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Giai phap bu dién dung da dwoc chiing minh c6 hiéu qua cao trong cac mang ba pha trung tinh cach
ly va lién tuc dwoc nghién ctru hoan thién. Tuy nhién, déi voi céac mang dién mad co6 cac déng co céng
suét I6n hoat déng, hiéu qua cda gidi phap bu dién dung chwa duoc dénh gid mét cach day du. Cac két
qua nghién ctru trinh bay trong bai bao nay chirng minh réng dbi véi cac mang dién mé cé céc déng co
céng suét I6n lam viéc, gidi phap bu dién dung cé thé lam tdng nguy co dién giat. Két qua nghién ctu
nay céan dwoc quan tdm khi dé xuét cac gidi phédp dam béo diéu kién an toan dién giat cho cac mang
dién mé hdm 1o co gidi hoa c6 cac déng co céng suét Ién hoat déng.

Tir khéa: mang dién md, bao vé ro, bu dién dung, ddng co cdng suét I&n, dong dién ro

1. DAT VAN BE

Trong cac mé ham 16 si dung rdng rai mang
dién ba pha cé trung tinh cach ly. Quy chuan Ky
thuat qudc gia vé an toan trong khai thac than ham
16 quy dinh bat budc phai trang bi cho mang dién
ham 16 cac thiét bj bao vé ro. D& dam bao diéu kién
an toan dién giat, trong cac thiét bi bao vé ro ludn
cé mach bl thanh phan dién dung cia dong ro. Giai
phap bu dién dung da dwoc chirng minh cé hiéu
qua cao trong cac mang ba pha trung tinh cach
ly va lién tuc dwoc nghién ctru hoan thién [3,4,5].
Tuy nhién, dbi v&i cac mang dién mé cé cac dong
co ¢dng suét Ién hoat dong (vi du nhw mang dién
1140V trong cac md ham |6 dwoc co gidi hod), hiéu
qua cla gidi phap bu thanh phan dién dung cla
dong dién ro chwa dwgc nghién cliru danh gia mot
cach day da. Vi vay, nghién ciru vé& bu dién dung
trong cac mang dién mé cd cac dong co cong suat
I&n hoat dong la cé y nghia khoa hoc va thyc tién.

2. NOI DUNG NGHIEN CclrU

2.1 Cor s& ly thuyét

Xét so dd cung cap dién don gidn cho mét khu
vuc khai thac mé ham 16 s dung cép dién ap
1140V nhw Hinh H.1 [1].

Trong so d6 ky hiéu MC 14 tiép diém cla may

cat & dau dwong cap chinh; K, K,, ..., K_1a tiép
diém cla cac cong tac to trong cac khdi dong tr
diéu khién dong co ctia cac may cong tac; Z_, Z,,
..., Z,, 1a tr& khang cach dién so voi dat cia mang
cap chinh va cac mang cap nhanh. Gia thiét con
ngwoi cham vao mot pha clia cap nhanh 1.
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H.1. S¢ dd nguyén ly mang cung cap dién khu vuc mé ham lo

Khi con ngwdi cham vao mét pha clla mang sé
c6 dong dién rd qua ngudi. Véi gia thiét 1ay thoi
diém con nguwoi cham vao la gbc thoi gian va coi
rang role rd l1ap & dau duwong cap chinh sé tac
dong lam may cét MC cét ngudn cung cép, ta cé dd
thi mo ta sw bién thién ctia dong dién roé qua ngudi
nhw Hinh H.2 [1,6].

Trén Hinh H.2 ky hiéu t, la thoi diém tat cla
thanh phan tw do, t, thoi diém ngat cla tiép diém
may cat MC va t, 1a thoi diém ngat cda tiép diém
cong tac to K.
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H.2. D6 thi mo ta su bién thién cia dong dién ro qua nguoi
khi ngt déng co

T @b thi Hinh H.2 cho thay rang, dong ro qua
nguwdi ngoai thanh phan tw do va thanh phan xac
lap ctia dong qué trinh qua dod con cé thanh phan
dong do dién ap trén cudn day stato clia cac déng
co ¢on quay theo quan tinh gay nén. Thanh phan
xac lap cua dong dién rd qua ngudi con tiép tuc
ton tai tir thoi diém thanh phan tw do cia dong qua
trinh qua do tat (thoi diém t,) cho dén thoi diém
may cat MC cét (thoi diém t,). Khi cat mang ma co6
mot s6 ddng co, dong qua trinh qua dd do strc dién
déng nguoc clia déng co gay ra gdbm hai thanh
phan: Dong gay béi sirc dién dong nguoc tat dan
clia nhém céc dong co, ton tai ter thoi diém t, dén
thdi diém ngat cong tac to clia khéi dong tir khi
dién ap lwdi giam con 0,5U,  (thoi diém t,) va dong
gay bdi slrc dién dong ngwoc clia dong co nhanh
con ngwdi cham phai (tir thoi diém tiép diém cong
tac to K, hd mach cho dén khi strc dién dong cua
doéng co tat hoan toan).

