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Toém tat - Mot cau héi thuong xuyén ddi véi cac ky sw dién: Loai
cong nghé nao nén duoc st dung cho dy an cla ho - duong day
trén khong hay cap ngam. Nhirng nam gan day, viéc st dung céap
ngam cao ap trong hé théng truyen tai & cac nuwoc trén thé gidi
trong d6 c6 Viét Nam tré nén phd bién hon vi nhirng loi ich ma
né mang lai. Trong bai béo nay, tap trung phén tich mé phdéng va
danh gia sy anh huong clia cap ngam dén van hanh hé théng
dién. Cac két qua dwoc md phong trén phan mém Digsilent/
Power Factory. Trong phan mém nay, cac phwong trinh ndt dwoc
st dung dé& biéu dién cho cac mang duoc thuc hién béng
phwong phap Newton- Ramphson c6 dién.

Tir khéa - Cap ngdm; XLPE; t&n thét dién ap; tdn thét cong suét

1. Pat vin dé

Pién ning 1a ngudn ning luong dong vai trd quan
trong trong qué trinh san xuat, phét trién kinh té xa hoi.
Heé thdng truyén tai dién nang st dung cac duong day trén
khong dé cung cap dién dén nhiéu cong trinh, cic khu
cong nghiép, dap ng sy phat trién nhanh cta dét nudc.

bién nang dugc tao ra & cac nha may dién dugc truyén
tai qua cac hé thdng nhu may bién ap, duong day dién va
céc thiét bi khac, trudc khi dén véi cac ho tiéu thy, nguoi
sir dung. Thuc té, tong luong dién ning phan phdi dén
khéch hang ludn thap hon tong lwong dién nang duoc cac
nha may dién tao ra. D6 1a do c6 ton hao trong hé thong
va su khac biét vé luong dién niang nay dugc goi la tén
that do truyén tai va phan ph01 Thong thuong, trong tong
ton that dién nang tiéu thu de phuc vy cong nghé truyén
tai gdm khoang 65% tiéu ton trén duong day, 30% trong
may bién ap, con trong cic phan tir khac cia mang dién
(cudn dién khang, thiét bi bu, thiét bi do luong) chiém
khoang 5%.

Tir d6, nganh dién khong nhimg can phai cung cap
dién nang day du ma con phai nghién ctru, ap dung cac
giai phap méi dé giam ti 1& ton that dién ning xudng murc
hop 1y nhim nang cao hi¢u quéa trong qua trinh san xuat,
kinh doanh. Trong d6, viéc dua cap ngam vao véan hanh la
mot giai phap hiéu qua dé giam ton that dién nang, nang
cao hi¢u qua van hanh.

Xu hudng st dung hé thong truyén tai dién bang cép
ngam cao ap dbi vi mot 6 nudc trén thé giéi da ting
rat manh trong nhitng nam gan day nhu thé hién & Hinh
1. N6 ciing thé hién mot xu hudng méi cia thé gioi doi
voi hé théng dién hién dai vi nhiing loi ich lau dai cta
viéc st dung cap ngam cho hé thong truyén tai [1].

Abstract - It is a frequent question for electrical engineers: what type
of technology should be used for their project - overhead line or
underground cable. In recent years, the use of high-voltage
underground cables in transmission systems in countries around the
world, including Vietnam, has become more popular because of the
benefits it brings. In this paper, focus on simulation analysis and
assessment of influence of underground cable lines for high voltage
on the behavior of electric power system. The results were simulated
on Digsilent/Power Factory. In this software, the nodal equations used
to represent the analyzed networks are implemented by using
Newton-Raphson (Power Equations, classical) method.
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Trong nhimg ndm gén day, cung v&i sy phat trién nhanh
clia dat nude da hinh thanh rat nhidu thanh phd 16, dan
cu dong duc, véi nhidu cong trinh va toa nha cao tang,
va dic biét 1a viéc doi hoi yéu cau vé thdm mi cua cic
thanh phé hién dai thi viéc xay dung cac duong day
truyén tai cao ap trén khong gip nhleu khoé khan. Do dé
viéc xdy dung cdc duong day truyén tai dién cao ap béang
hé thong cap ngam da tré thanh mot phan tit yéu cta cac
hé théng dién hién dai trong cac thanh ph trong do6 c6
D4 Nang.

