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MACH TU PONG PHAT HIEN VA NOI NGAN MACH PHA RO
DUNG CHO MANG DPIEN MO HAM LO DIEN AP 1140V

KIM NGOC LINH, KIM CAM ANH, Truong Dai hoc Mo - Pia chat

NGUYEN VAN QUAN, Truong Pai hoc Cong nghiép Qudng Ninh
Tém tit: Dé dam bdo diéu kién an toan dién giat, cdc role bao vé ro dung cho mang dién
mé ham 1o dién ap 1140V can phdi co thém chirc nang phat hién va tu dong noi ngcfn mach
pha ro xudng dat. Thiét bi phdt hién va tw dong noi ngdan mach pha phdi cé thoi gian tdc
dong nhanh, do nhay va do tin cdy xdc dinh pha ro cao. Nhom tac gia da dé xudt mét so do
mach phat hién va tw ddng noi ngan mach pha rd lam viéc theo nguyén Iy phdn g véi hiéu
56 gitra tri hiéu dung dién ap cua pha co pha vuot truoc va 16 hop dién ap hai pha con lai
va dién ap thir tw khong. Két qua mo phong trén mo hinh Matlab Simulink va Electronic
Workbench cho thdy so do cé dé tin cdy xdc dinh pha ro cao, do nhay khong thdp hon
18kQ/pha, thoi gian phdt hién pha ro khong I6n hon 20ms, tong thoi gian phat hién va néi

ngan mach pha khong lon hon 50ms.
1. Dat van de

Trong cic mo ham 10 s dung rong rai
mang dién ba pha c6 trung tinh cach ly. Nham
dam bdao an toan Ve phuong dién dién giat, Quy
chudn K¥ thuat qudc gia vé an toan trong khai
thac than ham 16 budc phai trang bi cho mang
dién ham 10 cac thiét bi bao vé ro. D6i vai cap
dién ap 380V va 660V, cac thiét bi bao vé ro
hién dang dugc st dung trong cidc mo ham 10
ving Quang Ninh déu c6 nguyén 1y lam viéc
gidng nhau 1a dya trén s dung dong cong tac
mot chiéu dé kiém tra dién trd cach dién cuia
mang; dé giam dong ro khoanh khic qua nguoi
ap dung giai phap bu thanh phan dién dung cia
dong dién r0. Péi véi mang dién mod ham 16
dién 4ap 1140V, do muc di¢n ap cao va trong
mang c6 cac dong co cong suit 16n nén bu dién
dung khong dam bao duoc diéu kién an toan
dién giat. Vi vay, dé giam dong ro khoanh khéc
va dam bdo an toan dién giat, thiét bi bao vé ro
ding cho mang 1140V can phai c6 thém chirc
ning phat hién va tu dong nbi ngin mach pha ro
[1], [2]. Muc dich cua nghién ctru nay nham dé
Xuat mot S0 dd mach c6 kha nang phat hi¢n va
tw dong ndi ngan mach pha ro xudng dat dam
bao tinh tac dong nhanh, c6 d§ nhay va dd tin
ciy cao.
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2. Két qua nghién ciru

Nguyén 1y ndi ngan mach pha ro dya trén
viéc phat hién pha c6 dién tr¢ cach dién giam va
nbi ngan mach pha d6 qua dién trd nhé xudng
dat. Phuong phap nay lam giam dong ro qua
ngudi dya trén nguyén 1y mic song song mot
dién trd nho véi co thé nguoi khi cham vao mot
pha ciia mang.

Khi chon giai phap ndi ngin mach pha
mang dién ap 1140V, viéc tinh toan theo cac
nguyén tac: thiét bi ndi ngén mach dugc tinh
voi tri s6 dién dung cuc dai cho phép cia mang
dién khu vyc mo ham 16 1a 14F / pha ; tong thoi
gian phat hién va ndi ngin mach pha ro ké tir
thoi diém ngudi cham vao m{t pha ciia mang
khong duoc vuot qua 0,17s; dién lugng qua
nguoi khong 16n hon 50mAs va xét trong
truong hop mach khong c6 bu thanh phan dién
dung cua dong dién ro [3], [4].

