KHOA HOC VA CONG NGHE MO

NANG CAO HIEU QUA VAN HANH CAC MAY BIEN AP
TRONG TRAM BIEN AP CHINH CUR DOANH NGHIEP mo

1. Gi¢i thiéu chung

Nhirng nam vira qua, vigc lién tuc tang gia dién
khién cho cac doanh nghiép s dung nhleu nang
lwgng, trong dé co cac cong ty khai thac mo phai
dac biét quan tam, tim kiém céac giai phap tiét kiém
nham gidm mirc tiéu hao nang lwgng trong qua trinh
khai. thac dang c6 xu hwéng ngay cang cao. Hién
nay, nang cao hiéu qua khai thac va str dung nang
lwong dang 1a wu tién hang dau clia mdi quoc gia.

Viéc Iwa chon sb lwong va cong suéat cla may
bién-ap (MBA) trong cac tram bién ap (TBA) cla
doanh nghiép mo duwgc xac dinh b&i cong suét tinh
toan va dac diém cua phu tai dién, vi tri Iap dat,
trién vong phat trién,... trén co s& danh gia luan
chirng kinh té-ky thuat clia cac dy an’Thiét ké cac
TBA trong doanh nghiép thudng co tinh dén dw triv
cong suéat va viéc gla tang phu tai trong twong lai.
Vi vay, cong suat ctia MBA thuwdng duoc Iwa chon
c6 gia tri cao hon gia tri tinh toan can thiét.

Hién tai, khi phan tich d& thj phy tai cGa nhiéu
TBA mé cho thay cac MBA thwong van hanh & ché
dd non tai va rat non tai. Tinh hinh nay dang tré' nén
dang quan tdm hon, khi cac mé giam san Iu’o'ng
khai thac, giam phu tai dién, biéu dd phu tai clia cac
mo khong con 6n dinh. Phu tai bién dong theo gio,
co xuat hién g|0= cao diém va thap diém, déng thoi
ché d6 doé co thé xay ra trong mét khoang thoi gian
dai. R3 rang-a trong nén kinh té thj tredrng, viéc dw
bao va phan tich dwgc sy bién dong cha phu tai
dién- trong khoang thoi glan dai 1a kho khan va
thuong khéng cé duwgc cac két qua tin cay.

Chung ta déu biét rang cong suét cia MBA dugc
xac dinh thong qua biéu dd phu tai cla doanh
nghlep va bidu dd phu tai co lién quan mat thiét toi
tén that dién nang trong MBA. Tén that dién nang
trong MBA dwoc chia thanh hai thanh phan & ton
thét khong tai va tén that co tai (tdn thét ngan mach)
Vao ban ngay, khi phu tai cia MBA Ién, tén that co
tai vwot qué ton that khong tai. Vao ban dém, vao
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nhirng ngay cudi tudn va ngay 18, khi phu tai clda
MBA giam, ton thét khong tai vwot qua ton that co
tai. Do d6, dwa trén dd thi phu tai nguoi ta c6 thé lua
chon ché d6 van hanh MBA t6i wu trong cac TBA
clia md @& dam bao van hanh hiéu qua nhét.

2. qu wu ché doé van hanh cia MBA trong
tram bién ap mé

Ché d6 van hanh t6i wu cia MBA trong tram
bién ap mo dwoc hidu 1a ché d6 dam bao sao cho
tong ton that cong suét trong TBA chinh 1a thap
nhéat. Viéc tinh toan kha nang va thoi glan qua tai
trong diéu kién van hanh ctia MBA cd thé thwc hién
théng qua biéu dd phu tai ngay dién hinh. Trong
van hanh c6 thé cho phép MBA lam viéc qua tai
néu nhw nhiét dé phat sinh trong thoi gian qua tai
khong lam t6n hai dén cach dién va gidm tudi tho
chia MBA. Do d6, dwa trén biéu dd nhiét cho phep
cla cach dién cé thé vé dwoc bidu dd mang tai cua
MBA. Tl cac biéu dd nay co thé xac dinh dwoc hé
s6 mang tai véi cwdng do va thoi gian qua tai cho
phép hodc dinh lwvong dwoc hé sb qua tai trong
mot khoang thei gian nhét dinh.

D& chon ding cong suét dinh mrc cia MBA
can thiét phai co biéu db phu tai ngay, trong do
hién thi day di cac gia tri cwe dai, thoi gian cla
phu tai cwe dai va gia tri trung binh trong ngay cta
thanh phan cdng suat tac dung [1]+[4]. Trong
tredng hop khong c6 biéu dd phu tai ngay thi céng
suat tac dung cuc dai Pmax can duwoc xac dinh
théng qua thye té.

