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Tom tat 

May bien ap chinh la thiet bi dien quan trong tmng cac nha may dien giiip nang aien ap t i / khoang 20 - 26kV cr dau ra cua may phat 

len 220 - 230kV. Sau mot thdi gian su: dung can danh gia lai ton that, hieu suat, che 36 van hanh de co cac giai phap tang hieu qua lam 

viec va han che su co, dong thcii keo dai tuoi tho may bien ap. 

Nhom tac gia da khao sat tai 5 nha may dien [Ca Mau 1 & 2, Nhon Trach 1 & 2 va Vung Ang 1) vdi cac may bien ap co cong suat tif 231 

- 300MVA, da van hanh t i /6 -13 nam, Tir ket qua do dac, nhom tac gia da xay dung phan mem CLET (Computing Losses and Efficiency of 

Transformer) de phan tich, danh gia thuc trang hoat dong va hieu qua lam viec cua cac may bien ap, tir do de xuat che do van hanh, bao 

tri, bao duong de dam bao an toan va nang cao tuoi tho cua may bien ap, 

Tir khoa: May bien ap, nhiet dien, ton that, hieu suat, CLEI 

1. Gidi thieu 

May bien ap la thiet bi dien quan trong trong he thdng 

truyen tai va phan phoi dien nang.Trdngcacnha may dien, 

may bien ap thi/dng dJoc sCr dung de bien ddi dien ap ttf 

khdang 20 - 30kV thanh dien ap cao tren 110/220/500kV 

trade khi hoa vao ludi dien quoc gia. V; cong suat cua may 

bien ap thudng rat Idn (cd the len den 200 - 750MVA) nen 

cac ton that khdng tai (hay cdn gdi la ton that sat tCf} va tdn 

that ngan mach {ton that ddng) rat Idn. Doi vdi cac may 

bien ap mdi, 2 loai tdn that nay dirpc chi ro trong bang 

thdng so ky thuat. Tuy nhien, hieu suat thuc te cua may 

bien ap cdn phu thudc vao nhieu yeu td khac nhu: che dd 

van hanh, che dd lam mat va nhiet dd moi trudng. Ngdai 

ra, thed thdi gian sir dung thi hieu suat cua may bien ap 

cung se giam dan do chat lUdng cua loi sat tCr, day quan, he 

thdng lam mat (quat, bom, dau) va lao hda ciia cac loai vat 

heu ben trong lam tang nguy cd sU cd Vi the viec djnh ky 

phan ti'ch thuc trang hdat ddng, danh gia cac loai ton that 

va Udc lUdng hieu suat thac cua cac may bien ap la yeu 

cau cap thiet, tir do se co cac giai phap phu hop de dd van 

hanh may bien ap an toan va hieu qua hdn. 

Ngaynhonbai 26/11/2019 Ngay phan bien Sanh qiavosiia (bio 26/11/2019 • 147172020 
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Nghien ctru ve tdn that va hieu suat cua may bien ap, 

dac biet la may bien ap chinh trdng cac nha may dien thu 

hut dUdc sU quan tam cua nhieu nha nghien cCru tren the 

gidi. Gan day da cd phan tich, danh gia hieu suat cua may 

bien ap cdng suat Idn theo he sd tai [1]. Nhdm tac gia sCr 

dung phUdng phap dd ngan mach vahd mach de xac dmh 

cac tham sd cua may bien ap; de xuat trng dung phuong 

phap do thuc nghiem de danh gia tdn that cua may bien 

ap phan phdi cho trudng hdp tai phi tuyen [2], ThUc hien 

nghien cu'u ve tdn that va hieu suat cua cac may bien ap 

d chau Au dUa tren viec md hinh hda lai may dudi dang 

mach dien [3]. Trdng cac Idai tdn that cua may bien ap thi 

tdn that tan mac du khd do dem dUOc true tiep nhUng cd 

cac phUdng phap sd de md phdng va udc luong neu biet 

chinh xac md hinh cua may bien ap [4]. Tdn that tan cd 

the dUdc han che bang each sir dung cac vat lieu phi kim 

loai thay the [5] hoac vat lieu cd tinh chat dac biet [6, 7] 

NgUdc lai, tdn that ddng cd the udc lUdng dUdc daa tren 

viec tinh tdan, du bao nhiet dd cudn day [8, 9], Theo thdi 

gian khdng chi tdn that cua may bien ap tang len ma cac 

vat lieu ben trdng may cung bi lad hda ddi hoi may bien 

ap phai dUdc danh gia tinh trang ky thuat, theo ddi va cac 

kiem tra chan ddan de phdng ngi/a sued va gm i ,rig ^^^^ 

thd may [10,11]. 
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TT Nha may 

1 Nha may Dien Ca Mau 1, 2 

2 Nha mayOien Nhon Trach 2 

3 Nha may Dien Nhon Trach 1 

4 Nha may Nhiet dien VCing Ang 1 

Bang 1. So lieu ddac thu thdp d cdc nha mdy 

Thcfi gian 

thu thap 

11/2018 

3/2019 

4 - 8 / 2 0 1 9 

1-5 /2019 

2 -5 /2019 

Loai so lieu ben sorcap 

D ienap 

Dong dien 

PI (cong suat tac dung may 
phat) 

