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CHUONG 1:GIOI THIEU VE PONG CO KPB VA PHUONG PHAP PIEU KHIEN

, ‘ CHUONG 1: o ,
GIOI THIEU VE DPONG CO KDB VA PHUONG PHAP DIEU KHIEN

1.1> TONG QUAN VE BPONG CO DONG BO:
1.1.1) Gi®i thiéu:

Bong co dién khong ddng bo ba pha (AC Induction Motor) dugc sir dung
rat phd bién ngay nay véi vai trd cung cp strc kéo trong hau hét cac hé thong
may cong nghiép. Céng suét clia cac déng co khong dong bo co6 thé dat dén
500 kW (two’ng ducrng 670 hp) va duwoc thlet ké tuan theo quy chuén cu thé
nén cé thé thay ddi d& dang cac nha cung cép.

1.1.2) Cau tao:

Hinh 1.1: CAu tao bén trong déng co KDB

1.1.2a) Phan tinh: Stato cé ciu tao gdm vé may, 16i s&t va day quan

+ Vo may:
V6 may c6 tac dung cb dinh 16i sat va day quan khéng dung dé lam mach dan
ttr. Thwong vo may duoc lam bang gang. Déi v&i may c6 cong suéat twong dbi

I&n ( 1000kW ) thwérng duing thép tAm han lai 1am thanh vé may. Tuy theo cach
lam ngudi may ma dang vo cling khac nhau.

+ |6i sét:
L6i st la phan dan tv. Vi tir treong di qua I6i st 1a tiv treong quay nén dé
giam ton hao: 16i sat dwgc lam bang nhirng la thép ky thuat dién ép lai.

+ Day quén:
Day quan stator dwoc dat vao cac ranh cula 16i sat va dwoc cach dién tot véi
16i sat.
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1.1.2b) Phan quay ( roto):

Rotor ¢6 2 loai chinh : rotor kiéu day quén va rotor kiéu ldng séc.

+ rotor kiéu day quén:

Roto cé day quan gidbng nhw day quén cla stator. Day quan 3 pha cla réto
thwong d4u hinh sao con ba dau kia duwgc ndi vao vanh trwot thwong lam
bang ddng dat cd dinh & mét dau truc va théng qua chéi than c6 thé diu véi
mach dién bén ngoai. Pac diém la c6 thé thdong qua chdi than dua dién trd
phu hay suét dién ddong phu vao mach dién réto dé cai thién tinh nang mé
may, diéu chinh té¢c d6 hodc cai thién hé sb céng suat clia may. Khi may lam
viéc binh thwong day quén rotor dwoc ndi ngdn mach. Nhuwoc diém so voi
dong co rotor 1dng séc 1a gia thanh cao, khé sir dung & méi trwdng khac
nghiét, d& chay nb ...

+ rotor kiéu ldng séc:
Két cAu loai day quan nay rat khac véi day quén stator. Trong médi ranh cla 16i
sat rotor dat vao thanh dan bang déng hay nhém dai ra khai 16i sat va duoc
ndi tat lai & hai dau bang hai vanh ngadn mach bang déng hay nhém lam thanh
mot cai 1bng ma ngwdi ta quen goi la 1éng séc

1.12c) Khe hé khéng khi:

Vi rotor 1a mot khoi tron nén khe hé déu. Khe hé trong may dién khong dong
b rat nhg3 de han c;hé dong dién tlr hoa lay t lwéi va nhw vay mai cé thé lam
cho hé s6 cong suat clda may cao hon.

1.1.3) 'ng dung:

May dién khong dong bo la loai may dién xoay chiéu chli yéu dung lam dong co
dién( dac biét la loai rotor Iong soc) ¢ nhiéu wu diém hon so véi dong co DC. Do két
cau don gian, lam viéc chac chan, hiéu suét cao, gia thanh ha nén dong co khong
ddng bd la loai may dwoc dung réng rai trong cdng nghiép, néng nghiép , doi séng
hang ngay.

Trong céng nghiép, dong co khéng déng bd thuwerng dwoc dung lam ngudn
dong lwc cho cac may can thép loai vira va nhd, cho cac may céng cu & cac nha
may céng nghiép nhe . . .

_ Trong ndng nghiép, dwgc dung lam may bom hay may gia cong ndng san
pham. ...

Trong d&i sdng hang ngay, déng co khéng déng bd ngay cang chiém moét vj tri

quan trong v&i nhiéu (rng dung nhu: quat gié, ddng co trong td lanh, may quay dia,. .

Tom lai, cung véi s phét trién cla nén san xuat dién khi hoa va tw dong hoa, pham
vi r'ng dung cua déng co khdng dong bé ngay cang rong rai.
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1.2> CAC PHUONG PHAP PIEU KHIEN PONG CO KDB:

So v&i may dién DC, viéc diéu khién may dién xoay chiéu gap rat nhiéu khé khan bai
vi cac théng sbd clia may dién xoay chiéu la cac thong sb bién ddi theo thdi gian,
cling nhw ban chét phirc tap vé mét ciu tric may cla dong co dién xoay chiéu so
vé&i may dién mot chiéu.

Céc phwong phap diéu khién phd bién:
« Diéu khién dién ap stator

o Diéu khién dién tré réto

o Diéu khién tan sb

« Diéu khién cong suét trwot roto
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, ~ CHUONG2: ,
GIOI THIEU VE BIEN TAN NGUON AP PIEU KHIEN V/f=const

2.1> BIEN TAN NGUON AP:

Puoc st dung hau hét trong cac_ bién tan hién nay. Téc do cua dong co khong
dong b ti 1é truc tiép v&i tAn sd ngudn cung cap Do d6, néu thay doi tan sb cla
nguon cung cap cho déng co thi cling sé thay dbi dwoc téc dd ddng bo, va twong
&ng la tbc d6 clta dong co.

Tuy nhién, néu chi thay déi tan s ma van gitr nguyén bién d6 ngudn ap cép
cho ddng co’ sé& lam cho mach tlr ciia déng co’ bi bao hoa. Diéu nay dan dén dong tir
héa tdng, méo dang dién ap va dong dién cung cip cho dong co gay ra tdn hao i
ttr, tdn hao ddéng trong day quén Stator. Ngwoc lai, néu tir théng gidm dwéi dinh mae
sé lam giam moment cua dong co.

Vi vay, khi glam tan s6 ngudn cung cap cho déng co nhd hon tan sb dinh mirc
thudng di d6i voi giam dién ap cung cap cho dong co. Va khi dong co hoat dong voi
tan sd dinh mirc thi dién ap dong co dwoc gilr khéng ddi va bang dinh mtre do glm
han ctia cach dién cta Stator cling nhw cta dién ap ngudn cung cip, moment cla
dong co sé bi giam.

2.2> PHUONG PHAP PIEU KHIEN V/f:

2.2.1) Phwong phap E/f
Ta c6 céng thirc sau:
f
a- a (2.1)
+ V&i f: tAn sb hoat dong clia dong co,
+ fqm: tAn sb dinh mdrc clia dong co.

Gia sl dong co hoat dong dwdi tan sb dinh mre (a<1). Ty théng ddng co duoc gily
& gia tri khéng ddi. Do tir thédng clia déng co phu thudc vao dong tir hda cla déng
co, nén tlr théng duoc gitr khdng déi khi dong to» héa dwoc gitr khdng déi tai moi
diém lam viéc cta dong co.

Ta c6 phwong trinh tinh dong tir hoa tai diém lam viéc dinh mirc nhw sau:

_EBom 1
m =, 2l (2:2)
+ V0&i Ly la dién cdm mach tir hda
Tai tan sb lam viéc f:
E 1 (2.3)

I, = :
™ afsm 21l
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T 2 phwong trinh trén suy ra diéu kién dé& dong dién tlr héa khong dbi:

E=Edm:>E=Eﬂ:const

f fam (2.4)

Nhuw vay tlr théng déng co dwoc gitr khéng dbi khi ti 1& E/f dwoc gitk khong ddi
(E/f = const).

2.2.2) Phwong phap V/f

Tuy nhién trong thuc té, viéc gilr tir thdng khong dbi doi héi mach diéu khién rat
phtrc tap. Néu bo qua sut ap trén dién tré va dién khang tan mach stator, ta c6 thé
xem nhw U = E. Khi dé nguyén tac diéu khién E/f=const dwgc thay bang phwong
phap V/f=const.

Trong phuwong phap V/f=const (goi ngan la V/f), nhw @3 trinh bay & trén thi ti sb
V/f dwoce gilr khdng dbi va bang gia tri ti sb nay & dinh mie.

Ta c6 cong thirc moment dinh mirc (ng v&i so dé don gian cla déng co:

R.

Vc%m'i2
M = 3 . > S (2'5)
o .
® (Rl +R52] (x1 + xz)

Va moment cuc dai é ché do dinh murc:

2
Mmax = 2 3 . Vdm (26)
@ad Ry s RZ 4+ Xy + X,

Khi thay cac gia tri dinh mirc bang gia tri d6 nhan voi ti s6 a (awam, aVam, aX),
Ta cé dwgc cong thirc moment cia dong co & tan so f khac dinh mc:

2 R
3 Vdm
M=—. — d.5 i(a<)) (2.7)
a) '
“ (Rl+R2j +(X1+X )2
a as 2

Va moment cwc dai & tan sb f khac dinh muc:
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3 Vi,

- 2'(‘0db | 2
RliJ@j s

a

Moo la<l  (2.8)

Dwa theo cong thirc trén ta thay, cac gia tri X; va Xz’ phu thudc vao tan sb,
trong khi R lai 1a hang s6. Nhw vay, khi hoat dong & tan sb cao, gia tri (X1+X2)>>
Ri/a, sut ap trén Rq rat nhd nén gia tri E suy gidm rat it dan dén tir thdng duoc gilr
gan nhw khéng dbéi. Moment cuc dai ctia ddong co gan nhw khong dbi.

Tuy nhién, khi hoat dong & tan so thap thi gia tri dién tré Ri/a sé twong ddi Ion
so VvOi gia tri clia (X1+X2'), dan den sut ap nhieu & dién trd stator khi moment tai I&n.
Dieu nay lam cho E bj giam va dan dén suy giam tir théng va moment cyc dai.

Dé bu lai sy suy gidm tir thong & tan sb thdp. Ta sé cung cip thém cho déng
co mot dién ap U, dé cung cap cho dong co tir théng dinh murc khi f=0. T d6 ta co
quan hé nhu sau:

U=U.+K.f

V&i K 1a mot hang sb dwoc chon sao cho gia tri U cip cho dong co bang Ugn tai

f=fdm.

Khi a>1 (f>fam), Dién ap dworc gitr khong ddi va bang dinh mire. Khi d6 dong co
hoat dong & ché do suy giam tr thong.

A

\4

Hinh 2.1: d6 thj biéu dién mbi quan hé gitba moment va dién ap theo tan sb trong
phuwong phap diéu khién V/f=const.

2.3> PHWONG PHAP DIEU CHE SIN PWM:
2.3.1) Gi¢i thiéu:

Dé tao ra mot dién ap xoay chiéu bang phuong phap SIN PWM, ta st dung
mot tin hiéu xung tam giac tan sé cao dem so sanh véi mot dién ap sin chuén cé tan
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s6 f. Néu dem xung diéu khién nay cap cho mét bo bién tan mot pha thi d6 ngd ra sé
thu dwoc moét dang dién ap dang diéu réng xung co tan sb bang vé&i tan sé nguon sin
mau va bién do hai bac nhat phu thuéc vao nguon dién mot chiéu cung cép va fi so
glua bién do song sin mau va séng mang. Tan sb séng mang phai I&n hon tan sé
clia séng sin mau. Sau day 1a hinh v& miéu ta nguyén ly ctia phwong phap diéu réng

sin mét pha:
V42 J‘ l{
) }—ﬂ V. Pole voltage
V,/2 T ' T“
I""III:rl Vcor'.’:rol
AN NN/,
V V V V VYLV /=7 \
Vao(t)
Vy /2 . —_— P
|| t

Hinh 2.2: nguyén ly ctia phwong phap diéu rong SIN mét pha

Khi:

control tri

V. >V, thiV,, VZ (2.9)

control tri

V. <V, thiV,, VZC

Nhuw vay, dé tao ra ngudn dién 3 pha dang diéu rong xung, ta can c6 ngudn sin
3 pha mau va gian do kich déong ctia 3 pha sé dwoc biéu dién nhw hinh vé dudi day:
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’ 7]
e

.t
Hinh 2.3: nguyén ly ctia phwong phap dieu réng SIN 3 pha va dang séng dién ap ngd
ra

2.3.2) Cac céng thure tinh toan:

Ta can tinh dwoc bién d6 hai bac nhéat cia dién ap ngd ra tir ti s6 bién dd gitra
sdng mang va song tam giac

Ta c6 cong thirc sau tinh bién do cta hai bac nhéat:
U
U = ma. —2%
SIN(1) > (2.10)
Trong d6 ma la ti so gitra bién do song sin mau va bién d6 séng mang — con goi
la ti sO dieu bién.
U
ma =~ (2.11)
Ucarry
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2.3> PHUONG PHAP PIEU CHE VECTOR KHONG GIAN ( SVM)

2.3.1) gi®i thiéu chung:

Sau day |a so db nguyén ly cta bo bién tAn st dung 6 khoa transitor cong suét :

S S, S AC motor
a ol b ol col & :

L, : €,
| Va . T — Y E@
i b
b ey Vi TR ——ANy 3
1 L i @ n
- o Iy ’E:\
» i a Oj
Ic
2ol X boll K cof K}L
So S, S,

Hinh 2.4: So nguyén ly d& bd nghich lwu 3 pha

Boi v&i phwong phap diéu réng xung vector khong gian, bd nghich lvu dwoc
xem nhuw la mét khoi duy nhat v&i 8 trang thai déng ngat riéng biét ttr 0 dén 7.

Vo=[000] V,=[100]

T
T
T

V,=[110] V,=[010]

I

Vs=[00 1] H
P | T

T
T
T
T
_ T

Vy=[011]

T
T
T

Vs=[101] V,=[111]

AN e
T
R e
T
_ T

10
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Hinh 2.5: Trang thai dong ngat cac khoéa bén nghich luu

Bang tom tat :

Vector Trang thai cta cac Dién ap pha Dién ap day

dién khoa

ap Q1 Q3 Q5 Van Vbn Vcn Vab Vbc Vca
Vo0 0 0 0 0 0 0 0 0 0
V1 1 0 0 2/3 -1/3 -1/3 1 0 -1
V2 1 1 0 1/3 1/3 -2/3 0 1 -1
V3 0 1 0 -1/3 2/3 -1/3 -1 1 0
V4 0 1 1 -2/3 1/3 1/3 -1 0 1
V5 0 0 1 -1/3 -1/3 2/3 0 -1 1
V6 1 0 1 1/3 -2/3 1/3 1 -1 0
V7 1 1 1 0 0 0 0 0 0

Ghi chu: d6 Ion dién ap phai nhan véi VDC
2.3.2) S0’ d6 sap xép cac vector VO -> V7 trén truc Va; Vb; Ve

Dbi vé&i ngudn ap ba pha can bang, ta luén c6 phwong trinh sau:
u, (0)+u, () +u(1)=0 (2.12)

Va bét ky ba ham sé nao thda man phwong trinh trén déu co6 thé chuyén sang
hé toa dd 2 chiéu vudng goc. Ta cé thé biéu dién phwong trinh trén dwéi dang 3
vector gébm: [ua 0 O]T tring v&i truc x, vector [0 ub O]T lIéch mét goc 1200 va vector [0
0 uc]T Iéch mdt goc 2400 so v&i truc x nhw hinh sau day.
bjlm

Up

u(t)

wt Re

U
Hinh 2.6: Biéu dién vector khdng gian trong hé toa dd x-y

11
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T d6 ta xay dwng dwgc phwong trinh cta vector khéng gian trong hé toa do
phc nhw sau

j@I3)x

2 .
u@®)=—\u +u,.e +u e /I
() 3( a b c )

(2.13)

+ Ta xét trevong hop bd nghich lwu & trang thai dau V1 :

+VDC/2 +VDC/2
| |
S1 s3 S5
1 a b c
S0 s2 s4
-VDC/2 -VDC/2
ZRa ZRo % Re

Hinh 2.7:;BC) nghicﬁ lwu & trang thai V1

Ta c6: Ra~Rb~xRc => Va= 2/3 Vdc ; Vb=Vc=-1/3 Vdc

Xét trén hé toa d0 o — B trong dd Vs =V1=K*(Va+Vb+Ve); K=2/31a hé sb
bién hinh

Hinh 2.8: Vector dién ap V1 trén toa d6 o - S

12



CHUONG 2:GIOI THIEU VE BIEN TAN NGUON AP DIEU KHIEN V/f=const

+ Twong tw nhw vay véi cac vector V2-> V6 , ta c6 gian do sau:

Hinh 2.9: Vector dién ap V1->V6 trén gidn dé6 o - S

+ Ngoai ra, chung ta con 2 trwedng hgp dac biét la vector VO =V7=0

Ll N

T b J— T b ——

— i a

V7 Vo

Hinh 2.10 : V7 & VO

2.3.2) Gi&i thiéu vector Vs :

Y twdng cla viéc diéu ché vector khong gian Ia tao nén sw dich chuyén lién tuc
cua vector khéng gian twong dwong cla vector dién ap bd nghich Iwu trén quy dao
dwong tron, twong tw nhw trwdng hop cla vector khdng gian cua dai lwong 3 pha
hinh sin tao duwoc. V&i sv dich chuyén clia déu dan cla vector khéng gian trén quy
dao tron cac séng hai bac cao dwogc loai bé va bién do ap ra tré nén tuyén tinh.
Vector twong dwong & day chinh la vector trung binh trong th&i gian mét chu ky lay
mau Ts cla qua trinh diéu khién bd nghich lwu ap

13



CHUONG 2:GIOI THIEU VE BIEN TAN NGUON AP DIEU KHIEN V/f=const

Hinh 2.11: Vector Vs trén hé truc a -

\j

Hinh 2.12: Dién ap 3 pha ngd ra trong mién thdi gian twong tng Hinh 2.11

Vector Vs lién quan dén cac trang thai khoa transtior trong b bién tan ngudn
ap VSI ( Voltage Source Inverter). Trong phwong phap SVM thi VSI dwgc dong ngat

& tan sb rat 16n (Fewwm). Fpwm quyét dinh thoi gian 1y mau Ts cho vector Vs ( Ts=1/
Frwm)

