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Tém tat:

Bai bao trinh bay thuat todn cai tién phuong phap diéu chinh dd réng xung SIR dé diéu khién ddng
co khdng dong bd ba pha. Cac két qua dugc khao sat danh gia bdng mé hinh mé phdng trén phan
mém Matlab-Simulink. M6 hinh cho phép danh gia so sanh chat lugng dién ap dugc diéu ché gilia
phuong phap céi tién va ¢ dién, dong thdi chi ra rang véi ludt chuyén mach cdu nghich luu ba pha
clia thudt toan cai tién da loai bd dugc dong trung dan ho thir nhat trong cac nhanh clia cau nghich
luu so véi thudt toan c6 dién.

T khoa:
Cau nghich luu, diéu ché do rong xung SIR, dong ca khéng dong bo.

Abstract:

The paper presents an algorithm to improve pulse width modulation method SIR to control three-
phase asynchronous motors. The results were surveyed and evaluated by simulation model on
Matlab-Simulink software. The model allows a comparative evaluation of the modulated voltage
quality between the improved and classical methods, and concurrently shows that with the three-
phase inverting switch rule of the improved algorithm, the fundamental leakage current in the
branches of the inverter is eliminated, comparing to the classical algorithms.

Keywords:

Inverter, modulation pulse mode SIR, asynchronous motor.

1. MO’ DAU va san xuat dé dam bao chat luong diéu

Mot trong nhiing phuong phap cho phép
dam bao diéu chinh cac théng sé dién ap
& mot dai rong duoc tng dung trong cac
bo bién doi cua céc hé théng va to hop k§
thuat dién 1a ché d6 diéu ché do rong
xung. Ky thuat nay ngay nay duoc Su
dung nhiéu trong cac nganh cong nghiép

khién céc hé théng dién co khac nhau. K§
thuat phat trién hién dai cua cac thiét bi
mach lyc ban dan bién d6i ning lugng
dién dugc dac trung boi tinh tng dung
rong rai cua cac bo diéu khién sé va vi
diéu khién. Nhitng tng dung nay cho
phép nang cao cac hiéu ung lam viéc cua
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céc to hop k¥ thuat dién hang khong, cong
nghiép hay dan dung khi diéu chinh céac
tham s6 dién 4p dau ra.

Dé diéu khién dong co khong dong bo ba
pha theo phwong phap diéu chinh tan s -
dién ap, c6 nhiéu phuong an st dung cac
b6 nghich luu c6 dang kh&c nhau. Tuy
nhién, st dung cau nghich luu 4p ba pha
c6 nhiéu uvu diém vuot troi so véi cac bo
nghich luu con lai, vi vay trong gidi han
noi dung nghién ctru nay ching ta sé phan
tich phuong phéap diéu ché do rong xung
SIR véi cau nghich luu 4p ba pha dé diéu
khién dong co khong dong bo ba cé dang
nhu hinh 1 [1, 2, 5].
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Hinh 1. So d6 dau néi nghich Iwu cau ba pha

Ton tai nhidu phuong phap diéu ché do
rong xung khac nhau nhu: luat chuyén
mach 180° hoic 120° diéu chinh rong
xung SIR, diéu ché do rong xung theo luat
sin SPWM, diéu ché do rong xung Véi
tién xur ly hai bac ba... SIR 1a phuong
phap don gian dé tao ra ba xung dién &p
léch pha nhau 120 d6 dam bao du diéu
kién diéu khién dong co khéng ddng bo
ba pha theo phuong phap diéu chinh tan
sb - dién ap [5, 6]. Nghién ciu cai tién
thuat toan chuyén mach cua phuong phap
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SIR cho cau nghich luu dé loai bo dong
trung dan cho phép don gian hoéa qua trinh
lap trinh va nang cao chat luong diéu ché
dién ap, ting murc do tin cay khi hé théng
lam viéc va dam bao su an toan ciing nhu
tiét kiém nang luong cho hé théng diéu
khién dong co khong dong bo ba pha.

Nhu d3 biét, v6i cau nghich luu ba pha
ton tai 2° = 64 trang thai khac nhau, tuy
nhién s6 luong trang thai 1am viéc 1a nho
hon [5, 6, 7, 8, 87-92]. Ky hiéu céc trang
thai nay la Vy va Vyy.