Cong suat dinh mic cia mét MBA dugc lwa
chon theo diéu kién [1] [6]:
Z max I (1)

cosd cosd)
Tai day: Pnax - Cong suat tac dung cuc dai trong

nam van hanh thir nam, dya trén ké hoach dau tw;
Py - Cong suat tac dung tinh toan cho TBA“theo

thiét ké.
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D& dam bao MBA cung cip du cong suét khi
phuy.tai dat dinh can phai lya chon cong suit MBA
I&n hon. Viéc chon cdng suat MBA nhuw vay chi c6
lgi khi phy tai lam viéc v&i phu tai dinh trong thoi
gian dai. Trong thyc té van hanh da chi ra rang, chi
phi van hanh hang ndm va tén that cong suét dat
hiéu qua kinh t& t6i wu nhét khi MBA dwoc chon
van hanh qué tai vao gi& cao diém, chon theo biéu
dd phu tai va hé sb phu tai ban dau, ddng théi phu
thudc vao ché do van hanh clia TBA. Céng suét
dinh merc ctia MBA & ché dd van hanh song song
dwoc lya chon trén co s& ché dd van hanh khi cé
sy c6 trong TBA. Céng sudt dinh m&c cla mot
MBA dwoc lya chon sao cho c6 thé ddm béo cung
cap cho cac phu tai véi hé sb qua tai cho phép, khi
mot MBA con lai xay ra sy ¢b. Cong suét dinh mic
ctia mdt MBA Sy, trong TBA véi sé lwong MBA
n>1 duwgc xac dinh b&i céng thirc sau [1], [6]:

P
Ke(n-1)cosh @
qt

Tai day: P4=Pmaxkui - CONng sudt wdc tinh, kW; Pax
- Coéng suét tac dung cuc dai trong nam van-hanh
th ndm, tinh theo ké hoach dau tuw; k- Hé sb ké
dén phu tai loai 1 va loai 2; kgt - Hé s6 qua tai trong
trrdng hop loai bé mot MBA bisw cb; cosd - Hé sb
cong suét.

Déi voi cac TBA phén phéi, trong che do sw cb
mot MBA, MBA con lai phai dam bao cép dién cho
phu tai loai 1 va loai 2 khoang 75 % dén 85 %, Ki-n
=0,75+0,85. Trong trwdng hgp nay toan bd phu tai
loai 3 va mét phan phu tai loai 2 bi cat dién.

Nhuw vay, néu ki <1 va kg>1, thi hé s6 k=(ku/ke)
luén nhd hon 1, MBA duoc mé ta nhe mot MBA dw
phong céng sudt, dwoc ddm béo bdi cong suat
dinh mirc. Hé sb k cang thép, lwong dw trlr cong
suat 14p dat cia MBA cang nhé va viéc s dung
cong suat MBA chi dat hiéu qua khi MBA bj qua tai.

Viéc tinh toan hé s “k” qua Ion cé thé dan dén
xac dinh qua cdng suat Iap dat ctia cac MBA trong
tram. Viéc giam hé s6 k 12 ¢6 thé thwe hién dwoc
trong trwedng hgp MBA lam viéc qua tai voi gia tri
cho phép va trong trwdng hop ndly co thé duoc
phép cat dién mot phan phu tai khi mét MBA bi sw
c6. Nhw vay, cong suét cia MBA 13p dat trong tram
dwoce xac dinh theo diéu kién [1], [6]:

g k |:’max (3)

cosd

Tai cac TBA c6 hai MBA, cong suét dinh mic
clla cac MBA c6 thé khac nhau. Khi cac MBA co
cong suét khac nhau, dé& phan tich hiéu qua kinh té
khi van hanh song song cac MBA (xem H.1), can
phai xac dinh dwoc cong suat lam viéc cla tram nay.

dm =

dm—
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H.1. So db nguyén ly ctia TBA ¢6 hai MBA .
van hanh song song

Trong trudrng hop, TBA ¢b hai MBA cd clng
cong suat dinh mirc, déc tinh tdn that céng suét
cho tlrng trwdng hep van hanh dwoc chi ra trén
H.2: trwdng hgp van hanh mdt MBA AP4; may &
ché do van hanh song song AP;; v&i cong suét tai
trong ca hai tre¢ng hep van hanh la Stéi. Piém giao
nhau clia hai-d&c tinh xac dinh cong suét gi¢i han
lam viéc cua tram Sgn. Khi lam viéc voi cong suat
nay thi t6n hao cong suét trong mot may béng voi
tdn hao trong hai may khi van hanh song song. Do
do, day la gia tri cong suét xac dinh diéu kién thuan
loi nhat khi chuyén ché d6 van hanh mét may sang:
ché d6 van hanh song song va nguoc lai.

