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Tom tat:

Bai bdo d3 xay dung mo hinh hé théng dién clia mot toa nha thuong mai hdn hdp. Cac phu tai sinh
hoat str dung dién 4p pha cé ddc tinh ngiu nhién vé tiéu thu cdng suét va phéat sinh séng hai. Su
khdng can bang gilta cdc pha lam xudt hién dong dién vai nhiéu thanh phan séng hai khac nhau
chay trong day trung tinh, trong dé I6n nhat la dong dién hai bac 3. B6 chan séng hai bac 3 da dugc
st dung trén day trung tinh cho thay hi€u qua ro rét. Trong khi d6 cac phu tai phi tuyén 3 pha I6n
nhu thang may, hé thong thong gié lam mat (HVAC) thudng dugc cap dién tap trung dudc mo
phong nhu la cac ngudn dién ap hai, phat sinh song hai bac 5 I6n. Giai phap don gian va hiéu qua
st dung bd loc don béc 5 d3 dugc lua chon dat tai thanh cai tdng ha ap vira giip giam dd méo lai cd
thé nang cao hé s6 cdng sudt. K&t qua clia bai bdo co tinh dinh hudng vé giai phap cho cac van dé
vé song hai trong cac tda nha cao tang.

T khoa:
S6ng hai, khdng can bang, bd loc séng hai, séng hai toa nha.
Abstract:

The paper has modeled electric power system of a complex commercial building. The residential
loads use phase voltage with random characteristics of power consumption and harmonic
generation. The imbalance between phases creates the current with many different harmonic
components flowing in the neutral wire with dominant third harmonic current. The third harmonic
trap has been used on the neutral wire showed an effective effect. Meanwhile, large non-linear 3-
phase loads such as elevators, Heating-ventinating and air-conditioning (HVAC), which are usually
centrally supplied, are simulated as sources of harmonic voltage, generating large fifth-harmonic
generation. A simple and effective solution using a single tune fifth filter located at the low-voltage
total busbar has helped reduce distortion and can improve the power factor. The results of this
paper are directional in addressing the problems of harmonics in high buildings.
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1. MO AU

Hién nay, ciing va&i nhu cau phat trién cua
x& hoi, viéc sir dung cac thiét bi dién tu
cng suét trong san xuit ngay cang nhiéu.
Dic biét ddi véi cac toa nha thuong mai
hdn hop, cac thiét bi dién sir dung cac bo
chinh luu va nghich luu ngay cang tang
Ién do nhitng y&u cau cao trong van hanh,
khai thac thiét bi véi higu suat cao nht.
Diéu nay dan t6i mac do phat sinh séng
hai ciing kha cao [1-6]. Tham chi & nhiing
thiét bi nhu dén compact, dén huynh
quang, may vi tinh, 10 nudéng... da giy ra
song hai lam anh huéng nghiém trong dén
chat lugng dién ning cua toan toa nha, va
néu khdng han ché tét s& anh huong Ién
phia trén ludi hé théng [7].

Nhiéu giai phap nhu bd loc thu dong va
tich cuc,... diéu hoa dién ap va dong di¢n
cling da duoc dé cap. Tuy nhién, viéc xac
dinh céc loai ngudn phat sinh séng hai va
vi tri cia n6 trong hé thong dién s& quyét
dinh chang loai thiét bi loc, va ngan chan
song hai phu hop [8-10].

Hién tai, trong nuéc van dé séng hai trong
tda nha cao tang ciing da va dang duogc
quan tdm nhiéu. Tuy nhién cac cong trinh
nghién ciru duoc cong bé con han ché, va
thudng tap trung vé danh gia anh huong,
cling nhu giam ton that [11] véi su két
hop cua tu bu cose.

Dé hiéu rd hon vé dic diém soéng hai cua
nhém phu tai trén trude khi thuc hién cac
noi dung vé do dac va danh gia, buéc md
phong vé dbi twong la quan trong va can
thiét dé giam thiéu chi phi danh gia va dé
xuat phuong an. Trong cac phan tiép theo,
cac ngudn gay song hai s& duoc md

phong st dung céng cu Matlab/Simulink,
mo6 phong céac giai phap dé giam trir anh
huong cua chung trong luoi dién.

2. SONG HAI KHONG CAN BANG

Mot dic diém cua hé théng dién toa nha
thwong mai hdn hop 1a sy mét can bang
pha do lugng phu tai mét pha I6n. St
dung ly thuyét vé cac thanh phan déi
xing dé phan tich mot hé 3 pha khong doi
xung (abc) thanh 3 hé d6i xing (012):

e Thu tu khdng (0): gdm 3 vecto bing
nhau vé bién d¢ va tring pha nhau;

e Thu tu thuan (1): gom 3 vecto co bién
d6 bang nhau, léch nhau 120° dién, thir ty
pha trung vai thi ty pha abc.

e Thu tu nghich (2): gém 3 vecto c6 bién
d6 bang nhau, léch pha nhau 120° dién,
tha tu pha nguoc véi thir tu pha abc.

