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TOM TAT

Theo nghj quyét s6 55-NQ/TW ngay 11 thang 02 ndm 2020 cida Bé Chinh trj vé dinh huéng Chién
Iwroc phaét trién ndng lurong quéc gia cda Viét Nam thi vén dé st dung néng lurong tiét kiém, hiéu qua, bdo
vé méi trurong phéi duoc xem 1a quéc sach quan trong. Péi véi cac nganh céng nghiép ndng nhw khai
thac mad, cac phu tdi cda mang ha &p cé céng suét lén, chiéu dai cda mang thuong xuyén thay déi trong
qué trinh khai thac vi vay dé dam bao cho phu tai 1am viéc én dinh, an toan, can khuyén khich déu tw st
dung cac cdng nghé, trang thiét bj tiét kiém nadng long. Trong qué trinh mé réng quy mé khai thac, cling
V6i sw ndng cao nang suét, chiéu dai |6 cho tdng, céng suét cua phu tai tdng lam cho moét loat cac thong
sé cta mang thay déi, gy anh hudéng t6i khd ndng cung cép cua mang dién. Dé c6 thé tinh toan, danh
gia mét cach truc quan mang ha &p mé hdm 16 khi théng sé cua mang thay déi, bai bao tng dung Matlab-
Simulink xay dung md hinh mé phéng mang ha ap mé hdm 10. Két qua cda md hinh mé phéng nay cé thé
linh hoat danh gié hién trang mang ha 4p hdm 16 cé céu hinh khac nhau, trén co sé& két qua tinh toan c6
thé dua ra céc gidi phap van hanh hop ly déi véi mang ha &p mé ca vé phuwong dién quan ly, kinh té va ky
thuat.

T kh6a: Md hinh ho4, co giéi hoa, mang ha ap ma, té hop thiét bj.

1. DAT VAN BE

DPéi v&i cac mang dién ha ap md ham 10, do
tién do khai thac thay di ma chiéu dai mang luén
phai thay déi theo. Didu nay lam cho mang ha ap
déi khi khéng dap ng dwoc cac yéu cau ky thuat
dat ra [1], [3], [4], [8], [9]. Trong qua trinh van hanh
mang ha ap md ham 19, khi chiéu dai mang va sbé
thiét bi d4u vao mang tang sé lam cho ché dd lam
viéc clia may bién ap thay doi, dong thoi cac loai
tén hao trong mang ciing thay ddi theo [4]. Hién
nay, co rat nhidu cac céng trinh nghién ctu st
dung Matlab - Simulink & mé phdng céc thiét bj
dong cét, cac bai toan vé an toan dién giat, an
toan tia Itra, nhwng chwa c6 mét nghién clru nao
nghién ctu danh gia tbng quan vé tinh trang lam
viéc mang ha 4p mé ham 16 [6], [7]. D& c6 thé danh
gia tinh trang lam viéc clia mang ha ap va dinh
hwéng tim ra cac gidi phap d& dadm bdo sw 6n
dinh, nang cao hiéu qua s dung dién nang, trong
bai bao nay nhom tac gid s¢ dung Matlab —
Simulink xay dwng mo hinh mé phéng mang ha ap
md ham 16 cong ty than Théng Nhét.
2. NOI DUNG NGHIEN cU*U
2.1. Co s& ly thuyét

Mang ha ap mé ham 10 1a mang trung tinh
cach ly. Khi xay dywng mo hinh mé phdng ta coi
mang ha ap nay la ba pha dbi xirng, bd qua céac
phan t&r déng cat bao vé. Cac phan t&r chinh st
dung trong mé hinh 1a: may bién ap, cap ha ap,
phu tai (déng co) [2], [4].

So dd mang ha ap don gian duoc thé hién
trén hinh 1.

Re Loy, R L R L

Hinh 1. So d6 mang ha ap don gian

Trong do:

Rba, Re, Rt — Dién tré clia may bién ap, cap, phu
tai;

Lba, Lc, Lt — Dién cadm cta may bién ap, cap,
phu tai.
2.2. M6 hinh toan hoc ctia may bién ap

May bién ap la ngudn cung cép chinh cho

ddng co thdng qua mang cap. Khi may bién ap lam
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viéc, ban than may bién ap cé céc loai ton that sau
[4], [9]:
Tén that cong suét trong may bién ap:

