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TOM TAT

Trong cac hé théng dién truyén tai va phan phdi trén thé gidi va ca & Viet Nam hién nay, cac may
bién &p luc dang van hanh thudng cé dang ““hép den', nghia la khong cé thong tin bén trong vé
c&u tric hinh hoc (vé kiéu quan cudn day, co thé bao gom thém cac cau tric bd sung) va thong sé
vat liéu (vé cac dac tinh dan dién, cach dién hay dic tinh tt)... Biéu nay gay kho khan trong chén
dodn su co dua theo hudng phan tich maé hinh vat ly, dac biét khi can phan tich danh gia tinh trang
may bién &p luc theo su thay ddi cac thong sé dién trong méd hinh mach dién tuong duong trudce
va sau khi nghi ng& co su co.

Cac nghién ctu lién quan trong cong dong khoa hoc trén thé gidi hién nay chli yéu van dua vao
déi tuong thir nghiém la cac may bién ap luc dang trong giai doan san xudt dé co thé tiép can cac
thong s6 cau tric — vat liéu. Bai bao nay, ké thira va phét trién cac nghién clu trudc day, sé gidi
thiéu téng hgp maét phuong phap mdi xac dinh cac théng sé dién trong méd hinh mach dién thong
s6 phan bé va cdu tric hinh hoc cho mét may bién ap luc dang hop den dua trén ky thuat phan
tich dap Uing tan sé; tir d6 cho phép khao sat anh hudng clia cac thong sé dién nay 1én dac tuyén
déap Ung tan s& moé phoéng, lam co sé cho cac phan tich chan doan su cd vé sau dya trén maé hinh
vat Iy,

Tu khoa: may bién 4p luc dang hop den, mé hinh tuong duong théng sé phan bé, phan tich dap

Ung tan s, thir nghiém chén doan

GIGI THIEU

Chén dodn sy ¢d va dédnh gid tinh trang vin hanh cua
may bién ap luc (MBA) da va dang la mot trong nhiing
cht dé dang dugc tip trung nghién ctu trén pham
vi thé gi6i, vi MBA la thiét bi 16n, phtc tap, quan
trong va dt tién nhit trong hé théng dién'. Ngoai
cac phép thii nghiém truyén théng nhu do ty s6 bién,
dién tr& cudn day, ton that khong tai, hé s6 t6n thit
va dién dung... dang dugc ap dung tai cac cong ty thi
nghiém dién hién nay, cdc phuong phap chidn doin
néng cao nhu do phéng dién cuc bo, phan tich khihoa
tan trong dau, phan tich dép ting tan s6, phan tich dap
ting dién moi... ciing da dugc stt dung 2. Tuy vay,
néu xét trong boi canh can xay dung mét mo hinh vét
ly cho cdc MBA dang vin hanh dang hop den d€ c6
thé nghién cttu phan tich tinh trang hién tai va xu thé
tuong lai lién quan dén céc su ¢6 co-dién, thi day gin
nhu la mét cong viéc khé kha thi trong béi canh hién
nay.

Diém han ché quan trong d4u tién 1a viéc xdc dinh cac
thong s6 dién trong cdc mo hinh vt ly, tiéu biéu nhu
mé hinh dién thong s6 phdn bo, § viing s6 trung binh va
cao? phuc vu chén dodn sy ¢8 co-dién: cong viéc nay
chti yéu dya trén tinh toan giai tich cic MBA dang hop

trdng (hay hop xdm), tic da c6 (hay xdc dinh dugc)
céu trac hinh hoc va thong s6 vat liéu 4-8  Hién tai,
d6i v6i cac MBA dang hop den dang van hanh thi hau
nhu chua c6 nghién ctiu lién quan nao giai quyét dugc
rot rdo van dé nay.