Co rat nhidu cach déng ngat cac khoa BJT dé tao ra vector Vs tir cac vector

14



CHUONG 2:GIOI THIEU VE BIEN TAN NGUON AP DIEU KHIEN V/f=const

2.3.3) Cach tinh toan thei gian dé tao ra vector Vs :

Vo7

€ 2/3Vdc 3

Hinh 2.13: Vs & sector 1

Xét géc 1 phan sau dau tién cha hinh luc giac dwoc tao bdi dinh cta ba vector
V0; V1; V2. Gid st trong khoan thdi gian Ts , ta cho tac dung vector V1 trong

khoan th&i gian Ta,vector V—Z trong khoan thoi gian Tg; vector V0 trong khoan t\h(‘)’i
gian con lai trong chu ky lay mau ( Ts- Ta-Tg). Vector twong dwong dwoc tinh bang

vector trung binh cla chudi tac dong lién tiép trén:

— (T, — T, — T, —
Vs=|-4V1 +(—AVZJ+ Sy, (2.14)
Ts Ts Ts
Ts=T,+T;+T,, (2.15)
Ta co tilé bién d6 dwoc dinh nghia nhw sau :

m= ZVS (2.16)
—Vdc
3

+ trong do Vs dién ap (pha) ngd ra cua bo bién tan (Va, Vb, Vc )

) Chiéu phwong trinh (2.14) I&n truc X - Y ; s& dung thém phuong trinh (2.16) va
ti s6 m (2.15)

15



CHUONG 2:GIOI THIEU VE BIEN TAN NGUON AP DIEU KHIEN V/f=const

T,= T<.im.sin(7r/3—‘1’)

NG

T,=T im.sin(‘P) (2.17)

st \/é

L, =T-TL-T

=> Nhuw vay trong khoan th&i gian lay mau Ts, thdi gian ton tai cia cac trang
thai Ta; Tg; To7 dwa vao ti sd m va goc pha W' cla vector Vs ( hay ndi cach khac Ia
dwa vao dé Ién va vi tri ctia vector Vs trong khdng gian)

2.4> KY THUAT DIEU CHE VECTOR KHONG GIAN:

Théng thwdng, moét trong nhivrng tiéu chudn dé lwa chon gian dé déng kich linh
kién 14 sao cho gidm thiéu tdi da sb lan chuyén mach cda linh kién =>gidm tén hao
trong qua trinh déng ngat chung. Sb 1an chuyén mach sé it néu ta thwe hién trinh tw
diéu khién sau:

l = sle 1s se = sle Ts 5|
™ T T i il

-
Axes of Symmetry

Hinh 2.14: Gian dd dong ngét linh kién

2.4.1) Gian dé dong ngat cac khéa dé tao ra Vector Vs trong tirng sector:

Cac khoa cong suat trong tirng nhanh déng ngat déi nghich nhau. Bé don gian
hda so do, ta chi vé trang thai cta 3 khoa cong suat phia trén. Ba khoa con lai co
trang thai doi nghich véi 3 khda trén theo tirng cap nhuw sau :

+ S0-381
+ S2-S3
+ S4-S5

16
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<« »
€ Y >
€ »le »le »

—r— To/

—————— V(0



CHUONG 2:GIOI THIEU VE BIEN TAN NGUON AP DIEU KHIEN V/f=const

A

A
y
A
A\ 4

To/

Hinh 2.15 : Gian dd déng ngét cac khoa khi Vs & sector 1-> 6 VO

18



CHUONG 2:GIOI THIEU VE BIEN TAN NGUON AP DIEU KHIEN V/f=const

2.4.2) So d6 tom tat ctia qua trinh diéu ché :

S

Hinh 2.15: So' db tém tat ctia qua trinh diéu ché

Nhw vay vector trung binh ( Vs) dwoc diéu khién theo quy dao dwdng tron.
Chiéu quay c6 thé thuan hay nghich theo chiéu kim déng ho. Buong tron ndi tiép
hinh luc giac la quy dao cua vector ko gian I&én nhat ma phuwong phap diéu ché
vector khong gian clta b nghich lwu ap hai bac co6 thé dat dwoc trong pham vi diéu
khién tuyén tinh. Ban kinh dwéng tron nayvg bang bién dd thanh phan co\bAf?)
dién ap (pha) tai V&

Hay A==l ==
2 2 Vs
T,=T.—=m.sin(z/3-¥)
V3
2 .
T,=T.—m.sin(¥Y
2 K \/é ( ) 1
Iy, =T,-1,-T, (2.18)
Trong do: (2/3) Vae
S s e A a4 A Lea
+m= la ti sO diéu bién VO V7 6
2
—Vdc
) 3
+ Ts la chu ky diéu réng xung 5
+ V¥ la goc léch gitba Va va Vg

V5 V6

19



CHUONG 2:GIOI THIEU VE BIEN TAN NGUON AP DIEU KHIEN V/f=const

2.4.3) Tinh toan géc update cta vector Vs theo phwong phap diéu khién V/f:

el

Hinh 2.16: géc update cua vector Vs

1) Du tién ta chia cac sector (mbi sector 60°), thanh n phan bang nhau:
=> Go6c chia nhoé nhat trong 1 sector:

60 .
Opin = 7(69) (2.19)
2) Tai tAn sb dat f => ( T=1/f):
Vector Vs quay 360° trong thoi gian T
Vector Vs quay ?° trong thoi gian Tpwm
a'= —TPW'V' 360°
(d0) : gbéc update cua vector Vs (2.20)

=>

3) Xaydung a'=K*q,. =update_angle (Klasb nguyén)

20



CHUONG 2:GIOI THIEU VE BIEN TAN NGUON AP DIEU KHIEN V/f=const

T,

=> PWM 360° = K*@
T

n

=> K =lmmxggox
T 60

Ma T=1/f

=>K: 1

n
.360.—.
60 4

PWM

Ta chon TPWM= 5 KHz ; n=512 gia trj trong 1 sector

1 512

=>K = 360.==.f
5000 60
=>K =0.6144 f = step size (2.21)
Ta c6 tan sb f dat thay ddi tr 0 -> 60 Hz
=> K= (0 ->36.684 )
Q Cd
:
Vs3 S
- —_—— = — * '?ﬂ'?
X Lo
A& &@® I
~ a®
~ (WP
™~ P -—"
\ i )
\ ¢ .2
\ [
\
o \
> \ n1=3
ln1=2
- In1=1
VsO [n1=0; n6=255

Vay goc cua Vs duoc tinh béi cong thire sau :

I
Hinh 2.17: Update vector Vs with stepsize

Vector update step size =DEGREE_CONSTANT x required Motor Speed (Hz)

Vecter angle =Vector angle + Update_angle

(2.22)
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CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

, ~ CHUONG 3:
GIOI THIEU VE PIC® Microcontrollers (MCUs)

3.1>TONG QUAN:

Scaling the PIC® MCU & dsPIC® DSC Families
Mouse over and click on each
product family to leam meore

=
g
B2
ol
L"E-, i

N\ . N

o, ‘Perfomance

Ho vi diéu khién PIC va dsPIC do hang ‘S MicrocHIP ché tao va san xuét voi
cobng nghé hién dai, phu hgp cho cac rng dung don gian cho dén phurc tap. Dac biét
ngoai ngdn ngi 1ap trinh assembler nhw cac MCU khac, ngwdi dung cé thé Iap trinh
PIC trén ngdn ngir C quen thudc théng qua cac phan mém hé tro ( PIC18C ; CCS C

G6m cac ho nhuw sau:

= 8 bit:
+ PIC10
+ PIC12
+ PIC16
+ PIC18

= 16 bit:
+ PIC24F
+ PIC24H
+ dsPIC30
+ dsPIC33
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CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

Tuy theo cac tng dung cu thé ma ngudi dung co thé chon ra Chip phi hop (
theo hwéng dan clia nha san xuét tai trang cha ctia microchip ). Trong dé
PIC18F4431 13 IC chuyén dung dé diéu khién dong co 3 pha theo dé nghj ctia cla
Microchip

AC Induction Motor (ACIM)

Single-Phase or e
Y Opentoop - PEUEEM
Mot - Speed Contrel fEFRY .

¥ B W P or Motor Control Pwse,

M, e fO0F Hngle-Phase UL,
1140Pin I 1ECE P
Control oy o HEC o F Pl
SRS wacres
Z1¥8 Fims, i
ADE Inpot igh Spesd

(for current comtrell daPIC30FZ018

dsPIC30FG0 18
—

|muertes

cquu Sermoles
Viegtos Contrel
% 53y High Speed
Wes. for Faolt
Full Bridge, Shetdoem Omly

EveMt o Motor Cantrol FWiis,

ABC Inputs, | £ Fies. MCF 616 Op Amps,

WP ES19 Comparatars, WD Pins
———

FEhunt regision with Op Amp Cleouits

% Ves or 3 Hall Effect Tiapsdacers, ¥ &0C Inputs
BIL 545 PICABE£47T1

| |7
Full Bridge, §PIC I0E6E18

WL ot Mol or EDI'II'IUIP"I'Mhi
ADE Inputs, WO Pias
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CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

3.1.1> Nhirng dic diém ndéi bac PIC18F4431:

* 14 bit Power Control PWM module: )
+ C6 dén 4 kénh ( m6i kénh gom 1 cap xung doi nghich)
+ Thoi gian dead time linh hoat
+ update trng duty cycle => ngd ra PWM dap &rng nhanh
+....

= Motion Feedback Module:
+ C6 3 kénh capture doc lap:

- cac ché do hoat déng linh hoat cho viéc do dac dd rung xung
- Module hé tro Hall Sensor
- Special event trigger cho cac module khac
+ Quadrature Encorder interface:
- 2 pha vao va 1 ngd vao index tw encorder
- hé tro do dac van tbéc

= High speed, 200Ksps 10-bit A/D Converter:
+ C6 9 kénh A/D

+ 2 kénh lay mau tic thoi
+ Léy mau lién tuc:1 ; 2 hay 4 kénh duoc lwa chon

= Flexible Oscillator Structure:
+ 4 ché d6 thach anh ( hé tro dén 40 MHz)
+ 2 ngudn xung lock ngoai lén dén 40 MHz
+ Ché do thach anh noi :
- C6 8 tan sb nguoi dung cé thé lwa chon : tir 31Khz -> 8 MHz
- OSCTUNE c6 thé bu cho su léch tan sé (?)

= Peripheral Highlights:
+ Chiju dong cao : sink/source ( 25mA/25ma)

+ 3 ngudn ngéat ngoai
+ 2 module Capture / Compare / PWM (CCP)
- Capture 16 bit, dd phan giai téi da 6.25 ns ( Tcy/6)
- Compare 16 bit, d6 phan giai tbi da 100 ns ( Tcy)
- PWM output: d6 phan giai ttr 1 -> 10 bit
+ Module USART:
- Hb tro RS-485, RS-232 va LIN1.2
- Auto weak-up on start bit
- Auto-Bound detect
+ RS-232 st dung khéi dao ddng noi ( ko can thach anh ngoai)
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CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

3.1.2> Nhirng dic diém chinh:

+

+ +

+ + + + + + + 4+ o+

+ + + + + + + + + + 4+

La CPU st dung tap Iénh RISC va cé téc dd xtr ly cao , cong suét thap nhe
st* dung cong nghé CMOS FLASH/EEPROM.
Tap 1énh c6 75 lénh .

M6t chu ky I&énh bang 4 chu ky xung . S& dung bé dao ddng 40 Mhz thi chu ky
Ié‘nh Ié} 0,1us.

Tan sb bd dao déng cho phép t&i 40Mhz.

8K x 14 word bé nh& FLASH |ap trinh.

768 byte bd nhé RAM |, trong dé bd nhé EEPROM 1én dén 256 byte.
Trang bij t&i 34 ngat v&i 8 cip dod ngat

5 port 1/0.

Trang bi 3 bd dinh thi: 2 bé 8 bit,1 bd 16 bit.

2 module Capture/Compare/PWM.

B6 chuyén dbi 10 bit ADC véi tbc d6 5-10us.

Cbng serial déng bd v&i ché do SPI(Master) va 12C (Master/Slave) thwc hién
bang phan cing .

Ché dd chuyén nhan déng bo/bat ddng bo véi 9 bit dia chi kiém tra.

Cbng song song (PSP) 8bit .

Céc ché do dinh dia chi:truc tiép , gian tiép , va twong dbi.

Cho phép doc/ghi bé nhé chwong trinh .

Cé6 ché dd bao vé ma lap trinh .

Ché dd SLEEP(tam nghi) dé tiét kiém dién nang .

Cho phép chon lwa ché d6 dao ddng ( ndi , ngoai ).

2 chan cho phép gé& réi hoat dong ctia vi diéu khién.

Lap trinh théng qua cdng serial véi dién thé chi 5 V.

Tam dién thé hoat ddng rong: tr 2 dén 5.5V. Dong cip khoang 25mA.
DPuoc san xuat véi nhidu loai khac nhau cho cuing 1 ma vi diéu khién , tuy
thudc vao sb tinh nang duoc trang bi thém . Cac kiéu dé cdm:PDIP(40
chan), PLCC va QFP (cung 44 chan).
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CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

3.2>TOM TAT TRUC PHAN CUNG:

3.2.1> So d6 chan MCU PIC18F4431 :

40-Pin PDIP

RAZ/IANZNVREF-/CAP 1INDX e ]
RAS/ANINREF+HICAPZIOEA a—e-[]

RCATOCKEWTSCKIMANTO ——

Note 1:

MCLRAVPR/IRE? —[]
RANAND  sa— ]
RATANT a—]

RAHANA/CAPIIOEE st []
RASANSLYDIN s—w [
REQIAMNE =+—=[]

RETANT +—=[]

REZ/AME

AVDD —— ]

Ass [

OSC1/CLKIRAT ~a—e]
OSC2CLKOIRAG w—w [
RCOTI0SOM1CK] s ]
RCATIOSICCP2FLTA e ]
RCZICCP1/FLTE s ]

'._-E

RONTOCKITSCK| e []
ROV/SD0 a—e

1 U A0
2 30
3 38
4 37
5 36
Gl = 35
7 3 34
8 = 33
! 5 32
10 31
11 é 20
12 &) 24
13 o 28
14 27
15 26
16 25
17 24
18 23
18 22
20 21

[} w—— RET/KEIZPGD
[+ = REGKBIZIPGC

[ +—— RESKEN/PWMAPGMIE
[ -——n REA/KEBIDPWME

] -t RBPWIIG

[ w— REZPWHZ

[ w——= RE1/PWI

[ +—= REOPWIO

] +—— /0D

[] -——— /55

[ ——= RO7/IPWMT

[ = ROGIPWME

[ e ROS/PW 4

[ s RO4FLTAR!

[ -+— RCT/RX/DOT/SDON

(] w——s RCE/TXICK/SS

(] st RCS/INT2ISCKIMSCLN
[ +—= RCHINTHS0I T SDAM
[ +—— RD3/SCK/SCL

[ +—— RD2/S0IS0A

RC3isthe alternate pin for TOCKITSCK]; RC4 is the alternate pin for S0DIS0A; RCE is the alternate pin

for SCKISCL.

Low-voltage programming must be enabled.

RDO4 isthe alternate pin for FLTA.
RDO& is the alternate pin for PWRM4.

3.2.2> Sor d6 cac khéi chirc ning :
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CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

FIGURE 1-2: PIC18F4331/4431 BLOCK DIAGRAM
Data Bus<f>
4!, ’ PORTA
RADIANOD
| Table Pointar<21= | Data Latch —ela] RAT/AN1
=] RAZIAN 2 REF-ICAP1/INDIX
S e AL | ] Rasianavrersicap2iaEA
29 incidec logic (768 bytes) [ TH RA4ANACAPIIQER
BT RASIANSILVDIM
. Address Latch OSCCLKOIRAR
Address Latch 20 PCLATU[PCLATH] OSCACLKIRAT
Program Mermory PCLU | PCH | PCL
FORTE
P Frogram Counter REQRWIO
RE1PWI1
31 Level Slack REZ/PWhIZ
| | RE3PWM3
# T RE4KBIVPWMS _
16 RESKBI1/PWIMA PG
1 3 e’ REGKBIZPGC
TABLELATCH RETKBIZPGD
3
PORTC
RCOMIOSOT1CK] )
f—nty(| RC1T10SICCP2IFLTA
[—= X RCXCCP1FLTE _
Lkl | | WX rRC3TOCKITSCKINNTD®
M 3| RCHINT/SDI/SDAR!
Instruction L x| RCSANTZIS CK/SCLIY!
Dacode & ™ [—wX] RCETX/CKSS
Conirol RCVRX/DOT/SDO"
g‘_ ++*** | Power-up
QSCACLKD . PORTD
E_. Timer - ROOVITOCKETSCKI
7 Timin 7 I
OSCTLLK] =t [ Oscillator ROSTIC
Genaraﬁon Stark-up Timer ROZSDISDA
%; | - ROXSCHISCL
Tg‘l {l’ Power-on = - RD:;:-miil
Reset SIPW A4
T1OS0 ROSPW M4
AXPLL fe=sl RDE/PWME
Watchdog ALL<E i
Tirner RO7/RWMT
¥
Pracision Brown-out 8
Band Gap Resat ] PORTE
Refarance -]
r Fowe;d =] REOIANE
T Wlanag
CLRVEG Mods Logic [ B reviany
= B4 reziana
osc T E MCLRAPRRESN
Voo, Vss E !
Timer Timar1 Timer2 Timars = HS;['):'(':D it e—Bavon, Avss
CCP1 Synchranous .
Data EE o plalihen EUSART PCPWM MF
Neote 1: RES3isavailable only when MCLR is disabled.
2:  RD4 is the alternate pin for FLTA.
3: RC3, RC4 and RCS are alternate pins for TOCKITSCKI, SDIFSDA, SCK/SCL
respectively.
4: RDES is the alternate pin for PWM4.
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CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

2.2.3) Chirc nang cua tirng chan:

a)_PORT A: ] )
+ La port I/O . Cé tat ca 6 chan, tir RAO dén RA5.Trong d6 RA2 va RA3 c6 thé

dung tiép nhan dién ap Vref+ va Vref-.
+ RA4 con la ngd vao xung clock cho Timer0. RA5 c6 thé lam chan chon slave
cho port serial déng bé.

b)_PORT B: . ) ) .
+ La port 1/0 ,c6 thé dwoc 1ap trinh b&i phan mém dé lam chirc nang kéo 1én
cho t4t ca ngd vao.
+ RBO c6 thé lam chan ngét ngoai.
+ RB3 c6 thé lam ngd vao lap trinh dién thé thap.
+ Cac chan con lai cé thé 1am ngd vao ngat trén chan,lap trinh v&i xung va div
liéu serial.

c)_PORT C:
+ La port I/O, ¢6 8 chan:

+ RCO dung lam ngd ra bé dao déng Timer1 hoac ngd vao xung timer1.
+ RC1 ,RC2 c6 cung 3 chirc nang: lam ngd ra PWM / chan Compare( so
sanh) / chan capture (ldy mau).RC1 con 1a ngd vao bd dao ddong Timer1.
+ RC3 14 ngd vao xung tuan tw ddng bd/ hodc ra (v&i ché dé SPI va 12C).
+ RC4 1am chan nhan data (ché do SPI) hay data I/O (ché @8 12C).

