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ABSTRACT

Nowadays, along with the explosive development of economic sectors in
general and the construction industry in particular, the management and
operation (M&O) of mechanical, electrical and plumbing (MEP) systems in
civil and industrial constructions such as factories, workshops, hospitals,
hotels, high-rise buildings, shopping centers, etc. play a crucial role and are
always of concern to investors. However, one of the important issues in the
M&O of the MEP system is the impact of magnetic fields generated by low-
voltage power cables on the surrounding environment. This can cause
interference to the control system as well as directly affect human health.
Therefore, it is essential to study, analyze and calculate the distribution of
magnetic fields generated by low-voltage power cables for the M&O of the
MEP system. To answer this question, in this paper, the finite element
approach is developed with the magnetic vector potential formulation to
study and analyze the impact of magnetic fields under two scenarios: low-
voltage power cables installed in cable trays and not installed in cable trays.
The development of this method will be applied to practical problems.

Nghién Ciru sw Anh Huéng ciia Tir Trudng do Cap Ha Thé Sinh Ra Trong Qua
Trinh Van Hanh H¢ Thong Co DPién Bang Phwong Phap Phan T Hiru Han

Bui Pirc HUNg?, P§ Chi Phi2, Ping Qudc Vuong!”

Pai hoc Bach khoa Ha Néi, Viét Nam.

2Trirong Cao Pdng Ky Thudt Cao Thing, HCM, Viét Nam.

" Tac gia lién hé. Email: vuong.dangquoc@hust.edu.vn

THONG TIN BAI BAO

Received: 15/03/2023
Revised: 31/03/2023
Accepted: 10/04/2023
Published: 28/04/2023
TU KHOA

Mang cép;

Man chan dién ti;

Tu truong;

Tir thé vée to;

Phuong phap phan ti hitu han.

TOM TAT

Ngay nay, cung véi su phat trién bung nd cua cac nhém nganh kinh té noi
chung va cbng nghiep xay dung noi riéng, viéc quan ly va van hanh
(QL&VH) hé théng co dién trong cac cong trinh dan dung va cong nghi¢p
nhu cac nha may, nha xuong, bénh vién, khach san, toa nha cao tang, trung
tam thuong mai...dong vai tro cuc ky quan trong va luén dugc cac chii dau
tu quan tam. Tuy nhién, mot trong nhiing van dé quan trong cong tac
QL&VH hé thong co dién la sy anh huong cua tir truong do cap dién ha thé
sinh ra ddi véi méi truong xung quanh. Diéu nay s& gay nhidu dén hé thong
diéu khién ciing nhu anh huong truc tiép téi sirc khoé ciia con ngugi. Do do,
viéc nghién ciru, phan tich va tinh toan su phan b cua tir truedng sinh ra boi
cap dién ha thé 1a rat can thiét ddi véi cong tac QL& VH. Dé tra loi dwoc cau
hoi trén, trong bai bao nay, nhém nghién ctru phat trién phuong phap FEM
véi cong thic tir thé véc to dé nghién ctru va phan tich sy anh huong cua tir
treong véi hai kich ban: cap ha thé di trong méang cap va khong di trong
mang cap. Su phat trién ciia phuong phép s& duoc ap dung vao bai toan thyuc
te.
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1. Pat van dé

Trong nhiing nam gan ddy, cang voi su phét tricn khong ngung cia cac nhom nganh kinh & noi
chung va cong nghiép-xay dung ndi riéng, viéc thi cong lap dat va dam bao an toan hé thdng co dién
(MEP) déng vai tro cuc ky quan trong d6i vai cac cong trinh dan dung va cng nghiép. Trong do, viéc
quan ly va van hanh (QL&VH) hé thong MEP trong céac cong trinh nhu cic nha may, co s& san Xuat,
toa nha cao tang, siéu cao tang, bénh vién, khach san, trung tim thuong mai...ludn dong vai tro cuc ky
quan trong va la bai todn dugc cac chu dau tu quan tam. Tuy nhién, viéc QL&VH hé théng MEP trong
cac cong trinh ciing bi anh hudng va tac dong boi nhidu nguyén nhan khéc nhau nhu nhidu do séng hai
sinh ra boi cac phu tai tiéu thu dién c6 sir dung bo bién tan nhu hé thong bom nuéce, hé thong bom ciu
hoa, h¢ thong diéu hoa théng gid va cac phu tai phi tuyén khac; nhidu do tir truong duoc sinh ra boi hé
thdng cap dién ha thé di nhu hinh 1. Bén canh d6, sy anh huong cua tir truong ddi véi moi trudng xung
quanh, dic biét 1a d6i véi con nguoi ciing rat duoc quan tam.

