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CHUONG I
TONG QUAN VE HE THONG DIEU KHIEN SO PONG CO’
KDB 3 PHA

3. GIOI THIEU HE THONG PIEU KHIEN SO PCKPB 3 PHA
1.1. So dé cdu tric hé thong diéu khién so

Cac hé thong diéu khién bing may tinh (diéu khién s0) ngdy cang dugc su
dung rong rai trong cong nghiép. Chiing dong mot vai tro quan trong trong viéc
diéu khién céc qu4 trinh cong nghé, noi doi hoi su két hop gitta mdy tinh véi co
céu chdp hanh dé thuc hién mot loat cac nhiém vu khac nhau.

Viéc sut dung mdy tinh s6 nhu 1a mot thiét bi bu (compensator) hay mot thiét
bi diéu khién (controller) da phat trién suot hon hai thap ky qua boi su hiéu qua
va do tin cay ngay cang cao ctia né. Hinh 1 duéi day 1a vi du cho so d6 khoi ctua
mot hé thong diéu khién s6 mach don. M4y tinh s6 trong hé thong nay c6
nhiém vu nhan su sai khac gitra tin hiéu dat vé6i tin hiéu phan hoi vé dang s6 va
thuc hién viéc tinh todn dé dua ra tin hiéu diéu khién dang s6. M4y tinh c6 thé
dugc lap trinh dé vé6i ddu ra d6, chat luong cua hé thong dat duoc hodc gan dat
duoc chat lugng mong mudn. Nhiéu mdy tinh con ¢ thé nhan va thao tc véi
mot s6 dau vao, do d6 mot hé thong diéu khién s6 thudng cé thé 1a mot hé
thong da bién.

May tinh nhan va xtr ly cac tin hiéu dang s6, trdi nguoc véi cac tin hiéu lién
tuc. Mot hé thong diéu khién sé st dung tin hiéu s6 va mdy tinh dé diéu
khién mot qua trinh. Do d6 s6 lieu do s& duoc chuyén ddi tir dang tuong tu
sang dang s6 bang bo bién déi tuong tu - s6 (ADC - Analog to Digital
Converter) nhu dugc chi ra trén hinh 1. Sau khi x{r ly cidc dau vao, may tinh sé
dua ra ddu ra dang so va sau d6 tin hiéu nay duoc chuyén déi sang dang tuong
tu nho bo bién dai s6 - tuong tu (DAC - Digital to Analog Converter).

Reference Output
Input — o (analog)
(digital) —»{ Digital (dlgltal)‘ DAC (analog)‘ Actuator R

computer > > e
(digital) (analog)
ADC | Sensors |

Hinh 1: Vi du vé so d6 khoi cia mot hé thong diéu
khién s6



Nghién ciru, thiét ké hé thong diéu khién sé cho déng co KPB 3 pha

Mot cach téng quat, ta c6 so d6 khoi cuia hé thong diéu khién s6 (HTDKS)
nhu hinh 2.

Interface Power

out ———>1 Amplifier ———> Object

PC U

Interface Pre-

in ———> Amplifier ———> Sensor

ﬂ

Hinh 2: So d6 khoi tdng quat cta hé thong diéu
1.2. Cdc phuong phdp diéu khién dong co khong dong bo ba pha

Pong co khong dong bo (DCKDB) ba pha duogc st dung rong rai trong cong
nghiép, tir cong suat nho dén cong suat trung binh va chi€m ty 1€ rit 16n so véi
nhitng dong co khac. Uu diém ctia n6 1a dé ch€ tao, van hanh an toan, sir dung
nguon ap truc tié€p tir ludi dién xoay chicu 3 pha. Tuy nhién, trudc day, cac hé
thong truyén dong DCKDB c6 diéu chinh téc do lai chiém ty 1& rat nho do viéc
diéu chinh t6c do0 DPCKDB khé khan hon DC mot chiéu. Trong thoi gian gin
day, do viéc phét trién manh cong nghiép ché tao ban dan cong suat va k§ thuat
dién tir tin hoc, DPCKDB méi khai thac dugc cdc vu diém clia minh va dan c6 xu
hudng thay thé cho PC mot chiéu trong cic hé truyén dong.

Dé diéu chinh toc do0 DPCKDB 3 pha, truéc hét ta viét lai phuong trinh dac
tinh co :

’

3U/R,

N
0,5 [RﬁRZJ + X2
s

M =

(1)

trong do :

o, _toc do gbc cua tir trudng quay
27Zf f se A A 2 A e
w, =—— VOI1 f, _ tan so cua dién 4p stator
p

p _ sO doi cuc tir
U,_ tri sO hiéu dung cua dién 4p pha stator
R,_ dién trd cua cuodn day stator
R,_ dién trd rotor da quy doi vé stator
X,._ dién khdng ngan mach
s_ hé so trugt cua dong co
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a, —a
s=—1

vGi @ 1a toc do goc clia dong co
@,

Phuong trinh (1) cho thady M=f(s) phu thudc vao cac dai luong U,, ®,, R,’.
Tuong tng véi cac dai lugng dé ta c6 phuong phap di€u chinh dién dp dong co,
phuong phdp diéu chinh dién tré mach rotor va phuong phap diéu chinh tin so.
Sau day ching ta s€ xem xét 1an lugt timg phuong phap va y tudng thuc hién
ching trong caic HTDKS.

1.2.1. Phuong phdp diéu chinh dién ap DPCKDB ba pha (giit nguyén tin
s0)

Nhu da trinh bay & phan trén, momen ciia DPCKDB ba pha ty 1& véi binh
phuong dién 4p dat 1én stator. Piéu d6 c6 nghia 12 néu thay déi dién 4p stator
thi mo men ctia dong co s& thay déi di binh phuong 1an. Dua vao dé c6 thé
diéu khién duoc t6c do cia DCKDB ba pha. So d6 khoi nguyeén 1i va dic tinh
co diéu chinh cua phuong phap nay dugc chi ra trén hinh 3.

a) b)
Ul7fl
> IOV
- dtin,U,,,,R=0
PAXCC | U 1gh.Uy R,
f, | U,

Sth /
/ Ub2 /Ubl /

M

C

O Mth g M
Hinh 3: Diéu chinh dién 4p DPCKDB: a) So d6 khoi nguyén ly.
b) Dic tinh co diéu chinh.

Dé diéu chinh dién 4p DCKDB, phai dung céc bo bién doi dién 4p xoay
chiéu. Bo bién doi dién 4p xoay chiéu pho bién nhat hién nay 1a st dung van
ban din c6 cuc diéu khién (hinh 4). Bing cach thay déi céc tin hiéu diéu
khién déng m& cdc van ban dén, ta c6 thé diéu chinh duoc dién 4p stator, tir
do thay déi dugc t6c do dong co. Viéc phat ra xung diéu khién hoan toan ¢
thé thuc hién duoc biang mdy tinh. Tin hiéu tir vi xir Iy qua cac bo bién doi
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¢ thé dua t6i khoi diéu khién Thyristor. Dong thdi tin hiéu phan héi dong
va phan héi t6c do cta dong co duoc dua vé vi xir ly thong qua bo bién doi
dé vi xir Iy tinh todn dua ra tin hiéu diéu khién. Hinh 5 sau day s& minh hoa
cho cac dién giai trén.

DE H—I_

Thyristor

Hinh 4: DAXC dung van ban

dan
PAXC
h —F | S
] Data <
"'l Buffer —>1 Latch ADC |« >
——>
VXL 7
Mach __:]—ﬂ/
N oidi ma Latch DAC Kb
gla1 ma > > — BP

Hinh 5: So d6 khdi ctia phuong phap diéu chinh dién 4p stator
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Phuong phdp diéu chinh dién 4p stator c¢6 nhugc di€ém 1a gay ra ton that ning
lwong, nhat la khi dién ap khong sin s€ sinh ra dong Fuco6 lam néng dong co.

1.2.2. DPiéu chinh téc do dong co khong dong bo bang diéu chinh dién tré
mach rotor

a. So do mach nguyén ly

@DE

CL

RO

T

T2 __¢C

L1

b. Nguyén ly diéu chinh

Diéu chinh dién trd rotor bang phuong phdp xung. Khi dién dp dugc
chinh luu béi cau diode, dugc cdp vao mach diéu chinh gom cé dién trd
R, ndi song song v6i mot khod ban dan T,. Khod nay s& dugc dong cét
theo chu ky dé diéu chinh gia tri trung binh cta dién trd toan mach.

c¢. Phuong phap diéu chinh

Khi khoa T, dong, dién tr& R, bi loai ra khoi mach, dong rotor tang
lén, khi khod T, m& dién tré R, lai dugc dua vao mach, dong dién rotor
giam. Nho ¢6 dién cam L ma dong rotor coi nhu khong déi. Véi tan so
déng ngét nhét dinh, ta ¢6 mot gid tri dién trd tuong duong R, trong
mach.

10
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Phuong phép diéu chinh nay rd rang chi dp dung dugc véi dong co
khong dong bo rotor day quan, trong khi dong co khong dong bo rotor
16ng séc¢ duoc ding phd bién hon bdi cau tao don gian, do tin cay cao va
khong can bao dudng. Vi vay ta khong can quan tam dén phuong phap
nay lam.

1.2.3. Phuong phdp diéu chinh tin s

Phuong phéap di€u chinh dién ap stator va di€u chinh dién trd rotor ap
dung chii yéu cho viéc diéu khién DCKDB ba pha rotor day quén. Viéc diéu
khién DCKDB 3 pha rotor 16ng séc trudc day rat khé thuc hién. Ngay nay,
su phdt trién manh mé cta dién tir cong suét 16n va ky thuat vi xtt 1y da mo
ra kha nang ing dung c6 hiéu qua phuong phdp diéu khién dong co 16ng séc
bang thiét bi bién tan. Phuong phédp nay cho phép diéu chinh téc do dong co
trong pham vi rong v6i do chinh x4c cao.

Khi diéu chinh tan s6, dé duy tri ché€ do 1am viéc tot nhat, phai diéu chinh
ca dién ap stator. DGi v6i hé thong bién tan nguodn dp thuong cé yéu cau giit
cho kha ning qué tai vé momen 1a khong doi:

A= M,, = const
M

trong do:

A _ hé s6 qua tai mo6 men
M,, _ mo6 men t61 han

Vi dac tinh co dang gan ding ctia mdy san xuat 1a :

11
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o X
Mc =M dm{_]
O g

M, _ m6 men tng véi toc do @
Mgm _ mo6 men tng véi téc do dinh mic @y
x_ hé s6 tuy thudc vao loai may san xuét

Ta c6 luat diéu chinh dién 4p 1a :

u, _[ f, ][”:]
Uldm fldm

hay & dang don vi khong tén:
u, = f:[h;j

So do khoi nguyén 1y va dac tinh co dugce cho trong hinh dudi.

~3,380vV.50H= w

% 00dm
o

l>—| |—1I
Fu |
Fi3
= FRf W | 0
M
Min Mihdm

FG _ may phat ham
Ru _ bo diéu chinh dién dp
Rf _ bo diéu chinh tin s

O day ta s& xét dén bo bién tdn ngudn 4p lam viéc theo nguyén ly diéu
ché do6 rong xung (PWM —Pulse Width Modulation). Bo bién tan nay cho
phép diéu chinh dong thoi ca tan s6 va dién 4ap. Mat khac, n6 con tao ra dugc
dién 4p va dong dién gan nhu hinh sin (hinh 6)

12
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f L T _H | Limi AN ua*‘
I e %mﬁ”

Hinh 6: So d6 bd bién tan nguodn ap

Bing phuong phip PWM ta c6 gian d6 dién th€ va dién dp pha A nhu

hinh 7.
s
A
f_,/"’f \\h““‘-\x P
~ L1
MR & S -

Hinh 7: Phuong phip PWM
Hinh 8 duéi day 1a so d6 khoi cua hé thong diéu khién s6 dung dé diéu

khién DCKDB ba pha rotor 16ng séc su dung thiét bi bién tdn (VF_Varied
Frequency).

13
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Data DAC VF

i Buffer —
VXL |

Mach —
) gidi

ma

A 4

Encoder

Couter |«

\ 4

Hinh 8: M6 hinh hé diéu khién s6

Hé thong diéu khién DCKDB rotor 16ng séc bing bién tin 1a hé thong
truyén dong dién diéu chinh c6 nhiéu trién vong ting dung. Viéc nghién citu
hé thong nay c6 nhiéu xu huéng khac nhau. Nhuoc diém cta né 1a gia thanh
cao, phtc tap.

Theo xu huéng phat trién hién nay clia cidc hé thong diéu khién truyén
dong dién va can cit vao yéu cau cu thé clia dé bai, phuong phap diéu khién
DCKDB ba pha rotor 16ng s6c dung bién tan sé dugc su dung trong bai tap
ndy. So do khai clia hé thong diéu khién s& dugc xay dung nhu trong hinh 8.

