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Abstract

Industries have paid attention to Direct Torque Control (DTC) techniques in variable-
speed AC-drives. The DTC technique gives fast response and robustness due to
parameter deviation. The control is based on the stator parameters, therefore it is suitable
for the speed control without an encoder. This thesis presents of a sensorless DTC for an
induction-motor drive. A sliding-mode observer is applied in conjunction with PI controllers.
This technique considers both stator and rotor fluxes. The control algorithm is implemented
on a TMS320F243-DSP. The experiment is carried on a 1.1 kW indution motor and good
experimental results are obtained.

(Total 93 pages)
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T :@(fA +2/5)

A o [ A v € 1 1 &
I@U‘Vl f AITDNUGLTVDINTELE LTI 1170 Waﬂsﬁamﬂ@ammm

mswdsnguannsesmslfissmsusasldmusamsail (o /ABC)

fA = fa
Ty =t +315)

T == (fa+ 315

(2-13)

(2-14)

(2-15)

(2-16)

(2-17)
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NNFNMT (2-18)-(2-21) Liﬂé’ﬁwmimﬁmgﬁmea@ﬁmmﬂﬁﬂLmuﬁnﬁqmﬂm (Arbitrary

Reference Frame) Feaz|daumasd

U, =Ryi + joy, + w, (2-22)
_ dv
ﬁr:Rrir+j(a)—a)r)\|lr+% (2-23)
‘T’s = Lvi + mer (2'24)
v, =Li+L,i (2-25)

a{ A [~ Aa v Aa
Toef o 9 mmmm;gma@t,l,ﬂuamwuélm
A [~ 6
@, A mmmmsgmaﬁimaﬁ
d{ % [~3 a 2 Aa a{ 9/;:‘ 6 [~3 v
JMNFNNT (2-22)-(2-25) manﬁﬂ‘wmmmmsgmamﬂumqa@wmgﬂm memmas Li?'lﬂ?\];'j\lﬁ

G A Y A ::il [ 6 dj < 1% [ ;Zi/
ANHLTITINNUDINUD WDIVAH UYL (a) = 0) "Nﬂﬁ]ﬂ@ﬂ&lﬂﬁ@ﬁ%

T
U =R+ (2-26)
dt
_ - . _ . dy,
W, =R~ jo,§, + (2-27)
dt
‘T’s = Lsfs +mer (2_28)
¥, =Li+L,i (2-29)
ANMIMALA AU NIINaIAD S
do
T -T =J 2% (2-30)
dt
loeit g, @0 lusudensudios Alaniu-wes)
w, o enuSuBagmenaradsne’ (SAeudaiwi)
T &e uwndevasewas (heu-uns)

Ao wsslieadnse (Fnfu-wes)

o3



nEnmMT (2-26)-(2-29) IndegIvsivesaanisemsunudarniudh (e8) azléd

R N T R T e

. d
u?a = RS‘ZY(Z + ylsa
‘ dt
dy
usﬂ = Rsisﬁ d;ﬂ
dy
u,=Ri +—*+oy,
“ o dt b
u,=Ri +—2L oy
rp rrp rt ra

v € 6 3
HUMIVDININTHLR L@]BiLLﬁSI?L(ﬂa‘J

lf//sa = LSiSCZ + Lmira
W= Lsisﬁ “‘Lml}ﬁ
Wra = L}’ ira + Lm iSd

Wp=Lis,+L,i,

2
o=1- L
LL

Ls = Lls + Lm
L=L +L,

loel o @ dhisznaurasnsiine (Leakage Factor)
L, #a eenawienhiaimninasanemesenas

A 1 A o qlz 6

L, #a eemnawdienhiaimeninatanemelsines

(Y] v € (Y] Y A A
@mmmwumaamzLLﬁu,azWaﬂ%slmmum@aamwéluamms (2-37) 1Lag (2-38)

—Li
ira — l//sa lslsa _iw
L, ’

i = l//sﬁ - Llsisﬁ —i
rp L sp

m

WUENMT (2-42) ey (2-43) lusumsvaslaieaswand (2-37) uay (2-38) snuaiuaslaesd

11

(2-31)

(2-32)

(2-33)

(2-34)

(2-35)
(2-36)
(2-37)
(2-38)

(2-39)

(2-40)
(2-41)

(2-42)

(2-43)



12

-Li L L L
l//ra = Lr [@_isa]—}_Lmisa =— l// _r—lsisa _(Lr _Lm)isa (2_44)

m Lm Sa Lm

LL L . v
an L —-L,=L, uay 2—’5+L,,, =olL, L’ shltuyilugams (2-44) aglddaamma (2-45)

L LL, L L .
"= —-| —=—=+L, |i, =— ———oLi (2-45)
W:a Lm Wsa ( Lm Ir j sa Lm l//sa Lm s"sa

v o € v o 1 v [ A
orannraslsmeinindlugunusiaesusediu (Voltage Model) Tushutlsvasmdnduaznszus

¢ vo X
G159 LWB‘JQSVL@@G%

4

Ve = (Vea = L) e (2-46)

m m m

A 2 A A (Y3 (% [
et L, =cL L =LL —L, aumi(e-46) fa enudaiuszaclanasndnd sewses

wanduaz NI uEaeD g UMINUA BT (Stationary Reference Frame) vhuoaifieniiuiagim

[%
v A

v,, Winenmumsanandendhoneiaslieil

L oy L L
l//rﬁ = L (l//vﬁ - O-lesﬂ) = L_l/lsﬂ _L_lsﬁ (2'47)

m m

v o € v 6 Y . o Vve X
@\‘1‘%‘%3\]‘NﬂaﬂiﬁL@]@iwaﬂsﬁWWW\l@QWﬂgﬂLL‘]J‘LJ?]']@ENLL?O@%VLQGN%

6,, =tan” Yip (2-48)
Vi
aumMITasunusBslawasWanN G0 slseasHaNT (Rotor Flux Reference Frame ,dq) Wuenan

san (2-23) loldl W, =0 Wz = o, = o, Wil

1€

0=Ri+j(0,-0,)¥ +% (2-49)
t
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i e Ao unudBalaima$wang (Rotor Flux Reference Frame) Uarguitsaasnsuud

4 —e . e . e
517'1/1 wr :l//rd +Jl//rq :l//ra +Jl//rﬂ
e . . e ..o
L _lrd+]qu_lra+Jlrﬂ
e . . e ..o
L} _lsd+]lsq_lsa+.]lsﬁ

‘T’i = Wsd + jl//sq = l//xea + ]l//fﬂ
. v o € vo X
HW@?WNE{NW%‘E?JNU%GGVLULmuﬁﬂ%ﬂ&lﬂ'ﬁ (2-49) G\]SVL@@G%

dy:, dy, L, . 1
e ZPrd _Zmge oy (o - ) wf (2-50)
dt dt T “ T Via ( ¢ ')l//rﬂ

r r

dy,, _ dy,, L, . 1

="

d dt T " T

r

vy —(0,— o, ), (2:51)

A

4 L o = Y G [ g
’ T,:R’ AT (2-50) way (2-61) shandemlugtunusisrnness oidudil

”

dy¢ L — 1 _
—r_"mi‘4 | —+ j(w - ¢ (2-52)
d T ° ( T i(e. ’)j"”

r r

v o € ° ¥ Y A € v 6 ¥
LAZANANNFNNUTYDIFNNT (2-46) ey (2-47) %’]34’]LL‘].]aﬂGL‘W@%‘U%Lm%aﬁaﬂ?ma?waﬂsﬁﬂ‘5\1@

A R (2-63)
v, I Y I -

m m

wWindadaslaimaslusams 250) uay (251)  grideugldegluunuisdensd (Stationary

Reference Frame) T@amﬂ%ﬂmmaqgﬁmﬂﬁﬁﬂﬂﬁﬁavﬂwm@gﬁ (Inverse Park-transformation : dq

IOy o X
to af, € " e

f”’ _ | ©os ew —sin QW frd
{f,ﬂ} _Linﬁw cosf,, Hfrq} (2-54)
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msutasgUandavhiudhlUfin@ (Park-transformation : @ to dq,e )
fa| | cosb,, sing, | f,
- : (2-55)
Srg —sin@,, cosf,, || £,
FevmanaNms (2-50) agléh v, =0 wluanms (2-51) azldsi

W, =y, cos (HW ) —y,, sin (GW ) =y, COS (HW ) (2-56)
Wis =W, S0 (GW ) +y,, cos (QW ) =y, sin (HW ) (2-57)

loeit 9, @ spandlanaindng

FumsussdavasNalens
3 — ry 3 * e
T :EP\VS X i :EPIm(\llsls) (2-58)

T, = %P(l/jsaisﬂ - l//sﬂisa ) (2-69)

anmsumsNmMIEndsamasuadndlaimeiuaams (2-69)  sansndegUanmsuseliaveg

waweas na Lot

3L
L= EPT:’LF(WWM VW) (2-60)
T, =% %’(%al‘sﬂ ~Y,pi,) (2-62)

loeit P Ao Swugrasiusinén (Pole Pairs)

¢ A o < ¥ T [~3 v
GLHE‘]JLL‘]JUGUBQNQL@]aim%ﬂ’l%ﬂmﬂ%ﬁﬂﬂﬁgﬁaﬂ ﬂ%\l@m u. = 0 ﬂ’“ﬂg\l@'ﬂ Uy =U5 = 0

a 6 6 6 [
2.2 AWLIDTLARTHAALUALINIADTHIIAY (Inverter and Voltage Space Vector) [7, 8]
§ v Qve o o A o A Yo ¢ o V o5 A ¢
Aunneasusseulddmsumdiaussiiag lFusememasasusaunar ldlaanssiad
A ¢ ¢ A 6do Y AG A 6@ AG A 6o w A 6a ¢ ¢
2NaeaT 3 W agUnsnivhuinviduaiagiduaiannIaunamMasgUuuuMIsIaTauasiaas

- VA O A My, A
?J%B%T]UQ'IW@'I%’JMLWE]\l@@'IWL%S\I']gﬁ&l
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Al o A G o L o AA o I P A
Qﬁﬂ’]L%@ﬂ%’]NLLNLWﬂﬂMQ}I%I@HGLﬁLLWﬂQQ']ULL?@@%ﬂ”INLWﬂWNaﬂjﬂ’mgLﬂ%LmaﬂﬂqElvtwaﬂigﬂ']gxlsﬁgﬁ

A ) ] o ¢ Y A
I@HS\IQ\‘I‘S\I@TNLWZ*T 120 Q\WTTQ']HGLWﬂUNQL@]aﬁLLﬂ@ﬂGNﬂ']WVl 2-5

A la
—>
uoaT
\LiOb Z
B le
-—o—>
C Ic
*—

i 25 unaselnBasy 3 gn

[ 6 | [ €0 A Y € [
GL%NWﬁg']%Td‘]JU\ILW 3 W LL?G@%\leﬁ%@uﬂQ']UiﬁﬂﬂNaL@]aﬁﬂ’]Wa@ﬂigLLﬂﬁL‘]cj%\lsﬁ%ﬁl,ﬁﬂ@%l,wa

uaas et

sansndwnsTwnaeuRLEmIa (u,,,u,,.u,, ) PNuARIELasRNY Nanns

o Y Cop 1% o v 6o if
(4,11, ) Ioervualdifuszuy 3 wsuuasgg Ifanadaiisaail

R

=»_

u,, (1) =~2V cos(r)
2
u,, (1)=~2V cos(a)t—?j

u, (1)= ﬁVcos(wt—%”j

uon :uoa +Z*Il
uon :uob +Z*I2

uon = uoc +Z *]3

Bu, =u,, +u, +uoc+Z(ll +IZ+I3)

(I, +1,+1;)=0

(2-63)

(2-64)

(2-65)

(2-66)
(2-67)
(2-68)

(2-69)
(2-70)
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A

NNENMTT (2-69) U (2-70) WTIena A (u,, )l

1
uan = Z’[on - uoa = (g (uoa + uob + uoc ) - uoa

-2 1 1 2 1
U, =—u,, +—uU, +—u, =—u, ——u, ——U

an 3 3 3 3 ao 3 3 co

PevilusT LRI BT 3 INAULLENAAUSITNEE D

uan = % (2 * uao - Z’lbo - uco ) (2_71)
ubn = % (2 * uba - uao - um ) (2_72)
ucn = % (2 * um - uao - uba ) (2_73)

Tudwilagnantemamuguuaseds dmamuarassiaaaindng gemauaaussde
sansnlismsenuuuaslameindnd viausnlesialdnd (Magnetizing Flux) Al laeinly
Nawmaimienh 3 we  usdadwnenlfannnarasmansasinaes (Cross-vectorial Product)

¢ ¢ v € ¢ ¢ A Y A
HUBANGIDTUDIFGLG DININD LR LA ULINGIDTUDINTLUT TGN I@EWWN@JQT]W?]'WM'&%LLﬂ%@N@G

A9 (Stationary Reference Frame)
3 — =
=3 Pg A (2:74)

logfi P @ Swauguasiusivmen (Pole Pairs)
A 6 6 v 6
Y, fa dignneasesdaaaInang

ry A 3 €
i A9 dUgINEDIVINILLEFOLGDT

N
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> S

(04

o ¢ 6 v € ¢ ¢ v 6
Al 26 SEnneesTsaIaesHaNTuasaITNeasTadl IR SN

a ¢ A o a A A o ¢
LLRELLINUAYDIND L(ﬂ9‘5LW%ED%’]G’]NW?QWQ']‘A‘M’]VL@@ﬂg‘ﬂLL‘]_l'Ll@a'ﬂ’m@iaﬁiﬂ‘i@ﬂ‘ﬂa@ﬁméﬁlfm 21

6 v 6 6 6 v 6 A 6 6 o 6
PasFanasHaNTuaraanniaasaslsnasWand t9d ARNNTRIFITINRIRIEALARINAND

A o ¢ € v € A Y
Fautusdsnnaastaslawasndnd anmnd 2-13 aglémn

3pL . _ 3pL . _ — .
T = Ly oxy =—"=2 sin & (2-75)
e 2LO_ \Vs ‘I’r 2L‘7 \Ijs \Ilr d
d
gd = Egd = C()WS - a)% (2-76)

A A G A ¢ € v § ¢
I@H‘VI a),/,s b a),/,r e @’J']SJLTJL“ﬁﬂgzlgiéﬂaﬂﬁl,ﬁ‘ﬁmﬂL@]aiﬂlaﬂﬂmL@]@?Wﬂﬂsﬁ LasaUgINe 23289

€ v 6 o w
IﬁL@]aﬁWﬁﬂsﬁ@ﬂNﬂ]@U

2.3 a9
aAu X 9 o Y A A . < v o
Gmemaamﬂﬁmmumaaqummuawaqmw (Stationary Reference Frame) Lﬂwanwﬂu
AUTDILLLADINDLDS AT INaNTDL Lwiazgﬂﬁﬂﬁa&ﬂugﬂ@iawﬁmmmLﬁaﬁlﬁdm@iams

il nuluszuuenunuuuniaaoadmiuinsranana
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Unn 3

6 i ° a @
ﬂ']’iﬂ'J‘]JQNNﬂ LR W]ﬁﬁl')%’] S THTIYS IR @]I@]EJGI‘N LagN15YsLaIAINIZITDY

slwuwﬁamdnﬁmé’ﬂﬂmmzﬁf%mimuqmama%mﬁmﬁwLLUULLi@ﬁ@I@ammazmiﬂismm
= ¢ A o aa = A
ANNLTITOVIDINDLG DI UL ImmﬁmiﬂssmmmmLi’giammuqﬂm@ (Open-loop

Speed Estimator)

3.1 wé’nmsmuquuamaémﬁmm LLﬁJﬂLLﬁQﬁ@I@]H@]‘N

o A A ¢ A ° [<f Yo nilj
MIMUAYD LL?Q‘U@SL%NQ LORIABEINF NN Lﬂ%ﬁNﬂWi\l@]@ﬂ%

3pL .
T, :#%% sin (0) (3-1)