Gan day, ciing c6 mot sé cong trinh nghién ciru va khao sat s anh huéng cua tir truong déi véi co
thé con ngudi va moi truong xung quanh, dé 1a, trong cac tai lieu [1]-[3], nhom tac gia da ap dung k§
thuat phan tir hitu han (PTHH) dé nghién ctiu sy anh huong cua tir truong do cap ngam cao thé sinh ra.
Trong nghién cuu nay, bai bao da tinh todn dugc sy phan bé cua tir tredng ¢ cac khoang cach khac nhau
khi xét dén cac trudng hop khi ¢6 man chan va khdng c6 man chan dién tir. Trong cac tai lieu [4], [5],
bai béo sir dung thuat toan téi wu dé tim ra vi tri phi hop ciia man chan dién tir ddi véi cap ngam cao
thé. Trong céc tai liéu [6]-[9], nhom tac gia da 4 ap dung phuong phap FEM dé nghién ciu man chin dién
tir str dung cac vat liéu khac nhau dé giam thiéu déi da cua tir truong trong mién tan sé thap.

Hlnh l M6 hinh cdp dién ha thé di trong thanglméng cép [Nguon mternet]

Trong bai bao nay, nhom tac gia tiép tuc ké thira va phat trién phuong phap FEM voi cong thue véc
to tir the d€ phan tich va danh gid sy anh huong cua tir truong do cap dién ha the sinh ra trong qué trinh
QL&VH hé thong MEP trong cdc cong trinh xdy dyng dén dung va cong nghiép. Sy phat trién cua
phuong phap dugc thuc hién vdi hai kich ban: cap ha thé di trong mang cap va khéng di trong mang
cap.

2. Bai toan tir dong
2.1. Co sé Iy thuyét

M6 hinh bai todn tir dong trong mién nghién ctru Q= Q.U Q¢ dugc xac dinh voi véi bién
0Q =T =Te U Ih. Trong d6, Q. 12 mién dan dién va tir va QS 1a mién khong dan.
Hé phuong trinh Maxwell trong khdng gian Eculidean 3 vai cac diéu kién bién dugc viét nhur sau [1]-

[5]:

curl E = —0;B, curl H =], divB =0, (1a-b-c)
n-Blr, =0, n X H|p, =0. (2a-b)

Céc luat trang thai thé hién moi quan hé giita cac thong so dién tur dugc xac dinh:
B =puH, J =oE. (3a-b)

Trong d6, E la cudng do dién truong (V/m), B 1a mat d6 tir cam (T), H 1a cuong do tir truong (A/m),
J; 12 mat do dong dién trong thanh dan (day dan) (A/mm?) dugc xéac dinh trong mién Qg, J |a mat do
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dong dién dong dién xoay (A/mm?) xac dinh trong mién din Q,, u 13 d6 tir tham, o d6 dan diénvan la
véc to phap tuyén.

Cac truong E, B, H, J thudc cac khong gian ham (Fy (curl; Q), F,(div; Q) va F.(div; Q). Cac
khéng gian ham nay duoc kiém tra theo suon trai (“h”-side) va suon phai (“e”-side) cua so dd Tonti nhur
trong hinh 2 [17],d6 1a: E € F,(curl;Q), B € He(dlv Q) H € F;(curl; Q) ] € F (div; Q).

