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Tom tat - Ngay nay cac bo bién tan ba pha dwoc st dung rong rai
trong cong nghiép... Tl nguon cung cap xoay chiéu dau vao, thong
qua bd bién tan cho ra nguon xoay chleu ba pha voi bién do, tan s
va goc pha co thé thay déi duoc. V&i cAu tric phan ctrng b bién ddi
giéng nhau théng qua cac phuong phap diéu khién khac nhau: “diéu
khién theo phuong phdp dé réng xung (PWM), diéu khién theo
phuong phép hinh sao (SPWM), diéu khién theo phuong phép diéu
ché vector khéng gian (SVPWM)” sé mang lai cac két qua khac nhau.
Bai bao nay trinh bay va danh gia mét s phwong phap diéu khién
bién tan ba pha. Cac ky thuat nay duoc kiém chirng théng qua két
qua mé phdng trén phan mém Matlab-Simulink va thyc nghiém trén
card FPGA Spartan 3E tng dung phwong phap diéu ché vector
khéng gian diéu khién bién tan ba pha.

Tir khoa - phuong phap vector khong gian; diéu bién do rong
xung; didu bién dd réng xung theo nguyén tac hinh sao; mang cdng
1ap trinh dang trwdng; mach tich hop.

1. Dit véan dé

Muc dich chinh ciia bo bién tan ba pha ngudn ap 1a bién
d6i dang song xoay chiéu (dong dién, dién ap...) dau vao
thanh dang song xoay chiéu ba pha (Iéch nhau 120°) daura
voi bién d¢, tan sb va goc pha thay ddi dugc. Nhimg bd
bién doi nay dugc ung dung rong réi trong thuc té nhu bo
didu khién téc d6. BO cung cdp ngudn du phong
(Uniterruptible Power Supplies - UPS), bd bu cong suit
phan khang tinh (Static Var Compensator), bd loc tich cuc
(Active Filter), hé théng truyén tai dién xoay chiéu linh
hoat (Flexible Ac Tranmission System-FACTS).

Véi ciu tric vat Iy g10ng nhau, thong qua cac phuong
phap déu khién khac nhau s& mang dén cac két qua khac
nhau. Tir cac tng dung thuc tién trén, 1y thuyét diéu khién
bién tAn tré thinh mot vén dé chinh dwoc nghién ciru, phat
trién va cai tién nhdm giam bién d6 méo dang song hai,
tang bién do song ra g v6i tan s6 mong mubn.

2. Cac phwong phap diéu khién bién tin hién dai
2.1. Phwong phdp diéu bién dj rong xung
2.1.1. Nguyén ly [5, tr.255 - 256]

NOoi dung cua phuong phap nay la tao ra mét tin hiéu
sin chuan <0 tan s6 bang tan sb ra cua dién ap nghich luu
mong muon Tin hiéu nay s& dugce so sanh v6i tin hiéu rang
cua co tan s6 16n hon rat nhiéu so v6i tin sb sin chuén
(f, 2+10 kHz). Giao diém cua hai tin hiéu nay s& xac dinh
thoi diém déng mé van cong suat. Pién p ra c6 dang xung
v6i d6 rong thay déi theo tirng chu ky.

U: 1a thanh phan sin co ban, U, dién ap xung ring cua,
U, dién ap ra bd nghich luu.

Abstract - Today, three-phase inverters are widely used in
industry. From AC input, via inverters for AC three-phase source
output with amplitude, frequency and phase angle can be changed.
The hardware structure with the same change through various
control methods such as control by pulse width modulation (PWM),
control by start- pulse width modulation (SPWM), control by space
vector pulse width modulation (SVPWM)” will produce different
results. The paper presents some modulation methods of three-
phase inverter control. These techniques are verified through
simulation results using Matlab-Simulation software and
experimental results using Spartan 3E card FPGA based on Space
vector PWM (SVPWM) controller for three-phase inverters.

Key words - space vector PWM (SVPWM); pulse width modulation
(PWM); start shape-pulse width modulation (SPWM); field
programmable gate aray (FPGA); application specific integrated
circuit (ASIC).

Trong qua trinh diéu ché ngudi ta c6 thé tao ra xung hai
cuc hodc xung mét cuc, diéu bién theo d6 rong xung don
cuc hodc d6 rong xung ludng cuc.
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Hinh 1. Dang song ddu ra theo phwong phdp diéu ché dj rong xung
2.1.2. M6 hinh va két qua

Thong qua b blen tan ba pha ngudn ap, ngudn xoay
chidu dau vao (tan s6 f1) qua bd chinh luu tao thanh ngudn
mot chleu (tAn sb £=0), sau d6 qua bd nghich luu ba pha tao
ra ngudn xoay chiéu ba pha dau ra (tin sb f3). Do do phin
sau s& trinh bay mé hinh nghich luu ba pha v&i ngudn DC
déu vao cho trude, mé hinh duge mé phong trén phin mém
Matlab-Simulink. Két qua mé phong dugc thé hién trén cac
Hinh 2, 3, 4.