[e3

dTe 3pL
7; = #‘/’s%w , cos(6) (3-2)

o

do
C()d :E

Te Ao ussdedrmeniiodn
0 Aosansasiindadasaanes dodsuiundndadodlainas
A v 6 v 6
v, AR AYDINANTARBIFILADT
A v 6 v 6
v, Aernavamidndedadlaines
A ° o o 6
wae I, =LL —L WaOsawaums v v nerasndndmesiaaafuasnandnd
¢ Ao ¥ o . A Aa X Vy o v g
malsiaasiiananafiesiy IHHTNAILANDATNINYD wsadefifeauldlaaviims NYUNANDY
simsaslfiSifign Wouty wandluses
A vaa € (v € € o € A 6
mim‘uqmLmu@amﬁmﬁlﬂmﬁmimuwammai%laﬂsﬁ malsinasndnd viauunulmida
[ Aa A X ° A ] 6
w&nd (Magnetizing Flux) Ao Glm‘wmuwuﬁ‘ﬁ%mmimuquLLiqm%ﬂ%ﬂﬁmuqmmamL@]ai
[ A Y ] [ 6I Aa
Wand Ansonanmsa  (2-22) %ﬂLﬂuaamﬁﬂnaqamem:mma%ﬂﬂa@amL@@%Waﬂ%ﬁl,l,ﬂué'wmmguslm

(Arbitrary Reference Frame)

U, =Rgi + joy, + dc‘ll;S (3-4)
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msmug Wandaianes uay usslassnsovildlas Ansananssimsaamsaimeimiiah
vuinuineag lufeniy wandsames (Stator Flux Reference Frame)

Y o ¥ Y A € (v 6
DINENMT (2-22) mLmaﬂmgummum@a@ammaiWaﬂeﬁ( Stator Flux Reference Frame)
doé,,

¥
% A

LGN

loeil 0=, =

. — . _ d_'//a
uj=Rgi” + jo, v+ —;’“‘ (3-5)
! t

\T’Z/s = ll”sd +jll”sq = l/jssa +Jl//ssﬂ
=ly +.] lsq - lja +.] l:ﬁ

L

¥ — ’ — 45 1S
u =g+ jug, =g, + juy,

(% 6 (% a 6 (v 6

Gt ¥ waneny sanneasieunuLnuIBIaaeasNANG( Stator Flux Reference Frame)
[y Aa Y | Aa 6 (v 6

dath s vanehly USndiedununua 9B sseeasWand( Stator Flux Reference Frame)

A A A Y A € v 6w g
idasnniinsanfiununsdesaaasiangaeiny , =¥

7')”3'(1 = O
Y A A )y 6 A o Y A v € 6 A A
"ﬂa@"ﬂaﬁﬂ'ﬁWQ'ﬁﬁM@]’JLL‘]J?@’JUQN‘LI@QN@L@m?m%&]’l%’m’mLLﬁ%aN@J‘ﬂ@ﬂWﬂﬂsﬁﬂmL@ai AN
o v w | € © o A A P f A o a Aag A ¢
ﬂ'l']ﬁxlsﬁlleﬁa‘%%aﬂﬂ’n‘ﬂ’]ﬂIﬁL@]aﬁaﬂ‘ﬂﬂHQNL‘WEJQ@’NNW]%W']H‘V]NETLWLW@?LWHQW’JLWH’J‘V]L‘U% WINNEH DT
Y o & ¢ a H o Y A ¢
NFNNTVINUIIALLNL L 2 a@@ﬁi?dﬂaﬂml,m ﬂasL%LL%’J@N%'mLLag"fJ%"I%ﬁ‘LlLLﬂ%aNaﬂﬂL(ﬂL@mﬁ

Wang

. d
Uy = Rslsd + El//sd (3_6)

u,=Ri, +a,y, (3-7)

A v o a ¢ A o Y A ¢ v €
NN Y, =|\PS ’qu =0 ESUBFNNILIUAYDINDLNDIANLIVNUUNUD NDIFGLADINENG

A

8

3 :
Te = 7}? (l//sdlsq) (3'8>

fuhems (3-5) uag (3-6) snuLlaslugiiss i uas w,, =|¥ | awlddil
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W, = [(u, — Ry, )dt (3-9)
)/ R, (3-10)

lg = (usq -0, ‘lPs

NnEIMT  (3-7) wuussdessnsnenuu dde nazusmamas wnufnsnuies

[
v A

TaINANTAAADT FIFaMEMUANGIE LTUEIRATIMINUEBamENTaaees Sauawme

PoNENT lunuPa ALK TMLSTIUMIRUAT AN Bt AN TaaNDS IHuRenTi

3.2 szwmuquimaa%’wﬁmms (Variable-Structure Control , VSC)
srumuauuLUlessEnshusazusnenstussIumuguaiieaulaeilrassenssy LA
mstuuslulusgninemsetueu gematiuulsvadlassaatiagnagyiuiia Weudsaiemaasssuy
mufaAslmandusivioilarfufinmuauussnuma (Phase Plane) manswvhiguilaziZanhms
vauuuualannelnae iafeglanaslnunzuuniuguaziinnuasmudansideaiun
swPiimestainazuumaLayissunumenen laefisamstasmasindasdoafon faanadas
o Ay 49y Y aa 49 a A eXYa,
funszLnumsfidasmamunuiiie nsmugunszuwmeiiietosmm - Selwinenfinugii Tov
A A A (%% v 6 A [< (% g
maenaInasiendurasans wasussdadua
(3-11)

Sy, =€y, +Cy, —ey

dt

N

Sy, =e, +C,, %ek (3-12)

el e, =¥, —|¥,

e, =Te,, —Te

s muesNmMITeaduglafsdnanagh Wnamarassanafanmaiiiaszuuih
dalofalmadubnalissdos C,, wer C,, fomasiithleniaazhlinanauaunsas ussde

LLﬂiﬁWﬁﬂ‘g 57 UFRZAREDUTNNUAZANNN INITBIE UM TN

Rauledwuadesmmansszunfie K ., > |Rsi, >1

K, 2P|y
TR

. K
u, =(Kpy + :J )sgn(Sy,) (3-13)

. K R
u, = (Kpp, + Te)sgn(S,,) + @y,
s

\PS

(3-14)
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@ A A Aa A eX A Y

aums (3-12)  uay (3-13) Wissmsmaenuaauuudlafsusslaassiiinenfinutiden]s

fo wiadenaenssivnddounduuuuliud Wasmndasneaanaresmadindaiifietwdaszuud

ganmeasin laefimangarherasanmsussiuiicemniuunuges Wandaimnasioamms (3-13)
a o v A a G Ao v & v € o § v

fio marewre usssuliihtlonnduifiaanensudiGamess Wdndedassiamas vhlisansoan

nevasinTaensalanasmaniinugn A lafioddunihvasmanussiulnihiionndudsay

dewa nsnszifiasmasnanouauasasussiaanas e Bnud i Sanafidasgniwineg)

1 6 v 6 v 6
LAININMTNUN AN IUDINANTARDIFLG DTLLATHN '91//5

Flux control

Y *
1+Sc,, —» . PI a
g, " |
Space
o Vector
PWM

Torque control

—
1+Sc,, > > Pl

_]

s

—>
>

+ -
* Variable u, ? ?
l//s d
__’g?—’ Structure ] * Space >
. Direct u Vector » VSI
e _.g)_. Torque " PWM »
—h Control
vs
SMO & P ;
R » compensat -
e Torque and -
Flux Ly
Y, observer M
3~

Y 6 A o A A v o
ﬂ’]W‘ﬁ 3-2 mi@’)‘]_lﬂﬂxlﬂxlaLW@?L‘WﬁH’JMWLL‘U‘ULLN‘UG\I@U@]ﬁﬂ"ﬂ’%@i%@]’]@ﬁ?ﬂ'ﬂﬂﬂ’ﬂﬁdL%’Jﬁa'u

ToglFsndanamaniiuud ladesintushoamenyy Pl



23

v @ 6 a 1Y)
3.3 Gadanansaikuys lafewazairaiawuy PI (7)
A:!I [~ o (v g 2 a :il o w [~ 6
iaennidumsin Sensorless  GOMGBMANIALIMTINGILLT aNNS 0N 14 11
AuMAINaTasIassdunamant Hasan menuRenma 2asemMiEITauasTuenNETaunle
, 2 A AV v v o ¢ A X v | o
nmatszsnos avdwa Wi Sananle andadanamant  Aeiewlddeludrwisneassi
o ¢ & Y o € v € o ¢ A o & o
Fanemaofauiumssiudulsesmusaiaaasnandanuunsansasnaieas e dald waw
v | A A Aa d Y} 5‘ I 1
YSueanufanaaidurios lafadiosnnidusidaunansaifeanuuudhelddasldinarlums
o 1 gj (% 1 d | ° 6 | o { o Awv
USuussnndnvisisfinnanhizediagedndne diresuuniiaassainasimiienhdlflunsinds
vne Vo o o o 6 v ¢ v 6 v ¢ v A @ A ~
spaszlmLaaﬂLl;uumaaa‘wmmﬁnaGWaﬂsﬁmaﬂimaiLm3‘WaﬂsmaaqamLmaimsl,mummmﬂuﬂimmw

° 6 Y ° A 0%
sansnshlszansemaiSaessaimesntensh miuugUidla 6

i
[ W———- (3_15) | tan

| i

—~llf——
o

Y { - el o |l (3-22) —-{J

L'ls Tz A
Stator model Rotor madel v,
_—

P SgN et |

Al 33 Tassadsaasndaunamaniuud asuassngaeLUy PI (7)
ﬁmimﬁmmaaﬁlﬂsﬁmLma%snmamma%wa”ﬂ%slw,l,ﬂuﬁnaqmﬁ (Stationary Reference Frame)

dy. _ —
=u, —Ri 3-15
a % (3-15)

S

Y] (% Aa 6 (v 6
LRZENMT (2-52) waTesaslaieasWandun unuisdslsmasnand (Rotor Flux Reference Frame)
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W, —if‘3+ _L_,_ (0, -o,) | (3-16)
dt 7; S 7; ] e r ‘l’r
A o I3 3 e r —e Lm —e vo X
loef o, duemansmeiheadawes uwm (2-63) I = I v, —L—\ll, adl (2-52) |@iean
d ., LR _, (LR (. -0) ¥
- - = s —_ - e - ( P2 3'17
J t\l’ L v L J v (3-17)
W V=Wt W =W+ Vs

\Tli = Wsd + stq = Wfa + ]l)[/s‘eﬂ
Aa 6 (v 6 o | v 6 6
INMIARNUNUEBIaasWENT (Rotor Flux Reference Frame) vl lgnandadaslasasay

| a ;’j UIJ A
TNRYMNUNUNTUY W, =W, ¥, =V, = 01nae

L R LR

d e m-\r e st e
dt l//roc - LO_ l//sa L Wra (3_18)

o

v o 6 { ° | [y 6 o 6 6
#uMT (3-14)uay (3-16) e NSRS 1 lume e auewandlanasuasdndaaans oy
ﬂmﬂmas\m%maaavla@qLﬁaﬂﬁwhmmfﬂmmmﬁwwamﬁmﬁaammﬂwmﬁL@aﬂs\igﬂﬁm

A~

fwualk & =1 -1 =ei, +jei, =, —1,)+ jli,~1,)

d‘T’ = . K]' < 0
-= u - RS K + Klp + : Sgn( L - ls) (3-19)
dt K

FuMT (3-17) Wiamanaesuasndndsamasuunuigaenf (Stationary Reference Frame) 9

gnidiamant/Suaasalads luvhuasfentunandlanasumnuiisdslamaindnd (Rotor  Flux

Reference Frame) fignifismantsuaasalafis

d L R LR -
T ye=" gt - B2 (e —w v+ K. son(ei® 3-20
dt ‘I’r L \I’S [ L J( e r)j‘l’r 2 g ( S ) ( )

o o
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C Te T A0, (v . '
loefl €1 = (1, —1,)e™ uas 0, =tan™'| =L | windadadlnens (v,,.vp,,) fgnldlu

Vra
(% 6 A o o LV LO' .
msvmgw\laﬂsﬂimai@ammaa\lwuﬂmmﬁ (2-46) une (2-47) W, = I3 V., _L_lw‘ LaE
— Lr _ o l
Vip L Vsp L
%2 6 A A ° °
NFNNFVDIITNAMN I (3-17) Lhae (3-18) maﬂugﬂmmmﬂsﬂumimmu
K,
Ve =] (u - R, + (K, + =) sgn(eim)jdt (3-21)
. K, .
W, = j U, —Ri,+(K,, +?l) sgn(ei,;) (dt (3-22)
L.R LR <
we, = .[( Z Lyl — i Lyl + K, sgn(ei”))dt (3-23)

° [ 3 [ 3 Y A Y A A .
LLﬂ?fV]'m'ﬁﬂﬁllL’JﬁL@]aﬁ’ﬂaﬂwaﬂ‘ﬂﬁmaﬁU%LLﬂ%aNaﬂaNaﬂ@ﬂW (Stationary Reference Frame)

. 0, e 0, |—e
Vit W, =€y, =€ ) (3-24)

FIUMINNTLUEFLG L@@%ﬂi&ﬂm%ﬁdmﬂﬁﬁﬂﬁﬂ%ﬂ 3N ma%maw\lé’ﬂsﬂima%ummué’nadé”mﬁo

;il 2 o }% [y v 6 o XY :’i
AINILLAD mvl,éﬂ@w&Jslsﬁ@’mdﬁaqwumamaﬁ (2-46) Waz(2-47) mmuﬂmvl@mu

i = A _L_m (3-25)
sa LO_ WSC( LU !//ra
Ly ="V, — v, 326

doldRsnnmasdndainimafuasmandlamasudfmaumaiazgmin U ldlumedszanm
| A v 6 6 d{ ° A A
usede uay wneasdndameaed a1 lunmsaueuluesaslieses usede uag wwne
v € 6 Y
PINANTFGULNDIENNA AU
i A o ¢ A o oV ¥ % o o & ¢
mtsznaeussiaiansansaeasntei lalag lFanuduiusasmsnsadnniess
(Cross-vectorial Product) gnniaasaasaaimasnanduasslannieassainseuaaiamas load

visggniarsan luunugsBansfl (Stationary Reference Frame)
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3 _ <
I, ==Py xi (3-27)
2
a{ A o 1 Zj 1 [3 .
I@&m P a9 9WuQua3uaiian (Pole Pairs)
—_ A 6 6 v 6
Y, A SUnee3uasEieLaaInang
ry A 3 €
i f2 SUENNeIRINITTUEaNaT

T, = %P(l//saisﬂ —Wly, ) (3-28)

AU (3-26)Aaaunan M lumsmwnawnussdadany faumananeasnneesussaaasWand
-zlz o 6 3.// —_ 2 2 I AIA
Taa9 U@ 1w 1N NITMIIWIALRIANLADS ML NUEIATN |\I’s|=«/‘//m +y,, WeLla9an
A A ¢Xo @ v v € ¢ A o € A L o
wmwwmumL‘}Ju@mmwmaaWaﬂsﬁﬁL@wmail,waélﬂmﬁamdaﬂml,ammu@waQLLm FNMIAINA
azvlsigﬂﬁmﬂﬂﬂumiﬁwmm’%@Lﬁmmﬂ mMItszananamumUsTanaNad L uAanas (DSP) M3
Wmnd 2 Sududasld Sane3nurmemaemniBeieafifTuauazend MInsvaIuTan Gk

TwinenfinusiRsldanadiusaasmsuasgiandavhidn|Ufiffn  (Park  Transformation

_jgs
aftodg,e " ")

Vs
Ve

0, =tan

, (3-29)

1 [ ° [ 6 [ {Aa [ 6
daldasmanduduhmsmsuasglaes windaamnasan davhiudldAffies windaanas

[ gj KR A v 6 3 A gj
ONULAINANEUING NANTHLGLADTLULNUANAL

4 _jgll/s J— _l//s J—
\l’se _\Ps _‘LIIv

(3-30)

