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MOT PHUONG PHAP GIAI TICH TINH TOAN KHA NANG TAI
CUA CAP NGAM CAQ THE TRONG CAC BIEU KIEN LAP BAT

KHAC NHAU

AN ANALYTICAL METHOD FOR CALCULATING CURRENT-CARRYING CAPACITYOF HIGH VOLTAGE
UNDERGROUND CABLE IN DIFFERENT INSTALLATION CONDITIONS

TOM TAT

Cap hoc cao thé céch dién polymer duoc thiét ké dua trén tiéu chudn vé
nhiét. Kha nang tai cta dudng cap phu thudc chdl yéu vao nhiét do lam viéc cho
phép clia 16p cch dién. Bén canh d6, cac digu kién I&p dét khac nhau clia cép anh
hwéng khac nhau dén kha nang tai. Hién nay, phan I6n cac tinh toan kha nang tai
clia duong cap cao thé dya trén tiéu chudn IEC-60287. Tuy nhién, gidi han tinh
toan clia tiéu chudn nay nam & diéu kién I3p dat trong do mach cép ba pha I6i
don dat ndm ngang hoéc dét theo hinh tam gidc. Trong khi d6, digu kién Iap dét
thirc té cd thé thay d6i phu thudc vao dia hinh clia tuyén cap. Bai béo nay gidi
thiéu mot phuong phép gidi tich dya trén hé phuong trinh Maxwell cho phép
tinh toan kha néng tai clia cAp ngdm cao thé trong diéu kién Iap dat bét ky, ¢
thé ap dung cho céc tuyén cdp gbm mdt hodc nhiéu mach cap.

Tir khéa: Cap ngam cao thé, hiéu tng bé mat, hiéu tng ¢ gan,kha nang tai, hé
phuong trinh Maxwell.

ABSTRACT

High-voltage underground cable are generally designed according to
thermal criteria. The current-carrying capacity depends on the permissible
temperature inside the insulation. In addition to that, various installation
conditions affect the current ratingdifferently. At present, the major current-
carrying capacity calculations of high voltage cable system are based on IEC-
60287 standard. However, this standardscalculation limits located in installation
conditions, whether the single-core cable system was laid in flat or trefoil
formation. Simultanously, the pratical installation conditions can vary according
to cable routes. This paper presents an analytical method based on Maxwell
equations that allows calculating the current-carrying capacity of cable system in
any installation condition, and is suitable for single or multi-link cables.

Keywords: High voltage underground cable, skin effect, proximity effect,
current rating, Maxwell equations.
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1.MG BAU
Cac duong cap ngam cao thé thuong duoc st dung
thay cho dwdng day trén khong tai cac do thi I6n dé dam

Tran Anh Tung

bdo an toan, my quan va céc diéu kién mdi truong. Trong
mot sgi cap cao thé I6i don, 16p cach dién cua cap thong
thuong dugc boc bén ngoai bai mot 1op vo kim loai bang
nhom dé ngan nglra st xam nhap clia nuwéc, bao vé I6i cap
khoi céc tac dong co hoc va cé vai trd nhu mot man chan
dién tr treong cling nhu tao thanh dwdng tré vé cho dong
ngan mach va dong dién dién dung [1]. C4u tric dién hinh
cla mot soi cap cao thé 16i don dwoc minh hoa trén hinh 1.
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Hinh 1. C4u triic dién hinh clia cap ngam cao thé

1-L&idan 2 - Man chan ban dan cho I6i dan
3-L6p céch dién 4 - Man chénban dan cho l6p cach dién
5- L6p chdng thdm 6 - Vd kim loai

7- L6p chdng anmon cho va kim loai

8-Vocap 9-Lp dandién

Hinh 2. Anh hréng twong hd gitra céc soi cép ctiamot mach cap bapha
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Khi I6i cap mang dong dién xoay chiéu, mot tir truvong
xoay chiéu dugc tao ra xung quanh né. T tredng nay sé
cam tng Ién I&p vo kim loai ctia chinh sgi cap dé va trén vé
kim loai cta cac soi cap lan can cac dién ap cam (ng [2].
Anh huéng twong hé cua tir tredng gilta cac soi cap cla
m&t mach cap ba pha dugc minh hoa trén hinh 2.