- Uge=220V;

- U; =220sin(t);

- Uy =220sin(t -27/3);

- U = 220sin(t- 4n/3);

- Tén s6 dién ap rang cua £=100 Hz;

- Pong co khong ddng bo ba pha;

- Cong suit P= 750 W;

- S6 d6i cue p=4;

- R¢=0,62 ohm, R= 0,022 ohm.




ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE BAI HOC DA NANG, SO 1(86).2015 95
B O
I 1 ] : D =3
4":% 1GBT/Diodel —||:% IGBT/Diode3 H% 1GBT/Diodes Scopa = e
E W E E o ot 3 -
it s‘,, e
°e T~ (] M =t

- ZO T2

Asynchrnnuus Machine
uni

Fiom2

From3

—
E

1GBT/Diodea

1GBT/Diode2 IGBT/Diodes

= E\'ZE_*BC

Sine Wave isEonal
elational
Opecater
Logical
Operator
- == boolean
Sine Wave1 el
e vor &a
- ogicel
Operator —
nepeaiing e -
Sequence
Gotod
Sine Wave2 [=2]
s

Hinh 2. M6 hinh bién tin ba pha diéu khién theo phirong phdp dg rong xung

2.2. Phwong phdp diéu ché hinh sao

2.2.1. Nguyén ly [7, tr.59 - 64]

o Tir két qua trén, khi bd nghich luu ap diéu khién theo
| nguyén tic PWM truyén thong, vector khong gian dién ap

stator U nhay tir vi tri 1 dén vi tri 6, tir thong w, 1a mot da

giac déu 6 canh. Tuy nhién ta c6 thé lam cho i, di chuyén,

thay vi trén mot hinh sao 6 dinh ma la mét hinh sao n dinh

thiw, cling s€ 14 mdt da gidc n canh, khi n 16n thi y, s€ co

dang gﬁn gibng dudng tron.

Hinh 3. Dong dién va dién ap pha
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Hinh 4. Tiwr théng dong co ba pha
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Hinh 6. Biéu khién theo phwong phdp hinh sao
Vi du: Xét tong sé dinh ctia hinh sao q=48, nhu Vay
ngoai 6 vi tri thye da c6 cua uy ta phai thém vao mot so vi
tri 40 cua u,. O day véi =48 ta can thém vao giira hai vi
trithue “7/”va “2”bayvitrido 117, 12", 13", 14°, 15, 16,
17’°. Géc gitra cac vi tri o =2m/q, vector s€ luu lai & mdi vi
tri mdt khoang thoi gian t; = o/w.

8 B 8 B 8 8 3 8 8

Vi tri 4o 1° duoc tao thanh béng_caich: vector U, ton tai
trong khodng thoi gian t’ ma tai do y v& duge cung o = a.
Trong khi ﬁ v& tiép cac cung ao to hop cac van Vi, Vs, Vs
(trang théi 1) hodc Vs, Va, Vi (trang théi ¢) dugc mg, diéu
nay lam cho dién ap trén tai bang khong.

Hinh 5. Phé song hai dién dp pha
Két qua
Bing cach thay @i hinh dang 4p chun, chit luvong cua
Sin PWM c¢6 thé cai thién. Day la mét phuong phap diéu
khién truyén thong c6 s6 lan dong md cac van 16n, thanh

phan song hai bac cao 16n. Quy tich d4u mut vector khong
gian tir thong dong co ba pha c6 danh hinh lyc giac. Chat
lwong diéu khién theo nguyén 1y nay thuong khong cao

Vi tri a0 11° duoc thuc hién béng cach trong khoang
thoi gian ts ta s€ cho cac van Vi, Va, Vamé (vi tri thuc 2)
trong khoéng B 1a cac van Vi, Vo, Ve mo (vi tri thuc 1)
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trong khoang y. Két qua dich chuyén cubi cung Zcﬁa dong
co ba pha dugc biéu dién trén Hinh 6.