W il S

\P N

1 é’ ° [ A v € 6 o w
Lwawmzgﬂmvl,ﬂ%ﬁlu’maummm LSIUO LAZIANANTAALADT eNA1AL

° vy 6 a A o (%
mavhamzasindanamsaialafaiavhmaméaudseugn 7,,6,,,

6 i ° a
3.4 MaUsTaANNSIVaINaLASIMRE3LLL950LLT A (Open-loop Speed Estimator)
Tnshuiimstszanornenusisaraslswasiasamnusimessdl asldsuanmfasonaeg

1 6 Y o A& 1 3 6 ! °
FNMIULINOAUNDLE a‘smﬁmm%ﬂﬁ%u‘smuﬁm LORILAENIZUAFLOLN DT SL‘H;GQH?JBG SENIORISIANIZEN
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A ¢ ¢ A o A8 Y A A ) v & aa
adinenansasNanosniienhi Forluunussdensii (Stationary Reference Frame) faviisms
gasmstszanmenuifuussaudearieifinansznuge ldunensiiissasaamniiaasong

¢ A o A @ 6 o > o < v
Nawasmienh fienufeuradameiimanagndasasindssnufazanaig lasiame
athsBadlomnfeasinmadoaunliasemnuadifasiinanssnuatsnndne luannzasfiasaning
o v A Avam < A X, v 4 X
Fanwrosszuudfuedondl#tmasnuenuduougde  wonaniwdenagndasfisnniu

o & X o ) o € (v & ¢ v 64 @

gasdhLlszInmenuifazauviuanugndasasinlstanu samesrdnduay lamefnandgadu
IRsnafifienaddannlumseuauenaiduuunniaed laudnsn samasidndignamamn
[« A n‘ | ) o Aa d{ Y v A Aa

W FanaslsnaNnan (3-19) Lay (3-20) aﬂmgmmmmmmmmaqmﬂmﬂéﬁ GDUGILNTG (Pure

L9y o gA e V| 4 A 4 4 “ v oA d

Integrator) sy WWaN7 (650 llansnes Waimawdsuanuivasusssudneds aumsi (3-19)
uay (3-20) avgnihandiauaslaelddhnsasenaiien (Low-pass Filter) wnndhdufingeis g Lo

ANNENUNUTDIFNDS A NANTENLsTaNANFAdDIAGLAaS (Stator Flux Linkage) At
sfienuEisauiuazNandadaslaiens Rotor Flux Linkage) fbanwdndadasaaaas
v o v € w I o Y v | & o o
FoidndadaslaimeiiazldFunansenurasenagndasine  athslsiimalesssteasinnsesnm
azagluguuuiihen WenSuufsuiAsmedun aumsresuuhaamafiamansvasainas

Ao A9y | Y a A . A Yo o
L%%EJ’J%’MT"HBQEL%LLﬂ%mGBG@G‘VI (Stationary Reference Frame) mammm%mwmq

6,, =tan” [ﬁj (3-32)
Y\

[ v 6 ° 1% v € € (v 6
aaSemisnglsme’ (o, ) sansndnnldanayiudresmlase indanaums (3-29)

10 a{tan1 l//’ﬂ}
o =—r= Ve (3-33)

©dt dt

d(tan™'U 9 . vo X
( ) I _dau Fx v=22 Wgsii

PM = 3
dt 1+U" dt v,
ay, s dy
do 2 | Vi Ve
a)e — dl//r — Yraz dt 5 dt (3_34)
t \Ilr l//ra
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[

uva(2-33) i (2-34) aslusiams (3-31) lneflu,, = u,, = 0 3guflnalacldicil

do 1
w, = =0, +—
v,

—n

T

('//raisﬁ Vgl )

A A G A ¢
Toef ®, @8 ﬂ%WL‘i’JL%GHN"ﬂ@ﬂiLW@ﬁ (rad/sec)

6
R fa emudumugaseaialaged (Ohm)
Lr A l A ‘[ 3
T,=— fo domasiadames

r

(3-35)

A ¥ A oA A AR (% [ A A € v €
PNFNMT (3-13) L‘VIBN‘V]ﬁB\WINGmHNaﬂ@aﬁaﬂwsﬁOLLﬂﬁl’/\l%I@El(?ﬁﬂm_lLLiﬂ‘]_l@LNB‘H%’]@?IBGI?LW@‘SWZ?WB’

[ L4 ;:J a P2 ::1
Qﬂiﬂ‘]ﬂ"ﬂﬂ@ﬂw ﬁNﬂﬁ“ﬂBdLLiGU@LLﬁ@G\l@@N%

3 L
Te:—P—’”(W i,—W 4 )
ra’sp rftsa
2 L
A A 3 |.§: 1 [~
I@H‘Vl P an AMWIUCVILNARN

[ 3.// [ 6 Yo A
@\‘1%‘%@’3?3\]lﬁ’nlaﬂIﬁL@]@'iﬂ']S\niﬂW]vL@@ﬁ%

1 L, ) .
W =0, _(l//ralsﬂ _l//rﬂlsa)
v, T
dl//Vﬂ _ dwza
o - Ve ™t l’:/rﬂ dt 2TeRr2
7, 5,

Holdenadulsznamdrenaidifiazgninld1¥lwssenTevesenuiiadisnni 3-3

(3-36)

(3-37)

(3-38)
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+ -
Vs Variable u, ? ?
—:(?—’ Structure ~>| Space >
* * Direct u Vector > VSI
o, T,
r Speed %0O—» Torque sl PWM >
_9) Control =X Control
s
iV
N SMO & PI
3 Y, compensat _
A B A Torque and L,
@, Speed T, Flux M
Control ~ observer 3~
) v,

Al 34 lassssmesmemuauuunussdelaenssriia3insaduamasa

3.5 &51
if | =3 1% a aa KR v
Tuumil aznanielesssissasmemuguuuuussdalaunss 33nsauausnlufeda
o 6 as 1 v 6 < 6 A o Al Ay z
FanamaniuasABmaLsranosemdng navus uazeanaiTovRsNaIRaSTth A [Elnidei
unein WhfumanasaumarhauzasmsaiuaauuLs lafaussdanssin iamaiuemu

IR N LT LG]E]%@% &JI‘]J?LLT’WN MATLAB Simulink



o
Unn 4

NANTSA18293CUUAILABNN? ma%

Tuunitnaniianarasmnaseunuuaesszuusnaxfunes Aldvhnmsmasouszuy
AUAN IENIE1 MInaauanNe ldinsIaasszuuAIgNUY LUTUNTH MATLAB

simulink emMIUSUILRauanmymMITnOues svuulugasaniga fevms waymsidnise

41 wamavesauwudaasssuy luuueeg
anﬂimaa%mgwmuqmmuLmﬁoﬂ@&JmaLLaWTfaﬁqme;mimil,muavl,aéq soulgsimanasoy

Toelfunudnassan Tusunsu MATLAB Simulink loefifayarasuaimessommaii 1 galdvhms

nesaUlaemslaen ussiaEudui 8 Tadwaes uasimsiiaith 14 fadusns fina 0.6 Fwi

dJ 3 o g
"NSL‘W NEGRUAUDIAIU

A [y ¢ A o
19199 4-1 VB AVDINDIADILAULIN]

WNAMAY 11 kW
WS90 (u,) 400/690 Vv

el (i) 2.6/1.49

fusznaumag 0.83

AN (o, ) 1400 Ipm
a"wmu@fﬂa@%’mimﬁﬂ (P) 2 Q
ANNFUNUFALADS ( R,) 26.3975 Q /phase
eudumulaises ( R) 11.2708 Q /phase
mmmﬁmﬁwﬁmaaé’mﬁmma% (L) 1.3910 H/phase
amailehdinsdlanes (L) 1.3496 H/phase
AT e uAvAD (L,) 1.2866 H
amudosradlamos (J,) 0.0016 kg m’
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maneaeuludnil dRamanludmmashdangmssiwualafadundn Wofgallnlah

v o e X v Y A ~ o o
@nﬁﬁLﬂ@lﬂ'ﬁm%ﬂﬁ&l'ﬁﬂi"ﬁm%i@ﬂiﬁ I@HNLLU‘UQG&@G@GE‘U
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=23 I
Sl I Load Torque

TorquePlat

Tem_est L

S
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s est
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l Tem_est
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SpeedPlotl Speed
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as19fl n-1 dosaesNpieasmiienh

WA 1.1 kW
W90 (1, ) 400/690 Vv
e (i) 2.6/1.49
flsznaumas 0.83
AN (o, ) 1400 rpm
Swnugrasauivgn (P) 2 9
ANNEUFIALADS ( R,) 26.3975 Q /phase
eudumulsieas (R ) 11.2708 Q /phase
mmmﬁmﬁﬁumé’mamma% (L) 1.3910 H/phase
amaileahinesdlaeed (L) 1.3496 H/phase
AT TR SN (L,) 1.2866 H
anadaemadlsines (J,) 0.0016 kg+m’”
il n-2 Mg

nagka (1) NCXT 21229 A
W3 (U,) V2 #u, 326.60 Volt
ANNEUMU (Z,) u,/l, 153.846 ©
ANNSUTINN (@,) 27 f, 314.1592 rad/s
ensiTITaY (N,) N, 1400 rpm
Wanguslvén () U,l, 1.0395 Wb
it (L,) w, /1, 489.66 mH
arwilih ( f,) £ 50 Hz
wsslla T, (E*Ub*lbj*( P ] 70 Nm
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****closedloop DTC and observer**********

AERAEAEERER K] EAAERBAARARKRERKRN KRR
i compensate

AEAHAAEEFAAH AEAKFAHEREARE NN AN A
on 4/4/50

FEREEERE AT RREFEE AT AR AR EFAARR AT AR AR

* Auxiliary Register used *
* ard pointer for context save stack *
* arb used as general purpose table pointer *

AERRE AR RN RRRRRR AR AR AR A RR N AR R AR R RN R AR R R AR KRR KRR AR AR ARN R AR AR AR AN
. ) s

Variables and constants initializations
AEARE AR A A E A AR AR A AN A AR AR AR AN A AN A AR AN A A AR A AR A AN AR A ARAA N AN A AL A A AN

FERERRRRARRRARERLRORS Doca ya||je FIEREERRRARRALERERRAARRE S

** Rs=26.3975 ohm,Ls= 1.3910 H ,Rr'=11.2708 ohm,

** Lr=1.3496 H, Lm=1,2866 H

** pole pairs =2 , J=0.0016 Kg-m*2,speed=1400 rpm

** Name plate motor:

** 400 V (Delta), 2.6 A ,f=50 Hz , Nbase motor =1400 rpm

** PF=0.83 ,P=1.1 KW

** Encoder 2048 P/R :supply 5 Vdc

** Vb =sqri(2) *400 / sqrt(3) = 326.5986 V (Vphase max)

** b =sqrt(2) * 1.49 =2.107 A

** Zb = Vb/Ib= 155 Ohm

** fb =50Hz

** Lb=flux base(Wb)= Lm*lb = 1.2866"3.6769=4.7307 (voltsec/rad)
* wh =27 pi*fb=314.1592 rad/sec

* Fb=Vb/wb=1.0395 wvoltsec/rad flux base

** Itis replaced by Lm*lb=Fb (flux base)

** Lb = Fb/lb :Inductance base

** th =2%pi/wb=0.02 Sec.

** pb=P/2 ; humber of pole pairs
** Th = (3*Vb*Ib/2)*(ph/wb)) = 11.44 ; Base torgue N.m

** Sb =(3/2)*Ub*Ib : Power base

** SPb=120*b/P = 120*50/4=1500 ; Base synchronous speed (rpm)

; time base

.include "24x.h"

.global _c¢_int0

.sect "vectors"

b _C_int0 ;reset vector

_c int1 b _c_int1

b _c_int2 ;PWM interrupt handler

stack .usect "blockb2",15 ;space for ISR indirect context save
dac_val .usect "blockb2",5 ;space for dac values in Page 0

.ref ATANTAB_45
R A A AR RN AE R AR A AR A AR A AR AR AR A A A AN AN AR A A AR AN AR AN AN AR AR AN A AH
* Look-up tables .includes
* N.B. all tables include 256 elements

.sect "table"
sintab .include sine.tab
;sine wave look-up table for sine and cosine waves generation
14.12 format

B e e s e

*Variables and constants initializations

data
GPRO .word 0 ; Gen purp reg
_T_sampling .set 0405h ; 1.15
*** PWM modulation constants
bss _v_meas,1
PWMPRD  .set 1000
(50ns

0.1msec / tbase (1/50)

;PWM Period=2*600 -> T¢c=2%1000"50ns=60us

; resolution)
Tohmax .set0 ;minimum PWM duty cycle
MAXDUTY .set PWMPRD-2*Tonmax ;maximum utilization of the inverter

K1_se_ .set  077Ebh ; for K1_se (Q15)

K2 se_ .set  03200h , for K2_se (QB6)

K3 _se .set  07Faeh; 07F9%h [Fffbe for K3_se (Q15)
K4 se set 051h ;086h ;for K4_se (Q15)

Klow_ .set 07F20h  ;7d7d low pass stator flux
DIFF_MAX_LIMIT .set OFDDh ; The maximum limit to differentiate
theta_r_se (Q15)

DIFF_MIN_LIMIT .set 023h ; The minimum limit to differentiate
theta_r se (Q15)

_Keurrent  set 05541h current scaling Q10

_Rs .set  015CCh ;17 puQ15

_Likm.set 010C8h ;412 109PU

_L2gLm .set  0592h ; Q12 0.349 pu

_LrL2g .set  03000h cLrZb/L2g"Wh Q12 3. FP.U
_LmL2g .set  02DC2h ; Lm™Zb/L2g"Wh Q12 2.8 pu
_KR11 set 01A9Eh ;02 puQ@ilb

_KR12 set 01CC7h ;022 puQi15

_K2d .set 0alh . -0.023 Q12 kslide

_K2g .set 0A4h . 01 kslide
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_Kslip.set  0241h;0941h  ;011EAh Q15 Rr/(Zb)

_K1flux .set O07FCEh for low-pass flux

_K2flux .set 041h  ;for low pass flux

OVCTMP  .set 02000h ; 1.8times,|base 4.12

_Ks11.set 030h ;D Q12 format xxx for sliding mode stator
fluxSD

_Ks11i .set  06h

stator fluxSD

_Ks12.set 030h

_Ks12i .set  06h

FMIN .word 05h ,0.01
FMAX .word 0555h ; eefh=1400rpm,299h 05pu
ktheta .word 051EBh; :50*360/10k=1.08 ,6.10format ;
kvpf  .word 05333h ;0.65Q15

1Q Q12 format xxx for sliding mode

FARRARARE AR RREERR KNI R AR BRRARRRERARRRARARARARRANRARRRARRRA KA

VKencoder .set06000h ;this constant is needed only with
;encoder !
;it is used to convert encoder pulses [0;8192] to an
;electric angle [0;360]=[0000h;1000h]
;2.14 format unsigned = 1.5 (see "Theta calculation"
block
;for details)
Encpulses .set 8192 ;this constant is heeded only with encoder !
;number of encoder pulses per round
{mechanical)
_Kspeed .set06D1h
SPEEDSTEPR .set 10
_SPEEDscale .set 05DCh ; invers lowpass Q14
i speed rad/sec multiply by 2BCOh Q15 to n rpm(1400 base)

rraREERE control law generation part ¥+

FARARARERERRRE AR R AAARARRARRNRRAARRRARARRRARS

_FluxREF  .set 0Occch; Q12 0.8 perunit
* TorgeREF .set 04000h;Q1505P.Ut
*bandTorque .set  0.2;

*bandFluxs .set 0.04;

_c_slidF .set 02ar7h;1.15  0.01
_c_slidTe .set  02a7/h; 1.15 0.01

* Kpslid F .set 0580h;8.8 5.5

* Kpslid T .set 0300h; 88 3

* Kislid_F  .set 08400h; 8.8
* Kislid_T .set 086400h;

