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PHUONG PHAP TiNH TOAN
KIEM TRA BIEU KIEN AN TOAN BIEN GIAT
KHI THIET KE CAC MANG BIEN KHU VUC MO HAM L0

Kim Ngoc Linh, Nguyén Thac Khanh,
Kim Thi CAm Anh

Trwong Dai hoc M6 - Dja chét

Email: kimngoclinh@humg.edu.vn

TOM TAT

Hién nay, viéc tinh toén kiém tra theo diéu kién an toan dién giat chuwa duoc thuc hién khi thiét ké
céac mang dién khu vic mé ham 1o Viét Nam. Trong thuc té, mang dién khu virc mé ham 16 thuong cé
céc thiét bi dién nhw quat théng gié cuc bd, may bom nuwdéc, tdi, quang lat, méng cao v.v... duoc dan
dong bdng déng co khéng déng bd. Cac déng co nay cé khé néng tao ra strc dién déng nguoc dua
vao mang lam tang nguy co dién giat. Bac biét trong cac giai doan chay thir, bao dwéng, stra chira vi
ltc d6 nhiéu déng co lam viéc & ché do non tai hodc khéng tai. Dé ddm bao diéu kién an toan cho con
nguoi trong qua trinh I13p dat, stra chira, van hanh thir nghiém, khi thiét ké mang dién mé cén phai bé
sung thém phan tinh toan kiém tra theo diéu kién an toan dién giat. Cac phuong phép tinh toén kiém
tra theo diéu kién an toan dién giat ctia nuéc ngoai déu duwa vao két qua cac nghién ctru thuc nghiém.
Vi vay, ap dung vao cac mé ham 1o Viét Nam thuong la khéng thich hop vi diéu kién lam viéc la khac
nhau. Bai bao nay dé xuat mot phuwong phép cé tinh chét téng quat, cé thé 4p dung cho cac mang dién
mad hadm 1o dién 4p 380V, 660V, 1140V va khéng phu thuéc vao cac két qua thuc nghiém, vén rat kho
thuc hién trong diéu kién céc mé ham Io Viét Nam.

Twr khéa: mang dién md, bdo vé ro, dong dién ro, dién ltgng qua nguwoi, an toan dién giét.

1. DAT VAN BE

Khi thiét ké cac mang dién ha ap khu viec mé
ham 16 thwdng tinh toan theo diéu kién dong nung
néng cho phép, sau dé tinh toan kiém tra mang theo
diéu kién tén hao dién ap khi lam viéc binh thuéng,
kiém tra didu kién kh&i dong ctia dong co va diéu
kién lam viéc 6n dinh cla role ro [1,5]. Trong thuc
té, cac mang dién khu viec md ham 16 cé céc thiét
bi dién nhw quat théng gié cuc bé, may bom nwéc,
toi, quang lat, mang cao v.v., dwoc dan dong bang
dong co khéng déng bd. Cac déng co nay cé kha
nang tao ra sc dién déng (s.d.d) nguwgc dwa vao
mang lam tang nguy co dién giat. Bac biét trong cac
giai doan chay th(r, bdo dwéng, stra chiva vi luc dé
nhiéu dong co lam viéc & ché dé non tai ho&c khong
tai. Nguy co dién giat sé tang lén trong trwdng hop
mang s dung thiét bj bu cdng suat phan khang
bang bd tu bu vi tu dién c6 kha nang duy tri dién ap
dw trong mang bi ngat do dworc tich nang lwong [6].
Vi vay, dé d& dam bao diéu kién an toan cho con

ngwdi trong qua trinh 18p dat, stra chiva, van hanh
thtr nghiém v.v., khi thiét ké cac mang dién khu vuc
md ham Id can phai bd sung thém phan tinh toan
kiém tra theo diéu kién an toan dién giat.

2. NOI DUNG NGHIEN cUrU

2.1. Téng quan phwong phap tinh toan kiém
tra diéu kién an toan dién giat mang dién khu
virc moé ham 16

2.1.1. Phwong phap cua Xuvorov |. F.

Trong [7], Xuvorov |. F. da dé& xuét phwong
phap tinh toan kiém tra diéu kién an toan dién giat
cho cac mang ba pha trung tinh cach ly dién ap
380V theo coéng suét trung binh cla déng co va
dién dung ctia mang. Trinh tw tinh toan theo cac
buéc sau:

1. Tinh dién dung ctia mang so v&i dat

C=Cl+CL+..+Cl =Y Cl,uF/pha (1)
1
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Trong dé: Ci, | twong tng la dién dung riéng va
chiéu dai ctia doan cap th i.