Or (cong suat phan khang may 
phat) 

Cong suat Pidtu dung 

Nhiet do cua dau 

Nhiet dp cuon day 

Che do lam mat 

Loai so lieu ben thijrcap 

Dien ap 

Dong dien 

P: (cong suat tac dung ra may 
bien ap) 

Qi (cong suat phan khang ra 
may bien ap) 

Nhiet do moi t rudng 

Nhiet do cua dau 

Nhiet do cuon day 

Che do lam mat 

Hieu suat lam viec cua may bien ap dUdc cai thien 

thdng qua cac phuong thu'c van hanh hdp ly, vi chi can cai 

thien hieu suat nhd ciia may bien ap chi'nh se cd y nghTa 

rat idn trdng can can nang lUdng va kinh te cua nha may. 

Hieu suat may bien ap se Idn nhat (tdn that nhd nhat) 

khi tdn that ddng (thay ddi trong che dd van hanh) tien 

gan tdi tdn that sSt [gan nhu khdng thay ddi nhieu trdng 

mpi che dd van hanh), VI vay, de danh gia thUc trang hoat 

dong, tdn that va hieu suat thuc cua may bien ap can thu 

thap cac so lieu van hanh trong khoang 3 - 5 thang gan 

nhat (theo cac khoang thdi gian ma he thdng dd dem ghi 

lai duoc), gdm cac thdng sd ciia may phat, cdng suat tU 

dung, ben sd cap (ti/ may phat di ra) va ben thir cap (tCf 

may bien ap dau len thanh cai truyen tai). Tir dd, phan tich 

dQ lieu, xay dung md hinh may bien ap, tinh toan dapc 

hieu suat ciia may bien ap trdng cac che dd lam viec. Mac 

dii may bien ap trdng cac nha may nhiet dien dd Tap ddan 

Dau khi Viet Nam dau tu/tham gia dau tUcd 3 che dd lam 

mat: ONAN (lam mat tu nhien), ONAF (dau tU nhien, quat 

CUdng bi/c} va ODAF (dau cudng bcrc, quat cudng bijrc) 

nhiing phan Idn hdat ddng d che dp ONAF, Cac che dp 

van hanh lam mat se cd quyet dinh chinh den dd ben cua 

may bien ap va tdn that ddng, Ngoai ra, che dd van hanh 

tai cung anh hadng den tdn that ddng dd ddng dien true 

tiep chay qua cudn day gay nen tdn that. 

Bai bao trinh bay ket qua khao sat d 3 Trung tam Dien 

luc Dau khi: Nhdn Trach, Ca Mau va Vung Ang (Bang 1), t i / 

dd phan tich, tinh tdan cac thanh phan tdn that va hieu 

suat cua may bien ap chtnh. Do lUdng sd lieu thu thap rat 

Idn, doi hdi can cd phan mem quan tri cd sd dQ lieu de 

thuan tien chd viec tra cdu, tinh tdan tdn that, hieu suat 

va hien thi ket qua dadi cac dang bieu dd trUc quan, vi vay 

nhdm tac gia da xay dung phan mem CLET (Computing 

Losses and Efficiency of Transformer) de hd tro thac hien 

cac cdng viec nay, Dua tren thUc te khad sat d cac nha may 

nhiet dien, nhdm tac gia de xuat giai phap dam bao van 

hanh an tdan, hieu qua cac may bien ap chinh, ddng thdi 

gia tang tudi tho may, 

2. Tinh toan ton that, hieu suat cua may bien ap 

Hieu suat cua may bien ap duoc tinh bang cdng thirc 

sau[1 '3): 

Efficiency - rj - - (1) 

Trong dd: 

PiiCdng suat tac dyng ciia may phat; 

Pj:Cdng suat tac dung ddau ra (tai tieu thu) ciia may 

bien ap; 

P,̂ : Cdng suat tac dung tU diing ciia cac thiet bi tieu 

thu dien trong nha may. 

Tdn that (Ldsess) cua may bien ap dapc tinh nhU sau: 

Lo5e5s-P,-r',^-P,-ZlP^, + ZlP^ + ^P^„^ (2) 

Trong do. 

&P̂ :̂ Tdn that sat tir bSng ton that khdng tai; 

va APg ={^^Ri-i-llR2 = k^P„ 

Trong dd: 

Ij, R̂ : Ddng dien va dien trd cudn day ben so cap; 

Ij, Rj. Ddng dien va dien trd cudn day ben thijr cap; 

k -1 /1 ; ,^ : Hesd tai; 

P̂ : Tdn that ngan mach; 

AP, ^: Tdn that tan do ddng dien xoay. 
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CdNG NGHIEP DIEN 

Trong dd, cac loai tdn that anh hadng trUc tiep den 

hieu suat se la: AP ,̂ tdn that s^t, gan nhu khdng thay ddi 

thed he sd tai, vl chi phu thudc vad dien ap lam viec (gan 

nhu khdng thay ddi trong cac che dd van hanh). Bieu thu'c 

ton that sat: 

