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TOM TAT

Khi cac ngudn néng luong thay thé tré nén phé bién thi nhu cau két néi cac ngudn néng luong va
Iwéi dién hién co6 sé tdng Ién. B6 nghich luu 3 pha thuong duoc st dung dé chuyén déi nang luong
dién mét chiéu do cac ngudn nédng lwong thay thé tao ra thanh ngudn ndng lwong dién xoay chiéu
twong thich vé6i hé théng téi[1]. Muc dich cda bai bao |a stz dung phdn mém Psim — mét cong cu
manh trong md phdng mach dién tir cong suét dé méd phéng mach nghijch luu 3 pha véi 2 phuong
phép diéu khién /a diéu ché dé rong xung SPWM va diéu khién 6 budc tir dé hiéu ré hon cho timg
phuwong phép va wu nhuoc diém cda ching.

T khéa: : Psim, mach nghjch lwu 3 pha, bé diéu khién, diéu ché do réng xung SPWM, diéu

khién 6 buéc, dong dién ra, dién &p ra.

1. DAT VAN DE

Thuc té cong nghé cho thdy nhu cau vé
ngudn nang lwong tai tao cang cao. Cac ngudn
nang lwgng tai tao nhw tuabin gid, pin mat troi
thwdng tao ra dién & dang DC. Do gi6 hoac anh
néng mat tréi khéng déu, cac ngudn nang lvong
tai tao ciling thwérng cung cap dién dau ra khéng
6n dinh (do phu thudc nhiéu vao diéu kién tw
nhién khong diéu khién dwoc: sirc gié, anh
nang...). Dé tao ra mot giao dién én dinh va
twong thich d& hoa véi hé théng lwéi dién xoay
chiéu hién tai cdn c6 mot khau vo cung quan
trong do la nghich lwu 3 pha.

Nguén PY —» DC/DC ~) Ludi

Ngudn WG —>» AC/DC Tai DC

Kho nang

«— DC/DC
lvong

Hinh 1. Md hinh khai thac nguén PV va WG

Bén canh dé bd nghich Iwu 3 pha la thanh
phan chd yéu trong bd bién tdn 3 pha. Ching
duwoc (rng dung réng rai trong linh vuc truyén
dong dién dung trong diéu khién tbc d6 dong co
xoay chiéu cho may céng nghiép: may bom,
may nén khi, dong co...Trong linh vyc tan sb
cao, b6 nghich lwu dwgc dung trong cac 16 cam
¢ng trung tan, thiét bi han va rat nhiéu may méc
thiét bi trong cac nganh céng nghiép...

Te d6 ta thdy dwoc tdm quan trong cla
mach nghich lwu 3 pha trong thuc té san xuét.

Hién nay viéc hoc cla sinh vién trong hoc
phan dién t& cong suét van con thu dong théng
qua trinh bay so dd nguyén ly va vé lai dang
séng cla mach ma chwa ty diéu chinh thay thé
cac trwong hop tai khac nhau cling nhw cac
phwong phap tao xung diéu khién khac nhau tiy
dé quan sat dang tin hiéu ra ciling nhuw gia tri
trung binh cla tin hiéu ra twong (rng véi tirng
trwo'ng hop.

Vi vay, xay dwng mach mé phéng mach
nghich lwu 3 pha (rng véi cac phwong phap diéu
ché xung diéu khién khac nhau gitp sinh vién
hiéu rd hon bai hoc trong tirng trwdng hop cu
thé.

2. PHWONG PHAP NGHIEN CcUrU
2.1. Co s& ly thuyét.

Coéng cu mé phdng Psim — moét phan mém
dwoc danh gia la dé st dung, trwc quan, co
dung lwong nhe va kha manh trong linh vyc
dién tir cong suét [2].

Nghich lwu 1a qua trinh bién doi tin hiéu dién
mot chiéu thanh tin hiéu dién xoay chiéu.

Nghich Iwu dwec chia ra thanh cac loai cu
thé:

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL.03, Ne 01, 2025



TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 03,

S0 01, 2025 DIEN TU - TV DPONG HOA

NGHICH LUU
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Hinh 2. Phan loai nghich lwu
Du st dung cac phuong phap diéu ché khac
nhau nhwng nghich lwu ap c6 wu diém tao dwoc
dién ap dau ra gidm dwoc song diéu hoa bac
cao[1] [3].
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Hinh 3. So’ dd nguyén ly mach nghich Iwu 3
pha (mach lwc)

Mach s&r dung cac van déng ngat tuy thudc
vao yéu cau thuc té:

Linh kién chuyén mach cuwéng bic cé kha
nang dong va ngét nhw IGBT, GTO, MOSFET...

Linh kién chuyén mach phu thudc qua trinh
dong ngat phu thudc vao ap ngudn hodc ap tai
nhw Thyristor [1]

Hién tai c6 nhidu phwong phap diéu khién
doéng ngat van ban dan nhuwng 2 ky thuat diéu
khién co ban Ia didu khién séng sin va xung
vudng. Bai bao sé di mé phdng mach véi 2 ky
thuat diéu khién nay.