14
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4. PHAN TiCH HE THONG PIEU KHIEN SO

Khi chua c6 bo diéu khién trong hé thong, so d6 khoi ctia hé thong nhu sau:

K Ky y
; Wy (8) = —
T,s+1 Tes+1

\4

v

7000 > W, (s) =

Trong do:
» Wy(s) 1a ham truyén ctia bién tan, véi: Ky = 65; Tp = 0.02 (S)
» Wyc(S) 1a ham truyén cua dong co, voi: Kge = 6 - 10; Tgc = 0.1 ()

Héang s6 thoi gian nho nhét trong doi tuong 1a Ty = 0.02 (S) nén chu ki 14y
mau T phai nho hon 0.02 (s). Can ct vao kha nang hoat dong clia may tinh va
diéu kién trén, chon chu ki 1dy mau T = 0.005 s = 5 ms.

Cho ch =0.

2.1. Ham truyén dat va phuong trinh trang thdi cua doi tuong:

Do6i tugng diéu khién & day bao gom bién tin va dong co. Nhu vay ham
65K .

truyen clia doi tuong 1a W () =Wy, Wy, = (0.025 +1)(0.15 +1)

Chuyén ham truyén clia doi tuong sang dang roi rac (mién Z) vé6i chu ki 14y
mau T =0.005 s =5 ms ta c6:

W, (2) = 2 ;1.Z{Wd;(s)}

7 W, (s) _5 65K ;. :65ch.2{1+ 0.25 1.25}
S 5(0.02s+1)(0.1s+1) s s+50 s+10

W, (S) z 0.25z 1.25z
- Z{dtT} B GSK"CL 1 7 e ™ g™ }

Suy ra:

z-1 Z 0.25z 1.25z
Wdt(z) :T'GSKdC[Z_l 7 _g 0T - 7 _g 107 } = 65Kd{1+ 7 _g 0T 7 _g 107
(z—e)z-e™)+0.25(z-1)(z-e ™) -1.25(z -1)(z—e")

(Z _ e—SOT )(Z _ e—lOT)

02&2—3_12&2—3}

= 65K ,

bat A= g7 ,B= e ta co:

15
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2> —(A+B)z+ AB+(z-1)(-z +1.25A-0.25B)

W, (z) = 65K
(z-A)(z-B)

(0.25A—1.25B +1)z + (AB —1.25A + 0.25B)
72> —(A+B)z+ AB

= 65K,

Thay T = 0.005s c6: A =0.7788; B =0.9512 va do doé:

0.3705K ..z +0.3311K
722 -1.73z+0.7408

Wdt(z) =

Chuyén sang phuong trinh trang thai:
1.73 -0.7408 1
x(k +1) = { 1 0 }.x(k) + {O}u(k)
y(k) = .3705K . 0.3311K . x(k)

(3.1)

(3.2)

Hai cong thic trén 12 ham truyén dat va phuong trinh trang thai ctia doi
tugng (bao gom bién tan va dong co) trong mién roi rac véi chu ki 1ay mau 1a

Sms hay 0.005s.

2.2. Kiém tra tinh diéu khién duoc va tinh quan sdt duoc ciia déi tuong:

Ta da xac dinh duoc phuong trinh trang théi ctia d6i tugng diéu khién (cong
thitc 3.2). D€ kiém tra tinh diéu khién dugc cuia doi tuong can tinh ma tran diéu

khién dugc:

Pd :[Bd'Ad'Bd]

[ 12 ]

1 1.73
0 1

C6 det{Pg} =1 =0 suy ra rank{Pg} = 2 do dé6 doi tuong la diéu khién

duoc.

Pé kiém tra tinh quan sit dugc cta d6i tuong can x4c dinh ma tran quan sat

duoc cua doi tuong. Ta co:

16
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- :|
Nd
:d' d

J.3705K,, 0.3311K,, _
- 0.7408}

0

1.73
d.3705K, 0.3311K, i
1

B 0.3705 0.3311
~ %1 0.9721 -0.2745

Suy ra det{Ng} = -0,4235.Ks>. Néu K¢ =0 thi det{Ns} =0 va do dé
rank{Nq} = 2 nén d6i tuong quan sat duoc. Thuc t€ thi luon c6 Ky, =0 nén doi
tuong luon quan sat duoc. Tic 12 ta c6 thé khoi phuc duoc trang thdi cua doi
tuong thong qua quan sat dau ra ctia d6i tugng (dau vao duong nhién luon biét).
D6 1a co s& dé sau nay cé thé thiét k€ duoc bo quan sat trang thai phuc vu cho
hoi tiép trang thai.

2.3. Xét on dinh cua déi tuong:

Phan nay s& xét 6n dinh ctia d6i tuong, nghia 13 xét 6n dinh clia mot hé
thong hd trong d6 khong c6 bo diéu khién. Cong thic (3.1) da cho biét ham
truyén dat roi rac cua d6i tuong. Phuong trinh dic tinh cia d6i tuong la
2> —1.732 +0.7408=0. Giai phuong trinh bac hai ndy ta c6 céc di€ém cuc cua doi
twong 1a z; = 0.9512 va z, = 0.7788. Cic diém cuc nay déu nim bén trong
dudng tron don vi, do vay d6i tugng 12 6n dinh, tic 1a hé thong hd 1a 6n dinh.
Ngoai ra, do cdc diém cuc ndy déu thuc nén khong c¢6 qud diéu chinh.

2.4. Xét on dinh cua hé thong kin khi chua c6 bo diéu khién:

Xét doi tugng trong mot hé thong kin nhung chua c6 bo diéu khién (xem
hinh vé). Can xét

X ; , . — 65 Kdc ]

on dinh cua hé — —» > p

e 3 S 4= 0.02s+1 0.1s+1

thong nay. Step Zero-Order Transfer Fen  Transfer Fcnl Scope
Hold

Ham truyén roi
rac cua doi tugng duogc cho trong cong thic (3.1):

0.3705K .z +0.3311K

W, (2) =
«(2) 72 ~1.73z7 +0.7408

Ham truyén dat ctia hé thong ¢6 hoi ti€p am la:

17
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W, (2)
1+W, (2)
0.3705K 4,z +0.3311K
2> -1.73z +0.7408+0.3705K ;. z + 0.3311K
0.3705K 4,z +0.3311K
2> +(0.3705K ,, —1.73)z +(0.7408+0.3311K ;)

Wht(z) =

Vi Ky = 9 ta co:

3.3345z2 +2.9799

W, (2) =
n(?) 72 +1.6045z + 3.7207

Phuong trinh dic tinh ctia hé thong 14 z°+1.6045z+3. 7207=0

Giai phuong trinh trén ta c6 cic di€ém cuc clia hé thong la z; = -0.8023 +
1.7542i va z, = -0.8023 - 1.7542i. Modun cla hai diém cuc trén déu la
J(-0.8023)2 +1.7542* =1.9289> 1, tiic 1a c4 hai diém cuc déu nim ngoai dudng
tron don vi, do d6 hé kin khong 6n dinh.

2.5. Qua trinh qud do cua hé thong kin khi chua cé bo diéu khién:

Van ti€p tuc xét hé kin chi chita doi twong ma khong chita bo diéu khién (mo
hinh trén). Ta da xac dinh dugc ham truyén dat roi rac cta hé thong kin la:

0.3705K .z +0.3311K
2% +(0.3705K ,, —1.73)z + (0.7408 + 0.3311K )
~ 0.3705K 2 * +0.3311K ;7 2
~1+(0.3705K ,, —1.73)z + (0.7408 +0.3311K )z

_Y@)
S W(2)

Wht (Z) =

Chuyén sang phuong trinh sai phan ta c6:

Kg(0.3705z1 + 0.3311z%).W(z) = [1+ (0.3705Ky — 1.73)z' + (0.7408 +
0.3311K¢)z°].Y(2)

— Kgc[0.3705.w(k-1) + 0.3311.w(k-2)] =
= y(k) + (0.3705Ky — 1.73).y(k-1) + (0.7408 + 0.3311Kyc).y(k-2)

& y(K) = Kgc[0.3705.w(k-1) + 0.3311.w(k-2)]
- (0.3705Kg; — 1.73).y(k-1) - (0.7408 + 0.3311K¢c).y(k-2)

Vé6i Ky =9, phuong trinh sai phan tré thanh:
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y(K) = 3,3345.w(k-1) + 2,9799.w(k-2) — 1,6045.y(k-1) — 3,7207.y(k-2)

Néu tin hiéu vao w(k) la Step thi ta c6:
w(k)=1 khi k >0
& w(k)=0 khi k<O

Thuc hién phuong trinh sai phan trén bang chuong trinh C** (viét trén Turbo
C) ta v€ dugc qua trinh qua do cua hé kin khi dau vao w(k) la Step. Chuong
trinh C™ nhu sau:

Chuong trinh C** v€ qua trinh qua do trén may tinh

#include <iostream.h>
#include <conio.h>
#include <graphics.h>
#include <values.h>
#include <stdlib.h>

float y old[2] = {0.0,0.0};

inline int w(register int k) {
return (k<0?0:1);
}

float y(register int k) {

if (k<0) return (0);

float tmp = 3.3345*w(k-1) + 2.9799%*w (k-2) -
1.6045*y 0l1d[0] - 3.7207*y old[1];

y old[1l] =y old[0];

y o0ld[0] = tmp;

return tmp;

}

int main () {

const int Nmax = 200;

int n, k, tmp;

float *yvalues, ymax = -MAXFLOAT, ymin =
MAXFLOAT;

float scale x, scale y;
char string[20];

do {
cout << "Tinh bao nhieu buoc ?";
cin >> n;

} while (n < 1 || n > Nmax);
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int gm,gd=DETECT;

initgraph (&gd, &gm, "c:\\Borland\\TC\\BGI") ;

if (graphresult() != grOk) {
cerr << "Graphics Error !!!\n";
return 1;

}

yvalues = new float[n];

if (!yvalues) {
cerr << "Insufficent memory.";
closegraph () ;
return 2;

}

scale x = 600.0/n;

setbkcolor (WHITE) ;

cleardevice ()

setcolor (BLUE) ;

rectangle (34, 49, 636, 450);
settextjustify (CENTER_TEXT ’ CENTER_TEXT)

.
14

outtextxy (319, 24, "QUA TRINH QUA DO CUA HE THONG
CHUA CO BDK") ;
settextjustify (CENTER TEXT, TOP TEXT) ;
for (k=0; k<n; ++k) {
yvalues[k] = y(k);
if (yvalues[k] > ymax) ymax = yvalues/[k];

if (yvalues[k] < ymin) ymin = yvalues[k];

tmp = 34 + scale x*k;

line (tmp, 450, tmp, 453);

outtextxy (tmp, 456, itoa(k, string,
}

if (ymin > 0) ymin = 0;

if (ymax < 0) ymax = 0;

scale y = 400.0/ (ymax - ymin);

k = ymax/100;

Settextjustify(RIGHT_TEXT, CENTER_TEXT);
while (k*100.0 >= ymin) {

tmp = (ymax - k*100.0)*scale y + 49;
line (32, tmp, 34, tmp);

gcvt (k*100.0, 4, string);

outtextxy (31, tmp, string);

—-k;

10)) 7
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}

moveto (34, ymax*scale y+49);

for (k=0; k<n; ++k) {
lineto (34+scale x*k, gety());
lineto(getx (), (ymax - yvalues[k])*scale y +

49);

}

delete[] yvalues;

getch();

closegraph () ;

return 0;

Dich va chay chuong trinh trén véi s6 budc tinh 1a 9, ta c¢6 két qua qua trinh
quéd do nhu hinh sau:

aua TRINH OUAa DO CUAa HE THONG CHUA CO BDK

100

o i 2 3 4 5 6 7 8
2.6. So sdanh két qud voi MatLab / Simulink:

Ciing hé thong trén, mo phong trén MatLab ta c6:
» Wdt = tf (65, [0.02 1])*tf(9, [0.1 117)
Transfer function:

585

0.002 s*2 + 0.12 s + 1

21




Nghién ciru, thiét ké hé thong diéu khién sé cho déng co KPB 3 pha

» Wdtz=c2d (Wdt, 0.005, 'zoh"')
Transfer function:
3.313 z + 2.998

z*"2 - 1.73 z + 0.7408
Sampling time: 0.005

» Wht=feedback (Wdtz, 1)
Transfer function:
3.313 z + 2.998

z"2 + 1.583 z + 3.739
Sampling time: 0.005

» step(Wht, 0.04)
K&t qua ta ¢6 qua trinh qua do nhu hinh sau:

Step Response
From: U(1)
200

150 |

100 |

50 L

Amplitude
To: Y (1)

-50 |

-100

0 0.0‘05 0.(‘)1 0.0‘15 0.(‘)2 0.0‘25 0.(‘)3 0.0‘35 0.04
Time (sec.)
C6 thé thay qud trinh qua do duoc vé biang MatLab va bing chuong trinh C**
la giong hét nhau, diéu dé cho thay két qua tinh todn & cdc phan truGe 1a chinh
X4c.
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4. TONG HQP HE THONG

3.1 Tong hop hé thong dung bo diéu khién PID:
3.1.1. Bo diéu khién PID va viéc tim cdc thong so cho bo diéu khién PID:

Bo diéu khién PID (Proportional — Integral — Derivative) 1a bo diéu khién
kinh dién, dugc stt dung rit nhiéu khi téng hop hé théng. Mic du hién nay
da co cac phuong phép tong hop hé thong khéac t6t hon (nhu phuong phap
diing héi tiép trang thai s& dugc xét & phan II) nhung bo diéu khién PID vén
ti€p tuc dugc sir dung rong rai. Bo diéu khién PID gém ba thanh phéan: thanh
phan ti 1&, thanh phan tich phan va thanh phan vi phan. Méi thanh phan c6
nhitng anh hudéng nhat dinh dén chat lugng cta hé thong, va viéc lua chon
mot bd tham s6 phu hop cho ba thanh phan d6 s€ dem lai cho hé thong chat
luong mong muon.

