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Tom tat:

Song hai la mét trong cac van dé vé chat lugng dién nang trén lugi dién phan phéi can dugc quan
tam khi nguén dién mat troi (PV) dugc két néi véi ludi dién ngay cang tang. Bai bao da phan tich cac
trudng hop song hai dugc sinh ra tur PV lan truyén gilra lugi phan phoi trung va ha dp qua may bién
ap phan phoi (MBA). S6ng hai tir PV phia lugi dién ha ap lan truyén sang phia trung ap cla MBA vGi
muc d6 anh huéng nhé va tilé nghich véi cong suat ngadn mach ctia hé théng. Trong khi dé séng hai
tu phia trung ap sé anh hudng nhiéu hon téi lugi dién phia ha ap dac biét la khi phia ha dp co tu bu
va céng suat phu tai nho. Giadi phap bu ing dong theo phu tai phia ha ap cé thé lam gidm muic do
anh hudng cla su lan truyén séng hai ti phia cao ap, cai thién chat lugng dién nang ctia mang dién.

Tu khéa:

Dién mat trai, Lan truyén séng hai, May bién ap phan phéi, Bu cong suat phan khang.

Abstract:

Harmonics are one of the power quality issues on distribution networks that need to be concerned
when the connected solar photovoltaic (PV) sources are increasingly. The paper analyzed cases of
harmonics generated from PV propagating between medium and low-voltage distribution grids
through distribution transformers. Harmonics from the PV on the low-voltage side propagate to the
medium-voltage side of the transformer with a low degree of influence and inversely proportional to
the short-circuit power of the system. Meanwhile, harmonics from the medium voltage side will effect
the low-voltage grid, especially when the low-voltage side has compensating capacitors and low load
capacity. The solution of using dynamic reactive power compensation on low-voltage side can reduce
the impact of harmonic propagation from the high-voltage side which improves power quality.
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1. MG PAU trong nguén nang luong tai tao (gio, mat troi, sinh
. Aoy o _ 0/ x % .
Hién nay, viéc xdy dung hé théng dién khéng khO{) tar-lg 30,9 - 39,2% vao na’m 2030' [1]:.Cac
carbon véi ti trong cao cdc ngudn phat dién ty 1guon dién co quy mo cong suat 16n két noi lén
nang lugng tai tao dang 1a xu hudng cha dao trén  wdi dién truyén tai, trong khi cdc nguén dién vira
thé gidi. O Viét Nam theo Quy hoach dién VIII, ti  va nho két n6i vao khu vue ludi dién phan phoi

25



TAP CHi KHOA HOC VA CONG NGHE NANG LUQNG - TRUGNG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

trung 4p va ha ap, goi chung 1a ngudn phat dién
phan tan (DG) [ 2]. Mutc d6 tham nhap ngay cang
tang cua cac ngudn nay trong ludi dién phan phi
anh hudng t6i ton that cong suat, kha ning tai ctia
ludi dién va cac van dé vé chat lugng dién nang
[2-4]. Dbi v6i cac DG két ndi qua cac b bién doi
dién ti cong suat nhu dién gi6, dién mat troi sé
bom séng hai dong dién vao trong ludi dién [5].
Gidi han vé muc phat sinh séng hai va muc do
nhiéu song hai thuong duoc quy dinh trong cic
tiéu chuan va quy dinh cy thé [6, 7]. Song hai lan
truyén c6 thé ting cao ¢ nhiéu vi tri, ddc biét khi
ludi dién co két ndi cac bd tu bu cong suét phan
khang [8], va c¢6 xu huéng anh huéng nhiéu hon
vé phia phu tai véi mtc d6 phu thugc vao mé hinh
phu tai dugc st dung [9]. Nghién ciru lan truyén
song hai c6 thé dugc thuc hién bang k§ thuat quét
tan, tinh toan tong trd cac nit trén mién tan sb dé

tim ra cac diém cong huong [10].

Bai bao sé€ trinh bay phuong phap mo hinh hoa
ludi dién trong nghién ciru séng hai, tién hanh
nghién ctru phuong thic lan truyén ciia song hai
sinh ra tir cac ngudn dién mit troi phan tan (PV) tir
hai phia ctia may bién 4p phan phéi. Phan tich cac
yéu t6 anh huong toi mirc d6 lan truyén va dé xuat

giai phap han ché.

