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Tom tat - Didu khién téc do trong nha may thuy dién (NMTD) la
van dé rét quan trong, dac biét d6i voi cac NMTB Ién dam nhan
nhiém vy diéu tan cho hé thong dién. Hau nhw hé thong diéu toc cla
cac NMTD déu st dung bé diéu khién PID nén it co kha nang thich
nghi v&i nhiéu cing nhw sy thay ddi tham sé mé hinh. Bai bao néu
Ién mot thuat toan diéu khlen lién tuc bén virng dé tw dong dleu khién
tan sb tb may cép nguén cho phu tai doc lap, st dung sé liéu cla
NMTD Srépdk 3, xét riéng mét td may cé cong sua} 110MW. Két qua
nghién ctru dwoc md phéng kiém chirng cho thay khad ning thich
nghi v&i nhiéu va sw thay dbi tham sé mé hinh trong qua trinh van
hanh cua bo diéu khién SMAC t6t hon bd diéu khién PID kinh dién.

Tir khoa - diéu chinh tan s6; diéu chinh cong suét; nha may thay
dién; didu khién bén virng; didu khién thich nghi; bd didu tdc.

1. Pit van dé

Mot hé thong didu toc (Governor) tong quat dugc
nghién ctru tir ho chira dén cira xa sau tua bin. Cac thanh
phan ciia hé¢ théng nhu Hinh 1.

Nguyén 1y hoat dong cuia NMTD khong phire tap, tuy
nhién khi dleu khién téc do6 cua may phat thuy dién
(MPTD) nbi ludi va van hanh song song, cac thong sd lam
viéc cua hé thdng thay di thuong xuyén, khi d6 s& lam anh
hudng dén thong sb cia NMTD. Trong d6 c6 viée 6n dinh
tdc d6 t may... nén doi hoi b diéu khién tdc d6 phai dap
ting dugc tinh bén vimg dé gitr cho MPTD khong bi vuot
ra ngoai vung lam viéc.
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Hinh 1. M6 hinh cdu triic NMTD

Hai van dé quan trong trong NMTD 1a diéu tbc AFR va
didu ap AVR. O day ta chi xét hé thong didu téc. NMTD
¢6 cong suat vira nhu NMTD Srépdk 3 tham gia diéu tan
cép 2 khi tan s6 lui nam ngoai giéi han 50+0.5Hz, nghia
1a cép tiép theo dé bd sung cong suit tac dung 1én ludi ngay
sau cac nha may 1é6n nhu NMTD Hoa Binh, Ialy, Tri An
thyuc hién chirc nang diéu tan cap 1.

Abstract - Speed control is an important matter in a hydropower
plant. Big hydropower plants perform frequency control of power
system. Most of the governors of hydropower plants have used PID
controllers. So they are less robust with parameter changes in
operation and noise. In this paper, we present a new method
control to make a robust speed control of the hydropower in small
grids using parameters of Srepok 3 hydropower plant, considering
one unit with capacity of 110MW. The simulated research results
show that the SMAC control adapts to noise and parameter
change in the operation better than PID controller.

Key words - frequency control; active power control; hydropower
plant; robust control; adaptive control; governor.

2. Két qua nghién ciru va khao sat
2.1. Phwong trinh mé ti cdc phan tiv trong NMTD

Dé thiét ké bo diéu khién truot thich nghi 6n dinh toc
do, ta nghién clru xay phuong trinh m6 ta cdc thanh phan
trong h¢ thong lan lugt theo th tu.

e Phuong trinh dong chay [2]:

U1 = U2 cosh(7,.s) +1/z, .H,.sinh(T,.s) )
e Phuong trinh ¢4t nuéce [2]:

H> = Hi.sech(T,5) — z, Us.tanh(T, .5) — k ..52.‘52 )

O day: Hl = k U2 |U2 |1a t6n that do ma sat gitra dong
chay va vach dng, kf' hé s6 ton that cot nude.

e Thap diéu ap c6 mo hinh [2]:

—_ 1 ,_ _
H =—[0di~ 1,00, 3)
CS

e M0 hinh canh van huéng:

G(s) 1

u.(s) (Tls + 1)(T2s +1)

D6i véi NMTD, dic tinh quan h¢ diéu khién goc mo
canh hudng tua bin t6 may c6 dang chung nhu Hinh 2.

