reset:

.global Y_MIN
.global X 71
.global Y_Z1
.global SUM
.global KP
.global KI
.global SUM_1

..................................................................

..................................................................

:Start of Code section

MOV # SP_init, W15 ;Initalize the Stack Pointer

MOV #__SPLIM_init, W0 Initialize the Stack Pointer Limit Register
MOV W0, SPLIM
NOP :Add NOP to follow SPLIM initialization
_wreg_init:
CLR Wwo0
MOV W0, W14
REPEAT #12
MOV WO, [++W14]
CLR w14
LINEI: .ascii "Induction Motor "

LINE2:

LINE3:

LINE4:
LINES5:

.ascii "Soft starter 1

.ascii "In*k(A)= E

.ascii "Start vol.(%)= "

.ascii "RUN 1
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CALL Init PORTS ; Initialize the I/O ports
CALL Init VAR
CALL INIT LCD
CALL Init VAR
CALL Init_interrupt
CALL Init ADC
CALL Init TMR

MAIN:

INT: MOV #0X0080,W1 ;W1=LCD_ADDESS

CALL LCD _COMMAND

: Set TBLPAG to the page that contains the LINE] array.
MOV #tblpage(LINE1), W4
MOV W4, TBLPAG

; Make a pointer to LINE1 for table instructions

MOV #tbloffset(LINE1), W4

CALL LCD_TEXT

MOV #2000,W0

CALL delay_ms

MOV #0X00CO,W1 ;W1 =LCD_ADDESS
CALL LCD_COMMAND

: Set TBLPAG to the page that contains the LINE2 array.
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MOV #tblpage(LINE2), W4
MOV W4, TBLPAG

- Make a pointer to LINE2 for table instructions

MOV #tbloffset(LINE2), W4

CALL LCD TEXT

MOV #2000,W0

CALL delay_ms

MOV #0X0001,W1 :LCD CLR
CALL LCD_COMMAND

MOV #0X0080,W1 ;W1=LCD_ADDESS
CALL LCD_COMMAND

: Set TBLPAG to the page that contains the LINE3 array.

MOV #tblpage(LINE3), W4
MOV W4, TBLPAG

: Make a pointer to LINE3 for table instructions

MOV #tbloffset(LINE3), W4

CALL LCD_TEXT

MOV #0X0089,W1 ;W1=LCD_ADDESS HI
CALL LCD_COMMAND

MOV #0X0030,W5

CALL WRITE_CHAR2

INC Wi1,wl ‘W1=LCD_ADDESS HI
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:W1=LCD_ADDESS

CALL LCD_COMMAND
MOV #0X0030,W2
CALL WRITE_CHAR
MOV #0X0039,W3
MOV #0X0000,W7
MOV #0X0030,W8
MOV #OX008A,W1
CALL SCAN_KEY ;147H
MOV WO,REF_CERRENT  ;KEEP CURRENT = VALUE OF ADC
:AFTER PRESS ENTER
MOV #0X00CO,W1
CALL LCD _COMMAND

: Set TBLPAG to the page that contains the LINE2 array.

MOV
MOV

#tblpage(LINE4), W4
W4, TBLPAG

; Make a pointer to LINE2 for table instructions

MOV
CALL
MOV
CALL

MOV
CALL

INC
CALL
MOV

#tbloffset(LINE4), W4
LCD_TEXT
#0X00CD,W1

LCD COMMAND

#0X0030,W5
WRITE_CHAR2

W1,W1
LCD_COMMAND
#0X0030,W2

:W1=LCD_ADDESS HI

:W1=LCD_ADDESS HI



GALL WRITE_CHAR
MOV #0X0039,W3

MOV #0X0000,W7

MOV #0X0030,W8

CALL SCAN KEY1 ;199711 = 204.8=cc
MOV #0X9999,W1

MOV WI1,SALPA

MOV #0X6000,W1

MOV WI1,ALPA

MOV #0X0094,W1

CALL LCD_COMMAND
MOV #tblpage(LINES), W4
MOV W4, TBLPAG

MOV #tbloffset(LINES), W4
CALL LCD _TEXT

CALL Check_Phase

CLR KEEP VAL

CLR COUNT _INT

CLR KEEP_SUM

CLR COUNT_SUM

CLR SUM 1

CLR SUM

CLR Y 71

CLR X 71

;CALL ACC_TIME

CALL CHANGE_NO
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done:

;BTSS PORTF #RF5
;CALL _ reset

BRA done

;Place holder for last line of executed code

b

;Timer 2 Interrupt Service Routine

;Example context save/restore in the ISR performed using PUSH.D/POP.D
;instruction. The instruction pushes two words W4 and W5 on to the stack on

;entry into ISR and pops the two words back into W4 and W5 on exit from the ISR

.
3

__TlInterrupt:

BCLR IFS0, #T1IF ;Clear the Timerl Interrupt flag Statusbit

BSET LATD#RDO

RETFIE ;Return from Interrupt Service routine

__T2Interrupt:

BCLR IFSO, #T2IF ;Clear the Timer2 Interrupt flag Status bit.

BSET LATD#RDI

RETFIE ;Return from Interrupt Service routine

__T3Interrupt:

BCLR IFS0, #T3IF ;Clear the Timer3 Interrupt flag Status bit

BSET LATD#RD2
RETFIE ;Return from Interrupt Service routine
__T4Interrupt:

BCLR IFS1, #T4IF



BTG
END_T4:

__TSInterrupt:

BCLR
;BTG
INC
MOV
CALL
MOV
MOV

MOV
MOV
CPSGT

END_INT_T5: RETFIE

LATD#RD3

RETFIE

IFS1, #T5IF ;Clear the Timer5 Interrupt flag Status
LATD#RD3

COUNT _INT

COUNT INT, W11
GET_ADC

ACC,W6

KEEP VAL,W7
W6,W7,W4

W4,KEEP VAL
#100,W0

WI11,W0
END_INT T5

KEEP VAL,Wé6
W6,REAL_CERRENT
WRITE _12C

KEEP VAL
COUNT_INT

;Return from Interrupt Service routine

__ CNInterrupt:
MOV
CALL
BCLR
MOV
CALL
MOV

#10,W0
delay_us
IFSO,#CNIF
PORTB,W4
Start_motor

#0X8CCC,W1
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MOV
SUB
BTSS
BRA

CALL

RET F:

RETFIE

OPEN:
MOV

MOV

SUB

BTSS
MOV
MOV

RETFIE

.
AR A LA R A R L N R R R

SUM,W2
W1,W2,W2
SR,#C
RET F
CAL_ALPA

; for closed loop

ALPA,W0
#30,W1

Wo,W1,Wo0
SR,#C
#10,W0
WO0,ALPA

.equ__ 30F4011, 1

.include "p30f4011.inc"

; for open loop

2

;INITIAL LCD DISPLAY

INIT_LCD:

.global INIT _LCD

MOV

#500,W0

CALL delay_ms

MOV

#0X0033,W1

;COMMAND SET LCD 4 BIT
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CALL LCD_COMMAND
MOV #0X0032,W1 ;COMMAND SET LCD 4 BIT
CALL LCD_COMMAND

MOV #0X0028,W1 ;2 LINE 5X7 DOT

CALL LCD_COMMAND

MOV #0X000C,W1 ;DISPLAY ON

CALL LCD COMMAND

MOV #0X0001,W1 ;CLEAR SCREEN

CALL LCD_COMMAND

RETURN

3

;LCD_COMMAND (W1)

3

.global LCD COMMAND

LCD_COMMAND:
BCLR LATC,#RCI13 ;CLR RS
BSET LATC,#RCl4 ;SETEN

SWAP.B W1

MOV WI1,LATE
MOV #1,W0
CALL delay ms

BCLR LATC,#RC14 ;CLR EN
MOV #1,W0
CALL delay _ms

BCLR LATC#RC13 ;CLRRS
BSET LATC#RC14 ;SETEN

SWAP.B Wi
MOV W1,LATE
MOV #1,W0

CALL delay ms



BCLR LATC,#RC14 ;CLR EN
MOV #1,W0
CALL delay ms

RETURN

]