Pé diéu khién th1et bi nbi ngan mach pha c6
nguoi cham phai xudng dat phai xac dinh dugc
chinh xac pha nguoi cham phai hoac bi ro. Co
nhiéu nguyén 1y dé thyc hién cong viéc nay.
Trong d6, thiét bi phat hién pha nguodi cham
phai phan tmg theo hiéu s giira tri hiéu dung
dién ap cua pha c6 pha vuot trudc va to hop
dién ap hai pha con lai v6i dién 4p thu tu khong
c6 do nhay va do tin cdy cao nhat [4].



Déi vé6i cac thiét bi lam viéc theo nguyén 1y
nay, d¢ dam bao kha nang lam vi€c tin cdy va
do nhay 16n nhat, tri’ SO Qién ap o CIE:a vao cua
bd phén thira hanh né1 ngan mach moi pha phai
duogc xac dinh theo cac biéu thure [4]:

U,(A) =kU. —(kU, +kU; +kU,), (1)

U,(B)=kU, -(kU; +kU.+kU,), (2

U,(C) =kU; —(kU. +kU, +kU,), 3)
trong do ky hiéu Uy(A), Uy(B), Uy(C) tuong tmg
1a dién ap ¢ cura vao cua co cau thira hanh noi
ngan m?;,lch cac pha A, B va C; Ua, Ug, Uc, Ug
1a tri s6 hiu dung cua dién ap cac pha cua
mang va dién ap trung tinh cua bién ap so voi
dat (dién ap thu ty khong); ki, k2, k3, ks tuong
ung la h¢ sO cua cac dién 4p pha vugt pha
trudc, pha ngudi cham phai, pha chdm pha
sau va dién ap thtr tu khong.

Gia tri toi wu cua cac hé so ki, ko, ks va ka
duoc Xé?.C dinh theo hai truong hgp gidi han
(gia thiét ro pha A).

- Khi khéng ¢6 ro tng vai Uy(A)=0 c6:

Up=Ug=U.=U;,U;,=0 4

= Ur(k, =k, —k3) =0

- Khi pha A bi ngin mach xuéng dat
g v6i Uy(A)= Jau ¢ CO:
U,=0U, =U,=+3U,,U,=U, . (5)

Tur (1) suy ra:

J3U, =k/3U, —(k,"/3U, +kU,)

U, W3tk — k) —k, |=~3u, (6)

Ngoai ra, dé dam bao 7xéc dinh chinh xac
pha nguoi cham phai, khi xay ra ngan mach pha
A xuodng dat, dién ap clra vao co cau thua hanh
n6i ngan mach pha C can phai khong 16n hon 0.
D}eu nay dong thoi dam bao dién ap vao trén co
cau thtra hanh noi ngan mach pha B c6 gia tri
am.

Tir (3) xét diéu kién gidi han Uy(C)=0 c6:

0=k/3U, —(k,\/3U, +kU,)

Ufl\/g(kl_kz)_h]:o : (7)

T (4), (6) va (7) ta cé h¢ ba phuong trinh :

k, —k, —k, =0;
V3(k, —ky) —k, =+/3; (8)
J3(k, —k,)—k, =0.

Tu (8) co

k, =ks +1 Kk =k, +ks; Kk, = \/§(kl_k2) = \/§k3
Néu chon hé sb cua dién ap pha chdm sau
ks=1 ta tim dugc hé sb tbi wu cac dién ap pha
vuot trudc, pha cham dat, pha chdm sau va dién
ap tha tu khong:
k, =3k, =2;k, =Lk, =+/3. )

Tir (9) suy ra giira tri s6 hiéu dung cua
cac dién ap theo thir ty trén phai tuan theo mat
ty 1é: 3:2:1: J3 s& dam bao d6 nhay 16n nhét
va xac dinh chinh x4c pha nguoi cham phai
trong mang ba pha trung tinh cach ly.