Trong bai bao nay, cac ché d van hanh cta ludi dién
110 kV Pa Ning dugc nghién ciru khi ¢6 su két ndi cua
cap ngam cao thé & mot sé khu vuc trong ludi dién. Két
qua mo phong duoc so sanh, danh gia dé cho thiy su anh
huong cua cap ngﬁm cao thé dén sy van hanh cua heé
thng dién. Cac két qua dugc mod phong trén phan mém
Digsilent/ Power Factory. Trong phan mém nay, cac
phuong trinh nat duge st dung dé biéu dién cho cac mang
duogc thuc hién bang phuong phap Newton- Ramphson ¢b
dién [2].
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2. Céu triic cip ngam
2.1. Ciu triic

Cép la day dan dién mém dugc boc cach di¢n va boc
vO kim loai hoac wvat liéu polymer dé ngan chén cac tac
dong bén ngoai doi véi cach dién nhu chénh légh do cao,
ngam trong nudc,... Chung phai chiu sy thay d6i nhiét do
l6n do dong dién lam viée va diéu kién nhiét d6 moi
truong. Khi da dugc lap dat xong, cap phai van hanh tin
cdy trong nhicu thap nién.

Chu tao cua cap g6m moét (hay nhiéu) ddy dan chinh
(181), cach dién doi voi dat va gitra céc 16i v6i nhau, vo kim
loai va cac 16p v6 boc bao vé nhu thé hién trén Hinh 2.

Loai cap kh6 dung cach dién polymer XLPE
(polyethylen mach vong) ding cho muc dich truyén tai dugc
nghién ctru vao nhitng ndm 60 cua the ky XX. Loai cap nay
g6m 161 bang dong hodc nhém bén vdi cach dién ep va dugce
bao vé boi 16p vo kim loai va 16p boc chong an mon [3].

1-Core

3dnsulator (XLPE) 2-nternal semiconductor sheath

4-External semiconductor sheath

S5-Metalic sheath

7-Metalic shielding

8-External sheath

Hinh 2. Cdu tric cdp
1- Loi dong; 2- Lop ban dan dién trong; 3- Cach dién XLPE;
4- Lop ban dan di¢n ngoai; 5- Man chan kim logi; 6- Bang

chong tham; 7- Vo kim loai; 8- Lop vo ngoai cung bang PVC

2.2. L6icap
Muc dich cua 15i cap 1a truyén tai dong dién véi ton

that thap. D61 vai 161 cap duge bén, tiét dién 1a khong dic
va diéu nay dugc bu bang cach ting dién trd sudt cua day
dan. Puoc thuc hién béng cach tinh toan lai dién tré suét
nhu sau [4-5]:

, r’r

p@=ﬂﬁ;pﬂ 1)
: r’

Py = RDc-l_ﬂ-[Qm] )

Trong d6, p la dién trd suit cua 16i dan, ry 1a bén
kinh thyc € ciia 15i, A 1a mit cit ngang danh dinh di¢n
tich cua day dan, | 1a chiéu dai 1 km, Rpc la dién tr6 DC
trén 1 km chiéu dai cia day dan.

2.3. Lop cach di¢n bén trong

Muc dich cua 16p cach dién nay 1a dam bao khong co
moi lién hé vé dién gilra hai thanh phan mang dong di¢n
cua cap la 161 va vo.