Quy luat bién thién cltia dong rd qua ngudi dwoc
mo ta trén Hinh H.2 la phu hop v&i cac mang dién
mé khéng cé mach bu thanh phan dién dung cla
dong dién ro.

Trong thwc té mang dién md tén tai dién dung
so v&i dat nén trj s6 dong ro qua ngwdi khéng chi
phu thudc vao dién tré cach dién cla mang so vo&i
d&t ma con phu thudc vao dién dung clia mang. Dé
dam bdo an toan dién giat can phai bu thanh phan
dién dung cua dong dién ro.

Nguyén ly bu thanh phan dién dung la méc gitra
trung tinh bién &p va dat mot cudn bu coé dién cadm
dwoc hiéu chinh sao cho cong huwdng voi dién
dung ctia mang. Hinh H.3 & so dd nguyén ly bu
dién dung va dé thi véc to giai thich nguyén ly bu.
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H.3. So d6 nguyén ly va do thi vecto mang c6 bu dién dung

Do khéng tién dau cudn bu vao diém trung tinh
clia may bién ap nén thwdng dau cudn bu qua diém
trung tinh tao b&i bo tu dién hodc dién cdm déu sao.
So d6 twong dwong vé mét an toan dién giat voi
cac mang ba pha trung tinh cach ly cé cudn bu dién
dung d4u qua bo tu dién d4u sao trén Hinh H.4.

o

H.4. S¢ d6 tuong duong vé mat an toan dién giat mang cé b
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H.5. S¢ d6 tinh dong dién ro qua ngudi khi ngat dong co

Trong so d6 Hinh H.4 ky hiéu: R va C twong
(rng la dién tré cach dién va dién dung mét pha cla
mang so v&i dat; L, la dién cam cudn bu; C, la dién
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dung bé tu dién d4u sao tao trung tinh ndi cudn bu;
R, la dién tr& nguoi.

So d6 twong dwong dé tinh dong dién ro qua
ngudi sau khi may cit MC ngat ngubn cung cap
cho déng co néu trén Hinh H.5.

Trong so dd Hinh H.5, u, la dién ap stato dong
co sau khi ngét nguén cung cip. Néu tri sé tirc
thdi clia dién ap mot pha bat ky cla stator truéc
khi ngat déng co bang u, = U, cos(m,t+¥) thisau
khi ngat (t>0) dién ap nay dwoc xac dinh theo biéu
thire (1) [2].

t

u, =kU_e ™ co (l—s)oalt+‘P—q)] (1)

Trong (1) ky hiéu T, 1a hang s6 thoi gian cla
doéng co, @ la gdc léch pha clia dién ap stator dong
co trwdc va sau khi ngat khadi nguén cung cép, s la
do trwot clia dong co. Gia tri gan dung cla hé sb
k 14y bang 0,83 khi tai dinh m&c va bang 0,95 khi
dong co khéng tai. D6 thi thdi gian cha dién ap nay
dwoc mo ta trén Hinh H.6 [2].

H.6. Dién ap stator ddng co khi ngat nguén cung cap
Khi ngét dong co khai luéi, tec do dong co giam
dan nén dd truot s thay ddi lam tan sb géc dién ap
stator gidam dan. &’ mét tan sb xac dinh clta dién
ap stator dong co téng tré twong dwong cla hai
nhanh dién khang mac song song trong so' dé Hinh
H.5 dwoc xac dinh theo biéu thirc (2).

_(ci/3eC)joL, - j/30C,) _ L,/3C-1/90C , (2)
—j/30C+joL, —j/30C, joL, —1/30C—1/3wC,)

o

Tw (2) suy ra tong tré twong dwong Z,,=0 & tan
s6 sao cho L, /3C—-1/90°C ,=0. Hay

f,=w,/2n=1/2n,3L,C, (3)

Vidu véi C=1uF; L ,=10,14H, theo (3) tinh dwoc
f,=28,87Hz.

O tan sb f,, Z,,=0 nén dong rd dat gia tri I&n nhéat
bangl__=U/R,. O tan sb nay, tri s6 clia dong dién
ro qua ngudi khdng phu thudc vao dién tré va dién

dung céach dién clia mang, ma chi phu thudc vao tri
sb cla dién ap pha stator va dién tré nguwdi. Mang
lc nay gibng nhu mang ba pha trung tinh néi dét.

