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PONG CO KHONG PONG BQ.
STRUCTURES AND CONTROL ALGORITHMS OF 4-Q CONVERTERS
AND MODELS OF 4-Q INVERTERS

Bii Quéc Khdnh, Bii Ding Quang
Phong thi ngh:em frong diém Tu dgng hod

Trung tam Nghién cieu Trién khai Cong nghé cao
Dai Hoc Bdch Khoa Ha Noi

TOM TAT

Hdu hét 1t cé cdc bién tan trong cong nghigp c6 chira khdu mét chiéu trung gian si dung
chinh heu diot hodc thyristor Ia nguon phdt cdc song hai bdc cao dong dién lén huoi gdy
xau dang di¢n ap hedi, hé 30 cos ¢ thép v khing co kha ning trao doi ning lweong tir tai
vé huedi. Bién tan bén goc phan tr (4Q) dimg chinh heu tich cuc theo thugt diéu khién
PWM va dugc nghién ciru dé khic phuc cdc nhuge diém trén.

Ngi dung bai bdo cdo trinh bay két qua nghién cieu vé cdu tric va thudt diéu khién
bién tdn 4Q va mé hink bién tdn 4Q trong phong thi nghiém.

ABSTRACT

In almost inverters, there is a DC bus with rectifiers using diodes or thyristors. Those
rectifier types are the source of harmonic pollution into the power system. They are
causes of line voltage distortion, reduce the power factor and can'’t be return energy to
power network. 4Q inverter using the active rectifier with PWM technique and Direct
Power Control (DPC) control algorithm can reduce all these drawbacks of traditional
inverters. The purpose of this paper is to present all the results of our research about

NGHIEN CU'U MO HINH PIEU KHIEN BIEN TAN CHINH LUU TiCH CcycC

structure and control algorithm of 4Q converter and model 4Q inverter in laboratory.

1. MO PAU _

Bién tin 4Q la bién tin gi4n tiép gbm bo
chinh liau sir dyng bd chinh luu tich cyc voi
cac van déng cdt 1a IGBT déng cit theo
thuat didu khién PWM vi médt bd nghich
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hru sit dung IGBT nhu cic bé bién tin
théng thudmg. Céu tric mach lyc trinh bay
trén hinh 1

Cé hai phwong phap diéu khién bo
chinh hru tich cuc 1a didu khién tryc tiép
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Hinh 1 Céu rriic cria bién tan 4Q
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Hinh 2 Gian do thay thé ciia mach dién chinli tich e

cong suét (DPC trong d6 DPC 14 viét tt
ctia Direct Power Control) va didu khién
hudng vector dién dp (VOC trong d6 VOC
chir viét tit ciia Voltage Oriented Control).
Bai bao nay sé& tap trung vao phuong
phap diéu khién VOC, trinh bay co s dé
bién tdn 4Q ¢6 thé c¢6 cos ¢ bing 1 va cic
két qua nghién ctu vé bién tin 4Q 44 dat
duge trong phbng thi nghiém.
C6 ba yéu cdu co ban dbi voi bién tan
4Q la:
- Dong dAu vio sin
- cosp=1
- Cho phép trao dél cong sudt gifr tai va
lué
bé dat duogc cac yéu chu trén thi bién tan
phai c6 céc diéu klén.cq bin sau

- Cén dién cam L & dAuvao'dé tao dién 4p-

dém va dam béodxégéph 0t chidu trén tu
dién C lé‘n hon dlén ﬁp lu'u tu nhién

- Diéu khién déng cit theo phuong phép
d1eu ché vector khéng gxan theo luit diéu
bién 4o rong xung PWM @& c6 duge dong
dién hinh sin,

So db thay thé bd chinh lwu tich cire nhu
trén hinh 2. Trong d6 hinh

(d) 1a cdc thanh phan dong dp dbi véi bo
chinh Iyu tich cuc véi cosg = -1 e la o
ché do nghinh luu (P < 0)

va Upla vector dién dp ludi,

(a) la so d6 thay thé 1 pha phia xoay chiéy

ctia bé chinh luu tich cuc.