2.PHANTICH LAN TRUYEN SONG HAI QUA
MAY BIEN AP PHAN PHOI

2.1. M6 hinh phéan tich va hé sé lan truyén
song hai

Xét mot ludi dién phan phdi nhu Hinh 1, ngudn
dién mat troi phan tan (PV) duoc két ndi vao khu
vuc ludi dién trung ap va ha ap.

Khi xét anh hudng riéng cia mot ngudn séng hai
tdi ludi dién, ta xay dung mo hinh nhu trong hinh
2,1, vaZ la dong dién hai bac h dugc sinh ra va
tong tré hai twong duong cta cac phan tir khac, U,

1a dién 4p hai bac h tai diém két ndi ciia ngudn hai
v6i ludi dién. Phan ludi dién duge xét anh hudng
co U’ la dién ap hai bac h dugc sinhra, Z | 1a téng
tr¢ hai twong duong cua ludi dién duge xetva Z,
13 tong tro hai gitrta diém két ndi ngudn hai voi ludi
dién do.

H¢ théng

PV trung ap Tuba

PV ha ap

Hinh 1. So d6 mé ta luéi dién phan phdi cé
két ndi PV

Z()h U}, ZJTh u’ P
1 1
po, s

Hinh 2. Mé hinh phan tich lan truyén séng hai
Hinh 3 ¢6 thé 4p dung cho trudng hop ludi dién co
nhiéu nhanh két néi.
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Hinh 3. M6 hinh phan tich lan truyén

s6ng hai khi c6 nhiéu nhanh lién két
Gia thiét mo hinh nhu trong Hinh 2, song hai dién
4p ¢ hai phia may bién ap dugc tinh toan va so
sanh murc do lan truyén. Pé thuén loi, ta xay dung
hé s lan truyén cac thanh phan séng hai dién ap
nhu sau:

U, 12,

T, =—ft=—»=t 1
T, e+ 2] 0
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Céc dai lugng trong (1) déu 12 cac ham cua bac
song hai h, trong d6 tong trg thay thé ciia may bién
ap phu thudc bac song hai xac dinh theo (2).

Z, =R, Ah+jhX, 2)

voi R, va X ladién tr¢ va dién khang duoc xac
dinh tir céc thong s6 dinh muc cia may bién ap; h
1a bac song hai.

Trong khi d6, tong trd phan ludi dién song hai
lan truyén t6i Z 1, tuy thudc vao tung truong hop
ma c6 cac thanh phan tham gia khac nhau nhu hé
théng nguén, thiét bi bu, phu tai. Téng tré mo hinh

hoa cta cac phan tir dugc xay dung nhu sau:

+ Hé théng ngudn:

Z,=R +jhX,
1,05.U° a
X = 3)
Sk 1+a2
R =2
a

voi: U, (kV) la dién ap danh dinh cua hé thong;
S, (MVA) la cong suat ngan mach; a 1a ti s6 X/R
ctia hé thong; R, va X, (Q) la dién tré va dién
khang hé thdng & tan s6 co ban.

+ Thiét bi tu bu cong suat phan khang:

1
JjhoC

Zeoy = (4)
voi: C (Farad) la dién dung cta bd tu; w=2xf, tan
s6 co ban f=50Hz.

+ Phu tai tuyén tinh duoc mo hinh hoa gém dién
tré va dién khang song song, tong tré tuong duong
duoc xac dinh [9, 10]:

jRX

Ly =2 5
ldh R+]X ()
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U2 U2
o X=—"k=0,1.h+0,9;
P k.Q
P (MW) va Q (MVAr) la cong suét cua phu tai;

vO1: R=

2.2. Xay dung dac tinh lan truyén va cac yéu
t6 anh huéng

Dé xdy dung dudng dic tinh hé sb lan truyén, cac
thong s6 duogc tinh toan theo (2) téi (5) két hop
bién d6i so d6 theo Hinh 1 dé xac dinh duoc Zy,
Z, va thay vao (1), tinh toan gia tri T, theo ting
béc song hai.

