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NGHIEN CUPUVATRAO DPOI CO KHi VA CO BIEN MO '!:}

NGHIEN cUU ANH HUGNG COA BIEU CHINH DIEN AP
TAI TRAM BIEN AP VA BU CONG SUAT PHAN KHANG
DEN CHAT LUONG DIEN AP

TRONG MANG DIEN MO VONG QUANG NINH

TOM TAT

Pham Trung So"n
Trwong Pai hoc Mo-Dja chat
E-mail: phamtrungson@humg. edu.vn

Chét lvong dién &p Ia yéu té duoc quan tam hang dau trong céc xi nghiép cong nghiep. Chat

£

Jong dién &p khong chi dnh hudng dén qué trinh san xuat ma con &nh huéng dén tudi tho cua thiét
bi. Bai bao tap trung nghién ctru, phén tich vé do léch dién ap va sw anh huong cta cac bién phap

diéu chinh dién ap tai tram bién &p va bu céng suat phan khang dén do léch dién ap vfr cha"i lu'qug
cung cap dién tai cac xi nghiép khai thac mo nham néng cao hiéu qua van hanh hé thong cap dién

mo vang Quang Ninh.

Tir khoa: mang cap dién mé, do léch dién ép, diéu chinh dién ap dudi tai, bu cong suat phan khang.

1. DAT VAN BE

Chét lugng dién ap la yéu to duoc quan tam
hang dau trong cac nha may, xi nghiép san xuat
cong nghiép. Chat lwong dién ap khéng chi anh
huéng dén qua trinh san xuat ma con anh huéng
rat nhidu dén tudi tho clia thiét bi. C6 rat nhidu yéu
t6 anh huwdng dén chéat lvong dién ap.

Hién nay, tai cac xi nghiép mé vung Quéng Ninh
c6 s gia tang dang ké vé cong suét clia cac dong
co may nang, quat, cac thiét bi van tai va cac t6
hop thiét bi khai thac va lwong dién nang tiéu thu
cho san xuét trong ham 16 tai cac xi nghiép mo
chiém khoang 60% téng lwong dién tiéu thu. Bén
canh d6, do dién khai thac cang ngay cang di
xubng sau, khién chiéu dai mang cap cap dién
cang tang, thi viéc dam béo chat lvong dién ap khi
c6 su gia tang dang ké sb luong thiét bi va chieu
dai mang cép trong hé thdng cung cap dién mo la
nhiém vu cap thiét.

2. NOI DUNG NGHIEN CcUU

2.1. Anh hwéng chét lwgng dién ap dén sw
lam viéc cha thiét bi dién

pién ap trong lwéi dién cua xi nghiép cdng
nghiép mo co thé tang hoéc gidm qua gidi han cho
phép, viéc dién &p tai cac nut phu tai vuotra ngoai
gioi han cho phép déu gay ra cac tac hai tiéu cuc.
Néu dién ap vuot qua gidi han thi co thé gay gia
hoa cach dién, cac phu tai tiéu thu cong suat phan
khang sé tiéu thu cong suét phan khang nhieu hon,
lam xAu di cac chi tiéu kinh té - ky thuat cung cép
dién. Tuy nhién, phd bién trong thuc té van hanh la

hién twong dién ap sut giam. Néu dién ap giam qua
th&p, nhitng hién twong sau co thé xay ra [2, 3, 4]:

o Dbi voi dong co dién: ]

+ Dién ap giam qua thap sé dan dén mé men
giam dwoi mirc mé men khdi dong toi
thidu, khién dong co khoéng khdi dong
dwoc va roi vao trang thai ngép mach. S
sut giam dién ap con dan dén dong co
gay on hon, bj rung lac, nhiét do tang va
hiéu suét lam viéc gidm, tham chi con bi
hw hdng hop sb;

+ Pong co cod thé khdi dong thanh cong
nhwng nhanh chéng bi ngét néu hién
twong sut ap tiép tuc dwoc hé théng role
bao vé phat hién.

