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CO - PIEN MO (trang 49-58)

MO HINH MANG PIEN MO HAM LO PIEN AP 1140V

VUNG QUANG NINH VE PHUONG DIEN AN TOAN PIEN GIAT
NGUYEN VAN QUAN, Truong Pai hoc Cong nghiép Qudng Ninh
KIM NGOQC LINH, Truong Pai hoc M6 - Pia chdt
Tém tat: Bai bdo trinh bay két qud nghién ciru xdy dyng mé hinh mang dién mo ham 1o
dién ap 1140V vung Quang Ninh vé phu"ong dién an toan dién gidt. Tir két qua nghién ciru
tong quan vé cac mé hinh tinh dong dién ro trong mang dién mo ham 16 va két qua nghién
curu vé qud trinh quad do khi ngdt déng co khong dong bé ba pha khéi ludi dién cung cap,
nhém tac gia da dé xudat mot mé hinh tinh dong dién ro dp dung cho ‘mang dién mo ham 1o
dién ap 1140V ving Quang Ninh. Piém moi cua mo hinh la da ke dén anh hwong cia dién
dp stato dong co cong sudt I6n sau khi ngdt khoi luéi dién cung cap dén dong dién ro.

1. Tong quan Cic mdé hinh mang dién mo
him 16 vé phwong dién an toan dién giat
Nghién ciru vé diéu kién an toan dién giat
mang dién mo ham 10 dién ap 380V va 660V,
nhiéu tac gia trong va ngoai nudc da dé xut
nhiéu md hinh mach vé phuong dién an toan
dién giat dé tinh dong dién ro qua ngudi. Trong
[2,4,5] d3 sir dung so ¢ nhu hinh 1, véi R va C
la di¢én tré cach dién va dién dung cua mang so
v6i dat, R 1a dién tré ctia nguoi. M6 hinh nay
chi xét dén anh huong thong sb cach dién cia
mang so v6i dat dén dong dién ro.
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Hinh 1. M6 hinh don gian tinh dong dién ro

Trong [1], ké d&én anh hudng cua trd khang
bién ap, tro khang cp va tro khang tai dén dong
dién ro da st dung mo hinh nhu hinh 2. Trong
d6 Rpa, Lba la dién trod va dién cam cua bién ap,
Rc va L¢ la dién tré va dién cam cua cap, Rqdc va
Lgc 12 dién tré va dién cdm cia dong co.

Céc md hinh trén chua ké dugc dén anh
huong do dién ap stato (stc dién dong nguoc)
ciia dong co khi ngat khoi ludi dién dén dong
dién r0 qua nguoi nén chi thich hgp véi cac
mang ha 4p mo (dién ap 380V va 660V). Trong
mang dién 1140V thudong su dung dong co cong
suat 16n hang traim kW. Nhiéu nghién ctru da
canh bao nguy co mét an toan dién giat do dién
ap trén cac cudn day stato ctia dong co khi ngat
khoi luéi [5]. Tuy nhién cho dén nay van chua
c6 mot tac gia nao dé cap dén mot md hinh cho
phép gidi bai toan nay. Vi vay, viéc xay dung
mot md hinh c6 ké dén anh huong do st dién
dong nguoc cia dong co dén dong dién ro rat
dang dugc quan tam.
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Hinh 2. M6 hinh ké dén anh hwong cia tré khdng bién dp, cdp va tré khéang tdi
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2. Nghién ctru xay dung moé hinh mang
1140V vé phwong dién an toan dién giat

Dé xay dung mé hinh mang dién mé ham 16
dién ap 1140V vé phuong dién an toan dién giat
trude tién xét bai toan qua trinh qua do khi ngt
dong co khong dong bd ba pha khoi ludi dién
cung cap [3].

Xét so dd hinh 3, sau khi cac tiép diém cia
may cat duoc ngit ra thi dién 4p trén cudn day
stato cua dong co us khac véi dién ap cua ludi
un. Néu goi up 12 dién 4p hd quang xuat hién khi
ngat may cat ta co U, = U, —U, .

Hinh 3. Péng co khéng dong bo khi ngdt nguon
cung cdp
Goi t1 1a khoang thoi gian dé mach stato
dong co duoc ngit hoan toan khoi ludi. Tur
phuong trinh can bang dién ap mach roto

. dy
u=0=iR +—2, 1
r r-r dt ()

trong do Rr 1a dién trd va y, 1a tir thong, ir va ur
la dong dién va dién ap mach roto.

Tich phan hai vé phuong trinh (1) tir 0 dén
t1 nhan duoc

ty
0= RrIIrdt TW — Vo
0

trong d6 ky hiéu y,, va y,,1a to thong mach
roto dong co trudc va sau khi ngat mach.