+ RC5 c6 thé xuét data SPI ( ché do SPI).

+ RC6 c6 thé 1am chan phat bat ddng bé (USART) hoac xung déng bd.

d)_PORT D: . ]
+ La port 1/0 ,c6 thé lam port slave song song khi giao tiép v&i 1 bus vi xtr ly.

e) PORT E: i .
_Port 1/0 nay thwdng dung dieu khién chon/doc/ghi cho port slave song song.

f)_Cac chan khac: ]
+ Chan 13(OSC1/CLKIN) tiép nhan xung ngoai cho b6 dao déng thach anh

bén trong.

+ Chan 14(OSC2/CLKOUT) lam ngd ra bd dao dong thach anh.O’ ché do
RC,chan nay c6 tan sé bang V4 ctia OSCA1.

+ Chan 1 : lam ngd vao reset .

+ Chan 12, 31 1a néi dat Vss.Chan 11, 32 |a chan cép nguén Vdd.
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CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

= MO ta cac /O trich tir datasheet :

TABLE 1-3:

PIC18F4331/4431 PINOUT I/O DESCRIPTIONS

Pin N Pin Number Pin |Buffer Descrinti
in Name DI TTarPTQEN | Type | Type escription
MCLRNPP/RES 1 18 18 Master Clear (input) or programming voltage (input).
MCLR | ST Master Clear (Reset) input. This pinis an active-low.
Reset to the device.
VPP P Praogramming voltage input.
RE3 | ST Digital input. Available only when MCLR is disahled.
OSCUCLKIRAT 13 30 32 Oscillator crystal or external clock input.
0sCc1 | ST Oscilator crystal input or external clock source input.
ST buffer when configured in RC mode, CMOS otherwise.
CLKI [ |CMOS| External clock source input. Always associated with pin
function OSC1. (See related OSC1/CLKI, OSC2/CLKO pins.)
RAT o | TTL General purpase /O pin.
OSC2CLKO/RAB 14 31 33 Oscillator crystal or clock output.
0SsCc2 0 — Oscilator crystal output. Cannects to crystal or resonator
in Crystal Oscillator mode.
CLKO O — In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of 0SC1 and denotes the instruction cycle rate.
RAB o | TTL General purpase /O pin.
FORTA is a bidirectional /O port.
RAO/AND 2 19 19
RAQ o | TTL Digital 1/0.
AND I |Analog|  Analoginput 0.
RAT/ANT 3 20 20
RA1 /o | TTL Digital 1/0.
AN I |Analog|  Analoginput 1.
RAZ/ANZNVREF-CAPT] 4 21 21
INDX
RAZ /o | TTL Digital 1/0.
ANZ I |Analog|  Analoginput 2.
WREF- I |Analog] AD Reference Voltage (Low) input.
CAP1 | ST Input capture pin 1.
INDX | ST Quadrature Encoder Interface index input pin.
RAI/ANINREF+ 5 22 22
CAPZ/QEA
RA3Z o | TTL Digital 1/0.
ANZ I |Analog|  Analoginput 3.
WREF+ I |Analog]  AD Reference Voltage (High) input.
CAP2 I ST Input capture pin 2.
QEA [ ST Quadrature Encoder Interface channel A input pin.
RAL/ANAICAP3/QEEB | 6 23 23
RA4 /o | TTL Digital 1/0.
AN4 I [Analog| Analog input 4.
CAP3 | ST Input capture pin 3.
QEB I ST CQuadrature Encoder Interface channel B input pin.
RAS/ANS/ILVDIN 7 24 24
RAS /o | TTL Digital 1/0.
ANS I [Analog| Analog input 5.
LVDIN I [Analog] Low-voltage Detect input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
o] = Output P = Power
oD = Open-Drain {no diode to VDD)
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TABLE 1-

3: PIC18F4331/4431 PINOUT 1/O DESCRIPTIONS {CONTINUED)

Pin Name Pin Number Dl Description
DIP | TQFP| @QFN [Type | Type P
PORTE is a bidirectional 110 port. PORTE can be software
programmed for internal wealk pull-ups on all inputs.
REO/PWMO 33 8 9
REO o | TTL Digital 170,
WD o] TTL WM output 0.
REB1/PWM1 34 9 10
RE1 o | TTL Cigital 110,
WA o] TTL WM output 1.
RB2/PWMZ 35 10 1
REB2 o | TTL Cigital 110,
Whaz2 o] TTL WM output 2.
RE3/PWM3 36 11 12
RE3 7o | TTL Cigital 1/0.
W3 o TTL WM output 3.
RB4/KBIO/PWMS 37 14 14
REB4 o | TTL Cigital 110,
KEBIO | TTL Interrupt-cn-change pin.
PWMS o] TTL PWM output 5.
RES/KBI1/PWM4/ 38 15 15
PGM
RBS o | TTL Cigital 110,
KB | TTL Interrupt-on-change pin.
P4 o] TTL PWM output 4.
PGM e} ST Low-voltage [CSP programming entry pin.
REB&/KBIZIPGC 39 16 16
REE o | TTL Digital 1/O.
KBI2 | TTL Interrupt-on-change pin.
PGC T} 8T In-Circuit Debugger and ICSP programming clock pin.
RET/KBI3/PGD 40 17 17
RE7 o | TTL Cigital 110,
KBIZ | TTL Interrupt-cn-change pin.
PGD e} ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
o] = Cutput P = Power
oD = Open-Drain (no diode to VDD)
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TABLE 1-3: PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED)

Pin N Pin Number Pin | Buffer Descrioti
in Name escription
DIP_|TQFP| QFN [Type | Type b
FORTD is a bidirectional IO port, or a Parallel Slave Port
(PSP} for interfacing to a microprocessor port. These pins
have TTL input buffers when PSP module is enabled.
ROOTOCKITSCKI 19 38 38
ROO 1o ST Digital 1/0.
TOCKI | 8T Timer( external clock input.
T5CKI | ST Timer5 input clock.
RD1/SDO 20 39 39
RD1 1o ST Cigital /0.
SDO O — SP| Data out.
RDz/sDISDA 21 40 40
RD2 1o 8T Cigital /0.
s0I I ST SPI Data in.
SDA 1o ST |“C Data 1/O.
RD3/SCK/SCL 22 41 41
RD3 1o ST Cigital 110,
SCK 1o 8T Synchronous serial clock inputioutput for SP1 mode.
SCL e} ST Synchrenous serial clock inputfoutput for 1°C made.
RD4/FLTA 27 2 2
RD4 1o ST Digital 1/0.
FLTA | ST Fault interrupt input pin.
RDS/PWM4 28 3 3
RD& 1o 8T Cigital /0.
PIMA o] TTL PWM output 4.
RD&PWME 29 4 4
ROG 1o 8T Cigital /0.
PWWME O TTL PWM output &.
RD7/PWMT 30 ] ]
ROD7 1o ST Cigital /0.
PWMT o] TTL PWM output 7.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or autput
ST = Schmitt Trigger input with CMOS levels | = Input
O = Cutput P = Power
0D = Open-Drain {no diode to VDD)

31



CHUONG 3: GIOI THIEU VE PIC® Microcontrollers (MCUs)

3.3> CAC MODULE CO BAN:

3.3.1> Power control PWM module : . .
Power Control PWM module don gian la tao ra nhiéu xung dong bd c6 dd rong

thay dbi dwoc ( PWM : Pulse Width Modulation ). Cac ngé ra PWM (ng dung trong
diéu khién déng co va cac rng dung chuyén déi cong suat . Module PWM nay hé tro
diéu khién cac (ng dung sau :
+ Doéng co KDB 1 phava 3 pha
+  Swithched Reluctance Motor
+ Doéng co DC khong chéi than
+  UPS ( Uninterruptible Power Suppliers)
+  Mutiple DC Brush motor
= Cac théng s6 co’ ban ctia module PWM:
+ C6 8 ngd I/0 PWM véi 4 duty cycle khac nhau
+  DJ phan giai 14 bit dwa trén PWM periode
+  Thoi gian dead time c6 thé 13p trinh ( (’ng dung trong trwong PWM dbi
nghich => chéng tring dan )
+ Ngat hd tro update khéng dbi( asymmertrical update ) x(rng trong ché
dd canh gilra ( center aligned mode)
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» So do khéi ciia module PWM

FIGURE 17-1: POWER CONTROL PWM MODULE BLOCK DIAGRAM

Internal Data Bus

<:¢:>| PWMCOND |

<:¢:>| PWMCON1 |

<¢>| DTCON |  Dead Time Control
<"¢:>| FLTCON |  FaultPin Control

(Fs{  OVDCON<DIS> | PWM Manual Control

PW Enable and Mode

PWh Generator #3t1

bl

1

1

1

1

1

1

1

1

1

1 Channel 3

. Dead Time Generator
— 3nd Qverride Logict!

Channel 2

<_—,£>| PTMR | o | PV Generator .
I #2 Cead Time Generator
b= 5nd Override Logic Cutput —5q FWhi4

—1 Drriver

L] PWMS

Yy v¥

PWM Generator Channel 1 E PWI3
1 e " = Dead Time Generator Tl
| PTPER | o—=| and COverride Logic e —d Pz
PWM Generator Cl 2l 0
%¥ » 3 -~ hannel 0 T —pq PRI
a 7l Dead Time Generator .
c# PTPER Buffer | #—® and Override Logic [~ —pe PWHO
g
—— PTCON | ] FLTA
E FLTB!2)

Special Event
Postscaler

Elulelehdy - Special Event Trigger

SEVTDIR

KA SEVICMP PTDIR

Note 1:  Only PWM Generator #3 is shown in detail. The other generators are identical; their details are omitted for clarity.
2: PWM Generator #3 and its logic, PWM channels 6 and 7, and FLTE and its associated logic are not implemented
on PICT18F2X31 devices.
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FIGURE 17-2:
MODE

PWM MODULE BLOCK DIAGRAM, ONE OUTPUT PAIR, COMPLEMENTARY

| Duty Cycle Cormparator |

[ PWM Duty Cycle Register |

| Fault Cvamide Values

[Channel Gverride Values

Fault & pin B
Fault B pin [

Fault Pin Assignment
Logic

Dead-Band W
Genarator
HPOL
PWMD
LPOL

Nate:

In the Complementary made, the even channel cannot be
farced active by a fault or override event when the odd channal
is active. The even channel is always the complement of the
add channel and is inactive, with dead time inserted, before
the odd channel is driven to its active state.

FIGURE 17-3:

PWM MODULE BLOCK DIAGRAM, ONE OUTPUT PAIR, INDEPENDENT MODE

| PWM Duty Cycle Register |

| Duty Cycle Comparator

Yoo

| Fault Overide Values  |—

| Channel Cverrida Values [

FaultA pin  Bd—
Fault B pin E—

Fault Pin Assignment
Logic

PWHI

HPOL

PO

LPOL

Trong module PWM c6 4 bd tao duty cycle riéng biét, ching dwoc danh sé twv 0 -> 3.
Module nay cé 8 ngd ra, dwoc danh sbé tir 0->7. Trong ché d6 dbi nghich céac pin
chan — pin & Ia 1 c&p. VD: PWMO sé& dbi nghich véi PWM1; PWM2 sé dbi nghich véi

PWMS; ....
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B6 tao dead time sé chén 1 khoan “ off” gilra luc xung PWM cua pin nay dang canh
xudng va xung PWM clia chan dbi nghich dang dang & canh lén ( trong 1 cdp chan
déi nghich). Didu nay ngan chan tring dan => cac khéa cong suéat dwoc bao vé

3.3.1a) Cac thanh ghi diéu khién:
Hoat ddong clia module PWM dwoc diéu khién théng qua 22 thanh ghi khac
nhau. 8 trong sé dé dwoc dung dé diéu chinh cac théng sb clia module:

+

+ + + + + + +

PWM timer control register 0 ( PTCONO)
PWM timer control register 1 ( PTCON1)
PWM control register 0 ( PWCONO0)
PWM control register 1 ( PWCON1)
Dead time control register (DTCON)
Output overide register(OVDCOND)
Output state register (OVDCONS)

Fault configrration register (FLTCONFIG)

7 cap ( 14 thanh ghi) con lai : hiéu chinh théng sb déac biét:

+ + +

+ + + 4+

PWM time base registers (PTMRH and PTMRL)

PWM periode registers (PTPERH and PTPERL)

PWM special event compare register ( SEVTCMPH and
SEVTCMPL)

PWM duty cycle #0 register (PDCOH and PDCOL)
PWM duty cycle #1 register (PDC1H and PDC1L)
PWM duty cycle #2 register (PDC2H and PDC2L)
PWM duty cycle #3 register (PDC3H and PDC3L)

Nhirng c&p thanh ghi trén déu double buffers

3.3.1b) Cac module chirc nang:
PWM module hé trg nhiéu ché dé hoat déng phu hop cho yéu cau diéu khién
dong co. PWM module dwoc tbng hop tir cac khdi chive nang sau:

+

+ + + + + + +

PWM Time Base

PWM Time Base Interrrupts
PWM Period

PWM Duty Cycle

Dead Time Generators
PWM Output Overrides
PWM Fault Inputs

PWM Special Event Trigger
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3.3.1c) PWM Time Base:

PWM time base dwoc cung cap 12 bit timer v&i chirc nang prescaler and postcaler.
So db khéi don gidn ctia PWM time base dwoc trinh bay trong hinh 17-4. PWM time
base dwgc hiéu chinh thong qua 2 thanh ghi PTCONO va PTCON1. Time base duoc
enabled hay disabled bé&i set hay clear bit PTEN trong thanh ghi PTCON1 . Chu y,
cap thanh ghi PTMR ( PTMRH:PTMRL) sé khéng bi clear khi bit PTEN bi clear trong
phan mém !l

FIGURE 17-4: PWM TIME BASE BLOCK DIAGRAM

PTMR Register |-‘— PTMR Clck

Timar RESET
Up/Dowm
Comparator Laro match ]
| Timner
- -l E|' h
| Comparstor l Eenodimsich - (;::E:Ir;-l FroR
| PTMOD | ——pw ] D DuyCyckeLoad
| FTPER |
g Paricd losd
| FTPER Buffer |
Update disable | LDINS)
Zaro Maich ——
Period maich — g
PTMOD —p Ccnzlnonﬁil = PTMR clock
FE—— PT WO C) i
Foscl — 411,14, 116, 1084 jwat—3m=- PTEN
Zero Pastscalar
matzh 1:1-1:16
Intzrrupt
Contral FTIF
Paricd
matzh
PTMODN
PTMOCD

PWM time base c6 4 ché dd hoat dong nhw sau
+  Free running mode => edge aligned PWM
+  Single shot mode => center aligned PWM
+  Continous Up/Down count mode => support electronically commtated motors
+  Continous Up/Down count mode with interrupts for double updates

4 ché d6 trén dwoc lwa chon thdng qua bit PTMOD1:PTMODO trong thanh ghi
PTCONO.
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REGISTER 17-1:

bit 7-4

bit 3-2

bit 1-0

REGISTER 17-2:

bit 7

bit &

bit 5-0

PTCONO: PWM TIMER CONTROL REGISTER 0

RW-0.  RW-0  RW-0 M0 RMW-0  RW-0  RW-0  RW-0
[ ProPss | propsz | PTopst | PToPso | PTekPst | PTCckPso| PTMODT | PTMODO
bit 7 bit 0

PTOPS3:PTOPSO: PWM Time Base Cutput Postscale Select bits
0000 =1:1 Postscale
0001 =1:2 Postscale

1111 =1:16 Postscale

PTCKPS1:PTCKPS0: PWIM Time Base Input Clock Prescale Select bits

00 =PWM time base input clock is Fosc/d (1.1 prescale)

01 =PWMtime base input clock is Fosc/16  (1:4 prescale)

10 =PWMtime base input clock is Fosc/64  (1:16 prescale)

11 =PWMtime base input clock is Fosc/256 (1:64 prescale)

PTMCD1:PTMODD: PWIM Time Base Mode Select bits

11 =PWM time base operates in a Continuous Up/Down mode with interrupts for double PWIH
updates.

10 =PWM time base operates in a Continuous Up/Down Counting mode.

1time base configured for Single-shot mode.

00 =PWMtime base operates in a Free Running mode.

Legend:
R = Readable bit W= Writable hit U = Unimplemented hit, read as '0°
-n = Value at POR 1" = bit is set ‘0" = bit is cleared % = hit is unknown

PTCON1: PWM TIMER CONTROL REGISTER 1

RIW-0 R-0 U-0 U-0 U-0 U-0 U-0 U-0
[ pTEN [ PIDR ] — | — ] — | — — —
bit 7 bit 0

PTEN: PWM Time Base Timer Enable hit

1 = PWNMtime base is ON

0= PWMtime base is OFF

PTDIR: PWM Time Base Count Direction Status bit
1 = PWMtime base counts down.

0= PWMtime base counts up.

Unimplemented: Read as ‘0"

Legend:
R = Readable hit W= Writable bit U = Unimplemented hit, read as ‘0’
-n = Value at POR “1'= bit is set ‘0" = bit is clearsd x = bit is unknown
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REGISTER 17-3: PWMCONO: PWM CONTROL REGISTER 0

U-0 W1 R R RW-O RW-O RWSO M-0
[ — [pwmeEN2]PwMENT]PWMEND|[PMOD3®] PMOD2 | PMODT | PMODO
bit 7 bit 0
bit 7 Unimplemented: Read as "0'.

bit 64 PWMENZ:PWMEND: PWM Module Enable bits'"

111 =All odd PWM /O pins enabled for PWI output2),

110 =FPWM1, PWM3 pins enabled for PWM output.

101 =All PWIM /0 pins enabled for PWM output®) |

100 =FWMO, PWIM1, PWM2, PWIM3, PWIM4 and PWWS pins enabled for PWM output,

011 =PWMO, PWM1, PWM2 and PWMS3 /0 pins enabled for PWM output.

010 =PWMO and PWM1 pins enabled for PVWM output.

001 =PWM1 pin is enabled for PWM output.