S 2
AP = AP, + AP, (S_ptj (1.1)

dm
Trong do:
APO' = APO + kk’( AQO , APn' = AF)n + kkt AQ“

i, % u,%
AQO = Sdm (ﬁJ’AQn = Sdm [ 100 j

APo — Tén that cong suét tac dung khong tai,
kw;

AP, — Tén that cong suat ngan mach, kW;

Sam — CONng suét dinh mirc cla may bién &p,
kVA,;

Spt — COng suét thuc té clia phu tai, kVA;

AQo — C6ng suat phan khang khong tai dé ti
hoa may bién ap, kVAr;

AQn — Tén that cong sudt phan khang khi
ngan mach, kVAr;

1% - Dong dién khéng tai ciia may bién ap,
%,;

Un% - Dién 4p ngan mach ctia may bién ap,
%;

kit — Suét tbn that cdng suét tac dung déi voi
1 don vi tén that cong suét phan khang kW/kVAr
(dbi vai xi nghiép céng nghiép ki = 0,07).

Tén hao nang lwong trong may bién ap la:

S 2
AA, = AP, 1+ AP [S—"”J T 1.2)

dm

r=(0124+T,,.10*)" 8760 (13)

Trong do:

t — Thoi gian van hanh may bién ap;

7 - Thoi gian chiu ton that cong suat 16n
nhét.

Tmax — Thoi gian st dung cong suét cuc dai
trong mot nam, Tmax = 5000 — 7000h.

Phu tai tinh toan ctia may bién ap:

kyc Z l:)dmi
— i=1

(1.4)
Stt -

,KVA
COS@,,

n
Z P,.i - Tong cong suat dinh murc cua cac
i=1

phu tai d4u vao may bién ap khu vuc, kW;
Kyc — Hé sd yéu cau clia nhém phu tai
Néu phu tai trong nhém 4 < n < 20 thi:

K, =0,43+0,57 mmax

1.5
Z F)dmi ( )
=
Néu phu tai trong nhém n > 20 thi:
k. =0,29+0 71Pdmﬂ
e @ TR (1.6)

Z I:)dmi
i=1

Trong do:

Pam max — CONg suét cla phu tai I1én nhat dau
vao may bien ap khu vurc;

Cosgw — hé sbé cong suét trung binh cla
nhém phu tai.

Pami, Cos@u — Cong suét dinh mirc va hé sb
cong suat thyc té clia phu tai thiv i.

Hé s mang tai cia may bién ap:

pt

m =g (1.7)

dmba

2.3. M6 hinh toan hoc mang cap ha ap ham lo
Mang cép ha &p mé ham 16 truwdc khi dwa vao
van hanh can thod man céac diéu kién vé: dong
nung néng cho phép; tébn hao hao dién ap khi
mang lam viéc binh thwdng; diéu kién lam viéc 6n
dinh cla cac doéng co khi trong mang cé dong co
cbng suét Ién nhat mé may [3].
2.3.1. M6 hinh toan hoc mang ha ap theo diéu
kién dong nung néng
Dong tinh toan chay trén cap cp cho mot
dodng co:

P,..10°

| = ,
\/§U dm .C0s q’dm '77dm

=1 A

tt dm

(1.8)
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Dong tinh toan chay trén cap cip cho nhiéu
déng co:

3
| _ ke 2 P 10° .
J_ .Udm.COSgotb '
Trong 4§o:

Pam— COng suét dinh mirc cla phu tai, KW;

¥Pam — Téng cong sudt dinh m&rc clia nhém
phu tai, KW,

Udm — Dién ap dinh m&c mang, V;

Ndm, COS@Pam — Hiéu suét dinh m&c va hé sb
cong suét dinh mdc clia dong co.
2.3.2. Mé hinh toan hoc mang ha ap ham lo
theo diéu kién ton hao dién ap khi mang lam
viéc binh thwong

Theo qui pham, dé& phu tai 1am viéc én dinh thi
do léch dién ap khong vuot qua -5% va +10% dbi
véi dong co xoay chiéu [3], [5]. Tén hao dién ap
cho phép clia mang dwgc xac dinh:

AU_ =U, —95%U,

cpm dtc

(1.10)

Trong do:

Udac — Dién ap dau ra phia th(r cap cla
may bién ap;

Udm — Dién ap dinh mirc ctia phu tai.