Néu bo qua dién tré nho cia mach roto co
0=y, —w, hay v, = Vio- Nhu vay, su thay doi
dong dién stato khi ngit dong co s& dan dén su
thay do6i dong dién roto nhung tir thong mach
roto 1a khong thay doi trong qua trinh ngat dong
co khoi ludi.
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Khi dong co bi ngit hoan toan khoi ludi,
dong trong cac cudn déy stato bang khéng. O
thoi diém dau tién sau khi ngit, tir théng roto
khong thay d6i, dong dién roto s& dao dong tit
dan. Vi mach stato lic d6 hd mach nén su tit
dan cua dong dién roto chi phu thudc vao dién
cam tong mach roto Li=Lm+Ls (vOi Lm 1a dién
cam hd cam va L 1a dién cam mach roto & thoi
diém t1) va dién tro thuan cta cudn day roto Ry.
Su tit dan cua dong roto xay ra v6i hang s6 thoi
gian twong tng véi ché do khong tai 1y tudng
khi cung cap tir mach roto (hang sé thoi gian
khong tai roto)

LT (2)

R oR

V&i dong co khong dong bo, trong don vi
tuong ddi cac dai lugng dién khang va dién tro
mach roto trong khoang
X' ~25+4,R ~001+005. Ddi véi dong co cong
sut 16n, do X, >>R nén co6 thé tinh duoc hing

X T _1as( )

s6 thoi gian bang 1 - X+ _
? oR, 314.0,01

Thuc té dién cam Lm VA Lr phu thudc nhiéu
vao muc d§ bao hoa cia mach tir dong co. Véi
viéc gidm cua dong dién va tur thong roto s€ lam
giam murc do bao hoa ctia mach tir va do d6 lam
tang Xr va Tro so véi mie d0 bao hoa dinh murc.
Gia tri X, khi khong bdo hoa co thé 1on hon hai
lan gi4 tri X, khi mach tir bdo hoa. Vi vay, dong
roto ban dau tit nhanh sau d6 do su giam do
bdo hoa ctia mach tir 1am Tro ting khién né tét
cham dan. Trong khoang thoi gian nay hang sO
thoi gian cua dong co cong suat lon co thé dat
gap doi gia tri tinh ¢ trén (khoang gan 3 s). Ddi
v6i dong co cong sudt nho, do dién trd Ry 16n
nén hang s6 thoi gian cia dong co s& nho hon.

Néu bo qua anh huong cua sy bio hoa tir
trong dong co thi ¢6 thé coi thanh phan dong
dién tu do trong mach roto tit dan theo qui luat
ham mil. Trong hé toa d6 quay cung toc do véi
roto, dong dién roto cO dang

t

i =1,
& thoi diém ta.
Khi d6 tir thong stato trong h¢ toa do quay
t

=L 1. "

, trong d6 Ir1 1a dong dién roto

bé’ng l//S = Lmir



Do y,,=w,,=L]l,—>1,="", thay vao

.2 A , L
biéu thirc trén ta c6 v, = L—mt//roe
r
Vi roto quay véi toc d0 w=(1-s)w, (s la
hé sb truot cua dong co, w 1a tan sb goc cua
dién ap ludi) nén trong hé toa do tinh co

t

o= ey oo )

]
Suy ra dién 4p cam Ung trong cudn day
stato co gia tri bang

t
dl//s Lm 1 - _Ti Ja)t
Ug=——==—VW, ——+]og e

S dt L l//ro( Tro J j .

r

Thay @w=(1-S)w, va Troziz X,
R, @R

vao
biéu thirc trén nhan duoc két qua

R t
o j(l—s)}e el (4)

r

u —ia) —
S I—r 1l//r0

Dai luong ayy,,thy thudc vao ché d6 mang
tai cua dong co va c6 gid tri nho hon dién ap
stato trudc khi ngat Usp. Vo1 tdl dinh muc

L Cra aA
oy,, ~09U,. Thay L—m ~0,95 ta c6 bién do
r
ctia dién 4p stato Us sau khi ngat dong co vai tai
dinh muc bang

2 _t
U, ~0,86U 0\/[5-} +(1-s)2e T (5)

r

Dbi v6i dong co roto 1dng soc, tir biéu thirc
(5), bo qua thanh phan R /X, nho so véi (1-5)
nhan dugc biéu thic tinh dién ap stato dong co
khong dong bo roto 1dng soc sau khi ngit khoi
luéi dién cung cap