K& dén, d€ tranh anh huéng dén cong tdc van hanh
ctia MBA, v6n mang tinh chi phdi rat nhiéu dén van
hanh luéi dién, viéc thuc hién cic thi nghiém do
ludng khao sat trén MBA cin phai dugc thuc hién
trong thdi gian ngén cho phép, khi diing van hanh
MBA dé€ thi nghiém dinh ky. Day 1a diéu cin phai
chu y d€ nghién ctiu mang tinh kha thi trong thuc t€
ung dung.

Dé khac phuyc hai diém han ché néu trén trong xay
dung mo6 hinh vét Iy cho MBA dang hop den, tac gia
chinh clng véi cdc dong tic gid da xay dung va phat
trién huéng nghién ctiu méi®!3 dé xdc dinh céc gia
tri dién cam va dién dung trong mo hinh dién thong
s6 phan b6 (MHPB) ctia MBA sti dung cac phép do
dép dng tan s6 dau cuc.

Cu thé, d6i v6i thong s6 dién cam, nghién ctiu caa
Tran Ngoc Thach va cong sy (2015)° di tinh todn
gidi tich cac thong s6 dién cam trong MHPB ctia mot
MBA 200 kVA, 10,4/0,46 kV Yy6 dang hop xam, sau
dé6 4p dung vao mo phong dap ting tdn s6 cho MBA

Trich dan bai bao nay: Thach T N, Phuong N T, Huy N T, Khéi P D A. Mét phuong phap méi xac dinh
thong sé dién va cau truc hinh hoc mét may bién ap luc dang hép den ting dung chan doan su cé6.
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thti nghiém nay trong viing tin s6 trung binh ti 10
kHz dén 100 kHz dé kiém chiing hiéu qua so v6i két
qua moé phong st dung mo hinh dién thong s6 tap
trung '%; dya vao d6, nghién ctiu ciing ctia Tran Ngoc
Thach va cong su (2016) 1 d3 dé xust quy trinh tinh
toan thong s6 dién cdm cho mét MBA dang hop den
6,5 MVA, 47/27,2 kV Yd5.

Déi véi thong s6 dién dung, nghién ctu ctia Tran
Ngoc Thach va cdng su (2016) 12 43 dé xudt cich xac
dinh thong s6 dién dung doc cu¢n day cho MBA
dang hop den 6,5 MVA, 47/27,2 kV duya trén MHPB
dp dung cho cudn day quén kiéu dia. Nghién ctiu
m& rong tiép theo ctia Tran Ngoc Thach va cong sy
(2017) 13 4p dung va m& rong cac nghién ctu 12 cho
MHPB cuia cic kiéu cudn day quin khac nhau (kiéu
dia, ki€u 16p). Tuy véy, di€ém han ché ctia cdc nghién
ctiu trén 1a két qua mo phong céc dép ting tin s6 van
chua phan dnh ding xu hudng véi két qua do ludng
trong vung tan s6 trung binh.

Hudng dén dé xudt mot phuong phap méi hoan chinh
nhdm xdc dinh cdc thong s6 dién trong MHPB cua
mot MBA dang hop den, bai bao nay sé phan tich chi
tiét hon quy trinh xac dinh thong s6 dién cam so véi
nghién ctu ctia Tran Ngoc Thach (2015) ! va dé xust
khao sat méi MHPB cho cudn déy c¢6 thém cudn chan
trong quy trinh xdc dinh théng s6 dién dung doc cuon
day MBA so v6i nghién ctiu ctia Trdn Ngoc Thach
va cong su (2016, 2017) 1213, 4p dung vio mot MBA
dang hop den 6,5 MVA, 47/27,2 kV dya trén ky thuat
phén tich ddp ting tin s6 véi cac phép do dau cuc MBA
dugc thuc hién trong viing tan s6 tii 20 Hz dén 2 MHz
(801 diém) sti dung thiét bi do Vector-Network Ana-
lyzer “FRAnalyzer” ctia hang Omicron.

MO HiNH PIEN THONG SO PHAN BO

CUA MBA vi} KY THUAT PHAN TiCH
PAP UNG TAN SO

Muc nay sé gi6i thiéu mé hinh mach dién thong s6
phén b6 ctia MBA va ky thuét phan tich dp tng tin
s6 1am co s cho phuong phép dé xudt & muc sau.