e Heé thdng chiéu sang suy giam. Bong den
sang chap chon hay d6 sang yéu anh huéng
dén cac hoat dong san xuat ciing nhu gay
khé chiu cho mat ngudi lao dong;

e Céu chi chay hoac nhay Aptomat (CB) khi
dién ap giam, dong nghia voi dong dién ciling
tang theo. Luc nay co ché bao vé mach dién
& cau chi hodc Aptomat (CB) sé kich hoat;

e Tu dién cd hién twong néng, co thé nd tu
dién;

e May bién ap (MBA) c6 dd dn cao, rung lac,
nhiét dé tang, tham chi co thé bi chay;

 Duong day truyeén tai dién co thé gap cac sw
¢6 nhw qua néng lam giam dd bén co, co thé
bi chay vo cap khi bi qua nhiét, cong suat
truyén tai dién bi giam;
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o Anh hudng dén sy lam viéc cia cac he
théng diéu khién, bi troi tham so, bi hong hoc,
chay vi mach dién tu; g

« Dién ap ngoai giéi han cho phép anh !\UUD‘Q
dén a6 chinh xac cta phép do trong cac thiét
bi do luwdng. Ry

T nhirng anh huwdng nghiém trong khi dién ap
bi Iéch qua mrc, cac chi tiéu danh gia do léch dié[\
ap da ra doi [5, 6]. Diéu nay sé giup dam bao do
léch dién ap ludn dat tiéu chuan déi voi tirng cap
dién ap va voi tirng loai phu tai.

2.2. Nghién ciru s anh hwéng cua ché do
diéu chinh dién ap tai tram bién ap va bu céng
suat phan khang dén db léch dién ap

D& thiét bi dién co thé hoat dong binh thudng
& cac ché do tai khac nhau, cac mirc dién ap theo
quy dinh cda tiéu chuan phai duy tri & cuc dau vao
clia thiét bi bang nhiéu giai phap, dwoc thic hién
ca trong thiét ké va van hanh [2, 3, 4]. Mt trong
nhirng gidi phap téi wu dé diéu chinh dién ap 1a giai
phap diéu chinh dién ap tai cac nut ngudn ctia hé
thdng cung cap dién. Hién tai, phuong phap diéu
chinh nay duoc thuc hién dé diéu chinh dién ap tai
cac thanh cai 22 kV, 10 kV hoac 6 kV ctia cac tram
bién ap chinh (TBAC) 110/35/22(10; 6) kV c6 thiét
bi diéu chinh dién ap trén tai (OLTC), phia 110 kV
hoac diéu chinh dién ap tai thanh cai ha ap 0,4 kV
(0,69 kV) bang cach diéu chinh dién ap phia 6 kV,
10 kV, 22 kV cla cac tram bién ap khu vuc
(TBAKV) 22 kV (10 KV hoic 6 kV)/0,4 kV(0,69 kV)
véi diéu kién MBA hoat déng binh thuong. Thuc
té, khong co phuong tién ky thuat nao dung dé didu
chinh dién ap trén thanh cai 0,4 kV (0,69 kV) cla
TBAKV. Do d6, tai cac cuc phu tai co cong sut Ion
nhat va ndm xa nhét, do lech dién ap thuwong la
“am”. Nhu vay, nguyén tac dieu chinh dién ap dwoc
thwc hién nguoc lai, néu do léch dién ap trén cuc
phu ti Ia “am”, thi didu chinh d6 léch dién 4p phia
nguon theo chieu tang ap “dwong”. Mac du d3 cé
giai phap diéu chinh dién ap trén cuc cta phy taj
théng qua dieu chinh dau phan ap cia MBA nhung
do lech dién ap dén cuc phu tai c6 thé vin khong
duoc dam bao do khong kiém soat duoc viéc tiey
thu céng suat phan khang clia phu tai va ciy hinh
mang dién mo luén thay doi. Dé giam tn that dien
4p tai cac nit phu tai, mot gidi phap kha thi 13 by
cong suat phan khang. Céng suat va dun
bu tuy thudc vao cac yéu cau kinh té va
Tén that dién ap trén luoi dién khi by ¢

g luong
ky thuat.
Ong suat
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NGHIEN CUU VATRAQBOI

phan khang duoc xac dinh theo cong thirc sy 2
3, 4]
AU =
trong do:
kW;