AP^^ = P̂  + P^^K^B'-'f-i- K^B'ftf 

Trdng dd: 

Pî :Tdn that dd hien tupng tL/tre; 

P̂ : Tdn that do ddng xoay; 

B: Mat dp tir thdng cUc dai trdng Idi sat; 

fiTansd; 

t: Be day ciia cac la thep, 

AP^: Tdn that ddng (tdn that cd tai), phu thudc vao 

binh phUdng cua he sd tai va co bieu thu'c sau: 

APa-!fRi-i-l2R2=I'^Re 

Trong dd: 

1,: Ddng Sd cap; 

1̂ : Ddng thCr cap; 

R,: Dien trd day quan sO cap; 

R̂ : Oien trd day quan thir cap; 

\\: Ddng th i j cap quy doi ve sd cap; 

R̂  = R, + R\ - dien trdtUdng duong cCia may bien ap 

quyddi vesdcap. 

Gia tri tdn that dong AP^ thay ddi thed binh phuong 

cua he sd tai va bi anh hadng bdi nhiet dp cac day quan. 

Tdn that dd tir trudng t i n AP,̂ _̂  di vao cac phan ket cau 

sat thep (buldng, vd may, khung xa...) tad ra cac tdn that 

do ddng xoay va phu thudc vao ddng t i i , Ngoai ra cdn cd 

ton that dien mdi la tdn that trong cac chat each dien dUdi 

anh hadng cua dien trudng, la gia tri khdng ddi va rat nhd. 

Cac tdn that tren cd the ehia lam 2 loai: ton that khdng ddi 

(ehu yeu phu thudc vao dien ap, cd gia tri gan nhu khdng 

doi) va tdn that thay ddi (chu yeu phy thudc vad ddng t i i , 

Cd gia tri thay doi theo he sd tai). Gia sCr x la he sd tai, hieu 

suat Cd the tinh: 

p - (xScosej/( xScosd^ + P̂ ^̂ ,̂ + x'P^J {3) 

vdi S la cdng suat (MVA) dinh mire cua may bien ap; P̂_,̂ ,̂: 

tdn that khdng ddi; P^̂ ; tdn that thay ddi d dong t^i djnh 

mere; cdse^: he sd cdng suat tai thir cap. 

Gia tri hieu suat cua may bien ap se dat cue dai khi: tdn 

that sat = tdn that ddng, nghia la P™if = x^P.ar. x=^^^2IlE 

va hieu suatcUc dai se la: 

f?„„, = [xScose^/(xScose^+ 2P,,,J ("1) 

Cd the thay gia tr i r i„^, thay ddi theo cosS^. Vdi may 

bien ap lam viec gan tai dinh mi/c, hieu suat lam viee se 

dat gia trj v\^^^ khi may ed ton that ddng (la thanh phan 

chu yeu cua ton that khdng tai) gan bang vdi tdn that sat 

(la thanh phan chii yeu cua ton that khdng doi). Tuy nhien, 

t rong thuc te gia tn tdn that khdng doi (chu yeu la tdn 

that sat) cd gia trj kha nhd sd vdi tdn that ddng (dd chat 

lUdng cac la thep silic cdng nghe mdi da dapc cai thien rat 

nhieu trong cae thap nien qua va cd suat tdn that W/kg 

rat thap, thuc te hien nay cac may bien ap lUc cdng suat 

Idn deu sir dung la tdn silic cd chat lupng rat tdt, ve mat 

kha nang dan t i / qua he sd tir tham p rat cad, d gia tri cUc 

dai ciia mat dd t i / t h d n g B^^^ khdang ~ 1,7T, trdng khi suat 

tdn that W/kg chi vao khoang 0,85 - 1 W/kg d 1,7T) - gia 

trj nay la 110,32kW ddi vdi may bien ap Hyundai 300MVA, 

nen cung khdng the cho may lam viec d he sd Xh\ vdi ton 

that ddng d tai d inh miJrc ve gia tri tdn that sat daoc. Ton 

that cd tai cua may bien ap Hyundai la 782.868kW d che 

do ODAF 300MVA, Tap No.O, Tong tdn that la 893.188kW d 

che dp ODAF, 300MVA, 75''C, Tap No.0, hieu suat d ehe dp 

lam viee nay la 99,703%. 

Nhu vay, ed 2 phuong phap t inh hieu suat may bien 

ap.Trong bai bad nay, nhdm tac gia sCrdung cdng thu'c (1) 

de t inh hieu suat va cdng thirc (2) de t inh tdn that. 