Lép vd kim loai cla cac sgi cap thuong duoc ti€p dia
theo ba cach:

e D6i voi cac dudng cap ngan (dudi 500m), 16p vo kim
loai dvoc ti€p dia tai mot diém, dau con lai duoc tiép dia
gua mot phan t&r han ché qua dién ap vo cap. Trong tredng
hop nay khong cé dong dién khép vong do cau hinh tiép
dia v6 cap khong tao ra mach vong kin;

¢ DO voi cac dudng cap co chiéu dai trung binh (tir 500
dén 1000m), I16p v6 kim loai thuong dugc ti€p dia tai hai
diém tai cac vi tri dau cap. Khi dé vé cap duoc tiép dia tai
hai dau tao thanh mét mach vong kin, dién 4p cam (ng
trén vd cép tao ra mét dong dién khép vong lam tang tén
that ciia dwong cap hay néi cach khéc l1a lam giam kha nang
tai clla dwong cap;

¢ DGi voi cac dudng cap cé chiéu dai Ién (vai km tré |én),
Iép vo kim loai clia cac sgi cap thuwong dugc dau hoan vi
hay con goi la ddo vé tai vi tri nGi cap. Viéc dao vo cap két
hgop véi hoan vi vi tri 16i cap cho phép triét tiéu dong dién
khép vong trong tirng phan doan cap tir do6 cai thién kha
nang tai cta tuyén cap.

Tuy nhién, t6n that do dong dién Eddy (dong dién xoay)
déu xuat hién trong ca ba cau hinh tiép dia vo6 cap dé cap &
trén. Ton that do dong dién Eddy cling lam giam kha nang
tai ciia mach cap.

Hién nay, cac tinh toan kha nang tai ctia cac mach cap
ngam cao thé thwong dwa trén huéng dan trong tiéu chuan
IEC-60287 [3]. Dong dién téipuc dai lién tuc cia mot soi cap
cao thé I16i don duoc bi€u dién bai cong thikc:

|— 0,5
. |AO — W4 [0,5T; +n(T, +T5 + T,)]| )
- RT; + nR(1 + AT, (1)
+nR(1 + A, + 1,)(Ty + Ty)

Trong do6: A 1a do tang nhiét do gitra 16i dan va nhiét
do cta moi trvong dat cap (K)

Rla dién tr& xoay chiéu & nhiét dé van hanh cuc dai
(Q/m)

W, la tén that dién méi trén cach dién (W/m)

T, la nhiét tré gitra 16i dan va vo kim loai (K.m/W)

T, lanhiét tré clia 16p dém gitra vo cap va phan gidp (K.m/W)

T;lanhiét tré cdia lép boc polyme bén ngoai clia cap (Km/W)

T, lanhiét tré gitta bé mat cap va moi trvong dat cap (Km/W)

n la s6 16i dan cuia cap

A =N+ A7, lati sO gilva ton that cong suat trén vo kim
loai clia cap so v6i tén that cong sudt trong 16i dan clia cap
(N, la ti s6 t6n that cong sudt trén vo cap so vai tén that
cong sudt trén 16i dan do dong dién khép vong gay ra; A",
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Ia ti s ton that cong sudt trén vé cap so vai ton thét cong
sudt trén 16i dan do dong dién xoay Eddy gay ra)