Mé hinh mach dién théng sé phan b6 MBA

MBA c¢6 nhiéu mé hinh mach dién tuong duong,
dugc st dung thich hgp cho cac muc dich khac nhau.
Cu thé, dé€ phan tich hé thong dién ba pha can bang &
tan s6 cong nghiép, MBA thuong dugc thay thé bai
mot téng tré ndi ti€p dic trung cho tn hao trong
mach cic cudn day (c6 thé kéem mot téng tré mac ré
biéu thi t6n hao 16i thép) trong s6 d6 mdt pha.

Trong nghién ctiu phan tich mot cach téng quat, bao
gOm cé cac ché do bat doi xiing, cic md hinh mach
dién ba pha can phai dugc stt dung: néu phén tich
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(qué d9, dong tit hoa, cdng hudng sit tii...) & vung
tan s6 thdp (trong khoang vai chuc, vai traim Hz dén
vai kHz tiry theo MBA), m6 hinh mach dién théng s6
tap trung theo nguyén lj doi ngdu'*-1¢ thuong dugce
stt dung; & vung tan s6 cao hon (tl vai traim Hz hay
vai kHz trg di) trong cac phén tich qua d¢ hay phan
tich ddp ting tn s6 tng dung chdn doén sy cb co-
dién trong cudn day va 16i thép MBA, m6 hinh mach
dién thong s6 phan bé cin phai dugc st dung>>%17,
Hinh 1 gi6i thiéu so d6 mot pha cia mé hinh dién
thong s6 phan b6 (MHPB) t6ng quat theo dang mach
hinh thang n phan doan cho m¢t MBA hai cu¢n day
dugc st dung trong cac nghién ctiu gan day da dé cap.
MHPB nay ¢ thé ap dung cho moi ciu truc cudn day
thong thudng, phd bién nhu cudn day kiéu dia (disc)
hay kiéu 16p (layer). D&i v6i cdu tric cudn day co
thém phén tt khac (man chdn hay cuén chan) nhim
cai thién kha néng phén b6 dién ap qua d6 khong déu
doc theo cudn day, MHPB nay sé can phai hiéu chinh
va sé dugc trinh bay & phan sau ctia bai bao.

Trong Hinh 1:

o LA va 1% dién cdm tu than ctia mot phén doan
cudn day cao 4p va ha ap tuong ting;

o MAAT va MA@J: h$ cAm gitia hai phan doan
cudn déy cao ap — cao 4p va cao ap — ha ap tuong
ung;

* Cgr0, Cgro: dién dung d6i véi dat clia tling phan
doan cudn cao ap va ha dp tuong ung;

o Cjyo: dién dung gitia hai phan doan cufn day
cao va ha ap;

o Cy10> Csr0: dién dung doc tling phan doan cudn
cao ap va ha ap tuong ting.

Trong vung tdn s6 thdp, viéc phan chia cudn day ra
n phan doan trong Hinh 1 thuc ra khong ¢ nhiéu y
nghia vi dong dién cht yéu chay qua céc dién cam do
wxL << 1/(wxC); vi thé, MHPB ¢6 tac dung tuong
duong nhu mé hinh mach dién thong s6 tap trung véi
cdc dién cam phéan doan c6 thé duge quy vé mot gid
tri tuong duong téng cong. Tuy nhién, khi tin s3 ting
dan, MHPB bat ddu phat huy tdc dung khi cac thanh
phan dung khang trd nén nho lai trong khi cac thanh
phin cdm khang ting 1én, lam dong dién phén bd
trong cac mach phén doan “cdm - dung” hinh thanh
cac dang da cong hudng. S6 lugng phén doan cudn
day vi viy anh hudng dén d¢ chinh xac (va d¢ phic
tap) cta giai phdp mo phong... Trong phén tich thuc
té, MHPB hoan tat can phai bao gém ba so d6 pha
nay, ddu ndi theo t6 ddu day thuc té chia MBA.
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Hinh 1: So d6 mach thong s6 phéan bé don pha (pha A) ctia mét MBA hai cudn day 3.