Trudng hop khi xét lan truyén song hai tir phia ha
ap sang cao ap cia MBAthi Z,, =7, h¢ sO lan
truyén la:

Zsh

H C
Uh

(6)

trong khi lan truyén tir phia cao 4p sang ha ap thi
Z,=2.11Z,  hésd lan truyén la:

|ZCh'Zldh|
|ZTh (ZCh +Zyy, ) +Zg, 'Zldh|

Ty = (7)
Véi truong hop ngudn hé théng S, =50 MVA; MBA
phan phéi S ar = 400 kVA, 22/0,4 kV, U %=4,5%,
AP ,=2,5 kW, mang tai 80%, cog=0,85; Q,, = 30%
SAmT, hé s6 lan truyén tir (6) va (7) dugc xy dyung
nhu Hinh 4a va 4b.

C6 thé thay rang dién ap hai tir ha ap sang cao ap
ctia MBA s& ¢ gia tri rit nho (tiéu bién) (Hinh 4a),
va khi hé théng ngudn cang 16n, tirc Z , cang nho
thi 7, U’ZC cang nho. Trong khi d6, Hinh 4b cho thay
dién ap hai lan truyén tir phia cao ap sang ha ap ctia
MBA c¢6 thé bi khuéch dai & tan sb cong hudng,

phu thudc vao mirc tai va bu.

Dé phan tich cu thé hon, ta diéu chinh mtrc bu va
gitt nguyén mure tai 80% S, . Xay dung lai duong

dac tinh theo (7) véi ting bac hai va mirc bu Q.
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Két qua trong Hinh 5 cho thay khi thay d6i muc bu
Q,, tr 5% t6i 50% S, (11 mirc), cdc diém cong
hudng dich chuyén dan vé phia tin s6 thap.

(a}ic tinh lan truyén tir phia ha sang phia cao

0 5 10 15 20 25 30
Bac séng hai

(b)éc tinh lan truyén tir phia cao sang phia ha

L L L I
0 5 10 15 20 25 30

Béc song hai

Hinh 4. Duéng dac tinh lan truyén séng
hai tu hai phia ciia 1 MBA phén phdi

Hinh 5. Anh huéng ctia miic bu Q khi

phu tai khéng déi t&i hé sé lan truyén
Truong hop ap dung giadi phap bu ung dong, muc
bu Q,, thay ddi theo mirc tai (Hinh 6 véi 14 mirc
tai) thi diém cong huong dich vé phia tan sb cao.

3. MO PHONG VA PANH GIA PAC TiNH
LAN TRUYEN SONG HAITU PV

3.1. S6ng hai dic tinh tir PV

Song hai do PV sinh ra phu thudc nhiéu vao cong
nghé va phuong phap diéu khién bo nghich luu
(inverter), mtc d9 anh huong tdi ludi dién con phu
thudc vao ban than luéi dién, song hai nén, va murc
dd mang tai cua inverter [12]. Cac PV thuong su

dung inverter 2 mirc dién 4p va 3 muc dién ap diéu
khién bang phuong phap diéu ché do rong xung
(PWM — Pulse Width Modulation). Bén canh cac
song hai bac thap 5, 7,... thi song hai dic tinh khac
cua inverter g6m cac thanh phﬁn bac cao duoc xac
dinh phu thudc vao hé s6 diéu ché tan s6 m Y cua
song mang [5, 13, 14]:

h=jm,tk (®)

trong d6: j, k 1a cac 6 nguyén (néu j 1a 1é thi k chén,

va néu j chin thi k 1¢).

Hinh 6. Anh huéng ciia mic bu Q ting dong
theo phu tai téi hé sé lan truyén
Céc inverter PV ¢6 tan s6 dong cat 16n 1én t&i hang
chuc kHz (mf 16n), do d6 cac song hai bac cao
nhu (8) s¢ khong dugc xét toi trong cac khao xét
& phan nay do nhitng anh huéng 1 nhé nhu trong
phan tich trong muc 2.2.

3.2. M6 phéng va danh gia lan truyén qua
MBA phan phdi

Hinh 7 thé hién so d6 thay thé tinh toan song hai
cho luéi dién trong Hinh 1 (b6 qua day dan két nbi
giita cac phan tir): ngudn ludi dién phan phdi 35
kV 14 ngudn 3 pha déi ximg (khong c6 nhidu séng
hai) c¢6 cong suat ngian mach S, =250 MVA; PV
céc phia c6 mirc phat song hai <5%, pho hai ctia
inverter 6 xung; MBA 400 kVA, 22/0,4kV c6 U, %
=4,5%, AP, =2,5 kW; phia ha 4p bu cong suét phan
khang 16n nhat 1 120 kVAr; phu tai ¢6 S_..=320
kVA va cosep=0,85.
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Hinh 7. So d6 thay thé tinh toan séng hai

Trong so dd trén, cac dai lugng dugc mo ta trong
mién séng hai, trong d6 cac PV duoc md ta nhu
nhitng ngudén dong bom séng hai vao ludi dién.
Phuong trinh mo6 ta quan hé cac dai lugng duoc
thanh 1ap nhu sau:

L=Y.U, ©)

trong d6 Y, , 1, Uy 1a cac ma tran cac dai luong
vecto phirc tong dan, dong dién va dién ap cac nuat
O tung bac hai h.