Két qua phan tich trén cho thay, dbi véi cac
mang ba pha cé bu dién dung ndi qua bd tu dién
dau sao, quy luat ctia dong dién rd qua ngudi cé
dang khac véi d6 thi Hinh H.2. Qua trinh ngat déng
co khdi nguén cung cép, do tan sb gdc cua dién ap
stator giam nén sé ton tai mot tAn sb cdng hwéng.
O tan sb do, tré khang cach dién twong dwong cla
mang so v&i dat bang 0 va dong rd qua ngudi sé
dat gia tri I&n nhat. Quy luat bién thién cha dong ro
qua ngudi trong tredng hop nay dwoc mé ta trén
Hinh H.7.
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H.7. D6 thi mé ta su bién thién cia dong dién ro qua nguoi trong
mang 6 bu dién dung

2.2. Két qua thuc nghiém

Dé& nghiém lai két qua nghién ctru ly thuyét trén
chung t6i da tién hanh thwc nghiém trén mé hinh
th& nghiém Thiét bj bdo vé dong dién rdo & Phong
thi nghiém Ky thuat dién—dién t&r cta Trwdng Dai
hoc M - Dia chét

Trong diéu kién Phong thi nghiém, dé cé thé
khao sat dwoc anh hwédng do strc dién ddng nguoc
clia déng co khi cat ngudn dén dong dién ro, mot
thiét bi tao strc dién déng nguoc da dwoc thiét ké,
ché tao. Thiét bi gbm mét déng co déng bd nam
cham vinh ctru khéi dong truc tiép loai LSPMSM
2,2kW dién ap 380V va may bién &p cong suét
10kVA, dién ap 380/660/1140V.

Két qua thuwc nghiém trén cac Hinh H.10 va H.11.
Hinh H.10 1a dang dong dién rd qua ngudi khi ngat
dong co trong tredng hgp mang khdéng co bu dién
dung va Hinh H.11 la dong dién ro qua ngudi khi
ngét dong co & mang cé bu voi L,=10,2H; C =1uF.
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3. KET QUA VA THAO LUAN

> Két qua nghién ctru ly thuyét va thwe nghiém
cho thay rang, dbi véi cac mang ba pha trung tinh
cach ly khéng cé mach bu dién dung, khi dong
co cdng suét Ién bi ngat khdi ngudn cung cép,
dong dién ro qua ngudi do strc dién dong nguoc

TAI LIEU THAM KHAO

clia déng co gay ra cé dang gibng nhw Hinh H.2.
Trwdng hop mang cé cudn bu dién dung dau vao
mang qua bd tu dién dau sao, dong dién ro qua
nguw&i do stre dién ddng ngwoc cla dong co gay ra
c6 dang giébng nhw Hinh H.7;

> Trong cac mang co6 st¢ dung cudn bu noi qua
bd tu dién dau sao, trong qua trinh ngat déng co, sé
ton tai mot thoi diém xay ra hién twong cong huéng
lam tr& khang cach dién twong dwong cla mang
so v&i dat bang khong, khién cho tri s6 dong ro qua
nguw&i chi con phu thudc vao dién ap stator dong co
va dién tr& cla co thé ngudi;

> Tuy thudc vao hang sb thoi gian tat ctia dong
co va dién tré cta co thé nguoi, & dai xung quanh
tan s6 cong huéng, tri sé dong dién rd qua ngudi
c6 thé Ién hon nhiéu 1an dong an toan khoanh khac
gay nguy hiém cho con ngui;

> Thoi diém xay ra hién twong cong hwéng ng
véi tan sb dién ap stator gidm xudng gia tri dwoc
xac dinh theo biéu thirc (3). TAn sb nay chi phu
thudc vao tri s6 ctia dién cam bu L, va tri s6 ctia bd
tu dau sao C,. Néu khdng c6 mach bu hodc cudn
bu dwoc dau qua bd dién cam d4u sao sé khong cé
hién twong cong hwéng.

4. KET LUAN

Dbi v&i cac mang dién ba pha trung tinh cach ly
c6 cac dong co cong suat Ién hoat dong, dé dam
bao diéu kién an toan dién giat, khéng ap dung giai
phap bu thanh phan dién dung cta dong ro bang
cudn bu dau qua diém trung tinh ctia bd tu dién dau
sao. Co thé thay thé bang gidi phap méc cudn bu
qua trung tinh bd dién cadm dau sao hoac gidi phap
tw déng nbi ngan mach pha con nguwdi cham phai
qua dién tré nhoé xubng data
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COMPENSATION FOR THE CAPACITIVE COMPONENT OF LEAKAGE CURRENTS
AT THE MINE POWER NETWORKS WITH A LARGE POWER MOTOR
Kim Ngoc Linh, Nguyen Thac Khanh, Kim Thi Cam Anh

ABSTRACT

The capacitive compensation solution has been proven to be highly effective for mine power networks
and is constantly being researched and improved. However, for the mine networks with high-power active
motors, the effectiveness of the capacitive compensation solution has not been fully evaluated. The
research results presented in this paper show that for mine power networks with high-power running
motors, the capacitive compensation solution can increase the risk of electric shock. The results of this
study should be taken into account when proposing solutions to ensure the safety conditions for the
mechanized underground mine networks with high-power engines in operation.

Keywords: mining electrical network, leakage protection, capacitance compensation, high power
motor, leakage current.
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