Ham truyén lién tuc ctia bo diéu khién PID c6 thé duoc viét duGi dang
sau:

Dé chuyén tir bo PID lién tuc sang bo PID s6 ¢6 vai cach khdc nhau. Mot
phuong phdp 1a chuyén gan ding ting thanh phéan ctia bo PID lién tuc sang
dang roi rac nhu sau:

» Thanh phan ti 1&¢ dugc gilt nguyén.
» Thanh phan tich phan dugc 1dy gan ding theo Tustin:
K, KT(z+)
s 2(z-))
» Thanh phan vi phan dugc 14y gan ddng theo cong thic:
K, s~ oZ7D
T.z

Nhu vay, ham truyén roi rac cua bo PID s6 la:

K, T(z+1) N Ky(z-1)

W5 (2) =K +
pip (2) P 2(2-1) T2
2T K,pz(z-D+K, T?z(z+1) + 2K, (- 1)
- 2T.2.(z-1)

K K K
i (K, +0.5K,T +?D)zz — (K, —05K,T +2?D)z +?D
z2(z-1)
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Co6 thé thay, bo di€u khién PID s6 c6 2 diém cuc (Ova 1) vatoi da?2 diém
Zero.

C6 nhiéu phuong phdp khdc nhau dé téng hop hé thong dung bo diéu
khién PID n6i chung va bo diéu khién PID s6 néi riéng. Tuy nhién, hién van
chua c6 mot phuong phdp téng quét va chinh x4c nao dé tim duoc bo diéu
khién PID t6t nhat cho mot hé thong. Cac phuong phdp cho dén nay véan chi
cho phép xac dinh mot cach tuong do6i cac thong sé cua bo PID (dap tng
duoc phan nao chit luong mong mudn). Sau d6, phai tiép tuc thay déi cac
thong s6 (trong mot 1an cian xung quanh gia tri tim dugc) va “mo” cho dén
khi tim duoc bo thong s6 dap tng yéu cau chat luong da dé ra. Nhu vay, viéc
xédc dinh cédc thong s6 cho bo PID mang nhi€u tinh chat “mo mam”. Tat
nhién “mo mam” ciing phai ¢6 phuong phap. Viéc do tim cdc thong s6 cho
bo diéu khién PID phai dua trén cdc nguyén tic vé anh hudng cla timg thanh
phan trong bo diéu khién PID dén chat lugng ctia hé thong. Mot cach chung
nhat, c6 thé tém tat cdc nguyén tic d6 trong bang sau:

Rise Time Overshoot Settling Steady State
Time Error
Kp Giam Tang Thay doi it Giam
K, Giam Tang Tang Triét tiéu
Ko Thay déi it Giam Giam Thay doi it

Lay mot vi du, v6i sai 1éch tinh (Steady State Error), khi tang Kp s€ lam
giam sai léch tinh, ting K| s& c6 thé triét tiéu dugc sai léch tinh, con Kp it ¢6
anh huong. TAt nhién, cdc nguyén tic trén khong ding tuyét doi boi ba
thong s6 trén ¢6 anh hudng 14n nhau va su thay déi cta bat ki mot thong s6
ndo ciing c6 thé gay anh hudng khong nhd dén tdc dung cta hai thong s6
con lai.

Riéng d6i v6i bo PID s6, ¢6 hai hudng chinh dé tong hop la:

» Hudng thit nhat 13 tong hop bo diéu khién PID lién tuc trudc,
sau d6 chuyén bo diéu khién tim duoc sang mién rdi rac bang
cong thac gan ding da trinh bay & trén. Huéng nay chi ap dung
duoc khi chu ki 14y mau cta hé s6 nho hon rat nhiéu lan so véi
hang sd thoi gian nhé nhat trong doi tuong.

» Hudng thi hai 13 tong hop truc ti€p trong mién rdi rac. Phuong
phéap nay khong bi han ché vé chu ki 18y mau nhu phuong phap
trén.

RO rang, trong trudng hop cu thé cua bai tap nay, do chu ki 14y miu
(0.005s) khong nho hon nhi€u so v6i hang s6 thoi gian nhd nhét trong doi
twong (0.02s) nén ta phai chon phuong phdp thit hai, tic 1a tong hop truc tiép
trong mién roi rac.
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3.1.2. Chon théng s6 cho bo diéu khién PID:

Ta da biét ring hé xung s6 s& 6n dinh khi tat ca cdc diém cuc (nghiém
cua phuong trinh dic tinh ma khong tring véi diém cuc) clia hé théng nim
trong dudng tron don vi. Vi trf clia céc diém cuc ciing anh hudng dén chat
luong cua qua trinh qua do.

Trudc hét, can phai xac dinh mot cach twong doi bo thong sé cho bo diéu
khién PID sao cho hé théng truéc hét phai 6n dinh, sau nita 1a dat chat lugng
twong d6i tot. Trong trudong hop nay ¢ thé sit dung phuong phap qui dao
nghiém s6 dé xac dinh cdc diém cuc cho hé thong. Mot cong cu rat tién loi
va manh phuc vu cho muc dich nay da cé san trong MatLab, d6 1a chuong
trinh rltool. Chuong trinh nay cho phép thiét k& cac bo diéu khién trong mot
hé kin bang céch dat vi trf clia cac diém cuc va diém Zero cua bo diéu khién
(hay con goi la bo bu — Compensator) va ctia ca hé thong. Str dung chuong
trinh nay dé tim so bo cac thong s6 cho bo PID.

Tru6c hét phai khai bdo trong MatLab ham truyén dat rdi rac cua doi
tuong:

>> Wdt = tf(65,[0.02 1])*tf(9,[0.1 1])
Transfer function:
585

0.002 s*2 + 0.12 s + 1

> T = 0.005; Wdtz = c2d(Wdt,T,’zoh’)
Transfer function:
3.313 z + 2.998

z"2 - 1.73 z + 0.7408
Sampling time: 0.005

Va goi chuong trinh rltool bang 1énh : >> rltool

¢ hepait LT) Dosgn Mosded

Sau khi chuong trinh rltool da dugc
mo&, nhap mo hinh cta doi tuong vao
bang cdch vao menu File\Import
Model. Mot hop thoai hién ra cho phép
nhap mo hinh cua do6i tugng vao (xem
hinh bén). Chon bién Wdtz cho doi
tuong P va chon OK.
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Ti€p theo can nhap mo hinh cho bo bu (hay bo diéu khién). Ta da biét 1a
bo diéu khién PID s6 c6 hai diém cuc 1a 0 va 1, va ¢6 hai diém Zero. Do dé
ta s& tao ra bo PID s6 bing cach thém 2 di€ém cuc va 2 diém Zero cho bo bl
Chon menu Tool\Edit Compensator |,
mot hop thoai Pién ra cho phép tao cac [ [ |
diém cuc va diém Zero cta bo bu. Thém — —
ciac di€ém cuc va diém Zero cho by bl [0 fes gy || Dsme el e
nhu mong mu()'n\ (xgm hznh bén). Sau de, : }:: ; ‘r_ ;: }:
quan sat trén do thi qui dao nghiém va T E
fién hanh kéo cdc di€m Zero cha bo by el e e Wl SRl
va diém cuc cta hé thong cho dén khi dat duoc vi tri nhu mong mudn. Sau
mQt thoi gian th}} cac Vi tri kh,,éc # |Root Locus Design: sys [ _ O] x|
nhau cua cdc diém Zero va di€m  “Fe Togs window Help

cuc, ta tim dlI(_)’C Vi tri nhu trong Current Compensator ‘ 7]
hinh du6i day véi chét lugng co e |
ban la tot. 0]l IS [ e [ooeeazz | [ Grid

Tad bo bu tim duoc trén
rltool ta rat ra dugc céc thong

s6 PID sau:
Kp =0.01812 o
K, = 0.1605
Kp = 0.00026

Dé thir lai bo PID di tim
duoc va ciing dé tién lgi cho
viéc ti€p tuc tinh chinh céc
thél’lg S§ PID vira tim dll’()’C, ta ‘.-’-‘-.:-:es zettings: |@|ﬁ”| Zoar; ﬁ@;ﬁﬂ|
Xay dlfllg mét moé hinh trén ‘IF Step [ Impulse [~ Bode [~ Mypguist [ Michalks |
Simulink. So d6 mo hinh trén Click the Pole/Zera text ta see the Denominator/Mumerator.

Check the Delete bow to remove the sssociabed poledzero
Simulink dugc cho & hinh dudi.
Trong d6 chid y 1a bo PID s6 da dugc dat mat na (Mask). Cau tric bén trong
ctia khoi PID s6 ciing dugce cho & hinh dudi.

Tién hanh mo phong trén Simulink véi b thong s6 da tim dugc, ta cé két
qua nhu hinh duéi.
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| 65 9
J — In1 Outl P J_LI_ - ! 4 |:|
0.02s+1 0.1s+1
Step oD Zero-Order  Transfer Fcn Transfer Fenl Scope
Hold

M6 hinh mo6 phong trén Simulink

>{Kp

P

@ > Ki*T.z+Ki*T e

In1 22-2 outl

-

So do cau tric bén trong cua khoi PID so

1.4

1.2

0.8

0.6

0.4

A

Két qua mo phong vii bo so tim duoc

Qua d6 thi ta thay hé théng c¢6 do qué diéu chinh nhung khong 16n, thoi
gian diéu chinh khoang 40ms va khong ¢6 sai léch tinh. Dung Simulink dé
tinh chinh cac thong s6, cudi cuing ta c6 bd s6 nhu sau:

Ke =0.01676
K;=0.14224
Ko = 0.000246
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Qua trinh qua do
ctia hé thong véi bo L4
thong s6 trén nhu
sau:
Hé thong c6 do
qua diéu chinh <
1%, thoi gian qua
do khoang 30ms.
Nhu vay hé thong
da dat chat luong rat
tot. oa

1.2

A

0.6

0.2

1.4

Pé kiém tra su

anh hudng ctia nhiéu -

dén hé thong, ta cho

mot nhiéu & dau vao 1 —
cia d6i tuong bat [

dau tai thoi diém t = 0.8

0.06s. Két qua mo

phong trén Simulink 0.6

nhu sau:

0.4

C6 thé thay 1a sau

0.2

khi chiu tac dong
cta nhiéu, hé thong

léCh k1’161 g]é tr] XéC 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
lap nhung sau dé lai

quay tro vé gid tri xac 1ap nay (tai thoi diém 0.4s thi lai trd vé dén gid tri xac
1ap). Nhu vay nhiéu khong anh hudng dén sai léch tinh ctia hé thong.
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Vay bo PID s6 dugc chon & day c6 cac thong s6 nhu sau:

Ke =0.01676
K;=0.14224
Ko = 0.000246

va ¢6 ham truyén dat 1a:

0.14224T (z+1)  0.000246(z 1)
2(z-1) T.z

_ 0.06632z% -0.1148z+0.0492

- z2(z-1)

W, (z) = 0.01676+

3.2. Tong hop hé thong dung hoi tiép trang thai:

Mic du bo diéu khién PID s6 dia dugc st dung rdt rong rai va pho bién
nhung n6 c6 nhiéu nhuge diém khé khic phuc nhu: viéc tdng hop va thiét ké
phiic tap, mang nang tinh “mo mam”, kém chinh x4c, chat lugng khé c6 thé cao,
chi 4p dung dugc véi tiing trudong hop cu thé ma khong thé téng quét hoa, chua
c6 mot phuong phdp téng quat v chinh xdc dé thiét k&€ (tim bo thong so)....
Hién nay, di xudt hién nhiéu phuong phap téng hop hé thong hién dai hon, t6t
hon va khéc phuc dugc cac nhuoc diém ké trén ciia bo PID s6. Mot trong cdc
phuong phdp d6 1a phuong phap tong hop hé théng ding héi tiép trang thdi. Sir
dung phuong phdp nay c6 thé 4p dat khd chinh x4c céc diém cuc cho hé thong,
ma ta da biét cac diém cuc s& quyét dinh dén tinh chat, chat luong cuia hé thong.
Phéan nay sé& trinh bay phuong phdp téng hop hé thong ding héi ti€p trang thai
4p dung cho bai tap cu thé ndy.

3.2.1. Nhdc lai vé mé hinh cua doi tuong

Nhu da trinh bay & chuong 3, cong thiic (3.1) cho ta phuong trinh trang
thai cua doi tugng (bao gdom ca bo bién tan va dong co):

x(k +1) = {1'173 - O'é“ﬂ.x(k) + mu(k)

y(k) = (.3705K,, 0.3311K,, x(k)

trong d6 Ky, 12 mot hé s6 nam trong khoang tir 6 dén 10. Trong bai tap
nay ta da chon Ky =9.

