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TAP CHI KHOA HOC VA CONG NGHE, BAI HOC BA NANG - SO 4(33).2009

THIET KE BQ LOC TiCH CU'C CHO VIEC GIAM HAI
DONG PIEN VA BU CONG SUAT PHAN KHANG
CHO NGUON LO NAU THEP CAM UNG
AN ACTIVE FILTERS DESIGN FOR THE REDUCTION OF CURRENT

HARMONIC AND THE COMPENSATION OF REACTIVE POWER
FOR INDUCTION MELTING FURNACE POWER

Bui Quéc Khanh Nguyén Kim Anh
Truong Pai hoc Bach khoa Ha Ngi Truong Pai hoc Bach khoa, Pai hoc Pa Nc%ng
TOM TAT

Séng hai dongdién, dién ap gay ra rat nhiéu vin dé& cho hé théng t ruyén tai dién.
Nguyén nhan dia s 6ng hai nay la do tinh clt phi tuyén cta phu tai gay ra. Trong thrc té, cé
r4t nhiéu loai tai gay ra séng hai, trong d6 c6 b ndu thép. Néu nhw 16 hd quang dién la thiét bi
gay ra méo dang (THD) dién ap thi 16 nu thép cam wng (IF) la thiét bi gdy ra méo dang dong
dién, dac biét 1a 16 ndu thép cdm (rng ngudn dong. Dac diém cha 1o 1a loai tai cong suét Ion,
méc do phi tuyén manh va la ganh ndng cho ngudn cung cép vé coéng suat phan khang
(CSPK). Bai bao nay di nghién c¢ru sw anh hwéng cta IF Ién ngudn cung cap va trén co sé do
thiét ké bo loc tich cuc song song (AF) @ 1am nhiém vu triét tiéu séng diéu hoa dong dién bac
cao va bii CSPK cho ngudn 16.

ABSTRACT

Both the current harmonic and the voltage harmonic are the factors that cause many
problems to an electric power system. The reasons for this harmonic are the non-linear
characteristics of the loads. In reality, the harmonic is caused by many kinds of loads, including
a steel melting furnace. An electric arc furnace often causes a very high THD voltage, while an
induction steel melting furnace (IF) causes a very high THD current, especially a current source
induction melting furnace. This furnace is a kind of load with high power and strong non-linear
rate, which increases reactive power in the supplying of power. This article deals with how
supply power is influenced by IF. On this basis, shunt active filters (AF) are designed so as to
eliminate high current harmonizing wave and compensate reactive power for the induction
melting furnace power.

1. Pit van dé

Lo cam tng dugc chii ¥ chinh 1a do hiéu suit gia nhiét nhanh, giam mic do 6 xi
hoa cia vét lidu trong qua trinh nau. So véi 16 hd quang dién, 16 cam tmg co thé cai tién
duoc diéu kién lam viéc cling nhu viéc diéu khién mot cach chinh x4c cong suét cép vao
10, thong qua do6 co6 thé nang cao duoc chét lugng ciia san pham.

M6 hinh hé théng cung cip dién cho 16 nau thép cam tmg ngudn dong duoc thé
hién & Hinh 1. Cac thong sé cia mo hinh:

- Dién dp cdp vao phia chinh lheu: 220(V), 50(Hz)
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- Dién ap, tan so6, cdng sudt dinh mirc trén tdi: 1500(V), 900(Hz), 750(kW)
Trong hé thong nay bao gdm ngudn cip, bd chinh luu cau ba pha c6 didu khién, bo
nghich luu cong hudng ngudn dong, bd phat xung diéu khién cong hudng, tai 10 nu

thép cam tng va cac mach phu tro.