(1)

U hr
P - cong suat tac dung trong Mang,

Q - cong suét phan khang trong mang
kVAr; i ) i
R, X - dién tr& va dién khang cua Mang, |
Q; o ) o
Qo - cong suat phan khang cua cac khé;
bu, kVAr;
U - dién ap trén mang dién, kv.
Anh huéng cla bién phap bl cong suat phan
khang dén do lon cla ton that dién ap trong mang
va do léch dién ap & phu tai dwoc danh gié théng
qua ty s6 bu K = Qu/Q, don vi. Bua ty s6 bu vao
biéu thirc (1), thu dwoc:
A= P-R+(1-K)-Q-X

(2)
U
Str dung biéu thirc (2), co thé xac dinh ton thét
dién ap thwc té trong bat ky nat tai nao va ddi véi
bét ky gia tri ndo ctia mirc bu cdng suét phan
khang. Tiéu chuan hién hanh [5, 6] thiét lap cactiéu |
chuan dién ap tai cac nut truyén tai cia mang dién
ha ap, trung 4p va cao ap. Hé théng cung cap dién
cta xi nghiép khai thac mé 16 bao gdm mét hodc
nhiéu TBAC c6 cap dién ap 110/10 (6) KV, 3510
(6) kV, cac diém phan phéi, TBA va dwong day ca
dién ap 10, 6 kV, ctng nhw dwong day cé dién ap
dén 1 kV. Do léch dien ap phia ha ap cla TBAC,
AUnaac bang téng d6 léch dien ap phia cao 4p
AUcasac va d0 léch dién 4p phia cao ap do didu
chinh dau phan 4p clia MBA AUpsxc trir di tdn thit
dién ap trong MBA chinh AUsac. Khi d4u néi hé |
thong bl cong suét phan khang vao cac thanh céi
ha &p clia TBAC thi d6 lach dien ap phia ha ap cda |
TBA nay & don vi twong déi, sa 1a: |
AUnapac = AUcapac + AUpg,e — AUg,c
= AUcapac + AUpp ¢ 1
_ P Rpac + (Q — Qpuca) - Xpac
U2 '3
dm

hay:

AUy apac = AUcspac + AUpgac — AUgye

= AUCABAC i AUPBAC
_PResc+Q- Xpac(1—




NGHIEN CU'U VATRAO DOI

CO KHi VA cO PIEN MO {?}

P& xét mdi quan hé phu thudc gitva dién ap trén
thanh cai ha ap TBAC voi cac bién phap diéu chinh
gién ap, bai bao ap dung tinh toan cho TBAC cua
cong ty than Mao Khé. TBAC ctia Cong ty than Mao
Khé gdbm hai may biénap T1, T2 ¢cod cuing cong suét
|a 12.000 kVA do hang ABB san xuét, co6 ma hiéu
SF1.12000/35-TH. Thdng s6 ky thuat ctia hai MBA
chinh T1, T2 35/6 kV duoc théng ké trong Bang 1.

Bang. 1. Thang so ky thuat TBAC ciia (ong ty than Mao Khé

Uam, kV Ton that, W
Ma hiéu %, I ek U )
: . n
(aodp Haap G mah ) (%)
SF1.1200035- 35+
TH 8x1,25% 63 24000 69.200 75 3

T thong s6 clia MBA, c6 thé xac dinh duoc:
AUaeac=0,58%; AUxsac=7,48%; Reac =0,59, Q;
Xsac = 7,64, Q.