Trong do:

Vy (x =0, 1...7) la cac trang thai ma ma nhi
phan cua cac khoa ban dan S;, Ss, Ss dao
voi ma nhi phan cac khoa ban dan Sy, S,
Se, trong d6 x la gié tri thap phéan cua mé
nhi phan cac khoa ban dan S, Ss, Ss;

Vyy la céc trang thai lam viéc con lai cua
cau nghich luu ba pha; x 1a gia tri thap
phan ciaa ma nhi phan cac khoa ban dan
S1, S3, Ss, y la gia tri thap phan cia ma nhi
phan cac khoa ban dan S, S, Se.

2. PHAN TiCH PHUONG PHAP PIEU
CHE PO RONG XUNG SIR CO PIEN

Phuong phap diéu chinh do rong xung
SIR hinh thanh trén co sé tao ra cac xung
dién 4p c6 do rong bang nhau. Biéu chinh
bién d6 va tan sb dién 4p ra dugc thuc
hién bang cach thay d6i do rong cua cac
xung diéu ché va chu ky song mang. Dé
tién hanh diéu ché do rong xung SIR &
dau vao mo dun tao xung ba pha, & mdi
pha thiét lap cac tin hiéu diéu khién

UopfazA’ UopfazB ! UopfazC co dal’lg nhu Sau:
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_ sin(x) .
UopfazA - m |sin(x)| ' (1)
sm(x+—)
UopfazB =KpUp (2)
sm(x+)‘
. 4n
S|n(x+?)
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UopfazC =KpUp

. 4n |’
sin(x+—
( 3)‘

trong do x = 2xfou; Um — bién do cuc dai
cho phép cia tin higu diéu khién, 0 <K, <
1 — hé sé diéu chinh gi4 tri dién ap trung
binh. Céc tin hiéu diéu khién nay dugc so
s&nh vai tin hiéu séng mang c6 dang rang
cua duoc xac dinh theo ham sau:

Ut(x) :E-asin{sin(S-n-x)—%};n =12,3..,(4)
T

trong d6 n 1a s6 xung dién ap trén mdi 1/6
chu ky.

Khong mat tinh tong quat, ta xét dang cac
xung diéu khién céc khoéa chuyén mach
S1, Ss, Ss cuia cau nghich luu ba pha khi
Ky=0.7,n=2 Up=1.

Hinh 2 chi ra cach xac dinh tin hiéu diéu
khién cho khoa ban dan S; va S,. Céc tin
hiéu diéu khién cac khda ban dan con lai
duogc xac dinh tuong ty.

Hinh 3 chi ra dang cac tin hiéu diéu khién
thu duoc, tir d6 xac dinh tit ca céc trang
thai cua bo nghich luu va thi tu dich
chuyén cua n6 & ché do diéu chinh do
rong xung SIR trong mdi chu ky xung
dién ap.

Uopf%zA Ut(x)= 2/p|*asm(sm(6x pi/ 5"/3()()
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Hinh 2. Xac dinh cac xung diéu khién khéa chuyén mach S1, S2

1, 2 3 4 5 6 7 8 9. 10 11, 12

13, 14 15, 16 17, 18 19, 20 21, 22 .23, 24 25
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S3 1 0 |0 oj1/o0 (0|0 (1|1 |0]| 1|11 0| 1 1/ 1(/0| 11| 0 /|0| 0|1
S5 11 |0 1/1/0 (0|02 0(0|0/|1|0 0|0 110 1|1| 1|0 11
Vi 775 |0 5|7/ 4|0 4|7,/ 6|0 6/|7|2 0| 2 71 310 3|7 1|0 117

Hinh 3. Thir tw dich chuyén céac trang thai cau nghich Iwu ba pha & ché dé diéu chinh dé réng xung SIR
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Hinh 4 biéu dién dang dién ap pha A thu
duoc voi sy phan bé vi tri cac trang théi
cau nghich luu ba pha véi timg xung dién
ap tuong tng.

UfazA
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Hinh 4. Dang dién ap pha A

Quan sat hinh thay rang trén mdi chu ky
dién &p xung pha A xuét dién cac khoang
dirng véi dién ap bang 0, diéu nay cho
phép ta co thé thay doi dién ap tac dung
trung binh bang cach thay doi ty Ié giira
do6 rong xung dién ap va do rong khoang
dung 0, n6 duoc thyc hién théng qua viéc
thay d6i hé s diéu chinh dién ap Kp.
Phuong thirc diéu chinh tan sb - dién ap
dé diéu khién dong co khong dong bo ba
pha hoan toan dugc thuc hién thdng qua
viéc diéu khién cac khoa chuyén mach
cau nghich luu ba pha. O truong hop
riéng nay, phuong phap diéu chinh do
rong xung SIR thyc hién tat ca 24 phép
chuyén trang thai ciu nghich luu ba pha
tr 8 trang thai lam viéc cua cac khoa
chuyén mach cau nghich luu, trong d6
gom 6 trang thai khac khong va 2 trang
thai dirng 0 nhu hinh 3 va 4.