A, la ti s6 gitra ton that trong phan giap so vai tén that
trong 16i dan

Céc loai cap cao thé hién nay thuwong khong cé 16p giap
nén co thé coi A, = 0, do d6 kha nang tai ctia cap bi anh
hwang nhiéu bdi hé so ton that cdng sudt A,. Cach bd tri
hinh hoc hodc su thay doi thir tw pha clia cic sgi cap trong
mot mach cap ba pha anh hudng nhiéu dén hé sé ton that
A; va vi vay anh hudng dén kha nang tai ctia cap. Hién nay,
tiéu chudn IEC-60287 m¢i chi huéng dan cach tinh toan kha
nang tai ctia mach cap khi cap dat ndm ngang ho#c bé tri
theo hinh tam giac. Trong khi dé, mét s6 tuyén cap trén
thuc té cd cau hinh rai cap dat ba soi cap khac di cho phu
hgp véi dia hinh. Bai bdo nay tlr do gidi thiéu mdt phuong
phap gidi tich cho phép tinh toan kha nang tai ctia mach
cap voi cdu hinh Iap dat bat ky.
2. PHUONG PHAP GIAI TiCH TINH TOAN KHA NANG TA|
CUA CAP VOI CAU HINH LAP AT BAT KY

Xét mot sgi cap 16i don mang dong dién |, dwgc rai lan
can N sgi cap 16i don khac mang lan luvgt cac dong dién Iy, I,
., Iy. Vi tri cla soi cap k so véi sgi cap dang xét co toa do
cwe (b, a) nhw minh hoa trén hinh 3.

b, L

L

=
@i
by
Ii

Hinh 3. Toa d clia mt soi cap so véi cac soi cap duge rai lan can

Vi du, néu cac soi cap cdla mdt mach ba pha dwgc rai
nam ngang, toa do clia cap nam gitra so vai cac cap khac la
a, = 0°, a, = 180°, b, = b, = b. C4p ndm ngoai c6 toa dd so
V@i hai cap conlailaa, = a,=0°va b, =2b, =2b.

Bén canh d6 ta dét b, = b dong thoi taco b, = a,.b.

T6n that Joule trén 16i dan va vé kim loai ctia cap co thé
duogc tinh toan theo céng thikc tdng quat nhw sau:

— 1 o 2
P, = Efo fl](r, O |*.rdrdo (2)

Trong dé, J(r,8) 1a mat do dong dién tai diém (r,0) vagla
dién dan suét cda vat liéu kim loai. Gi¢i han cla tich phan
theo hudng ban kinh tir 0 dén r, d6i voi 16i dan, vatir r, dén
r, doi vai vo kim loai clia cap. Tir d6, hé s6 ton that céng
suat A, = N'; + A”; ¢6 thé dugc tinh bang ti s6 gitra tn that
Joule trén vé kim loai clia cap va trén 16i dan.

2.1. T6n that cong suét trong 16i dan

V&i mot dong dién xoay chiéu i, xac dinh béi tri hiéu

dung |, va pha ban dau ¢,, tir cong thirc (2) c6 thé khai trién
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dé tinh toan tdn that cong suét trong 16i dan cta cap 16i
don dat lan can N cép 16i don khac theo céng thirc sau:

2
4

P. = (1+Y.+Y 3
c ”917”12 ( + ¥+ p) ( )
Trong dé:
x; ber(x,).bei'(x;) — bei(x,).ber'(x
Ly, 2T berCa) bei () — beie) ber'G)
2 bery”(x,) + bei; (x,)

x4 [ben, (x,). bei’ ,(x1)

- —bei, (x;).ber’, (x;)] 5
Y, =Zq> . n X0 08 ¥l 1z 02 (5)
P 4~ M ber? , (x,) + beiZ_; (x;) 125
Voi
&, =
T vk
k:1@+ (6)

12 _q Ix I
Z’,gzll—n{ ;y=k+1a_]n' cos(oy — ¢;) . cosn(ay, — aj)}
J

k

Z, DK':: (:z)n—l ()
D', =D,—A,.E, (8)
Wy = K1 ()l (2) — Lyg (2) Kmq (x2) ©)
Dy = K1 ()11 (x3) = Iy (02) Kpmq (33) (10)
Ep = Ky ()1 (x3) — L1 (x2) Kpoq (x3) (11)
A, = Ly () . (7"_1)271 (12)

L () '

X1 = Myly; Xo = Myly X3 = Myl (13)
my =./jou g;my = m (14)