Céc gia tri cia do Iéch dién ap phia ha ap cta
MBA tinh theo ty |& bu K thay ddi tir 0 dén 1 va cac
buéc diéu chinh dién ap dwai tai phia cao ap OLTC

(8*1 25%) duwoc cho trong Bang 2. Phu tai lam
viéc & ché do cyc dai: P = 7,5 MW; Q = 4,65 MVAr.
Trong tinh toan, do léch dién ap cho phep ti da
bén phia cao ap MBA, AUcasac = + 5% - const. Gia
st rang, theo ché do diéu chinh dién ap da cho, do
leéch dién ap dwoc duy tri & phia ha ap cta TBA,
AUHagac 12 “dwong” trong khoang 4+6%. Tt dir liéu
tinh toan trong Bang 2 c6 thé thay, do Iéch dién ap
yéu cau & phia ha ap AUnasac 1a “dwong” trong
khoéng 4+6% co thé dat dwoc bang cach chon
murc diéu chinh dién ap phia cao ap cua MBA trong
khoang 0+3,75% va cung cap mirc bu thich hop
trong khoang 0+1. Theo quan diém giam thiéu tén
thét cong suat phu tai trong mang, nén lay mérc do
bu bang hoac gan bang 1 va xac dinh pham vi diéu
khién OLTC dwa trén mdc do bu duoc chap nhan.

Bang. 2. g léch dién ap phiaha a ap ctia MBA tuong ting véi cac
gia tri khdc nhau ctia mifc bi va cap diéu chinh dién ap dugc diéu
chinh bdi OLTC

Cacnac Ty ;
diéuchinh  Dao dong dién ap tai thanh cai haap MBA chinh
dau phan tuong ting vdi cac cap dd b (K) khac nhau. %
ap may
bién ap, %

0 0,2 0,4 0,6 0,8 1,0
10 1074 1232 129 1348 1406 14,64
8,75 1049 11,07 1165 1223 1281 1339
75 924 98 104 1098 1156 12,14
6,25 799 857 915 973 1031 1089
5 67748 87,32, 79 848 906 964

Cacnac h
diéuchinh  Dao ddng dién ap tai thanh ci ha ap MBA chinh
dau phan tuong ting vdi cac cap d6 b (K) khac nhau. %
ap may
bién ap, %

0 0,2 0,4 0,6 0,8 1,0
3,75 549 607 665 723 7,81 839

25 Pt P GGG
125 2091 i3S b 415w | gt LS 589
0 174 232 29 348 406 464

-1,25 049 1,07 1,655 2238 i2.81 3,39
-2,5 076 -018 04 0,98 156 @ 2,14
3,75 201 143 085 027 031 0,89
=5 3968 192,680 =218 RS20 180,948 10,36
-6,25 520570 S319308 SE3350 W) 778 B 2198 BC161
S5 576 -518 46 402 344 -286
-8,75 701  -643 585 527 -469 411
-10 ER6% 77630 =7, 15 (6,573 HE5 948 5,36

Khong gléng nhw cac TBAC, TBAKV cla cac xi
nghiép mo co cap dlen ap 10 (6)/0,4 (0, 69) kV khong
c6 bd chuyén ddi nc diéu chinh dién ap phia ha ap.
Céac TBA nhw vay chi cé thé diéu chinh dién ap trong
mot pham vi hep phia cao ap bang phuong phap
chuyen mach bang tay, khong co diéu khién tr xa.
Khi Iap dat cac bod bu cong suat phan khang phia ha
&p cua cac TBAKV hoac tai cac diém phan phéi
trung gian co cap dién ap 0,4 (0,69) kV phai dam
bao cac cap dién ap yéu cau cho cac phu tai. Vi vay,
khi Iwa chon cong suét cho thiét bi bu cong suat
phan khang, can phai tinh toan cu thé dién ap trong
mang dién va kiém tra do léch dién ap cho cac phu
tai & cac ché dd tai khac nhau. Do léch dién ap tai
cwe clia phu tai AUy, nhan nguén tir mang 0.4 (0,69)
kV, c6 thé dwoc xac dinh bang dd léch dién ap trén
cac thanh cai ha ap ctia TBAC, AUHasac; muirc didu
chinh dién ap phia cao ap cia TBAKV 10 (6) /0,4
(0,69) kV, AUpcasakv va tong ton that dién ap trong
mang dién cé dién ap 10 (6) va 0,4 (0,69) kV, AU,
tinh & hé don vi twong doi.