Nhu vay, luat chuyén mach cau nghich
luu trén mot chu ky dién ap & ché do diéu
ché do rong xung SIR ¢6 dang nhu sau:

Vv, >V, -V, -V, >..)>
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V, >V, >V, -V, —>..)—>
V, >V, -V, >V, >..)>
V, =V, >V, -V, ».)—>
V, >V, -V, -V, —>.)—>

V, >V, -V, >V, —>..) -V,

3. TOI WU THUAT TOAN CHUYEN
MACH NHO' BANG CACNO

Nhu d3 phan tich & trén, luat chuyén
mach & ché do diéu ché do rong xung SIR
bao gom cac chuyén d6i hai chiéu giira
cac trang thai Vo, V1, V2, V3, V4, Vs, Vg,
V; cua cau nghich luu ba pha. Biéu dién
cac chuyén doi hai chiéu nay trén bang
Cacné [3, 5, 7] duoc thé hién nhu hinh 5.
Trong d6, cac chuyén doi hai chiéu giira
cac trang thai Vi, Va, V3, V4, Vs, Vg Xay
ra khi thoi gian luu giit cac diém ding 0
bang 0.

u4

U6

us

Hinh 5. Cac chuyén ddi hai chiéu trang thai ciu
nghich lwu & ché do diéu ché dé rong xung SIR

Hinh 5 chi ra rang, tat cac cac chuyén doi
hai chiéu nay déu la chuyén ddi nguy
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hiém cho phép [3, 5, 7] gay ra dong tring
dan ho thir nhat & mot trong céc nhéanh
cua cau nghich luu. Diéu nay c6 thé gay
nguy hiém, mat an toan hoic hu hong
thiét bi khi van hanh hé thong, dic biét
véi nhirng hé théng str dung dong co cong
suat 16n. Dé loai bo dong tring din nay,
trong luat chuyén mach cai tién ta ding
bang Cacnd xac dinh bd sung cac trang
thai chuyén doi trung gian Vo1, Voz, Vos,
Vo4, Vos, Vos , V1o, V2o, V3o, Vg, ng, V670,
Va2, Vo1, Vo4, V14, V12 glﬁa cac Chuyén doi
hai chiéu nguy hiém cho phép nhu hinh 6
dudi day. Céac trang thai trung gian nay sé
loai bé chuyén mach dong thoi giita hai
khoa ban dan trong cing mot nhanh cua
cau nghich luu bang cach chuyén thanh
chuyén mach tuan tu lan luot ting khéa
ban dan trén cung mot nhanh, do d6 sé&
loai bo dugc dong tring dan trong cau
nghich Iwu. Vi du trong chuyén doi hai
chiéu giita hai trang thai V4 va Vs ching
ta s& b6 sung trang thai Vi 1am trang théi
chuyén d6i trung gian gitta hai trang théi
trén, phu thudc vao théng sé cau tao loai
khoéa ban din ma thoi gian lwu giit trang
thai trung gian nay nam trong khoang tir
0.5 t6i 10 us [2, 4, 5]. Do thoi gian nay rat
nhé so véi chu ky diéu ché do rong cac
xung dién &p nén ta co thé xem xét bo qua
su anh huong cua chdng Ién dang dién ap
cap cho dong co.

Trén bang Cacnd hinh 6, chuyén dbi hai
chiéu gitra céc trang thai cua bo nghich
lwu véi céc trang thai bo sung déu 1a cac
duong thang song song véi mot trong cac
canh cua bang Cacnd, vi vay day la cac
chuyén ddi hai chiéu an toan va khdng

gay ra dong trung dan [5, 7].
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Hinh 6. Xac dinh cac chuyén déi trung gian
gitba cac chuyén ddi hai chiéu nguy hiém
& ché dd diéu ché do rong xung SIR

Tur dang dién ap pha A thu duogc (hinh 6)
ta thdy rang cac trang thai dimg 0 duoc
thuc hién boi hai trang thai Vo va V.
Khéng lam anh huong téi vai tro luu gite
trang thai dirng 0, ta cd thé chi sir dung
mot trong hai trang thai nay lam trang thai
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luu gitt trang théi dung 0 khi thyc hién
thuat toan chuyén mach cau nghich luru.
Tuwong Gng Vvéi su dung trang thai dung
Vo hoidc V7 ma sé chuyén d6i hai chiéu
gita cac trang thai ¢ thuat todn chuyén
mach cau nghich luu cai tién loai bé dong
tring dan s& biéu dién nhu hinh 6a) hoic
hinh 6b).