(b) la cdac thanh phan dong dp d6i voi b6
chinh luu théng thuong

(¢} la cdc thanh phan dong dp doi véi bo
chinh heu tich cuc vdi cosp =1
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Us la vector dién dp b chinh luu
Is la vecter dong dién luéi

R Ia dién tro cua cudn ddy

L la dién cam cua cudn ddy

2 MO TA TOAN HQC B(Q CHINH
LUU TiCH CyC

C6 ba phuong phdp md ta toan hoc 1a
mo ta theo hé truc toa dd khdéng gian a,b,c,
mo ta theo hé truc toa 46 tinh o-f vamo td
theo hé tryc toa d6 quay d-q. Tuy theo yéu
ciu bai toan didu khién ma ta c6 thé chon
mo ti toan hoc theo hé truc toa d9 nao
nhung cé thé chuyén dbi gifta cic hé truc
toa d9. Theo tai liéu [2].

3 CAU TRUC PIEU KHIEN CHO BQ
CHINH LUU TICH CyYC THEO
PHUONG PHAP VOC

Céu trac didu khién gdm hai bd didu
chinh dong dién va mdt bd diéu chinh dién
4p mot chiéu.

Trong d6 mot bo diéu chinh dong
dién ngang truc véi gid tri dat 1q,ef—0 e ja
cong sudt phan khang q = 0 dé dam bao
cosQ = 1 va iy duge diéu chinh theo yéu cdu
ve cong suét tic dung théng qua mach vong
didu chinh dién 3 ap mot chiéu Upc.

Chu tric diéu khién VOC (tirc 1a diéu
khién bam theo dién 4p luéi) twong ty nhu
phuong phap didu khién FOC trong diéu
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Hinlt 3 So'do chinl haw tich cyie ACvoltage sensorless diing phitang phip VOC

khién déng co khong ddng b. Phuong
phép diéu khién nay dua trén co 55 cia sy
chuyén dbi gitra hé truc toa 4§ tinh u-f va
hé truc toa d& quay d-q. Trong hé truc toa
d6 d-q thx dong dién ludi duge chia thanh 2
thanh phin 1a doc truc va ngang tryc trong
d6 thanh phan doc truc xac dinh céng sudt
tdc dung con thanh phan ngang truc xic
dinh cong suit phan khing, cic cudn cam
ndi gitra ludi va b chinh luu tich cyce chinh
la khau tich phan cva mach dién. Cac cudn
cam nay tao cac dic tinh cua ngudn dong
cho d3u vao mach dién ddng thoi boost dién
ap cho bd chinh luu. Dong dién luwdi dugce
diéu khién boi dién 4p roi trén cac cudn
cam nay. Ap roi trén céc cubn cam duge
quyét dinh boi hai ngudn 14 4p luéi va 4p
clia bd chinh luu, né chinh 13 chénh léch
dién ap gitra 4p ludi va dién 4p cia bQ chinh
lru. Dién dp va dong dién mot chidu chinh
la dbi tuong didu khién, né ciing chinh la
cdng suit tac dung dugc dua qua bd chinh
finu.
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Sau day ta cd so b vector bién ddi

giffa hé truc toa d9 d-q va hé truc toa dd a-
B nhu sau:
Troc B

Trye ot 1eo djahd

Hinh 4 So dé vector ciia phuong phdp chuyén -
doi giita hé truc toa déa-Bva d-q
Do bd chinh Juu tich cuc c6 thé dat
duoc hé sé cong suht cose = | nén iy = 0
va gia sir dién try todn mach la khéng dang
ké so voi dién cam ctia todn mach ta cé
cdng thirc tinh dién &p trong hé truc toa do
d-qla

Mg =@LIp Yity; +Au,

H& = ""(\')L-I'Id + AUG
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Trong d6 Aug va Aug duge xac dinh
theo cdng thirc sau:

Aty =k (5 =i, )+ k, | (5 ~i;)dr

A =k (; =i )+k, | G =1, )dr

Vay so d6 diéu khién tich riéng timg
thanh phan dong dién hugi nhu trén hinh 5.
Diac diém ndi bat cua kidu diéu khién dong
dién nay 1a né xir 1y tin higu tir hai hé truc
toa d6 la h¢ truc tinh a-f va hé toa dd quay
d-q. Gia tri do vé tir ba pha dugc quy abi vé
hai hé truc toa do k& trén dau tién 12 chuyén

vé hé truc toa o a-f sau dd tir hé truc toa
d6 o-p quy d6i vé hé truc toa 46 d-q.