3. Xay diTng phan mem tinh toan ton that hieu suat 
may bien ap CLET 

Nhdm tac gia da xay dung phan mem CLET de luu trQ, 

quan ly mdt luong so lieu Idn cua cac may bien ap tai cac 

nha may dien; Nhon Trach 1, Nhon Trach 2, Ca Mau 1, Ca 

Mau 2 va Vung Ang 1. Ddng thdi , cd the hien thi theo bd loc 

thdi gian va dp Idn. Phan mem CLET duoc phat tnen dua 

tren ngdn ngU lap tr inh JAVA va he quan tr i cd sd dQ lieu 

ma ngudn m d MySQL. Hieu suat cua cac may bien ap dUdc 

t inh bang cdng thC/c (1) va tdn that ciia may bien ap dUdc 

tinh bang cdng thi/c (2). Cac gia tri tdn that va hieu suat 

thac te se dUpc so sanh vdi cac ngadng chuan do nha thau 

cung cap trong mdt dieu kien thir nghiem cy the khi chay 

nghiem thu may. Phan mem cd the hien thi ket qua dudi 

dang true quan t i / do hd trp ngudi d i ing dien giai va dua ra 

eae phan tieh, danh gia ve tdn that, hieu suat cua cac may 

bien ap. Phan mem CLET (Hinh 1) bad gdm cac ehiJc nang: 

Cd kha nang nhap sd lieu t i / file excel thed dinh 

dang; 

Luu tr i / , hien thi sd lieu cua eae may bien ^p thed 

bang, bieu dd va dd th i ; 
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Cd cac bp lpc de tra ci/u sd lieu; 

Tinh toan cac ton that, hieu suat 

thed tCrng may bien ap va theo thdi 

gian, ket qua hien th| trac quan; 

So sanh ket qua tdn that, hieu 

suat hien tai vdi ngUdng chuan ban 

dau cua nha che tad; 

Du bad ton that, hieu suat, nhiet 

dddau va cudn day. 

4. Thî c trang va giSi phap van hanh 

may bien ap an toan, hieu quit 

4.1. ThUc trgng 

Nha may Dien Ca Mau 1, Nha may 

Oien Ca Mau 2 va Nha may Dien Nhdn 

Trach 2 sir dung may bien ap 3 pha 

ngam dau Hyundai 300MVA, Trdng khi 

dd, Nha may Dien Nhdn Trach 1 diing 

may biep ap 3 pha Fdrtune 231MVA. 

Rieng Nha may Nhiet dien VCing Ang 

1 sir dung may bien ap 1 pha cdng 

suat 240MVA cua ABB. Nhu vay, Nha 

may Nhiet dien Vung Ang 1 can den 6 

may bien ap cho ca 2 to may cdng suat 

}.200MVJ, trong khi dd cac nha may 

dien khi cdng suat nhd hdn chi can 3 

may bien ap bai 3 pha. 

Ton that khdng tai (tdn that sat ti/} 

va tdn that tai (tdn that ddng + tdn that 

tan) ciia cac may bien ap xet tai dieu 

kien djnh mtrc daoc the hien tren bieu 

dd Hinh 2 eho thay mac dii cac may 

bien ap Hyundai d Nha may Dien Nhon 

Trach 2, Nha may Dien Ca Mau 1 & 2 

deu cd cdng suat 300MVA nhang tdn 

that khdng tai khac nhau den khoang 

10% dd Nha may Dien Nhdn Trach 

2 dau tu sau va dupc hudng lpi t i / sa 

thay ddi cdng nghe.Tuy nhien, tdn that 

t^i thi khdng cd sU khac nhau nhieu 

{787kW ciia Nha may Dien Nhdn Trach 

2 so vdi 792kW cua Nha may Dien Ca 

Mau 1 va 2). 

Hinh 3 chd thay tdn that khdng 

tai cua may bien ap ALSTOM 231 MVA 

d Nha may Dien Nhon Trach 1 va may 

Ton hao cua may bien ap cong suit Idn trong mot so nha may 
nhiet dien cua PVN 

iy Elien Ca Mau 1. 2 (300MVA. 3plia) 

Tonhaotcii 

MhcmTrai;h2[300MVA,3pha) • 

dien Vung Ang 1 (240 MVA, 1 pha) I 

Hinh 2. Ton that khdng tai vd ton that tdi cuo cdc mdy bien dp 

bien ap Hyundai 300MVA d Nha may Dien Ca Mau 1 ehiem khoang 13%. Nhu 

vay, tdng tdn that ddng va tdn that tan dupe gpi chung la tdn that tai chiem 

khoang 87%. Rieng may bien ap ABB 240MVA d Nha may Nhiet dien ViJng 

Ang 1 cd ty le tdn that khdng tai cao nhat vdi mdc 14%. ThUc te, cac ddng 

may bien ap 3 pha thUdng cd ty le tdn that khdng tai nhd hdn ddng may 

bienap 1 pha, 

Dd sd luong dd lieu Idn nen nhdm tac gia chi minh hpa ket qua khad sat 

va phan tich chd Nha may Dien Nhdn Trach 2, cac nha may khac duoc thUc 

hien taong tu. 