2. Tinh céng suét trung binh cla cac dong co
trong mang

_P+P,+...+P _ZPﬂ

P, kW (2)
n n

Trong do: Pila cong suat dinh murc cla ddng co
the i, n la sb déng co trong mang.

3. Xac dinh céng suat clia ddng co I&n nhét
Pdm(max).

4. Tra gidn dd Hinh H.1, irng v&i C va Py xac
dinh dugc lwgng dién tich (dién Iwgng) Q qua
ngwdi do dong rd trong thdi gian cét cua thiét bi bao
vé va do strc dién dong ngwoc do nhém dong co
con quay theo quan tinh khi cat ngudn.

(t,+t50).8
o 1.4 14kW 20 30 i40 -
" | 780 g
0;6{iF " | g
WE AYAVA
0,4uF 0.8u 1.0 [/ / oW
034 N O HE 1L/,
o s 11 [/ 1/,
\ L1/
N o I/ cod
NS S 117 Uabe = gio0tatp,
Q= loofe # tanch| .. et , ./ !
thpC f) ;
0.2}
Q,mAs 50 E 3 30 200 02 04 06 08 10 ’CuF

H.1. Gidn dd d€ xac dinh dién luong qua ngudi do dong ro trong
thai gian cat clia thiét bi bao vé va do siic dién dong ngugc do
nhém déng co con quay theo quan tinh khi cdt nguén [7]

5. Tinh lwgng dién tich Q' do strc dién dong
ngwoc cla dong co c6 cong suat Ién nhat gay ra
sau khi kh&i dong tlr nhanh con nguw®i cham phai
tac déng.

6. Tinh téng dién lwong qua ngudi

Q;=Q+Q ®3)

7. So sanh v&i dién lwong cho phép Qcp theo

diéu kién
Q; £Q, =50mAs 4)

2.1.2. Phwong phap cua Pichuev A.V. va cac
tac gia khac

Trong [6], Pichuev A.V., Peturov V.l., Xuvorov
|.F. da trinh bay mét phwong phép tinh toan kiém
tra diéu kién an toan dién giat mang ba pha trung
tinh cach ly dién ap 660V. Trinh ty tinh toan gdm
cac buodc:
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1. Xac dinh héng sb thdi gian tat s.d.d nguoc
roto déng co
T, =L, /R,.s (5)
Hoac hang sb thoi gian tat s.d.d nguoc roto
dong co cé thé tra Bang 1.
Bang 1. Hang sé thdi gian dién ti cia ddng co khdng dong bd

P, kW 22 30 37 45 55 75
Toos | 0439 | 060 | 0,738 | 0899 | 1098 | 1,503
P, kW 90 110 132 160 200 250
Toos | 1,797 | 2,20 | 2,649 | 3,207 | 3,994 50

Trong doLai, Rai - twong trng la dién cam va dién
khang day quén roto clia déng co thi i; Pi - cong
suét cia dong co th .

2. Tinh hang s thdi gian tat twong dwong s.d.d
ngwoc clia nhdm cac déng co

2(3)

Tpo= s ©)
(Pi /TDCi)
3. Tinh dién dung clia cap
C,=105C,1;
CZ = Ccc +2Cci’uF (7)
i=l1

Trong d6Coi — la dién dung riéng trung binh cla
doan cap th& i, UF /m; li— chiéu dai doan cap thi i,
m; Cy - dién dung céch dién so véi dét c6 tinh dén
dién dung cua cap chinh Ccc, UF ; Cci — dién dung
cach dién clia doan cap thr i, UF . Bién dung riéng
trung binh cda cap tra Bang 2.