.LCD_TEXT (W1)

b

.global LCD_TEXT

LCD_TEXT:
MOV #16,W10

TBL: TBLRDL.B [W4++], W1
SWAP.B Wl

BSET LATC,#RC13 ;SETRS
BSET LATC,#RC14 ;SETEN

MOV WI1,LATE
MOV #1,W0
CALL delay _ms

BCLR LATC,#RCl14 ;CLR EN

MOV #1,W0
CALL delay ms
SWAP.B W1

BSET LATC#RC13 ;SETRS
BSET LATC#RC14 ;SETEN
MOV WI1,LATE
MOV #1,W0

CALL delay ms

; Load the first data value
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BCLR LATC,#RCl14 ;CLR EN
MOV #1,W0
CALL delay ms

MOV #0X0000,W1
DEC WI10,W10
CPO W10

BRA NZ,TBL

RETURN

’

;WRITE CHAR LCD

.
b

WRITE_CHAR:

.global WRITE CHAR

SWAP.B W2

BSET LATC,#RC13 ;SETRS
BSET LATC,#RC14

MOV W2,LATE
MOV #1,W0

CALL delay ms

BCLR LATC,#RC14 ;CLREN

MOV #1,W0
CALL delay ms
SWAP.B W2

BSET LATC,#RC13 ;SETRS
BSET LATC,#RC14

MOV W2,LATE
MOV #1,W0

CALL delay ms

BCLR LATC,#RC14 ;CLREN
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MOV #1,W0
CALL delay ms

RETURN

;WRITE CHAR LCD

WRITE_CHAR?2:

.global WRITE CHAR2

SWAP.B W5

BSET LATC,#RC13 ;SETRS
BSET LATC,#RCl4

MOV W5,LATE

MOV #1,W0

CALL delay ms

BCLR LATC,#RC14 ;CLREN

MOV #1,W0
CALL delay ms
SWAP.B W5

BSET LATC,#RCI13 ;SETRS
BSET LATC,#RCl14

MOV W35,LATE
MOV #1,W0
CALL delay ms

BCLR LATC,#RCl14 ;CLREN
MOV #1,W0
CALL delay ms

RETURN
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.equ __ 30F4011, 1

.include "p30f4011.inc"

bl

;Subroutine:Init PORTS

Init PORTS:

;Port B

:Port ¢

;Port D

;Port E

;Port F

.global Init PORTS

CLR
MOV
MOV

CLR
MOV
MOV

CLR
MOV
MOV

CLR
MOV
MOV

CLR
MOV

LATB
#0x000F, W0
WO,TRISB

LATC
#0x0000,W0
WO,TRISC

LATD
#0x0000,W0
WO, TRISD

LATE
#0x0000,W0
WO,TRISE

LATF
#0xFFFF,W0

108

; clear LATB

; set is inputs

; clear LATC

; set is outputs

;clear LATD

; set is outputs

; clear LATE
; set RES to REO as outputs

; clear LATF

; set is inputs



MOV  WO0,TRISF

.equ _ 30F4011, 1
.include "p30f401 L.inc"

.................................................................................................................

;Subrotuinte: Init TMR

109
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Init TMR:

.global Init TMR

CLR TICON

CLR TMR1

MOV #36864, W0
MOV W0, PR1
BSET IPCO, #T1IP0O
BSET IPCO, #T1IP1
BCLR IPCO, #T1IP2
BCLR IFS0, #T1IF
BSET IECO, #T1IE
MOV #0X0010,W0
MOV  WO0,T1CON
BSET TICON, #TON

CLR T2CON

CLR TMR2

MOV #36864, W0
MOV W0, PR2
BSET IPC1, #T21P0
BSET IPC1, #T2IP1
BCLR IPC1, #T2IP2
BCLR IFSO0, #T2IF

; Stops the Timer] and reset control reg.

; Clear contents of the timer register

; Load the Period register
; with the value OxFFFF
; Setup Timer!] interrupt for

; desired priority level

; (this example assigns level 1 priority)

; Clear the Timer] interrupt status flag

; Enable Timer] interrupts

; Stops the Timer] and reset control reg.