AUy = AUpapac + AUpcapaky — AU
5

Tén that dién ap trong mang dién bao gom t(érz
that & cac phan ti chinh ctia né & hé don vi twong
dbi (dwong day cao ap AUsepcaxn, may bién ap
AUsAKv, du@ng day ha ap AUspHaxn) va duoc xac
dinh bang biéu thtrc:

CONG NGHIEP MO, S0 1 - 2023 [l
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AU = AUDDC.{\':\' + AUbb‘ll\'l' it AUDDH:L\'N =

P ey o 8 4
Poocaxn an.4.\3‘+L’nnmx.\"-\mc‘-\XNL
-

P Uspcaxn
BAKV Rpaxv+Qpaxv-Xpaxy +
V.
BAKV
Pppraxn'RopAxNtQoDHAXN XDDHAXN
USpHAXN
(6)
trong do:

Popcaxn, Qoepcaxn, Psakv, Qeakv, PpDHAXN,
QooHaxw - 1an lwot 1a dong cong suéat tac dung
va cong suat phan khang trén dudng day cao
ap, MBA, guong day ha ap;
Reocaxn, Xeocaxn, Reakv, Xsakv, RepHAxN,
XepHaxn - dién trd va dién khang cua duong
day cao ap, MBA, dwong day ha ap twong ng;
Uspcaxn, Usakv, UepHaxn - dién ap cla
duong day cao ap, dién ap phia cao ap cla
MBA khu vuc, dién ap trén dudng day ha ap.
Khi két ndi hé théng bu cong sudt phan khang
voi thanh cai phia ha ap ctia TBAKV, ton thét dién
ap trén duwong day cao ap va TBAKV duoc giam
bot. Téng tdn that dién ap trong mang dién & hé
don vi twong dbi:

AU =

Popcaxn'Ropcaxn+(Qppcaxn—Qbura) Xppcaxn

Uz
DDCAXN
Ppakv'Rpakv+(Qpakv—Qbuna) XBakv +

UZ
BAKV
g Popraxn‘RopHaxN+QppHAXN XpDHAXN

2
Ubpraxn

(7)

Khi tinh dén cong suét bl va hé sb cong suét tai
cos@, cac biéu thirc dé xac dinh ton that dién ap
trong mang va do léch dién ap tai cwe phu tai & hé
don vi twong déi co thé duoc tinh toan nhu sau:

AU =221+ tg?p(1 - K)] ®)
P-R

AU, = BUyagac + DUpcapaky — ‘UT[l +

tg*e(1 - K)] 9)

Gia str AUnasac=5%; AUpcasakv=5%, -5%; %zﬁ =
5%, co thé xac dinh duwgc AUu theo sy phu thudc
clia hé s6 cong suat cose cla tai va ty sb bu K,
duoc tinh toan thé hién nhuw trong hinh H.1.

Tir do thi Hinh H.1, theo dac tinh tinh toan, néu
cé dinh dién ap tai thanh cai ha ap TBAC ddng thoi
duy tri dién ap phia cao ap ctia TBAKV & nic didu
chinh 1&n nhat thi do tang dién ap trén cuc phu tai
sé giam néu murc bu giam va hé s6 cong suat cosg
cua tai thap, nguoc lai do tang dién ap trén cuc
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phu tai sé tang néu muc bu*téng Va hg g