_Te_max .set  01800h; .12 1.5 pu torgmax limit
_Te_min .set OE800h; Q12-1.5

VKiTe .set 015h ; 14 0.0125 7ah ;4.12 format = 0.03

VKpiTe .set OcFEh ;15fe 14 ;6.10 format=6.5

VKcorTe .set 26;

VKiflux .set 035h ;11 26 0.04 7ah ;4.12 format = 0.03

VKpiflux .set OFAOh ;ea0 ;.12 format=6.5

VKcorflux  .set54 ;

VKispeed .set 070h :60 85 0.04 7ah ;4.12 format = 0.03
VKpispeed .set02500h ;7800 ;6.10 format= 6.5
VKcorspeed .set13 18 0.00285 4.12 format = 0.033
_USqgs_min .set OES00h ;0.8

_USds_min .setOF1C3h ;-05PU Q12

_USqgs_max .set01800h ; 0.3 Q12

_USds max .setOE3Dh ;0.8

*** axis transformation constants

_VDCinvTc .set0233h ; 1000/(580//base)

SQRT3inv .word 049e6h ;1/SQRT(3) 1.15 format

SQRT32 word Oddbh ;SQRT(3)/2 4.12 format

bss  t1,1 ;SVPWM T1 (see SV PWM references for details)
bss 12,1 ;SVPWM T2 (see SV PWM references for details)
.bss taon,1 ;PWM commutation instant phase 1

.bss tbon,1 ;PWM commutation instant phase 2

bss tcon,1 ;PWM commutation instant phase 3

bss X1 ,8VPWM variable

bss Y,1 .8VPWM variable

bss  Z,1 ;5VPWM variable

.bss sectordisp, 1 ;SVPWM sector for display

.bss sector,1 ;SVPWM sector

bss  VDCinvT,1 ;used in SYPWM

bss  K2_se,1

bss  K3_se,1

bss K4 _se,1

bss  Klow,1

bss  Ks11,1

bss  Kslip,1

‘bss ovcurrent, 1 ;over current

bss fovcurrent,1 ;flag over current

.bss tmpovcurrent,1 ; temp for check over current

bss  max_theta,1

€9



.bss
.bss
.bss

.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss

min_theta, 1
stop,1
initphase, 1
.bss n,1 ;speed
.bss n_ref,1 ;speed reference
n_es,1 ; estimate speed rpm
epispeed,1 ;speed error (Used in speed regulator)
tmp, 1
tmp1.1
tmp2,1
temp,1
tmp_sv,1
fre,1 ;frequency
Voltmodu, 1
theta, 1
senol,1 ;generated sine wave value
coseno, 1 ;generated cosine wave value
indice1,1 ;pointer used to access sine look-up table
Va,1;Phase 1 voltage for sector calculation
Vb, 1 ;Phase 2 voltage for sector calculation
Ve, 1 ;Phase 3 voltage for sector calculation
Valfar,1 ;alfa-axis reference voltage
Vbetar,1 ;beta-axis reference voltage
tangent, 1
acch,2 ;2 words buffer
ialfa, 1
ibeta,1
jalfae,1 ; estimate current
ibetae, 1
start_stop,1 ;bit check for start or stop
tmp_start,1 ;use for double push button
index, 1
T_sampling,1
Flux3_mag,1
FluxS_mag_old,1
FluxS_speed,1
FluxS_speed_old, 1
FluxSD,1
Flux5Q,1
FluxSdr,1
theta_fluxS,1
theta_fluxS_old,1

bss
bss
bss
bss
bss
bss
bss
.bss
bss
bss
.bss
.bss
bss
bss
bss
bss
.bss
.bss
.bss
bss
bss
bss
bss
bss
.bss

bss
bss
bss
bss
bss
bss
bss
bss
bss
bss
bss
bss
bss
bss
bss

sin_fluxS, 1
cos_fluxS,1
temp1,1
temp2,1
temp3,1
speed_es,1
speed es old,1
Te,1
W._slip,1
Rs,1
LrLm,1
L2¢gLm,1
LrL2q,1
LmL2q,1
KR11,1
KR121
Kr,1
FluxRD,1
FluxRQ,1
FluxRdr,1
theta fluxR,1
theta_fluxR_old,1
sin_fluxR,1
cos_fluxR,1
FluxR_speed,1
.bss speed_es, 1 estimate speed
bss test,1
TorgeREF_min,1
TorgeREF_max,1
USgs_min,1
USgs_max, 1
USds min,1
USds _max, 1
TorgeREF,1
FluxREF, 1
Sflux, 1
STe,1
Cflux,1
CTe 1
er_flux,1
er_Te,1
KiTe,1 ;Cf explanation given above
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.bss KpiTe,1 ;Cf explanation given above

.bss KcorTe,1 ;Cf explanation given above

.bss  Kiflux,1 ;Cf explanation given above

.bss  Kpiflux,1 ;Cf explanation given above

.bss  Kcorflux,1

.bss Kispeed,1 ;Cf explanation given above

.bss Kpispeed,1 ;Cf explanation given above

.bss Kcorspeed,1 ;Cf explanation given above

.bss  USds1

.bss  USqgs,1

.bss  upi,1 ;Pl regulators (current and speed) output
.bss elpi,1 ;PI regulators (current and speed) limitation
.bss xispeed,1 ;speed regulator integral component

.bss  epiTe,1
.bss  epiflux, 1
.bss  xiTe,1
.bss  xiflux,1
.bss  Vsgs,1
.bss count,1
bss 01,1
bss 2,1
.bss  i3,1
.bss  i2_old,1
.bss  i3_old,1
.bss erisd,1
.bss  erisqg,1
.bss  dsign,1
.bss gsign,1
.bss eiSdr,1
.bss eiSqr,1
.bss  K2d1
.bss  K2g,1

.bss Kcurrent,1

.bss encoderold,1 ;encoder pulses value stored in the previous

sampling;period

.bss encincr,1 ;encoder pulses increment between two consecutive

;sampling periods

.bss speedtmp,1 ;used to accumulate encoder pulses increments (to
;calculate the speed each speed sampling period)

.bss speedstep,1 ;sampling periods down counter used to define speed

.bss encoder,1

.bss theta_m,1

bss encpulses,1
bss  Kencoder,1
bss Kspeed,1

bss theta_e,1

bss n,1

bss speed_scale,1
.bss FIluxRD_old 1
bss FluxRQ_old,1

bss  Kiflux, 1 : 0745Dh
bss  K2flux,1 . 02836h
bss Ks11i,1

bss X111

bss X121

bss  Ks12i,1

bss Ksi12,1

text

* Initialisation Module *

R e s e

_C_int0:

FEEERRRERERRFEFRRRIEERERR

* Board general settings

FEEERRRERERRFEFRRRAEERERR

SETC INTM :Disable interrupts

SPLK #0h, IMR :Mask all Ints

SPLK #0FFh, IFR :Clear all Int Flags

setc  SXM ;set Sign Extension Mode

setc OVM :set Overflow Mode

CLRC CNF ;:Config Block BO to Data mem.
spm 0

* Function to disable the watchdog timer *

LDP #00EQGh
707th

SPLK #006Fh, WDCR
SPLK #05555h, WDKEY
SPLK #0AAAAh, WDKEY
SPLK #006Fh, WDCR

{(E0=224)(E0*80=7000) dp-—>7000h-

;Disable WD if VCCP=5V (706F)

lacc  #00h
dp  #mp
sacl tmp
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ouT tmp,WSGR ;Program Space, 0—7 wait states
; Clear All EV Registers
zac

Idp  #DP_EV

sacl GPTCON

sacl TICNT

sacl TI1CMPR

sacl T1PR

sacl T1CON

sacl T2CNT

sacl T2CMPR

sacl T2PR

sacl T2CON

sacl COMCON

sacl ACTR

sacl DBTCON

sacl CMPR1

sacl CMPR2

sacl CMPR3

sacl CAPCON

sacl CAPFIFO
sacl CAP1FIFO
sacl CAP2FIFO
sacl CAP3FIFO
; Initialise PYWM ;1us software dead-band
:Nicol activation
splk  #0999h ACTR ;Bits 15-12 not used, no space vector
;PWM compare actions
PWM5S/PWME - Active Low/Active High
PWM3/PWM4 - Active Low/Active High
PWM1/PWM2 - Active Low/Active High
splk  #2000,CMPRA1
splk #2500 CMPR2
splk  #3000,CMPR3
splk  #0cech,DBTCON ;4.8us dead band
splk  #0207h,COMCON ;FIRST enable PWM operation
:Reload Full Compare when T1CNT=0
;Disable Space Vector
;Reload Full Compare Action when T1CNT=0
;Enable Full Compare Cutputs
;Disable Simple Compare Cutputs
;Full Compare Units in PWM Mode

splk  #8207h,COMCON ;THEN enable Compare operation
splk  #PWMPRD,T1PR ;Set T1 period
splk  #0,T1CNT
splk  #0a800h, T1CON ;lghore Emulation suspend
:Cont Up/Down Mode
/1 prescalar
:Use own TENABLE
;Disable Timer,enable later
:Internal Clock Source
:Reload Compare Register when T1CNT=0
;Disable Timer Compare operation
; Enable Timer 1

lacc T1CON

or #40h

sacl T1CON

AEEEAK COnflgUre I/ AEEARAKARNEEKNARE

Idp #0e1h e1=225(e1*80=7080)

splk  #0000111111011011b,OCRA ;IOPA,BO-7 as 1/O

splk  #0000001100000011b,OCRB ;IOPCO-7 as I/O

splk  #OffOOh,PADATDIR ;1 is output/O is input send IOPAS5 hi turn off
transistor

splk  #01010h,PBDATDIR ;and forc high

splk  #0ffOOh,PCDATDIR

splk  #09999h,PDDATDIR ;send IOPD4 low for enable 74244

** END: PWM enable

* Incremental encoder initialization

* Capture for Incremental encoder correction with Xint2

Idp  #DF_EV

splk  #0000h, T2CNT ;configure counter register

splk #0FFFFh,T2PR ;configure period register

splk  #0F870h, T2CON ;configure for QEP and enable Timer T2
splk  #0EOFOh,CAPCON ;T2 is selected as Time base for QEP
*** END encoder/capture initialization

B e s T

* A/D initialization

ldp  #DP_PF1
* splk  #000bh, ADCTRLZ2;prescaler set fora 10MHz SYSCLK
lacc ADCFIFO1 ;empty FIFO
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lacc  ADCFIFO1
lacc ADCFIFQ2
lacc ADCFIFO2
SPLK #0000000000000000b,ADCTRL2
T
. FEDCBAS876543210
; bit 0-2 000 Prescaler value
. bit 3-4 FIFO2 status
. bit 5 Reserved
. bit 6-7 FIFO1 status
; bit 8 Reserved
; bit 9 0 Mask external SOC input
; bit A 0 Mask EV SOC input
cbitBO
cbitC 1
cbitD 1
cbitEO
. F Reserved

SPLK #1001100000010000b,ADCTRL (NN
:FEDCBA9876543210
; bit 0 1 Start of conversion
; bit 1-3 000 Channel 0 addres adc1
. bit 4-6 001 Channel 1 address adc2
. bit 7 0 End of convert
; bit 8 1 Interrupt flag write 1 to clear
; bit 9 1 Interrupt mask enable with 1, mask 0
: bit A 0 Continuous run mode disabled
;. bit B 1 Enable ADC2
» bit C 1 Enable ADCH1
; bit D 1 Immediate start 0 = no action
; bit E 1 Free run ignore suspend
; bit F 1 Soft Not applicable with bit E = 1
*** END A/D initialization
* Initialize ard as the stack for context save
* space reserved: DARAM B2 60h-80h (page 0)
lar ard #7%h
lar arb #60h
lar ar7 #0e000h

HERERAREARRREEARR AR AR AR RRRE AR RAR AR RA AR RARRRE NI R ARA AR

whhAAEE | i H H AEEREERERRARARR AR A RRRNRAR RN ARR AR AN
initialization

Idp
lacc
sacl

*

*

zac
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl

sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl

#FMIN

FMIN

fre
splk  #0800h,FluxSD
splk  #0800h,FluxSD_old

FluxSD

FluxSQ

FluxS_speed

FluxS_mag

FluxS_speed_old

FluxS_mag old

FluxSdr

theta_fluxS

theta_fluxS_old

sin_fluxS

cos_fluxs

FluxRD

FluxRQ

FluxRdr

theta_fluxR

theta_fluxR_old

sin_fluxR

cos_fluxR

FluxR_speed

ialfa

ibeta

ialfae

ibetae

upi ;PI regulators (current and speed) output
elpi ;PI regulators (current and speed) limitation
.error  .bss epispeed,1 ;speed error (used in speed regulator)
xispeed ;speed regulator integral component
epiTe

epiflux

xiTe

xiflux

Te

TorgeREF

Valfar
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sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
sacl
Idp

splk
splk
splk
splk
splk
splk

*

SPLK #K2 se K2 se
SPLK #K3_se K3_se
SPLK #K4 se K4 _se

splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk
splk

Vbetar
theta
index
speed_es
speed_es old
W._slip
n_es
temp1
temp2
temp3

splk  #01000h,cos_fluxS
#LrLm
# LrLm,Lrlm
# L2gLm,L2gqLm
# LrL2q,LrL2g
# LmL2qg,LmlL2q
# KR11,KR11
# KR12 KR12

LDP #K1_se
SPLK #K1_se_,K1_se

#Klow_ Klow (Q15)
# Ks11,Ks11 ;

# Kslip,Kslip

#VKiflux, Kiflux

#VKpiflux, Kpiflux
#VKcorflux, Keorflux
#VKispeed, Kispeed
#VKpispeed Kpispeed
#VKcorspeed,Kcorspeed
#V/KiTe, KiTe
#VKpiTe,KpiTe

#V/KcorTe, KcorTe

# c_slidF,Cfiux

# c_slidTe,CTe

# FluxREF, FluxREF

# Te_min TorqeREF_min
# Te_max,TorgeREF_max
# USgs_min,USgs_min

# USgs_max,USqgs_max

; K1 = 1/(Wb*Tr)
; K2 = 1/fb*T)

; K3 = Tau/(Tau+T)

s K4 = T/(Tau+T)

(Q8)
(Q15)

(Q15)

splk # USds_min,USds_min

splk  # USds max,USds_max

splk  #OVCTMP ovcurrent

SPLK #DIFF_MAX_LIMIT,max_theta ; Initialize the max limit of rotor flux
angle (Q15)

SPLK #DIFF_MIN_LIMIT,min_theta ; Initialize the min limit of rotor flux
angle (Q15)

splk # RsRs

splkk  # VDCinvTc VDCinvT

splk  # T_sampling, T_sampling

* splk  #100h,vSal_ref ;alfa-axis reference voltage

* splk  #100h,vShe_ref ;beta-axis reference voltage
& ldp #start_stop
* splk  #0,start_stop

1 splk  #0,tmp_start

* Idp #kvpf
lacl  #OEh

sacl  Voltmodu

zac

Idp #i1

sacl erisd

sacl erisq

sacl i1

sacl 2

sacl i3

sacl i2_old

sacl i3_old

sacl n

sacl theta_m

sacl theta_e

sacl encincr

sacl FluxRD_old

sacl FluxRQ_old

sacl speedtmp

sacl X1

sacl X12

splk  #01h,count

splk  #Encpulses,encpulses
splk  #VKencoder,Kencoder
splk  # Kspeed Kspeed

splk #SPEEDSTEP,speedstep
splk  # K2d,K2d
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splk  # K2q,K2q

splk  # Kcurrent,Keurrent

splk  # SPEEDscale,speed_scale
splk  # K1flux, K1flux

splk  #_K2flux,K2flux

splk  # Ks11iKs11i ;

splk  # Ks12 Ks12

splk  # Ks12iKs12i

FRRAR AR AR RRE AR NI R AR ARRARR AR R ARR AR AR RARRRNA AR RARARRRARARANAR

* Enable PWM control Interrupt
; Clear EV IFR and IMR regs
Idp #EVIFRA>>7
splk  #07FFh,EVIFRA

splk  #0FFh,EVIFRB

splk  #000Fh,EVIFRC

; Enable T1 Underflow Int

splk  #0201h,EVIMRA

splk  #0000h,EVIMRB

splk  #0000h,EVIMRC

:Set IMR for INT2

ldp  #0Oh

lacc IFR

sacl IFR ;clear interrupt flags
lacc #0000010b

sacl IMR

clre  INTM ;enable all interrupts
splk  #10,tmp_sv

FRRAR AR RARRRERRRRAR AR ARRARR AR R ARR AR SRR RARRRA AR RARARRARRARANAR

* Table initialization

* mar * AR5

* lar ARS #sintab

* rpt  #255

* blpd #sintab,*+
FEAFEAEE A AN AHHA

*Virtual Menu

FEAXEAEENERNAANE

Menu

bt das it ioad ekttt dsstysdssd
*run?