Vi cac song hai dong dién 3 pha:

i (1) =1,,c05(05t +,,)

iy (1) = Ibhcos[h(a)ot —120°)+¢bh] (1)
i (1) = Ichcos[h(a)ot+120°)+ Ch]

Iah4¢ah

Mo ta theo dang ma tran c6 dang:
| Z(—N120° + 44, )
£ (h120° + ¢, )

| 1 1 1
{IS:}zll a a’
L] 3[1 a® a
()

trong d6 a=1,120° va a* =1/-120°.

Te (2), gia st 3 pha dbi xuang
Ly =l =1,=1,, néu cac song hai
h=3n+1 thi chi c6 1, =1,244,, voi cac
s6ng hai h=3n-1 thi chi c6 I,, = 1,24,
va v6i h=3n thi chi c6 I, =124 ;
trong d6 n =0, 1, 2,... Truong hop 3 pha
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khong dbi xtng, dong hai thir tu thuan -
nghich - khdng s& ¢ thé c6 cac song hai
khac xuét hién trong day trung tinh [10]
ngoai cac song boi 3.

3. CAC NGUON PHAT SINH SONG HAI
TRONG TOA NHA

Céc phu tai trong tda nha thuong mai hon
hop duoc phan loai bao gébm cac phu tai
chiéu sang, van phong, sinh hoat, thang
may va hé thong théng gid, lam mat
(HVAC).

Véi nhitng toa nha xdy dung mdéi, dén
chiéu sang c6 thé s dung dén huynh
quang c6 chan luu dién ti, dén compact,
hodc dén led c¢6 dang song dong dién co
d6 nhiéu song hai cao, nhu hinh 1 va 2.
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Hinh 1. Séng dong dién ctia mot sé loai dén [2]
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Hinh 2. Phd séng hai ctia mét dén compact [4]
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Mach chiéu sang thuong 1a mach 1 pha -
trung tinh, cing véi cac thiét bi phi tuyén
khac trong nhdm phu tai sinh hoat. Ngoai
cac phu tai dén con c6 cac phu tai phi
tuyén khac nhu ta lanh, 10 vi song, bép tu,
diéu hoa, tivi, bo sac pin, may vi tinh...
[2] Viéc di chung day trung tinh cua cic
thiét bi nay s& dan toi dong hai trong day
trung tinh ting cao c6 thé gay phét nong.
Cac thiét bi dién dan dung phi tuyén chira
c4c phan tir dién tir nhu dong co, may
bién 4p (nhu trong ti lanh, didu hoa).
Nhiéu dong dién phu thugc vao thiét ké
cta dong co va thay doi theo cap dién ép.
Cac tai phi tuyén nay duoc md phong nhu
la cac ngudn bom dong dién hai.

Trong khi d6 cac phu tai 3 pha I16n nhu
thang may, HVAC thuong duoc cap dién
tap trung tir ta dién c6 cong suat 1on.
Chung c6 dic diém phat sinh séng hai
khéc vai phy tai 1 pha nén anh huong caa
ching ciing sé khac [4]. Cung véi cac
thiét bi phi tuyén khac, ching duoc mo
phong nhu 1a cac ngudn dién &p hai.
Trong d6 c6 bo chinh luu diét vai bo loc
tu dién phia dau ra DC, két ndi giira phu
tai dién tir voi ludi AC (b6 ngudn chuyén
mach SMPS). Véi loai mach nay xuat
hién chu yéu trong tat ca cac phuy tai phi
tuyén dan dung va thuong mai nhu 1a may
vi tinh, man hinh, ti vi, chan luu dién ti
cua dén huynh quan, bg sac pin...

4. GIAI PHAP GIAM TRU SONG HAI
4.1. Chan sb6ng hai bac 3 trong day
trung tinh

Trong mang dién tda nha, mach cip dén
ta dién céc ting thuong 1a mach 3 pha véi
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cong suat vai chuc dén traim kW. Trong
pham vi cac tang, chi c6 phu tai mot pha
la chinh, chung c6 phat sinh song hai nhu
dd phan tich, va kha ning cin biang cac
pha 1 rit khé thuc hién, xuit hién dong
dién trong day trung tinh.