Qua trinh tinh toan duoc thuc hién theo luu do
nhu trong Hinh 8 trén mién song hai [10] cho timg
truong hop mo phong.

Vi phan tich da dugc chi ra trong phan trude ta
tién hanh khao sat v6i 8 muc tai (10%-80% S )
trong cac truong hop sau: TH1 - bu ¢b dinh 30%;
va TH2 - bu ung dong theo phu tai. Két qua thé
hién dang song va pho hai dién ap hai phia cia

may bién ap nhu Hinh 9 va 10.

C6 thé thiy, khi dién ap tai ddu vao so cdp cua
may bién 4p c6 tong do méo nhod (<5%) thi dién
ap phia so cap bi méo dang nhiéu. Tuy cac thanh
phan séng hai riéng 1¢ bac thap 5, 7, 11, 13 bi ting
cao khong vuot qua gisi han (<3%) nhung tong do
méo dang van c6 nguy co vugt qui gidi han 6,5%
[8] trong truong hop THI.

RO rang muc d¢ gia tang d0 méo dang khi ap dung
bu ung dong theo tai (truong hop TH2) khong qua
16n va van nam trong gi6i han cho phép (Hinh 11).
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phu tai, bu
Khoi tao dién ap hé théng U,
dong dién ngudn PV

v

Gan Uo=[Us, Uy]

[Nhe_‘lp s6 liu: hé théng nguf”)n, MBA,J

Tinh ma trén tong

dan
Tinh U =[U1;Ua] tir (9) Cap nhat Yy ;
saiso = |U-Uo| Gin Up=U

sai

{

dung

Tinh toan hé sb lan truyén,
trich xuat dir liéu, hinh vé&

Két thac

i

Hinh 8. So d6 khéi mé phéng

g

(c) Phé hai U | (@) Phé hai U

H
" " | NTHTHTET . |I 1

Hinh 9. Dac tinh dién ap pha phia so cap va
thit cdp TH1 (khi b 30% va tai 80%)
Hinh 12 cho thiy rd hon h¢ s lan truyén cia ting
hanh phan song hai riéng 1¢ ing véi ting truong
hop mé phong. V&i muc bu 16n va khong doi, cac
song hai bac thap s& c6 hé s6 lan truyén 16n (Hinh
12a). Trong khi d6, mirc tai thap s& chiu anh huong
nhiéu hon véi hé sb lan truyén 16n ciia cac song hai
béc cao, tuy c6 bién d hai nho nhiing ciing anh

hudng lam ting tong 6 méo dang.
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Hinh 10. Dac tinh dién ap pha phia so cap
va thu cap TH2 (bu (ing ddng & muic tai 80%)
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Hinh 11.Téng dé méo dang séng U2(t)
khi phia so cap c6 séng hai

4. KET LUAN

Song hai do cac PV sinh ra lan truyén qua may
bién ap phan phdi (MBA) gy ra méo dang d6i vi
song dién ap & ca hai phia tuy mic d§ anh hudng
la khéc nhau.

Két qua cho thdy can tap trung nghién ctru song
hai tir phia trung ap lan truyén sang phia ha ap dé
c6 giai phap phu hop. Dic biét khi phy tai thap va
mirc bu cong sudt phan khang 16n thi anh huéng
s€ cang tang lén. Dung lugng bu phu hop véi muc
phu tai cdn phai duoc tinh toan k§ dé giam hé sb
lan truyén cua cac song hai bac thfip. Bén canh d0,
mac du cac song hai bac cao c¢6 bién d nho, nhung
do hé s6 lan truyén 16n ciing ¢6 thé anh huong lam

tang méo dang song.

(a) Trudng hop TH1

Hinh 12. Hé sé lan truyén dién ap hai
riéng lé trong cac truong hop
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