Trong chuong 3 ciing da kiém tra tinh diéu khién dugc va tinh quan sat
duoc chia doi tuong va di khang dinh : d6i tugng 13 quan sit duoc khi Kge # 0
ma diéu nay luon thoa man, do dé do6i tuong luon quan sat duge. Dong thoi
ta cling da chitng minh doi tuong luon diéu khién dugc véi moi gid tri clia
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Kgc . Hai tinh chat trén 1a diéu kién quan trong dé c6 thé téng hop hé thong
dung hoi tiép trang thai.

3.2.2. Cdc phuong phdp tim bé hai tiép trang thdi

Cho mot doi tuong duoc mo ta bang phuong trinh trang thai sau:

3.2.1
y(k) = C.x(k) 62D

{x(k +1) = Ax(k) + Bu(k)

Ciac diém cuc cta do6i tugng 12 nghiém cta phuong trinh dic tinh: det(z.|
— A) = 0. Giai phuong trinh dic tinh ta c¢6 duoc cdc diém cuc cua doi tuong :
{pcs, pcy, ..., PCn}

w X y

Vi trf clia cdc diém cuc s8¢ —»Q@—» B z' C
) , . » , 'y
anh huong dén chat luong cua

hé thong. Gia str ta can tim mot
bo hoi tiép trang thai cho doi
tuong trén sao cho hé thong (da
héi tiép) c6 cic diém cuc nhu K le
mong muoén la {c;, Cy, ..., Cy}.
Mo hinh ctia hé théng c6 hoi tiép trang thai duoc cho & hinh bén.

A 4

Cho dau vao w =0 ta co:

x(k +1) = Ax(k) + Bu(k)
{u(k) =—-K.x(k) (3.2.2)
= X(k +1) = Ax(k) — B.K.x(k) = (A— BK).x(k)

Nhu vay hé méi sé c¢6 phuong trinh dac tinh 1a det(z.1 - A + B.K) =0 va
theo yéu cdu da dé ra, phuong trinh dac tinh nay phai c6 nghiém la {pmj,
pmy, ..., pmy}. C6 mot s6 cdch dé xac dinh K thod mén yéu cau trén nhu sau:

a. Cach1

Vi phuong trinh dac tinh méi det(z.] — A + B.K) = 0 phai cé céc
nghiém 1a {pmy, pmy, ..., pm,} nén né phai cé dang sau:

det(z.1 — A + B.K) =(z - pmy)(z - pmy)...(z - pmy)=2" + ¢..2"" +..+ ¢,
Trong d6 K chi 1a mot vector cac hé so : K = [K1, K2...., Kn]. Khai

trién dang thidc trén va can bang hé s6 hai vé ta tim dugc K = [K1, K2....,
Kn]
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b. Cach 2

» Goi P 1a ma tran diéu khién dugc cua déi twong: P = [B, AB, ...,
An-lB]
* DPinh nghia mot ma tran W nhu sau:

a,, a,, ... a 1
n-2 n-3 1
W=| : : Lo
a, 1 ... 00
|1 0 .. 0 0

trong d6 det(z.| —A)=2"+a,.2"" + ... + a,

* Tinh matran T=P.W
= Tinh K theo cong thuc sau:
K=[ch—an,Cri—@ni,....C1—a1].T"
c. Cach3

= Tinh ®(A) = A"+ cL.A" + .. + ¢,
* Tinh K theo cong thiic:
K=1[0,0,..1].[B, AB, ..., A"'B]*. ®(A)

Ba c4ch trén tuy phuong phdp khidc nhau nhung la hoan toan tuong
duong va déu cho két qua giong nhau.

3.2.3. Phuong phdp chon diém cuc ciia Bessel

Khi da c6 phuong phap tim bo hoéi tiép trang thdi thi van dé con lai bay
gidy 12 chon diém cuc mdi clia hé thong thé nao dé hé thong dat chat luong
nhu mong mudn. Bessel da x4c dinh cdc diém cuc chuin cho céc hé thong
(lién tuc) bac k sao cho véi cac diém cuc d6, hé thong dat chat lugng nhu
sau: khong c6 qué diéu chinh va thoi gian qua do 1a T = 1s. Bessel da tong
két cdc diém cuc chuin d6 trong bang sau (chii y ¢ ddy chi trinh bay phdn
bdng cho cdc hé théng bdc 1,2,3 la cdc bdc c6 dung dén trong bai tdp nay).

Bac Piém cuc chuin
1 - 4.6200
2 | -4.0530 + 2.3400i
3 - 5.0093, -3.9668 + 3.7845i

Néu muon hé thong cé qua trinh qua do khong ¢6 qua diéu chinh va thoi

gian qua do 1a T bat ki (trong mot giGi han nhat dinh nao d6) thi hé thong can
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c6 céc diém cuc dugc xdc dinh bang cach 14y cdc diém cuc chuén trong bang
cua Bessel chia cho T.

V6i hé thong xung — s0, dé x4c dinh céc diém cuc can thiét, trudc hét ta
xdc dinh cdc diém cuc trong mién lién tuc theo qui tic trén (gia sir dugc céc
diém cuc 1a py, P, ..., Pn), sau d6 chuyén cdc diém cuc nay sang mién Z theo
cong thic: z, =e™™
3.2.4. Xay dung bo udc luong trang thdi (bo quan sdt trang thdi)

Mot van dé nay sinh khi téng hop hé théng dung héi tiép trang thdi 1a
trong thuc t&, hi€m khi c6 thé do duogc truc ti€p cdc bién trang thai (x) clia
doi tuong. Vay, can phai lam cach nao d6 xac dinh dugc cac bién trang thai
ctia doi tugng chi dua trén cac dai lugng do dugc hoac biét dugc (nhu tin
hiéu diéu khién, ddu ra cua déi tuong,...). Xay dung duoc mot hé thong nhu
th€ chinh la xay dung moét bo uéc luong trang thai (hay bd quan sat trang
thai). B0 u6c lugng trang
thai dua vao céc dai lugng | Doi tuong
c6 thé biét duoc 1a dau vao
ctia doi tugng (chinh la tin
hiéu diéu khién) va dau ra

v

Ny o nen e - |y
clia doi tugng dé xac dinh X(K+D—1 x(k) Yy
t - . » B z » C R
rang thdi cua doi tugng.
Chi lam duoc diéu nay khi /
do6i tuong 1a quan sat duoc. _ A le
RO rang doi tuong trong bai

tap nay thoa man diéu kién
d6, do vay c6 thé xay dung Ke
duoc b udc lugng trang
thai cho doi tuong.

B0 u6c luong trang théi dugc xay dung theo mo hinh bén.

A

Ta co:
x(k +1) = Ax(K) + Bu(k)

X(k+1) = AX(K) + Bu(k) + Ke.(y(k) - §(K))
— AX(K) + Bu(k) + Ke.(C.x(k) - C.X(K))
= AX(K) + Bu(k) + KeC(x(k) - X(K))
= x(k +1) - X(k +1) = A(x(k) - X(K)) - Ke.C.(x(k) - X (k))
e(k +1) = (A— Ke.C)e(k)
{e(k) =x(k+1) - x(k +1)
Muc dich cua bo udc lugng trang thai l1a phai 1am sao cho e(k) tién dén 0.
Nhan thay hé phuong trinh trén c¢6 dang giong nhu hé (3.2.2). Vi vay ta ¢6
thé 4p dung phuong phdp dit diém cuc dé tim Ke.
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V6i doi tuong cu thé cua bai tap ndy, ta chon diém cuc theo Bessel cho
hé bac hai sao cho thoi gian qua do 1a T = 0.005s, suy ra diém cuc can thiét
la:

P12 = (- 4.0530 = 2.3400i) / 0.005

va trong mién Z thi diém cuc la:

zp1, = exp(0.005.p; ) =-0.0121 + 0.0125i

Suy ra phuong trinh dac tinh méi phai 1a:

det(z. - A + Ke.C) = (2 —zp1)(z — zpy)
= (z + 0.0121 + 0.0125i)( z + 0.0121 - 0.0125i)
= 7% + 0.024164.z + 0.000302

Ta lai c6:

det(z.1 - A+ Ke.C)

1 0] [1.73 -0.7408] [ Kel -
= det(z. - + d.3705K,, 0.3311K, )
01| |1 0 Ke2

ey P LT3 +OBT0SKELK,,  0.7408+03311KeLK,, |
- ~1+0.3705Ke2.K ,, 7+0.3311Ke2.K .

= 72 +(0.3705.Kel.K ,, +0.3311Ke2.K , —1.73).z + (0.7408+0.3311Kel K, —0.8473Ke2.K,.)
Can bing hai vé€ clia phuong trinh dic tinh ta ¢6 hé phuong trinh sau:

0.3705Kel.K,, +0.3311Ke2.K,, —1.73=0.024164
0.7408+0.3311Kel.K,, —0.8473Ke2.K,, =0.000302

Giai ra ta c6 nghiém:
Kel = 2.9302/Kgc
Ke2 = 2.0191/Kg,

1 [2.9302
Ke =
K, | 2.0191

D6 chinh 1a dang téng quét ctia Ke dp dung cho bo udc lugng trang thai.
Thay s6 Ky =9 ta co:

0.32557
Ke =
{0.22434}

hay:
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Dé tién loi khi khao sdt va téng hop hé thong sau nay, ta s& xay dung
mot khoi con (sub-system) trén Simulink chita bd udc luong trang thai va
dat mat na (Mask) cho né roi dua vao thu vién. So d6 cau triic cia bo udc
luong trang thai trén Simulink nhu hinh sau:

D,
yk
k
uk 4 z > K >é
Matrix h z .
Gain4 Unit Delayl Matrix
Gain6
Matrix
Gain5
I K |
Ke
K |«

3.2.5. Tong hop hé thong dung hoi tiép trang thdi:

So d6 khai cua hé thong c¢6 hoi tiép trang thai da duoc trinh bay trong
muc 2. Mot thanh phan dugc thém vao so do trén 1a bo udc lugng trang thai.
Tuy nhién, néu thuan tuy chi hoi tiép trang thdi qua bo hoi ti€p K nhu vay
thi hé thong s€ ¢6 sai léch tinh rat 16n. Diéu nay duoc giai thich do trong doi
tugng va ca trong hé kin déu khong c¢6 khau tich phan, ngoai ra d6i tugng c6
hé s6 khuéch dai rit 16n (1én dén hon 500). Khong nhiing thé, khi c6 nhiéu
tdc dong vao hé thong (chu yéu la nhiéu & d6i tugng) thi hé thong s€ bi anh
hudng rét 16n va sai léch tinh s& c¢6 thé rat 16n. D€ khic phuc dugc van dé
ndy, c6 hai giai phap c6 thé dugc sir dung:

» Dung cdc khau bl dau vao va bl song song dé giam sai léch tinh
cta hé thong va han ché€ anh huéng cua nhiéu nhu hinh dudi. Thuc
t€, phuong phap nay khong thé triét tiéu han duoc sai léch tinh va
van chiu anh hudng khong nhé cta nhi€u. S& di nhu vay la vi khi
thiét k€ bo b, ta khong thé tinh chinh x4c dugc cdc thong s6 ma
ludn cé su lam tron, va ban than cac thong s6 cua doi tuong cling
s€ bi thay ddi trong qu4 trinh hoat dong.
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Nu

\ 4

Nx K | .| DO tugng

v

Y

\ 4

Ué6c lugng
trang thai

» Pua thém khau tich phan vao vi tri thich hgp trong hé thong (xem
hinh duwéi). Khau tich phan c6 dic diém 12 né c6 kha ning triét tieu
hoan toan duoc sai léch tinh va giam anh hudng ctia nhiéu dén hé
thong. Vé6i hé xung — s6 khau tich phan dugc lua chon c6 ham
truyén dat so la:

W, (2) _%

So d6 khéi cua hé théng da bu bang khau tich phan nhu sau:

y -
r — K, | u_| Déitugng Y,
z-1 % -

A 4

Udc luong
trang thai

Sau khi diém qua hai phuong phép trén, ta thdy phuong phap thém khau
tich phan (phuong phép 2) ¢6 nhiéu wu diém hon, bdi vay trong bai tap nay
s€ sit dung phuong phap thém khau tich phan.

Trudc hét can tim phuong trinh trang thai cua khau tich phan. Theo so d6
trén ta co:

K
z-1

U

{Xu (k+1) = x, (k) +u, (k)
Y, (k)= Ky -X, (k)
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Ta thay khau tich phan nay chi c6 mdt bién trang thai duy nhat va dau ra
ctia khau tich phan ti 1€ véi bién trang thai nay.

bat X (k) = [;((kk)J ta co:

u(k) =K, x, (k) - Kx(k) = - K -K, X(k)
u, (k) = -C.x(k)

x(k +1) = Ax(k) + B.u(k)

{x, (k +1) = x, (k) +u, (k) = -C.x(k) + x, (k)

A 0] B
N X(k+1):__c 1_X(k)4{o}u(k)
uk)=-K -K, X()
:>X(k+1):{_AC 2{5}* ~K, §X(k)

bat e(k)=X(k) — X(0) 1a sai 1éch tinh ta co:

e(k+1) = A O—B.K ~K, |ek)
-C 1| |0

Muc dich ctia ta 12 phai lam cho e(k) tién dén O cang nhanh cang t6t dé
triét tiéu dugc sai léch tinh. Bén day ta lai thay dang quen thudc cua (3.2.2)
va do d6 c6 thé 4p dung phuong phdp tim bo hdi tiép trang thai (da trinh bay
& phan 2) dé tim [K —K,].