Vas Ry Ly o Rectifier
Van Va_in SI\;_PS
s Ry Ly Ty Rectifier
Vy ;i +
—{ SMPS
vl’.‘S Rr.‘.\' Lr.‘.': '['-'_‘ (13 3
* : - Rectifier
f=====——- ¥ V(.‘_l‘ﬂ + .
: R, : SMPS
: '
C G
0 —t—if 0
= E L, I:Nf:utral 3rd Harmonic

1Blocking Filter

Hinh 3. So’ d6 dau ndi NCF vao day trung tinh

Bén canh d6, cac thanh phan song bac 3,
va tat ca cac song hai khéc 1a boi s cua 3,
cua dong dién day déu cung pha véi nhau,
téng cua chung s& 1a mot gia tri 16n. Mot
giai phap duoc dé ra dé han ché anh
huong caa n6 1a bo loc khoa thanh phan
bac 3 trong day trung tinh (NCF - Neutral
Current Filter) [9]. NCF duoc dit ndi tiép
v6i day trung tinh tr may bién ap dén
ta dién tang hoic trung tam tai. N6 duoc
dat tai ti dién tang dé chan dong dién
hai bac 3 chay trong day trung tinh. NCF
tao ra mach LC cong hudng song song
VGi téng trg vo cung Ion & tan sé 3fy.
Théng s6 mach LC caa NCF c6 thé tinh
toan nhu sau:

c_Q

=
wU?

(3)

B loc thu dong

Loc thu dong bao gébm cac phan tir R, L,
C duoc ghép ndi véi nhau va duoc lya
chon cho mét tan sé loc xac dinh. Nguyén
ly lam viéc cua bo loc loai nay la tao ra
mach ¢6 téng tré vo cling nho & tan s can
loc dé song didu hoa & tan s6 do "chay" ra
khoi hé théng.

1 C TCI
L
L
R & J Iy
(a) Bo loc don {b) B§ loc dbi

Hinh 4. CAu hinh bd loc don va déi

Trong cac cau hinh bo loc, bd loc don va
loc d6i thuong duoc lya chon vi ¢6 uu
diém 1a két cau don gian, van hanh 6n
dinh. i véi bo loc thu dong don, loc
mot bac song hai h dugc thiét ké dé co tan
s6 cong huong la :

X 1
f — f . Cl —
° \f X, 2zJLC “)

Hé s6 chat luong cua bo loc:

hol 1 1 [L
" R  heRC R\C
5. MO PHONG VA DANH GIA KET QUA
M6 hinh mé phong cua hé thong dugc thé
hién nhu trong hinh 5. Hé thong dién cip
22 kV, ¢Ong suat ngan mach diém dau la
30 MVA cép dién tgi may bién ap (MBA)
2000 kVA, 22/0,4 kV cua toa nha. Phia
sau MBA c6 cac phu tai: 3 pha tuyén tinh,
phi tuyén 1 pha va phi tuyén 3 pha.

q (5)
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Phu tai sinh hoat 1 pha cua cac ho gia
dinh dugc md phong theo so do két day
cua hé théng dién cin ho. Céc phu tai la
cac ngudn phat sinh séng hai duoc mo ta
la xép chdng cua cac song hai nhu trong
hinh 6. Trong d6 dac tinh song hai dugc

(ISSN: 1859 — 4557)

mo phong nhu mo ta trong muc 2 theo
[4]. Pé dam bao tinh tong quét, sy Xxuat
hién cac bac song hai va d6 Ion caa chdng
dugc md ta véi cac gia tri ngau nhién. Két
qua md phong cho thdy phd hai sat véi
két qua thyc nghiém trong [4] nhu hinh 7.
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Hinh 5. So* d6 mé phoéng hé théng dién
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r
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Tong tro day (Ohm})
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Cong suat phu tai
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e

Hinh 6. M6 hinh phu tai dén compact

Cac phu tai phi tuyén khac caa nhom
dong co, phu tai trong trung tam thuong

mai... dugc mo ta qua bo chinh Iuu diot 3
pha va mot pha.
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Dang song ngau nhién cua phu tai sinh
hoat 1 pha c6 thé thdy nhu hinh 8 véi du
céc thanh phan séng hai béc 3, 5, 7,...

Déi voi cac phu tai phi tuyén khac cip
dién tir cac bo chinh luu cu diot, dang
song dién hinh nhu hinh 9 véi nhiéu bac
song hai nhung chu yéu 1a bac 5 16n nhat.

Tir hinh 11 ¢6 thé thiy dang s6ng dong
dién c6 d6 méo lén va xuét hién sy mat
can bang gitta cac pha. Chinh su khéng
can bang nay lam cho dong dién trong day
trung tinh xuat hién cac song hai bac 5,
7,... bén canh cac thanh phan hai boi 3.