Tdn that tai gdm tdn that ddng va tdn that t^n deu cd gia trj thay ddi 

rat Idn phu thudc vad cdng suat s\i dyng ciia may bien ap. Bieu dd dang cdt 

(Hinh 4) da cho thay tdn that tan tang gap gan 4 lan khi cdng suat may tang 

gap 2 lan tir 90MVA len 180MVA. Tdn that tan cdn tang khoang 10 lan Xis 

ngudng 10.633W d 90MVA len mifc 114,483W tUdng Crng vdi cdng suat dinh 

mdc 300MVA. Tdn that ddng tang khoang 10 lan tir 60,563kW d 90MVA len 

mCrc 672.925W d 300MVA, 
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Ton hao may bien ap 6 Nha may Dien Nhon Trach 1 

• Ton hao tai • Ton hao khong tai 

Ton hao may bien ap 6 Nha may Dien NhOn Trach 2 

Ton hao may bien ap 6 Nha may Dien Ca Mau 1 

I Ton hao khong tai 

• Ton hao tai • Ton hao khong tai 

Ton hao may bien ap 6 Nha may Nhiet dien Vung Ang 1 

I Ton hao tai • Ton hao khong tai 

Hinh 3. Ty le Ion thai khong tai vo ton thdt tai cua cac mdy bien dp 

Ton hao may bienap tSOMVAdNha may Dien Nhon Trach 2 

Ton hao tan 

Ton hao tan |W) theo 
cua may bien apcf Nha may Dien Nhon Trach 2 

150000 

100000 

50000 I 
I Ton hao sit • Ton hao dong • Tdn hao tan 

90MVA 180MVA 300MVA 

I Tdn hao tan (Wl 6 yo-'C 

Tdn hao may bien ap 300MVA a Nha may Oien NhOn Trach 2 

Tdn hao tan Tdn hao sat 

Tdn hao dong (W) theo cong suat cua may bien ap 
a Nha may Dien Nhon Trach 2 

I 
90MVA 180MVA 300MVA 

I Ton hao ddng (W) 6 70 "C 

• Tdn hao sat • Ton hao dong B Tdn hao tan 

Hinh 4. Cdc loai ton that mdy bie'n dp dNha mdy Bien Nhdn Trach 1 
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Nha may Dien NhanTrach2 Nha may Oien Nhan Trach 2 

50 100 150 200 250 300 350 AOO 450 

So mau diJ lieu thu thap tir thang 4 - 8/2019 

0 50 100 150 2Q0 250 300 350 •lOO 450 

sd mau dCflieu thu thap tir thang 4 - 8/2019 

Nha may Dien Nhon Trach 2 Nha may Dien Nhon Trach 2 

wm 
50 100 150 200 250 300 350 •100 450 

So mlu do lieu thu thap ti/thang 4 - 8/2019 

ao 150 200 250 300 350 400 

So man dii lieu thu thap ti/thang 4 - 8/2019 

Hinh 5. So lieu mdy bien dp chinh cua Nhd mdy Dien Nhdn Trach 2 theo thdi gian til thdng 4 - 8/2019 

Nha may Oien Nhon Trach 2 Nha may Dien Nhon Trach 2 

50 100 150 200 250 300 350 

Cdng suat may bien ap (MVA) 

(a) 

Cong suat may bien ap (MVA) 

Hinh 6. Ngudng t6n that vd tdn thdt thuc cua mdy bien dp chinh cuo Nhd mdy Bien Nhan Trach 2 theo thdi gian tit thdng 4 - 8/2019 
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100 

I 99 95 

il _ 999 

,1 Q. 99-B5 

' >£ 99 8 

'. .J- 99 75 

Nha may Dien NhOn Trach 2 

-.ro 93 5 

"k 98 

Nha may Dien NhOn Trach 2 

He so tSi 1 [! H 

{0} "' ' " " - • • • • • - - - (1,1 

Hinh 7. Ngudng hieu sudt vd hieu sudt thuc cua mdy bien dp chinh cuo Nha mdy Bien Nhan Trach 2 theo thdi gian tit thdng 4 - 8/2019 

Nha may Dien Nhan Trach 2 

.^-f |̂|JJjiw***««*̂ '̂ ^^y* 

[ |̂ji«„*v*'*<* '̂h 

t4ffy#^»^»f|N 

W pppSfPffffvj 

So mau dCr iieu thu thap t i i thang 4 - 8/2019 

Hinh 8. Ketqua sap xep lai sdlieu trong khodng thdi gian til thang 4 - 8/2019 

dNhd mdy Dien Nhan Trach 2 theo thdtUlUnho den Idn 

Bieu dd Hinh 4 minh hpa ty le cua 3 thanh phan tdn 

that sat, ddng va tan d nhiet dp 75°CtUdng dng vdi 2 mi/c 

cdng suat khac nhau: 180MVA va 300MVA. Cac bieu dd 

cho thay khi cdng suat sir dung tang ien thi ty le tdn that 

sat se giam xudng va ty le tdn that ddng se tang len. Vi du 

d mire cdng suat 180MVA, tdn that sat chiem den 28%, 

trong khi dd tdn that ddng la 61%. NhUng khi sir dung 

d cdng suat djnh mdc 300MVA, tdn that ddng da chiem 

75%, cdn tdn that sat chi chiem 12%. 