“

e Mo hinh dong co servo, co dang khau quén tinh béq
1 noi tiep voi dau ra tich phan két hop cac khau han che dé
xac dinh vi tri:

W =Lsat(u,d)lsat(u,d) (%)
s

b (Ts+1)
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Hinh 2. Bdc tinh céng sudt/gée mé van hudng ciia tua bin

Trong do: K, 1a do khuéch dai cua co ciu thuy luc-
servo, T, 1a hang s0 quan tinh co, sat(u,d) 1a ham bao hoa
v6i ngudng trén u va ngudng dudi d, nham dam bao cho
gb6c mo canh khong bi qua gidi han trén-dudi.

e Mo hinh tua bin va may phat: bao gdm hai thanh
phan 12 may phat va tai cia may phat. Néu ludi manh thi
may phat s€ tu dong bd ludi sau khi hoa, d6 1a che do diéu
toc. Neu ludi yéu, dao ddng cua ludi s€ budc may phat
phai chay bu cong suat, d6 1a ché do dicu tan cap 2. Nhirng
NMTD cong suat vira thuong dwgc dam duwong ca hai
viéc nay. Tur nguyén 1y can bang nang luong co hoc ta
viét duogc:

d’s
=J—

=T.-T
acc 2 mec elec
dt

(6)

Trong d6: Tuee: M6 men gia téc [N.m]; Tpee: M men
co [N.m]; Teiec: M6 men dién [N.m]; J: M6 men quén tinh
téng hop cta may phat va tua bin [kg.m?]; A,: Géc quay
co khi cua rotor [rad]; d,, 1a vi tri goc rotor.

Vé quan h¢ gitra van tde goc dién w [rad/s] voi van toe
goc cua rotor, dugce tinh @ = wn /pn, trong d6 p,la s6 doi
cuc cua may phat dién. Phuong trinh chuyen dong (6) cting
c6 thé viét lai trong h¢ don vi tuong d6i vai van toe goc ctia
rotor theo van toc ctia dong dién w, [rad/s].

i@

T =2.H—
dt (7)

mec L[ca

J.o®,,
2VA, (8)

V6i cong sudt bang md men nhan véi véan tde goc
(P =T.w),tas€co:
dﬁ
-t ©)
e MO hinh tai ciia may phat c6 xét dén sy phu thudc
tan sO thuong dugc biéu dién bang cach nhan mo hinh tai
theo ham mii véi hé s6 nhay tan so [3]:

=R.(V/V,)" .(1+D,, +Af) (10)
0=0,.(V'17,) 1+ D, +Af) (11)
Trong d6 Po, Qo 1a tai tinh dang xét & tan sb dinh mirc

va diém lam viéc xac 1ap. D,y; Dysla cic tham s nhay tan
s0 cua md hinh tai. ¥, Vo 1a dién ap hé thong dién & tan so

P,

mec zlzc

dang xét va dién ap & tan so dinh muc.

a=0P/0V;b=00/0V (12)

K&t hop v6i (6) va (10), (11) ta ¢6 thé viét phuong trinh
mo hinh can bang dong cua tai nhu sau:
da)
dt (13)
Véi D 1a hé sé giam chin cua rotor, 1a tong vecto cua
Dyrva Dy Ttr cac phuong trinh phan tich trén, ta xay dung
dugc mo hinh phi tuyén (NL) cia NMTD nhu Hinh 3. M6

hinh nay phi tuyén vi trong cau tric c¢6 nhiéu thanh phan
phi tuyén nhu bao hoa, ving chét.

Cung tur (10) va (11), khi luéi yeu thi ti s6 Qg/P<7,
nén may phat can bom thém cong suét 1én Iudi theo ché do
cudng buc, thuc hién diéu tin cap 2. Trong ché do nay, td
hop tua bin-may phat hoat dong theo kiéu lién tuc-zigzac,
nghia la co ciu thuy luc diéu toc khong hoat dong lién tuc,
ma chi nhim dam bao bu lwong cong sudt nhat dinh.