suAt cosg cua tai tang. Khi diéu chinh gigp i

cao ap ctia TBAKV & nac thap nhat AUpcaiil

5%, thi dién ap trén cuc phu tai chi dat duge gia

cao nhét khi bu hoan toan v&i hé sb by k<

cosp =1. 1
Nic digu chinh dign p phia cao &p TBAKV Delta U = 455

D0 lch dign 4p tai cyc phy thi Delta Utt, %
5 o
-
e
£

% Hé 55 Cosphi cia phy téi
—o—Tysébu02 —o—Tys6ba04 ~o—TysBb006 —o-TysEbans ——Tisfby

a)
Ndc didu chinh dién 3p phia cao 3p TBAKV Delta U = -5%

5 1ch 6Hn dp tal cye phy thl Delta Utt, %
°
-
£
%

¢ 55 Cosphi - 4
~e=TV38b02 —o-TVEN0d —o—Tys3baaE T8 —e-TySbl

b) .
H.1. Quan hé phu thudc gita AU,, vdi hé s6 cong suit cospa@
TBAKV A
Khi Iwa chon bu céng suat phan khang t
cau dé dam bao do l&ch dién ap “dwong”
cac phu tai, tredc hét can stv dung kha
chinh dién &p sin c6 bang cach chuyén
phan ap ctia MBA. Néu khéng thé thuc
diéu nay thi cong suét phan khang bu p
giam bot, tuy ¢6 anh huwdng dén hiéu g
suat phan khang nhwng phai dam b
dién ap yéu cau tai cuc phu tai.
Hién tai, viéc didu chinh dién ap

cong. Hé théng bu cong suét p
thanh cai clia TBAKYV ciing thuéng
bang tay. D& nang cao chét Ivong
st dung cac thiét bj diéu khién tw @




NGHIEN CUUVATRAO DOI CO KHi VA CO BIEN MO {E}
Hién chua c6 phuong phap diéu khién nao dién ap tai cac nut phu tai khéng dam bao. Diéu
trong thuc té cho phép cung cép cac ché do didu nay can phal co cac giai phap diéu chinh dién
chinh dién ap va bl cong suat phan khang hiéu qua ap tai tAt ca cac cép dién ap cta xi nghiép mo.
trong mang dign cua xi nghiép mo. Dé giai quyét Giai phap ky thuat @é diéu chinh dién ap dudi
van d& nay, can phai co he thdng do Jwong, giam tai phia cao ap cua cac TBA (OLTC) va cac
sat, diéu khién tr xa, tw dong hop nhét, theo dang bién phap bu cong suét phan khang la nhiing
SCADA. Trén co s& ha tang ty dong hoa hién dai giai phap kha thi va téi wu vé kinh té cing nhw
6 thé str dung cac giai phap diéu chinh tir xa, tw ky thuat;
dong dau phan ap MBA va bu chli dong trong théi > D& dam bao chét Iwong dién ap yéu cau cho
gian thyc bang thiét b FACT. cac phu tai, c6 thé lya chon thong so va ché do
3. KET LUAN van hanh cua thiét bi bu cong suat phan khang

nh&m diéu chinh dién ap néu cac cong viéc nay
dwoc gidi quyét dong bo & tt ca cac cap
truyén tai 0

» Sw gia tang luong dién nang tieu thu va
khoang cach truyén tai xa dan dén chét lwong
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STUDY THE EFFECT OF VOLTAGE REGULATION AT SUBSTATIONS AND REACTIVE POWER
COMPENSATION MEASURES ON VOLTAGE QUALITY IN POWER SUPPLY SYSTEMS
AT THE MINING ENTERPRISES IN QUANG NINH AREA

Pham Trung Son

ABSTRACT:

Voltage quality is a top important factor in industrial enterprises. Voltage quality not only affects the
production process but also affects the service life of machinery and equipment. This paper focuses on
researching and analyzing the influence and impact of voltage regulation at substations and reactive
power compensation measures on voltage deviation and power supply quality to improve the operational
efficiency of power supply systems at mining enterprises in Quang Ninh region.

Key words: mine power supply systems; voltage deviation; On-Load Tap Changer (OLTC); reactive
power compensation.
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