Bang 2. Dién dung riéng cach dién clia cap
Loai G (ULF /km) véi tiét dién cap, mm?
Gép | 6 [ 0] 16] 253 [50]70]09%
012017 {018 | 0,19 | 0,24 | 034 | 035 | 0,36

(@p boc
thép
dén
1kV

Gap 017 1 018 019 | 02 [ 023|024 | -

mém
khéng
boc
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dén 1
kv

Gp 0,32
mém
()]
mang
boc
dén 1
kv

037 | 043 | 0,63 | 0,66

4. Tinh dién khang dién dung ctia mang so v&i
dat
X=1/0C,,kQ (8)

5. Tinh dién tr& cach dién clia mang so v&i dat

phu thudc vao sb lwong va loai thiét bi dién
3
R= 10 kQ (9)
n, /R, +n, /R, +n, /R, +n /R,

Trong d6: ndc 1a sb lwong déng co trong mang; Rac
- dién tr& cach dién dong co, MQ; nw — sb lwong
thiét bi dién, bao gébm ca céc thiét bj dwoc tich
hop sén trong tram bién ap di dong; R — dién tré
cach dién cua thiét bi dién, MQ ; npa — s6 may
bién ap lwc trong mang; Reoa la dién tré cach dién
clia may bién ap, MQ ; nc - sb lwong cép trong
mang (cap boc thép va cap mém); Rc — dién tré
cach dién cua cap, MQ.

6. Tinh hdng sb thdi gian twong dwong cla
mach vong tao béi tré khang cach dién cla mang
va tré khang cla nguoi

T, =X /Ry, s (10)

Voi X, =(XX_)/(X+X_) - dién khang dién
dung twong dwong cé tinh dén dién khang dién
dung cla co thé ngudi Xo, kQ
R, =(RR_)/(R+R_) - dién tré twong dwong

c6 tinh dén dién tré cla co thé nguwdi R, kQ.

7. D6i v&i mbi loai role ro, tinh tri s6 dong dién
chdy qua co thé ngudi & ché do xac lap, phu thudc
vao hang sb thdi gian Tia theo cac biéu thirc sau:

+ Pbi v&i so dd role rd ndi mang qua mach
dién tro - diot

I, =201,65-27,64T, +1,51T; —0,025T, mA

(11)
+ Dbi vai so db role rd ndi mang qua mach dién
cam — dién tr&

I =283,82-293T, +1IT: —0,013T

a » MA
(12)
+ Dbi véi so db role rd ndi mang qua mach dién
cadm — dién tr& va c6 mach bu thanh phan dién dung
cua dong dién ro

I =165,7-29,5T, +2,07T2 —0,039T} , mA

(13)
8. Tinh dién lwvgong qua ngudi trong théi gian tac
dong cua thiét bi bao vé

Q. =(x/5/2)1 (14)

Trong détc — tng thdi gian tac dong cuia bao vé
rd va thdi gian cat cia may cét.

9. Tinh thoi gian tac déng cla dong dién do
s.d.d nguoc clia dong co’:

+ Trwérng hop nhém cac ddéng cé tinh dén mach
bu cdng suat phan khang

t™ =2,4665-0,0038T, —0,9529T,.,s

nDC 2

A . mAs

ro° "¢’

(19)

+ Trwong hop nhém cac déng khong tinh dén
mach bu céng suéat phan khang
t,.. =0,9497-0,2034T, —0,949T ..s

e (16)
10. Tinh lwong dién tich qua co thé ngudi do
s.d.d nguoc clia nhom déng co gay ra
Q™ =-19,6278 —4,4544.T, +51,965.t™ mAs (17)

ndc
Q,.=-53799-4,4783.T, +45,5585.t (18)

11. Tinh th&i gian tac dong clia s.d.d nguoc cla
déng co nhanh con nguwdi cham phai

t, =4,507-0,01.T, —0,009.T,,s

DC?

,mA.S

ndc

(19)

12. Tinh lwgng dién tich do s.d.d ngwoc cla
dong co nhanh con nguwdi cham phai
Q, =-30,803-0,653.T, +36,652.t, ., mA.s (20)

13. Tinh tbng lwong dién qua ngudi va so sanh
v&i gia tri cho phép theo diéu kién
Q=Q.,+Q, +Q, =Q, =50mAs  (21)

2.2. Pé xuat phwong phap tinh toan kiém tra
diéu kién an toan dién giat mang dién khu vwc
mé ham 1o

Nhwoc diém cla phwong phap theo [7] 1a chi
st dung cho mang dién mé dién ap 380V, phwong
phap theo [6] lai chi str dung cho mang dién mé
dién ap 660V. Nhwoc diém chung cta hai phwong
phap nay la gidn d& Hinh H.1 va cac biéu thirc tinh
toan déu dwoc xay dwng thyc nghiém tr cac moé
cla nwdc ngoai. D& ap dung hiéu qua can phai xay

de?
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dwng duoc bang thwe nghiém trong diéu kién thuc
té ciia cac mé Viét Nam. Duéi day ching toi dé xuét
phwong phap chung cé thé ap dung cho cac mé
Viét Nam cép dién ap 380, 660 va 1140V.

