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UNG DUNG CONG CU SIMULINK TRONG MATLAB DE
MO PHONG CAC MACH PIEN TU CONG SUAT

SIMULATE POWER ELECTRONICS CIRCUITS USING
THE SIMULINK TOOLBOX WITHIN MATLAB SOFTWARE

V6 Khanh Thoai
Trwong Pai hoc S pham Ky thudt - Pai hoc Pa Nang; vkthoai@ute.udn.vn

Toém tat - M6 hinh hoa, mé phéng la mét phwong phap khoa hoc d&
nghién ctru cac dbi twong, cac qua trinh. .. bang cach xay dwng cac mé
hinh clia ching va dwa trén mé hinh d6 dé nghién ctwu tré lai déi twong
thyre. M6 hinh héa, mé phdong luén la mét cong cu manh mé trong ky
thuat cong nghé. Dién to cong suét la mén hoc rét can thiét trong Ky
thuat dién — Dién tt, Diéu khién tw dong hda. Dién tr cong suét la cong
nghé bién déi dién nang tir dang nay sang dang khac trong dé cac phan
ttr ban dan cong suét dong vai trod trung tam va duoc (rng dung rong rai
trong hdu hét cac nganh cong nghiép hién dai. Bai bao nay trinh bay
phuwong phap st dung cong cu Slmuhnktrong Matlab d& mé phdng mét
s6 mach Dién tlr cong suét. Ket qua md phong va thyc nghiém cho
thay, Matlab/ Simulink 1a mét nén tang phti hop dé mé phéng cac qua
trinh cong nghé néi chung va dién ttr cong suét ndi riéng.

Twr khéa - Dién tlr cong suét; MATLAB; SIMULINK; md phéng; moé
hinh héa

1. Pit van dé

Nhiém vu cua dién tir cong suat 1a xir 1y va didu khién
dong ning luong dién bang cach cung cip dién ap va dong
dién ¢ dang thich hop cho cac tai. Tai s& quyét dinh cac thong
s6 vé dién ap, dong dién, tan s, va sd pha tai ngd ra ciia bo
bién d6i. Cac bo bién ddi ban din 1a ddi twong nghién ciru
co ban clia dién tir cong suat, trong d6 dién hinh la: Cac b
chinh luu (AC -> DC) khong diéu khién va c6 diéu khién voi
tai 1a thuan tro (R), tai dién cam (R, L)...; Cac bo nghich luu
(DC -> AC); Bo bién dbi dién xoay chiéu (AC -> AC);
Bo bién d6i dién mot chidu (DC -> DC); CAc bd bién tan
1 pha, 3 pha... [1]. Cac tinh ndng trong Matlab duoc thé hién
0 [2, 3]; m6 phong Bién tr Cong suat bang PSIM [4]; s
sanh wu nhuoc diém vé mo phong Dién tir Cong suit gura
PSIM va MATLAB duoc cong bd & [5]. Trong bai béo nay,
cac dic tinh cua Diode, Thyristor va cac by chinh luu mot
pha khong diéu khién, ¢ diéu khién voi cac tai khac nhau
duoc mo phong trén phin mém Matlab/ Simulink va kiém
chung thyc nghiém.

2. Matlab/ Simulink véi dién tir cong suét
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Hinh 1. Cdc khéi mé phong

Abstract - Simulation is a scientific method for studying objects,
processes... by building their models and basing on that model to
study back to the real objects. Simulation has always been a
powerful tool in technology. Power electronics is a very necessary
course in electrical - electronics, automation control engineering
and is taught in the undergraduate and graduate - level syllabus.
Power electronics is a technology that converts electricity from one
form to another in which power semiconductors play a central role
and are widely used in most modern industries.This paper presents
methods of using Simulink in Matlab software to simulate Power
Electronics circuits. At the same time, this article also helps
students, researchers calculate the value of parameters to achieve
the desired results.