Vé co ban mach luc cta 2 so d& mé phdng
la nhw nhau, chi khac nhau ky thuat diéu khién
[1].

2.2. M6 hinh mé phéng mach nghich lwu 3
pha diéu khién bang sin PWM
2.2.1. So dé mé phéng

Hinh 4. So d6 mé phéng mach nghich lwu
diéu khién theo ky thuat diéu ché dé rong
xung SPWM

Trén so d6 hinh 4 gdbm 2 phan: mach luc
(mau dd) va mach diéu khién (mau xanh).

Tham sb md phdng dworc trinh bay & bang 1
Bang 1. Tham sé mach mé phéng mach
nghich Iwu diéu khién theo ky thuat diéu ché
do rong xung SPWM

Cac tham sb Ky | Ponvi Gia tri
hiéu

Dién ap ngudn U V 234

Tan s6 séng sin f Hz 50

Tan s6 séng mang f Hz 5000

Dién tro tai R Q 4

Cam khang tai L mH 0.095

Trong phwong phap diéu khién bang ky
thuat sin PWM thi viéc hiéu chinh thong sb séng
sin va séng mang rat quan trong.

Tin hiéu tham chiéu dang sin dwoc dat cu
thé theo hinh sau:

Sine. - >< |

Parameters |Other Info ] Color ]

Sinusoidal voltage source Help
Display
Name | val r
Peak Amplitude |8 |
Frequency | 50 =
Phase Angle |0 v =l
DC Offset |0 [ =]
Tstart |0 [ =]

Hinh 5a. Lwa chon théng s6 s6ng sin pha a
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Sine X

Parameters Iomer Info | Color I

Sinusoidal voltage source Help
Display
Name [vb I
Peak Amplitude B L=
Frequency |50 =l
Phase Angle 120 =l
DC Offset [ |
Tstart [ |

Hinh 5b. Lwa chon théng sé séng sin pha b

Sine X

Parameters | Other Info | Color |

Hinh 6a. Dang séng diéu ché va séng mang
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Hinh 6b. Dang séng diéu ché va xung diéu
khién

Sinusoidal voltage source Help
Display
Name |Vc -
Peak Amplitude [8 =l
Freguency I 50 =
Phase Angle 240 W
DC Offset [o =l
Tstart [o L=l

[ D:\mophengbsopsimithuantro.cmy

Hinh 5c. Lwa chon théng sé séng sin pha c

Triangular X
Parameters lother Info | Color I

[ 001 002 0.03 004 00
Time {5}

Hinh 6c. Dang song dién ap tai

B8 0-\mophongbaopsimithuantro.smy

2 3 8 o 8 38 2

Triangular-wave voltage source Help
Display
Name | vearr| v
V_peak_to_peak |20 =l
Frequency ISOOO =l
Duty Cyde [0.5 =l
DC Offset -10 r =
Tstart jo =
Phase Delay {0 =l

Hinh 5d. Lwa chon théng s6 séng mang
2.2.2. Két qud mé phéng

Mach cé nhiém vu chuyén ddi nang lwong tir
ngudn dién mot chiéu thanh ngudn xoay chiéu vi
thé thanh phan co ban cla tin hiéu ra can quan
tam 1a: bién do tin hiéu, géc pha, tAn sb, hé sb

méo dién ap THD.

Hinh 6d. Dang s6ng dong dién qua tai

Average Value =

1.0000000e-005
= Tme To £.0000000e-002

Time From

Hinh 6e. Gia tri trung binh cua dién ap va
dong dién ra
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Hmh 6f. Gia tri d0 méo dang soéng hai cho
dién ap ra va dong ra.

L ——— = ren |

bién ap so sanh Vd V 0.5
Tan s6 séng mang f Hz 50
Dién trd tai R Q 20

Hinh 6g. Bién dé thanh phan co’ ban cua dién
ap va dong dién

2.3. M6 hinh mé phéng mach nghijch lwu 3

pha diéu khién kiéu 6 bwéc (séng vudng)

2.3.1. So dé mé phéng
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Hinh 7. So» d6 mé phéng mach nghich lwu 3
pha dung phwong phap diéu khién 6 buwéc
Trén so dd hinh gdm 2 phan: mach lyc (mau
dd) va mach diéu khién (mau xanh).
Tham sé md phéng dwoc trinh bay & bang 2

Bang 2. Tham sé mé phéng mach nghich
Iwu diéu khién theo ky thuat diéu khién 6

bwéc

Cac tham sb Ky | Ponvi | Giatri
hiéu

Dién 4ap ngudn U] Vv 234

Trong phwong phap diéu khién nay, cac
khoa sé& dan 180° léch nhau 60° dam bao theo
quy tdc nhw trong hinh sau (rng v&i mach luc
hinh 3)
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Hinh 8. Nguyén tac phat xung cta ky thuat
dieu khién 6 bwéc
Do vay viéc dat géc pha clia séng mang rat
quan trong cu thé:
V&i xung g1, g4
Tnangular X

Parameters |Omer Info | Color ]