Tbén hao dién &p cho phép trong mang
660V la:

AU, —690—E 660 =63V
o 100

Theo diéu kién van hanh, tiét dién cta cap
trong mé ham 16 khéng duoc vuot qua 120 mmz2,
D& mang lam viéc binh thwdng thi tdng tén hao
dién ap trong mang phai thod man diéu kién sau

(3], [5):
D AU =AU, +AU_ + AU <AU

cm —

(1.11)

Trong do6:

AUba — Tn hao dién ap trong may bién ap, V;
AUcc — Tdn hao dién &p trén cap chinh, V;
AUcm — Tdn hao dién &p trén cap mém, V.

AU, %

AU ba
100

YoV (1.12)

Trong do:

Uzdm — Dién ap dinh mic phia thr cdp may
bién ap, V;

AUba% — Tén hao dién ap trong may bién ap,
%.

(1.13

AU, % = B(U,%cosg, +U ,%sin g, ) )

P
U,%=-".100,%;U % = \JUZ, —U? %
dm
Trong do:

Ua% - Dién ap ngan mach tac dung ctia may
bién ap;

Up% - Dién ap ngan mach phan khang cla
may bién ap;

Unm — Dién ap ngdn mach % cGia may bién ap.

Tén that dién ap trén cap nhanh:

3
AU = P len10°_ »
7.Sen U g Mo (1.14)
Tén that dién ap trén cap chinh:
AU, =AU, —AU,, —AU (1.15)

Tiét dién cap chinh dwoc xac dinh theo cong
thire:

3
Kk ) Pyl 10

S = T (1.16)

Trong do:

K — Hé sb ké dén dién khang cua cap, K=1,1-
1,2;

Lec, lem — Chiéu dai cap chinh va cap nhanh,
m;

S — Tiét dién cap chinh, mm?2;

7 =50 — Pién din mit cua cap 15i dong,
m/Q.mm?.

2.3.3. M6 hinh toan hoc mang ha ap ham 1o
theo diéu kién kh&i dong déng co’

HAau hét cac dong co st dung trong mé ham
16 1a déng co khéng déng bé r6 to 16ng séc, khi mé
may truc tiép thi dong mé may dat 4-7 1an dong
dinh mirc din dén sut 4p trén toan mang, anh
hwéng dén cac phu tai khac dang lam viéc. Do d9,
can kiém tra mang theo diéu kién khéi dong déng
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Dé dong co khdi dong dwoc thi dién ap toi
thiéu dat 1én dong co phai thoa man diéu kién [3]:

Um.min = 111'Udm \/K
a

bién ap thuyc té trén cuc dong co khi khai
déng:

Ue =Y gmba — ZAU ko V

Tén that dién ap cGia may bién ap khi dong co
khé&i dong:

(1.17)

(1.18)

AU, =AU =

badm*

d (1.19)

Trong do:

K — Hé s6 mé men mé& may tdi thiéu;

a — Hé s6 mé men mé& may dinh murc;

licot — DONg dién thir cip khi may bién ap lam
viéc binh thuong;

leka — DONg dién th&r cip cha may bién ap khi
trong mang c6 déng co cbng suat I&n nhat va xa
nhat kh&i dong.

2.3.4. M hinh toan hoc déng co céng suat Ié&n
nhadt m& may trong khi mang lam viéc binh
thwéng

Dé& dam bado cho déng co van quay duoc, can
thod man diéu kién:

x(&j >1,1.K,
Udm

Trong do:

(1.20)

Ui — Dién ap thuc té d&t trén cuc déng co;
K. — Hé sb mang tai ctia dong co’;
A — Boi s& md men cuc dai.

2.4. Ung dung Matlab-Simulink xay dwng méo
hinh mé phéng mang ha ap mé ham Io
2.4.1. Mé hinh mé phéng may bién ap

Dwa vao cac md hinh toan clia mang ha ap
ham 16, nhém tac gia chon dbéi twong mé phéng la
mang ha ap khu vuc 16 XV-35 coéng ty than Théng
Nhat dé thwc hién mé phéng. Cac phu tai dwoc
clp dién t» tram bién ap phong nd 400kVA-
6/0,69kV. Thong s6 may bién ap va théng sé phu
tai cho trong bang 1, 2.