Hé mdi bay gid ¢ bac 1a 3 chit khong con 1a 2 nita. Sir dung bang diém
cuc chudn ctia Bessel cho hé bac 3 va chon thoi gian qua do 1a T = 20ms =
0.02s ta c6 di€ém cuc méi 1a:

_ _ + I
0 = =50093_ oo g p, - Z39668E3T8AS _ oo 1a0sg
0.02 ' 0.02

= Zpl — e0.00S.pl — e0.00S(—250.46) — 02858; Zp2,3 — e0.005.;)2,3 — e0.00S(—198.34i189.23i) =0.2169+ 03009|

Phuong trinh dac tinh méi la:
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(o[ ¢ o

z 00 1.73 ~0.7408 0] [1
—det| [0 z O- 1 0 0|+|0| K1 K2 -K,
0 0 z| |-03705K, -0.3311K, 1| |0

z-1.73+K1 0.7408+K2 -K,

= det -1 z 0

0.3705K . 0.3311K, z-1

=2° +(-2.73+ K1)z* +(2.4708- K1+ 0.3705K,.K ., + K2)z+0.3311.K,.K ;. -0.7408- K2

Mat khéc ta lai co:

(o2 T8 0]

=(z2—-12zp,)(z-zp,)(z - zp5)
= (z—0.2858)(z — 0.2169+ 0.3009)(z — 0.2169— 0.3009)
=7°-0.7196.22 +0.26162- 0.0393

Can bang hai v€ ctia hai phuong trinh trén ta c6:

-2.73+K1=-0.7196
2.4708-K1+0.3705K,.K, +K2=0.2616
0.3311.K,.K,, -0.7408- K2 = -0.0393

K1=2.0103
= +K2=-0.4643

. 0.7163

I‘<I
K

c

Vay ta da tim duoc cdc hé s6 cin thiét mot cach tong quit. Nhan thay gid
tri cua K1, K2 khong phu thudc vao K. nghia la cac gia tri d6 phu hop véi
moi K,.. Trong bai tap nay, chon K,. =9 ta c6: K, = 0.0796.

Thuc hién mo6 hinh hé thong trén trong Simulink ta ¢6 so do sau:
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— . Ki J_LL 650 Dau ra
4+ P> — I
L z-1 D0252+0.12s
Step Discrete Zero-Order Doi tuong
Transfer Fcn Hold
K Phan hoi
trang thai K
h 4
Zero-Order
Hold1
Discrete
State Estimator
uk |
1 xk
yk ———

Vi cac gia tri K1, K2, K, da tinh & trén, thay vao mo hinh ta cé qua
trinh qua do nhu sau:

0 1 1 1 1 1 1 1 1 1
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Nhan xét thay qua trinh qua do rat tot, thoi gian qua do khoang 20ms, do
qud diéu chinh rat nho va khong cd sai 1éch tinh.

Xét anh hudng clia mot nhiéu & dau vao cua doi tuong ta co:
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1.4

1.2}

0.8 |

0.6 |

0.4}

0.2 |

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

C6 thé thay ngay la hé théng rat it bi &nh hudng clia nhiéu.
3.2.6. So sanh hai bo diéu khién tim duoc:

Qua so sdnh két qua mo phong vé6i hai bo diéu khién: bo diéu khién PID
s6 va bo hoi tiép trang thai ta ¢6 nhan xét:

= Heé thdng véGi bo hoi tiép trang thai c6 thoi gian qua do nhanh hon,
tuy nhién hoi c6 qua diéu chinh nhung rat nho.

» Heé thong v6i bo hoéi tiép trang thdi it chiu anh hudng ctia nhiéu
hon, tic 1a n6 bén viing hon.

Qua cac két luan trén, em quyét dinh chon bo hoi tiép trang thai (c6 khau

tich phan) dé xay dung hé thong diéu khién s6 cho dong co khong dong bo
ba pha.
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CHUONG III
THIET KE PHAN CUNG HE THONG PIEU KHIEN SO
PONG CO KPB 3 PHA

4. SOPO KHOI VA Y TUONG THIET KE

Cho dén nay, c6 nhiéu phuong phép khac nhau dé diéu khién dong co khong
dong bo pha (nhu da trinh bay & trén). Mo6i phuong phap ¢6 nhitng wu, nhugc
diém riéng va tuy ting tng dung cu thé ma can lua chon mot phuong phdp thich
hop. Hién nay, phuong phép tot nhat va duoc ing dung nhiéu nhat 1a phuong
phép di€u chinh tin s6 ngudn cung cap cho dong co bang cic bo bién tan.
Phuong phdp ndy c6 nhing wu diém so véi cdc phuong phdp khac nhu cho phép
diéu chinh trong mot dai toc do rong, hiéu suét cao, cho phép thuc hién cic
phuong phdp diéu ché khéac nhau véi do chinh xéc (trong diéu khién) va chat
lugng cao,... Tuy nhién, so v6i cdc phuong phap khac, phuong phép nay co
nhugc diém 1a phic tap, phin cting dit tién, doi hoi hé théng phai ¢6 téc do
nhanh va nang luc xir Iy cao. Tuy nhién, v6i xu thé phét trién hién nay cua ki
thuat va su xudt hién cua nhiéu loai bién tan ché tao san clia cac hang khac
nhau, viéc stt dung phuong phép diéu chinh tin s6 nguén cung cap cho dong co
da tr& thanh mot lya chon tat yé€u. Vi li do d6, trong bai tap nay, em quyét dinh
chon phuong phédp diéu chinh tin s6 nguén cung cap dé diéu khién dong co
khong dong bo ba pha.

So d6 khoi co ban cta hé thong diéu khién dong co khong déng bo ba pha
dung may tinh bang phuong phép di€u chinh tan s6 nguén cung cap nhu sau:

|11 u~

Uy
DAC Bién tan
3 bC

Bo dém

— Encoder
(do toc do)

\A 4

M4y tinh

A

Nguyén ly hoat dong cua so do khoi trén nhu sau:

Encoder do téc do quay cia dong co (DC) dudi dang cdc xung guti vé bo
dém. Bo dém dém so xung, tir do xdc dinh duoc téc do quay cua dong co.
Toc do nay duoc hoi tiép vé bo diéu khién mém (soft - controller, dudi
dang chuong trinh diéu khién trong mdy tinh). Bo diéu khién mém tinh
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todn theo mot thudt todn xdc dinh (sé duoc trinh bay cu thé ¢ chuong IV
va V) dua trén dau vao la toc do ddt (do nguoi su dung ddt) va toc do
thite ciia dong co hoi tiép vé, tir dé cé duoc tin hiéu diéu khién thich hop.
Tin hiéu diéu khién nay duoc mdy tinh dua qua bo bién doi S6 - Tuong tu
(DAC), bién doi thanh dién dap diéu khién (u,) dé diéu khién bién tdn.
Cdn cit theo dién dp diéu khién, bién tdan cung cdp cho dong co mot dién
dp xoay chiéu ba pha cé tan s6 nhu mong muén. Do tdan s6 dién dp cung
cdp duoc thay doi, ddc tinh co ciia dong co ciing thay doi theo (nhu da
trinh bay ¢ chuong 1), lam thay doi téc do ciia dong co véi momen tdi
xdc dinh.

Nhu vay, dé diéu khién dong co khong dong bo ba pha bing mdy tinh, van
dé chl yéu con lai 1a xay dung mach ghép n6i vao/ra véi mdy tinh. Mach ghép
noi dugc thiét k& trén co sG ¥ tudng sau:

Dé do t6c do quay cuia dong co, ta ding Encoder. Nguyén tic hoat dong cla
Encoder 1a ding mot dia tron ¢6 nhiéu 16 b6 tri theo mép dia gian véi truc quay
cuia dong co. SO 16 c6 thé thay ddi, tuy thudc vao do phan giai cin thiét. Hai bén
dia c6 1ap LED va cam bién quang hoc doi dién nhau. Khi ¢c6 mot 16 di qua chd
gan cam bién thi cam bién quang hoc s& nhan duoc 4nh sdng tir LED va tao ra
mot xung. Can ct vao xung d6 va so 16 (hay s6 xung, hay do phan giai) trong
mot vong quay cua Encoder, ¢6 thé tinh dugc t6c do quay ctia dong co. C6 hai
cach dé x4c dinh t6¢ do quay tir Encoder:

Cach 1: dém s6 xung do Encoder glri vé trong mot khoang thoi gian T
xac dinh. Gia sir Encoder c6 N xung/mot vong quay va trong thoi gian T
dém dugc k xung phat ra tr Encoder. Khi do6, toc do quay cua dong co

dugc tinh theo cong thiic sau: n = % (vong/phuit). Sai so toc do quay la:

An = %Ak . Vi sai s6 lugng tir ctia k thi An = % 12 hing s6 va chi phu

thuoc vao thoi gian d€m xung T va do phan giai N cua Encoder.

Cach 2: d€m s6 xung phu tan s6 cao trong mot chu ki xung ctia Encoder.
D6 thi sau gitp thé hién rd hon cdch nay.

#ung Encoder

#ung phu

I

Gia str xung phu ¢6 tan s6 f, va s6 xung phu dém duoc trong mot chu ki
xung cua Encoder la q. Khi d6, toc do quay ctia dong co dugc tinh theo
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cong thic sau: n= ?S—f (vong/phuit). Sai s6 toc do quay ung véi sai sO
q

60. f 1

N a(q+1)
truong hop nay khong c6 dinh ma thay déi theo q. Khi q cang 16n, nghia
la toc do quay cang cham, thi sai s6 cang nho va nguoc lai. Bsi vay cach
nay chi thich hop khi do t6c do quay cham.

luong tlr cia q 1a: An = . R rang sai so toc do quay trong

Trong bai tap ndy, can ct theo yéu cau cu thé cta viéc diéu chinh t6c do
dong co, em chon cach do toc do quay thit nhat. Nhu s€ trinh bay sau nay, thoi
gian trich méu (chu ki diéu khién) dugc chon 1a Ts = 5ms = 0,005s. Encoder
duoc chon c6 N = 2000 (xung/vong) (xem phan sau). Do d6, sai s6 do toc do
quay s€ la An = 6 vong. Sai s6 nay khong nho, nhung 1a chap nhan duoc véi bai
tap. D€ giam sai s6 do toc do quay, c6 thé chon loai Encoder khac ¢6 N 16n hon
(c6 thé 1én t6i 4096, 8000 hay hon nita), khi d6 sai s6 s& dugc giam di déng ké.
Mot giai phap khac 1a xay dung mach do theo ca hai phuong phap trén, va lua
chon cach d€m mot cach linh hoat can ¢t theo toc do hién thoi 1a nhanh hay
cham: khi toc do cao thi dung céch 1, khi toc do thap thi dung cach 2. Tuy
nhién, trong bai tap nay khong can thiét phai xay dung mach do nhu vay.

Dé dém so xung tir Encoder gtri vé, bo dém duoc sir dung 1a vi mach 8254,
Pay 1a vi mach dém - thoi gian l4p trinh dugc véi kha nang rat manh va linh
hoat. Vi mach c6 ba kénh (dugc d4nh s6 tir O dén 2) c¢6 thé hoat dong hoan toan
doc 1ap v6i nhau. Tan s6 hoat dong t6i da 1a 4MHz, hoan toan dap tng dugc yéu
cau cua bai tap. D€ tao ra thoi gian dém chudn T, mot vi mach thoi gian LM555
duoc str dung dé tao ra xung dong ho6 chuén tan s6 10Khz. Xung nay dugc chia
tan bdi mot kénh cua 8254, tao ra mot xung khac cé chu ki 1a 2*T. Xung nay
duoc dua vao chan Gate ctua kénh dém xung Encoder (c6 xung Encoder dua vao
chan Clock) dé tao ra thoi gian d€m chuén T. Giai phap don gian la chi ding
mot kénh dé d€m xung Encoder. Tuy nhién, giai phdp nay c¢6 nhuoc diém la
moi khi can do toc do, chuong trinh can phét tin hiéu bat ddu dé€m va phai cho
dén khi dém xong méi doc duogc toc dd quay. Mot giai phap khac duoc Iua chon
1a dung cé hai kénh con lai ctia 8254 dé dém xung Encoder nhung dém léch
nhau, nghia la khi kénh nay dém thi kénh kia ngirng va chét s6 d€m, va nguoc
lai. Nhu vay, khi can doc toc do quay, chi viéc xac dinh kénh nao dang dém va
doc s6 dém tir kénh kia. Viéc xac dinh kénh dang dém c6 thé duoc thuc hién dé
dang nho kha nang doc ngugc trang thai (Readback command) cua 8254. Vi
dau ra OUT cua bo d€m chia tan ctia 8254 ¢6 hai gia tri 1a 0 va 1 tuong tng véi
hai trudng hop hoat dong khac nhau ctia hai bo dém con lai, do d6, dé thuan
tién khi 1ap trinh xdc dinh dia chi cong cua bo dém dang chot s6 dém (bo dém
dang khong hoat dong), ta s& dung bo dé€m 2 dé chia tan va hai bo d¢m 0 va 1
dé dém xung Encoder. Khi ddu ra OUT2 = 0 thi bo dém 0 ngimg dém (chot s6
dém) con bo dé€m 1 s€ duogc phép dém, va nguge lai. Nhu vay viéc xac dinh dia
chi cong ctia bo dém dang chot s6 dém (dé doc s6 dém) s& don gian chi 1a vai
1énh dich bit va OR s6 hoc.
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Dé phat ra dién 4p diéu khién bién tdn, mot bo bién doi s6 - tuong tu (DAC)
dugc str dung. Mot nguyén tac can duge dam bao 1a dién 4p dau ra cia DAC
phai luon dugc gitt 6n dinh (khong d6i) trong suo6t chu ki diéu khién cho dén
khi ¢6 tin hiéu méi xuat ra. Nhung dit liéu trén bus dit liéu lai luon luon thay
déi. Boi vay, can phai c6 mot bo chot & trude DAC dé choét dit lieu cii lai cho
DAC cho dén khi may tinh ghi mot dit liéu méi ra d6. Nhu vay, chuong trinh sé
khong thao tac truc ti€p véi DAC ma thong qua mot bo chot. Bo chot dugc sir
dung & day la vi mach 74L.S373.