R4 chinh i Kho niing, Mpch  Bd nghich hocing Tai & Mach
cb dicu khidn il llll.Jl_l klstrl digng
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Hinh 1. So d6 cung cdp dién cho tdi 1o nau thép cam iimg nguon dong
Van dé vé cam ung nhi¢t cua vat li¢u sat tir kha phtc tap va rit manh (tao ra
dong dién xoay, su truyén nhiét, chuyén pha va ép may tao Gmg suét nhiét [3]), do do tai
10 Gim tUng 1a mot dbi twong phic tap va phi tuyén manh. Ngoai ra trong hé thong
nguodn cung cap coOn ¢ bd chinh luu 6 xung do d6 hai do né tao c6 béac 5,7, 11, 13, 17,
19, 23, 25, 29, 31,... 1a rat 16n, ngoai ra do tinh chat cta tai 10 cam tmg ngudn dong nén
c6 hé sb cong suat rat thip 0.2+0.5 [1].
Dé khic phuc hién twong trén thi cAn phai triét tiu cac thanh phan xoay chiéu bac
cao va bu CSPK. C6 nhiéu phuong phap khac nhau dé thyuc hién viéc ndy nhung viéc sir
dung b loc tich cuc (AF: active filter) I giai phap hop 1y va tién tién nht hién nay.

2. Xay dung ciu tric va thuiat toan diéu khién cho AF
2.1. Thuyét céng sudt tirc thoi p —

Akagi, Kanazawa va Nabae (1983)ah diu tién cong bd nhiing nghién ctru cia
minh bang tiéng Anh. Tuy nhién né chi dugc biét dén & pham vi toan thé gi6i sau lan
cong bd thir hai vao nim 1984. Ngay nay, thuyét nay da duoc phd bién, c6 d6 mém déo
cao, nd 1a co & cho viéc xay dung thuat toan cho céc b loc tich cuc. Piém tha vi cta
thuyét 13 co thé tach biét thanh phan dao dong cta p va q thong qua viéc cét bo di nhimng
tin hiéu c6 tan s6 nao d6. Thudc tinh cit bo hay gitr lai nhitng tin hiéu c6 tan sé mong
muén rét linh hoat, cho phép tong hop cac bd loc tich cuc ma thudc tinh nay khong bao
gid bo loc thu dong dat dén duoc.

Céc budc dé xac dinh dong bu can thiét theo phuong phap nay duoc tién hanh
nhu sau:
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Trude hét tinh todn dongdién va dién
theo cac cong thure (1) va (2):

ap trong hé toa do ab tw hé toa do abc
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Hinh 2. Thudt todn diéu khién dya trén thuyét p - q

V6i hé thdng 3 pha khong c6 day trung tinh thi thanh phn i o khdng n tai

(ia+ip+ic=0) do d6 (1), (2) c6 thé viét nhu sau:
1

_ ﬁ 2
3, Y8 B8
2 2
Tir (3) va (4) ta tinh dugc cong suét tai:
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Cong suit tic dung (CSTD) p, cdng suit phan khing (CSPK) q ¢ thé tdch
thanh hai thanh phan: thanh phan B, a tuong ing v6i thanh phan co ban cua dong tai;
thanh phan dao dong P, § twong img v6i thanh phan diéu hoa bac cao.

Ps—phase = p + q = E

+Pp+q+0
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P. latong cong suit tirc thoi xac dinh boi tai;

3-phase

plaCSTDcuap  ;
qlaCSPKcuap,,

is i Tii i nin
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Hink 3. Cldu triic didu khidn bS loc tich cuc
Ngudn chi cung cip thanh phan cong suat DC cua tai va cong suit ton hao ctia
bo bién d6i. B loc tich cuc c6 nhiém vu cung cép thanh phan cong sudt AC p cliapva
CSPK g. TUy theo yéu cau cua bd loc c6 yéu cau két hop bl CSPK hay khéng ma thanh
phan g # 0 hay g=0.

Khi d6 ta c6 cong suit cung cép boi bo loc:
81
Tir (5) va (6) ta cd dong can bu:
oo |_ 1 [Us —Up {—5} )
izB uz +u§ Ug  Uq J[—0
Tuy nhién do d#én ap trén tu 1a khong on dinh do d6 dé dam béao dién ap trén tu
1a khong doi thi ngudn can cung cap mot cong suit po dé duy tri dién ap trén tu khong

ddi. Khi @6 tir (7) ta co:
i |_ 1 [Us —Up {—ﬁwﬂ (8)
izB u§+u§ Ug Ug -q

Day la cong thrc tinh dong bu can thiét trong hé af khi két hop ca chiic nang

(6)