Anh huéng cua cac 16p ban din /dugc tinh toan mo
hinh hoéa 16p cach di¢n. Cac thong so cta 16p cach dién

dugc mo rong dé bao gdm cac 16p ban din, va hang sb
dién moi dugce tang 1én nhu sau:
In(r, /1)
= Cins T A\
In(b/a)

Trong d6, & la hing sb dién moi twong ddi cua 16p
cach dién, b va a 1a ban kinh bén trong va bén ngoai cua
l6p cach dién, ry, r2 1a ban kinh bén trong cua vo va ban
kinh bén ngoai ctia day dan.

3)

Tu truwong doc truc li€n quan s€ gay ra hi¢u tng dién
tir, lam tang tong dién cam. Mat do tu thong gay ra bdi
hiéu (tng dién tir dugc tinh boi céng thire sau:

Bsol (r) :/uins,r:uoNzl (4)
Trong d6, f4,,, 1a do tir thim tuong ddi cua cach dién

va N 1a s6 vong mdi mét cuia cap. Pién cam dugc cho boi
cong thuc:

L= /uins,r/uo N Zﬂ.(rZZ - r12) (5)
va i = L +&.2ﬂ2N2(r2—r2) (6)
ins,r ins,r In (rz / rl) 2 1

2.4. Tro khang ciia cap

Bing viéc ap dung dinh luat Kirchhoff vao mach thay
thé twong dwong cua cac phan tir cap nhu & Hinh 3 [6-7],
¢6 thé tinh dwoc dién ap v(x, t) va dong dién i(x, t). Néu vi
phan chiéu dai dx dugc xem 1a nho va bang cach str dung
su phu thudc vao tan sb, phuong trinh truyén séng diéu
hoa theo thoi gian:

2 (v (x0)=[2(@) (1 (x))
2 (1(x,0) =[Y (@) ]V (x0))

Phuong phép cac thanh phan song duoc thé hién & cong
thirc (7). Trong d6 chudi két ndi cac thanh phan dudng day
dx dai dién cho cap truyén tai. Phuong phap nay duoc sur
dung dé tim cac nghiém V(x, w) va I(x, ») bang viéc két
hop cac dao ham dong dién va dién ap trong (7):

w)=rV (x,0)

()

62
yv (x,
2

%I(X,a))=72|(x,a)) (8)

[2][Y]=a+ip

Trong d6, a 1a d9 suy giam cua song, f 1a hang s6 pha,
y 1a hang s6 truyén song.

Ldx
R Py ifcedet)

Cr Y o O
* +

v{v,t) v(x+dx,t)

Hinh 3. Mach tuwong dwong ciia cdc phan tir cdp
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2.5. Sw phin bo cong suit
So d6 thay thé tinh toan cho duong day [8]:

Hinh 5. So d6 thay thé tinh todn cho dwong ddy
Cong suat phan khang do dién dung cudi dudng day:
|

JQCl Jch -bo-z (9)

Cong suat cudi tong trd Z cua duong day:

S, =5, +(-AQc,) =P +JQ (10)
Dién ap dau ngudn:

U,=U,+AU (11)
Tén that dién ap trén duong day:

P'R "X
AU% = L REQX g 0004 (12)

dm

3. M6 phéng anh huong ciia cip ngim

Trong bai bao nay, ludi dién 110 kV Da Ning nhu thé
hién ¢ Hinh 6 dugc mo phong trong phan mém Digsilent/
Power Factory dé danh gia sy anh huong cua cap ngém
cao ap dén cac ché do van hanh ludi dién. Phan mém nay
sir dung phuong phap Newton- Ramphson c¢6 dién dé giai
quyét tinh toan trao luu cong suit véi phan mo hinh hoa

cap ngdm nhu di trinh bay ¢ phan 2.