000 =PWM module disabled. All PWM /0 pins are general purpose /0.
bit 3-0  PMOD3:PMODO: PWM Cutput Pair Made bits

For PMODO:

1= PWM /O pin pair (PWMO, PWM1) is in the Independent mode.

0= PWM I/O pin pair (PWMO, PWM1) is in the Complementary mode.

Eor PRMODT:

1= PWM /O pin pair (PWMZ, PWM3) is in the Independent mode.

0= PWM I/O pin pair (PWMZ2, PWM3) is in the Complementary mode.

Eor PMODZ:

1= PWM /O pin pair (PWW4, PWME) is in the Independent mode.
VWMS) is in the Complementary mode.

o=

. PWMT) is in the Independent made.
o= PWM /O pin pair (PWME, PWMT is in the Complementary mode.

Note 1: Reset condition of PWMEN bits depends on PWMPIN device configuration bit.
2: When PWMENZPWMENO = 101, PWM[5:0] outputs are enabled for
PIC18F2X31 devices; PWM[7:0] outputs are enabled for PIC18F4 X3 1devices.
When PWMENZ:PWMEND = 111, PWM outputs 1, 3 and 5 are enabled in
PIC18F2X31devices; PWM outputs 1, 3, 5 and 7 are enabled in PIC18F4X31
devices.

3: Unimplemented in PIC18F2X31 devices; maintain these hits clear.

Legend:
R = Readable bit W = Writable bit IJ = Unimplemented bit, read as ‘0"
-n = Value at POR 1" = hit is set ‘0" = hitis cleared % = hitis unknown
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3.3.1d) PWM Time Base Interrrupts:
PWM timer tao ra interrupts dwa trén ché do hoat déng duwoc lya chon bdi
nhirng bit PTMOD<1:0> va nhirng bit postscaler<3:0>
= Interrupts trong ché dé FREE RUNNING:
PWM time base & ché do time base ( PTMOD<1:0>=00 ), sw kién interrupts xay ra
khi gia tri trong thanh ghi PTPER bang gia tri cla thanh ghi PTMR. Gia tri cGa thanh

ghi PTMR sé duwoc duwoc dwa vé zero ngay xung clock sau do.

S& dung postscaler I&n hon 1:1 s& gidm tan sb ctia cac sw kién interrupts .

FIGURE 17-5: PWM TIME BASE INTERRUPT TIMING, FREE RUNNING MODE

A: PRESCALER = 1:1

ot ez eifast arfoz| ea| cei ot zfos|aeiar]azfcs] a4l erf azfa3] s
1 1 1 1 1 1 1

Fosci4 .
: . @ O i :
PTMR _§ FFER X FEED 4 oooh 3 X 001h A 00zh b o
L] 1 L] L] 1 L] 1 L]
PTMR_INT_REQ. i N s i
L] 1 L] 1 1 L] 1 L]
[] 1 ' [] 1 [] 1 []
PTIF b . : LY L 5 X
L] 1 L] 1 L] 1 L]
L] 1 L] L] 1 L]

B: PRESCALER = 1:4

[n]
vac| ac| e | ey oac| ac| ac ocioﬂ af| e | et ac] o] ae| ac i ae| Qo] e | ac
i i GGERT i i i
. . ()] Con . : .
PTMR _¥ FFER W FEFh X [Ohoh ¥ o0 1h A 002h X
1 [ 1 ') [N ] 1 ]
PTMR_INT_REQ" ' Foy o ' ' '
[] [] 1 [N} l: [] 1 []
1 1 1 ! 1 1 1
PTIF it : A , : i
[] 1 U [] 1 []
1 1 ' ' | 1

Note 1: PWM Time Base Period reqister, PTPER, is loaded with the value FFFh for this example,
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= Interrupts trong ché dé SINGLE SHOT:
Khi bit PTMOD<1:0>=01 =>PWM time base & ché do single shot. Sy kién interrupts
xay ra khi gia tri trong thanh ghi PTPER bang gia tri ctia thanh ghi PTMR. Gi4 tri ctia
thanh ghi PTMR sé dwoc dwoc dwa vé zero ngay xung clock sau do.

Nhirng bit postscaler ko c6 tac dung gi khi timer & ché do nay.

FIGURE 17-6: PWM TIME BASE INTERRUPT TIMING, SINGLE SHOT MODE

A: PRESCALER = 1:1

i ot|az| as] sy o] azf a3 ceior] az] caf ey or|ez] e csiar] 2| a3 o
1 1 1 L] 1 1 1

e AVAVAFATAWAVANARAVANAS BT AWAWAW AT RIAWENEE
. ' [} ' ' ' ' . '
PTMR ¥ FFEh 4 EFEh . X (TR | H0Gh ¥ a00h &

I;'-}

FTMR_INT_R E(*

PTIF Lt | : . SE

B: PRESCALER =1:4

=] a4
0] Qo] oo | Qe: g oe|ae| Qe o] ad] ce| ce: g ae| e Qe as| ac| e ae:

PTMR ] FFER ¥ Q D T I Bh 1 Toh ][
jo (& fo ] : :
PTMR_INT_REr T LA ST : .
BT bit : f E: .. : : :

Note 1:  Interruptflag bit PTIF is sampled hare (evary Q1)
2. FWM Time Base Period register, PTPER, is loaded with the valus FF Fh for this example.
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= Interrupts trong ché dé6 COUNTINOUS UP/DOWN COUTING:

Khi bit PTMOD<1:0>=10 =>PWM time base & ché dé countinous up/down counting.
Su kién interrupts xay ra khi gia tri trong thanh ghi PTMR béng zero, va PWM time
base bat dau dém Ién .

Nhing bit Iwa chon postscaler cé thé sir dung trong ché dd nay cla timer dé lam
giam tan sé cla sy kién interrupts .

FIGURE 17-7: PWM TIME BASE INTERRUPTS, UP/DOWN COUNTING MODE

PRESCALER = 1:1

vot]oz| 3|4, o1 | oz| o3| o4 1| 0z| @3] o4, o1 cz| 034, 01| oz] aa] @,
1 1 1 1 1 n 1 1

R AV T AT gV e WA Wa R gVl aE o b a WA WAt At aUATAWAT
L] L] L] L] L] " L] 1
PTMR 7% 002h Y 001h b 4 woh Y wih = X 002h ¥
L] L] L] L] L] " L] 1
FTDIRbit | T ! ) P '
. . . 1 . 1 . .
PTMR_INT_REQ, . . - .
jo i@ 1o R T :
] M 1 ]
PTIF bit 1 : : N O ;
L] L] L] " 1 " 1 1
L] L] L] L] L] 1

PRESCALER = 1:4

o a4
bac|ac] o] e g o] | oac oc:| oc;| Ge| e ac]ac]ae]|a || a|a,
: i : o i : :
| 1 | i " 1 | '
1 1 1 |: II L] 1 1
PTMR ¥ 002h ¥ o01h X+ oo Y Toih X 002h Y
L ' 4 : | :
FTDIR bt ' TR on ! ! !
yo 110 oL T ! :
PTMR_INT_REQ ! f [ ' J
1 [ 1 1! LI [ 1 [
1 ] 1 l: (L} ] 1 1
1
PTIF bt | : Lo i : ;
1 ] 1 O 00 [ 1 [
1 [ 1 :: :: [ 1 [
Mote 1: Interrupt flag bit FTIF is samplaed here (every Q1).
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= Interrupts trong ché dé6 DOUBLE UPDATE:

Ché dd nay chi ¢co trong Up/Down Counting mode ( PTMOD<1:0>=11 ). Su kién
interrupts xay ra méi khi gia tri thanh ghi PTMR twong dwong véi zero hay khi gia tri
thanh ghi PTMR trung v&i gia tri thanh ghi PTPER.

Ché d6 double update cung cap cho nguwdi dung thém 2 chiérc ndng trong ché
dod center-align mode:
+ Bandwidth c6 d6 16n gap ddi vi PWM duty cycle dwoc update 2 lan
trong mdi chu ky (periode)
+  Co thé tao ra dwoc dang séng PWM center-align khéng déi xirng, diéu
nay rat hitu dung trong viéc han ché téi da sw méo dang cla dang
séng ngd ra trong 1 sb ng dung diéu khién déng co

FIGURE 17-7: PWM TIME BASE INTERRUPTS, UP/DOWN COUNTING MODE

PRESCALER = 1:1

vot]ez|o3|os; @] oz|ez]| Qo] oz| o3| o4y or| @e|o3fas; 01| oz s o,
1 ] . ] ] ] ]

1
N A AW W e N W W W AW W AR A W WAt AR A WA VA WA
1 1

PTMR :x T02h y ToTh y To0h I iR x Toa t
PTDIR bit \ : L I
FTUR_INT_REQ. : l l
) 10 YO : }‘3' ;
PTIF bit E E E : ? :

PRESCALER = 1:4

Q4 L
:OclOclO:IQ:::OCIQ:|OC|OC:QI:!:|QI::|QCIOC: ae| o] oe|ae; o] oe| e ac;
1 [ 1 . 1 [ 1 [

PTMR ]{ T02h ‘z Wih Jg T ;;t-c-h 'K 001h x T02h f
PTDIR bit 1‘ * "._ } | :
@ m @I a : 1
PTMR_INT REOI* g :." - ?@ ! :
PTIFbt | . - { ' | '

Note 1: Interrupt flag bit FTIF is sampled here {(every Q1)
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3.3.1e) PWM Period :
PWM periode dwoc dinh nghia béi cap thanh ghi PTPER ( PTPERH va
PTPERL). PWM periode c6 dé phan giai 12 bit. PTPER la cap thanh ghi double

buffered str dung dé set ché do6 dém ctia PWM time base.

Noi dung clia PTPER buffer dwgc nap vao thanh ghi PTPER & cac thoi diém

sau:
+  Free running mode va Single shot modes: thanh ghi PTMR dwoc dwa vé
zero sau khi trung gia tri v&i thanh ghi PTPER
+ Up/down counting mode: khi PTMR bang zero. Gia tri duwgc lwu trong
PTPER buffer tw ddng nap vao thanh ghi PTPER khi PWM time base dugc
disabled ( PTEN=0)
FIGURE 17-9: PWM PERIOD BUFFER UPDATES IN FREE RUNNING COUNT MODE
Period value loaded from PTPER Buffer register
\j Y ¥ Y

Mews PTPER wvalue = 007

Qld PTPER value =004

‘— MNew walue written to PTPER buffer.

FIGURE 17-10: PWM PERIOD BUFFER UPDATES IN UP/DOWN COUNTING MODES

Period value loaded from
* + PTPER Buffer register +

New PTPERvalug =007 |= —= o= o= e e o e e e e e e e e = e e e e

Qld PTPER valua =004 4 A e —

; Mews walue written to PTPER buffer.
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3.3.1f) PWM duty cycle:

PWM duty cycle dwoc xac dinh b&i cac thanh ghi PDCx ( PDCxH va PDCxL).
C6 tdng cdng 4 cap thanh ghi PWM duty cycle cho 4 cap xung PWM.
+ PDCO (PDCOL va PDCOH)
+ PDC1 (PDC1L va PDC1H)
+ PDC2 (PDC2L va PDC2H)
+ PDC3 (PDC3L va PDC3H)
Gié tri trong méi thanh ghi xac dinh khoan thdi gian ma ngd ra PWM doé tich
cuc.
Trong ché dd Edge-aligned, PWM periode bat dau tai Q1 va két thuc khi thanh
ghi duty cycle trung vai gia tri PTMR.

FIGURE 17-11: DUTY CYCLE COMPARISON

PTMRH<7:0=> PTMRL<7:0>
- - N - ™~
PTMR<11:0>
PTMRH<3:0=> VRL<7-0> o-cLocKs!
R ' A ~ PTMRL=T:0 aeed!
UNUSED l I |
COMPARATOR
UNUSED i i
f i PDCNH<50> hla PDCNL=7:0> ™
PDCN<13:0>
. e )
e ol e
PDCNH<7:0> PDCNL<7:0>
Note 1: This valua is decodead from the Q-Clocks:
00 = duty cycle match oceurs on Q1
01 = duty cycle match occurs on Q2
10 = duty cycle match occurs on Q3
11 = duty cycle match occurs on Q4

» Duty cycle register buffer:
4 thanh ghi PWM duty cycle déu dwoc double buffered. Mbi duty cycle block, d&u cé
thanh ghi duty clycle buffer ma cé thé truy xuét b&i ngwdi dung. Thang ghi duty cycle
buffer thir hai sé gilr gia tri so sanh v&éi PWM periode hién tai.

Trong ché dé edge-aligned PWM output, gia tri duty cycle méi sé dwoc update moi
khi gia tri thai thanh ghi PTMR va PTPER trung nhau. Sau dé PTMR sé dugc reset
nhw trong hinh 17-12. NGi dung ctia duty cycle buffer sé ty dong cap nhat vao thanh
ghi duty cycle khi PWM time base bi disable ( PTEN=0)
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FIGURE 17-12: EDGE-ALIGNED PWM

New Duty Cycle Latched

Y y

PDC
{old)

. : .

_ JToutycyae L] —
] . 1

Activeat )

beginning Period
of period

Khi PWM time base & ché d& Up/Down couting, gia tri duty cycle méi sé dwoc
update khi gia tri thanh ghi PTMR bang zero va PWM time base bat ddu dém lén. Noi
dung cua duty cycle buffer sé tw dong cap nhat vao thanh ghi duty cycle khi PWM
time base bj disable ( PTEN=0). Hinh 17-13 trinh bay gidn dé th&i gian khi duty cycle
dwoc update & ché do Up/Down counting . Trong ché d6 nay PWM periode phai
dwoc san sang dé nap va tinh toan trwuéc PWM duty cycle méi trwde khi cac thay
dbi co hiéu luc.

FIGURE 17-13: DUTY CYCLE UPDATE TIMES IN UP/DOWN COUNTING MODE

Duty cycle value loaded from buffer register
\j \ \ Y
A
PWI output _‘ | | | | ["|
FTMR Value
(I Mew value written to duty cyvele buffer

Khi PWM time base & ché d Up/Down couting voi double update mode, gié tri
duty cycle méi s& dwoc update khi gia tri thanh ghi PTMR béng zero va khi gia tri hai
thanh ghi PTMR va PTPER trung nhau. N§i dung cta duty cycle buffer sé tw dong
dwoc nap vao thanh ghi duty cycle khi mét trong hai diéu kién trén xay ra.
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FIGURE 17-14: DUTY CYCLE UPDATE TIMES IN UP/DOWN COUNTING MODE WITH DOUBLE
UPDATES

Duty cyele value loaded from buffer register

AR

FWh output

FTMR Valus

-

A A Mew values written to duty cycle buffer.

3.3.1g) Bo tao th¢i gian dead time:

Trong bd bién tan , khi cac xung PWM & ché dé dbi nghich dé diéu khién cac
khoa cdng suét phia cao; phia thap trong cung 1 nhanh, phai chén 1 khoan thdi gian
dead time. Khoan thoi gian dead time d6 lam cho ngd ra PWM dbi nghich déu &
trang thai khong tac déng trong 1 khoan thdi gian ngdn=> tranh trung dan khi khoa
nay dang ON , khéa kia dang OFF

Mbi cdp xung PWM dbi nghich déu c6 mét counter 6 bit dém xubng, dé chen
khoan dead time vao xung PWM. Mdi bd tao dead time c6 bd phat hién canh 1én va
canh xuéng dwoc két ndi voi bd so sanh duty cycle. Dead time dwoc nap vao timer
khi phat hién PWM & canh 1&n hay canh xuéng. Tuy vao xung PWM dang & canh Ién
hay canh xudng, ma 1 khoan th&i gian chuyén tiép dwoc lam tré cho dén khi timer
dém vé zero.

FIGURE 17-17: DEAD TIME CONTROL UNIT BLOCK DIAGRAM FOR ONE PWM OQUTPUT PAIR

Zero Compare

Fosc Clock Control
and Prescaler

T n
Dead Time J
Prescale ¥ |

6-Bit Down Counter

Dead Tima

Select Bits + | *
Qdd PWH Signal To
Output Control Block
Ewvan PWH Signal To
Output Control Block

Dead Time Registar

I_|

Dty Cycla
Compare Input

I_I
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FIGURE 17-18:

DEAD TIME INSERTION FOR COMPLEMENTARY PWM

X X
—— - —— —
POCA " i

1 1

1

compare : !
output | U | . ]
1 1 ]

1 ] 1

1 1

P ' | ' !
e ' \

PWHKIO | : : | i
i I

= Thanh ghi DTCON:

REGISTER 17-5:

bit 7-5

bit 5-0

DTCON - DEAD TIME CONTROL REGISTER

DTPS1:DTPS0: Dead Time Unit A Prescale Select bits
11 = Clock source for Dead Time Unit is Fosc/16.

10 = Clock source for Dead Time Unit is Fosc/8.

01 = Clock source for Dead Time Unitis Fosc/4.,

00 = Clock source for Dead Time Unit is Fosc/2.

DT5:DTO: Unsigned 8-bit dead time value bits for Dead Time Unit.