Triangular-wave voltage source Help
Display
Name [ vearri v
V_peak_to_peak [1 =
Frequency |50 =
Duty Cyde 0.5 =
DC Offset [0 r =z
Tstart o =l
Phase Delay [0 r =

Hinh 9a. Lwa chon théng sé s6ng mang diéu
khién van T1, T4

V&i xung g3, g6
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Triangular X
Parameters |0ther Info | Color I

Triangular-wave voltage source Help
Display
Name [VIRI2 r
V_peak_to_peak | 1 r =
Frequency |50 L=l
Duty Cyde (0.5 r =
DC Offset ol |
Tstart [0 r =
Phase Delay |60 r =

Hinh 9b. Lwa chon théng s6 séng mang diéu
khién van T6, T3

V&i xung g5, g2

Triangular >
Parameters | Other Info | Color |
Triangular-wave voltage source Help
Display
Name | vIRI3 r
V_peak_to_peak | 1 =l
Frequency | 50 =l
Duty Cyde [o0.5 r =
DC Offset [o r =l
Tstart fo =l
Phase Delay | 240 L=l

Hinh 9c. Lwa chon théng sé séng mang diéu
khién van T5, T2
2.3.2. Két qud mé phéng
DPau tién ta hién thj dwoc sw so sanh cla tin
hiéu DC va séng rang cuwa dé thay rang tin hiéu
DC bang % xung réng cwa, c6 nghia xung ra chi
dan % chu ky, hay dan 180°. Cu thé nhw hinh:

9 0\ maphongbaspsim\ 180.5my

Hinh 10a. So sanh tin hiéu séng mang va tin
hiéu didu khién DC
Tiép dén 1a sy xuét hién cta cac xung kich
cho 6 van dan:

% D:\mophongbaopsim!\180.smy
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0 001 002 003 004
Time (s)

Hinh 10b. tin hiéu trén cac van ban dan
Dang dién ap pha va gia tri hiéu dung
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Hinh 10c. dang dién ap pha va gia tri hiéu
dung cua chiing

Hinh 10d. Dién ap day va hé sé méo hai dién
ap ra

3. KET QUA

Qua qua trinh mé phéng 2 phwong phap
diéu khién xung ta thu dwoc cac két qua sau:

- Thdy dwoc sw khac biét cta viéc s dung
séng mang va séng diéu khién: & phuong phap
SPWM séng diéu khién hinh sin, séng mang
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hinh réng cwa véi tan sb I&n hon rat nhiéu lan.
Con & phwong phap 6 budc, tin hiéu diéu khién
dang DC ¢6 bién do bang ¥ bién db séng rang
cwa cho thdy s tiét kiém nang lwong, an toan
cho khau diéu khién va sy don gian trong viéc
lay tin hiéu diéu khién.

- Tin hiéu dong dién ra tai cia 2 phwong
phép ciling cé sy chénh léch cla dang tin hiéu
va théng sb d6 méo dang THD.

- T& cach dat thong sb cho bo diéu khién,
sinh vién, nguwoi doc cé thé thay thé gia tri tai
khac nhau cho tirng trng dung cu thé ciing nhw
sinh vién cé thé tw lam thi nghiém, mé phéng &
nha trwéc khi hoc thwc hanh trén truong dé
tranh viéc lam sai hong cac thiét bi thwec hanh.

- Viéc str dung phan mém dé mé phéng gidp
sinh vién thyc hanh dwgc cac mach dién phirc
tap, dat tién ma cé thé khéng dd chi phi dé mua.

4. KET LUAN VA KIEN NGHI
4.1. Két luan

Trong ndi dung bai bao tac gia da thwc hién
mé phéng, khdo sat mach bang phan mém
Psim. Quan sat dwoc sw khac nhau cua 2
phuwong phap diéu ché xung diéu khién. Bén
canh d6 v&i két qua moé phéng dwoc, ching ta
c6 cai nhin trwc quan nhat vé nguyén ly hoat
ddéng mach nghich lwu 3 pha — mét dang mach
kho, phire tap trong ky thuat nghich Iwu.
4.2. Kién nghi

V6i kién thire da thu duwoc tir xay dwng so
dd mé phdng mach nghich lvu co ban, sinh
vién, ngudi doc co thé phat trién thém cac dang
khac nhw: cac dang tai khac nhau cho cung
phwong phap diéu khién, cac dang mach diéu
khién khac cling nhw &p dung cho cad mach
nghich lwu 1 pha.
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ABSTRACT

As alternative energy sources become more popular, the need to connect existing energy
sources and grids will increase. Three-phase inverters are often used to convert DC power generated
by alternative energy sources into AC power compatible with the load system[1]. The purpose of this
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paper is to use Psim software - a powerful tool in power electronic circuit simulation to simulate a
three-phase inverter circuit with two control methods: pulse width modulation (SPWM) and 6-step
control, thereby better understanding each method and their advantages and disadvantages.

Keywords: Psim, 3 phase inverter circuit, controller, SPWM pulse width modulation, 6 step
control, output current, output voltage.
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