Luéi dién dugc md phong theo 3 trudng hop sau:

Truong hop 1: So d6 luéi dién st dung toan bo
duong day trén khong

Truong hop 2: So d6 ludi dién dugc thay thé bang
mdt doan cap dai 5,549km tir cot H17 dén E11.01 (vi tri 1
trén Hinh 6)

Truong hop 3: So d6 luéi dién c6 hai doan cap: mot
doan dai 5,549km tur cot H17 dén E11.01 (vi tri 1) va mét
doan céap dai 3,1km tai Chi Lang (vi tri 2 trén Hinh 6).

3.1. Tén thit di¢n dp trén dwong diy

Kég qua tinh toan ton ’thét dién ap cua mot s6 duong
day dién hinh dugc tom tat ¢ Bang 1. K&t qua m6 phong
cho thdy, ton thit dién ning thuong cao hon do6i voi
duong day trén khong so v6i cap ngam tuong dwong vé
cuong do. Nguyén nhan chinh 1a do ton hao Joule dbi voi
cap ngam thap hon nhi€u do tong dién tich tiét di¢n day
dan day hon.

Bing 1. Tén that dién dp trén duwong ddy

£ \ A Truong | Truong | Truong
STT Tuyén duong day hop 1 hep 2 hop 3
1 [220kV Ngi Hanh Son—| 4 194/ | 118KV |1,17kV
An Don
o [200kVDaNang=Bien | 4 59/ | 155KV | 1,20 kv
Nam Dién Ngoc
110kV Ngii Hanh Son —
3 |bien Nam bien Nage | LKV | 111KV | 106 kv
4 |?20kV Ngii Hanh Son—| 6 29 1/ | gggkv | 047 KV
Hoa Xuéan
5 |500kV Da Ning— H17 | 1,56 kV | 1,53kV | 1,39 kV
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14 Nguy&n Hdng Viét Phuwong, Nguyén Thanh TG, Nguy&n Thi Thay Dung, L& Anh Thw

Vi khi thay thé duong day trén khong bang cap, hiang
s0 dién moi cia cap lon, khoang cach gilta cac pha cia
cap nho hon so voi duong day trén khong thi:

Cep > Cuoy (13)
Va Q, =%Udm2.w.C.I (14)
= QCcap > chay (15)

Két hop voi cong thirc (12) cho thiy ton that dién ap
trong hé thong toan duong day trén khong 16n hon trong
hé thdng da dwoc thay thé bang cac doan cap [7].

O day, ton thit dién ap tai tuyén duong diy tir tram
500kV Pa Ning dén Pién Nam Dién Ngoc 14 16n nhit va
tuyén 220kV Ngii Hanh Son dén Hoa Xuan 13 nho nhat vi
phu thudc vao chidu dai dwong day, twong tmg la

15,568km va nho nhét 1a 3,012km.

3.2. Tén thit cong sudt trén dwong diy

Bing 2. Tén thdt cong sudt trén dwong ddy

PO A Truong Trudng Truong

STT | Tuyén duong day hop 1 hop 2 hop 3

1 |?20kV Ngi Hanh| 0,13 + 0,11 + 0,04 +
Son — Hoa Xuan | j0,23 MVA | j0,19 MVA |j0,12 MVA

, [500kV Da Ning -| 0,53+ 0,24 + 0,18 +
Hoa Xuan j4,49 MVA | j4,43 MVA |j4,51 MVA

3 220kV Ngi Hanh| 0,09 + 0,05 + 0,03 +
Son — Lién Tri j0.14 MVA | j0,08 MVA |j0,08 MVA

4 |500kV Da Ning -| 0,56 + 0,42 + 0,43 +
Lién Tri j3,91 MVA | j3,98 MVA |j3,86 MVA

Ké‘g qua tinh toan ton ‘ghét cong suat ciia mot sb duong
day dién hinh dugc tom tat & Bang 2. Nhu da chirng minh
tai (13), (14) va (15):

QCcap > QCday

va tir cong thire (10) suy ra:

S’ <S'

1day

AP < AP,

day
Va AQ 'mp <AQ ‘may

Vi vay, viéc la'ip dat thém cac doan cap ngém da giup
cho hé thong giam duogc ton that cong suat phan khang va
cong suat tac dung.