AP, KW AP,

- ARy,

Sti, MVA

H.2. Biéu db tén that cong suét trong cac MBA
c6 cting céng suét dinh murc

S.gh

Ton that cong suét khi van hanh mat MBA va khi
song song van hanh hai MBA [1], [6]:

s
Sam ) <
s V (4)
2Sdm -

Tai day: S - Cong suét clia phu tai, kVA; Sqm - Cong

AP, = AP, + AP, (

AP, = 2{53‘, + AP, (
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suat dinh mirc cla MBA, kVA; AP, AP, - Céc
thanh phan ton thét cong suét khong tai va ton that
cong suat ngan mach, kW.

Tén that cong suét tac dyng trong MBA gay ra
bol cac thanh phan cong suét trong hé théng cung
cép dién, phu thudc vao cong suat phan khang tiéu
thy cia MBA [1], [6]:

. I, %

AP, = AP, +k,, xS, | 22— | kW;
0 0 kt dm[‘IOOJ (5)
. -u_ %

AP, = AP, +k( X Sy (—155} KW.

Tai day: AP, va AP, - Tuong (rng la tdn that cong
suat khéng tai va ngan mach (trén danh muc di
liéu), KW; I % - Dong dién khong tai tong dbi cha
MBA; U, % - D1en ap ngén mach twong déi cia
MBA; ki - Hé sé dwong lwong kinh t& cla coéng
suat phan khang phu thudc nguon cong suat phan
khang truyén qua MBA, bao gdm ca cong suat
phan khang tiéu thu trén MBA, co thé Iya chon
kq=0,015 kW/KVA dbi véi cac MBA cong suét 16n
va ki=0,04 KW/KVA d6i voi cac MBA co cdng suét
nhé [1], [2].

Tir tén that cong suat tac dung khi van hanh mét
MBA va song song van hang hai MBA c6 thé xac
dinh dwoc cdng suét gi¢i han t6i wu khi van hanh
theo diéu kién sau:

s 2 S 2
APy +AP,| = | =2.| AP, +AP, :
Sdm zsdm
2.AP; ©
A
S, =S 0 KkVA.
gh dm AP

n

‘Do d6, ché do van hanh kinh té ctia TBA véi hai
MBA c6 cong suét dinh muec gibng nhau 1a ché do
dwoc xac dinh béi ton that cong suét téi thidu trong
MBA v&i bat ky phu tai ndo. Tén thét cong suat duoc
dién ta b&i dac tinh AP4-Sgy-AP; trén do thi H.2. Véi
cac TBA co hai may dat song song co cong suat
khac nhau, gia thiét cong suét dinh mic cia MBA
T4 nhd hon céng suét dinh mic ctia MBA T..

. H.3 chi ra cac dac tinh doc lap cla tdn that cong
sut tac dung trong MBA khi lam viéc véi phu tai
Swi, twong ng: AP, tdn that cong suét tac dung
trong MBA co6 cbng suat nhé hon: AP, tdn that
cong suét tac dung trong MBA c6 cong suat Ion
hon; APs - tbn that cdng suéat tac dung khi hai MBA
cung song song hoat dong. Tai giao diém cla hai
dac tinh AP; va AP; twong tng la cong suat gioi
han ng, v&i giGi han cong suat lam viéc nay thi
tén that cong suat trong MBA T, bang voi ton thét
cong suat trong MBA T,. Tai giao diém cla hai dac

tinh APy va AP, twong u'ng la cong suét gidi han
Sghz, vOi gIO’I han cong suat lam wec nay thi ton
that cong suét trong MBA T, bang voi tén that cong
suét tac dung khi hai MBA T, va T, cung song song
hoat dong. Do do, gia tri cong suét gi¢i han Sgh1
xac dinh diém lam viéc c6 tdn hao cong suét tac
dung toi wu nhat khi c:huyen dbdi ché dd van hanh t
MBA co cong suat dinh mirc nhé hon sang MBA co
cong suat dinh mdc Ion hon va ngwoc lai. Gia tri
cong suat gioi han Sgnz xac dinh diém lam viéc co
tbn hao céng suat tac dung téi wu nhét khi chuyen
ddi ché do vam hanh tr MBA ¢ cong suét dinh
mtrc Ién hon sang ché do van hanh song song hai
MBA va nguwgec lai.