LDP #0E1h ;read data from IOPB7

bit PBDATDIR,BIT?Y
bbnz I0OPB7eq1 ;branch if IOPB7 as hi
ldp #initphase

splk  #13,initphase ; 13 for run

splk  #03A2h,n_reff ; 3A2h for 1000 rpm 745h for 2000 rpm

splk  #0,stop ; 1D1h for 500 rpm

b notall ;return to the main polling cycle
* stop

LDP #0E1h ;read data from IOPB5

bit PBDATDIR,BITS

bbnz notstop ;branch if IOPB5 as hi

Idp #stop

splk  #1,stop

b notall

notstop

LDP #0E1h ;read data from IOPB6

bit PBDATDIR,BITE

bbnz notall ;branch if IOPB6 as hi

Idp #initphase

splk  #9.initphase ;

lacl  #0

sacl stop

splk  #04 fovcurrent

: sacl n

* sacl iq

* sacl id

* Idp #0e1h

i lacl PBDATDIR

* and #0ffOth

i sacl PBDATDIR ;send option to IOPB4-7
* b notall ;return to the main polling cycle
*** END Option 4): stopn_ref=0

notall

lacc  #018fh,10 ;delay

loop

sub #1

bend  loop,NEQ
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b menu

AERARARAERNRR AR RAR AR A AR ARRRRNR AR AAR AR R AAR AR R RNRRNRRR AR A AR K

* _c_int2 Interrupt Service Routine

* synchronization of the control algorithm with the PWM
* underflow interrupt

_c_int2:

* Context Saving

mar *.ard ;AR4 active auxiliary reg (stack pointer)
mar *-

sst #1,*- ;save status register 1

sst  #0,*- ;save status register 0

sach *- ;save MS word of accu

sacl * ;save LS word of accu

* END Context Saving *

mar *ar5 ;AR5 active auxiliary reg

Idp  #0eOh ;DP points to Event Manager control reg page
lacc PIVR ;read the interrupt vector

Idp  #mp

sacl tmp

sub  #20H

bcnd PDPRouting, EQ

sub #9

bcnd ControlRouting, EQ

b ContextRestoreReturn

* END Int2 Interrupt Service Routine *
ContextRestoreReturn

e S e

* Context restore and Return

FERAREREHTERREEEE NIRRT RRE AR EE R TR TARE

Idp #0e8h

splk  #0200h,EVIFRA

larp ar4

mar *+

lacl  *+ ;Accu. restored for context restore
add *+,16

Ist #0,*+

Ist #1,*+

clrc  INTM

ret

* END Context Restore and Return *
PDPRoutine
b ContextRestoreReturn
ldp  #EVIFRA>>7
splk  #001h,EVIFRA ;Clear all flags, may be change
with only T1 underflow int.
ldp  #DP_EV
splk  #Offfh, ACTR
splk  #0207h,COMCON ;FIRST enable PWM operation
splk  #8207h,COMCON ;THEN enable Compare operation

Idp #0e1h

lacl PBDATDIR

or #0080h

sacl PBDATDIR ;send hi IOPB7Y

b ContextRestoreReturn

* END PDPRoutine
ControlRoutine

HEKARARAARRREEARRARAR AR RARRRE AR RARAAH

* check stop command from switch

Idp #index
lacc  index

add #1
sacl index

Idp #stop
lacc stop

bcnd OFF,NEQ
* check ON signal from apy

LDP #0OE1h ;read data from IOPD8

bit PDDATDIR,BITSE

bchd 10PD6eq1,ntc :branch if IOPD6 as hi
¥ b IOPD6eq1

OFF

LDP #0E1h

lacl PDDATDIR

or #080h

sacl PDDATDIR ;send |OPD7 as hito off Transistor
lacl PBDATDIR

or #010h

sacl PBDATDIR ;IOPB4 as hi disable buffer
b ContextRestoreReturn

IOPD6eqg1

LDP #0E1h
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lacl PDDATDIR

and #Off7fh

sacl PDDATDIR ;send IOPD7 as Low to on Transistor
lacl PBDATDIR

and #0FFEFh
sacl PBDATDIR ;IOPB4 as low enable buffer
* b Initial?

ADconversions
* Current sampling - AD conversions
* N.B. we will have to take only 10 bit (LSB)
ldp  #ADCTRL1>>7
splk  #9811h ADCTRL1
! lacl  ADCTRLA
or #01h
sacl ADCTRL1;ia and ib conversion start
;ADCINO selected for ia A/D1
:ADCINS selected for ib A/D2
conversion
bit ADCTRL1,8
bchd conversion,tc ;wait approximatly 6.6us
lacc ADCFIFO1,10

dp  #i2

sach i2

ldp  #DP_PF1
lacc ADCFIFQ2,10
Idp  #i3

sach i3

Current_scaling

dp  #i2
lacc i2
3 add #5 ;then we compensate the DC offset (that should be zero,
but
;itisn't)
and #3ffh

sub  #482 ;then we have to subtract the offset (2.5V) to have
;positive and negative values of the sampled

current
Idp #mp
sacl tmp

tmp

#Kcurrent

sfr
sfr

neg ;needed for ACPM

#i2

sach 2,6 ;sampled current i2, f4.12

It

Idp

mpy Kcurrent
pac ;

Idp

lacc i2
sacl 2
AEEXAR KRR nOIS
2 ok

lacc i3
and  #3ffh
sub  #516
Idp

sacl tmp
It

ldp

pac

sub

#11

d|g|ta| filter *resssranrnras

lacc
sub
Idp
sacl
lacc
abs
sub
bcnd
ldp
lacc
sacl

ldp
lacc
sacl

#mp

tmp

i2
i2_old
#temp
temp
temp

#800
i2_okLT
#i2
i2_old
i2

#i2
i2
i2_old

FARARRRARRRERERRERIAE

sub  #09h ;then we compensate the DC offset (that should be

#Kcurrent
mpy Kcurrent

sfr
sfr
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* neg :needed for ACPM
ldp #i3
sach 3,6
: lacc i3
¥ sub #20
: neg
! sacl i3
FhhAEhkEkEw nOIS dlgltal fl |ter FEEAEAEEAEhEEL
: lacc i3
; sub i3_old
: Idp #temp
: sacl temp
: lacc temp
: abs
sub #800
bend i3_ok LT
Idp #i3
: lacc i3_old
; sacl i3
i3_ok
: Idp #i3
: lacc i3
: sacl i3_old
lacc i3
add 2
neg
sacl i1;i1 =-(i3+i2)
spm O

*** END current sampling - AD conversions
*Sampled current scaling and

FERIHERE IR RREFEE AT AR ARERAH TS

* overcurrent *

Idp #i2

lacc 2

abs

Idp #ovcurrent
sub ovcurrent

bend  notov, It
lacl  fovcurrent
sub #1
sacl fovcurrent

bcnd notov2,gt

splk  #1,stop

Idp #0e1h
lacl PCDATDIR
or #00aah

sacl PCDATDIR ;sendto IOPC
lacl PDDATDIR

and #0fffeh

sacl PDDATDIR

b OFF

notov

splk  #04,fovcurrent; 4 times over current
notov2

FEFERFRE AR EFEFRR AN ERE TR AT *E

*(a,b,c) -> (alfa,beta) axis transformation
*jalfa = i1
*ibeta = (2 *i2 +i1) / sqri(3)

FHFERARE AR REERRRRAE AR AARRRERERRAR IR REAIRRH

Idp #i1

lacc i1

ldp #alfa

: sacl ialfa
sacl tmp

lacc #0

It tmp
mpy #0OEAAA
[ta ialfa

mpy #0155h
apac

sach ialfa,4

Idp #i2

lace 2,1 ibeta=(2*i2+i1)/sqri(3)
add i1

Idp #mp
sacl tmp;

It tmp ;

mpy SQRT3inv ;8QRT3inv = (1 /sqri(3)) = 093dh;4.12 format =
0.577350269
pac ;
sach ibeta,1
sach tmp,1

CL



lacc #0

It tmp
mpy #0EAAQ
Ita ibeta

mpy #0155h
apac

sach ibeta,4
*** END Sampled current scaling and (a,b,c) -> (alfa,beta) axis
transformation

FRRARARERERRRAARRRAAARRRER S

*** Encoder pulses reading

crc  xf

Idp #0e8h

lacc T2CNT :we read the encoder pulses and ...

= neg .encoder plug in the opposite
direction ?

Idp #mp

sacl tmp

Idp #encoderold

sub encoderold ;subtract the previous sampling period value

to have the increment that we'll
;accumulate in encoder
sacl encincr;
add theta_m ;
bcnd encmagzero,GT,EQ; here we start to normalize teta_m
; value to the range [O;Encpulses-1]
add encpulses ;the value of teta_m could be negative
;it depends on the rotating direction
:(depends on motor windings
;to PWM Channels connections)
encmagzero
sacl theta_m ;now teta_m value is positive but could be
;greater than Encpulses-1
sub #Encpulses ;we subtract Encpulses and we check whether
;the difference is negative. If it is we
;already have the right value in teta_m
bcnd encminmax,LT ;
sacl theta_m ;otherwise the value of teta_m is greater
;than Encpulses and so we have to store the
h lar arQtheta_m
encminmax
contains the

;right value ok, now teta_m

Idp #mp ; right value in the range
lacc tmp .[0,Encpulses-1]

;the actual value will be the old one during
ldp #encoderold :the next sampling period

sacl encoderold
*** END Encoder pulses reading

HEEERTREAARRERRRRNS

Theta_calculation

dp  #theta_m

It theta_m ;multiply teta_m pulses by Kencoder (4.12
;format constant) to have the rotor
:electrical position

mpyu Kencoder ;encoder pulses = 0 -> teta = 0ffth = 0 degrees

pac .encoder pulses = 1600 -» teta = 1fffh = 1*360

.encoder pulses = 3200 -> teta = 2fffh = 2*360

sach theta_e,2

lacl  theta_e

and  #Offfh

sacl theta_e

** END theta calculation

B e e e

* Calculate speed and update reference speed variables

lacc speedstep ;are we in speed control loop ? (SPEEDSTEP
:times current control loop)

sub #1

sacl speedstep

bend nocalc,GT  ;if we aren't, skip speed calculation

*** Speed calculation from encoder pulses

It speedtmp ;multiply encoder pulses by Kspeed (8.8
; format constant)
:to have the value of speed

mpy Kspeed ;

pac :

* rpt #7 :

sfl ;

sach n,7 ; h=speed

* lar arl,n

lacc #0 .Zero speedtmp for next calculation

sacl speedtmp

lacc #SPEEDSTEI!:’ restore speedstep to the value SPFEEDSTEP

eL



sacl speedstep :for next speed control loop

FRRAR AR RERRRE AR RAAARARRRERRRAARR AR ARRRARS
B R e

B R e

Idp #fre

It fre

mpy kvpf Q15
pac

sach Voltmodu,1 ;Voltmodu = frequency*kvpf
lacc fre

add #10
sacl tmp

sub FMAX
bcnd fre_okLT

lacl  FMAX

sacl fre

b sin_cos
fre_ok

lacl  tmp

sacl fre

sin_cos

M lacc  n_reff
# sub n

¥ lacc n_reff ; Wreff - Wr_estimate
Idp #FluxS_mag
lacc FluxS_mag

sub #0800h
becnd no_gen,LT

Idp #fre

lacc fre

Idp #speed es
sub speed_es
; sub  speed_es
*switch

Idp #epispeed

sacl epispeed ; speed error
lacc xispeed,10 ; Kpispeed(6.10)

It epispeed
mpy Kpispeed
apac

sach upi,6

;here start to saturate

bit upi,0

bend  upimagzeros,NTC ;If value +ve branch

lacc TorgeREF_min

sub  upi

becnd neg sat GT ;if upi<Tor_refmin then branch to saturate
lacc  upi value of upi is valid

b limiters

neg_sat

lacc TorgeREF_min ;set acc to -ve saturated value
b limiters

upimagzeros ;Value is positive

lacc TorgeREF_max

sub  upi;

bend pos_sat LT ;if upi=igrmax then branch to saturate
lacc  upi ;value of upi valid

b limiters

pos_sat

lacc TorgeREF_max ;set acc to +ve saturated value
limiters

sacl TorgeREF ;Store the acc as reference value
sub  upi

sacl elpi

It elpi

mpy Kcorspeed

pac

It epispeed

mpy Kispeed

apac

add xispeed,12
sach xispeed,4

b nocalc
no_gen Idp #TorgeREF
lacc #0

sacl TorgeREF
*** END Speed regulator with integral component correction
nocalc ‘branch here if we don't have to
calculate
Idp #speedtmp ; the speed
lacc speedtmp ;use the actual encoder increment to update
;the increments accumulator used to
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; calculate the speed
add encincr;
sacl speedtmp;

B R e e e

***  SLIDNG MODE GENERATION USd (flux component ) *****

R AR AR AR AR AR AR R AT AR AR AR IR AR ARA AR RREN

** Control Law using LFSG (Linear feedbaack with switch gains Control)

FRRAKRARERER RIS

FERARARE IR RRERERRAR AR AREAERERRARR AN ARRAARRRA AR R AR ARRAREARRRA AR RAR AR ER

Idp #FluxS_mag

lacc FluxS_mag

sub #0600h

bend  fluxmaglow, LT

Idp #FluxREF

lacc  FluxREF ;4.12 limit 0.5 Per unit

sub FluxS_mag 412 limit

sacl temp temp store error Torge new value
lacc temp

sub er_flux errorTe new- error Te old

sacl er_flux ;now ACC =erTe LT=CTe

lacc #0

It er_flux

mpy Cflux  ;CTe*erTe)/dt .CTe = Cte/Ts

lacc temp ;load new value of er_Te
sacl er_flux

pac ;now, ACC = erT_e + CTe"*(erTe)/dt
sach temp,1 ;temp=CTe*(erTe)/dt
lacl  temp
add er_flux
sacl Sflux ; sliding surface
TR calculate er_flux*Sflux
It er_flux
;o mpy  Sflux
. pac

; sach temp,d4 temp=eTe*STe
, lacc  temp
bend  neg_signflux,LT ; if sign = -
lacc  er_flux
b keepd

;neg_signflux

: lacc er_flux
; neg

lacc er_flux

abs

sacl temp

lacc  Sflux

bend neg_signflux,LT ; if sigh = -
lacc temp

b keepd
neg_signflux

lacc temp

neg

keepd sacl epiflux ; input Pl= eTe*sign(eTe*STe)
lacc xiflux,12 ; Kpispeed(6.10)

It epiflux

mpy  Kpiflux

apac

sach upi4

:here start to saturate

hit upi,0

bend  upimagzeroflux, NTC ;If value +ve branch
lacc USds_min

sub  upi

bend neg safflux,GT ;if upi<igrmin then branch to saturate
lacc  upi value of upiis valid

b limitersflux

lacc US8ds_max ;set acc to +ve saturated value
neg_satflux

lacc USds_min ;set acc to -ve saturated value
b limitersflux

upimagzeroflux ;Value is positive

lacc USds_max

sub  upi;

bend  pos_satflux,LT ;if upi>igrmax then branch to saturate
lacc  upi ;value of upivalid

b limitersflux

pos_satflux

lacc USds_max ;set acc to +ve saturated value
limitersflux

sacl USds ;Store the acc as reference value
sub  upi
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sacl elpi