Véi truong hop chi st dung trang thai Vo
dé luu giir cac diém dién ap veé 0 thi thuat
toan chuyén mach cai tién trén mot chu ky
dién &p sé co dang nhu sau:

[(Vo =V = Vs o Vy,) = (Vg =V, —
V, oV,)—>..]—

[(Vo = Vos &V, > Vg5) >V &V =
V,>Vg) -

[Vo = Vor = Vs = Vo) = Vo > Vg —

V, 2> Vy,) > -

[(Vo = Vs >V, > Vi) > (Vo = Vs —
V, >Vi)—>.]-

[(Vo = Vo, =V = Vy,) > (Vg &V, —
V, >Vy,)—>.]—-

[(Vo = Vg = Vi > Vig) > (Vg = Ve >

V. =>Vi) =

Véi truong hop st dung trang thai V-
hoic ca hai trang thai Vo va V7 dé luu giir
cac diém dién 4p vé 0 thi thuat toan
chuyén mach cai tién trén mot chu ky dién
ap dugc xac dinh tuong tu nhu trén.

Vi truong hop cac trang thai Vo va V7 ¢
thoi gian luu giit bang 0 thi thuat toan
chuyén mach cai tién trén mot chu ky dién
&p s& bién doi vé dang nhu sau:

vV, =V, >V, >V, -V, -V, >V, >
V,, =V, =V, =V, =V,
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4. MO PHONG VA PANH GIA KET QUA
4.1. Xac dinh cac thdng sé lap trinh

Mét trong nhiing nhiém vu quan trong dé
thuc hién phuong phap diéu chinh do
rong xung SIR cai tién 1a can xac dinh
khoang thoi gian luu gitr cac trang thai
cau nghich luu trén mot chu ky dién é&p
Xung tao ra. Gia tri dién ap dau ra duogc
thay dbi theo tham sé diéu chinh sau:
y=T,/T ; trong d6 Ty la tong thoi gian
luu giit trang thai dién ap bang 0 trén mot
chu ky, T 1a chu ky dién &p can diéu ché.
Bai bao sir dung phuong phap diéu chinh
dién 4p — tan s6 dé diéu khién dong co
khong dong bo ba pha theo luat
U/ f =const, khi d6 gia tri y duoc Xac
dinh nhu sau: y=1-K =1-f/f,,;
trong d6 f, fom lan luot 14 tan sb 1am viéc
va dinh muac cua dong co [8]. Nhu vay,
khi biét tan s6 1am viéc va tan sb dinh
mac cia dong co ta dé dang xac dinh
dugc vy, Tova T, vai T =1/, . Goi Ty,
Ty lan luot 14 tong thoi gian luu giir cac
trang thai dién &p khac khéng va trang
thai trung gian trong mot chu ky, khi do ta
co biéu thuc sau: T =Ty +T, +T,. Goi t,
to lan luot 14 thoi gian luu giir ting trang
thai dién ap khéac khong va khong, khi do
t =T /6-n;t,=T,/6-n. Cau nghich luu
str dung 6 khoa ban dan cung loai, do do6
thoi gian luu gitt moi trang thai trung gian
ta lay giéng nhau 1a

ty =Ty, /6-2:n=T /12:n, gia tri nay

dugc dat phu thuoc vao tung loai khoa
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ban dan duoc thiét ké. Tir cac thong xac
dinh trén, ta thanh lap so do khéi lap trinh
nhu hinh vé 7.

4.2. M6 phéng va danh gia két qua

Dé kiém tra, danh gia so sanh thuat toan
chuyén mach diéu ché d6 rong xung SIR
¢ dién va thuat toan cai tién ta str dung
mo hinh mé phong Matlab vai tai la cac
cudn cam va dién tré mic ddi xang hinh
sao nhu hinh 8.