2.2. Thiét ké b diéu khién

Dé thiét ké bo didu khién, ta tong hop cic md hinh cta
cac phan tir thanh cdu trac hé thong hoan chinh. M6 hinh
phi tuyén (NL-Nonlinear) nhu Hinh 3 day da thanh phan,
nhung khong thé dung thiét ké bo diéu khién bén ving vi
qué phte tap. Do do ta tim cach tuyén tinh hoa cac phan tir
tir (2) dén (11), dya trén mot sd gia thiét:

P.-P

mec load —

Hinh 3. M6 hinh phi tuyén cia NUTD
- Do quan tinh rotor va tua bin rat 16n, vi tua bin gin
chét truc voi rotor, nén vi phan cap 4 va cap 3 cuia toc do
tua bin khong dang ke, tir do ta chi giir lai thanh phan bac
2 (d6 giat), bac 1 (gia toc) va bac 0 (vén toc).

+Cac khau bao hoa dugc dua vao gidi han trong
khoang (-1;1) dé tinh toan trong hé don vi twong dbi.

+May phat dugc xét chay ¢ ché do doc 1ap.

+Cac cdu trac phi tuyén dang ham mi dugc khai
trién Taylor va gilr lai hai thanh phan béc thap dau tién.

Tir nhitng két qua mé hinh phan tir trén, ta c6 md hinh
ham truyén theo toc dg cua hé thong:
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K (1-T,s)
R +[(0.5T,D+2H)T, +T,H]s +
prw T hw 13 w
+(0,5T,D+K,T,H + DT, )s* + (14)
+[ D+(0,5T,D+2H)K, |s+K.D
Bing 1. Thong sé nha may Srépok 3
STT Thiét bi Pon vi Tl;%“g
Cong suat dinh mirc may phat MW 110
Cong suit biéu kién MVA 129,5
1 Dién ap dinh muc kV 13,8
Tén sé dinh muc Hz 50
Téc d6 dinh muc Rpm 125
Hiéu mg banh da MF (GD?) Ton-m?> | 28000
Cong suit co cua tua bin MW 112,25
Cot nude 16n nhat (Himax) m 66,6
Cot nude nho nhat (Humin) m 51
Cot nudc trung binh (Hib) m 62
Cot nudc tinh toan (Hy = Ho) m 60
2 | lugng dinh mirc (m%/s) (m3/s) 206,4
Chiéu dai dudng hdm m 593,8
Puong kinh ham m 8
Vian tbc truyén song m/s 4,11
Hing s6 thoi gian khoi dong cua | s 4,14
nudc: Tw
Hing s6 quan tinh H s 46
Hing s van ti 18 K 3,33
3 Hing s6 van phan phdi chinh K> 1
Hing s thoi gian van ti 1& 0,07
Hé s6 giam chén s 1

Theo [5], tach riéng ph?ln diéu tdc, ta duge mod hinh bo
diéu toc co tai nhu Hinh 4.

B

1-T.5
1+0,5T, 5

Gu(s)

Gofs)

Hinh 4. Tong hop mé hinh hé thong co thuy lic, tua bin Iy
tuwong va mé hinh tdi mdy phat
Thay sb liéu trong Bang 1 ta c6 md hinh tuyén tinh hoa
day du:
—-13,97s +3,33
Gle) =L =—— e (15a)
Us  1,3335™ +19,83s” + 74,765° +38,53s + 3,33
Tuy nhién voi gia thiét loai bo cac thanh phan bac cao
khi thiet ké vi cau triic quan tinh 16n cua phan co khi dong
vai tro nhu mdt bg loc bac cao, ta chi gilr lai thanh phan
gan dung dén bac 2 nhu cdc md hinh co hoc quan tinh, két
qua md hinh c6 dang:
, —13,79s+3,33
G(s)= "= 2T
ug  74,76s° +38,53s5+3,33
Két qua mo phong ¢ Hinh 5a, Hinh 5b cho thay viée
loai bo céac thanh phén béc cao thi dap ing dau ra cua doi
tuong khong thay d6i nhiéu.

(15b)

So sanh sap ung giua Mo hinh truoc va sau khi giam bac
T T T T

| | | | |[[+-#+~ Dap ung mo hinh chua giam bac
| | | |

Dap ung mo hinh giam bac

|| —=— sai lech dap ung giua 2 mo hinn

Biendo

Hinh 5a. M6 phong dép iing déi twong 15a va 15b
Vvoi tin hiéu vao la ham 1(t)

So sanh sap ung giua mo hinh truoc va sau khi giam bac

m bac
—— Sai lech dap ung giua 2 mo hinh

|
|
|
L A e E 4 E e A

Hinh 5b. Phéng to vimg qud do ddp vmg doi twong phuong trinh
15a va 15b voi tin hiéu vao la ham 1(t)

o Thiét ké b¢ diéu khién PID
Ham tmyén da@ ctia bd diéu khién PID lién tuc cua ddi
tugng c6 ham truyén dat noéi trén cod dang:

1
GP[D(S)=Kp[1+—+TdSJ (16)
Ts
Thay b diéu khién PID bang bo diéu khién ty 18, véi
hé s6 ty léqK,h. Trong d6 Ky 1a gié tri ma tai do hé thong &
bién gioi 6n dinh, nghia 1a dap ng qua do c6 dang dao
dong diéu hoa.
. Thay ham truyén dat cua ddi tuong dé bai ra, ta c6 so
d6 mo phong.
Ta tién hanh thay dbi dat gia tri Kn, roi ting dép va quan
sat & dap tng ngo ra cho dén khi dat dao dong dicu hoa.
Vi Ky=2,79 thi dép timg qua do c6 dang dao dong diéu
hoa. Chu ky 7y cua G(s) 1a 16s. V6i Ty da co, ta tinh cdc
thong s cua bd diéu khién PID theo biéu thuc sau:
K,~=0,6.K;,= 1,674
7=0,5.Ty =8
7,=0,125.Ty =2

Twr cac thong sb K, Ti, T, ta xac dinh duoc cac hé )
tich phan K; va vi phan Ky nhu sau:

K

K, =—£=0,2092
T

K,=K,T,=3348

Tir d6 ta c6 ham truyén cia bo diéu khién PID:

G (s) =1, 674[1+8i+2sj (17)
S

Céc két qua dap tmg cuia b diéu khién PID dugc thé
hién trén md phdng nhu tiép theo.
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o Thiét ké bg diéu khién truot bién doi
Ta stt dung b dicu khién truot bién d6i SMAC dé diéu
khién cho hé nay, v6i mat trugt:
Sy =é+Ade=0vahamtruot S =é+ e

Diéu kién truot:

$.5<0 (18)
(é+4e)S=—a,a>0 (19)
(é+2€)|S|sgn(S) =— (20)
(é+/1é)=_S“sgn(S):sé =—ngn(S)—ﬂe @1
Do vy, tir (15) néu ta chon tin hiéu diéu khién:
u=22,472.K sgn(S) +y, —
—(11,582-22,472.) & +4,16u (22)

Thi hé s& én dinh, du diéu kién hat va bam mat truot.

Chirng minh:
Chon ham Lyapunov dang:
1 1,

V= 22,472(5 Ae* + Eﬂez) (23)
V =22,472(edé + &) = 22,4726(é + Ae) (24)
V =¢é(22,4728 + 22,472 )€) (25)
Thay ¢ > 0 ta dugc:
V =(y,—e—11,582¢+4,1461 —u + 22,472 e)é (26)

. . 04
(a)e + /1606) = —Esgn(S) (27)
@, = —Aa), -2 sen(S)

e = e |S| g (29)
Chong=521>0

2

V =-22,4726(Aé + %‘sgn(S) - Ae) (30)
V =-22,4726( A+ S — Ae) =22, 412 Aé+ e+ Ae— Ae) 31)

V =-22,472¢* (A +1) < 0, hé 6n dinh ti¢m can.

Xdy dung luat bién doi madt truwot sai léch e:

Theo [1], néu mat truot cd dang la m@} siéu dién truot,
thi dao dong qyanh mdt truot khi bém s€ bién thi§n trong 16p
bién bi han ché b01 vung on dinh (néu thdéa man on dinh tiém
céln).’ Do vay néu thiét ké mat trugt dang si€u dién sao cho
d6 doc cuia mat trugt bam theo mat siéu dién thi s€ gidm dugc
bién dg rung. Tir d6, ta chon ham mét trugt A(7) = g ‘e(t)‘>0,
mit truot ¢ dang phi tuyén, sai léch giam thi do déc mat
truot giam theo, vi vay bién do rung giam.