Ttr phuong trinh (1 ¢), mat do tir cam B duoc biéu dién thong qua tir thé véc to A:

B = curlA 4)

Thay phuong trinh (4) vao phuong trinh (1 a), cudng d¢ dién truong E duoc biéu dién thong qua
dién thé vo husng (v), do la:

E = —jw A — gradv. (5)

- D)
Fy (@b 0 F.
) | b oeadn dive t | [ 1)
h=b
sP Ryl () h E b F2 S
{ b curly . curlg | 4
5, P2 i j=ce | e (aa Fe s2
{ b divy : grade | 4
Si Fy 0 F (o) F. S,
AN |
S s?
"h"sidel [B=curlA} {E:—étA—gradV} “e" side

Hinh 2. So'do Tonti véi mé hinh bai todn tir dong [17].
2.2. M6 hinh todn voi phwong trinh roi rac

Két hop gifra dinh luat Ampére (1 a) va luét trang thai (3 a-b), phuong trinh roi rac viét cho cho cong
thure tir the véc to A dugc thé hién nhu sau [10]-[17]:

fu‘lB -curld'd + f (cE-ANdQ, +
Q

J, (X H)- A'dly, = [, (s - A)dQ;, A’ € F}(curl; ) (6)

trong do, truong A’ la ham thir duge xac dinh trong khong gian ham F? (curl; Q).
Két hop giita phuong trinh (4), (5) v (6), phuong trinh (6) dugc viét 1a1 nhu sau:
ulcurl A-rot A’dQ +ja)j (cA-A")dQ, +jwj (ogradv-A")dQ.+ | (nxH)-A'dl},
0N '
= [,(s - A)dQs, A’ € Fj(curl; ). (7
Truong A va dién thé vo huéng v trong phuong trinh (7) dugc roi rac théng qua phan tir canh va
phan tir nut [17]:

A= ZeEE(.QC) Agse + ZeeE(_Qg)\E(a_QC) AeSe 8

Us = ZnEN(.Q) Un- C))

Trong d6, E(Q,) va E(QS) trong (8) la tap hop cac phan tir canh ciia mién nghién ciu 2, s, laham
noi suy g véi phan tir canh, A, 1a thong lu(rng cua truong A doc theo canh e cua mién nghién cuu 0.
Ky hiéu N(Q) trong (9) la tap hc_rp tat ca cac nut trong mién nghién ciru 2. Thay cac phuong trinh (8)
va (9) vao phuong trinh ro1 rac (7), phuong trinh 7 trd thanh:
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f,u_lcurl Z Ags, + Z Ags, |- curl A'dQ
@ e€E(Q2¢) ecE(RE\E(90,)

+ja)f o( z ApSe + Z Agse) A’ |dQ, +f (nxH)-A'dly,
2 e€E () ecE(QE\E(902,) Tn

jo [,(ograd Ypenca) vn - A')d0Q = [,(js - A)d0s, A" € FQ(curl; 2). (10)

3. Bai toan @ng dung
_Trong phan nay, bai toan thuc té voi mo hinh cap dién ha thé di trong méang cap dugc ap dung dé
kiém ching m6 hinh ly thuyét da phat trién ¢ phan truéc. M6 hinh 2D cép diénhaj the di trong mang
cap nhu biéu dién trong hinh 3 ¢6 cac thong s6 nhu sau:
- Dong dién 3 pha (A, B, C) chay trong cap ha thé c¢6 gia tri 1an luot 1a I, = 400V2 sin(wt), Iz =
4002 sin(wt — 120°) va I = 400v2 sin(wt + 120°);
- Tan so f=50 Hz;
- Mang cap c6 chiéu day 3 mm va dugc ché tao bang vat li€u c6 do tir tham tuong doi p, = 500, do
dan dién o = 10S/m.

OB ONEC)

Hinh 3. M6 hinh 2D cdp dién ha thé di trong méang cép.
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M@ hinh chia ledi 2D cdp dién ha thé di trong mdng cdp.

Hinh 4.
M6 hinh luéi 2D véi phan tir canh va nut ctia cap dién ha thé va méang cap duogc biéu dién trong hinh
4. Bai toan duoc khao sat voi hai kich ban khac nhau: Kich ban thir nhét, cap dién 3 pha di truc tiép va
khong str dung mang cap. Kich ban tha hai, céap dién 3 pha dugc di trong mang cap (luu y: ¢ ddy mang
cap dong vai tro nhu 1a mot man chin dién tir).
- Poi véi kich ban thir nhit: Hinh 5 va hinh 6 m6 ta sy phan bo ciia tir thé véc to va tir truong duoc
sinh ra boi cap dién ha thé 3 pha sinh ra khi khong xét dén mang cap.
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Electric current density (A/mm2) (§/1) ptic vector potential (Wb/m) (0/1)
0 8.73e+05 g ¥ -2.72e-08 0.000205
-_ - ‘ i
=
©® o0 =S
Magnetic vector potentail (Wb/m) (0/1)
" N -0.000205 -2.72e-08 0.000205
oooazes TUTCveckrpolml MBMID soozne N I

Hinh 5. Su phdn bé cia tir thé véc to do dong dién ba pha sinh ra khi khéng xét dén mdng cdp.