Mb hinh mé phong bao gdom céc khdi sau:

InvectorlGBT - khéi mé phong cau
nghich luu ba pha véi cac khda chuyén
mach IGBT;

SIR_Caitien - khdi md phong thuat toan
diéu ché do rong xung SIR cai tién;
SIR_Cu - khdi md phong thuat toan diéu
ché d6 rong xung SIR kinh dién;

RLa, RLb, RLc - cac khdi dién tro - cuon
cam véi cac gia tri lan luot 12 1Q va
0,003H;

Va, Vab - cac von ké;

Vdc = 460 V - ngudn dién mot chiéu cap
cho cau nghich luu co gia tri 460V;

f,f,,.T. .n

' IDM? 'tg?

¥

y=1-1/fo, T=1/fT,=yT
T, =T-Ty Tyt =T,/6-n,
t=T,/6-nt,=T,/12-n

<>

Tao xung Vs
i=1l+n
v
CW =V,; Delay(t,);
CW =V,,; Delay(t,);
CW =V;; Delay(t,);
CW =V,,; Delay(t,,);
.

v

Tao xung V1
i=1l+n
v
CW =V,; Delay(t,);
CW =V,,; Delay(t,);
CW =V,; Delay(t,);
CW =V,; Delay(t,,);

Hinh 7. So’ d6 khéi thuat toan SIR

‘ Ivertor GBT
Signal Upravleniel, V — Faz, I-Tok Faz la el ’W@ D
) / - A 7 -2 4 ” , — a8
cac may hi¢n song hién thi ket qua do cac === | e P—1 1
tin hiéu diéu khién céc khéa chuyén mach ol = S
N . Cn , . R _::{- v W - Linia ]
cua cau nghich luu, dién ap pha va dong L = L.
dlén pha t‘ ntinuoui =P~ V-Fz
RLb
A <A =R A ~ X ~ powergui
be diéu khién dong co khong dong bo ba =TT~ -
a ) RLc = Tok Faz
pha ta st dung phuong phap dieéu chinh o T\ he Multimeter 1T F
tan 39 - dién &p vai luat U/f = const ¢ ché Hinh 8. M6 hinh mé phéng Matlab
d6 dieu chinh d6 rong xung SIR. diéu chinh dé réng xung SIR
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Két qua md phong vai truong hop riéng
khi tan sb 1am viéc 1a 30 Hz va tan sé dinh
muc cua dong co can didu khién 1a 50 Hz
duoc thé hién nhu cac hinh v& dudi day.

0.0107 0.0107 0.0107 0.0107 0.0107 0.0107 0.0107

@

7]
=3
I B = T R - T

™ M T T T
B El B
(FENNENN Upy | SRR Ry | SAENL i MR L L

{).{)'II a7 {!-.{)'II o7 {).\D'II av {).{)'II a7 {!-.{)'II o7 {!-.{!-'II o7 {!-.{!-'I1 v
(b)
Hinh 9. Tin hiéu diéu khién cau nghich lwu
vé&i thuat toan diéu chinh doé rong xung SIR (a)
thuat toan cb dién; (b) cai tién

Hinh 9a chi ra rang voi thuat toan chuyén
mach diéu chinh doé rong xung SIR ¢
dién tai cac thoi diém chuyén mach gitra
hai trang thai cau nghich luu khac sau sé
sinh ra dong triing dan, nhu ¢ hinh 9a tai
thoi diém nay trén cac cot 1 va 2 tinh tir
trai sang phai s& ¢ dong tring dan. Hinh
vé& 9b chi ra rang ¢ cac thoi diém chuyén
mach cua cau nghich luu voi thuat toan
chuyén mach cai tién s& khong gay ra
dong trung din trén cac cot cua cau
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nghich luu.
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(b)
Hinh 10. Bién ap pha A véi thuat toan chuyén
mach diéu chinh d6 réng xung SIR khi n = 3:
(a) thuat toan cd dién; (b) thuat toan cai tién
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(b)

Hinh 11. Dang dong dién stato pha A v&i thuat
toan chuyén mach diéu chinh dé rong xung SIR
khi n=3, trong dé: (a) thuat toan c6 dién;

(b) thuat toan cai tién

Hinh v& 10 va 11 thé hién két qua dién ap
pha va dong dién pha do dugc theo cac
thuat toan diéu ché d6 rong xung SIR ¢
dién va cai tién. Dua theo hinh anh ta thay
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rang dang dong dién va dién 4p pha thu
dugc khdng co nhiéu khéc biét, tuy nhién
¢ dang dién ap pha gitra hai phuong phap
c6 mot sd khac biét ¢ cac thoi diém
chuyén mach gita hai trang thai cau
nghich luu. Dé danh gia chat luong dién
ap diéu khién cac stato cia dong co khong
ddng bo ba pha, ta phan tich phé dang
dién ap thu dugc theo hai thuat toan nhu
hinh 12.