Céc vi tri con lai cling duoc thyc hién mét cach tuong ty:

powergui

MTxung

From
Worcspscs
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g = 21.tgt
V3 —tgt
y=o-p

V3
V3coso + sino
a=T o
2.2.2. M6 hinh va két qua (théng s6 nhu trén)
- S6 dinh hinh sao q=48;
- Tén s6 diéu khién f=50Hz.
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Hinh 7. M6 hinh diéu khién bién tan theo phirong phdp hinh sao
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Hinh 9. Tir théng dong co khéng dong bé ba pha
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Hinh 10. Phé séng hai dién dp pha

Nhain xét

So vé6i phuong phap diéu khién truyén théng, phuong
phap nay mang nhiéu vu di€ém hon, quy tich dau mut vector
khong gian tir thong dong co c6 dang gén gidng dudng
tron. Chat lugng diéu khién theo nguyén Iy nay cao hon va
de dang thanh 18p moi quan hé gifra tri hi¢u dung dién ap
trén tai va dién 4p mach mot chiéu.
2.3. Phwong phdp diéu ché vector khéong gian
2.3.1. Nguyén Iy [6, tr.32 - 52], [10, tr.10 - 21]

Y tudng ciia phuong phap diéu ché vector khong gian la
tao nén sy dich chuyén lién tuc ctia vector trén mit phang
phtrc tir cac vector ung voi tiing trang thai ctia bg nghich luu.
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Hinh 11. Mdt phing phirc véi q=48
Dé thyc hién didu nay ta chia mot chu ky ra thanh nhiéu
khoang thoi gian bang nhau, diéu nay twong dwong chia mit
phang phuc thanh cac goc bing nhau. Sau d6 cho lan luot
chuyén d6i qua cac trang thai cua bd nghich luu. Do vay, néu
ta chia mot chu ky da nho thi c6 thé xem dang quay déu.
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Hinh 12. Cach tao vector u,

Vi du, voi tong sb khoang chia =48, trong mot chu ky
lay mau dién ap ba pha (t), ta s& chia chu ky thanh 48
khoang thoi gian bang nhau (t.), tuong tng vi chia mat
phing phirc thanh 48 goc bang nhau 1a 7,5° Trong mdi
khoang thoi gian 14y mau t.; ta s& tao ra vector dién ap Us;
& chinh gitra goc d6 > ta s€ ¢6 48 vector Us.

Trong chu ky lay mau t., (xét trong sector 1) bo nghich
Iuu ba pha ¢ trang thai U, trong khoang thoi gian ti, trang
thai U, trong khoang thoi gian tir t; = t; + t; va trong khoang

tho1i gian con lai to= tc — (ti + t2) & trang thai 0 (Up hodc Uy).

1 f1__) f1+f2—) te .
u_S’=F<f Uldtf Uzdt+f Uldt>
c \Jo t t1+ty

1
Céc van duoc chuyén mach theo trinh tyr c6 loi nhit s&
1a trinh ty budc cac nhanh van it phai chuyén mach nhét.
D06 1a trinh ty doi hoi méi nhanh chi phai chuyén mach mot
lan trong ca khoang t..

Bdng 1. Trinh tu chuyén mach cdac van

Sector 1 2 3 4 5 6 7
I U U, U, Uy U, U, Uy
I U Us U, U, U, Us U
111 U Us Uy U, U, Us U
v U Us Uy U, U, Us U
A% U Us Us U, Us Us Uo
VI U U, Us U, Us U, Up

2.3.2. M6 hinh va két qua (théng sé nhuw trén)
- S6 khoang chia q =48;
- Tan s diéu khién f= 50 Hz.
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Hinh 15. Tir thong dong co khéng dong b ba pha
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Hinh 16. Phé séng hdi dién dp pha

Nhin xét

Phuong phap diéu ché vector khong gian vé co ban l1a
phuong thirc thay thé vector dién ap ba pha d6i xtmg thanh
mot vector quay trong khong gian. Nhu vay thay vi phai
tinh toan trén ba pha ta chi can tinh toan trén hé truc hai
pha theo dd 16n va goc pha cua dai lugng vector quay. La
mdt phuong phap c6 tinh hién dai, phuong phap nay c6 gia
tri dién ap t6t nhat va dang song dong dién tai gan sin nhét
trong cac phuong phap. Quy tich dau mut dong co ba pha
gin gidng hinh tron. Gia tri song hai dién ap so voi hai
phuong phéap con lai thap hon.