It elpi
mpy Kcorflux

pac

It epiflux
mpy  Kiflux

apac

add  xiflux,12
sach xiflux,4

b fluxmag_ok
fluxmaglow

lacc  #0650h

sacl USds
fluxmag_ok

B R R e e e e et s

*** SLIDNG MODE GENERATION USq (Torge component )

B e

FRRAR AR KA RRA AR RAAARARR AR RRRARRRAR AR RARRRA AR R AR ARRRARARARA AR NNAARR KR

** Control Law using LFSG (Linear feedbaack with adaptive gains Control)

FRRAKARERER RIS

B R e e et s

Idp #FluxS_mag
lacc FluxS_mag
sub #0600h  ; check for low fluxd
bend  flux_verylow,LT
Idp #TorgeREF
lacc  TorgeREF ;4.12 limit 1.5 Per unit
sub Te 412 limit
sacl temp temp store error Torge new value
sub er_Te ;errofTe new- error Te old
sacl er_Te ;nowACC=ernTe LT=CTe
v lacc  #0
It er_Te
mpy CTe  CTe*(erTe)/dt ,CTe = Cte/Ts
lacc temp ;load new value of er_Te
sacl er_Te ;
pac ;now, ACC = erT_e + CTe*(erTe)/dt
sach temp,1 ;temp=CTe* erTe)/dt
lacl temp
add er_Te
sacl STe
Fhk ki khkk ik hiid Calculate er_Te*STe

It er_Te
mpy STe
pac
. sach temp4 temp=eTe*STe
. lacc temp

. bend  neg_signTe LT ; if sigh=-
o lace er_Te

b keepq

:neg_signTe
lacc er_Te
: neg

lacc er_Te
abs
sacl temp
lacc STe
bend neg_signTe, LT ; if sign = -
lacc temp
b keepq
neg_signTe
lacc temp
neg

keepq sacl epiTe ;inputPl=eTe*sign(eTe*STe)
lacc xiTe 12;

It epiTe

mpy KpiTe ; KpiTe(4.12)
apac

sach upi 4

‘here start to saturate

bit upi,0

bchd  upimagzeroTe,NTC ;If value +ve branch

lacc USgs_min

sub  upi

bend neg_satTe,GT ;if upi<igrmin then branch to saturate
lacc  upi value of upiis valid

b limitersTe

neg_satTe

lacc USgs_min ;set acc to -ve saturated value

b limitersTe

upimagzeroTe ;Value is positive

lacc USgs_max

sub  upi;

becnd pos_satTe,LT ;if upi=igrmax then branch to saturate
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lacc  upi ;value of upi valid

b limitersTe

pos_satTe

lacc USqs_max ;set acc to +ve saturated value
limitersTe

sacl USgs ;Store the acc as reference value
sub  upi

sacl elpi
It elpi
mpy KcorTe
pac
It epiTe
mpy KiTe
apac
add «xiTe, 12
sach xiTe4
Idp #FluxS_speed
* lacc  USqgs
It FluxS_speed
mpy FluxS_mag
apac
Idp #Vsqs
sach Vsgs,4 ; control law stator flux g
lacc Vsgs

lacc #0
add USgs
sacl Vsgs
lacc Vsgs
sub #01B33h ;limiter
bcnd pos GT
lacc Vsgs
sub #0E4CDh
becnd neg LT
b Vsqgs_ok
pos_ lacc #01B33h
sacl Vsgs
b Vsqgs_ok
neg lacc #OE4CDh
sacl Vsgs
b Vsqgs_ok
flux_verylow
lacc  #0 ;100h

sacl Vsgs
Vsqgs_ok

R R e S e

R e e R TR L

* alfa-axis and beta-axis voltages calculation
*(d.q) -> (alfa,beta) axis transformation
*Vbetar = Vgr * cos(theta) + Vdr * sin{theta)
*Valfar =-Vgr * sin(theta) + Vdr * cos(theta)

HAKARARAARRREEARR KA AR RARRRE AR RAR AR AR AR RRAR

lacc #0

It USds ,TREGO=Vdr

mpy  sin_fluxS :PREG=Vdr*sin(theta)

Ita Vsgs JACC+=PREG ; TREGO=Vqr

mpy cos_fluxS ;PREG=Vqrtcos(theta)
mpya sin_fluxS ;ACC+=PREG ; PREG=Vqgr*sin(theta)
sach Vbetar4

lacc #0 JACC=0

It USds ; TREGO=Vdr

mpys cos_fluxS ;ACC-=(PREG=V(qr'sin(theta))
apac JACCH=PREG

sach Valfar4

*** END alfa-axis and beta-axis voltages calculation
* splk  #0,Vdr

i splk  #0200h,Vqgr

ldp #fre

It fre

mpy ktheta ;6.10

pac

rpt #5

sfr

sach tmp

* lacc theta, 12

i apac ;acc+=PREG
lacc  tmp

add theta

* sach theta 4 :theta = theta_old+fre*ktheta
= lacl  theta

and #0ffth

sacl theta

FEEERIREREREEEREE AN AL RFE AR AR RA R AR L AR EK

* Sine and cosine wave calculation from
* theta values using sine look-up table

LL



e R e

lacc theta ;theta range is [0;1000h] 4.12 format = [0;360] degrees
;8o we have a pointer (in the range [0;0ffh]) to the
;sine look-up table in the second and third nibble

mpt #3

sfr

and #0ffh ;how ACC contains the pointer to access the table

sacl indice1

add #sintab;

sacl tmp;

lar ar5,tmp ;

nop

nop :
mar *arb

lacl *;

nop

sacl senol ;now we have sine value

lacl  indice1 ;the same thing for cosine ... cos(theta) = sin(theta+90°)
add #040h ;90 degrees = 40h elements of the table

and #0ffh ;

sacl indice1 ;we use the same pointer (we don't care)

add d#sintab ;

sacl tmp;
lar arb.tmp ;
lacc *;

sacl coseno ;how we have cosine value

FRRARARARERRRR AR NI R AR BRAARRRARARARARARAARR AR ARERARS

#xararrnS) IDINGMODE STATOR flux observer ¥ ersssstasrsrsrrss

BRRARARERERRRR AR NI R AR BRRARRRARARRRARARAARRRAARARERE

* Idp #FluxSD
* lacc FluxsSD

h sacl FluxSD_old
Idp #ialfa

* lacc #0

It ialfa

mpy Rs ;Q15

pac

sach temp,1

lacc Valfar Q12

sub temp

* sacl test

sacl temp temp = VsD-Rs*isD

Idp #ialfa ;
lacc ialfa

sub jialfae ; isD-isDes
ldp #erisd
sacl erisd

bcnd POS_erisd, GT ; sign definition
Idp #Ks11
lacc Ks11

neg

Idp #X11
sacl X11

Idp #Ks11i
lacc Ks11i

neg

sacl Ks11i

It Ks11i
mpy  #040Ch ;Q15
pac

ldp #mp
sach tmp,1

lacc tmp

Idp #X11
add X111
sacl X111

b add_sighD
POS_erisd

Idp #Ks11
lacc Ks11

Idp #X11
sacl X11

Idp  #Ks11i

It Ks11i
mpy  #040Ch ;Q15
pac

Idp #mp
sach tmp,1

lacc tmp

Idp #X11
add X1
sacl X111
add_signD

Idp #Ks11
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lacc Ks11

ldp #X11
add X1
Idp  #temp
add temp
sacl temp temp = VsD-Rs*isD+Ks1(sign erisd)
lacc #0
It temp
mpy #040Ch;T_sampling Q15
Ita FluxsSD
mpy Klow
apac
sach FluxSD,1
: Idp #temp
It temp
Idp #K2flux
mpy K2flux ;T_sampling ;Q15
: pac
; Idp #temp
: sach temp,1
: lacc temp
: add FluxsSD
Ita FluxSD
sacl temp
It temp
Idp #K1flux
mpy K1flux
; mpy Klow ;using lowpass to eliminate DC
component
; apac
, pac
o Idp #FIuxSD
sach FluxSD.1
v ldp #FluxSQ
¥ lacc FluxSQ
h sacl FluxSQ old
Idp #ibeta
lacc #0
It ibeta
mpy Rs

pac

sach temp,1

lacc Vbetar Q12
sub temp
sacl temp ; temp=VsD-Rs*isD
Idp #ibeta ;
lacc  ibeta

sub ibetae ; isQ-isQes
Idp #erisq
sacl erisq

Idp #Ks12
bend POS_erisq, GT ; sign definition
lacc Ks12

neg

sacl X12

Idp #Ks12i
lacc Ks12i

neg

sacl Ks12i

It Ks12i
mpy  #040Ch ;Q15
pac

ldp #mp
sach tmp,1

lacc tmp

Idp #X12
add X12
sacl X12

b add_signQ
POS_erisqg

Idp #Ks12
lacc Ks12

Idp #X12
sacl X12

Idp  #Ks12i

It Ks12i
mpy  #040Ch Q15
pac

Idp #mp
sach tmp,1

lacc tmp

Idp #X12
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add X12
sacl X12
add_signQ
Idp #Ks12
lacc Ks12
Idp #X12
add X12
Idp  #emp
add temp
sacl temp temp = VsD-Rs*isD+Ks2(sign erisd)
lacc #0
It temp
mpy #040Ch ;T_sampling ;Q15
Ita FluxSQ
mpy Klow
apac
sach FluxSQ,1
? Idp #K2flux
; mpy K2flux ;T_sampling ;Q15
: pac
; Idp #temp
i sach temp,1
; lacc temp
add FluxSQ
Ita FluxSD
sacl temp
It temp
Idp #K1flux
mpy K1flux
; mpy Klow ;using lowpass to eliminate DC
component
; apac
pac
Idp #FluxSQ

sach FluxSQ,1

B e e e e s

rrawwsserr end SMO stator flux improve maghnitude ****+ssrrassseranns

e R R e e e e ]

rrrmreer Calculate flux rotor in DQ component using current MODEL

FEKEREEE TR

7 FluxRD = (LrFluxSD-Lg2*iSD)y/Lm =rressress
Idp #ialfa

lacc
It
mpy
Its
mpy
apac

sach
lacc
It
mpy
[ta
mpy
apac
sach

T FluxRQ = (LrFluxSQ-Lg2*isQ)lm

Idp
lacc
It
mpy
Its
mpy
apac

#0
ialfa ;load iSD to TREG
L2gLm ;now PREG =i3D*Lg2/Lm 2.30
FluxSD s Acc = -i8D*Lg2/Lm ,TREG = fluxSD
LrLm : PREG = fluxSD*Lr/Lm
! sach FluxRD,4 ;
tmp,4
#0
tmp
#0OF3Ch
FluxRD
#0C3h
FluxRD,4
mpy #07B7Eh
pac
sach tmp,1
lacc  tmp
add FluxRD
sacl tmp
It tmp
mpy #018%8h
pac
sach  FluxRD,1
: It K3_se
mpy tmp
pac
: It K4 se ;low pass for noisy current
; mpy FluxRD
: apac

#0

sach FluxRD,1

#ibeta

ibeta ; load iSD to TREG

L2gLm ; how PREG = iSD*"Lg2/Lm

FluxSQ s Acc = -iSD*Lg2/Lm ,TREG = fluxSD
LrLm ; PREG = fluxSD*Lr/Lm

. add preg and store in acc
sach FluxRQ,4
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sach tmp,4

lacc  #0
It tmp
mpy #0F3Ch
Ita FluxRQ
mpy #0C3h
apac
sach FluxRQ,4
. mpy #07B7Eh
. pac
; sach tmp,1
. lacc  tmp
. add FIuxRQ
. sacl  tmp
It tmp
mpy #018%h
pac
sach FluxRQ@,1
; It K3 se
; mpy tmp
; pac
i It K4 se
; mpy FluxRQ
apac

sach FluxRQ,1

FRRARARE AR RRE AR NI A AR AREARRRRRARR AR ARRRARRRAEE

FARAHAAENNANN module to flnd rotor ﬂUX angle HEEARAAANNHAERA
; Compute the theta_flux
; Check |FIUXRQJ/|FIUXRD|>1 ?

Idp #FluxRD

LACC FluxRD : ACC = fluxrd

ABS ; ACC = |flux|

SACL tmp1 ; tmp1 = [wRD|

LACC FluxRQ ; ACC = sine

ABS ; ACC = |sine|

SACL tmp ; tmp = |fluxrQ]|

SUB tmp1 ; ACC =tmp - tmp1

BCNDLARGE_Tanr,GT ; Branchto LARGE_Tan if tmp > tmp1
BCNDEQ_TanEQ ; Branch to EQ_Tan if tmp = tmp1
BCND EQ_Tanr,EQ

; Here, [sine|/|cosine| is less than 1.

SMALL_Tanr

LACC tmp.12 ; ACC = tmp left shifted by 12 (tangent=Q12)
RPT #15 ; Repeat SUBC 16 times

SUBC tmp1 ; Dividing tmp/tmp1

SACL tangent ;tangent=tmp/imp1 (Q12)

; Looking at the table for arctan(|sine|/|cosine|) directly

LACC tangent,12 ; ACC = tangent/128 (212/274 = 2"8 = 256)
SACH tmp2 ; ptr_fte = tangent/128

LACC #ATANTAB_45

ADD tmp2

TBLR theta_fluxR ; theta_re = arctan(tmp/tmp1) in Q12

B DIV_Tanr_END

; Here, |sine|/|cosine| is greater than 1,

; 80 |cosinel/|sine| < 1 is computed instead.

LARGE_Tanr

LACC tmp1,12 ; ACC = tmp1 left shifted by 12(tangent=Q12)
RPT #15 ; Repeat SUBC 16 times

SUBC tmp ; Dividing tmp1/4Amp

SACL tangent ; tangent = tmp1/tmp  (Q12)

. Looking at the table for arctan(|cosine|/|sine|)
LACC tangent,12 ; ACC =tangent/128 (2215/274 = 2/8 = 256)

SACH tmp2 ; atan_ptr = tangent/128

LACC #ATANTAB_45

ADD tmp2

TBLR theta_fluxR ; theta_re = arctan(tmp14Amp) in Q12

LACC #1024 ;ACC = 8192 (Q15),1024 (Q12) = 90 deg
SUB theta_fluxR ; ACC = 90 - arctan{tmp1/tmp) (Q12)
SACL theta_fluxR ; theta_re = arctan(tmp/tmp1) (Q12)

B DIV_Tanr_END

; Here, |sine|/|cosine| is equalto 1,
; 1.2, |sine| = |cosine|

EQ Tanr
SPLK #512theta_fluxR  ; theta_re = 45 (Q12)
DIV_Tanr_END
. Determine the quadrant by looking at signs of cosine and sine
LACC FluxRD : ACC = cosine
; NEG
BCND NEG_Dr, LT ; Branch to NEG_D
POS_Dr ;ifcosine <0 POS_D
LACC FluxRQ ; ACC = sine
; NEG
BCND POS_D_NEG_Qir, LT ; Branch to FOS_D_NEG_Q
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POS_D_POS_Qr
; Do nothing here

if sine < 0 POS_D_POS_Q

B QUADRANT _Tanr_END
POS_D_NEG_Qr
LACC #4095 | ACC = 4095 = 360 deg

SuUB theta_fluxR ; ACC = 380 - theta_re (Q12)
SACL theta_fluxR ; theta_re = 360 - theta_re (Q12)
B QUADRANT_Tanr_END
NEG_Dr
LACC FluxRQ ; ACC = sine
: NEG

BCNDNEG_D_NEG_Qr, LT
NEG_D_POS_Qr

. Branch to NEG_D_NEG_Q if sine < 0

LACC #2048 s ACC = 2048 = 180 deg

SuUB theta_fluxR ; ACC = 180 - theta_re (Q12)
SACL theta_fluxR theta_re = 180 - theta_re (Q12)

B QUADRANT_Tanr_END

NEG_D_NEG_Qr

LACC #2048 ; ACC =2048 = 180 deg

ADD theta_fluxR ; ACC = 180 + theta_re (Q12)