Fundamental (32Hz) = 187.8, THD= 84.26%

1 W
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@

Fundamental (32Hz) =187.1, THD= 84.56%
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(b)

Hinh 12. Phd dién ap pha A véi thuat toan
chuyén mach diéu chinh dé rong xung SIR,
trong dé: (a) thuat toan cé dién;

(b) thuat toan cai tién

Dua theo phé dién 4p pha A thu duoc nhu

trén hinh 12, ta thiy rang chét luong dién
&p theo hai thuat toan chuyén mach khong
khéc biét nhau nhiéu, c6 thé coi 1a twong
duong, vi vay ta bo qua sy anh hudng cua
c4c trang thai cau nghich luu bd sung
dugc dua vao thuat toan chuyén mach cai
tién.

5. KET LUAN

Bai bao gigi thiéu phuong phap diéu ché
d6 rong xung SIR c6 dién, phan tich luat
chuyén mach giita cac trang thai cua cau
nghich luu ba pha tir d6 sir dung bang
Cacnd chi ra su ton tai dong tring dan ho
thir nhat trong cac nhanh caa cau nghich
lwu khi xay ra luat chuyén mach nay. Viéc
str dung bang Cacné cho phép dé suat luat
chuyén mach cai tién diéu ché do rong
xung SIR vai viéc st dung thém cac trang
thai cau nghich luu bo sung trung gian
nhim loai bé dong tring dan trong cac
nhanh. Trong d6 thoi gian luu gilt cac
trang thai bd sung 1a rat nho so véi chu ky
didu ché do rong xung. Qua kiém tra,
danh gia so sanh két qua md phong thuat
toan co dién va cai tién trén Matlab —
Simulink thay rang c6 thé bo qua sy anh
hudng cua cac trang thai bd sung 1én chat
luong dién 4p dugc didu ché, dong thoi
khing dinh véi luat chuyén mach cua
thuat todn cai tién da loai bo duoc dong
trang dan ho thir nhét trén cac nhanh cau
nghich luu ba pha. Pidu ndy g6p phan
nang cao do tin cay, sy an toan va tudi tho
cho cac bd bién dbi ban dan cua bién tan
trong cac hé thong diéu khién dong co
khong ddng bo ba pha.
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Gidi thiéu tac gia:

Tac gia Lé Plc Tiép nhan bdng Thac si chuyén nganh tu déng hoa tai Dai hoc

Bach khoa Tomsk nam 20107; bao vé luan an Tién si nam 2018 tai Dai hoc Hang
. khdng Matxcova. Tac gid hién la giang vién B6 mdn Ky thuat dién - Hoc vién Ky

= thuat quan su.

Linh vuc nghién ctru: diéu khién s6 va truyén dong dién, tu ddng hda, ki thuét
chuyén mach va diéu ché& do rong xung.

Téc gia DO Thi Loan nhan bang Thac si chuyén nganh thiét bi mang va hé thdng
dién tai TruGng Dai hoc Ky thuat Cong nghiép — Dai hoc Thai Nguyén ndm 2009.
Tac gia hién la giang vién Khoa Ky thudt dién — TruGng Dai hoc Dién luc.

Linh vuc nghién clu: cac giai phap van hanh t6i uu thiét bi dién nhdam nang cao
&n dinh trong hé théng dién.
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Téc gia Duong Qudc Diing t6t nghiép dai hoc ndm 2007, nhan bang Thac si chuyén
nganh tu ddng hdéa nam 2010 tai Hoc vién Ky thudt quan su, nhan bang Tién si
chuyén nganh diéu khién ndm 2017 tai Pai hoc Cong nghiép Cap Nhi Tan — Trung
Quac.

Linh vuc nghién clru: cac hé théng diéu khién hién dai, x{r Iy tin hiéu s8.

Tac gia Dang Tién Trung t6t nghiép dai hoc chuyén nganh ky su’ dién - tu dong
hdéa nam 2004 tai Trudng Dai hoc Bach khoa Ha Noi, bao vé luan an Tién si ndm
2019 tai Hoc vién Ky thuat quan su. Tac gia hién Ia giang vién Khoa Ky thuat dién -
TruGng Dai hoc Dién luc.

Linh vuc nghién clru: ng dung cac giai phdp diéu khién hién dai trong hé
thong dién.
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