Vi Y, lahé sd hiéu ('ng bé mat chia 16i dan

Y, lahé s6 hiéu (ng & gan khi cap dat lan can cac cap khac

g; la dién dan sudt ctia vat liéu 16i dan

g, la dién dan sudt cia vat liéu man chan kim loai

r, 12 ban kinh clia 16i dan

r, va ry lan lwgt la ban kinh trong va ban kinh ngoai ctia
vo kim loai

U, VA Y, 1an lwot 1a do tir thAm cda vat liéu lam 16i dan va
vo kim loai

I'va |, latri s6 hiéu dung ctia dong dién trong I8i dan cla
sgi cap dang xét

I, 1a tri s6 hiéu dung ctia dong dién trong cap k

ber,(x) va bei,(x) la cac ham Kelvin bac n

®,, 1a biéu thitc cho phép xac dinh so luvgng va vi tri
twong d6i clia cac cap

I, va K, lan lwvgt 1a cac ham Bessel hiéu chinh loai 1 va
loai 2
2.2. T6n that cong sudt trén man chan kim loai

T6n that cong suat trén man chén kim loai ctia cap dwoc
tinh theo cong thirc (15);

r? N 3 Fy(x3,%3)
P.=P,+—— D, . ()2, 22
ST ngzrfnzzl G T

Trong dé, P, la tong ton that trén vé kim loai clia cap
dang xét do dong dién khép vong trén vé va dong dién
Eddy gay ra bdi dong dién | chay trong 16i dan. Biéu thic
thiv hai trong cong thic tinh P, lién quan dén hiéu tng &
gan do cac cap lan can gay ra.

Fn(xZ'x3) = Nln'Nl*n[Gn(x3) - Gn(xz)]
+ NZn' N2*n [Hn(x3) - Hn(xz)]
+2(-1) ™. RéNyn. Np}[Ln(xs3)
—-L n(xz)]
— 2(=1)".Im{Nyp. N3}. [M,(x3)
- Mn (xz)]

(15)

(16)

V6i:
Nln = n+1(x2) - An'Kn—l(xZ)
N2n = In+1(x2) - An'ln—l(xz)
G,(x) = x.[ber, (x). bei’,, (x)
— bei, (x).ber’,(x)]
H,(x) = x.[ken,(x). kei’,,(x)
— kei, (x).ker',(x)]

N R

L,(x) = =.[ber,(x). kei',, (x)

+ker,(x). bei,(x)
— kei, (x).ber', (x)
— bei, (x). ker',,(x)]

M, (x) =

N R

.[bei, (x). kei',, (x)
+ber, (x). ket,(x)
— kei, (x). bei’,(x)
— ker, (x). ber',(x)]

Ton that P, dugc tinh theo cong thirc (23):
= m- [Fe1- Fy- (Go(xa) - Go(xz))
+Fo B (Ho(xa) _Ho(xz))
+2Re{F,. B} (Lo(x3) —-L o(xz))
—2Im{F,. B}. (Mo(xa)
- Mo(xz))]

PsO

(23)

Trong dé:
Fy = Fcl(ls'lc) = Is-Kl(xz)
1Ky (x) — 13K, (x3)
I..
7

FCZ = FCZ (Is'lc)
= IS'Il(xZ)
11 () — 1311 (x3)
c* ‘rz

ker,(x) va kei,(x) la cac ham Kelvin bac n

I, 1a dong dién khép vong chay trén vé kim loai clia cap
dang xét

I 1a dong dién chay trong 16i dan cia cap dang xét
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3. AP DUNG TiNH TOAN
3.1. So sanh véi tiéu chuan IEC-60287

Phuong phap gidi tich dé xuat duwgc so sanh véi tiéu
chuan IEC-60287 @€ chirng minh tinh chinh xac. M& hinh
tinh toan duoc gia thiét 1a mach cap ba pha 16i don, 16i dan
bang ddng, vo kim loai bdng nhém, d&t ndm ngang, vo cap
duoc ti€p dia tai mot dau (khdng ton tai dong dién khép
vong, hé so tdn that cong suat A'; =0, vivay llc nay A, =\,
tén that trén vo kim loai chi do dong dién xoady Eddy gay
ra). Cac théng so cla cap dugc gi6i thiéu trong bang 1.