RW-0  R/W-0 RIW-0 RW-0  R/W-0 RIW-0 RW-0  RW-0
[ oTPs1 | pTPso | D15 | D14 | DT3 | DTZ DT1 DTO
bit 7 bit 0

Legend:
R = Readable bit W= Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = bt Is set ‘0" = bit is cleared % = bit is unknown
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Bang tém t&t cac thanh ghi cé lién quan cia POWER CONTROL PWM MODULE :

TABLE 17-6:

REGISTERS ASSOCIATED WITH THE POWER CONTROL PWM MODULE

Value on: WValua on
Mame Bit 7 Bit & Bit & Bit 4 Bit2 Eit2 Bit 1 Bit 0 PCIR, all ather
BOR Rasatls
IMTCON GIE/GIEH |[PEIESSIEL| TKROIE INTQIE REIE TMROIF INTOIF REBIF 0000 a0dx | o000 a0ou
IPR2 — — — FTIF ICIDRIF | ICZ3EIP IC1IP TMREIP | ---1 1111 ---1 1111
PIEZ — — — FTIE IZ3DRIE | IC22EIE IC1IE TMRSIE | ---10 dapan | ---a apon
PIRZ — — — FTIF IC3DRIF | IC20QEIF 1C1IF TMRSIF | ---10 aoan
PTCOMND PTOPRE2 | PTOPS2 FTOPET FTOPS0 | PTCKPS1 | PTCKPSO | PTRMODT |PTMODO) aoo0 aoan
PTCOM1 FTEN FTDIR — — — — — — -
PTMRLY PWI Tima Base (lower 8 bils) 100 aoan 0 aooo
PTMRH!" = | = | = | = |Pwr~1 Time Base (upper 4 bits) -~ qoan | ---- aooo
PTRERL(Y) P Time Bass Period (kaer B bits) 1111 11111111 1111
PTPERH™! = | = | = | = ||:'wra Time Base Period (upper 4 Lits) ---- 1111 ---- 1111
SEVTCHMPLI) [PWM Special Event Compars (lower 8 bits) agon aonan 0 aooo
SEVTCHMPHT — — — — PWM Special Event Compare (upper 4 bits) | ---- aoao - Qa0
PWMCOND — PwMENZ | PwMENT |PwMEND | PoD2® | prmoDz PMODT | PMOD0 -101 aopoo
PWMCONA SEVOPS3| SEVOPSZ| SEVOPE1 |SEVOPSE0| SEVTDIR — unis CEYNC an
DTZON DTPE1 DTPS0 |Dead Time A Valus registsr oo
FLTCOMFIG BRFEN | FLTBS®! |FLTEMODH |FLTBEN™! | FLTCON FLTAS |FLTAMOD | FLTAEN |aooo apa a apoo
CWDCOND povDT! | povDstd POVDS POVD4 PCVD3 PO D2 PCWDA POVDO 1111|1111 1111
CWDOCONS poUTA | POUTER] POUTS POUTY POUT3 paur2 POUTY POUTD 0G0 aoan Q anao
pocoLl! PWI Duty Cyde #0L register (lower & bits) 0 aopan oo
POCOH = | = ||:~wm Duty Cycle #1H register (upper & bits) apan a0
poC1LY FWI Duty Cyde 1L register (lower & bits) anan a0
POCIHT = I = |F"n'u'M Cuty Cyole # H register (upper 6 bits) 0 anan i)
poCzLM PYWM Duty Cyde #2L register (Lower & bits) a0an T
PDC2HIT = | = |P'.'.'M Duty Cycle #2H register (Upper 6 bits) —-00 aoan oo
pocald  |PWM Duty Cyde #3L regster (Lower & bits) anon aoan ao
PDC2H = | = |F"~'~'M Duty Cyele #23H register (Upper 6 bits) --00 aoan a0
Legend: - = Unimplamented, u = Unchanged. Shaded calls ars not used with the power contral PWH.
Hote 1: Double-buffered register pars. Refer to tex for explanation of how these registers ars read and writlen to.

2:

Unimplems nted in PICT18F 231 devices; maintain these bits clear. Resstvalues shown are for PIC18F4X31 devicss.

3.3.2> Analog to digital converter module (A/D):

Bo A/D ¢6 5 ngd vao cho PIC 28 chan va 8 cho cac PIC khac . Tin hiéu analog
dwoc [éy mau va gilr b&i tu dién , sau,dé dwa vao bd chuyén doi . Bo nay tao ra 1 két
qua so twong rng . Gia tri nay la 1 s6 10 bit.

B& A /D c6 ngd vao so sanh ap cao va thap ,va co thé lia chon théng qua két
hop Vdd , Vss , RA2 hay RA3. B6 A/D ¢6 diém dac biét 1a cé thé hoat dong trong khi
vi diéu khién & trang thai SLEEP . Bé lam dwoc diéu nay , xung clock A/D phai dwoc
nhan tr bd dao dong RC ndi cua bd A/D.
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Module A/D cé 9 thanh ghi :

+

+ 4+ + + 4+ + + +

So dd khéi bd A/D :

A/D Result High Register (ADRESH)
A/D Result Low Register (ADRESL)
A/D Control Register0 (ADCONO)
A/D Control Register1 (ADCON1)
A/D Control Register2 (ADCON2)
A/D Control Register3 (ADCON3)
A/D chennel Select Register (ADCHS)

Analog I/O Select Register 0 ( ANSELO)
Analog I/O Select Register 1 ( ANSEL1)

FIGURE 20-1: A/D BLOCK DIAGRAM
WCFG=1:0=
AVDD AVss ;
WREF+ T o 0—
- o o—
o-"C
VREF- 55
l
G VREFL L YVREFH
: ADC
AND B
AN >
Anait E . ADRESH, ADRES
Ll
ANZAVREF- E|__._.. Am:gu 10 L n
ANEN E [ ADPMT=1:0=
v F
T
SiH-1 "2 LT
ACMOD, GxSEL=1:0= oo = 710
SiH o o 4 L + 11
[ " 4x10-bit FIFQ
= —x
Ass
G ACONY
ACSCM —
AN E > ACMOD
EUGRE T ',
Analag ;
ANVREF+ E » Wux SiH-2 v
ANT) » | oot ]
SH Lo—"0r
ACMOD, GRSEL=1:0>  pre T
Seq.
Cntd.
Mote 1: AMGthrough ANE are available only on PIC18F4X31 devices,
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Cac bwéc sau dé lam viéc véi bd A/D :

1_Thiét1ap bo A/D :
Thiét 1ap cac chan analog / so sanh ap va 1/0 sb (ADCON1 ) .
Chon kénh ngd vao A/D (ADCONO).
Chon xung clock b6 A/D ( ADCONO).
Kich hoat A/D ( ADCONO ).
lap ngat A/D néu sir dung
x04a bit ADIF.
Set bit ADIE.
set bit PEIE
set bit GIE
3_Che¢ thoi gian dap &ng can thiét.
4 Bét dau chuyén ddi : set bit ADCONO<2>.
5_Che chuyén dbéi A/D hoan thanh bang cach hai vong bit ADCONO<2> cé bi
xoa chwa hay che ngat A/D
6_Doc két qua tr cap thanh ghi ADRESH : ADRESL , xo04 bit ADIF néu can .
7_Lap lai tr bwée 1 hay 2 néu cé yéu cau. Thoi gian chuyén déi A/D mbi bit goi
la Tap.

2 Thié

+ 4+ + "+ + + +

+

M6t khodng ché tdi thiéu 2Tap duwoc yéu cau truwdc khi lan dap ng ké tiép bat dau.

10-bit Result
ADFM =1 ADFM =10
A . A
7 2107 0 7 0765 0
000000 . . D000 0O
'l * ' ’ ' * v
ADRESH ADRESL ADRESH ADRESL
10-bit Result 10-bit Result
Right Justified Left Justified

Céc thanh ghi ADRESH : ADRESL chra 10 bit két qua cta chuyén dbéi A/D .
Khi sw chuyén dbi A/D hoan tat , két qué dwa vao cap thanh ghi nay , bit ADCONO
<2> bi x04 va c& ngat ADIF dwoc set. Cap thanh ghi nay rong 16 bit . Do d6 néu bit
ADFM =1 :l4y 10 bit bean phai va ADFM = 0 thi 14y 10 bit bén trai , cac bit con lai
bang 0. Néu A/D bj vé hiéu , cac thanh ghi nay cé thé ding nhw 2 thanh ghi da muc
dich
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CHUONG 4:
THIET KE PHAN CUNG

4.1> YEU CAU CO' BAN :

“Thiét ké bo bién tan truyén théng ( 6 khéa) ba pha diéu khién déng co KBB 1.5 kW “

Thong sb tiéu biéu ctia dong co' 1.5 kW ( 2 HP) & tan s6 50 Hz nhw sau :

Céac théng s DPon vi Péng co ddu A/ sao
Pam | COng suét dinh mirc (KW) 15
Vdm Dién ap dinh mirc (Vac) 380/220
lam Dong dién dinh mrc (A) 5.9/3.4
c0S¢ | Hé sb cong suat 0.81
RPM | Van téc ( vong /phut) 1420
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4.2> SO DO KHOI CUA HE THONG :

B& chinh lwu B& nghich Iwu 3 phase
AC + AC motor
source

@—> Voc

Cach ly

Tin hiéu
xung kich JuUL

Bién tr& ——»
Nutan —» P|C

LEDsS <«—

RS 232

Hinh 4.1: So d6 khéi ctia hé thdng
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4.3> MACH DONG LUC :
4.3.1) B6 chinh Iwu:
Yéu cau:

» Pién ap Vpc dau ra cltia bd chinh lwu:

+Trong phuong phap SVPWM thi : |7 = 7] =[77] = ¢

NE

+Dé& dodng co van hanh & ché dd dinh mirc (Y ) => trj bién do6

Ve = (380%+/2)/4/3
=> Vpe #3*[V,,,|~540(1)

+Dé& dodng co van hanh & ché dd dinh mirc ( A) tri bién d6
Vo = (220%42)14/3
=>Vpe 2347, |~ 311(7)
= Trj tirc thdi ctia VDC dwoc nan twong déi phang
= Gon nhe, gia thanhré

=> Ta st dung phwong phap chinh Iwu cau vé&i 6 diode ( c6 thé chinh lwu 1 pha ,
hay 3 pha)

&+

B e Cl == == C2 o

Tri trung binh dién &p d4u ra khi chinh lwu ciu 3 pha (khéng diéu khién):
B 3x/6*Vpha

Vyo=———cos a ~ 515 (V) =~ Vpc yéu cau ( DC ché do dau sao)
T

+Vpna © tri hiéu dung ap pha ngudn (220 VAC)
+a =0 : bd chinh Iwu khéng dieu khién
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v Ghi chu:

Trong diéu kién thwc t&, néu chi cé nguén 1 pha dé thyc hién chinh lwu thi dién
ap VDC sau chinh lwu :

22 *Vpha

Voo = c0s a = 200() =>Péng co sé khéng thé van hanh hét dinh

T
murc ca hai ché do

4.3.2) B6 nghich lwu:

R e
b | f\/

VsuppLy J'T_ JEl Jﬁ \\‘J

. Cé hai la chon chinh cho viéc str dung khoa déng céat coéng sqét trong diéu
khién dong co d6 1a MOSFET va IGBT. Ca hai loai MOSFET va IGBT déu la linh kién
dwoc diéu khién bang dién ap, nghia la viéc dan va ngung dan cla linh kién duwoc
diéu khién badng mot ngudn dién ap ndi véi cwc gate cla linh kién thay vi la dong

dién trong cac bd nghich Iwu str dung transitor nhw trwée day. Vi vay cach st dung
loai linh kién nay lam cho viéc diéu khién tr& nén dé dang hon.

D c

= (D)
| '
G G KA/
s E
N-Channel N-Channel
MOSFET IGBT

Théng thwerng MOSFET dwoc st dung véi cac ting dung doi hoi tbc dd cao,
tuy nhién MOSFET khong o kha nang chju dong dién cao. Trong khi d6 IGBT thich
hop vé&i cac ng dung & téc dod thap, tuy nhién IGBT c6 kha nang chiu dwoc dong
dién cao. Vi vay tuy vao dac diém cla (rng dung ma co su lwa chon linh kién phu
hop.

Céc yéu cau chinh dat ra cho linh kién st dung lam bd nghich lwu :
= Dién ap VDS ( Mosfet) hay VCE ( IGBT) > Vpc

» Dong dién qua linh kién > dong dinh mrc cua dong co ~ 10A & nhiét d6 hoat
déng

= Chiju dwoc tAn sb dong ngét cao
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=> |IRFP460P duoc lwa chon : thda man cac yéu td trén, cé thé mua dé dang

va gia thanh ré !
IRFP460P

HEXFET® Power MOSFET

D P aaTal
Y, pDss = 500V
RDSI:DI'I:I =0.270}
G
Ip = 20A
5

TO-247AC

4.3.3) Mach lai ( driver) & cach ly:
a) Mach lai:

Co hai phwong an chinh dé 1ai MOSFET hay IGBT :
+  Bién ap xung
+ IClai

Trong cac phuong an cé bién ap xung, trwdng hop xung diéu khién cé canh tac
dong kéo dai hodc tan sb thap, bién ap xung sém dat trang thai bdo hoa va ngé ra
ctia né khéng phu hop yéu cau diéu khién. Do d6 ta nén st dung loai high voltage
bootstrap diver ICs.

Trong d6 : IR2136 la loai IC chuyén dung dé lai MOSFET va IGBT cua héng IR
- International Rectifier. IC nay cé 3 kénh output doc lap (mdi kénh gom high side and
low side) dung cho cac trng dung 3 pha.
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Data Sheet No. PD60166 revS

Infemahc?m| IR2136/IR21362/IR21363/IR21365/
TR Rec’rlﬁer IR21366/IR21367/IR21368 (J&S) & (PhF)

Features 3-PHASE BRIDGE DRIVER

# Floating channel designed for bootstrap operation
Fully operational to +600V PaCkages

Tolerant to negative transient voltage - dV/dt immune
* Gate drive supply range from 10 to 20V (IR2136/IR21368), 0

11.5 to 20V (IR21362) or 12 to 20V (IR21363/IR21365/
IR21366/IR21367)
# Undervoltage lockout for all channels 28-Lead SOIC
o Over-current shutdown turns off all six drivers -
# Independent 3 half-bridge drivers
» Matched propagation delay for all channels
s Cross-conduction prevention logic 44-Lead PLCC w/o 12 leads
* Lowside outputs out of phase with inputs. High side
outputs out of phase (IR2136/IR21363/IR21365/
IR21366/IR21367/IR21368) or in phase
(IR21362) with inputs.

Feature Comparison: [IR2136/IR21362/IR21363/
IR21365/IR21366/IR21367/IR21368

# 3.3V logic compatible Part IR2136 | IR21362 | IR21363 | IR21365 | IR21366 |IR21367 |IR21368
# Lower di/dt gate driver for Input Logic | AN, ON | HINGDGIN | AN, TN _| HIN, TIN [ HIN, LN | HIN, TN | HIN.CIN
better noise immunity Ton (typ.) |400ns [ 400ns [ 400ns  [400ns  [250ns  [250ns  [400ns
» Externally programmable Toff (typ.) | 380ns | 380ns 380ns 380ns__ |180ns 180ns 380ns
delay for automatic fault Wy (typ.) 2.7V 2.7V 2.7V 27V 2.0V 2.0V 2.0V
clear Wi (typ.) 1.7V 1.7V 1.7V 1.7V 1.3 1.3V 1.3V
# Also available LEAD-FREE Witrip+ 0.46v | 0.46v 0.46Y | 4.3V 0.46v |43y 4.3V

UV CC/BS+|B.OV 10.4V 11.2V 11.2v J112v J112v [soav
Descrlptlon UV CC/BS- |82V 9.4V 11.0V 11.0v_ J11ov_ J11.ov B2V

The IR2136/IR213621R2 136 3/IR21365/IR21366/IR21367/IR21368(J&S) are high votage, high speed power MOSFET
and IGBT drivers with three independent high and low side referenced output channels for 3-phase applications.
Proprietary HVIC technology enables ruggedized monolithic construction. Logic inputs are compatible with CMOS
or LSTTL outputs, down to 3.3V logic. A current trip function which terminates all six outputs can be derived from
an external current sense resistor. An enable function is available to terminate all six outputs simultaneously. An
open-drain FAULT signal is provided to indicate that an overcurrent or undervoltage shutdown has occurred.
Overcurrent fault conditions are cleared automatically after a delay programmed externally via an RC network
connected to the RCIN input. The output drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive N-channel power MOSFETs or IGBTs in the high side configuration which
operates up to 600 volts.

Typical Connection I s
L= woC
HINT 2,3 HING 2.3 HING,23 ) HB 23 vaiza |— - E_

LIN12,2 1za Wiz " :Ia
Refer to Lead Assign e o T
(Refer a EN EM VE123
ments for correct pin con- L k4 — o
figuration). This/These Rl —] ¥ Lo
diagram(s} show electri- i | e e A ::a ®
cal connections only. T wes e
Please refer to aur Appli-
cation Motes and
DesignTips for proper cir- v Y
cuit board layout. | IR2138(2)(3)(5)(8)(T)E)
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b) mach cach ly:

Cac mach phat ra tinh hiéu dé diéu khién mach coéng suat ding ban dan phai
dwoc cach ly vé dién. DBiéu nay cé thé thue hién bang opto hodc bang bién ap xung.

+ Bién ap xung :
GOm mét cudn day so cap va co thé nhiéu cudn thtr cap. V&i nhiéu cudn day
’ ’ X 7 2 ’ e PN . < Ko 4o X -
phia th cap, ta co6 thé kich dong nhiéu transistor mac noi tiep hoac song song.

Bién ap xung can cé cdm khang tan nhd va dap tng nhanh. Trong trwong hop
xung diéu khién c6 canh tac dong kéo dai hoac tan so6 thap, bién ap xung sém dat
trang thai bdo hoa va ngo ra ctia né khéng phu hop yéu cau dieu khién.

+ Opto :

Gom ngudn phét tia hdng ngoai dung diode (IR - LED) va mach thu dung

phototransistor. Do do th6a man yéu cau cach ly ve dién, déng thei dap ing cla
opto tbt hon may bién ap xung.

Schematic
Ic 4
HN'—"DE COLLECTOR
.u--.THI.'IDE EI'-'II'I'I'ER

=> ta lwa chon phwong an dung OPTO. Yéu cau dat ra dbi véi opto la phai chju
dwoc tAn sb6 déng ngat kha cao (>5KHz) ma dién ap xung ngd ra ko bi méo dang.
Trong d6, HCPL-2630 14 optocouplers cia hang fairchild cé tAn sb dong ngét 1én
thda man yéu ciu trén.
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I
MAIROHILD
I
BEMCONDUSTOR®

July 2005

Single-channel: 6N137, HCPL-2601, HCPL-2611
Dual-Channel: HCPL-2630, HCPL-2631
High Speed-10 MBit/s Logic Gate Optocouplers

Features

W Very high spead-10 MBit's

W Suparnor CMR-10 kKVips

W Double working voltage-480V

W Fan-out of B over -40°C to +85°C
W Logic gate output

W Strobable output

B Wired COR-opan collector

W UL racognized (File # EQ0700)

Applications

Ground loop alimination

LETTL 1o TTL, LSTTL or S-wolt SMOS
Line recelver, data transmission

Data multiplaxing

Switching power suppliss

Pulss fransformer replacement
Computar-peripheral Intarace

Description

The 6M137, HCPL-2801/2811 single-channel and HCPL-26307
2631 dual<hannel oplocouplers conslst of a 850 nm AlGaAS
LED, optically coupled to a very high spead Integrated photo-
detector gl gate with a strobabls oulput. This oulput featuras
an open callector, thersty permitting wirsd OR oulputs. The
couplad paramaters ara guarantead ovar ine temperatura ranga
of 407G to +25°C. A maximum Input signal of 5 ma will provides
a minimum output sink current of 12ma (fan out of &).

An Internal nolse shield provides superor common made refec-
tion of typlcally 10k us. The HCPL- 2601 and HCOPL- 2631 has
a minimum CMR of 5 kv, The HCPL-2611 nas a minimum
CMR af 10 KVFps.