Sd lieu chd may bien ap chinh d Nha may Dien NhOn 

Trach 2 thed thdi gian tir thang 4 - 8/2019 (Hinh 5) eho 

thay cdng suat tac dung P̂  (MW) cua may phat cd si/ 

dao ddng dang ke tir 150 - 250MW va tap trung nhieu d 

khoang 230MW. Cdng suat tac dung ben thU cap P̂  (MW) 

eiia may bien ap dao ddng tif khoang 145 - 245MW, tap 

trung nhieu d dai cdng suat 230MW. Trong khi dd, cong 

suat tac dung tU diing P̂^ (MW) dad dpng trong khdang 

4 - 5MW, Nhu vay, tdn that (losses) se nam trong khdang 

0,7-l,8MW. 

Tdn that khdng tai thay ddi rat cham thed thdi gian 

va gia dinh nd la h^ng sd. Ddi vdi may bien ap chinh d 

Nha may Dien Nhdn Trach 2 thi tdn that khdng tai cd gia 

tri khoang 109,737kW (do tai dinh mi/e). Tdn that tai phu 

thude vad tai va nhiet dp cudn day nha tren Hinh 6a. Khi 

cdng suat may bien ap thay ddi t i / 90 - 300MVA, tdn that 

tai tang rat manh t i / 98 - 700kW (d nhiet dd 24°C) hoac 

790kW (d nhiet dp 75°C). DUdng tdn that tai dng vdi nhiet 

dp cad hon nam d phia tren. Hinh 6b minh hpa tdn that 

thuc te (cham do) tai thdi diem tir thang 4 - 8/2019 so vdi 

ngudng chuan (dUdng dac tinh xanh) cua nha che tao.Ti/ 

do cd the thay rSng, khoang 75% sd lieu cd tdn that nam 

tren dadng chuan. NgUdng tdn that chuan do nha thau 

cung cap (da dUdc kiem tra luc ban dau truoc khi ban giao 

may) trong dieu kien xac djnh, la gidi han gia tri Idn nhat 

ddi vdi tdn that. Neu sd lieu nam dUdi ngi ----r̂  chuan dupc 

Cdi nam trdng gidi han chd phep. 

Hieu suat ciia may bien ap phu thudc 5 ^ ĵ 

Hinh 7a cho thay khi may bien ap hoat done, ,-.^^„ 
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Nguyen nhan gay ra sir co may bien ap 

4% 2% 

• Dien • Nhiet a Cach dien K t̂ ndi 

• Baodirdng aDpam • Qua tai • Xguv'en nhan khac 

Hinh 9. Ty le cdc nguyen nhdn gdy sUcomdy bien dp 

suat trung binh (180MVA) thi hieu suat Idn nhat khi he 

sd tai bang khdang 0,6, TrUdng hop may van hanh vdi 

edng suat djnh mUc 300MVA, hieu suat cue dai khi he 

sd tai bang 0,4, Hieu suat cua may bien ap chinh d Nha 

may Dien Nhdn Trach 2 trdng khdang thdi gian thang 4 

- 8/2019 dupe the hien nhU Hinh 7b. Ket qua do cho thay 

hieu suat may rat cad, dao ddng trdng khdang 99 - 99,8%, 

Tuy nhien, hieu suat (cham xanh) chu yeu van nam dudi 

ngudng hieu suat chuan. Sd lieu nam tren ngudng ehuan 

dupe coi la nSm trong gidi han chd phep. 

De tim quy luat thay ddi cua he sd tai, tdn that ddng, 

nhiet do cudn cao ap (HV) va thap ap (LV) cac sd lieu dUdc 

sap xep lai thed thC/tUti/nhd den Idn va ket qua dapc the 

hien nhu tren Hinh 8. Ket qua chd thay dUdng he sd tai va 

tdn that ddng cd quan he dung nha phUdng trinh AP^-

k'P ,̂ trong dd k = l/ l j^^ la he sd tai va P̂  la tdn that ngan 

mach. Nhiet dp cudn LV tang tir khoang 45 - 70''C khi cdng 

suat phat tang ti/120 - 250MW, nhiet dp cudn HV tang cao 

hon ti/khdang 50-79°C. 

Qua qua trinh khad sat d cac nha may dien, nhdm tac 

gia cd nhan xet nhu sau: 

Nha may Dien Ca Mau 1, Nha may Dien Ca Mau 2 va 

Nha may Dien Nhdn Trach 2 cd cdng suat phat tif khdang 

110 - 250MW (dinh mdc) cho moi td may va khoang 30% 

thdi lUdng hoat ddng dUdi mdc 200MW, Nha may Nhiet 

dien Vung Ang 1 cd cdng suat phat tir khoang 380 -

600MW chd mdi td may va khoang hdn 30% thdi lapng 

hdat ddng dUdi 400MW. Nha may Dien Nhdn Trach 1 ed 

edng suat phat tUdng ddi thap, t i / khdang 120 -170MW. 

Nha may Dien Ca Mau 1, Nha may Dien Ca Mau 2 

va Nha may Oien Nhdn Trach 2 cd he sd tai dao ddng tii 

khdang 0,35 - 0,8; Nha may Nhiet dien Vung Ang 1 cd he 

sdtait i/0,5-0,8;Nha may Dien Nhdn Trach 1 thi hesd tai 

td khdang 0,5 -0,7. 