AF

CEﬁ.Cf
(DIDXDXD~
c-r«—-g

loc séng diéu hoa va bu CSPK.
Tu dong bu tinh dugc trong hé toa do af ta tinh dugc dong can bu trong h¢ abc
tur (4) va (8):
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2.2. Xay dung thudt todn va ciu triic diéu khién cho AF

Thudt todn diéu khién cho AF: Tir co s& & Myc 2.1 ta c6 thudt toén diéu khién
AF theo thuyét cong suat tirc thoi p — ¢ nhu Hinh 2. Muc dich cudi ciing ctia thuat toan
nay la tim ra dong bu chén dé 1am gia tri dit cho cac bo diéu khién dong bang -bang
(hysteresis current control).

Cdu triic diéu khién cho AF: bd loc tich cuc va chinh lvu PWM (Pulse Width
Modulation) c6 ciu trac phan cimg giéng hét nhau gdbm bé bién doi ngudn ap va tu dién
mot chiéu, do do vé nguyén ly ta co thé su dung chinh luvu PWM dé thuc hién chuc
nang cua bo loc tich cuc.

Trong Ciu trac nay chinh luu PWM thuc hién ca chirc ning loc song diéu hoa
bac cao va b CSPK. So d6 ciu tric diéu khién nhu Hinh 3.

Dé dam bao ngudn mot chidu cip cho bién ddi co gia tri 6n dinh, mot bd dicu
chinh dién 4p duoc str dung. Dé kiém chimg thuat toan va cau trac diéu khién, & phan
tiép theo ta tién hanh mé phong hé thng trén phan mém matlab/simulink d6i v6i truong
hop tai khong c6 AF va truong hop tai c6 AF.

3. M6 phéng 10 nau thép cam tmg két hep véi AF

3.1. Md phéng 16 niu thép cim iing véi truwong hop chwa cé6 AF

Hinh 4 1a & do hé thong cung cap
dién cho tai 160 bao gdm: khdi chinh luu cau
3 pha diu khién toan phan, khéi loc dong
dién va kho nang lung, khéi nghich luu
cong huong (NLCH) ngudn dong song
song, khoi tai 10 nAu thép cam tng va tu
dién C méc song song voi tai 10, khdi diéu
khién NLCH.

Dong dién 3 pha phia nguén cung
cdp: duoc thé hién & Hinh 5, ta nhan thay
dong trén krdi dd bj méo dang di rt nhidu
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Tirme (0.08s)

Hinh 5. Dong dién nguon cung cap

do chra nhiéu thanh phan dong diéu hoa
bac cao. Tiép theo ta phan tich phd dong
trén pha A, fr d6 danh gia cac thanh phan
diéu hoa bac cao trong dong dién ngudn.

Phan tich dong dién pha A: d6i chiéu véi tiéu chuan IEEE std 519 va IEC 1000-
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3-4 ta thay hé s6 méo dang dong dién THD = 29.85% (két qua nhu Hinh 6) vuot xa tri

s6 quy dinh trong bang tiéu chudn 1a hé sé THD _ Fundamental (S0Hz) = 3446 , THD= 29.85%
phai nho hon 5%. 5 A
Cong suat va hé sé cong suét (PF) trude 5 15
khi AF tac dong: tir két qua do cong sudt & Hinh £ 1ol
7, ta thy CSTD khoang 0.76MW thi CSPK £ | ]
khoang 1.7MVAr. Do d6 hé sb cong sut =Ll . | || | .. LL.
. X 4 5 X1 +n 0 5 10 15 20 25 30
cua tai rat thap khoang 0.41 dugc thé hi¢én nhu Harmanic order
Hinh 8 Hinh 6. Hai dong dién nguon pha A
zxm“ T T T ‘ T
| ; Qi
- 15 : :
H ‘06 L
5 : 5 e
3 ] i
T o5
8 AN I A N R I N S S S N
v : g J — J g 7 005 15 1% 3 35
Tirme {25) ot
Hinh 7. CSTD va CSPK cuia tdi Io Hinh 8. Hé s6 cong sudt ciia nguon cap