Gia tri cong suat gi¢i han Sghg khong co gia tri
danh gia dé xac dinh cac ché dd van hanh hiéu qua
cua TBA, vi gia tri cla tén that cong suét twong wng
v6i cong suét gioi han Sgys cao hon dwong cong ton
thét cong suét t6i thidu. Cong suét gidi han Sgha Xac
dinh diém chuyen ddi van hanh thuan loi nhét khi
chuyé&n ché dd van hanh song song hai MBA sang
ché do van hanh MBA c6 cong suét nhé hon.

AP, KW
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AP,

AP,

B>
g

i
I
I
i
I
] ]
Sqghz
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H.3. Béc tinh ton thét cong sudt trong TBA
¢6 cong suat dinh mirc khac nhau.

Tén that cong suét dinh muec trong MBA c6 cdng
suat nho hon [1], [6]:
2
S
22 |l 7
= ] (7)

dam1
Tén thét cong suét dinh mire trong MBA c6 cong
suat lon hon [1], [6]:
2
S
j ; (8)
S 2

dm.

& ché d6 van hanh song song hai MBA, ton hao
c6ng suét téi thiéu trén tung may tuo’ng trng voi ty
I& phan bd tai so véi cong suat l&p dat ciia MBA [1]:

S S
1 =_Y2 (9)
Sem1 Samz
Tai day: S;va S, - Twong (ng la cdng suét tai tai

AP, = AP}, + AP, [

AP, = APy, + AP, (
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cac MBA T, va T..

Téng tén that cong suét trong trwdng hop van
hanh song song hai MBA [1]:

Céc gia tri gi¢i han clia cong suét tai [1]:

B = JS§;1-S§m;(APé2 ‘AP(:M);
Sﬁm2 'APM - Sdm1 'APHZ

2 2
APS=AP51+AP52+AP;1(SiJ +AP;2{SSZ J (10) &
dm1 dm

S hg = (1 Sdm1)\/ : APM 8dm2
8 Sam2 VAP2(Samt * Samz)’

-8%na (AP, + APTIIZ)'

(11)

APCIJZ'ngTSémZ

- Sdm‘l \f

=4 ) ; 3

Samz VAP,1(Sam1 + Samz2)

Ché dd van hanh kinh té ctia TBA véi hai MBA

c6 cong suat dinh mirc khac nhau 1a ché do dwoc

xac dinh béi ton that tbi thiéu trong cac MBA Voi

phu tai bat ky. Dac tinh ton that cong suat dwoc

dién ta bdi ton that tdi thidu AP;-Sgni-Sgna-AP; trén
dd thj H.3.

3. Phwong phap giai quyét van dé

Do phu tai tai cac TBA chinh clia mé ludn_bién
dong trong mot ngay, tly theo ca san xuét va bién
dong gitka cac ngay véi nhau, co thé thay dbi trong
mot dai rdng nén viéc dwa vao van hanh toan bd
cac MBA trong tram |& khoéng téi wu v& mét kinh té.
Néu phu tai cia mo gidm trong mat thoi gian dai thi
thich hop hon ca 1a cét dien mot MBA, cac phu tai
duwoc cap dién trén hai thanh cai ha ap cla tram
véi may cat phan doan phia ha 4p CB dwgc dong
lai (H.1). Trong trwéng hop nay can dam bao diéu
kién '1a phai dwa MBA dy phong vao lam viéc
nhanh chéng khi phu tai cta tram tang dén gia tri
can phai dwa ca hai MBA vao lam viéc. Khi dua
MBA th(r hai vao van hanh thi may cat phan doan
phia ha ap duwgc mo ra.

Viéc van hanh song song MBA (may cat phan
doan phia ha ap & trang thai déng) cho phép trong
cac didu kién sau; td ndi day MBA giéng nhau; ti 1&
céng suat clia cac MBA khéng dugc vuot qua
“1:3" ti sb bién ddi dién ap khéng dwoc chénh léch
qua % 0,5 %; dién &p ngan mach twong ddi U, %
khong dwoc chénh léch qua 10 %; viéc két ndi phai
ciing the tw pha. Péng thdi & phwong thirc van
hanh nay can tinh dén sy gia tdng cda dong dién
ngdn mach, cac thiét bi can phai chiu dwoc tac
doéng ctia déng ngén mach nay [5].

Pé& can bang tai gitva cac MBA van hanh song

Bang 1. Théng so ky thuat ctia cac may bién 4p

- SFn1(AP + AP{;Z)-

song sao cho dién ap khéng céan bang nhé nhét
c6 thé the hién bang cach thay déi ti 1& bién dm
dién ap trong dai hep thdng qua di&u chinh néc
chuyen mach, v&i diéu kién dat ra la khéng dé
MBA nao bj qua tai. Khi van hanh song song cac
MBA nén st dung cac MBA giéng nhau. V& khia
canh k§ thuat, viéc chuyén ddi tlr ché do van hanh
nay sang ché do van hanh khac cé thé thuc hién
tha cong hoac ty dong.