Dien ap ra may bien ap (ndi vdi tai) eua Nha may 

Dien Ca Mau l,Nha mayDien Ca Mau 2tadngddidn djnh 

d mi/c 230kV; d Nha may Dien Nhon Trach 2 thi dao ddng 

tCr 225 - 230kV; Nha may Nhiet dien Vung Ang 1 dad dpng 

d mdc eao hon, tir 228 - 232kV. 

Tdn that cua cae may bien ap d cac nha may deu 

cao hdn ngUdng chuan do nha thau cung cap. Hieu suat 

may bien ap d Nha may Dien Ca Mau 1, Nha may Dien 

Ca Mau 2 va Nha may Dien Nhon Trach 2 dao ddng t i / 99 

- 99,8%. Trdng khi do, hieu suat may bien ap d Nha may 

Nhiet dien Vung Ang 1 thi thap hdn, dad ddng til 98,6 -

99,6%. 

Nhiet dp cuon day d Nha mayDien Ca Mau 1, Nha 

mayDien Ca Mau 2 dao ddng t i / 70 - 85''C; d Nha mayDien 

Nhon Trach 2 dao ddng trong khoang 50 - 78''C; trong khi 

dd d Nha may Nhiet dien Vung Ang 1 chi dao ddng td 40 

-65°C. 

Tdn that sat tif (hay tdn that khdng tai) gan nhU 

khdng ddi; trong khi do tdn that ddng mac dii cad nhung 

van trong mUc gidi ban eho phep; rieng tdn that tan tang 

cao va khdng do dem dUOc trUc tiep. 

4.2. De xuat gidi phdp van hdnh mdy bien dp an toan, 

hieu qud 

Qua khao sat thUc te tai cac nha may nhiet dien ciia 

PVN va phan tich cac sd lieu thong ke eho thay ty le tdn 

that ciia cac may bien ap da tang kha cad t i / khdang 30 

- 80% so vdi ngudng tdn that Idn nhat ciia nha che tao. 

Trong dd ed thanh phan tdn that khdng do dem dUpc 

gdm: tdn that dien mdi (Dielectric loss), tdn that t i / tre 

(Hysteresis Idss), tdn that ddng dien xoay (Eddy current 

losses), tdn that tan (Stray losses) va tdn that do hai bac 

cad (Extra losses due to Harmdnics). Viec gia tang cac tdn 

that nay khdng chi lam giam hieu qua ma cdn tiem an 

nguy ca phdng dien cue bd. Vi vay, ddi vdi cac may bien ap 

van hanh tren 10 nam can phai cd cac he thdng giam sat 

de dam bao an toan va phat hien sdm cac sa cd, Tai thdi 

diem nhiet do cudn day tang cao hdn sd vdi mdc chuan d 

ciing edng suat phat. Do vay, can phai kiem tra chat lUpng 

dau lam mat dinh ky, Ipe khi de dam bao hieu qua lam 

mat. Dac biet he thdng quat va bom dau phai dUdc bao 

dudng va kiem tra sd vdng quay/phut, tdc dp gid, dp rung 

lac cua true va canh quat de dam bao cung cap dtj cdng 

suat lam mat. 
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De giCr dUdc hoac gia tang tudi thd may bien ap sd 

vdi tudi thd thiet ke thi may bien ap phai dapc van hanh 

trdng cac dieu kien dUdi danh dinh (gia tri dinh mdc ciia 

cdng suat, ddng dien, dien ap) [10, 11] ThUcte cho thay, 

may bien ap ehinh phai van hanh ca trong cac dieu kien 

qua tai iam giam tudi tho may. Ty le sU cd ciia may bien 

ap va tudi tho dat inh bi anh hudng bdi yeu td ben trdng 

lan ben ngoai, nha cac nguyen nhan ve dien, nhiet va cd. 

Cac dng suat dien nhU dot ngpt chuyen mach, xung chdp 

hoac qua tai thddng xuyen se dan lam giam sdc ben dien 

mdi cua Idp each dien, dan den lam hdng may bien ap, 

Dien trd tiep xuc tang len, su phdng dien cue bd (Partial 

Discharge - PD) va cac van de ve he thdng lam mat se lam 

tang nhiet cudn day va dau, trong khi bien dang cd cd 

the tang khi cd ddng ngan mach va truyen tai. Cac dng 

suat nhiet va bien dang eO, khi ket hop vdi do am va sU d 

nhiem, se tang tdc dd lao hda cua ldp each dien va gay ra 

nhdng ha hai, Thdng ke nguyen nhan thudng gap gay ra 

su cd may bien ap dUdc the hien d Hinh 9 [10]. Ngdai ra, 

dng bdc each dien, bd ddi dau Idi ra va bd phan phu trp 

khae cung gdp phan khdng nhd lam anh hadng tdi tudi 

thp may bien ap. 

Oe dam bad duy tri va gia tang tudi thp cua may bien 

ap, can thuc hien trong mdi ky bad tri bad dadng cac quy 

trinh thi nghiem, kiem tra (Bang 2) [10]: 

Cac sai hdng cd the theo ddi dnline, kiem tra hang 

ngay hoac kiem tra chan ddan dmh ky. Sau dd neu phat 

hien bat thudng d bd phan nad thi se cd giai phap tddng 

dng. 