; Clear contents of the timer register

; Load the Period register
; with the value OxFFFF
; Setup Timer2 interrupt for

; desired priority level

; (this example assigns level 1 priority)

; Clear the Timer?2 interrupt status flag



BSET IECO, #T2IE
MOV  #0X0010,W0
MOV  WO0,T2CON
BSET T2CON, #TON

CLR T3CON

CLR TMR3

MOV #36864, W0
MOV W0, PR3
BSET IPC1, #T3IP0
BSET IPC1, #T3IP1
BCLR IPC1, #T3IP2
BCLR IFS0, #T3IF
BSET IECO, #T3IE
MOV  #0X0010,W0
MOV  WO0,T3CON
BSET T3CON, #TON

CLR T4CON

CLR TMR4

MOV #1475, W0
MOV W0, PR4
BSET IPCS, #T4IP0
BCLR IPCS5, #T41IP1
BCLR IPC5, #T41P2
BCLR IFS1, #T4IF
BSET IECI, #T4IE
MOV  #0X0000,W0
MOV  WO0,T4CON
BSET T4CON, #TON
CLR T5CON

CLR TMRS5

MOV #2950, W0

110

; Enable Timer2 interrupts

; Prescale = 1:8

; Stops the Timer] and reset control reg.
; Clear contents of the timer register
; Load the Period register

; with the value 0xFFFF

; Setup Timer! interrupt for
; (this example assigns level 1 priority)
; Clear the Timer] interrupt status flag

; Enable Timer] interrupts

; Stops the Timer4 and reset control reg.
; Clear contents of the timer register

; Load the Period register

; with the value OxFFFF

; Setup Timer4 interrupt for

; desired priority level

; (this example assigns level 1 priority)
; Clear the Timer4 interrupt status flag

; Enable Timer4 interrupts

; Stops the Timerl] and reset control reg.
; Clear contents of the timer register

; Load the Period register



.
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MOV W0, PR5
BCLR IPCS5, #T5IP0
BSET IPCS, #T5IP1
BCLR IPC5, #T5IP2
BCLR IFS1, #T5IF
BSET IEC1, #T5IE
MOV  #0X0000,W0
MOV  WO0,T5CON
BSET T5CON, #TON
RETURN

.equ _ 30F4011,1

.include "p30f4011.inc"

; with the value 0xFFFF

; Setup Timer] interrupt for

; (this example assigns level 1 priority)

; Clear the Timer5 interrupt status flag

; Enable Timer] interrupts

;Check Phase
.global Check Phase

Check_Phase: MOV #0X0007,WO0
MOV PORTB,W1
AND W1,Wo,W1
MOV #0X0003,W0 ;011
CPSEQ WI1,Wo0
BRA Check_Phase

Check ABC: MOV #0X0007,W0
MOV PORTB,W1
AND W1,Wo,wW1
MOV #0X0001,W0

;010
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;001

CPSEQ WI1,W0
BRA Check ACB
BRA ABC

Check_ACB: MOV #0X0007,W0
MOV PORTB,W1
AND WI1,W0,W1
MOV #0X0002,W0
CPSEQ WI1,W0
BRA Check_ABC
BRA ACB

ABC: MOV #0X0001,W0
MOV WO,PHASE
BRA RET

ACB: MOV #0X0000,W0
MOV WO0,PHASE

RET: RETURN

;lI.l.....l.l....l..Ill.‘..lll....l...Il.."..l...l'..lI....l...."'.lll..l'l........
.equ __30F4011, 1
.nclude "p30f4011.inc"
;Check Phase
.global Check Phase

Check Phase: MOV #0X0007,W0
MOV PORTB,W1
AND WI1,W0o,W1



Check ABC:

Check ACB:

ACB:

MOV #0X0003,W0 ;011

CPSEQ W1,W0

BRA Check_Phase
MOV #0X0007,W0
MOV PORTB,W1
AND W1,Wo,W1
MOV #0X0001,W0 ;010
CPSEQ W1,W0

BRA Check ACB
BRA ABC

MOV #0X0007,W0
MOV PORTB,W1
AND WI1,Wo,W1
MOV #0X0002,W0 ;001
CPSEQ W1,W0

BRA Check_ ABC
BRA ACB

MOV #0X0001,W0
MOV WO0,PHASE
BRA RET

MOV #0X0000,W0
MOV WO0,PHASE
RETURN
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.equ _ 30F4011, 1