Cudi cing, ta c6 dién ap didu khién dong co servo dé
doéng mé van di€u khién canh hudng tua bin thich nghi theo
mat trugt c6 dang nhu sau:

u=22,472Ksgn(S)+y, —e
—(11,582-22,4728/e(1) ) e+4, 161t (32)

Thyc t& hé dién co ludn c6 tin hidu co lién tyc timg
khoang, do quan tinh co l6n hon nhiéu 1dn quéan tinh bd
diéu khién nén trong diéu khién bing may tinh, viéc tinh
toan vi phén cta u duoc thyc hién tai thoi diém t, dugc noi
suy theo thoi diém 1ay mau t,.1, t. luu trong bd nhé. Véi

T 14 chu ky ldy miu dwoc chon tuy ¥ du nho so v6i quan
tinh cta co hé. Do h¢ dang xét 1a h¢ tuyen tinh lién tuc nén
vi phan cua h¢ cling lién tuc. Theo (32) ta co:

u, —u, 4,1 4,1
= u, ——1u,
T j [ T) n T n—1

Thay vao (32), ta c6 thuat toan dé tinh toan u, trén may
tinh nhu sau [4]:

T 4,1
u, :(T—4,IJ[Q(S’%€)+7M”_1)

Vi Q(S,y.e) 1a ham sé hoa cua vé phai (32) trir di vi
phén cua u.

u—4Yi=u, —4,1[

Luat diéu khién nay van dam bao A>0 nén khong méau
thudn véi ching minh & phan trén. Vi vay hé vin 6n dinh
tiém can.

2.3. Két qui mé phéng

Tir m6 hinh da x4c dinh, ta tién hanh mé phong qué trinh
diéu téc bang phan mém Matlab Simulink, mé hinh dugc so
sanh v6i bo didu khién PID dé thiy dugc wu diém cua bo didu
khién truot thich nghi. M6 hinh mé phong nhu Hinh 6. Trong
md hinh nay, ta chi sir dyng tin hiéu phan hi 14 tde d6 tua bin
(hay rotor), phén phan hdi cong suat dugc dua vio tai qui doi
ra cong suat co ngay sau tua bin. Dya theo cac gia thlet danéu,
mo hinh tuyen tinh hda con lai bac 2, phan cong sut duoc dua
ra sau may phat va duoc coi 1a nhidu sai léch tdc do.

w -0.18455+0.0445 o
5240.51545+0.0445
1 Todo daura
SMAC Ham truyen Mo ta Doi tuong I S20r1]
= E
-0.18455+0.0445
24 5+
1
PID Ham truyen Mo ta Do tuong 9.25+1
Tai

Hinh 6. So d6 mé phéng
Sau khi thye hién m6 phong v6i truong hop khoi dong,
ta c6 két qua md phong nhu Hinh 7.

Hinh 7. Pap img téc dé khi khéi dong véi bg diéu khién SMAC
va PID voi Tw=4,14
Vi két qua ¢ Hinh 7, ta thiy thoi gian qua do va do qua
diéu chinh cua b diéu khién SMAC nhé hon so véi bd didu
khién PID.

25

Dién apidicu khién

Bién d6 %

of. rnnauuuiuuAANAIAU U UUUUVIL

[ 10 15 20 23, 30 35 40 45 5

Hinh 8. Tin hiéu diéu khién
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Pua thém nhiéu phu tai vao may phat trng v6i cac tai
khéc nhau ta dugc két qua moé phéng nhu Hinh 9, 10.

Trong Hinh 9, khi cho mang tai 20% tai thoi diém 100
gidy sau khi khoi dong, bo di€u khién PID bi sut toc, trong
khi b di€u khién SMAC van giit duoc sy bén virng.

DAP UNG TOC DO KHI MANG TAI 20% TAI THOI DIEM 100s

14— T T
Toc do SVAC
1.2 —-=-PID ||

1.0

0.

0.6f4

0.4t

0.2f

1)

0 20 40 60 80 Tlg(O) 120 140 160 180 200

Hinh 9. Ddp img toc dé khi mang tai 20%
Két qua ciia mang tai 50% nhu Hinh 10, ta thiy bo diéu
khién SMAC van khong c6 gi thay doi.
DAP UNG TOC DO KHI MANG TAI 50% TAI THOI DIEM 100s

14|,
T8c ab —SMAC
vames PID

1.2]

1.0

0.8

o6l

0afi

02}

0

0 20 40 60 80 %‘28) 120 140 160 180 200
Hinh 10. Két qua cho mang tai 50%
_ Ta théy ring bo diéu khién SMAC da thé hién dwoc tinh

bén virng rat tot so voi by dieu khién PID kinh dién.