Bang 2. Cdc hang muc cdn thdc hien lihi bdo tri, bdo dudng 

Hang muc can thiic hien khi bao tri , b^o dadng 
dinh ky 

1 Kiem tra chat luong dau 

2 Kiem tra nhiet ke hong ngoai 

3 Thii nghiem dong kich thich 

4 Kiem tra he sd cong suat/yeu to dien moi 

5 Oo chi so phan cUc 

6 Do dien dung 

7 Do chL/c nang chuyen 

8 Dieu kien chuyen Tap 

9 Thi nghiem lai each dien giay cellulose 

10 Phan ti'ch dap Ung dien moi 

11 Phan tfch phong dien cue bo 

12 Phan ti'ch dap Ung trd ngan mach va ro ri 

13 Kiem tra dien trd cuon day 

14 Kiem tra dien trd noi dat va loi thep 

15 Phan tich dap Ung tan so Sweep 

Viec SLf dung cdng nghe sieu cao tan (UHF) de theo 

ddi va phat hien cac diem phdng dien cue bd mdi phat 

sinh duoe cac chuyen gia danh gia cao. Cdng nghe UHF 

phat tnen rat nhanh va dapc dng dung rdng rai giiip dam 

bao cac thiet bj dien, dac biet la may bien ap, van hanh 

an toan, vdi dd tin cay cad va nang cao tudi tho van hanh 

may. Day la edng nghe mdi tien tien, giiip quan ly van 

hanh may, trd giup va thay the Cdn ngudi trong viec quan 

ly van hanh may bien ap, dam bao an toan va tin cay. 

5. Ket luan 

Nhdm tac gia da thUc hien khao sat cac may bien ap 

chinh d eae nha may dien: Nhon Trach 1 & 2, Ca Mau 1 & 

2 va Viing Ang 1. Cac sd lieu ve ddng dien, dien ap, cdng 

suat tac dung, cdng suat phan khang ben so cap va thd 

cap; nhiet do cua dau, cudn day va nhiet dp mdi trudng da 

dupe thu thap trong thdi gian t i / 3 - 5 thang theo chu ky 

lay mau 2 - 3 gid/tan. Sd lieu khao sat la co sd de phan tieh, 

danh gia thuc trang van hanh, ton that va hieu suat may 

bien ap so vdi dieu kienthd nghiem ban dau. 

Nhdm tac gia da xay dang phan mem CLET hd trp van 

hanh may bien ap vdi cae ehde nang: quan tri cd sddCr lieu, 

tinh toan ton that va hieu suat, phan tich md hinh nhiet, 

du bad va dUa cac ehi bad de dat dupc che dp van hanh 

tdi Uu, cung nhu duy trl/ked dai tudi thp cua may bien ap. 

Phan mem da tinh toan sd lieu chd cac may bien ap Hyun

dai 300MVAdNha mayDien Ca Mau 1, Nha mayDien Ca 

Mau 2 va Nha may Dien Nhdn Trach 2 cho thay van giO 

disac hieu suat tUdng ddi cao tren 99 - 99,8% trong sudt 

5 thang van hanh ti/11/2018-3/2019. May bienap 1 pha 

ABB 240MVA cua Nha may Nhiet dien Vung Ang 1 cd hieu 

suat ti/98,6-99,6%. 

Tdn that thac te cCia may bien ap ve cd ban cad hOn 30 

- 80% Sd vdi mi/c chuan. Trong dd, cd tdn that khdng do 

dem dapc nhU: tdn that dien mdi, tdn that ti/tre, ton that 

ddng dien xoay, tdn that tan va ton that do hai bac cao.., 

De du bao nhiet dd eua dau va cudn day, tinh toan 

trade cae gia trj tdn that va hieu suat theo ehe dd tai, cac 

md hinh nhiet cho may bien ap can dUdc phan tieh, tinh 

tdan va md phdng. 
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EVALUATING THE SITUATION AND SOLUTIONS TO IMPROVE THE 
EFHCIENCY OF MAIN TRANSFORMER'S OPERATION IN THERMAL 
POWER PLANTS 
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Summary 

The transformer is an important electrical equipment in power plants, converting the voltagefrom 20 - 26kVat the generator output 

to 220 - 230kV. After a period of use, it is necessary to re-evaluate losses, efficiency, and operation mode to have suitable measures to 

increase working efficiency and limit incidents, as well as prolong the transformer's life. The authors conducted surveys at 5 power plants 

(Ca Mau 1 and 2, Nhon Trach 1 and 2, and Vung Ang). The transformers here have a capacity between 231 - 300IV1VA, and have been 

operating for 6 -13 years. Based on measurement data, the authors have built the CLET software (Computing Losses and Efficiency of 

Transformer) to analyse and evaluate the status of operation and performance results of the above machines. From there, the authors 

made suggestions on operation and maintenance to ensure safety and prolong the life of the machine. 

Key words: Transformer, thermal power, losses, efficiency, CLET. 
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