98

DPoan Quang Vinh, Nguyén Hiru Viét Siéu

2.4. Phén tich phé séng hai
Bing 2. Phdn tich phé séng hai

Bién d¢ séng hai (V)
Béc PWM Start PWM SVPWM
DC 152,95 0 0

1 45,62 135,5 203,5
2 28,1 0 14,11
3 5,09 16,03 20,87
4 8,39 0 1,22
5 12,52 32,8 5,61

6 4,77 0 12,5
7 4,42 85,3 16,34
8 8 0 3,77
9 4,18 30,22 6,04
10 5,19 0 14,67
11 5,48 37,06 16,2
12 3,21 0 21,97
13 7,28 22,38 13,77
14 3,67 0 37,96
15 2,15 32,8 13,55
16 11,14 0 15,96
17 2,33 61,4 8,3

18 9,4 0 26,02
19 33,2 17,68 7,61

Tirkét qua 6 Bang 2 va cac Hinh 5, 10, 16 ta nhan thiy ring
phd séng hai nhan dugce khi diéu khién bién tan ba pha theo
phuong phap didu ché vector khong gian tdt hon hai phuong
phap con lai. Phuong phap nay déc biét hiéu qua khi ap dung
cho hé théng truyén dong cong suat 16n va tbe d quay thap.

Tr cac ke,t qua phan tich trén, ta tién hanh :th1et ké va
diéu khién bién tan ba pha nguén ap. D6 1a sy két hop gitra
phuong phap di€u khién hién dai (SVPWM) va cong nghé
tién tién hién nay (FPGA)

2.5. Ung FPGA diéu khién bién tin ba pha
2.5.1. Loi ich khi sir dung FPGA

Cac bo xur ly tinh hiéu s0 (Digital Signal Processor) va
vi diéu khiél:l la nhﬁ:ng co mg’ty “tuan tu”, tpuc thi nhiém vu
mot cach tuan tu, ,thé nén can thoi gian d¢€ hoan thanh cac
nhi¢ém vu. Cac thiét bi nay da khong con theo kip v6i nhiing
ung dun‘g doi hoéi hi€u suat cao va tinh linh hoat hon ma
khong can tang chi phi tai nguyén.

Programmable
basic logic cell
Programmable

interconnect

RAM block

T/O block

LLLLR e inrrgnl

LLILILIIIII I I

Hinh 17. Céu triic co ban ciia FPGA

Cong ngh¢ FPGA (Field -Progammable Gate Array) da
xuét hién nhu mét giai phap co ban cho van dé tranh thu
thoi gian va chi phi thap, tao nén sirc canh tranh 16n trén
thi truong. FPGA 1a mot thiét bi cdu trac logic c6 thé dugc
nguoi st dung 1ap trinh tryc tiép ma khong phai st dung
bat ky mot cong cu ché tao mach tich hop nao.

2.5.2. M6 hinh diéu khién va két qua

D SVPWM
CPU | |
Dspic80 Mi192 FPGA
I v Khuéch dai xung
AC3P
scron (&2 [0 Jomfrgehela e sc

BIEN TAN
Hinh 18. So d6 hé thong

St dung phuong phap “vector khong gian’ ’ diéu khién
bién tan ba pha ngudn ap nhim diéu khién dong co khong
ddng bd ba pha hoat dong trong dai cong suat tir 0 dén
50Hz, duoc chia lam ba ché d6 khac nhau:

e Mode 1: 0 <f< 20 g=192;

e Mode 2: 20 < <35 q=96;

e Mode 3: £>35 q=48.

Céu tric diéu khién gom:

1: CPU cai dat tan s6 diéu khién (f);

2: Driver dspicl8 nhén tin sb diéu khién (f) tir CPU
>xac dinh ché d¢ diéu khién bién tan (Mode), giri
dir liéu (2 byte) tdi FPGA;

3: Card FPGA nhan tin hiéu diéu khién va ché do hoat
d6ng, xuét xung didu khién bién tan ba pha;

4: Mach lai nhan tin hiéu tr FPGA lai cac van IGBT
cua mach nghich luu;

5: Mach nghich luu ba pha;

6: Dong co khong ddng bo ba pha.

Mo hinh

Hinh 20. Dién ap pha
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Hinh 21. Dong dién pha

Nhin xét

Mb hinh thyc nghiém da cho két qua vé dong dién va
dién ap ding voi trong m6 phong. Khi thay doi tan so dicu
khién tir 0 dén 50 Hz toc d¢ dong co thay doi dung theo
yéu cau thiét ke.

3. Két luan
Viée két hop giita cong nghé méi tién tién hi¢n nay voi
phuong phap diéu khién hién dai, nang cao kha nang 6n

dinh, hiéu qua, d& diéu khién cua hé thdng. So sanh cac két
qua md phong trén Matlab-Simulink va két qua nhan dugc
trén thuc t€ da cho thay tinh dung dan cua thict ké.
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