Pé kiém tra do nhay va do tin cay cua
mach xac dinh pha ro theo thuat toan (9) d tién
hanh mo phong trén Matlab Simulink. So d6
mo phong trén hinh 1.

zY—I
GND

Hinh 1. M6 hinh Matlab Simulink mé phong mach xdc dinh pha ro
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Két qua md phong v& dugce dd thi mo ta quan hé phu thudc giira dién ap dua vao co céu thira
hanh no6i ngan mach cac pha khi dién tré ro va dién dung cia mang thay doéi nhu hinh 2 va 3.
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Hinh 3. Sw phu thuéc cua dién ap vao co cdu
thira hanh noi ngan mach cdc pha khi dién
dung cua mang thay doi

Hinh 2. Sy phu thudc cua dién dap vao co
cau thira hanh noi ngan mach cac pha khi
dién tro ro thay doi thay doi

Tur d thi hinh 2 va 3 cho théy, khi dién trd ro thay ddi tr 1 Q) dén 40 kQ, dién dung cua mang
trong pham vi thay d6i tir 0,01 zF dén 2,5 uF , dién 4p vao co ciu thira hanh ndi ngan mach pha A
luén dwong, dién ap vao pha B va C lubn c6 gid tri am. Diéu nay cho thay, thiét bi ty dong phat hi¢n
pha con ngudi cham phai phan g theo hiéu sé tri hiéu dung giira dién ap pha vuot trude va to hop
dién ap hai pha con lai va dién ap thir ty khong, c6 kha nang ddm bao dé nhay va do tin cay phat
hién pha ro rat cao.

So dd nguyén ly mach phat hién va ty dong nbi ngin mach pha duoc thiét ké nhu hinh 4.
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Hinh 4. So do nguyén Iy thiét bi tw dong phat hién va néi ngdn mach pha

98



So d6 gdm mach 14y mau tin hiéu dién ap
cac pha va dién 4p tht tu khong, mach thuat
toan phat hién pha ro, mach thira hanh nbi ngin
mach cac pha va mach khoéa lién dong.

Trong so dd c6 3 kénh gidng nhau. O mdi
kénh mach 14y miu dién 4p pha dung mach
phan ap gém tu dién va hai dién trod (vi du pha
A l1a Cs, Ra1, Ra). Léy mau dién ap thi ty
khdng dung b tu dién dau sao Ce va mach phan
4p Ras, Ra7. Tao dién ap ty 18 véi tri s6 hiéu
dung Ua, Ug, Uc va Ug dung cac mach chinh
luu ntra chu ky ¢6 loc bang tu dién 10 uF . Tin
hi€u ra cuia mach nay ty 1€ vai dién 4p céc pha
ciia mang so v6i dat, cing voi dién 4p tha tu
khong dugc dua toi dau vao cdc mach thuat
toan xac dinh pha ro 1a cac bd cong trur dung
khuéch dai thuat toan OA4, OAS va OA6. Bo
phan quan trong nhat ctia so do 1a mach thuat
toan xac dinh pha co ro. Yéu cau mach nay phai
thuc hién thudt toan tinh dién ap vao co cdu
thira hanh ndi ngan mach pha (vi du pha A) theo
U,(A)=3U. —(2U, +U, +/3U,.
Dién 4p ra mach thuat toan xac dinh pha ro
dugc dua t6i didu khién khau thira hanh ndi
ngin mach cic pha. Phan tir logic NOR1,2.3 va
cac diot D1-D6 lam churc nang khoa lién dong
dé dam bao cac role ndi ngin mach cic pha
khong dugc tac dong ddng thoi. Role ndi ngin
mach phai c6 tiép diém dong duoc dong khoang
300mA va chiu dugc dién 4p pha cuia mang.
Trong so dd chon role khong tiép diém la
OptoTriac loai FOD4208.

Nguyén Iy 1am viéc ciia so' do

Khi khong ¢6 rd mot pha (hodc ro ddi xtng
ba pha), dién 4ap ra cua ba kénh dua t6i dau
khong dao ciia khuéch dai thuat toan OA1, OA2

quan hé

5

Hinh 5 . Mach tu dong noi ngcfn mach pha
khi khdng cé ro

va OA3 béng 0, khuéch dai thuat toan bao hoa
duong va cic dau ra ¢ mic logic 1. Mirc logic
nay lam cac dau ra cia NOR1, NOR2 va NOR3
& muc 0. Cac tranzito BJT1, BJT2 va BJT3 &
trang khoa khién cho cac OptoTriac & trang thai
hé mach dau ra.