Package

Schematic

v

e[

i
I .-E B[V,
| v,
+ [ l v E} .
|
|
|
|

|V,

E H" E E\'
i,
ek Al H =i
&N137 HCPL-2630
HCPL-2601 HCPL-2a31
HCPL-2511
Truth Table (Positive Logic)
Input Enable Output

H H L

L H H

H L H

L L H

H NG L

L NC H

A 0.1YF bypass capacilor must be connected betweaan ping 8 and 5. (Soa nole 1)
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CHUONG 4 : THIET KE PHAN CUNG

4.2> MACH DIEU KHIEN:

4.2.1) So d6 khéi mach diéu khién:

PIC18F4431 J_L‘—|_ |
Controller e |
PWM signal

4.2.2) Cac tin hiéu vao ctia mach diéu khién:

= NGt &n diéu khién dong co:

+ RUN

+ STOP

+ FIR

+  Bién tré diéu chinh toc do
= NGt &n diéu khién LCD:

+ MODE

+ UP

+ DOWN

+ LEFT

+ RIGHT

+ SELECT

= Tin hiéu hdi tiép: (*)

+

Dong dién cua déng co

+ D[én ap dong co
+ Toc dé dong co
+ Nhiét d6 ctia khoéa BJT

* Tin hiéu diéu khién tir PC

4.2.3) Tin hiéu dau ra cta mach diéu khién:

6 xung PWM diéu khién bd nghich lvu

Hién thi trang thai hoat ddng cGia mach théng qua dén LED
Hién thi cac thong sb diéu khién bang LCD

Xuét tin hiéu cho PC

+ + + +

Ghi chu: (*) => s& phat trién sau
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CHUONG 5: LAP TRINH

CHUONG 5:
LAP TRINH

5.1> GIAI THUAT LAP TRINH :

5.1.1) Chwong trinh chinh:

o

: MAI
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CHUONG 5: LAP TRINH

5.1.2) Chwong trinh ngat:

Ghi chu: PTIF

+ interrupt flag bit

+ bién nay duoc set 1&n 1 khi gia tri PTMR=0 va dém Ién ( trong ché dé center
aligned )

PWM inf

———5) V.



CHUONG 5: LAP TRINH

5.2> GIAI THICH GIAI THUAT :

5.2.1) Chworng trinh chinh:

(1)
(@)

3)
(4)

(5)
(6)

(7)

Chwong trinh bat d4u khi cAp nguén cho PIC

Xac lap céac théng sb ban dau :
I/0 pin

A/D module

Timer

Power Contrl PWM module
Interrupts event

+ + + + +

X ly nat &n RUN

Trang thai IDLE: hién thj LED bao trang thai idle, dong thoi qua lai phan (3)
kiém tra xem nut RUN c6 dwoc n hay khong

DPoc gia tri f yéu cau ti bién tré (mode 1) ; LCD (mode 2) hodc PC (mode 3)

Khi tn s6 f yéu clu thay dbi: tinh toan cac bién sb Vref, stepsize. Hai thong
sb nay dung dé update cac gia tri vé do Ién va budc nhady cla vector Vs khi
chwong trinh ngdt PWM xay ra. Vref dung dé tinh toan ti sé diéu bién m =
Vref/Vdc. Stepsize xac dinh géc update cla vector Vs

Kiém tra xem button nao duoc an (STOP , F/R......... ) => x& ly button dwoc
an

STOP button: => set cac duty cycle vé zero =>qua lai vi tri (4) : IDLE )
F/R button: => goi ham RAM_DOWN giam toc dong co vé zero => dao chieu
quay vector Vs => goi ham RAM_UP tang téc déng co dén tan so dat

5.2.2) Chwong trinh ngat :

(1)
(2)

3)

(4)

Khi c& ngat dwoc set 1én 1, sao lwu trang thai cta vi diéu khién

Goc cua vector Vs = gia tri goc ban déq + goc update ( bwdc nhay). Do Ion
cua vector Vs dwoc xac dinh trén tan so dat (=> ti s6 dieu bién m)

Co tdng cong 6 sector. Mdi sector 60 d6 duoc chia thanh 512 phan bang
nhau. Khi vector Vs quét hét sector hién tai ( stepsize > 512), chuyén sang Vs
sector m¢i => (4)

Vs chuyén sang sector m&i va reset gia tri stepsize. ( stepsize = stepsize —
512 ). Hinh ... trinh bay cu thé van dé nay.
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CHUONG 5: LAP TRINH

(5) Va (6) reset gia tri clia sector khi Vs qua hét 1 vong.
(7) xac dinh thoi gian TA, TB, T0/2 va (Ts - T0/2)

(8) Nap cac gia tri trén vao thanh ghi PWM duty cycle
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CHUONG 6: KET QUA PAT BbUQC

 CHUONG 6:
KET QUA DAT BUOC

6.1> PHAN CUNG:

6.1.1> Mach ddng lwc:

Hinh 6.1: Mach déng lyc

+ Wu diém:

Mach d6ng Iwc van _hanh 6n dinh dong co 2 HP ( dau A ; khong tai ) & tatca
cac ché dé dieu khién théng thuwdng( RUN, STOP, dao chiéu, thay dbi toc
6.....).

+ Khuyét diém: ,

- Nhiét d6 cac khoa cong suat kha cao ( 70-80 ° C)

- Chua co6 khau hoi tiep dong ,hoi tiép toc do, hoi tiep nhiét do khoa cong
suat
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CHUONG 6: KET QUA PAT PUQC

+ Giai phap khac phuc: , , o
- Nhiét d6 cac khoa cong suat kha cao => thay the cac khoa cong suat bang
loai chat lwgng tot, dap wng tét hon .

- Phat trién thém khau héi tiép dong => ngan chan qua dong dong co

- Phat trién khau hdi tiép téc d6 => diéu khién vong kin déng co

- Phat trién khau hdi tiép nhiét dd clia khéa cong suat => ngén chén hién
twong qua nhiét

6.1.2> Mach diéu khién:

—_—
TR I T T LY - !

¥
,
]
L =
"
_
——
e
—
L -
e

. Hinh 6.2: Mach diéu khién
Uu diéem:

Mach diéu khién c6 kha nang dap (rng cac yéu cau diéu khién dong co’ trong
thwe té:

+  Cac buttons diéu khién dong co: RUN, STOP, déo chiéu, bién tré hiéu
chinh toéc do......

+  Cac buttons diéu khién LCD: set cac thong sé cai dt (thoi gian tang téc,
giam toc....... )

+  LCD : hién thij trang thai hoat dong clGia déng co

+ giao tiép v&i PC: nhan gia tri téc dd dat tr PC, hién thj trang thai hoat
dong cia motor Ién may tinh
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CHUONG 6: KET QUA PAT PUQC

6.2> PHAN MEM GIAO TIEP VO'I NGUO'l SU’ DUNG:

W V/f control of 3 phase Induction Motor using Space Vector Modulation [ SVM)

= OX

MOTOR's FREQUENCY IN REAL TIME CHART

70 ! ' ' ' ! !
B0 L
50 4 u
40 L
30 B
20 L
10 4 u

05 qgsg50 B I3 " 16EA0D " 16EADE " 1EERT0 LRI
f request f out (Hz) V' out (V) Status Direction

0 0 0 ‘ STOP ‘ Farward
]

Hinh 6.3: phan mém diéu khién

W V/f control of 3 phase Induction Motor using Space Vector Modulation [ SVM)

= OX

MOTOR's FREQUENCY IN REAL TIME CHART
?D . . . 1 1 1
B0 o
b0 -
A L
30 4 H
20 4 H
10 4 H
0 57045 " 0F0YED " 0F0YES " 07000 " 07005 N FRILa q
f request f out (Hz) YV out (V) Status Direction
‘ B0 ‘ &0 2196 ‘ RUNNING ‘ REVERSE
SEND - CHANGE

Hinh 6.4: phan mém diéu khién ( ltc déng co hoat dong)

66



CHUONG 6: KET QUA PAT BbUQC

6.2.2) M6 ta:

Phan mém diéu khién dwoc viét trén ngdn ngiv Visiual Basic 6.0
Phan mém giao tiép vé&i vi xt ly PIC18F théng qua cdng COM ( chuadn RS232)

Céc nut diéu khién:
+ RUN /SEND: Khéi ddng dong co' / g&i tan sb yéu ciu dén vi xt ly
+ STOP: dirng déng co
+ CHANGE: dao chiéu dong co

Cac 6 hién thi va nhap liéu:
+ frequest: 6 nhap liéu tan sé tir ban phim
f out: hién thij gia tri tan s6 ngd ra
V out: hién thi dang dién ap ngd ra ( V/f = const)
Status: hién thj trang thai dong co (RUNNING , STOP...)
Direction: hién thj chiéu quay ctia ddng co ( thuan ; nghich )

+ + + 4+

6.3> DANG SONG PIEN AP NGO RA:

Hinh 6.5: dién ap pha ngo ra (tai R)
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CHUONG 6: KET QUA PAT BbUQC

Hinh 6.6: dién ap pha ngd ra (tai R)

Hinh 6.7: dién ap day ngd ra ( tai dong co)

6.4> HWUONG PHAT TRIEN:
6.4.1) Khac phuc nhirng khuyét diém hién tai:
+ Phan cirng: da dé cap tai phan 6.1.1 trang 63

+ Phan mém ( giao tiép nguoi st dung va PIC18F): ‘ .
Phat trien thém phan cai dat cac théng so ( PID cho déu khién vong kin)

+ Phuong phap diéu khién:
Diéu khién vong kin
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_ CHUONGT:
TAI LIEU THAM KHAO
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space vecter modulation, Microchip Techology Inc
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[6] PIC18F4431 datasheet

[7] CCSC User Manual

[8] Flex LCD Driver — Aministrator of CCS Forum
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CHUONG 8: PHU LUC

CHUONG 8:

PHU

8.1> SO'DO MACH (VE TREN ORCAD):

8.1.1) So’ d6 mach cach ly

J8

LUC

70

5V 1
o
5V 2
lon
R35| R42| _|+ c7
AT~ H1
110 110 0.1uF — A2
R33 220 u10 A3
S
; " Vint+ vee 2 — T
——
Z ol 2 Vin1- voutt [ —
g 3 Vin2- Vout2 6
7——|_ 4 Vin2+ GND 5 +
L Res 220 HCPL2631 —l—:
=0 S
5V 1
o
5V 2
G
|+ cs
R43 R4 T~
0.1uF
R37 220 un 110 110
T vin1+ vee 2
o 21 Vin1- Voutt |-
3 Vin2- Vout2 6
41 Vin2+ GND |2 -
R3s 220 HCPL2631 —]—:
5V 1
o
5V 2
G
_1+ C9
I~
0.1uF
rR36{ R4
R40 220 u12
1 voo L8 110 110
o 2 Vin1- voutt |-
8 Vin2- Vout2 6
41 Vin2+ GND |2 -
R4t 220 HCPL2631 —]—:




CHUONG 8: PHU LUC

5V_1
U3 _ LM7805C Q
N Sout :
O D17
~ V¥ 1ep
R
c11_| AN
R E— /\ R E—
~—T~ C12 100uF T~ C13 —_— Ci16
470uF 10uF
104 R1
330
. 15V
U4 | M7815C . Q
N Sout 2
o D18
~ V¥ eD
R
N cio_|  _| X
—~ C14 T~ ~T~ C15 - C17
470uF 100uF 10uF 104
R2
12V_AC BRIDGE_3A_, 1k
5V 2
U5 _LM7805C Q
N Sout 2
D19 © D20
N V¥ 0
J7 Y
c18_| X
3 1 -~ _1
T~ C19 100uF 1~ C20 =— c21
470uF 10uF
. 104 R3
6V_AC BRIDGE_3A_, 330
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8.1.2 So dd mach lai:

CHUONG 8: PHU LUC

J1
TPUTS

.|||_

15V
D3 DIODE XUNG o
D HO1 1
VST 2
D2 DIODE XUNG HOZ 3
N VS2 7
HO3 5
D1 DIODE XUNG VS3 6
B o7 7
Ky 8
To3 9
COM 10
1 28
H1 R26 \p\ 100 2 % VB1 R20
Az HINT c HO1
et AM—00 m LY vt Hot 2 R W
AN HIN3 2% T 100 vs1
L1 R29 00 5| — VS1
] AN LINT
R30 N\ 100 6| ERs
(3 R31 \An_100 7 | LIN2 24 .
LIN3 VB2 R21
FAULT 8| _ 23 L c2 HO2
ENABLE 10 EQULT HO2 /]\ TuF '\%};
VS2
vs2 |22
15V ves (20 T R22
HO3
Hos 2 LS AN
15V + C6 18 100 vs3
o vs3
I 10uF
L 25
- 17 LO1
Tgoz %21 Lot |8 R23 1%
LO2
. Lo |15 R24__ ppp, 100
RCIN
14 R25 100 LO3
ITRIP 9 LO3 MWy
+ ca — IR
AUF 12 | eq com 112 coMm
I ]
= = s
ITRIP + 10uF
IR2136
15V 12V
RVAR1 J3
CONTROL
1 ENABLE RVAR2
PR 1R 5W 2 FAULT ENABLE
CoM 3 TTRIP
5
L =
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CHUONG 8: PHU LUC

8.1.3) So’ d6 mach nghich lwu :

VDC N
FUSE o N o
Ecn E Q3 E
H1 1 H2 1 H3 1
R1 R2 R3
10K 10K 10K
S1 S2 $3
J2
VDC 1]
TOM 2
L P1
J3CON2 P2
H1 1 !
SR
A2 3
ST 4
B 5
53 6
7
™ 3§
3 9
TOM_10 | 3 3 3
Q4 Q6
L1 1 L2 1 L3 1
CON10
R4 ] RS ] R6 ]
10K 10K 10K
COM
R VDC
J4
2 be—
1 T~ C1
C
AC_VOLTAGE
D2 x D4
f COM
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8.1.4) So’ d6 mach diéu khién

CHUONG 8: PHU LUC

8.1.4.a) Phan chinh:

ZENNER u1e_1

R_RESET_SW

1K
MCRL

SW_RESET

.

C4|22P 0OsC1

v2[] 20mHz

C3||22P 0SC2

CONG6N
MCRL
vee vee 1
I 2 F2—ovce I
3 | <))
T C_veet ICfVch 1| o
Pl
= 104 = 104 I
Programing conector -
PORTA1 1 PORTB_1 PORTB_PWM
1 MCRL
] ; MCRL RB7/PGD ‘3‘3 ggg g 8 7
6 RAT RAO/ANO RB6/PGC [~5a—Fwii 517 6
5 RAD 5| RAT/ANT RBS/PWM4 [—5=—FWVE =6 5
4 RAS = RA2/AN2 RB4/PWMS5 55wV 25 4
35 RAT 5| RA3/AN3 RBIPWM3 [—32—pwivi 4 3
2 RAE >— RA4/AN4 RB2IPWM2 =33 —Bwivi 53 5
1 RAS5/AN5 RB1/PWMI [—3—Bwio 2 1
RUN 8 RBO/PWMO 1
REO/ANG
FR 9 | REVANT PORTB_1 PORTB_PWM
TOP___10 vce
————— RE2/AN8 329
VCC 11 1y ¥"" —_|31
SS
|:'_12 Vss —
osc1 = 13 : PORTD_1
0SC2 14_| OSCI/RA7 30 D78 -
0SC2/RA8 RD7/PWM? [-55— 5571 8
MODE 15 RD6/PWMG |55 —pe5 | 7
1 ENTER 18] RCO RDS/PWM4 [-5=——p575 6
2 oF = RC1/CCP2 RD4 [F55—p74 5
3 DOWN RC2/CCP1 RD3/SCK [57 555 4
4 5TFFT RC3/INTO RD2/SDI [50——p75 3
5 8 —RIGHT 54| RC4/SDA RD1/SDO <5 po ] 2
6 [7rcs 55| RC5/SCK RDO 1
7 [8RCT Sa| RD6ITXCK
8 RC7/RX/DT PORTD 1
PORTC_1 PIC18F 4431 SW_DIP
- D7 LED8
D6 [ — TED7
D5 = TED6
D4 [ — LED5
D3 = TED4
D2 = TED3
D7 — TED2
D0 TED1
{ e s
=
SW DIP-8

8.1.4.b) Phan hién thj va giao tiép may

tinh nat an:
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CHUONG 8: PHU LUC

37

DB7
DB4

17

LCD

6

1

VCC

(;_C%R c ca

CZcocue

AI

TI0UT

”Lblmis

12 __RC7

RIN 2
[0}

COMINS

MAX232

BUTTON

vce vce

Yele
RUNSW C_FRSW

vee
R_| R_FRSW
k7 104 47
RUN FR
4 sw*RU N

4 s
o

R_STOPSW C_MODES
104

R_MODESW
STOP

MODE

: 4 SW_MODE

!

vee vee

C_UPsSw

104]

R_UPSW
4k7

4Kk7
_DOWNSW

C_DOWNS]
104

R_RIGHTSW
4k7

R_LEFTSW C_RIGHTS)

upP DOWN RIGHT

SW_UP

_n_

4 SW_RIGHT

!