SACL theta_fluxR
QUADRANT_Tanr_END
; lacc theta_fluxR

;theta_re = 180 + theta_re

sub theta_fluxR_old
sacl temp

lacl  temp

abs

sub #250h

: bend theta fluxROK,LT
; lacc theta_fluxR_old
; sacl theta_fluxR
theta fluxkROK
*t***tt*tt****tt**END angle rotorﬂux CalCUIathn AEEAEARERARAEL
rrRRERREEEY now We use angle to tranform any variable to fluxR axis **

Idp #theta_fluxR
lace theta_fluxR
et #3

sfr

and #0ffh ;now ACC contains the pointer to access the table
sacl indice1

add #sintab

sacl tmp

lar arb,tmp

nop

nop

mar *arb

lacl * :

nop

sacl  sin_fluxR ‘how we have sine value

lacl  indice1 :the same thing for cosine ... cos(theta) =
;sin(theta+90°)

add #040h ;90 degrees = 40h elements of the table
and #O0ffh ;

sacl indice1 :we use the same pointer (we don't care)
add #fsintab :

sacl tmp :

lar arb,tmp

lacc *

sacl cos_fluxR  ;nhow we have cosine value

IhEAAEH AL end flne Slne COS angle quX rotor***************************************
* d-axis and g-axis stator flux calculation in rotor flux flame

* (alfa,beta) -> (d,q) axis transformation

* FluxSdr = FluxSD * cos(thetafluxR) + FluxSQ * sin(thetaflux_R})

* FluxSqr =-FluxSD * sin(thetafluxR) + FluxSQ * cos(thetaflux_R)

Idp #FluxSQ

lacc #0

It Flux8Q . TREGO=ibeta

mpy  sin_fluxR :PREG=ibeta*sin(theta)

lta FluxSD ;/ACC+=PREG ; TREGO=ialfa
mpy cos_fluxR ;PREG=ialfa*cos(theta)

apac ACCH=FREG

sach FluxSdr4 ; value of stator current in rotor flux q component
*** END d-axis and g-axis stator flux in rotor flux frame calculation
AEEAEARE KL Calculate Slgn(eror |Sdr) BTt BT Rttt

ldp  #erisd

lacc erisd

bcnd  signd plus,GT

lacl  #07FFEh . 1.15  value of sign
neg

b value_signd

signd_plus lacl #07FFEh ; nearest 1 of value sign of 1.15 format
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value_signd sacl dsign ; sign of error stator current d component
AERAEEE Calculate kSIgn |qr HEEEKARARKNARENAR K

Idp  #erisq

lacc  erisg

bend  signg_plus,GT

lacc #07FFEh

neg

b value_signq

signg_plus lacc #07FFEh

value_signq sacl gsign ; sign of error stator current d component
* d-axis and g-axis error of stator current calculation in rotor flux flame
* (alfa,beta) -> (d,q) axis transformation

* Serid = Serialfa * cos(theta) + Seribeta * sin{theta)

* Serig =-Serialfa * sin(theta) + Seribeta * cos(theta) * S notation is sign

FRRARARE AR RRE AR RI R AR RRAARRRARARRRARARAAARAN

Idp #gsign  ; out put iSqr iSdrare 1.15 format
lacc #0

It gsigh ;TREGO=ibeta

Idp #sin_fluxR

mpy sin_fluxR ;PREG=ibeta*sin({theta)

Idp #dsign

Ita dsignh ;ACC+=PREG ; TREGO=ialfa

Idp #cos_fluxR

mpy cos fluxR ;PREG=ialfa*cos(theta)
mpya sin_fluxR ;ACC+=PREG ; PREG=ialfa*sin{theta)
Idp #eiSdr

sach eiSdr1 ; value ofstator current in rotor flux d component
lacc  #0 JACC=0

It dsigh ;TREGO=ibeta

Idp #cos_fluxR

mpys cos fluxR ;ACC-=(PREG=ialfa*sin(theta))

apac ;ACC+=PREG

Idp #eiSqr

sach eiSqr,1 ; value of stator current error in rotor flux g component

B e e e

* corection term Real{(K2d+j*K2q)(iSdr+j*iSgr)} = -K2d*iSdr-K2g*iSqr *****

B e e e e et e

lacc  #0

It eiSqr; Q12

mpy K2g ; Q15 ACC =0 ,PREG = K2q9"iSqr 5.27

Its eiSdr ; Q12 ACC = -K2¢*iSqr ,TREG = iSdr 1.15

mpy K2d Q15 PREG = K2d*iSdr 5.27
spac . 527
Idp #Kr

sach Kr4;4.12 corrective term of an rotorflux magnitude

R e e e e

et now calculate flux rotor magnitude ******rer*
et wRdr(k+1) = wRdr{k)+Ts*(-KR 11*wSdr+KR 12*wRdr(k)+Kr)

lacc #0
Idp  #FluxRdr
It FluxRdr
mpy KR12
Its FluxSdr ilts
mpy KR11 ; Kr11 constant
apac
dp  #temp
sach temp,1
lacc Kr
add temp
sacl temp s temp= -KR11*w3dr+KR12*wRdr(k)+Kr
It temp 412
mpy T_sampling ;1.15
pac
sach temp,1 412
lacc temp
add FluxRdr ; add wRdr(k)
sacl FluxRdr ; store for next itteration
sacl temp
lacc  temp
. abs
sacl temp
* lacc  FluxSdr
i add temp
* sacl temp
Rt update rotor flux DQ frame ™+
It temp
mpy cos_fluxR
pac 1 4.12
sach FluxRD.,4 ; new value
It temp
mpy sin_fluxR
pac
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sach FluxRQ,4 . hew value

AERRE AR AR R R RRR AR R R KRR RR AR AR RN R AR AR R AR R AR R R AR AR AR R R AR RARNEAR RS
T update calculate iISDQ estimate M
rrawwst iSDes = (Lr*FluxSD-Lm*FIuxRD)/Lg2 ***wiesss*
lacc  #0

It FluxRD ; load iSD to TREG

mpy LmL2qg ; how PREG = FIuxRD*Lm/Lg2 5.27
Its FluxSD ; Acc = -iSD*Lg2/Lm ,TREG = fluxSD
mpy LrL2q ; PREG = fluxSD*Lr/Lm 5.27

apac ; add preg and store in acc

sach ialfae,4 ;* new value of estimate current 1.15

et (8Qes = (LrrFluxSQLm*FIuxRQ)/Lgz *rerewrwsss
lacc #0

It FluxRQ ; load iSD to TREG

mpy LmL2qg ; how PREG = iSD*Lm/Lqg2

Its Flux8Q ; Acc = -i8D*Lg2/Lm ,TREG = flux8Q
mpy LrL2q ; PREG = fluxSD*Lr/Lm 5.27
apac , add preg and store in acc

sach ibetae,4 ;** new value of estimate current 1.15

B e s e

rrmmsbsnerar calculate electrical torque PER UNIT ###+eea

h Te per unit = fluxSD*iSQ - fluxSQ*iSD
Te_cal
ldp #FluxSQ »1.15
lacc #0
It FluxSQ
mpy jialfa ; PREG = wSQ"iSD,ACC =0 2.30
Its FluxSD ; ACC -=w8Q*isD ,TREG = wSD
mpy ibeta ;
apac
sach Te/4

sach tmp,4
lacc #0
It tmp

mpy #0F3Ch
Ita Te
mpy #0C3h
apac
sach Te4

HERERARRARRREEARR AR AR AR R RRE AR RAR AR AR AR RARRRE NI R A RN ARR RN

rrrersert OPEN-LOOP speed estimator **
YW = FluxR_speed - Wslip "t

R e e Rt e et ]

. lace #0
o ldp #FluxRD_old
A FluxRD_old
. ldp #FIuxRQ
mpy FluxRQ
; ldp #FluxRQ_old
o lta FluxRQ old
. ldp #FluxRD
. mpy  FluxRD
, spac
It tmp2
mpy #2037
pac
;orpt #5
oosfr
. sacl FluxR_speed
ldp #FluxRdr
lacc  FluxRdr
abs
sacl temp
sub #0400h
bend  low LT
b good
loww
lacc  #0400h
sacl temp
good
sgra temp
pac
sach temp4 ;[fluxR|*2 Q12
Idp #Te
It Te Q12
mpy Kslip Q15
pac

sach tmp,1 Q12
. lacc FluxR_speed
. sub tmp
. sacl  tmp
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lacc tmp,12
bend neg slip, LT

rpt #15
subc temp Te*Kslip/|fluxR|*2
b result
neg_slip
neg
rpt #15
subc temp
sacl tmp
lacc tmp
neg
result sacl W_slip ;FluxR_speed
; It FluxR_speed#07FBEh ;K3_se
mpy #07FBEh
pac
It temp ;K4 _se
? mpy #041h
; apac

sach FluxR_speed,1

Idp #FIUxRD
lacc  FluxRD
Idp #FluxRD_old
sacl FluxRD_old
Idp #FIuxRQ
lacc  FluxRQ
Idp #FluxRQ_old
sacl FluxRQ _old
Idp #speed_es

lacc speed_es
sacl speed es old
AEAKEREEKER S module flnd rotor ﬂux Speed AEEAEARARARNRER S

. Differentiator
; Check theta_r_se is within the differentiable range (min_theta,max_theta)
LACC max_theta
SUB theta_fluxR
BCNDLESS_MAXr,GT
theta_r_se
B SKIP_DIFFr
LESS MAXr
LACC min_theta

; Branch to LESS_MAX if max_theta >

SUB theta_fluxR
BCND MORE_MINr,LT ; Branch to MORE_MIN if min_theta < theta_r_se
B SKIP_DIFFr
MORE_MINr
; Differentiating the rotor flux angle
; if min_theta < theta_r_se < max_theta

LT K2_se ; TREG = K2 (QB)
MPY theta_fluxR ; PREG = K2*theta_r(k) (Q21)
PAC s ACC = K2%heta_r(k) (Q21)
MPY theta_fluxR_old ; PREG = K2*%heta_r(k-1) (Q21)
SPAC ; ACC = K2*theta_r(k)-K2*theta_r{k-1) (Q21)
SFL ; ACC = K2%theta_r(k)-K2*theta_r{k-1) (Q22)
SFL ; ACC = K2*theta_r(k)-K2*theta_r{k-1) (Q23)
SFL s ACC = K2*theta_r(k)-K2*theta_r{k-1) (Q24)
SACH tmp,7 tmp1_se = K2*theta_r(k)-K2*theta_r{k-1) (Q15)

; Low-pass filter
LT K3_se  TREG=K3 (Q15)
MPY FluxR_speed ; PREG = K3*w_psi_r(k-1) (Q30)
PAC ;ACC = K3*w_psi_r(k-1) (Q30)
LT K4_se ; TREG = K4 (Q15)
MPY tmp ; PREG = K4*tmp1_se (Q30)
APAC ; ACC = K3*w_psi_r(k-1)+K4*tmp1_se (Q30)
SACH FluxR_speed,1 cw_psi_r(k) = K3*w_psi_r(k-1)+K4*tmp1_se
(Q15)
SKIP_DIFFr

;. Update the rotor flux angle
LACC theta_fluxR ; ACC =theta_r_se (Q15)
SACL theta_fluxR_old ; theta_r old = theta_r_se  (Q15)
lacc  FluxR_speed
; sacl  speed es
FEEEEEEY module to eliminate over acceration or noise in speed
. lacc  speed es

; sub speed_es old

. sacl  temp

o lacc temp

. abs

. sub #800h ; condition to prevent over acceration of
fluxs

; bend  sat_speed,GT

. b speed_ok
sat_speed

lacc speed es old
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speed ok
Idp

It

Idp

mpy

pac

Idp

sacl speed_es

#speed_es

speed_es

#speed_scale

speed_scale ;Q15 constant for change to rpm

#n_es

sach n_es,4; speed estimate in rpm

FRRAR AR AR RRERRR KNI R AR ARRARRRERARRRAR AR RARAHRE

HERERRRRIRRRRRRNE otator Flux magnitude FEARRRHHEE

Idp

i:quS_magnitude

#FluxS_mag
lacc FluxS_mag
sacl FluxS_mag old

mar *ar0
lar ar0 #temp
: mpy #0
; zac
; spm 2
: sqra  FluxSD
: sgra  FluxSQ
. apac
sach * ; temp store FluxSD"2+FluxSQ"2
. sach tmp
% sach FluxS_mag
; clrc  sxm
lacc *+ Jlace Vr, X(0)
sfr ;Initial approximate root = N/2
; sacl ™+ H{ARD+1) = X{(0)/2
; splk  #10,* ;(ARO+2) = 10 (iterations for square root)
fluxSsqrt: XN =0.5"*{ X(n-1)+ NX(n-1) )

sbrk #2

lacc *+

et #15

subc *

and #OFFFFh

add *

sfr

sacl ™+

lacc * :Repeat until iterations completed:
sub  #1

. lacc
. sub
. sacl
. lacc
abs
sub
bcnd
. b
sat_fluxS

98

*

sacl
bcnd  fluxSsqrt NEQ
mar *- ;Restore AR5 & put result in acclow:
lace *
mar *-
setc  sxm
spm O
ldp #FluxS_mag
sacl FluxS_mag,6 ;result
FluxS_mag
FluxS_mag_old
temp
temp
#80h ; condition to prevent over acceration of fluxS
sat_fluxS,GT
fluxS_ok
lacc  FluxS_mag_old
sacl FluxS_mag

%quS ok

R e L R e

HERERAREARRREEARRRAR AR RARRRE AR NARARRE

* END Sine and cosine wave calculation from theta values using sine look-

up table

*

*
*

*

ldp
lacl

sub
bcnd
b

#count
count

#20h
update, EQ
no_update

HERERARRARRREEARRRAR AR RARRRE AR NAR AR AR NARRRER

* alfa-axis and beta-axis voltages calculation
*Vbetar = Voltmod * sin(theta)
*Valfar = Voltmod * cos(theta)

HERARAREARRREEARR KA AR AARRRE AR NAR AR RA AR R

no_update

lacc
It

mpy

mpya coseho

#0
Voltmodu ;TREGO=Voltmod
seno1 ;PREG=Voltmod®*sin(theta)
;acc+=PREG PREG=Voltmod*cos(theta)



sach Vbetar 4

pac JACC=PREG
sach Valfar4
*** END alfa-axis and beta-axis voltages calculation
ldp #FluxS_mag
lacc FluxS_mag
sub #0600h

bend  lowFluxS,LT
AEARAEAEEKER AR module to flnd Stator quX angle AEEAAKN AR AR ARR
. Compute the theta_flux
; Check |FluxSQJ/|FluxSD|=1 ?

Idp #FluxSD

LACC FluxSD : ACC = fluxrd

ABS ; ACC = |flux|

SACL tmp1 ; tmp1 = [wRD|

LACC FluxsQ ; ACC = sine

ABS ; ACC = |sine|

SACL tmp ; tmp = |fluxrQ]|

SUB tmp1 ; ACC =tmp - tmp1

BCNDLARGE_Tans,GT ; Branchto LARGE_Tan if tmp = tmp1
BCNDEQ_TanEQ ; Branch to EQ_Tan if tmp = tmp1
BCNDEQ_Tans,EQ

; Here, |sing|/|cosine| is less than 1.

SMALL_Tans

LACC tmp,12 . ACC = tmp left shifted by 12 (tangent=Q12)
RPT #15 : Repeat SUBC 16 times

SUBC tmp1 ; Dividing tmpAmp-1

SACL tangent ; tangent =tmp/tmp1 (Q12)

. Looking at the table for arctan(|sine|/|cosine|) directly

LACC tangent,12 ; ACC = tangent/128 (2°12/2"4 = 28 = 256)
SACH tmp2 ; ptr_fte = tangent/128

LACC #ATANTAB_45

ADD tmp2

TBLR theta_fluxS ; theta_re = arctan(tmp/tmp1) in Q12

B DIV_Tan_ENDs

; Here, |sine|/|cosine| is greater than 1,

, 80 |cosine)/[sine| < 1 is computed instead.