Bang 1. Thdng 6 cap ba pha I6i don

Pactinh Giatri
Puomg kinh clia I6i dan (mm) 34
Buong kinh trung binh ctia vo kim loai (mm) 80,9
BE day clia vd kim loai (mm) 2
Pién trerclia [6i dan & 20°C (Q) 0,02198.10°
He s6 gian n nhiét cia IGi dan ¢ 20°C 3,93.10°
Bién trg cdavo kim loai & 20°C (Q) 0,065.10°
Hé 50 gian ng nhiét clia v kim loai & 20°C 4,03.10°
Dién trg suat clia vo kim loai (Qm) 2,8264.10°
Khoang cach giira céc soi cap (mm) 300
Cach b6 tri cac soi cap D3t nam ngang

Hé sb ton that cong suat A”; trén cac sgi cap dugc tinh
toan theo phuong phéap gidi tich dé xuat va so sanh két qua
tinh toan vai tiéu chuén IEC-60287. Két qua tinh toan duwoc
gi¢i thiéu trong bang 2.

Bang 2. He s ton that ", tinh toan theo hai phuong phap

s =300 mm

Hinh 4. Mach ¢&p ba pha I6i don duoc bd tri bat ky
Két qua tinh toan dugc gi6i thiéu trong bang 3.
Bang 3. He s ton that X", vdi mach cép ba pha b6 tri bat ky

s =300 mm

Pha A PhaB PhaC
(tréncling bén trai) | (trénctingbénphai) | (& dwéi)
Hé 56 ton that\", 0,1031 0,1500 0,1031

4.KET LUAN

Tiéu chudn IEC-60287 thuong dugc sir dung dé tinh
toan kha nang tai clia cAp ngam cao thé. Tuy nhién tiéu
chuén nay chi huéng dan tinh toan khi cap 16i don cla
mach cap ba pha dugc dat ndam ngang hodc dat theo hinh
tam giac. Trong khi d6, tuy thudc diéu kién thuc thé ma cac
soi cap c6 thé duoc bé tri dat sao cho phl hop véi dia hinh.
Vi tri twong d6i gilta cac sgi cap anh hwéng nhiéu dén kha
nang tai ctia chung. Chinh vi vay, bai bao nay gidi thiéu mot
phuwong phap gidi tich cho phép tinh toan trudc hét la hé s6
tén that cong sudt trén vo kim loai clia cap va tir dé tinh
toan duoc kha nang tai clia cap. Phuong phap nay co thé
dugc ap dung tinh todn kha nang tai clia cac mach cap
duoc bo tri bat ky hodc sé lugng bét ky cac mach cap.

Tl két qud tinh toan ta thay sai léch gilta hai phuong
phap la khéng dang ké béi tiéu chuan IEC-60287 thirc chat
chi la mét tredng hop tinh todn cu thé tir phwong phap dé
xudt. Chinh vi vay, phuong phap dé xuét cé thé duoc ap
dung cho treong hop cdu hinh 13p dat bat ky.

3.2. Truong hop mach cap ba pha duwgc b6 tri bat ky

Trong mot s6 trudng hop do yéu cau I&p dat cu thé, cac
soi cap khong thé b tri d&t nam ngang hoic theo hinh tam
giac déu ma theo mot cau hinh bat ky nhu minh hoa trén
hinh 4. V6i gia thiét 16i dan bang ddng, vo kim loai bang
nhém, vé cap dugc tiép dia tai mot dau (khdng ton tai
dong dién khép vong, hé s6 ton that cong suat X', = 0, vi
vay lac nay A, = ", ton that trén vo kim loai chi do dong
dién xody Eddy gay ra). Lac nay hé so tdn that cong suét
clla céc soi cap cd thé tinh toan theo phwong phap dé xuét.
Céac thong s6 cla cac sgi cap ctia duogc st dung nhu trong
bang 1.
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