3.2. M0 phéng 16 néu thép cim iing véi truwong hop ghép thém AF

Tiilo  Mach —_— b
niuthép K dong

BJ chinh luu Khoning Mach B0 nghich luu con
codidukhién lugng va loc don biy

M
Ly

Ry =—c

B9 loc tich cue Xung kich
3Pha-3nhanh Tiristor
e
49} 4@ 4 Bo ditu
] Khién cong

o]

Hinh 9. &) Tdi I6 cam tmg di ldp thém AF b) M6 hinh héa hé thong ¢ hinh a

oll

Fundamental (50Hz) = 4344  THD= 4. ?5%
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Hinh 10. DoNg dién nguon sau khi AF tic dong Hinh 11. Hai dong dién nguon pha A
sau khi AF tac dong

Dong dién 3 pha phia nguén cung cdp: dong dién ngudn (phia trude diém két
ndi chung) ¢ Hinh 10 so véi d6 thi dong dién 3 pha ctia ngudn ¢ Hinh 5 thi d6 thi dong
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dién ngudn sau khi AF tic dong co dang hinh sin hon, nghia 1a céc thanh phan dong
diéu hoa bac cao di giam di dang ké.

Phan tich dong dién pha A: tir két qua phan tich & Hinh 10 ta nhan thay khi tai 1o
d4 di vao 1am viéc on dinh, hé s6 méo dang dong dién THD 14 4.75%. Ddi chiéu vai tiéu
chuan IEEE std 519 ta thdy hé s6 THD thoa man tiéu chuan (<5%). Bang 1 s& thé hién
chi tiét cac thanh phan séng diéu hoa bac cao tuong g véi truong hop trude va sau khi
AF tac dng. Cac gia tri cua cac thanh phan song diéu hoa trong bang nay ciing thoa
man tiéu chuan IEC 1000-3- 4. Nhu vay bo loc dd dap tmg tt yéu cau loc song diéu hoa
bac cao.

Bdng 1. Gia trj cdc thanh phan hai dong dién

\ CONg sudt va hé sé cong sudt sau khi
nguon truocc va sau khi AF tac dong g j g

Bic | T¥1¢ cac thanh | Bac | Ty 1¢ cac than | AL 7d¢ dng: dong nghia véi viée gidm di
hai | phinhai(%) | hai | phanhai(%) | cia CSPK Q cap tor nguond & thihé so
Truwée | Sau Truée | Sau cong suit PF cling dugc cai thién ro rét.
DC | 029 | 001 | 16 | 003 | 004 | Nhu Hinh 12 PF c6 gia tri xap xi 0.96.
1 | 100.00 | 100.00 | 17 | 6.00 | 0.36 i T S T T N T
2 025 | 000 | 18 | 001 | 0.06 o - 77777777777 - - B e
3 051 | 019 | 19 | 485 | 043 D | | | i | i |
4 012 | 004 | 20 | 002 | 0.14 e e P
5 2065 | 320 | 21 | 048 | 024
6 004 | 006 | 22 | 002 | 0.07 5
7 1362 | 331 | 23 | 443 | 0.33 ‘Z
8 006 | 006 | 24 | 000 | 0.01 - Y s : : ! : :
0 ! ! - : L I 1
9 0.49 027 | 25 | 3.54 0.22 ’ A et ™
10 | 005 | 007 | 26 | 002 | 016 Hinh 12. CSTD, CSPK va hé 56 cong sudt ciia hé
1 9.30 0.69 27 0.47 0.22 thong sau khi AF tac dong
12 001 | 006 | 28 | 002 | 0.02
13 723 | 056 | 29 | 338 | 032
14 003 | 001 | 30 | 001 | 0.04
15 048 | 026 | 31 | 258 | 031

4. Két luan

Qua qua trinh tinh toan va md hinh héa b loc trén phan mém matlab/simulink,
chdng ta ntan thiy véi cdu trac, phwong phap, thuit toan diéu khién di lwa chon cho
thdy b loc lam viéc rat tot (vé chi tidu chat lwong 6n dinh tinh, tdc d6 va chat luong dap
ung qua dg), dong dién sau khi loc c6 d0 méo dang dat dugc tiéu chuén cho phép cua
IEEE std 519 va IEC 1000-3-4, h¢ s6 congsuat PF co gia tri xap xi bang 1 ngh# 1a
CSPK d4 duogc bo loc bu mét lugng dang ké.
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