1cap

3.3. Ngdin mach

Dé so sanh anh huong cua cap ngdm dén su cd ngin
mach, hé théng dugc mo phong diém ngén mach tai vi tri
cubi tuyén duong day tir cot H17 dén E11.01 dai
5,549km. Vi tri diém ng'fm mach dugc thé hién trong Hinh
7. Cong suat ngan mach va dong dién ngan mach duoc
thé hién ¢ Hinh 8 va Hinh 9.

Nhu duge biéu dién trong Hinh 8 va Hinh 9, vi dudng
day trén khong co tré khang 16n hon cép ngdm nén cong
suat ngin mach va dong dién ngin mach nén cac gia tri
nay trong truong hop 1 nho hon dang ké so véi so do ludi
dién duogc lap dat thém cap ngdm trong trudng hop 2 va
truong hop 3.

H17 E11.01"%

AC240
0.509km

AC240
3.02km

AC185
0.075km

AC240
3.63%km

CAP NGAM 3xM
(1X1200)-5.549km

b
500KV e 0
DA NANG 17 _ﬁ lp NGO :ionlﬂ’sw
S0 o
22KV e
LIEN TR HOA XUAN
Hinh 7. Vi tri diém ngdn mach
1980 nSk"(MVA)
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1920
1900
1880
1860
1840
1820
1800
1780 \ ‘
Truong hop 1 Truong hgp2 Truong hop 3
Hinh 8. Céng sudt ngdan mach trong 3 truong hop
10.4 BAD(7N E—
10.3
10.2
10.1
10
9.9
9.8
9.7
o l
9.5
9.4 \ \
Truonghop 1 Truong hop2  Truong hop 3

Hinh 9. Dong dién ngdn mach trong 3 truong hop

4. Két luan

Tir cac két qua mo phong da thu duge trong nghlen
clru nay, ta nhan thiy ring viéc 4p dung cap ngam vao
van hanh hé thong dién sé€ c6 nhitng tac dong tich cuc dén
trao luu cong suat nhu giam dugc tdn thét dién ap, ton
that cong suat. Pay 1 cac van dé quan trong ma nganh
dién dang tim cach khéc phuc, giai quyét. Giam céc gia tri
tén thit nay s& dem dén cho khach hang ngudn dién tin
cdy, chat lugng. Viéc dua vao su dung cap ngim s€ lam
tang gia tri dong dién ngin mach, tuy nhién xac suét xay
ra sy ¢0 trén cap ngam 1a rat thap so voi duong day trén
khong nén van d& nay khong lam giam wu thé vé mit k§
thudt ciia cap ngam so voi duong day trén khong.

C6 mot sb van dé khién lya chon cap ngém kh6 khan
hon vé mit k¥ thuat va ton kém. Tuy nhién, bat chap chi
phi va thach thirc ky thuat, c6 nhitng truong hop ma céap
ngam 13 lya chon wu tién hon so v&i dudng day trén khong.
Ngoai ra, viéc ngam hoa ludi dién con giam thiéu tdi da sy
cb mat dién do thién tai, sét danh, cay dd ngi,... gy ra.



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 19, NO. 5.2, 2021 15

Dong thoi nang cao tinh an toan sir dung dién trong nhan
dan, loai bo duogc cac diém maét an toan do pham vi hanh
lang an toan ludi dién cao ap. Ngdm hoa ludi dién s& tra lai
khong gian cho canh quan d6 thi, ddm bao tinh my quan
cho khu vic va ting hiéu qua str dung dét.

Loi cam on: Nghién ciru ndy dugc tai tro boi Quy Phat
trién Khoa hoc va Cong ngh¢ - Dai hoc Da Nang trong d¢
tai c6 ma s6 B2019-DN02-57.
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