Két qua dinh luong thé hién qua tiéu chudn tich phan ISE
va ITSE cho cac qua trinh vdi két qua thu dugce nhu sau:

- Tin hiéu khoi dong diéu khién nhu Hinh 8

+ PID: sai s6 xac 1ap 0,0005pu, thoi gian xéac 1ap 30s,
d6 qua dicu chinh 0,066pu.

+SMAC: sai sd xac 1ap 0,0001pu, thoi gian xac 1ap 10s,
d6 qua dicu chinh 0,0012pu.

Khi tan s6 lui thay doi, twong (mg ché do diéu khién
cong suat, ta co cac két qua mo phong nhu Hinh 11.

- Mang tai 20% tai nhu Hinh 9

+ PID: thoi gian xac 1ap 38s, d6 sut tde 0,074pu.

.t SMAC: thoi gian xdc 1ap dao dong rét nho, do qua

dicu chinh 0,0002pu.

- Mang tai 50% tai nhw Hinh 10:

+ PID: thoi gian x4c 1ap 44s, d6 sut toc 0,16pu.

+ SMAC: thoi gian xac 1ap 13s, d6 qua diéu chinh
0,0013pu.

3. Théao luan

Tir cac hinh két qua m6 phong trén cho thdy bo diéu
khién SMAC cho chat luong dleu khién tét hon va thich
nghi tot véi sy thay ddi ctia tham sé mé hinh.

Khi hoat dong o ché do diéu khién cong sudt:

Két qua md phong hé théng 1am viée & ché d¢ diéu
khién cong suat lién tuc do tan so ludi thay doi. Ta co6 cac
dac tinh m6 phong nhu Hinh 11.
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Hinh 11. Két qua mé phong khi tan sé lwdi thay déi

Trong d6, Hinh 11.a thé hién d6 dao dong tan s6 ludi
trong pham vi 5%, véi truc hoanh 14 truc thoi gian. Cac két
qua cho thdy dbi voi bo didu khién SMAC, ta ¢6 két qua nhu
Hinh 10.b véi sai 1éch tAn sb trong truong hop nay 13 0,25/%,
trong khi do by diéu khién PID ¢ sai s0 1én dén 5%. Didu
d6 cho thay, neu hé théng co tan sb thay doi, twong tmg voi
lugng cong suét tac dung can phat thay d01 lién tyc, thi h¢
didu khién SMAC cho dap tng rét tot, gin nhu ludn thoa
man can béng cong suét, nguoc lai bo diéu khién PID bam
theo do thay dbi cong suit ctia ludi dé bu kém hon nhiéu so
v6i SMAC. Cu thé d6 chénh 1&ch 1én dén 20 1an. Trong Hinh
11.b, @6 rung cua tin hi¢u ra dugc loai trir bdi quan tinh 16n
cua rotor, do vay thuc té rotor hoat dong theo gia tri trung
binh va khong xuat hién dao dong cao tan do.

Tir cac két qua trén, két luan bo didu khién SMAC c6
chit luong diéu khién tét hon nhiéu so v6i PID. Tuy nhién
thuc té hién nay, cac bo didu khién dung trong NMTD
Srépdk3 van dang dung PID, nén chét lwong diéu khién va
sai 1éch bam 16n.

4. Két luan

Bai b4o di trinh bay chi tiét mot thuat toan diéu khién
bén viing bién dbi va da thiét ké duoc md hinh md phong
dé kiém chimg thong qua viéc so sanh voi bo PID theo
phuong phap Nicol-Zigler. Trén co so nay, viéc tién hanh
md phong véi hé cuc tiéu pha da cho két qua SMAC tt
hon hin b diéu khién PID kinh dién. Dua vao Iy thuyét da
tinh toan, két qua nghién ctru s& cb ging dua vao bo didu
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khién thuc té cia NMTD Srépdk3 dudi hinh thirc mot bo
diéu khién dy phong.

Trén thuc té, nguoi ta khong st dung bo diéu khién
trong sudt qua trinh khoi dong t6 may, ma bd diéu khién
chi tham gia vao qua trinh diéu chinh khi to may da xac lap
tdc do. Vi vay khi hoat dong ta chi quan tdm dén dao dong
tan sb khi dong, cit tai cua may phat.

Trong thoi gian dén, cac tac gia tiép tuc nghién ctru hé
SMAC cho diéu tbc may phat chay & ché d6 ndi v6i hé
thdng 16n va chay hai may song song.
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