Hinh H.2 1a so dd thay thé mang dién khu vuc
md ham 16 dé tinh toan kiém tra theo diéu kién an
toan dién giat [6].

BO tubit

nK In, Sn ©P 0

A

Ie, Sc 3K 13,83

3 @m
2,82
ZK,—;%‘—(: :) P2

ki 1k s K2
;—f—Zr©m

H.2. So d6 dé tinh toan kiém tra diéu kién an toan dién giat
mang dién khu vuc mé ham Io

Trong so d& Hinh H.2 ky hiéu: MBA 1a may
bién ap khu vuwc; MC 14 tiép diém cla may cat dau
duwong cap chinh; 1K, 2K, ...nK la tiép diém cula
cong tac to trong cac khéi dong tir diéu khién cac
dong co; Ic, Sc 1a chidu dai va tiét dién cha cap
chinh; 11, S1, ... In, Sn la chiéu dai va tiét dién cla
cac doan cap nhanh; P1, P2, ..., Pn |a cong suét
dinh m(rc cla cac dong co; K1, K2 la cac diém dw
doan con ngudi cé thé cham vao mét pha cua
mang. Ngoai ra, so dd ciing cho biét mang cé bu
hay khéng bu cong suat phan khang va loai role rd
st dung.

Xét so d6 Hinh H.2, gia thiét con ngwoi cham
vao diém K2.

Khi con ngwéi cham vao mét pha clia mang sé
c6 dong dién rd qua ngudi. Voi gia thiét 1ay thoi
diém con nguwdi cham vao la gbc thdi gian va coi
rang role rd l&p & dau dwdng cap chinh sé tac dong
lam may cat MC cét dwoc ngudn cung cép ta cd do
thi mo ta sw bién thién ctia dong dién ro qua ngudi
nhw Hinh H.3 [2,3,4].

ro

o]

H.3. Do thi mo ta su bién thién caa dong dién ro qua nguoi

Ul CONG NGHIEP MO, SO 3 - 2023

Trén Hinh H.3 ky hiéu t1 la thoi diém tat cua
thanh phan ty do, t2 thoi diém ngét cda tiép diém
may cat MC (t2=tc) va ts 1a thdi diém ngat cla tiép
diém coéng tac to 1K.

> Tir d6 thi Hinh H.3 cho thay rang, dong rd qua
nguw®i ngoai thanh phan tw do va thanh phan xac
lap cGa dong qua trinh qua dd con cé thanh phan
dong do dién ap trén cudn day stato clia cac déng
co con quay theo quan tinh gay nén. Thanh phan
x&c 1ap ctia dong dién rd qua ngudi con tiép tuc ton
tai tl th&i diém thanh phan tw do cGia dong qué trinh
qué do tat (thdi diém t1) cho dén thoi diém may cat
MC cét (thdi diém t2). Khi c&t mang ma cé mot sb
ddng co, dong qua trinh qua dé do strc dién déng
ngwoc cla dong co gay ra gdm hai thanh phan:
dong gay bdi strc dién dong nguoc tat dan cla
nhém cac déng co, ton tai tir thoi diém to dén thoi
diém ngat cong tac to cia khéi dong tir khi dién ap
lwdi gidm con 0,5Uam (thoi didm ts) va dong gay béi
strc dién dong nguwoc clia dong co nhanh con
ngwdi cham phai (tir thoi diém tiép diém cong tac
to 1K hé mach cho dén khi strc dién déng cua dong
co tat hoan toan).