Bang 1. Bang théng sé may bién ap 400-6/0,69kV

_ Sam. Uam, KV Tén that, kW _
Loai Un, % io, %
KVA | ca HA APo AP,
400-6/0,69 400 6 0,69 1,24 2,4 2,5 3,23
Bang 2. Bang théng sé phu tai néi sau may bién ap
STT | Tén phu tai Pdm, lem, m | F, mm? bee F,mm?2 | cos@ n
kW L12 110
1 Toi 15 10 25 L3 50 50 0,88 0,91
2 Quat gié YBT 11 10 25 L4 20 50 0,89 0,89
3 Mang cao 30 10 25 L5 60 35 0,86 0,88
4 Khoan 1,2 10 6 L6 20 35 0,87 0,85
5 Quat gié YBT 11 10 25 L7 100 35 0,89 0,89
6 Toi 13 10 25 L8 20 35 0,89 0,92
7 Toi EKOC 7 10 25 L9 40 35 0,86 0,91
8 Mang cao 30N 30 10 25 L10 40 35 0,86 0,88
9 Méang cao 30N 30 10 25 L11 60 35 0,76 0,88
10 | Khoan 1,2 10 6 L12 100 35 0,87 0,85
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Dwa vao théng sé mang ha ap khu vuc 16 XV-35 cong ty than Théng Nhét cho trong bang 1, 2 thuc

hién mé hinh hoa phan t&r may bién ap.

L-] Source Block Parameters: Subsyst...” X E Source Block Parameters: Subsyst... ™ X ‘

Mo hirth hoa may bien ap ha ap ham lo fmask) (™ Ton that dien ap ngan mach% Rad DOut1
Tinh toan ton that cong suat, ton that nang 25 Ton hao nang luong MBA,
luong. tinh trang mang tai may bien ap khu vuc, 3 5 lrh
ton an Himn ar.? 2 i s Cong suat dinh muc cua may bien ap kVA
Parameters E he soa Tong ton that
Thoi gian lam viec cua may bien ap.h b 0.43 sona suat MBI

4909
8760 hesob Outd
Thoi gian su dung cong suat lon nhat h 057 Delta Ubabt v
5000 Cong suat dm dong co lon nhat trong mang., kKW'
Ton that khong tai may bien ap kKW 130 Out4 [__0575]
1.24 Cong suat cac phu tai dau vao MBA_kw He so mang tai MBA
Ton that ngan mach may bien ap, kW [1511301.21113730301.2]
=
24 He so cong suat thuc te cua cac dong co Tt ]
Dong dien khong tai MBA% [0.650.7 0.65 0.7 0.7 0.65 0.65 0.65 0.65 0.7] Iy
3.23 Dien ap thu cap may bien ap. ¥ -
Ton that dien ap ngan mach 690 outs
72»5 v | [w| Cosphitb
< |2 %] [l Subsystem
4 OK || cancet || Help | \ oK [|  Cencel ||  Help

Hinh 2. M6 hinh hoa may bién ap 16 XV-35 cong ty than Théng Nhét

2.4.2. M6 hinh mé phéng mang ha ap

khéi chirc néng trong Simulink va chay mé phéng,

Twong tw dua vao thong sé cda mang cho  kétqua mé phéng duoc thé hign trong hinh 3, 4, 5.
trong bang 1, 2, viét chuwong trinh M-File cho céac

[ U535 [ | [—c
e | === [ E— L)
ot | [ || =1
—Ti [ 77 ==
— ] [I—= ) ) [ | S—_E
[ oeTss) ] —w| [ 137T] =]
[ oeams] [__uesor) == [T
s [_oesmT) [ —z [ o=
oz L [T | L5515
—r o= C—— 0| s cac dan cap mema
[ [ — [ '
He an yewu cau Casphi trung binh Do tinh ieam
cua gac doan cap chinh| pae doan cap chinh Cud cac doan cag chinh A
O3
Ourtd
(——E =]
[_TrwszE] =]
_eor=%] /==
AL =%
—d /=]
ous g | »| [T
[ ==
[——=Fmm —/=7]
L
[_Te==z]
LN
O l Ton that nang lusng Tan that nang luang
tren cac doan cap chinh, iren cac doan cap meam,
L Kt

Subsystern

Hinh 3. Md phéng két qua tinh toan tén that nang lwong va dong nung néng trén cac doan

cép trong m6 hinh
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[ =75
[ =T
[ Tm8]
DeitallLc [ =9
L [ To=Ene]
_===F]
758
=]
[ =577
[T )
[_T=s0=) o)
I—ﬂl Ton hao dien ap
Deltallim > [ T=50=] tren cac doan cap chinh,V
[ T=57F)
[ o)
[T
o
Subsystemz Ton hao dian ap

tren cac doan cap mem WV

Hinh 4. M6 phong két qua tinh to4n tén hao dién ap trén cac doan cap trong mé hinh