C6 thé tom tét lai y tudng trén qua so do sau:

——
Chét DAC Yo

»
>

ISA
Slot

Giai ma Encoder

tao xung 555 I

Phén trén da trinh bay y tudng thiét k€ co ban ctia mach diéu khién dong co
khong dong bo ba pha. Phan sau day sé& trinh bay so d6 mach cu thé dé hién
thuc hod y tudng trén.

dia chi

5. SO PO MACH GHEP NOI VAO RA

So d6 mach dién (xem cudi chuong) trinh bay so d6 nguyén ly cia mach
ghép ndi vao/ra v6i may tinh thong qua slot ISA ctia may tinh. Ngoai trir bién
tdn va Encoder, toan by cdc thanh phan con lai cuia hé thong diéu khién dong co
khong dong bo ba pha déu dugc dit trén card ghép n6i nay. Giira card va céc
thiét bi ngoai (b0 bién tan va Encoder) duoc noi v6i nhau thong qua mot jack
cam loai DB-9. Muc 3 sau day s& trinh bay cu thé hon vé cdc linh kién, céc tri
sO duogc dung trong mach.

3. GIAI THIiCH SO PO MACH NGUYEN LY
So d6 mach nguyén ly c6 céac thanh phan co ban sau day:

v Vi mach giai ma dia chi 74LS138: day la vi mach giai ma 3-8 véi ba dau
vao lua chon A,B,C. Tam dau ra ¢6 mic tich cuc thap: c6 mic dién ap
thap khi tich cuc va ngugc lai. C6 ba dau vao cho phép, trong dé c6 hai
dau tich cuc thap (G2A,G2B) va mot dau tich cuc cao (G1). So d6 chan va
bang chan 1y cua vi mach giai ma dugc trinh bay & hinh sau:
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Vao Ra
EN|C B|7 6 5 4 3
L] » 121
Vee YO YI Y2 Y3 Y4 Y5 Y6 0O |x x|1 1 1 1 1
] X 111
A B C G2AG2 Gl Y7 GND 170 0j1 1.1 11
T TTTTT] o ol h
1 |0 Of1 1 1 1 1
1 1 01
1 |0 11 1 1 1 1
0 011
1 |0 111 1 1 1 O
1 111
1 |1 Ol1 1 1 O 1
0 111
1 |1 o1 1 O 1 1
1 111
1 |1 11 0 1 1 1
0 111
1 |1 10 1 1 1 1
1 111
EN =G2A+G2B +Gl1

v' B0 dém 74L.S245 (Bus Transceiver, Octal Bus, 3 states): vi mach nay
gbém tdm bo dém ba trang thdi hai chiéu, thuong dugc dung lam dém hai
chiéu cho Bus dit liéu. Cac chan A0-A7 va B0-B7 la cac chan vao/ra hai
chiéu. Chan DIR xéc dinh chiéu di cua dir liéu: DIR=1 thi chiéu tir A
sang B, DIR=0 thi chiéu tit B sang A. Chan E tich cuc thap s& cho phép
hay khong cho phép dua dit liéu qua. Khi E=0, cic dau dit liéu ra s€
giong cac dau dit lieu vao tuwong ung (nhung c6 kha nang chiu tai tang
lén, tic 1a cong suat tang 1én). Khi E=1, cdc diu ra déu bi treo & trang
thai cao trd. So d6 chan cua vi mach nay dugc trinh bay & hinh sau.

Vec E Bl B2 B3 B4 B5 B6 B7 BS

]

DIR Al A2 A3 A4 A5 A6 A7 A8 GND
v B0 chét hexa 741.S373: vi mach goém tam flip-flop loai D ba trang théi,
thuong duoc ding dé chot dit lieu. Khi chan LE & miic cao, dif liéu tir cdc

dau vao (Dx) dugc chét vao trong flip-flop, sdn sang dé dua ra & cac ddu
ra tuong ung (Qx). Khi chan LE & muc thap, cac dau vao khong anh
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hudng gi dén cdc dau ra. Khi chan /OE (tich cuc thap) & muc thap, cac
dau ra duoc dua dit liéu ra. Khi chan /OE & miic cao, cac dau ra duoc dat
lén trang thai cao trd, cach li khoi bus. Sau day la so do chan va bang

chan 1y cua 74L.S373.

Vece E Bl B2 B3 B4 B5 B6 B7 BS

]

DIR Al A2 A3 A4 A5 A6 A7 A8 GND

EN| LE | Vao |RaQx
Dx
1 X X High
Z
0 1 1 1
0 1 0 0
0 0 X Ox

v" Vi mach 74LS02: day 1a vi mach gébm bon céng NOR hai diu vao.

v Vi mach DAC0808: 1a vi mach chuyén déi s6 - tuong tu (DAC) 8-bit.
Thoi gian chuyén doi t6i da 1a 150 ns.

A A A, so A 1
Tiéu thu cong suat 33 mW vG6i ngulOn Memomed==

nuoi £5V. Pau ra la dong dién cé gia tri
phu thuéc vao ma nhi phan dua vao.
DACO0808 tuong thich va giao tiép dugc
v6i cac muc logic TTL, DTL hay CMOS.
Nguon nuoéi ctia vi mach cho phép trong
khoang tir -18V dén +18V. Dong vao so
sanh 1a 2-5 mA. Nhiét do lam viéc binh
thuong 1a 0-75°C. Trong céac tng dung
thong thuong, chan 14 dugc ndi 1én dién 4p so sanh Vref thong qua dién
tré R,, c6 gia tri sao cho Vref/ R, = 2 mA. Mot khuéch dai thuat toan
duoc st dung dé chuyén dong dién diu ra (chan 4) thanh dién 4p ra thich
hgp. So d6 chan ciia DACO0808 duogc trinh bay & hinh bén.

auu—*
3
Vep—
q
I|:| v —

M3l At -l

=

I
AL —

]
A —

DACORDR

W

El'.“]F||-PEHS.Pl.'I'llZIPI

1%
—YRER|-|
10
— VREF |4}

11
ALRTAP

1

—1AI
110

f—r1t

£

v' B0 dém - thoi gian kha trinh 8254: day la vi mach dém - thoi gian kha
trinh rat manh cua Intel. Vi mach nay dugc Gng dung rong rai dé: dém
thoi gian, d€m su kién, chia tan s6, tao xung,... C6 thé thay vi mach nay

rat hitu dung trong mach dém xung
Encoder. So v6i vi mach 8253, vi
mach 8254 c6 tan s6 lam viéc t6i
da 16n hon (dén 4 MHz), c6 thém
lénh doc nguoc (Read-back
command) s€ dugc dung dén trong
bai tap nay. Trong 8254 c6 ba bd
dém doc lap véi nhau, dugc danh
sO tr 0 dén 2. Ngoai ra trong 8254
con ¢6 mot thanh ghi tir diéu khién
(CWR — Control Word Register)
ding dé lap trinh cho hoat dong
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cuia vi mach. Nhu vay, 8254 can 4 dia chi cng dé giao ti€p, bao géom 3
dia chi cho 3 bo d€m va 1 dia chi cho CWR. Mbi bo dém ¢4 6 ch€ do 1am
viéc. Trong bai tap nay cé su dung 2 ché do la: ché do 3 (tao xung vuong)
va ché€ do 2. Vé6i ché do 3, khi da nap s6 dém va GATE=0, bo dém bat
dau dém Iui theo budc 2 (mdi nhip Clock giam s6 dém di 2); khi vé 0,
chan OUT dao trang thdi va s6 dém duoc nap lai d€ dém lai tir dau. Nhu
vay tin hiéu 6 OUT la xung vuong véi tan so6 f /N. VGi ch€ do 2, khi da
nap s6 dém va GATE=1, bo dém bat ddu dém lui; khi d€m hét hoac khi
GATE c6 suon 1én thi s6 d€m duoc nap lai va d€m lai tir dau; néu dang
dém ma GATE=0 thi nging dém va chot s6 dém lai. Nhu vay, ché do 3
duoc dung véi bo d€m chia tan, con ché€ do 2 duoc dung véi cac bo dém
dém xung Encoder.

Dang thic thanh ghi tir diéu khién (CWR):

1SC1| sco |RW1 |RWO | M2 | M1 | MO | BCD |

Trong dé:
= SCI, SCO dé chon bo dém hoic 1énh doc nguoc (11)
= RWI, RWO0 dé chon ché do ghi/doc. Ché do 11 1a ché€ do doc /
ghi LSB roi dén MSB
= M2, M1, MO dé chon ché do dém: 010 cho ché do 2 va 011 cho
ché& do 3.
» BCD bing 0 néu dém theo Binary, bang 1 néu dém theo BCD

Dang thic thanh ghi tir diéu khién & 1énh doc ngugc:

| 1| 1 |CNT|SsTsS|c2|c1|co| 0 |

Trong do:

= CNT =0 néu chét s6 d€m
= STS = 0 néu chot trang thai
= (C2,C1,C0: dé chon bo dém nao duoc chot (cho bing 1)

Khi doc ngugc trang thai, bit 7 (MSBit) 1a trang thai chan OUT cua bo
dém tuong tng. Hinh trén 1a so d6 cua 8254.

v Vi mach LM555: day 1a vi mach thoi gian rat hitu dung. Str dung LM555
c6 thé tao ra ciac xung vuodng, xung One-shot, tao tré thoi gian,... véi do
chinh xdc rét cao va rat linh hoat. Khong chi tao dugc cic xung déu dan,
L.LM555 con ¢6 thé tao ra cdc xung phiic tap néu diéu khién chan CV.
LM555 hoat dong véi giai dién ap rong (3V-15V). Trong bai tap nay,
L.M555 dugc dung dé tao xung dém chuin 10KHz.
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v" Encoder OMRON E6B2-CWZ3E: day la loai Encoder da muc dich
(General Purpose) cia OMRON. Chi tiéu ki thuét:

Kha nang chiu tai 16n.

bién ap nguon: tir 5V dén 24V.

Do phan giai: 2000 xung/vong.

Dong tiéu thu toi da: 100mA.

Tan s6 lam viéc t6i da: 100KHz.

Toc do quay toi da: 6000 vong/phuit.

Pau ra: dién ap truc ti€p, khong can dién trd treo.

Keét noi truc ti€p dugc véi cac thiét bi TTL, LSTTL, CMOS ma
khong can cach li.

<Tham khdo: “OMRON Encoder Datasheet’ >

Gidi thich so do nguyén ly:

Hai vi mach 74L.S138 lam nhiém vu giai ma dia chi. Vi mach 8254 duoc
chon theo dai dia chi 310h-313h, v6i cdc chan dia chi A0, Al dua thang vao
8254 dé chon bo dém va CWR. Vi mach DAC0808 duoc chon (gi4n tié€p thong
qua bo dém 74L.S373) & mot trong cac dia chi 314h-317h. Vi mach nay dugc
giai ma khong day du, nghia 1a khi ghi vao bat ki céng nao trong dai 314h-317h
déu 1a giao tiép v6i DAC0808. Truéc DAC0808 c6 mot bo chot 74L.S373 dé
chot dit liéu hién thoi cho DAC, va n6 chi cap nhap gia tri méi khi ghi IOW=0)
vao mot trong céc cong 314h-317h. Mot vi mach dém hai chiéu 74L.S245 dugc
ding dé dém Bus dit liéu cho ca card.

Vi mach 8254: chan GATE2 dugc n6i xuong dat dé bo dém 2 luon dém khi
da dugc nap s6 dém. Chan CLK?2 dugc noi véi dau ra clia vi mach LMS55, cung
cap xung dém chuin. Bo dém 2 s& duogc lap trinh dé chia xung nay ra thanh
xung c6 tan s6 nho hon dé cung cédp thoi gian d€m cho hai bo dém con lai. Dau
ra OUT2 duoc dua vio chan GATE cua 2 bo dém con lai dé cho phép hay
khong cho phép hai bd dém nay d€m. Trudc khi di vao GATEL, tin hiéu nay
dugc dao di d€ hai bo d€m 0 va 1 luon 1am viéc léch nhau. Tin hiéu xung tir
Encoder duoc dua vao CLKO va CLK1.