Key words - Power electronics; MATLAB; SIMULINK; simulation;
modelling

Phan nay s& gioi thiéu cach dé mo hinh hoa va mo
phong cac bd chuyén doi dién tir cong suat [6, 7]. Pau tién
12 mo Matlab, sau d6 1a Simulink. Simulink Start Page xuat
hién. Chon nhiing khdi dwoc ding dé mé phong (Hinh 1).

Bang 1 1a tom lugc céc khéi va chirc ning cua no.

Bing 1. Cdc khdi mé phong, dia chi va chire ning
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3. M phéng cac mach Pién tir Cong suat

3.1. Ddc tinh Diode

Trén Hinh 2A 1a mé hinh dé 1iy dic tinh trén Diode.

Ngudn dau vao xoay chidu 110V, tai 1a R gia tri 109, thoi
gian mo phong trong 0,06s. Trong khoang (0 - 0,01s), dién
ap Vak > 0, Diode thong, cho dong chay qua, dong dién
nay bang dong dién tai Vs/R, dién 4p roi trén Diode khoang
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1 vén (V), trong khoang (0,01 - 0,02s), dién 4p Vak <0,
Diode chan khong cho dong dién chay qua, dong dién
Iak =0 Ampe (A), sau d6 chu ky duoc lap lai (Hinh 2B). Tién
hanh thyre nghiém ta thu dwge dang song nhu trén Hinh 2C.
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Hinh 2C. Dang song ddc tinh ciia Diode thuc nghiém
So sanh dang song mo6 phong trén Matlab/Simulink
(Hinh 2B) c6 dang hoan toan giong va6i & thuc nghiém trén
tai (Hinh 2C), viéc m6 phong cho két qua tin cay.
3.2. Ddc tinh Thyristor

Hinh 3A 1a md hinh cho dac tinh trén Thyristor véi
ngudn dau vao xoay chidu véi gid tri bién do dinh (peak
amplitude) Vac=110V, tai 1a R = 10Q, ngudn cip xung
Pulse generator setting co bién d6 Amplitude =1, chu ki
0,02s, m6 phong trong 0,06s.
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Hinh 3A. Mé hinh ddc tinh cia Thyristor

Hinh 3C. Dang séng ddc tinh ciia Thyristor thuc nghiém

Trong sudt nira chu ki duong cta dién ap, dong dién s&
chay qua tai (qua Thyristor) khi nao cyc cong G cia
Thyristor dugc kich xung. Thyristor chi cho dong dién
chay qua khi dién ap Vak > 0, va c6 xung kich, nguoc lai
n6 sé chin. Khi no6 dan, dién ap roi trén n6 khoang vai von,
dong chay qua bang Vr/R (Hinh 3B). Tién hanh thyc
nghiém ta thu dugc dang séng trén Hinh 3C c6 dang gidng
két qua mo phong.
3.3. Chinh lwu nira chu ky cé diéu khién, tii R, L

Dé cap dién mot chidu co thé didu khién duogc cho tai,
khi ngudn dau vao xoay chiéu ta c6 thé sir dung mach chinh
luu nura chu ky dung Thyristor nhu Hinh 4A. Pau vao la
ngudn xoay chleu véi gia tri bién d6 dinh (peak amplitude)
Vac=220V, tan s6 50Hz. Tai la dién tr6 R = 10 Q va dién
cam L= 0,01H mic ndi tiép.
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Hinh 4A. Chinh luu nita chu ky c6 dleu khlen tai R, L
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Hinh 4B. Dang séng chinh lqu nita chu ky cé diéu khién
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Hinh 4C. Dang séng chinh huu nita chu ky c6
diéu khién thuc nghiém