Subsy=sem2

bt 41—'
Dien ap ma may tai thieu
tren cuc dong co
[ N
Dong mo may thuc ie cua dong oo
£o cong =sat lon nhat dau vao MEA
petistipamm ‘—-*
Ton that dien ap MBA khi dong co
cang suat lon nhat khai dang
| [__T7E5]
pemsemmm _ LEN
Ton that dien ap ten cap meam khi dong oo —rc |
cang suat lon nhat khai dang
=0
Daltalicemm = 1
Ton that dien ap then cap chinh khi dong co

cang =uat lon nhat khai dang

Hinh 5. Mé phéng két qua tinh toan tén hao dién ap ciia mang khi cé déng co cong suat
I&n nhat mé may

3. KET QUA VA THAO LUAN

Trén co s& mé hinh toan hoc clia cac phan tr
trong mang ha ap md ham 16 két hop véi cac khbi
chi*c nang toan hoc trong Simulink, viét cac
chwong trinh con trén M-File ta c6 thé tinh toan
duwoc cac théng sbé co ban cla mang nhw: kha
nang lam viéc cta may bién ap, cac loai tdn thét
trén may bién &p va mang cap, dong dién thuc té
chay trén mang cap, dién ap téi thiéu d&t trén cuc
doéng co khi trong mang c6 déng co cong suét I16n
nhét kh&i dong.

Dwa vao mé hinh mé phdng nay chung ta co
thé tinh toan, danh gia tinh trang lam viéc cuda
mang ha ap mét cach nhanh chéng khi cac théng
sb dién ap, chiéu dai, cong suat cia phu tai dau
vao mang thay déi.

4. KET LUAN VA KIEN NGHI

V6i dac diém, diéu kién lam viéc cla mang ha
4p moé ham 10 thwong xuyén thay déi theo tién do
guwong khai thac, dién khai thac ngay cang mé
rong va xudng sau, cung véi yéu ciu vé mat san
lwong ngay cang tang thi nhu cau vé dién nang
can dadm bao dé phu tai lam viéc an toan, 6n dinh.
Viéc nghién ciru s dung Matlab-Simulink dé& xay
dung mé hinh md phdng mang ha ap mé ham I
c6 thé danh gia truc quan, phan anh chinh xac cac
théng sbé vat ly trong mang ha ap mé va cho két
qua linh hoat khi cac théng sé mang thay déi; Cac
két qua thu dwoc tr md phoéng la co s& dé dua ra
cac nhan xét, danh gia hién trang clla mang dién,
tr do cé thé dé xuédt ra cac giai phap van hanh
mang hop Iy cd vé phwong dién kinh té va ky
thudt; Bac biét mé hinh nay thich hgp cho moi
mang ha 4p mé ham 16 cé ciu hinh khac nhau vi
né c6 thé dé dang thay déi théng sé clia mang
thue té, dam bao tinh mém déo va linh hoat.
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M6 hinh tinh toan nay c6 thé coi nhw mét thw  nhom tac gia dé xuét giai phap nang cap dién ap
vién tinh toan nhanh, giGp doanh nghiép va ngwdi  cla may bién ap khu vuc va xac dinh buwéc dich
quan ly van hanh danh gia trwc quan khi théng s6  chuyén t6i wu cGa may bién ap khu vuc .
mang thay déi. Trong huwéng nghién ctru tiép theo,
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ABSTRACT

According to Resolution No. 55-NQ/TW dated February 11, 2020 of the Politburo on the orientation of
Vietnam's National Energy Development Strategy, the issue of using energy economically, efficiently and
protecting the environment must be considered an important national policy. For heavy industries such as
mining, the loads of the low-voltage network have large capacity, the length of the network often changes
during the exploitation process, so to ensure the load works stably and safely, it is necessary to
encourage investment in using energy-saving technologies and equipment. In the process of expanding
the scale of exploitation, along with the improvement of productivity, the length of the longwall increases,
the capacity of the load increases, causing a series of network parameters to change, affecting the supply
capacity of the power grid. In order to calculate and visually evaluate the underground mine low voltage
network when the network parameters change, the article applies Matlab-Simulink to build a simulation
model of the underground mine low voltage network. The results of this simulation model can flexibly
evaluate the current status of the underground mine low voltage network with different configurations.
Based on the calculation results, reasonable operating solutions can be proposed for the mine low voltage
network in terms of management, economics and technology.
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equipment.
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