.include "p30f4011.inc"

b

;Subroutine:Init ADC 10 BIT

b

Init ADC:

.global Init. ADC

MOV
MOV

MOV
MOV

MOV
MOV

MOV
MOV

MOV
MOV

MOV
MOV
BSET

#0X0007,W0
WO0,ADPCFG

;0x5432109876543210
#0B0000000011101110,W0
WO0,ADCONI1

;0x5432109876543210
#0B0000000100000000,W0
WO0,ADCON2

;0x5432109876543210
#0B0000000000000011,W0
W0,ADCON3

;0x5432109876543210
#0B0000000000000011,W0
WO0,ADCHS

#0x0000,W0
WO0,ADCSSL

ADCON1,#ADON ; Turn on A/D

RETURN

;0x00E6

:0x0300

;0x1F81

;0x0003

;0x000F
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.equ_ 30F4011, 1
.include "p30f4011.inc"

3

;Get adc value

b

GET_ADC:

.global GET_ADC

BSET ADCONI1#ADON ; Turn on A/D

BTSS ADCONI1,#DONE

BRA

MOV
MOV
MPY
MOV
RRC

; MOV
4 XOR
; ASR

MOV
CP
BRA

: MOV
SUB

GET ADC

ADCBUF0,W4
#0X20,W5
W4*W5.A
ACCAL,W4
W4,W6

#0XT7FFF,W4
W3,W6,W6
W6,W6
W6,W4,W6
W6,W6

#0X3FFF,W0
W6,W0
GT,GAIN

WO0,Wé
WO0,W6,W1
WO,W1,W6
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GAIN:
SUB
SL

MOV
MPY
MOV

.equ _ 30F4011,1
.nclude "p30f4011.inc"

W6,W0,W6
W6,W6

#0X147,W5
W5*W6,A
ACCAH,W6

3

;Delay Time W0 ms

b

.global delay_ms

delay ms:
DO #10000,END_1ms
DO WO0,END_WO0
NOP
NOP

END_WO0: NOP

END_1ms: NOP
RETURN
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.equ __ 30F4011, 1
.nclude "p30f4011.inc"
;Delay Time W0 ms
.global delay us

delay_us:
DO #10,END_1lus
DO WO,END_WO01
NOP
NOP

END WO01: NOP

END_lus: NOP
RETURN
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wanfiu Digital Oscilloscope
(YOKOGAWA)
U DL1520/L (4 Channel)
30a2188A 150 MHz bandwidth
200 MS/s sampling rate on one channel
or 100 MS/s on two channels (DL1520/L)
8 bit vertical resolution
DC to 30 MHz, 850V (DC + AC peak)
2% DC accuracy, Internal low pass filter
WanSaal  Current Probe (CHAUVIN ARNOUX)
U E3N
316081808  Current Probe 10 — 100 Ampere/ 1 Volt
Input 100 A Peak Max
Frequency: DC to 100 kHz. (@ 3 db)
Output 10 mV/A, 100 mV/A CAT III
HanAUN Band Differential Probe
U 700924
JWazBun 100 MHz

A probe lets you make wide-band

differential input measurements
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WAndual  Digital Clamp (YOKOGAWA)
u 2343 02
JWALIBYA  Amp 40A / 400A / 1000 A

Volt 40V / 400V /600 V

Ohm 400 / 4k Ohm

HARNUY  Power Harmonics Analyzer (FLUKE)
M FLUKE 41B
310AZIBYA 5 to 600 Vrms, 1.00 to 1000 Arms
up to 600 kw., 6 Hz to 99.9 Hz
Indicates fundamental to 13 th
hamonices.
Measures crest factor, PF, DPF,

K-factor

%THD, % THD-R
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Soft starting of a 3 phase induction motor with constant starting current
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Abstract

This paper describes sofistarting of a 3 phase induction motor
having current control with required constant starting current using a
micro controller. An operating system comparision between closed loop
starting current control and without starting current control s given.
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molor . The results appear satisfactory
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