Chuyén ddi thti cong it khi dwgc &p dung, theo
quy dinh, khi ¥&n hanh song song MBA ma khong
c6 phu tai loai 1, dac tinh tai dn dinh, cong suét tai
khéng dwoc vwrgt qua cong suat qua tai cho phép
clia MBA (ca vé& cudng do va thoi gian). Phuwong
thirc van hanh t6i wu trong treérng hop nay la mot
may lam viéc va mdt may & ché do du phong.

Tai cac TBA c¢6 phu tai loai 1 thi c6 thé tang
cdng suét tai cao hon kha nang chiu qua tai cua
mot MBA, trong trwong hop nay khong dwoc phep
chuyén ddi tht cong. Loai tram nay yéu cau viéc
chuyén déi ché do van hanh tlr moét MBA sang ché
ddé van hanh hai may va ngwoc lai dwgc thuc hién
bang thiét bj tw dong

Qua trinh chuyen déi tw dong duoc glam sat bai
cac thiét bi phan clrng, qua trinh chuyén doi tw
déng phu thude vao lich trinh tai dién.

4. Tinh toan thuwec té

Pé& minh hoa cho luan diém nghién clru, bai
b&o ap dung tinh toan cho TBA chinh cia Céng ty
than Mao Khé: Tram gom hai MBA T1, T2 c6
cung céng suat la 12000 kVA do hang ABB san
xuat cd ma hiéu SF1.12000/35-TH. Théng sb ky
thuat cda hai MBA chinh T1, T2 35/6 kV duoc
thdng ké trong Bang 1.

i iy Ugm, KV Tén that, W Un Iy
; Cao ap Ha ap Khong tai | Ngén mach | (%) (%)
SF1.12000/35-TH 351+8x1,25 % 6,3 24000 69200 7.5 5
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Ap dung cong there (6) cho treong hop van
hanh song song hai MBA c6 céng suét giéng nhau,
xac dinh dugc Sgh—10 720 kVA. Nhuw vay, tor thong
sb tinh toan co thé vach ra ché dé van hanh tdi wu
nhit sao cho tbng tdn that cong suét trong TBA
chinh cta-Cong ty than Mao Khé 1a thdp nhéat. Cu
the khi cbng suét thwe té cha tram Stt<Sg;f1 thi chi
can van hanh mat MBA; khi cong suét thyc té cia
tram Stt>Sgh thi nhéat thiét phai dong hai MBA vao
van hanh va cho lam viéc & ché dd song song. Ton
that cong suat tac dung tdi wu trong tram dién néu
van hanh véi céng suét Sgn, trrong ung AP=99
kW. Tdn that nang lwong trong TBA néu van hanh
véi cong suét Sgn cho mdt ndm lam viéc, doanh
nghiép lam viéc 3 ca véi T,=7.000 h, twong tng
v@i: AA=693.000 kWh/nam.

5. Két luan

». Viéc t6i wu hoa phucrng thirc van hanh cac
MBA cho thay hiéu qua dang ké trong viéc bao
dam nguon cap dién, gtam ton that nang lwong
trong hé théng cung cép dién, nang cao hiéu qua
van hanh;

» Khéng can phai thay di MBA va cong suét
phu tai dwoc két ndi van co thé giam duoc tén
-that cong suat. Bé dat dwoc hiéu qua van hanh
cac MBA can phai c6 su dong bd vé lich trinh
lam viéc cla phu tai dién va dac treng lam viéc
clia phu tai. Céac gia tri cong suét giéi han cho
phép xac dinh gi¢i han phu tai dwo'c du nbi dé
bdo dam hiéu qua, gidm tdn that khi chuyén doi
TBA tir ché dd van hanh nay sang.ché dé van
hanh khac;

» Céan can bang tai phu hop gitra cac MBA dé
glam ton that dién nang trong chinh MBA, gop phan
giam t6n that dién nang trong hé thong cung cap
dién, nhd d6 nang cao hiéu qua kinh té dbi voi cac
doanh nghiép khai thac mé.0
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SUMMARY

Improve the efficiency and energy
~ conservation is an urgent problem of the
mining enterprises. The paper refers to the

- optimizing the transformer’s operation mode
in the transformer stations at the mine shows

significant potential for reducing energy |

losses, effectively conserving energy and
and economic |

improving the operational
efficiency.
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