~ o7 <
.
= i e

Electric current density (A/mm2) (0/1)" - - .. Magnefic fiux density (T) (0/1)
0 -8.73e+05' : 1.75+06 T ’1;.6'3&-11‘__' ;'10.0_0524'.. - 0.0105

Hinh 6. Si phdn bé cia tir triong do dong dién ba pha sinh ra khi khéng xét dén mdang cdp.
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3.18 —»~ No cable tray, at +:1.5m
3.16 No cable tray, at - 1.5m
3.14 4

3.12
3.1

3.08

2304 X/ \\
g 3.02 -/ ,
o m—

-0.1 -0.05 0 0.05 0.1

Distance [m]
Hinh 7. Sy phdn bé ciia tir trieong doc theo mdt cdt ngang ciia cdp dién khi khdng co mang cap umng voi hai vi
tri khdc nhau: +1.5m tinh tir tim cdp dién lén trén; -1.5m tinh tir tim cdp dién xuong duwdi).

flux denS|ty (10‘5 T)

4

Mag

Su phén bd cua tir trudng doc theo mit cit ngang cua cap dién tng voi hai vi tri khac nhau (+1.5m
tinh tir tim cap dién 1én trén; -1.5m tinh tir tim cap dién xudng dudi) duge mo ta trong hinh 7. Két qua
cho thy, tai vi tri phla trén +1.5m (so véi tim cap) ciia cap, su phan b cia tir trudng nho hon so véi
gid tri tinh todn tai vi tri phia dudi -1.5m (so vdi tim cap) cua cép. Diéu nay chi ra rang, néu cap dién
chay qua khu vuc hanh lang, hodc trong phong diéu khién trung tdm trong cac toa nha hodc bénh vién,
trung tam thuong mai. .., khi khong c6 mang cap, tai vi tri cach cap ha thé -1.5m s& bj anh huong boi tir
truong voi gia tri co thé dat téi 3.17x10° (T) nhu biéu dién trong hinh 7. Sy phén bd cua tir truong c6
thé anh hudng truc tiép t6i sirc khoé ciia con ngudi, ciing nhu ¢6 thé gy nhidu dén hé thdng diéu khién
trong qua trinh QL&VH.

? Magnetic flux density (T) (1/1)
Magri#ic vector potential (Wb/m) (0/1) 1.5e-09 0.53 1.06

-0.000636 20706 0.000632 - . om
T LTI

Hinh 8. Si phdn bé ciia tir thé vécto va tir truong do dong dién ba pha sinh ra khi xét dén mdang cdp.

- P6i véi kich ban thir hai: O kich ban nay, mang ccap s€ duge sir dung voi hai loai vét liéu khac
nhau, d6 14, Metal va Ferrit. Hinh 8 biéu dién su phan b cua tir thé véc to va tir truong sinh ra boi dong
dién 3 pha chay trong cap dién khi xét dén mang cap (man chén dién tr) dugc chét tao véi hai loai vat
liéu khac nhau. Thong qua cac két qua dat duoc, ta nhan thiy, khi c6 mang cap, do tir tr¢ cua mang cap
nho hon rat nhidu so véi tir trd ciia khong khi, do d6 tir tmorng chu yeu tap trung phan b trong méang
cap, phan 16n 1a ¢ phia day cua mang cap. Tuy nhién, tai vi trf tiép xtc gitta mat bich (ndp) va than mang
cap, van ton tai khe h¢ khong khi, nén van c6 hién tuong tur trudng tdn ra ngoai, nhung gia tri cla tir
truong tan nay rat nho véi gia tri tir truong da khic xa vao mang cap. Gia tri nay duoc tinh toan & cac
truong hop tiép theo.