L T
U, =7 IL-S)ay,e Troglal=t )
r

Pién ap nay c6 tan sb bang (1-s)f va tat

dan véi hang sb thoi gian khong tai roto. Thay

Ly 0,95 va (1-5)~097¢c6 bien do dicn ap

r
trong mach stato trong qué trinh ngit dong co

khong dong bd roto 16ng séc khoi ludi bang
U, ~0,95.097.09U, ~0,83U,,. Dién 4p stato
dong co s& giam tir gid trj nay vé khong theo
qui luat ham md. Néu tri sb tirc thoi cua dién ap
mdt pha bat ky ciia stato trudc khi ngit dong co
bang u, =U, cos(eyt + ), thi sau khi ngit
(t>0) dién 4p nay bang
t

u,=kUe ™ cos[(l-s)mt+a—p|  (7)

Trong do ¢ la goc 1éch pha cua dién ép
stato dong co trude va sau khi ngit khoi ngudn
cung cap. Gia tri gan diing cua hé s6 k iy bang
0,83 khi tai dinh mirc va bang 0,95 khi dong co
khong tai. D6 thi thoi gian cua dién ap nay duoc
mo ta trén hinh 4.

Hinh 4. Sy thay doi dién ap stato dong co khi
ngdt nguon cung cdp

Trong thyc té khi ngat khoi ludi téc do
dong co s& giam dan dudi tic dung cla tai trén
truc dong co lam hé s6 trugt s va do dé tan sd
ctia dién ap stato ciing thay do6i. Vi vay, thyuc té
dién ap stato dong co khi ngat khoi luéi khong
hoan toan thay dbi dung nhu d6 thi trén (ca bién
d6 va tan s6 déu thay doi).

Truong hop khi c6 mot sé dong co dugc
méc trong cung mot thanh cai va may cat tong
duogc ngit, néu tat ca cac dong co giéng nhau va
quay ciing mot tdc do thi qua trinh qua do trong
cac dong co cling gidng nhu khi ngit mot dong
co. O mbi dong co dong dién stato cling giam
vé khong. Tuy nhién, néu thong sd ctia dong co
trong nhém khac nhau, hodc ché do mang tai va
do d6 téc do quay cua cac dong co khac nhau
thi dién 4p trén cyc cia timg dong co khi ngit
c6 qui luat thay d6i s& khong giéng nhau. Khi
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ngit may cit tong do su thay dbi khong gidng
nhau cua di¢n ap trén cyc cac dong co s& Xuét
hién dong dién can bang chay trong cac dong
co. Néu trong nhom cac dong co, dong co niao
c6 cong suit 16n s& c6 hang sb thoi gian T,,16n
hon so v6i hing sb thoi gian trung binh cua
nhom cac dong co. Pién ap stato trong cua cac
dong co nay s€ giam cham hon so voi dién ap
trén thanh cai. Vi vay, nhiing dong co nay s&
phat ra cong suidt phan khang sau khi ngit.
Nguoc lai, nhitng dong co co héng s6 thoi gian
nho hon sé tiéu thy cong suat phan khang.

Khi cac dong co mang tai khac nhau thi voi
nhiing dong co mang tai ndng hé 5O trugt sé
tang va tan s6 goc @ cua nd s€ nho hon tan s6
goc cua dién ap trén thanh cai. Do d6 ¢ nhiing
dong co nay sé tiéu thu mot cong suit tic dung.
Piéu nay cho thiy nhitng dong co mang tai nhe
c6 hé sb truot nho hon s& 1am viée & ché do
may phat khong dong bd. Tan s6 goc dién ap
stato ctia nhitng dong co nay s& 1on hon tan sb
goc cua dién ap trén thanh cai. Ngoai ra trong
qué trinh hdm sau khi ngat vai tro cua cac dong
co c6 thé thay d6i. Trong thuc t& nhom dong co
dugc cung cép tir mot may bién ap khu vue moé
ham 16 thudng c6 cong suit va ché 4o mang tai
1a khong giéng nhau. Tir d6 co thé thay réng, ve
phuong dién an toan dién giat viéc ngat mot
dong co khoi ngudn cung cap la nguy hiém hon
viéc ngat mot nhom dong co khoi ludi. Vi vay,
c6 thé xét truong hop nguy hiém nhat 1a xet bai
toan tinh dong dién ro qua nguoi khi ngit dong
co ¢d cong sudt 16n nhat.