> Sau khi cat mang, néu bd qua s thay dbi vé
tan s6 goc dién ap stato déng co, dong dién ro chay
qua co thé ngudi cé qui luat tat dan va duoc xac
dinh theo biéu thirc (22)

t

iroDC = \/Elroe Troc Sin(wt + lIJ) (22)

Trong dé: irobc - dong dién ro qua ngudi do sre
dién déng ngwoc clia ddng co’; Iro - tri hiéu dung cua
dong ro xac lap chay qua co thé ngudi & thdi diém
cat mang (t2); Troc - hang sb thdi gian tat dan cua
dién ap mang gay bdi strc dién ddng ngwoc cla
nhém cac doéng co’; o - tan s6 goc cla dién ap stato
dodng co.

Dién lwong chay qua co thé ngui trong tirng
khoang thdi gian dwoc xac dinh theo cac biéu thire
tw (2) dén (6) [2].

Q,=(T,+T)I, =0 (23)

Trong dé: lo - ddong mét chiéu do kiém tra dién
tr& cach dién c& 0,6 mA);

11
=T [—|ildt =0
Q 1/1!“’

(24)
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(25)

1%,
QZ = T2 F J-lrodt = IroTZ
2 0
/ 17
Q =T, T !ifmdt = 0,761, T, = 0,76.,.06T ¢ =0456T, ¢l

(26)
Q, =T, |- Ti”DCdt = 0,191 T,
T4 . IO . ro .

(27)

Trong d6: Tz = 0,6 Tnoc la khodng thoi gian dé

strc dién déng ngwoc cla déng co gidm con

0,5Udm; Toc - hang s6 thoi gian tat dan cha dién ap
mang gay bé&i strc dién dong ngwoc cla déng co

nhanh con ngwdi cham phai; Iro va Iﬁo - tri hiéu dung
clia dong ro qua ngudi & thdi diém trudc va sau khi
tiép diém 1K h& mach.

Trwong hop mang cé dién dung C>0,25 uF
Ipha, v&i sai s6 khoang (5+ 10)%, cé thé tinh gan
dung I va I/, theo cac biéu thirc (28) va (29) [2].

[ = 3U,0C (28)
Y J1+9RE 0 C?
/
r 1,5U,.0,C (29)

© IHIRZ @} (C)
V&i C va C, twong (rng la dién dung mang va
cUa riéng nhanh con ngwdi cham phai so voi dat;
Ur la dién ap pha cla mang; ¢ la tan s6 goc cia
s.d.d ngwoc sau thoi diém tiép diém 1K hé mach.
Téng dién lwong qua ngudi:
Q=Q,+Q,+Q,+Q,+Q, = I T, +0,456I T, . +0,191. T,
(30)

Thay T, =(t, -t ) =t,

Q=Q,+Q,+Q,+Q,+Q, =1 t +0,4561 T . +0,19I'T,
(31)

Vay trinh ty tinh toan kiém tra diéu kién an toan
dién giat khi thiét ké cac mang dién khu viec mo
ham 16 gdbm cac bwéce [3]:

1. Tinh dién dung toan mang theo biéu thirc (32)

C=ClL+ClL+..+Cl =¥ C],

(32)
2. Tinh dong dién ro xac lap téng theo (33)

3U,0C

I
J1+9R: 0’C?
(33)
3. Tinh dong ré nhanh con ngwdi cham vao theo
(34)
P LUeC  15UeC
T IHIRZ@I(C) 1+9R0(C)?

10

(34)

4. Xac dinh hang sb thoi gian tat s.d.d nguoc
clia cac dong co Toc theo (35) (hodc tra Bang 1)

TDCi = L2i /RZi (35)

5. Tinh hang sb thoi gian tat twong dwong cla
nhém déng co Tnoc theo (36)
N

;(R)

Toe=5 —— (36)

>(P/Ty)

i=1

6. Tinh tbng dién lwong qua nguwdi theo (37)

Q, =1t +0,4561 T .+0,1 91 T, (37)

Trong détc — tdng thoi gian cat cda thiét bi bao
vé: tc = 0,2s (mang 380V va 660V); t. = 0,12s (mang
1140V).

7. So sanh diéu kién (38)

Q; £Q, =50mAs (38)

Néu thod man diéu kién (17), mang dworc coi la
dam bao yéu ciu vé an toan dién giat.