Khi xuét hién rd mot pha qua dién tré ro, vi
du con ngudi cham phai pha A, dién 4p dau ra
cua OA4 la Uy(A) co gia tri duong vuot qua gia
tri ngudng U,z 1am OAIl chuyén sang bdo hoa
am, dién ap dau ra cua OA5 va OA6 cb gia tri
am nén OA2 va OA3 van o trang thai bao hoa
dwong nhu trude. Tin hidu ddu ra OA1 & mirc 0
lam dau ra NORI & mirc 1, tranzito BIT1 mé
bdo hoa cap dién cho OptoTriac 1 méc sun dién
trd 1o qua dién trd Rom. Pong thoi, mirc logic 1
¢ ctra ra cua NORI qua di6t D1 va D2 dua to1
dau vao thir hai ctia cidc phan tt NOR3 va
NOR2 ctia kénh C va B lam cho dau ra cua
chung & muc logic 0, khoa lién dong khong cho
phép OptOTrlaC cta hai pha con lai tac dong.

Pé kiém tra kha ning lam viéc cua so do da
tién hanh mo phong trén phan mém Electronic
Workbench. Két qua mo phong khi mang khong
CO ro trén hinh 5 va khi c¢6 rdo mét pha qua dién
trd 1kQ trén hinh 6. Khao sat thoi gian tac
dong cua so dd khi ro mot pha qua dién tro
1kQciing duoc thé hién trén hinh 6. Tir d6 thi
trén hinh 6 cho thiy, thoi gian tic dong cua
thiét bi tu dong phat hi¢n va ndi ngén mach pha
khong vuot qua 50ms (thoi gian cho phép la tir
0,12s dén 0,17s). Diéu nay ching to so do co
thot gian tac dong nhanh, dap ung t6t yéu cau
cua thiét bi ty dong phat hién va ndi ngin mach
pha.

Hinh 6. Mach tw dong noi ngdn mach pha
khi ro pha B qua dién tro 1 kQ
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Két qua md phong cho thiy, d6 nhay cta so
dd khi dién dung va dién tro cach dién cua
mang SO véi dat C =1uF/ pha,
R =60kQ2/ pha 1a khong thip hon 18kQ/ pha ;
thoi gian phat hién ro khi r6 mot pha qua dién
trg 1kQ 1a khong qua 20ms; tong thoi gian phat
hién va ndi ngin mach pha khi ro mot pha qua
dién tro 1kQ la khong qua 50ms; gia tri 16n
nhét cta dong ro khoanh khic sau khi ndi ngén
mach pha khéng qua 30mA.

3. Két luan

- Mach ty dong phét hién pha ro phan Uung
theo hiéu s gitra tri hiéu dung dién ap cua pha
c6 pha vuot trude va té hop dién 4p hai pha con
lai v&i dién ap thir ty khong theo quan hé ty 1é
(9) c¢6 do nhay va do tin cay xac dinh pha ro
cao, phu hop vé6i diéu kién cic mang dién mo
ham 10 dién ap 1140V.

- So d6 mach tu dong phat hién va nbi
ngian mach pha ro dugc thiét ké trén hinh 4 c6
cau tao don gian, thoi gian tac dong nhanh, do
nhay va dg tin cdy xac dinh pha ro cao, co thé
st dung céc linh kién dién tir thong dung.

- Két qua nghién ctru trén c6 thé tham khao
dé thiét ké mach ty dong phat hién va ndi ngan
mach pha ro ding cho cac mang dién mo cép
dién ap 6kV, nham dam bao diéu kién an toan
dién giat.
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ABSTRACT
An automatic detection and earthed leakage phase circuit for 1140V underground mine
power supply system
Kim Ngoc Linh, Kim Cam Anh, Hanoi University of Mining and Geology
Nguyen Van Quan, Quang Ninh University of Industry

To ensure safe conditions of electric shock, protective relays apllied in the 1140V
underground mine power supply system must have the automatic detection and earthed leakage
phase functions. These relays should have fast response time; sensitivity and reliability in the case
of detect the leakage phase. In this paper, authors propose an automatic detection and earthed
leakage phase circuit diagram. The circuit operates based on difference between RMS value of lead-
phase voltage and combination of two lag-phases and zero sequence voltages. The Matlab Simulink
and Electronic Workbench simulation results show that proposed circuit have high reliability for
leakage phase detection; sesitivity no less than 18 kQ per phase; detection time for leakage phase
less than 20 ms; total time for detection and earthed the leakage phase is not exceed 50ms.
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