V61 nhitng phan tich trén, m6 hinh mang
dién mo ham 1o ving Quang Ninh dién ép
1140V vé phuong dién an toan dién giat dugc
dé xuat nhu hinh 5. M6 hinh dugc xay dung voi
cac gia thiét: coi ngudn cung cap cho may blen
ap c6 cong suat 1a vo han, mach c6 thdng sb tap
trung, tai la dong co khong dong bo ba pha roto
16ng séc dugc cung cap truc tiép tir ludi va bo
qua anh huong cua sy bao hoa tur trong dong co.
Céc thong sb ciia mo hinh dugc tinh:

Ug, =U sin(at + @) :\/EUf sin(at + @) ;
w=24 =1007.
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t

u,, =kU.e ™ sin[(L—s)at + @ ];

k=083 T,=25sU,=+2U,;s=003.
Rdc = ch Cos (I)dc;
ch Zﬁ;
Idc
3
Pec-10 i (P, 1 kKW)

- ﬁudcndccosd)dc
X
de= e . Xdc=VZ§c_Rdzc J
1007z

( dc’ xdc” ch , COS godc’
sO ctia dong co).

P .U, n,lacéac thong

X , N aia
R.=rl; L = ﬁ (ro, Xo twong tng la dién

Va
trd, dién khang trén mot don vi chiéu dai mang
cap, | 1a chicu dai ctia mang cap).

Lba = Xba ; Xba = zba sza’ Zba =
100~

(U, - KV; S, s kKVA).

Thong sb cach dién mang dién mé ham 10 dién

ap 1140V ving Quang Ninh theo két qua

nghién clru cua chung toi

R =124,8k; C = 0,103 .

Trong mo6 hinh 5, khi khdo sat dong dién ro
trong khoang thoi gian con ngudi cham phai
cho dén khi mdy cat chinh tic dong (0,12s) cac
tiép diém MC va MC1 dong, MC2 ngit. Mb
hinh nay cho phép khdo sat anh hudng cua
thong s cach dién mang, anh huong trd khang
trong bién ap va tro khang cta cap, anh hudong
cla tré khang tai v.v... dén dong dién ro. Khi
khao sat dong dién ro trong khoang thoi gian
sau khi may cit chinh tac dong (>0,12s) céc tiép
diém MC va MCI1 ngit, MC2 dong. M6 hinh
nay cho phép khao sat anh hudng suc dién dong
nguoc dong co khi ngat dén dong dién ro, hiéu
qua giai phap giam dong ro qua ngudi khi ndi
ngan mach ba pha véi dat khi c6 1o sau khi cat
mang, v.v...

Néu dung budc nhay Hévixaid dé biéu dién
dién ap staoto khi ngat dong co khoi ludi cé thé
st dung mo hinh tinh dong dién ro nhu hinh 6.
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S
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Hinh 6. M6 hinh mang 1140V vé phuwong dién an toan dién gidt (II)

Trong mo hinh nay dién ap stato dong co

sau khi ngat khoi ludi dién cung cip bang
_t-012

TAI LIEU THAM KHAO

Kim Ngoc Linh, 2006. Nghién ctu hinh

A=1t—012kUe ™ sin[(l-s)a(t-012)+ %ﬂuc bio vé ro dién phi hop véi cic mang dién

k= 083,Tro =2,55;U, =+/2U.; 5 =0,03,

Néu coi gan ding tan s6 dién ap stato bang
tan sd dién ap ciia ludi va ¢, ~ @, ta co

t-0,12

u, =1(t-012).117U,e ™ sin[o(t—012)+¢].
3. Két luan

Khi nghién ctru vé dong dién 1o qua nguoi
khi cham vao mot pha cua mang dién mo ham
10 dién ap 1140V co thé sir dung cic mo hinh
hinh 5 hogc 6. Uu diém ctia mé hinh 1a da ké
dén hau hét cac yéu t6 anh huong dén dong dién
r0 qua nguodi khi cham vao mgt pha cua mang
dién mo dién ap 1140V. Viéc giai mo hinh cé
thé sir dung phan mém mé phong Mathlab
Simulink. Két qua khao sat cac yéu t6 anh
huong dén dong dién ro qua nguoi khi cham
vao mot pha cia mang dién mé ham 16 ving
Quang Ninh dién ap 1140V s€ dugc ching toi
trinh bay trong cac bai bao tiép theo.

ha ap khu vyc mo ham 16 ving Quang Ninh.
Luan 4n Tién si k¥ thuat, Dai hoc Mo - Dia
chat, Ha Noi.
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SUMMARY
Modeling the power system 1140 voltage of underground mines in Quang Ninh area
with the view of safety from electrical shock
Nguyen Van Quan, Quang Ninh University of Industry
Kim Ngoc Linh, University of Mining and Geology

This paper presents the results of research to build models of of underground mines in
Quang Ninh area with the view of safety from electrical shock. From the research results overview
of the model calculated leakage in underground mines electricity network and research results about
the transition to disconnect the three-phase asynchronous motor from the power supply, the authors
propose a leakage current model calculation applied to the electric network voltage 1140V
underground mines in Quang Ninh. A new feature of the model is telling the influence of stator
voltage of large capacity engine after disconnected from the power supply to the leakage current.
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