LARGE_Tans

LACC tmp1,12 ; ACC =tmp1 left shifted by 12(tangent=Q12)
RPT #15 : Repeat SUBC 16 times

SUBC tmp ; Dividing tmp1Amp

SACL tangent ; tangent = tmpi/tmp  (Q12)

. Looking at the table for arctan(|cosine|/|sine|)
LACC tangent,12 ; ACC =tangent/128 (2115/2"4 = 28 = 256)

SACH tmp2 ;atan_ptr = tangent/128
LACC #ATANTAB_45
ADD tmp2

TBLR theta_fluxS ;theta_re = arctan(tmp1Amp) in Q12

LACC #1024 ; ACC = 8192 (Q15),1024 (Q12) = 90 deg
SUB theta_fluxS ; ACC = 90 - arctan{tmp1/tmp) (Q12)
SACL theta_fluxS ;theta_re = arctan(tmp/tmp1) (Q12)

B DIV_Tan_ENDs

; Here, |sine|/|cosine| is equal to 1,

. i.e., [sine| = |cosine|

EQ Tans
SPLK #512theta_fluxS ; theta_re = 45 (Q12)
DIV_Tan_ENDs
. Determine the quadrant by looking at signs of cosine and sine
LACC FluxSD , ACC = cosine

z NEG
BCND NEG_Ds, LT ; Branch to NEG_D
POS_Ds; if cosine < 0 POS_D
LACC Flux8Q ;ACC =sine

; NEG

BCNDPOS_D_NEG_Qs, LT ; Branch to POS_D_NEG_Q
POS_D_POS_Qs;if sine < 0 POS_D_FOS_Q
; Do nothing here

B QUADRANT _Tans_END
POS_D_NEG_Qs
LAGC #4095 - ACC = 4095 = 360 deg

SUB theta_fluxS ; ACC = 360 - theta_re (Q12)
SACL theta_fluxS ; theta_re = 360 - theta_re (Q12)
B QUADRANT_Tans_END
NEG_Ds
LACC FluxsQ ; ACC = sine
; NEG

BCNDNEG_D_NEG_Qs, LT
NEG_D_POS Qs

; Branch to NEG_D_NEG_Q if sine < 0

LACC #2048 ; ACC = 2048 = 180 deg

suB theta_fluxS ; ACC = 180 - theta_re (Q12)
SACL theta_fluxS ,theta_re = 180 - theta_re (Q12)

B QUADRANT_Tans_END

NEG_D_NEG_Qs

LACC #2048 ; ACC = 2048 = 180 deg

L8



ADD theta_fluxS
SACL theta_fluxS
QUADRANT _Tans_END
Idp #FluxS_speed
lacc  FluxS_speed
sacl FluxS_speed old
; Differentiator

; Check theta_r_se is within the differentiable range (min_theta,max_theta)
LACC max_theta
SUB theta_fluxS
BCNDLESS_MAXs,GT
theta_r_se
B SKIP_DIFFs
LESS _MAXs
LACC min_theta
SUB theta_fluxS
BCNDMORE_MINs,LT ; Branch to MORE_MIN if min_theta <
theta_r_se
B SKIP_DIFFs
MORE_MINs

; Differentiating the rotor flux angle

; If min_theta < theta_r_se < max_theta

; ACC = 180 + theta_re (Q12)
; theta_re = 180 + theta_re

; Branch to LESS_MAX if max_theta =

LT K2_se ; TREG = K2 (QB)
MPY theta_fluxS ; PREG = K2*theta_r(k) (Q21)
PAC ;ACC = K2*theta_r(k)  (Q21)
MPY theta_fluxS_old ; PREG = K2*theta_r(k-1) (Q21)
SPAC s ACC = K2*'theta_r(k)-K2*theta_r(k-1)
(Q21)
SFL ; ACC = K2%theta_r(k)-K2*theta_r(k-1) (Q22)
SFL ; ACC = K2'theta_r(k)-K2*theta_r(k-1) (Q23)
SFL ; ACC = K2*theta_r(k)-K2*theta_r(k-1) (Q24)
SACH tmp,7 s tmp1_se = K2*theta r(k)-KZ*theta r(k-1) (Q15)

; Low-pass filter
LT K3_se ; TREG = K3 (Q15)
MPY FluxS_speed ; PREG = K3"w_psi_r(k-1) (Q30)
PAC i ACC = K3*w_psi_r(k-1) (Q30)
LT K4_se ; TREG = K4 (Q15)
MPY tmp ; PREG = K4*tmp1_se (Q30)
APAC . ACC = K3*w_psi_r(k-1)+K4*tmp1_se (Q30)
SACH FluxS_speed, 1 cwpsi_r(k) = K3*w_psi_r(k-1)+K4*tmp1_se
(Q15)
SKIP_DIFFs

lacc tmp

sub W_slip

sacl tmp

LT K3_se ; TREG =K3 (Q15)
MPY speed_es . PREG = K3*w_psi_r{k-1) (Q30)
PAC s ACC = K3*w_psi_r(k-1) (Q30)
LT K4_se ; TREG = K4 (Q15)
MPY tmp ; PREG = K4*tmp1_se (Q30)

APAC s ACC = K3*w_psi_r(k-1)+K4*tmp1_se (Q30)
SACH speed_es,1

; Update the rotor flux angle

Idp #theta_fluxS

LACC theta_fluxS ; ACC =theta_r_se (Q15)

SACL theta_fluxS_old ;theta_r_old =theta_r se (Q15)
lacc FluxS_speed

sub FluxS_speed_old

sacl temp

lacc temp

abs

sub #150h . condition to prevent over acceration of fluxS
bend sat fluxS speed, GT

b fluxS_speed_ok

sat_fluxS_speed

lacc FluxS_speed_old
sacl FluxS_speed
fluxS_speed_ok

b theta_ok
lowFluxS
ldp #theta_fluxS

lacc theta_fluxS
sacl theta_fluxS_old

add #01h

and #OFFFh

* sacl #04h

sacl theta_fluxS

theta_ok

FrERRERESESY now We use angle to tranform any variable to fluxR axis **
ldp #theta fluxS

lacc theta_fluxS

rpt #3

sfr

and #0ffh ;now ACC contains the pointer to access the table
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sacl indice1

add #sintab

sacl tmp

lar arb.tmp

nop

nop

mar *arb

lacl *

nop

sacl sin_fluxS ;how we have sine value

lacl  indice1 ;the same thing for cosine ... cos(theta) =
:sin(theta+90°)

add #040h ;90 degrees = 40h elements of the table
and #0Offh ;

sacl indice1 :we use the same pointer (we don't care)
add #sintab :

sacl tmp

lar arb.tmp

lacc *

sacl cos_fluxS ;now we have cosine value

. d-axis and ¢axis stator flux calculation in rotor flux flame

* (alfa,beta) -> (d,q) axis transformation

* FluxSdr = FluxSD * cos(thetafluxR) + FluxSQ * sin(thetaflux_R)
* FluxSqgr =-FluxSD * sin(thetafluxR) + FluxSQ * cos(thetaflux_R)

FRRARARE AR RRR AR NI R AR RRAARRRARARARAR A

Idp #FluxSQ

lacc #0

It FluxSQ ;TREGO=ibeta

mpy  sin_fluxs ;PREG=ibeta*sin(theta)

Ita FluxSD ;ACC+=PREG ; TREGO=ialfa
mpy cos fluxS ;PREG=ialfa*cos(theta)

apac ;ACC+=PREG

sach FluxS_mag,4 ; value of stator current in rotor flux g component

FRRAR AR AR RRR AR RAAARARARRRRRRARARAR AR RARRRARAR R

e e e

#easrdrrk cave to data external Frrrrrreees

Idp #count

lacc count ;loop control save
sub #1

sacl count

bcnd not GT

Idp

mar
sar
lacc
bcnd
ldp
lacl
Idp
sacl
lacl
sub
sacl
lar
ldp
lacl
Idp
sacl
lacl
sub
sacl
lar

Idp
lacl
Idp
sacl
lacl
sub
sacl
lar

ldp
lacl
ldp
sacl
sar
lacl
add
sacl
lar

#mp
splk  #0400h,Vqgr
*ar7 address e000h-fffth

ar7.tmp

tmp

nosave, gt

#n

n
#mp

* . 0e000h-Offffh

tmp ;subtract ar with 2000h
#2000h

tmp
ar7.tmp

#n_es

n_es
#mp

* ;. 0D0O00Oh-0ODfffh

tmp :subtract ar with 2000h
#2000h

tmp
ar7.,tmp
mar *.ar7 address cO00h-cfffh
#ialfa

ialfa
#mp

tmp :subtract ar with 2000h
#2000h

tmp
ar7.tmp
mar *ard address a000h-bfffh
mar *ar2 address 8000h-9fffh
#ibeta

ibeta
#mp

*+
ar? tmp

tmp ;add ar with 6000h
#6000h

tmp
ar7.tmp
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lacl  #2

Idp #count
sacl count

nosave

not

EERETEEEAEE AR EEE R AT AR ERE AR R RERRANER

* Phase 1(=a) 2(=b) 3(=c) Voltage calculation
* (alfa,beta) -> (a,b,c) axis transformation

* modified exchanging alfa axis with beta axis
* for a correct sector calculation in SVPWM
*Va = vBbe_ref

*Vb = (-vSbe_ref + sqri(3) * v3al_ref) / 2
*Vce = (-vSbe_ref- sqrt(3) * vSal_ref) / 2

FRRARARE AR RREARRRA R AR ARAARRRRRARRRARARARARRRER

Idp #Valfar

It Valfar ;TREGO=vSal_ref

mpy SQRT32 ;PREG=vSal_ref"(SQRT(3)/2)
pac ;ACC=PREG

sub  Vbetar,11 ;ACC-=v3be_ref*2/11
sach Vb4

pac ;ACC=PREG

neg JACC=-ACC

sub  Vbetar,11 ;ACC-=vSbe_ref*2/11
sach Vc,4

lacl  Vbetar ;ACC=vSbe_ref

sacl Va Va=ACCL

* SPACE VECTOR Pulse Width Modulation
* (see SVPWM references)

FERAREREREE AR TR RIT AR RRE IR EERTRR TR S

It VDCinvT

mpy SQRT32

pac

sach tmp,4

It tmp

mpy Vbetar

pac

sach X.,4

lacc X ;ACC = vSbe_ref*K1
sach acch

sacl acch+1 ACCB =vSbe_ref*K1
sacl X,1 ;X=2*vSbe_ref*K1

It VDCinvT

splk  #1800h.tmp

mpy tmp ;implement mpy #01800h
pac

sach tmp,4

It tmp

mpy Valfar

pac

sach tmp,4

lacc tmp ;reload ACC with vSal_ref*K2
add acch+1

add acch,16
sacl Y Y =K1*vSbe_ref + K2 *vSal_ref
sub  tmp,1

sacl Z,Z=K1*vSbe_ref - K2 *v3al_ref
*** 60 degrees sector determination

lacl  #0

sacl sector

lacc Va

bchd Va_neg,LEQ ;If Va<0 do nhot set bit 1 of sector
lacc sector

or #1

sacl sector ;implement opl #1,sector

Va_neg lacc Vb

bcnd Vb _neg, LEQ ;If Vb<0 do not set bit 2 of sector
lacc  sector

or #2

sacl sector ;implement opl #2,sector

Vb _neg lacc Vc

bend Ve _neg,LEQ ;If Vc<0 do not set bit 3 of sector

lacc  sector

or #4

sacl sector ;implement opl #4,sector
V¢_heg

*** END 60 degrees sector determination

** T1 and T2 (= t1 and £2) calculation depending on the sector number
lacl  sector ;(see SPACE VECTOR Modulation references for ;details)
sub  #1

bcnd no1,NEQ

lacc Z
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sacl
lacc
sacl
b
no1
lacl
sub
bcnd
lacc
sacl
lacc
neg
sacl
b
no2
lacl
sub
bend
lacc
neg
sacl
lacc
sacl
b
no3
lacl
sub
bend
lacc
neg
sacl
lacc
sacl
b
no4
lacl
sub
bend
lacc
sacl
lacc
neg

1
Y
t2
t1t2out

sector

#2
no2,NEQ
Y

1

X

t2
t1t2out

sector

#3
no3,NEQ
Z

1
X
t2
t1t2out

sector

#4
no4,NEQ
X

1
Z
2
t1t2out

sector
#5
no5,NEQ
X

t1

Y

sacl t2

b t1t2out
no5

lacc Y

neg

sacl t1

lacce Z

neg

sacl t2

t1t20ut

lacc 11 ;t1 and 2 minumum values must be Tonmax
sub  #Tonmax

bend t1_ok,GEQ ;if t1=Tonmax then t1_ok

lacl  #Tonmax

sacl t1
t1_ok
lacc 12

sub  #Tonmax

bchd t2_ok,GEQ ;if 2=Tonmax then t2_ok

lacl  #Tonmax

sacl t2

2 ok

* END t1 and t2 calculation

lacc t1;if t1+2>2*Tonmax we have to saturate t1 and t2
add {2

sacl tmp;

sub  #MAXDUTY ;

bend  nosaturation, LT EQ

**11 and {2 saturation

lacc  #MAXDUTY,15 ;divide MAXDUTY by (t1+t2)
rpt #15;

subc tmp;

sacl tmp;

It tmp ;calculate saturate values of t1 and t2
mpy 1 ;t1 (saturated)=t1*(MAXDUTYAt1+2))
pac ;

sach t1,1;

mpy 12 12 (saturated)=t2*(MAXDUTY/t1+12))
pac ;

sach 12,1

*** END t1 and t2 saturation

nosaturation

16



*LOOF
*E deflnd t1 & t2 HAEEAE KL
**11 + 12 must < PWMPRD(258h)

F % * % % % * %

L B N S

ldp #4

lacc tmp_sv

add #1

sacl tmp sv

sub #PWMPRD
bend tmp_sv_ok,LT
splk  #0tmp_sv

tmp_sv_ok

lacc tmp_sv
sacl t1

lacc #PWMPRD
sub 11
sub #20
sacl t2

splk  #50h,t1
splk  #80h,t2

*** taon,tbon and tcon calculation

lacc
tcon
sub
sub
sfr
sacl
add
sacl
add
sacl

#PWMPRD ;calculate the commutation instants taon, :thon and

t1 ;of the 3 PWM channels
t2 ;taon=(PWMPRD-t1-2)/2

taon ;
11 ;thon=taon+t1
thon ;
12 ;tcon=tbon+{2
tcon ;

*** END taon,tbon and tcon calculation
*** sector switching

lacl
sub
bend

bldd
bldd
bldd
b

sector ;depending on the sector number we have
#1 ;to switch the calculated taon, thon and tcon
nosect1,NEQ ;to the correct PWM channel
:(see SPACE VECTOR Modulation references for , details)
thon #CMPR1 ;sector 1
taon #CMPR2
tcon #CMPR3
dacout

nosect1

lacl

sector

sub
bcnd
bldd
bldd
bldd
b

#2
nosect2 NEQ
taon #CMPR1 ;sector 2
tcon #CMPR2 ;
thon #CMPR3 ;
dacout

nosect2

lacl
sub
bcnd
bldd
bldd
bldd
b

sector
#3
nosect3 NEQ
taon #CMPR1 ;sector 3
tbon #CMPR2 ;
tcon, #CMPR3 ;
dacout

nosect3

lacl
sub
bend
bldd
bldd
bldd
b

sector
#4
nosectd NEQ
tcon, #CMPR1 ;sector 4
thon #CMPR2 ;
taon #CMPR3 ;
dacout

nosect4

lacl
sub
bcnd
bldd
bldd
bldd
b

sector
#5
nosecth NEQ
tcon #CMPR1 ;sector 5
taon #CMFR2 ;
thon #CMPRS3 ;
dacout

nosectb

bldd
bldd
bldd

thon #CMPR1 ;sector 6
tcon #CMPR2 ;
taon #CMPR3 ;

*** END sector switching

** END * SPACE VECTOR Pulse Width Modulation

dacout
** END DAC out channel 'dat’

b

ContextRestoreReturn
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