Vi mach LM555 duoc thiét 1ap & ché do tao xung vuong véi tan s6 dugc tinh

____14%  (Chon C=0,01uF thi dé c6 f = 10KHz phai chinh VR3 va
(VR3+ 2VR4)C4

VR4 sao cho VR3 + 2VR4 = 14,4KQ. Tu C3 = 10nF duoc sir dung dé loc nhiéu
khoi chan CV, gitip 6n dinh xung diu ra.

Vi mach DACO0808: dién 4ap so sainh duong (chan Vref(+)) duoc noi 1én
nguon +12V thong qua dién tr6 R1 (1KQ) va bién trd VR1 (5KC2). Diéu chinh
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bién trd d€ dong dién 1, = Vref(+) / (R1 + VR1) nam trong khoang 2-5maA.
Thuong diéu chinh sao cho I, = 2mA. Tu dién C2 (0,1uF) dugc dung dé loc cdc
nhiéu tin s6 cao trong ngudn xudng dat, gidp 6n dinh dién 4p so sanh. Chan
Vref(-) duoc noi xuong dién dp -12V. Pau ra (dong dién) cia DAC0808 dugc
dua qua mot khuéch dai thuat todn (LM358) dé bién déi dong dién thanh dién
4p diéu khién ddu ra. Gia sir s6 dat vao DAC0808 1a n (n = 0..255) thi dong dién

ref

A z A 2 n A z A z
dau ra duoc tinh theo cong thuc |, = ——. Dién ap dau ra dugc tinh

R, +VR, 255
. R, +VR . s A )
theo cong thic u,, =u, =(R, +VR,)I,, = LLV@ . Néu diéu chinh sao
R, +VR, 255
cho R,+VR,=R,+VR, thi u,, =u, = %Vrd .

Coéng no6i DB-9 duoc dung dé két noi gitta Card va céc thiét bi bén ngoai.
Ciac chan 1 va 2 duoc dung dé dua dién d4p Vce ra ngoai. Chan 3 ding dé dua
dién 4p diéu khién ra bién tdn. Cdc chan 4, 5 1a cac chan dua tin hiéu xung
Encoder vao trong mdy tinh. C4c chan 6,7,8,9 duoc dung dé noi chung dat giita
mach ngoai va trong may tinh.

Bén mach ngoai, bién tan dugc noi chung dat véi mach trong (chan 6) va dau
Control dugc néi vé6i dién 4p diéu khién tir mdy tinh ra (chan 3). Encoder dugc
nodi chung dat véi mach trong mdy tinh (chan 9) va duoc cidp ngudn qua chan 2.
C4c chan tin hiéu xung ra cua Encoder dugc noi véi chan 4 va 5 ctia DB-9.

CHUONG 1III
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THIET KE PHAN MEM HE THONG PIEU KHIEN SO PONG
CO KPB 3 PHA

1. PHUONG TRINH SAI PHAN CUA BO PIEU KHIEN

Nhu d trinh bay & chuong 1, phan 3, bo diéu khién PID c6 ham truyén dat
nhu sau:

Az?+Bz+C

Wpid(z) = 2(2_1)

trong do:

_(KT?+2K, +2K,T)

A
2T
5 (KT?-2K,T -4K,)
2T
c-Ka
T

Tir ham truyén dat nay, chuyén thanh phuong trinh sai phan:

W (2) = U(z) _ Az? +Bz+C _ A+ B.z'+C.z?
. E(z) 22 -1z 1-z*

= E(2).(A+Bz'+Cz%)=U()1-z")

= Ae(k)+B.e(k-1)+Ce(k-2)=u(k)—u(k -1

= u(k)=u(k -1) + Ae(k) + Be(k-1) + C.e(k — 2)

T phuong trinh sai phan trén cé dugce thuat toan xay dung bd PID s6 nhu
sau:

> Khai bdo 1 bién dé luu gia tri cii cha u va 1 mang dé€ luu céc gia tri cii
cliae:

float u old;
float e old[Z2];

Céc gid tri nay déu duoc khai dau bang 0.

Tinh A,B,C theo Kp, Ti, Td da chon.
» Cac budc tinh cho bo PID so:

o Doc gia tri hoi tiép vé y va gid tri dat w. Tinh sai lech e = w - y.
o Tinh gid tri tin hiéu diéu khién hién thoi:
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@)
@)

O

u=u_old+ A*e + B¥e[0] + C*e[l];

Xuat tin hiéu diéu khién ra.
Cap nhap lai cac bién Iuu:

u old =u;
e[1]=e[0];
e[0]=e;

Lap lai tir dau.

2. PHUONG AN XAY DUNG CHUONG TRINH PIEU KHIEN.
Chuong trinh diéu khién va giao dién bao gém hai phin doc lap: phan giao
dién ngudi dung va phan thuc hién thuat todn diéu khién.

» Phan giao dién nguoi dung:

O

(@)

Hién thi két qua qud trinh diéu khién, & day 1a hién thi t6c do
ctia dong co dudi dang s6 va do thi.

Nhan toc do dat (toc d60 mong mudn) tir ngudi dung.

Nhan cac thong so thi€t 1ap cho hé thong tir ngudi dung.

Yéu cau cua phan nay la giao dién phai dé dung, thuan tién cho
ngudi st dung. Giao dién phai hop ly. Mot phong cach chung
trong giao dién diéu khién 12 mo phong cac ban diéu khién thiét
bi (Instrument Panel).

> Phan thuc hién thuat to4n diéu khién:

O
O

O

Thuc hién thuét todn diéu khién (nhu da trinh bay & phén trén).
Giao tiép v6i phin cting dé diéu khién d6i twong cling nhu nhan
cac két qua do dac tir cac Sensor.

Nhan thong s6 hé thong va gia tri dat tir nguoi dung thong qua
phan giao dién.

Cung cdp céc s0 liéu cho phan giao dién (t6¢c do).

Yéu ciu cua phan nay la tdc do phai nhanh, dap tng dugc yéu
cau vé thoi gian cta hé thong diéu khién. Ngoai ra, viéc thuc
hién thuat toan diéu khién phai chinh x4c.

Cin cif vao céc yéu ciu trén, dé thuan tién cho phén giao dién, chuong trinh
s€ dugc viét trén moi truong Windows. Moi truong hé diéu hanh Windows 1a
mot moi trudng doé hoa hoan thién, cung cap rat nhiéu cdc cong cu phat trién
cling nhu céc thanh phan d6 hoa co ban (menu, ctra s6, hop thoai, ...) gidp cho
viéc phat trién céc ting dung dugc dé dang va nhanh chéng. Mic dit moi trudng
Windows luon han ché viéc truy nhap cép thap véi phan cling, tuy nhién trén
Windows 9x thi viéc thuc hién cac vao ra co ban véi phan cing 1a duge phép.
Diéu nay hoan toan dip tng dugc yéu cau trong bai tap nay.
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Moi truong Windows la moi truong da nhiém, nghia la cac chuong trinh
chay trén d6 duoc thuc hién gan nhu la dong thoi va chia sé tai nguyén véi
nhau. B6i 1& do, khi thuc hién phan diéu khién, phan chuong trinh yéu cu toc
d6 nhanh va dap ung kip thoi, can phai tang muc uu tién (priority) cho phan ma
d6 1én miic cao hon binh thudng. Muc wu tién High t6 ra 1a phu hop, tuy nhién
néu can thiét c6 thé ting lén miic vu tién Real-time. Ngoai ra, viéc sit dung
Thread cho riéng phan diéu khién 1a can thiét dé trdnh bi anh hudng bdi phan
giao dién. Nhu vay, chuong trinh s€ c¢6 hai phan chinh tuong tng v6i hai Thread
khéc nhau cua cung mot Process.

3. CHON CONG CU LAP TRINH

Vi céc bai toan diéu khién, ngon ngit C/C++ dudng nhu 12 lua chon bit
budc, bdi ngdn ngit nay cho phép viét cac chuong trinh manh, nhanh, nho gon,
truy nhap sau vao phan ciing (vé€ mat nay thi khong bang hop ngit). Tuy nhién,
dé t6i vu phan ma diéu khién, mot s6 doan trinh hop ngit s& duoc st dung thém
vao doan ma C/C++.

Vé cong cu va moi trudong phét trién: hién nay c6 hai cong cu phat trién rat
manh dung ngon ngit C/C++, d6 1a Visual C++ clia Microsoft va CBuilder cua
Inprise (tén méi cua Borland). Trong khi Visual C++ uu tién kha nang can thiép
sau vao hé thong va chi dong géi don gian cac thanh phan (d6 hoa, file,...) cta
hé thong thi CBuilder lai tan dung t6i da kha nang huéng doi tuong trong C++
dé dong gbi cdc thanh phan hé thong, gitp lap trinh vién cang it phai can thiép
chi tiét vao hé thong cang tot. Tat nhién CBuilder sé c¢6 chit han ché khi lap
trinh vién muon 1ap trinh cap thap. V6i muc dich nhanh chéng tao ra chuong
trinh véi giao dién phit hop, dé st dung ma van dam bao yéu cau vé tdc do, tinh
hiéu qua, cong cu CBuilder dugc chon dé thuc hién phan mém cho bai tap nay.

4. MA NGUON CUA CHUONG TRINH
Chuong trinh nguén duoc viét dudi dang mot project trong CBuilder. Hé
thong module trong project duoc t6 chiic nhu sau:

Tén file Chu thich

ACMotor.bpr File Project

ACMotor.cpp, File module chinh va file resource

ACMotor.res

UMain.* C4c file nguon cho module ctia form chinh

UAbout.* Cac file nguon cho module cta hop thoai
About

USettings.* Cac file nguon cho module cta hop thoai
Settings

common.h, common.cpp | Module chita cac dinh nghia bién chung

UControl.* Module chita Thread Class dé diéu khién hé
thong
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Noi dung ma nguodn cu thé nhu sau:

a. Module chinh:

File ACMotor.cpp

#include <vcl.h>
#pragma hdrstop
USERES ("ACMotor.res") ;

USEFORM ("UMain.cpp", frmMain);

USEUNIT ("UControl.cpp")

USEFORM ("UAbout.cpp", AboutBox):;

USEFORM ("USettings.cpp", dlgSettings);
USEUNIT ("common.cpp") ;

USEUNIT ("..\..\userlib\GraphScope.cpp"):;

WINAPI WinMain (HINSTANCE, HINSTANCE, LPSTR, int)
{
try
{
Application->Initialize();
Application->Title = "Three-phase Motor Digital
Controller";
Application->CreateForm(_ classid(TfrmMain), &frmMain);
Application->CreateForm( classid(TAboutBox), &AboutBox);
Application->CreateForm(_ classid(TdlgSettings),
&dlgSettings) ;
Application->Run () ;
}
catch (Exception &exception)
{
Application->ShowException (&exception) ;

}

return 0O;

b. Module cua form chinh:

File UMain.h

#ifndef UMainH
#define UMainH
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#include <Classes.hpp>
#include <Controls.hpp>
#include <StdCtrls.hpp>
#include <Forms.hpp>

#include <ExtCtrls.hpp>
#include <Graphics.hpp>
#include "GraphScope.h"
#include "UControl.h"

class TfrmMain : public TForm
{
__published: // IDE-managed Components
TPanel *pnlitle;
TLabel *1blTitle;
TPanel *pnlSystem;
TPanel *pnlButtons;
TButton *btnSettings;
TButton *btnControl;
TButton *btnExit;
TButton *btnAbout;
TPanel *pnlControlPanel;
TPanel *pnlGraph;
TTimer *timSpeedUpdate;
TPanel *pnlParams;
TRadioButton *PController;
TRadioButton *PIController;
TRadioButton *PDController;
TRadioButton *PIDController;
TLabel *Labell;
TEdit *KpEdit;
TEdit *TiEdit;
TEdit *TdEdit;
TLabel *Label?2;
TLabel *Label3;
TLabel *Label4;
TPanel *Panell;
TLabel *btnDefault;
TLabel *Label5;
TLabel *curSpeed;
TLabel *Label’;
TLabel *Labelb6;
TLabel *desiredSpeed;
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TButton *SetNewSpeed;

void = fastcall FormCreate (TObject *Sender);

void = fastcall btnAboutClick (TObject *Sender);
void  fastcall btnExitClick(TObject *Sender);
void  fastcall FormDestroy (TObject *Sender);

void  fastcall btnControlClick(TObject *Sender);
void  fastcall timSpeedUpdateTimer (TObject *Sender);
void  fastcall PControllerClick(TObject *Sender);
void  fastcall btnDefaultClick(TObject *Sender);
void @ fastcall btnSettingsClick (TObject *Sender);
void = fastcall SetNewSpeedClick (TObject *Sender);

private:
TControlThread *CtrlThread;
public: // User declarations

TGraphScope *SpeedScope;
__fastcall TfrmMain (TComponent* Owner);
void = fastcall ChangeControlState();
__fastcall ~TfrmMain();

protected:

extern PACKAGE TfrmMain *frmMain;

#fendif

File UMain.cpp

#include <vcl.h>
#pragma hdrstop

#include <stdlib.h>
#include "UMain.h"
#include "UAbout.h"
#include "common.h"
#include <time.h>
#include "USettings.h"