500 :;

<
I °
. 1 & oA ~
0.525 0.53 0.535 '508.5 o.r55 0.6
—:Fé;nm,-mn . : 7 Time (s)
|, : THD= 192.2677 %, 11=100%, 13=174.0841%
%’so S
° )
: II|||. ____________
15 20 25 =
Bac song hai S N .
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Hinh 7. Phd hai dong dién dén compact Harmonic order
mod phéng . , . 2 e s ‘n
Hinh 10. S6ng va pho hai dong dién
—FFT analyos trong day trung tinh
Fundamental (50Hz) = 655.7 , THD= 16.05%
12 Tu nhtng phén tich trén, ta lya chon 2
E 10 giai phap dat bo loc chan séng hai bac 3
g s trong day trung tinh va bo loc don bac 5
[ind . - 2
5 ® tai thanh cai tong.
o 4 N .
: ‘ ‘ Vi khong c6 yéu cau vé cong suat phan
o ||.|...,.,,.,. khang, ta chon loai tu 1 pha 5 kVAR,
0 10 20 30 40 A \ ’ , J4 A =
Harmenic order 230 V dé tir do6 tinh toan ra bo loc chan
Hinh 8. Phé hai dong dién 1 pha phu tai bac 3 vdi khang dién 3,54 mH, hé so chat
sinh hoat luong q = 40.
e Fundamental (50Hz) = 97.66 , THD= 31.74% Bo loc don bac 5 duoc tinh toan dua trén
_® muc cong suit phan khang bu. Mach loc
g A » ~ 7 N ‘A
g 2 don LC khi cong huong s€ c6 dong dién
g5 tang 1én rat 16n va do d6 c6 thé gay qua
S 10 tai. Vi vay trong thuc té nguoi ta chon
g s - ang dé tan sé cong hud an sat nha
g khang dé tan so cong hudng gan sat nhat
o L L ‘ Lol Véi tan s6 séng hai can loc, tac 1a:
0 20 30 40
Harmonic order
2 0 XCl XCl
Hinh 9. Pho hai dong dién 3 pha phu tai > [—==h> [ (6)
phi tuyén X X
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Véi by loc bac 5, h = 5 ta cd6 anh huong (loc) séng hai bac 5 ma khong
X, >4%X,. Nhu vay dé giam thiéu Gy qua tai cho mach loc thi c6 the chon
khéng 6%.
1000‘ T T T
@ 500_ B W - ........ N W § Cfo N |
E o- / . | Y
£ -soo—J ! f J
-100 I 1 I I |
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10 107 |
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o i
2 5 5 di
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Hinh 10. Séng dong dién va phd hai dong dién téng
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Harmonic order Harmonic order Harmonic order
Hinh 11. Séng dong dién va phd hai dong dién téng sau bu
- Két qua sau khi dat bo loc ta c6 dang song
< va phd hai dong dién tai thanh céi tong va
()]
3 oy, trong day trung tinh nhu hinh 12 va hinh
£ 13. C6 thé thay phia sau bo loc chin song
85 052 054 056 058 06 bac 3 thi cac thanh phan hai boi 3 da giam
Time (s) . X , 2 ~ , \ cA ,
| : THD= 49.5223 %, 11=100%, 13=11.6181% di rat ‘nho.‘Tong do méo dong dién cac
< 100 pha déu nam trong qui dinh cho phép
2 [12].
2 50
j=3 < =
g 6. KET LUAN
ol L. .. '
0 5 10 15 20 25

Harmonic order

Hinh 12. Séng dong dién va phd hai dong dién
day trung tinh sau bu

Song hai phat sinh trong cac toa nha
thuong mai hén hop do cac phu tai phi
tuyén str dung nhiéu thiét bi dién tir cong
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suit. Do dic diém vai nhiéu phu tai mot
pha, kha ning can bang la khé duge dam
bao, diéu d6 din téi sy xuat hién nhiéu
thanh phan séng hai khac bén canh séng
hai boi 3 trong day trung tinh.

Bai bao da xay dung md hinh cua mét toa
nha véi céc loai phu tai khac nhau, dam
bao tinh ngau nhién trong tiéu thy cong
Suit va phat sinh séng hai. Giai phap giam
trir anh hudng cua song hai dugc lya chon

trén quan diém don gian, hiéu qua da
dugc dé xuit nham giam thiéu anh huong
cua chang trong day trung tinh; loai tru
thanh phan séng hai cé bién do6 16n véi bo
loc don.

Két qua cho thay hiéu qua giam song hai
rd rét lam co so cho viéc nghién cau cac
vi tri dit khac nhau dé dat duoc yéu cau
cta don vi van hanh hé théng dién.
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hoc Bach khoa Ha Noi vao cdc ndm 2003 va 2010. Ndm 2015 nhén bang Tién si
nganh hé thng dién va tu dong hda tai Truong Pai hoc Dién luc Hoa Bic, Bac
Kinh, Trung Qudc.

Linh vuc nghién ctu: chat lugng dién nang, (ng dung dién tr cong suat, do tin cay
cla hé thdng dién.
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