4 o oo

!
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CHUONG 8: PHU LUC

8.2> CHUONG TRINH VIET CHO PIC18F4431 :
Chwong trinh sau day dwoc viét trén ngdn ngii CCS
o

/I MODE 1: R_VAR => dieu khien = RUN , FR, STOP button va’ R_VAR
/I MODE 2: AUTO

1 1) nhap gia tri f1 (freq1)

1 2) nhap gia tri f2 (freq2)

I 3) nhap gia tri T ramp_up

I 4) nhap gia tri T ramp_down

1 =>dieu khien = RUN , FR, STOP button va’ mode 2 toc do ( thong

button //thay doi toc do= "A" key)
/I MODE 3: PC control
T T T T

#include<18F4431.h> /[Header file in project manager of MPLAB
#device *=16 adc=8 HIGH_INTS=TRUE

#fuses  HS,NOWDT,NOPROTECT,PUT,NOBROWNOUT,NOLVP

#use delay (clock=20000000) /luse delay function

#use rs232(baud=9600,xmit=PIN_C6,rcv=PIN_C7)

#include<flex_LCD.C> /I Other files in project manager of MPLAB

I/PTPER*4*sqrt(3)*SIN {data[0] -> data[511] }

int16 const data[512]={

0, 7, 14, 21, 28, 35, 43, 50, 57, 64,

71, 78, 85, 92, 99, 106, 114, 121, 128, 135,
142, 149, 156, 163, 170, 177, 184, 192, 199, 206,
213, 220, 227, 234, 241, 248, 255, 262, 269, 277,
284, 291, 298, 305, 312, 319, 326, 333, 340, 347,
354, 361, 368, 376, 383, 390, 397, 404, 411, 418,
425, 432, 439, 446, 453, 460, 467, 474, 481, 488,
495, 502, 509, 516, 523, 530, 537, 544, 551, 558,
565, 572, 579, 586, 593, 600, 607, 614, 621, 628,
635, 642, 649, 656, 663, 670, 677, 684, 691, 698,
705, 712, 719, 726, 733, 740, 747, 754, 760, 767,
774, 781, 788, 795, 802, 809, 816, 823, 830, 836,
843, 850, 857, 864, 871, 878, 885, 891, 898, 905,
912, 919, 926, 933, 939, 946, 953, 960, 967, 973,
980, 987, 994, 1001,1007,1014,1021,1028,1035,1041,
1048,1055,1062,1068,1075,1082,1089,1095,1102,1109,
1116,1122,1129,1136,1142,1149,1156,1163,1169,1176,
1183,1189,1196,1203,1209,1216,1223,1229,1236,1242,
1249,1256,1262,1269,1275,1282,1289,1295,1302,1308,
1315,1322,1328,1335,1341,1348,1354,1361,1367,1374,
1380,1387,1393,1400,1406,1413,1419,1426,1432,1439,
1445,1452,1458,1465,1471,1477,1484,1490,1497,1503,
1509,1516,1522,1529,1535,1541,1548,1554,1560,1567,
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CHUONG 8: PHU LUC

1573,1579,1586,1592,1598,1605,1611,1617,1623,1630,
1636,1642,1648,1655,1661,1667,1673,1680,1686,1692,
1698,1704,1710,1717,1723,1729,1735,1741,1747,1754,
1760,1766,1772,1778,1784,1790,1796,1802,1808,1814,
1820,1826,1832,1839,1845,1851,1857,1863,1868,1874,
1880,1886,1892,1898,1904,1910,1916,1922,1928,1934,
1940,1946,1951,1957,1963,1969,1975,1981,1986,1992,
1998,2004,2010,2015,2021,2027,2033,2038,2044,2050,
2056,2061,2067,2073,2078,2084,2090,2095,2101,2107,
2112,2118,2124,2129,2135,2140,2146,2151,2157,2163,
2168,2174,2179,2185,2190,2196,2201,2207,2212,2218,
2223,2228,2234,2239,2245,2250,2256,2261,2266,2272,
2277,2282,2288,2293,22982304,2309,2314,2320,2325,
2330,2335,2341,2346,2351,2356,2361,2367,2372,2377,
2382,2387,2392,2398,2403,2408,2413,2418,2423,2428,
2433,2438,2443,2448,2453,2458,2463,2468,2473,2478,
2483,2488,2493,2498,2503,2508,2513,2518,2522,2527,
2532,2537,2542,2547,2551,2556,2561,2566,2571,2575,
2580, 2585,2589,2594,2599,2604,2608,2613,2618,2622,
2627,2631,2636,2641,2645,2650,2654,2659,2664,2668,
2673,2677,2682,2686,2691,2695,2699,2704,2708,2713,
2717,2722,2726,2730,2735,2739,2743,2748,2752,2756,
2761,2765,2769,2773,2778,2782,2786,2790,2795,2799,
2803,2807,2811,2815,2820,28242828,2832,2836,2840,
2844,2848,2852,2856,2860,2864,28682872,2876,2880,
2884,2888,2892,2896,2900,2903,2907,2911,2915,2919,
2923,2927,2930,2934,2938,2942,2945,2949,2953,2957,
2960,2964,2968,2971,2975,2978,2982,2986,2989,2993,

2996,3000 h

#define RUN PIN_CO //all BUTTON is active LOW
#define FR PIN_EO

#define STOP PIN_E1

#define  MENU PIN_E2 // back to previous level in MENU
#define OK PIN_C1

#define UP PIN_C2

#define DOWN PIN_C3

#define BACK PIN_C4

#define  NEXT PIN_C5

I caculation varible

float f float=0,temp_float=0;

signed long Vs_angle; /Nlong=int16

long update_angle;

long M,Vref,Vdc=311;

long TS=2000,TA,TB,Tz; /ITS=PTPER*4
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Il Fpwm=5Khz=> PTPER=500;
Il real TS is PTPER*0.2uS, when Fosc=20M )

/ITz=TO0/2
unsigned int  temp_int=0,sector,adc,count_timer1_interupt;
int f.f_req;
int1 first_run_flag,direction_flag;
Il varible in MODEs
int mode_select=1;
int return_2_mode_select;
int 1,12,
int

T _ramp_up=10,T_ramp_down=5,T_ramp_up_ms=50,T _ramp_down_ms=25;
//default value

int eeprom_check;

int1 f select=0; /las defaultf_select=0 => f1 ; f_select=1 => f2( use in
mode2)

I TEMP varible

int32 count=0,interrupt_number=0;

int1 disable_update_freq=0; //1= active

#INT_PWMTB HIGH //It will generate code to save and restore the machine state,
and will clear the interrupt flag
void PWM_INTERRUPT() //caculating base on "Vref" and "stepsize"
{
interrupt_number=interrupt_number+1;

TB=data[Vs_angle]; //data=PTPER*4*sqrt(3)*SIN ;

/I at 1st RUN: n=0
TA=data[511-Vs_angle];
M=Vref*16/Vdc; /I mutiply 16=> will shift right 4 bit later

TA=TA*M;

TB=TB*M;

TA=(TA>>4)&0x0FFF; IIATA
TB=(TB>>4)&0x0FFF; 114TB
Tz=(TS-TA-TB)/2; [ITS=4TS
if(direction_flag==1) IIFORWARD direction//

{ Vs_angle=Vs_angle+update_angle;
if(Vs_angle>511)
{ Vs_angle=Vs_angle-511;
sector=sector+1;
if(sector>6) lIsector (1)->(6)
{ sector=1;

}
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else //IREVERSE direction//
{ Vs_angle=Vs_angle-update_angle; //n<0 => overflow to value (2*16)-
"negative value" if n is unsigned int
if(Vs_angle<0)
{ Vs_angle=Vs_angle+511;
sector=sector-1;
if(sector==0) //sector (1)->(6)
{ sector=6;

}
}

switch (sector)
{

case 1: set power pwmO_duty(TS-Tz);
set_power_pwm2_duty(Tz+TB);
set_power_pwm4_duty(Tz);
break;

case 2: set_power_pwmO_duty(TA+Tz);
set_power_pwm2_duty(TS-Tz);
set_power_pwm4_duty(Tz);
break;

case 3: set_power_pwmO_duty(Tz);
set_power_pwm2_duty(TS-Tz);
set_power_ pwm4 duty(Tz+TB);
break;

case 4. set power pwmO_duty(Tz);
set_power_pwm2_duty(Tz+TA);
set_power_pwm4_duty(TS-Tz);
break;

case 5: set_power_pwmO_duty(Tz+TB);
set_power_pwm2_duty(Tz);
set_power_pwm4_duty(TS-Tz);
break;

case 6: set power pwmO_duty(TS-Tz);
set_power_pwm2_duty(Tz);
set_power_ pwm4 duty(Tz+TA);
break;

}
#INT_TIMER1
void READ_AD RESULT() //With an internal clock at 20mhz and with the
T1_DIV_BY_8 mode, the timer will increment every 1.6us. It will overflow every
104.8576ms.
{

if(count_timer1_interupt==10) // 1s

{

adc=read_adc();
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f req=adc/4; /Irequired motor speed in Hz {adc=0-
255 =>f req=1-60 (Hz)}
if(f_req>60)
{f req=60;}

count_timer1_interupt=1;

}

if(disable_update_freq==1)
{count_timer1_interupt=9;}

else
{count_timer1_interupt=count_timer1_interupt+1;}

}

void PORTS_INIT() A
{
set_tris_a(0b00000001); //RAO as input ( AD converter)
set_tris_b(0b11000000); [IPWMO=>PWMS as output
[IPWM6,PWM7 as input
set_tris_c(0b11111111); /IportC as BUTTON input
set_tris_d(0b00000000); /lportD as output for display led

}
void PWM_MODULE_INIT()  //2

{
setup_power_pwm_pins(PWM_COMPLEMENTARY,PWM_COMPLEMENTAR
Y,PWM_COMPLEMENTARY,PWM_OFF );
//module 0(PWMO0,PWM1) = COMPLEMENTARY
//module 1(PWM2,PWM3) = COMPLEMENTARY
//module 2(PWM4,PWM5) = COMPLEMENTARY
//module 3(PWM6,PWM7) = OFF
setup_power_pwm(PWM_CLOCK_DIV_4|PWM_UP_DOWN|PWM_DEAD_CL
OCK_DIV_4,1,0,500,0,1,10);
/I 1) mode:PWM_CLOCK_DIV_4; PWM_UP_DOWN;
PWM_DEAD_CLOCK_DIV_4,
/I 2) postscale:1
/I 3) time_base:=> first value of timebase
/I 4) period:chu ky" xung 6 PWM =500 =>200uS
/I 5) compare:0
// 6) compare_postscale:1
I/l 7) dead_time:10 => Tdeatime=10*0.2=2uS
set_power_pwmO_duty(0);
set_power_pwm2_duty(0);
set_power_pwm4_duty(0);

}

void INTERRUPTS_INIT() /3 //INT_PWM will be enable after run button is
pressed !
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{
enable_interrupts(INT_TIMER1);
enable_interrupts(GLOBAL);

}

void ADC_INIT() /14

{
setup_adc_ports(sANO); //ANO as analog INPUT
setup_adc(ADC_CLOCK_DIV_32);
set_adc_channel(0);
delay_us(10);

}

void TIMER_INIT() 115

{

setup_timer_1(T1_INTERNAL|T1_DIV_BY_8);

set_timer1(62500); /[All timers count up. When a timer

reaches the maximum value it will flip over to 0 and continue counting (254, 255, 0, 1,
2..)
/162500*1.6 us =0.1s

}
void PARAs_CAL()

{
f float=f;

temp_float=f float*3;
Vref=temp_float; IIVref(Vphase; motor in deltal mode) at f
frequency to maintain V/f=cont=(220*sqrt(2)/sqrt(3))/60=3

temp_float=0.6144*f float; //0.6144=Tpwm*360*n/60 ; n=512
update_angle=temp_float; /Istepsize is INTERGER after this line

}
void RAM_DOWN_SPEED()
while(f>f_req)

f=f-1;

PARAs_CAL();

delay_ms(T_ramp_down_ms); /1 0.05s/Hz
if(f<f_req)

{

f=f req; /[f=f_req when ram speed finished !

switch(mode_select)

{ case 1:
lcd_gotoxy(4,0);
printf(lcd_putc,"%2.0d",f_req);
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lcd_gotoxy(10,0);
printf(lcd_putc,"%2.0d",f);
break;
case 2:
lcd_gotoxy(10,0);
printf(lcd_putc,"%2.0d",f);
break;
case 3:
fputc(f); //send value of f for PC

lcd_gotoxy(4,0);

printf(lcd_putc,"%2.0d",f_req);

lcd_gotoxy(10,0);
printf(lcd_putc,"%2.0d",f);

break;
}/end switch
}
}
void RAM_UP_SPEED()
{ while(f<f_req)
{
f=f+1;
PARAs_CAL();
delay_ms(T_ramp_up_ms); /1 0.1s/Hz
if(f>f_req)
{
f=f req; /If=f_req when ram speed finished !
}

switch(mode_select)
{ case 1:
lcd_gotoxy(4,0);
printf(lcd_putc,"%2.0d",f req);
lcd_gotoxy(10,0);
printf(lcd_putc,"%2.0d",f);
break;
case 2:
lcd_gotoxy(10,0);
printf(lcd_putc,"%2.0d",f);
break;
case 3:
fputc(f); //send value of f for PC

lcd_gotoxy(4,0);
printf(lcd_putc,"%2.0d",f req);
lcd_gotoxy(10,0);
printf(lcd_putc,"%2.0d",f);
break;
}/end switch
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Y
void defaul_value_in_ EEPROM() /luse in MODE2: AUTO ; P18F has 256 bytes
eeprom which address from 0x00 -> OxFF
{
write_eeprom(0X00,100); //temp_eeprom for checking at 1st reading
write_eeprom(0X10,30); //f1
write_eeprom(0X20,60); //f2
write_eeprom(0X03,6); //T_ramp_up
write_eeprom(0x04,3); /[T_ramp_down

}
T T T

void MAIN ()
{
PORTS_INIT(); n
lcd_init(); // this subrotine in flex_LCD.C file
PWM_MODULE_INIT(); 112
INTERRUPTS_INIT(); 113
ADC_INIT(); 114
TIMER_INIT(); 115

MODE_SELECT:
return_2 mode_select=0; /lreturn_2 mode_select=0 as default
;return_2 mode_select=1 when mode button is pressed
switch (mode_select)
{ case 1:
lcd_gotoxy(1,1);
printf(lcd_putc,"< M1:Read_AD >");
Icd_gotoxy(1,0);
printf(lcd_putc," ok");

while( 1)

if(linput(OK))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
goto MODE_R _VAR;

Y

if(linput(NEXT))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
mode_select=2;
goto MODE_SELECT;
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if(linput(BACK))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
mode_select=3;
goto MODE_SELECT;

}

}
break;
case 2:
Icd_gotoxy(1,1);
printf(lcd_putc,"< M2:Set freq >");
Icd_gotoxy(1,0);
printf(lcd_putc," ok");
while( 1)
{

if(linput(OK))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
goto MODE_AUTO;

Y

if(linput(NEXT))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
mode_select=3;
goto MODE_SELECT,

}

if(linput(BACK))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
mode_select=1;
goto MODE_SELECT;

}

break;
case 3:
lcd_gotoxy(1,1);
printf(lcd_putc,"< M3:COMPUTER >");
Icd_gotoxy(1,0);
printf(lcd_putc," ok");
while( 1)
{
if(linput(OK))
{ output_bit(PIN_D3,1);
delay_ms(200);
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output_bit(PIN_D3,0);
goto MODE_COMPUTER;

}

if(linput(NEXT))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
mode_select=1;
goto MODE_SELECT;

Y

if(linput(BACK))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
mode_select=2;
goto MODE_SELECT;

}
}
break;

}
//::::::::::::::::::::::::::::::::::::::::::::::::::
1 MODE_R_VAR
//==================================================
MODE_R _VAR:

lcd_gotoxy(1,1);
printf(lcd_putc,"T ramp up :?? s"); //clear screen
lcd_gotoxy(1,0);

printf(lcd_putc," "); /[clear screen
T_RAMP_UP_MODE1:
while(1)
{
if(linput(OK)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);

goto NEXT_MODEH1;

¥
if(linput(UP)) /' UP button is pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
T _ramp_up=T_ramp_up+1;
if(T_ramp_up>20)
{T_ramp_up=5;}
}
if(linput(DOWN)) /I DOWN button is
pressed?
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{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
T _ramp_up=T_ramp_up-1;
if(T_ramp_up<5) //6Hz is
minimum frequency for motor can RUN
{T_ramp_up=20;}
}

lcd_gotoxy(13,1); /lprint new value of f1
printf(lcd_putc,"%2.0d",T_ramp_up);

if(linput(NEXT)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(500);

output_bit(PIN_D3,0);

T ramp_up_ms=T_ramp_up*5;
goto T_RAMP_DOWN_MODEH1;
}

if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
goto MODE_SELECT; /lreturn to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)

Hlend while T ramp up mode1:
T_RAMP_DOWN_MODE1:

lcd_gotoxy(1,0);
printf(lcd_putc,"T ramp down:?7? s");

while(1)
{
if(linput(UP)) /' UP button is pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
T _ramp_down=T_ramp_down+1;
if(T_ramp_down>20)
{T_ramp_down=5;}
}
if(linput(DOWN)) // DOWN button is
pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);
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T_ramp_down=T_ramp_down-1;
if(T_ramp_down<3) //6Hz is
minimum frequency for motor can RUN
{T_ramp_down=20;}
}

lcd_gotoxy(13,0); /lprint new value of f1
printf(lcd_putc,"%2.0d",T_ramp_down);

if(linput(NEXT)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);

output_bit(PIN_D3,0);

T _ramp_down_ms=T_ramp_down*5;
goto NEXT_MODEH1;

}
if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
goto MODE_SELECT; /lreturn to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)
}
}lend while T ramp down mode1:
NEXT_MODE1:

MODE_R VAR return_from_stop_button:
lcd_gotoxy(1,1);
printf(lcd_putc,"M1 freq READY "); //clear screen
lcd_gotoxy(1,0);
printf(lcd_putc,"Rv ?? 2 RUN "); // ?? wil be cleard when value update

[ ——— DEFAULT VALUE
first_run_flag=1;
direction_flag=1;

f=0,f _req=0;

Vs_angle=0; //default value for 1st Vs; direction=1
update_angle=0;

sector=1;

count_timer1_interupt=10; /I get 1st value of A/D

1

while (1) //MAIN of MODE 1
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{

lcd_gotoxy(4,0);

printf(lcd_putc,"%2.0d",f_req); //int_timer1 is enable as default to read AD
result =>f _req

if(return_2_mode_select==1) /lreturn_2 _mode_select=0 as default
;return_2 mode_select=1 when mode button is pressed
{
goto MODE_SELECT; /Ireturn to MODE select

}
if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
goto MODE_SELECT; //return to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)
}
//[RUN Button is pressed ?
if(linput(RUN))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
enable_interrupts(INT_PWMTB);//int_ PWM must be enable after RUN
button is pressed to prevent HHGH CURRENT ( don't know why it is, just seen it in
testing if int. PWM enable b4 run button is pressed !!!)

lcd_gotoxy(1,1);

printf(lcd_putc," "); /[clear screen
lcd_gotoxy(1,0);
printf(lcd_putc," ");

lcd_gotoxy(1,1);

printf(lcd_putc,"M1 freq fo DIR");  //clear screen

lcd_gotoxy(1,0);

printf(lcd_putc,"AD ?? ?? ?"); /[ ?7? wil be cleard when value update

switch(direction_flag) /I direction display
{ case 1:
lcd_gotoxy(15,0);
printf(lcd_putc,"F");
break;
case 0:
lcd_gotoxy(15,0);
printf(lcd_putc,"R");
break;

}

if(first_run_flag==1) //RAM UP SPEED at 1st RUN

{
RAM_UP_SPEED();
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first_run_flag=0; //disable RUN button when motor is
RUNNING
}
} /lend if(IPIN_EO)
Il END of "RUN Button is pressed ?"

while (first_run_flag==0)

{
RAM_UP_SPEED();
RAM_DOWN_SPEED();

if(linput(FR))//FR Button is pressed ?