Dang song trén van Thyristor va tai thé hién nhu Hinh
4B. Dién 4p trén tai la dién 4p mot chiéu co duge khi ¢6
xung kich Thyristor va Uak >0. Tuy nhién, khi tai c6 dién
cam L, nén mac dau dién ap trén tai vé 0V, tai thoi diém
0,01s nhung dong van 16n hon 0A (léch pha gitra dién ap
va dong dién) nén 4p trén tai tiép tuc xudng nhé hon OV
cho dén khi dong dién vé OA. Hinh 4C 13 két qua dang song
thuc nghiém thu dugc. Do tdi c6 thém cudn day L nén thuc
nghiém dang séng dao dong hon so v&i md phong 1y thuyét.
3.4. Chinh lwu nita chu ky cé diéu khién tii R, L, c6
Diode xd nang lwong

Dé tranh dong dién cam tng kéo dai nhu trudng hop &
muc 3.3, ta dung thém Diode xa nang lugng (Free wheeling
diode) c¢6 so &6 nhu Hinh 5A. Thong sb SO d6 nhu & muc
3.3. Dién ap va dong dién cham dut & cudi ban ky 0,01s,
nhu Hinh 5B, dong dién cam tmg sé& chay qua diode Ip.
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Hinh 5A. Chinh lieu nita chu ky ¢é diéu khién tdi R, L,
c6 Diode xa nang lwong
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Hinh 5B. Dang song chinh heu niva chu ky ¢6 diéu khién tdi R,
L, co Diode xd nang luong

Hinh 5C. Dang song chinh heu niva chu ky ¢6 diéu khién tai R,
L, ¢o Diode xd nang luong thuc nghiém

Tién hanh thuc nghiém, két qua dang song trén tai thu
dugc nhu Hinh 5C va giéng v6i mo phong.
3.5. Chinh luu khéng diéu khién toan song, tii R, L

Hinh 6A 14 so db nguyeén Iy chinh luu mot pha, toan chu
ky (toan song) khong diéu khién ding Diode. Véi dién ap
dau vao X0ay chiéu hinh sin, bién do 120V, tan s6 50Hz sir
dung may bién 4p c6 diém trung tinh. Tai gdm R=10Q,
L=0,01H. Dang song trén Diode va trén tai (mot chiéu) duoc
thé hién trén Hinh 6B. Tién hanh thuc nghiém dé kiém
chimg, két qua thu dugc gidng véi mo phong nhu ¢ Hinh
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Hinh 6A. So d6 nguyén li chinh luw mot pha toan chu ki tdi R,
L, khong diéu khién
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Hinh 6C. Dang séng chinh huu 1 pha toan chu ky khong
diéu khién thuc nghiém
3.6. Chinh luu c6 diéu khién toan song, tii R, L
D¢ diu chinh dién ap dau ra ctia bo chinh luu diit vao tai,
ta thay thé cac Diode ¢ so d6 Hinh 6A thanh cac Thyristor
cung voi cac bd kich xung vai goc kich 30° nhu Hinh 7A.
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Hinh 7A. Chinh luu mgt pha todn chu ki ¢6 diéu khién
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Hinh 7B. Dang séng chinh heu 1 pha toan chu ki ¢6 diéu khién
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Hinh 7C. Dang soéng chinh lwu 1 pha toan chu ki
co diéu khién thuc nghiém

So sanh dang song trén tai ¢ thue nghiém (Hinh 7C) c6
dang twong duong v4i mé phong trén Matlab/ Simulink
(Hinh 7B).
3.7. Chinh lwu c6 diéu khién toan séng, tdi R, L, c6 Diode
Xxd nang lwong

Hinh 7B la dang song thu dugc trén Thyristor cling nhu
trén tai. Tai cac thoi diem cudi ban ky 0,01s, cudi chu ky
0,02s, dong dién qua tai duong trong khi dién ap da ve 0V,
ap trén tai t1ep tuc xudng 4m. So dd trong Hinh 8A c6 thém
Diode dap (dan dong dién cam tng) dé dong va ap trén tai
cung bang 0 ¢ cudi ban ki va toan ki (Hinh 8B).