JTE, S6 76, 04/2023 6


https://jte.hcmute.edu.vn/index.php/jte/index
mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham K thuat Thanh phd H6 Chi Minh

HCMIUTE Website: https://jte.ncmute.edu.vn/index.php/jte/index
ISSN: 1859-1272 Email: jte@hcmute.edu.vn
7.4
=73 . —%=_Cable tray Metal:-1.5m
“-’8 73 able cable Ferit:-1,.5m
:; 7.2
T 1.2 g W e e
371
* 71
— /.
£ 6.95 g
S 6.9 * » iy ,r
= 6.8 |
-0.1 -0.05 0 0.05 0.1
Distance [m]
7.75

=¥ Cableitray metal: +1.5m
Cableicable Ferit:+1.5m

~
\l

~
N o
o 3

7.55

7.45

735 N
. o :
7.25 ?

-0.1 -0.05 0 0.05 0.1
Distance [m]

x
>

~
w

Magnetic flux density (10'6 T)
~
ol

Hinh 9. S phén bé ciia tir trong doc theo mdt cat ngang ciia cdp dién khi c6 mdng cdp (sit dung vt liéu Metal
va Ferit) véi hai vi tri khdc nhau: +1,5m tinh tir tim cdp dién [én trén; -1.5m tinh tie tim cdp dién xuong dudi.

Eddy current (A/mm2) (0/1)
226 6.04e+05 1.21e+06
I -

Hinh 10. Si phdn b6 ciia dong dién xody (eddy current) trén mdng cdp.

Mot cach tuong ty nhur hinh 7, sy phan b ca tir truong doc theo mit cit ngang cua cap dién khi xét
dén mang céap tai cac hai vi tri khac nhau (+1.5m tinh tir tim cap dién 1én trén; -1.5m tinh tir tim cép
dién xubng duéi) duoc thé hién trong hinh 9. Két qua cho thiy, tai vi tri phia trén +1.5m (so v6i tim
cap) va vi tri phia dudi -1.5m cua cép, sy phan bd cta tir truong di giam duoc 5 14n so véi truong hop
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khi khong sir dung méang cap. Thong qua cac két qua nay, c6 thé thay rang, dbi v6i cap dién ha thé sir
dung trong cong trinh, khi sir dung mang cap, su phan b ctia tir truong da giam di dang ke, diéu nay sé
dam bao cho con ngudi va thiét bi didu khién trong qua trinh QL&VH cua hé thong. Sy phan bd cta
mat d6 dong dién xoay do tir truong bién thién va khiic xa trong mang cap dwgc mé ta nhu trong hinh
10. Két qua cho thay, gia tri dong dién xoay chu yéu tap trung tai phia ddy va hai thanh bén ctia mang.
Su phan bd ciia dong dién xody trong mang cap 1a nguyén nhan giy ra ton hao va sinh ra nhiét trong
mang cap. Bai toan nhiét do dong dién xoay sinh ra trong mang cap s€ dugc nghién ciru ¢ cong trinh
tiép theo ma khong dugc dé cap chi tiét trong pham vi ciia bai bao nay.

4, Két luan

Phuong phap FEM di dugc phat trién thanh cong voi cong thire tir thé véc to d& phan tich va tinh
toan sy anh huong cua tir truong do dong dién chay trong cap ha thé sinh ra v6i hai kich ban khac nhau:
Khi c6 méang cap va khi khdng c6 mang cap. Thong qua cac két qua dat duoc cua bai bao, bai bao da
chtng minh va chi ra sy phan b ctia tir trudng & céac vi tri khac nhau. Cy thé, khi khong sir dung mang
cap, tai khoang cach -1.5m (tirc 1a phia dudi tinh tir tim cap), trong khu vue ndy van bi anh huong dang
ké cua tir truong. Tuy nhién, khi stir dung méang cép, tir truong tai khu vuc - nay da giam di 5 lan so véi
lac khong sir dung méng cap. Vi két qua nhu phan tich o trén, sé& 1a co so dé gitp cho cong tac QL&VH
hé thong MEP dugc dam bao an toan, ciing nhu giam thiéu t6i da nhiéu do tic dong truc tiép cua tir
truong d6i voi hé thong diéu khién.
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