#pragma package (smart init)
#pragma resource "*.dfm"
TfrmMain *frmMain;
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__fastcall TfrmMain::TfrmMain (TComponent* Owner)
TForm (Owner)

{
::randomize () ;
ThreadProtect = new TCriticalSection;

void fastcall TfrmMain::FormCreate (TObject *Sender)

btnDefault->Caption = "D\nE\nF\nA\nU\nL\nT";
SpeedScope = new TGraphScope (this)
SpeedScope->Parent = pnlGraph;
SpeedScope->Align = alClient;

void  fastcall TfrmMain::btnAboutClick (TObject *Sender)

{
AboutBox—->Show () ;

if (bControlling)

CtrlThread->Terminate () ;
timSpeedUpdate->Enabled = false;
1blTitle->Caption = "Terminating...";
Cursor = crHourGlass;
CtrlThread->WaitFor () ;

delete SpeedScope;

55




Nghién ciru, thiét ké hé thong diéu khién sé cho déng co KPB 3 pha

void _ fastcall TfrmMain::ChangeControlState ()

if (!'bControlling)

btnControl->Caption = "&Control";
else
btnControl->Caption = "Stop &Control";

btnControl->Enabled = true;
}
void = fastcall TfrmMain::btnControlClick (TObject
*Sender)
{
if (bControlling)
{
CtrlThread->Terminate () ;
timSpeedUpdate->Enabled = false;
pnlParams->Enabled = true;
btnSettings->Enabled = true;
btnDefault->Enabled = true;
}

else

{
SpeedScope->NumValue = 0;
SpeedScope->AddValue (0.0, 0.0);
Kp = StrToFloat (KpEdit->Text) ;
Ki = StrToFloat (TiEdit->Text) ;
Kd = StrToFloat (TdEdit->Text) ;
CtrlThread = new TControlThread (false);
StartControlTime = time (NULL) ;
timSpeedUpdate->Enabled = true;
pnlParams->Enabled = false;
btnSettings->Enabled = false;
btnDefault->Enabled = false;

}
btnControl->Fnabled = false;

double myspeed;
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ThreadProtect->Acquire () ;

myspeed = dSpeed;

ThreadProtect->Release () ;

SpeedScope->AddValue (difftime (time (NULL),
StartControlTime), myspeed);

curSpeed->Caption = FloatToStr (dSpeed) ;

__fastcall TfrmMain::~TfrmMain ()
{

delete ThreadProtect;
}

void _ fastcall TfrmMain::PControllerClick (TObject
*Sender)
{

TiEdit->Enabled = false;

TdEdit->Enabled = false;

if (PIDController->Checked || PIController->Checked)
TiEdit->Enabled = true;
if (PIDController->Checked || PDController->Checked)

TdEdit->Enabled = true;

void _ fastcall TfrmMain::btnDefaultClick (TObject
*Sender)
{

if (PIDController->Checked)

{

KpEdit->Text = "0.01767";
TiEdit->Text = "0.15";
TdEdit->Text = "0.00026";

}
else if (PIController->Checked)
{
KpEdit->Text = "1";
TiEdit->Text = "0.1";
}
else if (PDController->Checked)

{
KpEdit->Text = "1";
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TdEdit->Text = "0.01";
}
else

KpEdit->Text = "1";

if (dlgSettings->ShowModal () == mrOk)

NumPulse = StrTolInt (dlgSettings->EncNumPulse->Text) ;
TSamp = dlgSettings->SampTime->Value / 1000.0;

void  fastcall TfrmMain::SetNewSpeedClick (TObject
*Sender)

{
AnsiString value;
double newSpeed, oldSpeed;
ThreadProtect->Acquire () ;
0ldSpeed = desSpeed;
ThreadProtect->Release() ;
value = FloatToStr (oldSpeed) ;
if (InputQuery ("Set Desired Speed", "Enter the desired
speed", value))
{
newSpeed = StrToFloat (value);
if (newSpeed >= 0 && newSpeed <= 3000 && newSpeed !=
oldSpeed)
{
ThreadProtect->Acquire();
desSpeed = newSpeed;
ThreadProtect->Release () ;
desiredSpeed->Caption = FloatToStr (newSpeed) ;
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c¢. Module cua hop thoai About:

File UAbout.h

#ifndef UAboutH
#define UAboutH

#include <vcl\System.hpp>
#include <vcl\Windows.hpp>
#include <vcl\SysUtils.hpp>
#include <vcl\Classes.hpp>
#include <vcl\Graphics.hpp>
#include <vcl\Forms.hpp>
#include <vcl\Controls.hpp>
#include <vcl\StdCtrls.hpp>
#include <vcl\Buttons.hpp>
#include <vcl\ExtCtrls.hpp>

class TAboutBox : public TForm
{
__published:
TPanel *Panell;
TLabel *ProductName;
TLabel *Copyright;
TButton *OKButton;
TMemo *Memol;
TLabel *Notice;
void _ fastcall FormClose (TObject *Sender,
TCloseAction &Action);
void _ fastcall OKButtonClick (TObject *Sender);
private:
public:
virtual __fastcall TAboutBox (TComponent* AQOwner) ;

#fendif

File UAbout.cpp
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#include <vcl.h>
#pragma hdrstop

#include "UAbout.h"

#pragma resource "*.dfm"
TAboutBox *AboutBox;

__fastcall TAboutBox::TAboutBox (TComponent* AOwner)
TForm (AOwner)

void  fastcall TAboutBox::FormClose (TObject *Sender,
TCloseAction &Action)

{

Action = caHide;

void = fastcall TAboutBox::0KButtonClick (TObject
*Sender)

Close () ;

d. Module chita Thread Class diéu khién:

File UControl.h

#ifndef UControlH
#define UControlH
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#include <Classes.hpp>
#include "GraphScope.h"

class TControlThread : public TThread
{

private:
__int64 SmplCnt; //Sampling Time Count Value
protected:
void = fastcall Execute();
void  fastcall RunWhenTerminate (TObject *Sender);
void = fastcall ChangebControlling();
public:

__fastcall TControlThread (bool CreateSuspended) ;

#fendif

File UControl.cpp

#include <vcl.h>
#pragma hdrstop

#include <stdlib.h>
#include "UControl.h"
#include "common.h"
#include "UMain.h"

#pragma package (smart init)

// Important: Methods and properties of objects in VCL
can only // be

// used in a method called using Synchronize, for
example:

//

// Synchronize (UpdateCaption) ;

//
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// where UpdateCaption could look like:

//

// void  fastcall Unitl::UpdateCaption()

// {

// Forml->Caption = "Updated in a thread";

// }

e ettt

__fastcall TControlThread::TControlThread (bool
CreateSuspended)
TThread (CreateSuspended)
{
Priority = tpHighest;
FreeOnTerminate = true;
OnTerminate = RunWhenTerminate;
//Khoi tao phan cung
//So dem cho 8254
unsigned short int Count8254 = TSamp * 20000;
asm |
MOV DX, 0x313
MOV AL, 0xB6
OUT DX, AL

MOV DX, 0x312
MOV AX, Count8254
OUT DX, AL

XCHG AH, AL

ouT DX, AL

//Counter0O: mode 2, 1l6bit, value=FFFF
MOV DX, 0x313

MOV AL, 0x34

ouT DX, AL

MOV DX, 0x310

MOV AL, OxFF

OUT DX, AL

NOP //delay

OUT DX, AL

//Counterl: mode 2, 1lobit, value=FFFF
MOV DX, 0x313

MOV AL, 0x74

OUT DX, AL

MOV DX, 0x311
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MOV AL, OxFF

OUT DX, AL

NOP //delay
OUT DX, AL

double u old, e old[2];

double vy, w, u, e;

double A,B,C;

Synchronize (ChangebControlling);
u old = 0.0;

e old[0] = e old[1l] = 0.0;
A = (Ki*TSamp*TSamp + 2*Kd + 2*Kp*TSamp) /2/TSamp;
B = (Ki*TSamp*TSamp - 2*Kp*TSamp - 4*Kd)/2/TSamp;

C = Kd/TSamp;
_LARGE INTEGER freq;
if (! (::QueryPerformanceFrequency(&freq)))
{
MessageDlg ("No high-accuracy timer found.", mtError,
TMsgDlgButtons () << mbOK, 0);
return;

}

_ LARGE INTEGER lastTime;

: :QueryPerformanceCounter (&lastTime) ;

_ LARGE INTEGER curTime = lastTime;

SmplCnt = TSamp * freqg.QuadPart;

register unsigned short int PulsesCounted;
double heso = 60.0/ (NumPulse*TSamp) ;
double heso u = 255.0/12;

unsigned char udk;

while (!Terminated)
{
while (curTime.QuadPart - lastTime.QuadPart <
SmplCnt)

::QueryPerformanceCounter (&curTime) ;

//Doc toc do

asm {
//Read-back command, latch Counter 2 status
MOV DX, 0x313
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MOV AL, OxES8

OUT DX, AL

//Read status

MOV DX, 0x312

IN AL, DX

MOV AH, AL //save status2 to AH
//Read-back command, latch Counter 0 & 1
MOV DX, 0x313

MOV AL, OxDo

OUT DX, AL

MOV AL, AH //restore status?2
MOV CL, 7 //Shift Right to get OUT2
SHR AL, CL

XOR AH, AH //now, AX contains the offset of the

latch counter

MOV DX, 0x310

ADD DX, AX //now DX contains the port addr of
the latch counter

//And read count value now

IN AL, DX
MOV  AH, AL
IN AL, DX

XCHG AH, AL
//FFFF-AX = number of pulses counted
NOT AX
MOV PulsesCounted, AX
}
y = PulsesCounted*heso;
ThreadProtect->Acquire () ;
dSpeed = y;
w = desSpeed;
ThreadProtect->Release() ;
//Thuat toan dieu khien
e =w - y;
u = u old + A*e + B*e 0ld[0] + C*e old[1l];
//Va xuat tin hieu dieu khien ra
u dk = u*heso u;
asm {
MOV DX, 0x314
MOV AL, u dk
OUT DX, AL
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u old = u;

e old[1l] = e 0l1d[O0];
e old[0] = e;
lastTime = curTime;

void  fastcall TControlThread::RunWhenTerminate (TObject
*Sender)
{

Synchronize (ChangebControlling);

}

void  fastcall TControlThread: :ChangebControlling ()

{
bControlling = !bControlling;
frmMain->ChangeControlState();

e. Module cua hop thoai Settings:

File USettings.h

#ifndef USettingsH
#define USettingsH

<vcl\ExtCtrls.hpp>
<vcl\Buttons.hpp>
<vcl\StdCtrls.hpp>
<vcl\Controls.hpp>
<vcl\Forms.hpp>
<vcl\Graphics.hpp>

#include
#include
#include
#include
#include
#include

#include
#include
#include
#include
#include

class TdlgSettings

<vcl\Classes.hpp>
<vcl\SysUtils.hpp>
<vcl\Windows.hpp>
<vcl\System.hpp>
"CSPIN.Qh"

public
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{
__published:
TButton *OKBtn;
TButton *CancelBtn;
TGroupBox *GroupBoxl;
TLabel *Labell;
TEdit *EncNumPulse;
TButton *Buttonl;
TGroupBox *GroupBoxZ2;
TLabel *Label4;
TCSpinEdit *SampTime;
TButton *Button2;
void = fastcall ButtonlClick(TObject *Sender);
void = fastcall Button2Click (TObject *Sender);
private:
public:
virtual  fastcall TdlgSettings (TComponent* AOwner) ;

#fendif

File USettings.cpp

#include <vcl.h>
#pragma hdrstop

#include "USettings.h"

#pragma link "CSPIN"
#fpragma resource "*.dfm"
TdlgSettings *dlgSettings;

__fastcall TdlgSettings::TdlgSettings (TComponent*
AOwner)
TForm (AOwner)
{
}
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void  fastcall TdlgSettings::ButtonlClick (TObject
*Sender)

{
EncNumPulse->Text = "2000";

volid = fastcall TdlgSettings::Button2Click (TObject
*Sender)

{

SampTime->Value = 5;

f. Module chita cac dinh nghia bién chung:

File common.h

#ifndef COMMONH

#define COMMONH
#include <time.h>
#include <syncobjs.hpp>

//bControlling: is the computer controlling the Motor ?
extern bool bControlling;

//dSpeed: current speed (rpm)

extern double dSpeed;

//StartControlTime: the time at which controlling starts
extern time t StartControlTime;

//ThreadProtect: protect thread crisis

extern TCriticalSection *ThreadProtect;

//NumPulse: Number of Pulse per Rotate

extern unsigned int NumPulse;

//TSamp: Sampling Time

extern double TSamp;

//desSpeed: desired speed

extern double desSpeed;

//Kp, Ki, Kd: parameters of PID controller

extern double Kp, Ki, Kd;

#endif COMMONH
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File common.cpp

#include "common.h"
bool bControlling =
double dSpeed = 0.0;
double desSpeed = 0.0; //desired speed
time t StartControlTime;
TCriticalSection *ThreadProtect;
unsigned int NumPulse = 2000;

double TSamp = 0.005;

double Kp, Ki, Kd;

false;
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