4 KET QUA MO PHONG BIEN TAN
4Q TAI PHONG THi NGHIEM

M6 phong hé théng dimg chuong
trinh mé phong Matlab

Cdc théng s6 ding d@é md phong doéng co:

- Cong suat : 20 sirc ngua tuong dwong
14,72kW

- Piénap:3x200V
- Tinsb:50Hz
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Hinh 5 Céu triic diéu khién tach rov rimg thanh phdn a’éng dién ciia bo chinh hew PWA{
theo phitong phdap VOC
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Hinh 6 Mach mé phong bién tén 40
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Hinh 8 Dong di¢n va dién dp ddu vae qud trink khoi dong va ham tdi sinh

- Tébc 8 dinh mirc : 1748 vip - H8 cam giira stator va rotor Lm :
- Dién tro stator Rs : 0,1062 5:?34/(2*13?"60)
Rr:0,0764 - Sodoicuc:2
- Dién cam tan stator Lls : - Mbmenquintinh:0,5
02145/(2*pi*60) = Lir . HesbmasitF:0
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vé thi goc ¢ = 180° vy
h¢ thong co kha ning trao
doi nang lugmg vo1 ludi.

Péi voi cac hé théng
truyén dong xoay chiéu,
bién tén 4Q s& la mot giai
phép ky thuat rat tot val
nhimg wu diém ndi trdi
cia cid bd chinh luu tich
cuc dic biét vor kha ning
hoat déng & ca bén goc
phdn tr va cose bing 1,
bién tin 4Q la mot gii
phap phu hgp voi céc loal
tai truyén dong c6 ham téi
sinh nhu quat g6 cong
nghiép, co ‘céu ning ha,
cau truc, cdn truc, thang
may v.v.

Tuy nhién mdi giai
phép déu cé mit manh
mat yéu. Dbi véi bién tin
4Q chinh la gia thanh cao
do thiét bi chinh hru 14
IGBT, céu triic diéu khién
tuy don gian nhumg thujt
diéu khlcn rat phirc tgp va
yéu ‘ciu rat cao dbi voi
thiét bi didu khién cy thé
12 thiét bj xu 1y tin hiéu sb
DSP.

Hinh 10 Dong dién stator v di¢n dp mgt chiéu trong qud trinh

 hdm tdi sinh

- Mo6men dinh mirc djng co T n : 80,4 . N
- Tirthéng dmh mre Psi_ref: 0 ,46 TAILIEG THAM KHAO
- Hé sb tir tré cha mdémen delta  T: [1]1 ABB Technical Guide cuia hdng ABB véi cac

0,05*T_n tdp .
: Heé sb tir tré chia tir thong delta_Psi : g; : ggeg‘ Torcﬁz; Control, .

2*Psi resensor N ouncil Directives an
OI?/[O hilnh mang md phong bién tin Adjustable Speed Electrical Power Drive
Systems,

durge thé hién trén hinh 6, mach luc dugc

fi ! {
thé hién trén hinh 7. Céc két qua dat duoc 03 - EMC Compliant Installation and

Configuration for a Power Drive System,

da duoc tip hop trén cac hinh tir 8 dén 10. 04 : Guide to Variable Speed Dives
5. KETLU AN: 06 : Guide to Harmonic with AC Drives
08 : Electrical Braking
Két qua & trén cho thay dong dién déu [2] Mariusz Malinowski, Sensorless  controf
vao la dang sin va dbng pha véi dién ap diu strategié for three phase PWM rectifiers

vao tic la goe ¢ = 0 va khi tréd ning hugng [31P. Barrass, M. Cade, PWM rectifier using
indirect voltage sensing.
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