3. KET QUA VA THAO LUAN

Khi thiét k& cac mang cung cép dién khu vuc
mé ham 16, tuy theo clp dién ap, cé thé si dung
mot trong ba phwong phap da trinh bay & trén dé
tinh toan kiém tra diéu kién an toan dién giat. Mang
duwoc coi la ddm bao yéu cau vé an toan dién néu
tbng dién lwong tinh toan khéng vwot qua dién
lwong cho phép 1a 50mAs. Truéng hop diéu kién
nay khéng dam bao can thay déi két chu mang thiét
ké hoadc ap dung gidi phap dé han ché dién lvong
qua nguwoi nhw ty ddong ndi ngédn mach pha nguoi
cham phai xudng dét, bu thanh phan dién dung cla
dong ro.

Phwong phap ctia Xuvorov |. F. ¢6 wu diém la
don gian nhung cé nhuoc diém la do gian d6 dé
tinh toan Hinh H.1 dwoc xay dwng bang thuc
nghiém tlr cdc moé clia Nga nén chi thich hgp vé&i
cac mé Viét Nam cé diéu kién twong tw. Mot han

CONG NGHIEP MO, SO 3 - 2023 &}
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ché niva clia phwong phap nay 1a chi ap dung dwoc
cho cac mang dién moé dién ap 380V.

Phuwong phap dwoc cac tac gia Pichuev A.V.,
Peturov V.1., Xuvorov |.F. trinh bay trong [6] c6 wu
diém l1a da ké dén anh hwéng cla loai thiét bi bao

co thé ap dung cho cac mang dién mé dién ap
380V, 660V va 1140V. Nhuoc diém cia phuong
phap la chwa ké dén dwoc anh hwdng cla thiét bi
bu cdng suat phan khang dén diéu kién an toan
dién giat.

vé ro va thiét bi bu céng suét phan khang dén diéu
kién an toan dién giat. Nhwoc diém cua phuong
phap nay 1a tinh toan phirc tap va can s dung
nhiéu d&c tinh thwc nghiém. Phwong phap nay
cling chi ap dung cho cac mang dién mé dién ap
660V.

Phwong phap do nhém tac gia dé xuat da han
ché dwoc nhwoc diém clha hai phwong phap trén [a
khéng phai xay dwng cac quan hé thyc nghiém (rat
kho thye hién trong diéu kién cac mé Viét Nam) va

4. KET LUAN

Tinh toan kiém tra ddm bao diéu kién an toan
dién giat khi thiét k& cac mang dién mé ham 1o dién
ap dwsi 1200V la mot viec lam can thiét, nhdm
tranh gay ra cac tai nan dién giat cho con nguoi,
nhét |a trong qué trinh chay thir sau khi I&p dat hodc
sau cbng viéc bao tri, stra chira. Phwong phap
nhém tac gia dé xuét cé thé ap dung khi tinh toan
thiét ké cac mang dién mé dién ap dwdi 1200V O
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METHOD FOR CALCULATION AND CHECKING ELECTRIC SHOCK SAFETY
CONDITION WHEN DESIGNING PRECINCT POWER NETWORKS
IN UNDERGROUND COAL MINES
Kim Ngoc Linh, Nguyen Thac Khanh, Kim Thi Cam Anh

ABSTRACT

Currently, the calculation and checking of conditions according to electric shock safety standards have
not been used when designing precinct power networks in Vietnam's underground mines. In fact, the
precinct power networks in the underground coal mine often has electrical equipment such as local fans,
water pumps, hoists, tippers, chain conveyors, etc., which are driven by asynchronous motors. These
motors are capable of generating back electromotive force applied to the network, which increases the
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risk of electric shock. Especially in the stages of testing, maintenance, and repair of equipment because
at that time many motors work in under-load or no-load mode. In order to ensure safe conditions for people
during installation, repair, and test operation, when designing the mine electrical network, it is necessary
to add a calculation and check according to electric shock safety conditions. The methods of calculating
and checking according to foreign electric shock safety standards are based on the results of experimental
studies. Therefore, applying to Vietnam’s underground mines is often inappropriate because the working
conditions are different. This paper proposes a general method, which can be applied to 380V, 660V,
1140V underground mine power networks and does not depend on experimental results, which are difficult
to implement in Vietnam’s underground coal mine conditions.

Key words: underground mine power network, earth leakage protection, leakage current, electric
charge through body, electric shock safety.
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