Lap rap mach dé kiém chimg, sénQ thu dugc trén tai

& Hinh 8C c¢6 dang giong v4i mo phong trén Simulink &
Hinh 8B.

Linear Transformer [ a
{-ala

Hinh 8A. Chinh lvu mét pha toan chu ki ¢ diéu khién,
Diode xa nang luong
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Hinh 8B. Dang séng chinh heu 1 pha toan chu ki ¢é diéu khién,
Diode xa nang lirong
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Hinh 8C. Dang séng chinh heu 1 pha toan chu ki c6 diéu khién,
Diode xa nang lwong thuc nghiém
3.8. Chinh luu ciu I pha cé diéu khién, tii R, L
Hinh 9A 14 s0 d6 chinh luu dang cau, 1 phaco diéu khién.
Dang séng trén tai (Hinh 9B) c6 dang glong nhu truong hop
chinh luu toan chu ki véi bién ap c6 diém trung tinh, nhur
Muc 3.6. Tuy nhién, truong hop nay su dung 4 Thyristor.
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Hinh 9A. Chinh luu cau mét pha cé diéu khién, tai R, L
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Dang séng chinh luu rrfétphq cau, cé diéu khién, tai R, L
goc diéu khién anpha 30°
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Dang séng trén tai Ud, gbc diéu khién anpha 60°

Hinh 9B. Dang séng chinh luu mot pha cau, ¢é diéu khién,
tai R, L voi cdc goc diéu khién khdc nhau
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Dang song trén tai Ud, géc diéu khién anpha 90°
Hinh 9C. Dang séng chinh luu mot pha cau, Thyristor, tdi R, L
Vvoi cac goc diéu khién khdac nhau thuc nghiém

So' do ndi diy thue nghiém cac mach dién tir cong suét

Thuc hién 1ép lap cac mach dién tir cong suét dé kiém
ching. Lan lugt noi day theo cac so do da trinh bay & Muc
3 v6i so d6 nhu Hinh 10. Két qua thu dugc trén may hién
séng thé hién trén cac hinh C ctia muc 3 nay.

Hinh 10. So dé thuc nghiém cdc mach dién tir cong sudt

(BBT nhdn bai: 07/3/2019, hoan tdt thii tuc phan bién: 14/02/2020)

Dé thay ddi dién ap dat vao tai, ta thay doi thoi diém
kich xung trén cac Thyristor. Xét truong hop chinh luu cau
mdt pha, dang song dién ap trén tai Ud thé hién & Hinh 9B
v6i cac truong hop goc didu khién anpha 30°, 45°, 60°, 90°.
Két qua mo6 phong cho théy, dién ap trung binh trén tai Ud
thay d6i phu thudc theo su thay doi goc diéu khién anpha.
Thuc nghiém kiém chimg, dién ap trung binh trén tai &
Hinh 9C thu dwgc hoan toan giéng véi md phong trén
Matlab/ Simulink.

Ban ludn: Qua cac két qua mo phong va thyc nghiém
kiém ching cho thiy, véi viéc mo phong ta c6 thé thay doi
cdc cdu triic cia cac bo chinh lwu, thoi diém kich mo cac
phan tir ban dan dé thay do6i dién ap trung binh trén tai &
dau ra ciing nhu thay doi cdc logi tai trong nhing diéu kién
khac nhau mot cach dé dang.

4. Két luan

Mot s6 huéng mod phong duoc thao ludn trong bai bao
nay the hién c6 thé mo phong cac mach dién tur cong suét
vOi cdu tric va tai & nhiéu truong hop khac nhau. Tir khdo
sat 1y thuyét, moé phong trén Simulink va tién hanh thuc
nghiém co6 thé két luan rfing Matlab/ Simulink 12 mot nén
tang phu hop dé md hinh hda, mé phong céc qua trinh cong
nghé néi chung va dién tir cong suit néi riéng.
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