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

disable_interrupts(INT_TIMER1); //stop reading A/D
temp_int=f _req; //save current f_req
f req=0;

RAM_DOWN_SPEED();
direction_flag=direction_flag+1; //complement
direction_flag=direction_flag+1
switch(direction_flag) //lchange direction display
{ case 1:
lcd_gotoxy(15,0);
printf(lcd_putc,"F");
break;
case O:
lcd_gotoxy(15,0);
printf(lcd_putc,"R");

break;
}
f_req=temp_int; lIrestore f_req
RAM_UP_SPEED();
enable_interrupts(INT_TIMER1); /lenable reading A/D
M END of "FR Button is pressed
?ll
if(linput(STOP))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
STOP_MOTOR_MODE(1: /Nable for MODE
button is pressed => stop motor

/[disable_interrupts(INT_TIMER1); /Istop reading A/D
disable_update freq=1;
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f req=0;

RAM_DOWN_SPEED();

first_run_flag=1; llprepare for RAM_UP if
RUN button is pressed next time

/lenable_interrupts(INT_TIMER1); /lenable reading A/D

disable_update freq=0;

disable_interrupts(INT_PWMTB); / it'll enable later when

run button is pressed

goto MODE_R_VAR return_from_stop_button; /Ireturn to
current mode

}

if(linput(MENU))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

return_2 mode_select=1;

goto STOP_MOTOR_MODE(1;

}
MYlend while(first_run=0)

Yiwhile(1)

MODE_AUTO:

lcd_gotoxy(1,1);
printf(lcd_putc,"T ramp up :?? s"); //clear screen
lcd_gotoxy(1,0);

printf(lcd_putc," "); /[clear screen
T_RAMP_UP_MODE2:
while(1)
if(linput(OK)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);

goto NEXT_MODE2;
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if(linput(UP)) /I UP button is pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
T ramp_up=T_ramp_up+1;
if(T_ramp_up>20)
{T_ramp_up=5;}

}
if(linput(DOWN)) // DOWN button is
pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
T _ramp_up=T_ramp_up-1;
if(T_ramp_up<5) /I6Hz is
minimum frequency for motor can RUN
{T_ramp_up=20;}

}

Icd_gotoxy(13,1); /lprint new value of f1
printf(lcd_putc,"%2.0d",T_ramp_up);

if(linput(NEXT)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(500);
output_bit(PIN_D3,0);

T ramp_up_ms=T_ramp_up*5;
goto T_RAMP_DOWN_MODES;
}

if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

goto MODE_SELECT; /lreturn to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)

}
Mlend while T ramp up mode3:

T_RAMP_DOWN_MODEZ2:
lcd_gotoxy(1,0);
printf(lcd_putc,"T ramp down:?7? s");
while(1)
{

if(linput(UP)) /' UP button is pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
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output_bit(PIN_D3,0);
T_ramp_down=T_ramp_down+1;
if(T_ramp_down>20)
{T_ramp_down=5;}

}
if(linput(DOWN)) // DOWN button is
pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
T _ramp_down=T_ramp_down-1;
if(T_ramp_down<3) /[6Hz is
minimum frequency for motor can RUN
{T_ramp_down=20;}

}

lcd_gotoxy(13,0); /lprint new value of 1
printf(lcd_putc,"%2.0d",T_ramp_down);

if(linput(NEXT)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);

T _ramp_down_ms=T_ramp_down*5;
goto NEXT_MODE?2 ;
}

if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
goto MODE_SELECT; /Ireturn to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)

Mlend while T ramp down mode2:

NEXT_MODE2:
MODE_AUTO_return_from_stop_button:
if(return_2_mode_select==1) /Ireturn_2 mode_select=0 as default
;return_2 _mode_select=1 when mode button is pressed
{
goto MODE_SELECT; /Ireturn to MODE select
}
disable_interrupts(INT_TIMER1); //disable reading AD from R_VAR
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lcd_gotoxy(1,1);

printf(lcd_putc," "); /lclear screen

lcd_gotoxy(1,0);

printf(lcd_putc," ");

lcd_gotoxy(1,1);

printf(lcd_putc,"M2 f1 ->"); /lclear screen

lcd_gotoxy(1,0);

printf(lcd_putc,"Au ?? "); /1 ?? wil be cleard when value update

eeprom_check=read_eeprom(0x00);

if(eeprom_check!=100) //100 is default set for
eeprom_check
{ defaul_value_in_ EEPROM)(); /lload default value
¥
f1_select:
/[f1=read_eeprom(0x10); /lread f_reqg2 value in eeprom
f1=30;
while(1)
{
if(linput(OK)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);

goto NEXT_MODE2;

}
if(linput(UP)) /[ UP button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);

output_bit(PIN_D3,0);

f1=f1+1;
if(f1>60)
{f1=6;}
}
if(linput(DOWN)) // DOWN button is
pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
f1=f1-1;
if(f1<6) //6Hz is minimum
frequency for motor can RUN
{f1=60;}
}
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lcd_gotoxy(4,0); /lprint new value of f1
printf(lcd_putc,"%d",f1);

if(linput(NEXT)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);

output_bit(PIN_D3,0);

write_eeprom(0X10,f1); /Isave the value of f1
in eeprom for using when POWER ON next time
goto f2_SLECT;

}

if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

goto MODE_SELECT; /Ireturn to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)

}

Mlend while f1_select:

f2_SLECT:
lcd_gotoxy(1,1);
printf(lcd_putc," "); /[clear screen
lcd_gotoxy(1,0);
printf(lcd_putc," ");
lcd_gotoxy(1,1);
printf(lcd_putc,"M2 2 "); /lclear screen
lcd_gotoxy(1,0);
printf(lcd_putc,"Au ?? ok"); /[ ?? wil be cleard when value update

/[f2=read_eeprom(0x20); /Iread frep2 value in eeprom
f2=60;

while(1)
{
if(linput(UP)) /I UP button is pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
f2=f2+1;
if(f2>60)
{f2=6;}

}
if(linput(DOWN)) // DOWN button is
pressed?
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{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

f2=f2-1;
if(f2<6) /[6HZz is minimum frequency for
motor can RUN
{f2=60;}
}
Icd_gotoxy(4,0); /lprint new value of f1

printf(lcd_putc,"%d",f2);

if(linput(OK)) /I OK button is pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
write_eeprom(0X20,f2);
goto NEXT_DEFAULT_VALUE_MODES;
}
if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
goto MODE_SELECT; /Ireturn to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)

}

Ylend while f2_select:

NEXT_DEFAULT_VALUE_MODES:

e DEFAULT VALUE
first_run_flag=1;
direction_flag=1;

f=0,f_req=0;

Vs_angle=0; /ldefault value for 1st Vs; direction=1
update_angle=0;

sector=1;

/[count_timer1_interupt=10; => different from MODE1: we don't need to
interupt timer to get AD result
Il

lcd_gotoxy(1,1); /I AVAILABLE to RUN
screen IN mode 2 AUTO

printf(lcd_putc," ");

lcd_gotoxy(1,0);

printf(lcd_putc," ");
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lcd_gotoxy(1,1);

printf(lcd_putc,"M1 f1 2 READY ");

lcd_gotoxy(1,0);

printf(lcd_putc,"Au ?? ?? 2 RUN"); // ?? wil be cleard when value update
lcd_gotoxy(4,0);

printf(lcd_putc,"%2.0d",f1);

lcd_gotoxy(7,0); /lprint value of f1
printf(lcd_putc,"%2.0d",f2);

while (1) //MAIN of MODE 2

if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

goto MODE_SELECT; /Ireturn to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)

}

//[RUN Button is pressed ?
if(linput(RUN))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
enable_interrupts(INT_PWMTB);//int PWM must be enable after
RUN button is pressed to prevent HIGH CURRENT ( don't know why it is, just seen it
in testing if int_PWM enable b4 run button is pressed !!!)

Icd_gotoxy(1,1);

printf(lcd_putc," "); /lclear screen
Icd_gotoxy(1,0);
printf(lcd_putc," ");

lcd_gotoxy(1,1);

printf(lcd_putc,"M2 f1 f2 fo DIR");  //clear screen
Icd_gotoxy(1,0);

printf(lcd_putc,"Au ?? ??2 ?2? ?"); /I ?? wil be cleard when value

update
Icd_gotoxy(4,0); /lprint value of f1
printf(lcd_putc,"%2.0d",f1);
Icd_gotoxy(7,0); /lprint value of f1
printf(lcd_putc,"%2.0d",f2);
switch(direction_flag) /I direction display
{ case 1:

lcd_gotoxy(15,0);

96



CHUONG 8: PHU LUC

printf(lcd_putc,"F");
break;
case 0:
lcd_gotoxy(15,0);
printf(lcd_putc,"R");

break;
}
if(first_run_flag==1) //RAM UP SPEED at 1st RUN
f req=f1; /las defauflt of MODE2
RAM_UP_SPEED();
first_run_flag=0; //disable RUN button when motor is
RUNNING
}
M END of "RUN Button is pressed ?"

while (first_run_flag==0)
{

if(linput(FR))//FR Button is pressed ?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
temp_int=f_req; //save current f_req
f req=0;
RAM_DOWN_SPEED();
direction_flag=direction_flag+1; //complement
direction_flag=direction_flag+1
switch(direction_flag) //lchange direction display
{ case 1:
lcd_gotoxy(15,0);
printf(lcd_putc,"F");
break;
case O:
lcd_gotoxy(15,0);
printf(lcd_putc,"R");

break;
}

f _req=temp_int; /Irestore f_req

RAM_UP_SPEED();
pik END of "FR Button is pressed

?ll

if(linput(STOP))
{ output_bit(PIN_D3,1);
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delay_ms(200);
output_bit(PIN_D3,0);

STOP_MOTOR_MODEZ2: /Nable for
MODE button is pressed => stop motor
disable_interrupts(INT_TIMER1); //stop reading A/D
f req=0;

RAM_DOWN_SPEED();

first_run_flag=1; /lprepare for
RAM_UP if RUN button is pressed next time

disable_interrupts(INT_PWMTB); /Il it'll enable later
when run button is pressed
enable_interrupts(INT_TIMER1); /lenable reading A/D

goto MODE_AUTO_return_from_stop_button;
/Ireturn to current mode

}

if(linput(MENU))

{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

return_2 mode_select=1;
goto STOP_MOTOR_MODEZ2;
}
if(linput(NEXT)) /llchange freq = f2
(f1) as muplti speed mode ( mode2)
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);
f select=f_select+1; /lcomplement bit
f select
if(f_select==0)
{ f req=f1;}
else
{ f_req=f2;}

RAM_UP_SPEED(); // RAM_SPEED
to reach the new request frequency
RAM_DOWN_SPEED();
}
MYlend while(first_run=0)

Hiwhile(1)
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1 MODE COMPUTER I

MODE_COMPUTER:

disable_interrupts(INT_TIMER1); //disable reading AD from R_VAR
disable_interrupts(INT_PWMTB);

lcd_gotoxy(1,1);
printf(lcd_putc,"T ramp up :?? s"); //clear screen
lcd_gotoxy(1,0);

printf(lcd_putc," "); /[clear screen
T _RAMP_UP_MODES3S:
while(1)
if(linput(OK)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);

goto NEXT_MODES;

}
if(linput(UP)) /I UP button is pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
T ramp_up=T_ramp_up+1;
if(T_ramp_up>20)
{T_ramp_up=5;}
}
if(linput(DOWN)) // DOWN button is
pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);
T ramp_up=T_ramp_up-1;
if(T_ramp_up<5) /I6Hz is
minimum frequency for motor can RUN
{T_ramp_up=20;}
}

Icd_gotoxy(13,1); /lprint new value of f1
printf(lcd_putc,"%2.0d",T_ramp_up);

if(linput(NEXT)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(500);

output_bit(PIN_D3,0);
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T ramp_up_ms=T_ramp_up*5;
goto T_RAMP_DOWN_MODES3;
}

if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

goto MODE_SELECT; /Ireturn to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)

}
MYlend while T ramp up mode3:
T_RAMP_DOWN_MODES3:

lcd_gotoxy(1,0);
printf(lcd_putc,"T ramp down:?? s");

while(1)
{
if(linput(UP)) /[ UP button is pressed?
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);
T_ramp_down=T_ramp_down+1;
if(T_ramp_down>20)
{T_ramp_down=5;}
}
if(linput(DOWN)) // DOWN button is
pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);
output_bit(PIN_D3,0);
T_ramp_down=T_ramp_down-1;
if(T_ramp_down<3) /I6Hz is
minimum frequency for motor can RUN
{T_ramp_down=20;}
}

lcd_gotoxy(13,0); /lprint new value of f1
printf(lcd_putc,"%2.0d",T_ramp_down);

if(linput(NEXT)) /I OK button is pressed?
{ output_bit(PIN_D3,1);

delay_ms(200);

output_bit(PIN_D3,0);

T _ramp_down_ms=T_ramp_down*5;
goto NEXT_MODES3 ;
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if(linput(MENU))
{ output_bit(PIN_D3,1);
delay_ms(200);
output_bit(PIN_D3,0);

goto MODE_SELECT; //return to MAIN menu (motor is
running => user press stop BUTTON => want to return to main menu)

Hlend while T ramp down mode3:

NEXT_MODES:

e DEFAULT VALUE
first_run_flag=1;
direction_flag=1;

f=0,f_req=0;
Vs_angle=0; /l/default value for 1st Vs; direction=1
update_angle=0;
sector=1;
Il

lcd_gotoxy(1,1);

printf(lcd_putc,"M3 freq fo DIR");  //clear screen

lcd_gotoxy(1,0);

printf(lcd_putc,"PC ?? ?2? ?"); /I ?? wil be cleard when value update

loop_mode3:
f_req=fgetc();

if(first_run_flag==1)

{
enable_interrupts(INT_PWMTB);
first_run_flag=0;

if(f_req==0) //stop button is pressed

RAM_DOWN_SPEED();

first_run_flag=1;

disable_interrupts(INT_PWMTB);
}

if(f_req==70) //Change direction button is pressed

temp_int=f; //save current f_out =
f req!

f req=0;

RAM_DOWN_SPEED();
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direction_flag=direction_flag+1; //complement
direction_flag=direction_flag+1

switch(direction_flag) /lchange direction display

{ case 1:
lcd_gotoxy(15,0);
printf(lcd_putc,"F");
break;
case O:
lcd_gotoxy(15,0);
printf(lcd_putc,"R");

break;
}
f_req=temp_int; lIrestore f_req
RAM_UP_SPEED();
}
RAM_UP_SPEED(); /[ram up speed at 1st RUN and then

RAM_DOWN_SPEED();

goto loop_mode3;
H/main
8.3> CODE PHAN MEM GIAO TIEP NGU'O'l SU DUNG:

Option Explicit

DimY As Double 'varible in chart drawing
Dim Xx As Double
Dimi As Double

Dim dir_flag As Integer

Dim strtemp  As String 'varible ONCOMM event
Dim strdata  As String

Dim datavu  As String

Dim j As String

Dim intdigvu  As Integer
Dim digdata  As Integer

Private Sub Change_direction_button_Click()

If (dir_flag = 0) Then
Text_direction = "FORWARD"
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dir_flag = 1

Else
Text_direction = "REVERSE"
dir_flag=0

End If

MSComm1.Output = Chr(70) 'send the request 70 as Change_direction_code to
PIC

End Sub
Private Sub RUN_SEND_button_Click()
j=txt_f request.Text 'send the request value of frequency to PIC
If (j >60) Then
MsgBox ("Frequency must be in range from 0 to 60 Hz")
txt_f request=""
txt_f request.SetFocus
Else
MSComm1.Output = Chr(j)
End If
If (RUN_SEND_button.Caption = "RUN") Then

RUN_SEND_button.Caption = "SEND" 'Change caption of RUN button
RUN_SEND_button.BackColor = &H8000000F

Text_motor_status = "RUNNING"
End If

End Sub
Private Sub STOP_button_Click()

MSComm1.Output = Chr(0) 'send the request value of frequency(=0) to PIC
If (RUN_SEND_button.Caption = "SEND") Then

RUN_SEND_button.Caption = "RUN" 'Change caption
RUN_SEND_button.BackColor = &HFF00&

Text_motor_status = "STOP"
End If

End Sub
Private Sub Form_Load()

dir_flag = 1
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'‘Dong Serial Port neu no mo
If frmMain.MSComm1.PortOpen = True Then
frmMain.MSComm1.PortOpen = False

End If
'‘Cau hinh lai Serial Port
frmMain.MSComm1.RThreshold = 1 'Khi nhan 1 ki tu don se phat sinh su
kien CommEvent
frmMain.MSComm1.CommPort = 1 'Dung PORT1
frmMain.MSComm.InputLen =0 '‘Doc toan bo buffer
frmMain.MSComm1.Settings = "9600,n,8,1"
frmMain.MSComm1.PortOpen = True ‘Mo cong

'Form hien giua man hinh
frmMain.Move (Screen.Width - frmMain.Width) / 2, (Screen.Height -
frmMain.Height) / 2

"Chart SETTING

Strip1.CursorColor = RGB(255, 0, 0)
'Left = (Main.Width - Width) / 2
"Top = (Main.Height - Height) / 2

Xx = Now

Fori =0 To Strip1.Variables - 1
Strip1.VariablelD =i
"5 seconds
Strip1.VariableDeltaX =1/24/60/60 /2 "'.5 seconds interval
Strip1.VariableLastX = Xx 'Set LastX to current time
Next

Strip1.XTicMode = 1 'Set X Mode to Date/Time Display
'30 seconds
Strip1.XSpan =1/24/60/60 * 30 '30 seconds of display on plot

End Sub

Private Sub MSComm1_OnComm()

With frmMain.MSComm1
Select Case .CommEvent
Case comEvReceive
'Nhan du lieu tu vi dieu khien
strtemp = .Input
strdata = Left(strtemp, 1)
datavu = Right(strtemp, 1)
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digdata = Asc(strdata)
intdigvu = Asc(datavu)

'txtFreg = digdata
'txt_f out =intdigvu 'xuat du lieu ra o txt upload cua

txt_f out = digdata
txt_u_out = digdata * 3.66 ' V/f=const
End Select

End With
End Sub

Private Sub Timer1_Timer()

Strip1.AddXY 0, Now, Y

Y =digdata 'data will be printed in chart
End Sub

Private Sub Form_Unload(Cancel As Integer)
MSComm1.Output = Chr(0) 'send stop signal for PIC to stop motor

MSComm1.PortOpen = False '‘Dong cong
End Sub
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