Ky thuat phan tich dap ing tan sé

Ky thuat phan tich dap ung tdn s6 hién tai da dugc
dp dung pho bién dé€ chidn dodn cdc sy ¢8 co-dién cho
cudn day va16i thép MBA, dugc tiéu chuén héa thong
qua céc tiéu chudn quéc té ctia IEC '8 vaIEEE!®. Theo
c4c tiéu chuén nay, cdc dép tng tin s6 (DUTS), thuc
chét Ia dang ham truyén ctia cdc tin hiéu ngd vao va
ngd ra do trén diu cuc MBA trong day tin s6 rong
(thong thudng tu 20 Hz dén 2 MHz), thuc hién trudc
va sau khi nghi ngd MBA ¢4 su ¢d, dugc so sanh véi
nhau dé€ dua ra két luan chidn dodn. Do viéc so sanh
nay con phu thudc nhiéu vao kinh nghiém chuyén gia
nén viéc mé phéng cic PUTS do ludng digc khuyén
khich thyc hién nham tim hiéu anh hudng cua cic
thong s6 dién 1én sy thay déi ctia cdc DUTS gita cac
lan do.

Hinh 2 giéi thiéu so d6 thuc hién phép do 2 dang
DUTS tiéu biéu: ty s6 dién ap dau cuc (a) va téng trd
dau cuc (b) cho mot cudn day pha phia so cap ctia mot
MBA hai cudn déy c6 t6 ddu day YNd.

Trong Hinh 2, V, la dién ép phic tham chiéu; V,,
la dién 4p phuic do ludng con I, 1a dong dién phtic
tham chiéu. Tu d6 cho phép xac dinh dugc bién do
ty s6 dién ap Hy = 20*logjo |V,u/V,| (dB) va bién do
téng tré ddu cuc Z;, = |V,/I| (Q). Trong hai dang

DUTS nay, ddp ting tin s6 clia bién d¢ ty s6 dién 4p
Hy thudng dugc 4p dung d€ chdn dodn su c6, trong
khi ddp ung tin s6 cta bién d¢ téng tré dau cuc Z;,
chua dugc cac tiéu chudn IEC '8 va IEEE!® dé cap 4p
dung.

Hinh 3 minh hoa cich thiic chdn doan sy ¢ cudn day
ha 4p bi oén bing céich so sénh cdc DUTS Hy gifia
cac diu cuc cudn diy nay trude va sau khi c6 su cd
theo huéng din clia tiéu chusn IEEE". Theo d6, cac
d¢ 1éch rat nho nhung déu gitta céc DPUTS trong viing
tan s6 trung binh va cao (tuong ung la 5-30 kHz va
90-1000 kHz) sé dugc tham chiéu dé€ phan doan loai
su ¢4 nay ddi véi cdc MBA c¢6 céu tric tuong tu.

Dé c6 thé hiéu 6 hon, liéu céc sy thay d6i cia DPUTS
trong cdc viing tan s6 ¢6 lién quan gi dén sy thay doi
cac thong s6 dién cia MBA trong MHPB va cling nhu
gii thiéu huéng nghién cttu dng dung dang PUTS
Zin, nhom téc gia da thuyc hién cdc nghién ciu lién
quan®~13 g€ tii d6 phat trién mot phuong phép téng
hop xdc dinh céc théng s6 dién va cdu tric hinh hoc
ctia cudn diy cho mot MBA dang hop den, gi6i thiéu

& muc tiép theo.
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»,

a)

Hinh 2: Phép do cac dang DUTS (h& mach thir cdp) cho médt MBA YNd phia so cap.

(0] T T

b)

--------- Reference
Radial Movement

Hinh 3: DUTS bién do ty s6 dién 4p dau cuc (hd mach) cdia cudn day pha phia ha ap (bi oan) '°.

PHUONG PHAP MG1 XAC PINH
THONG SO PIEN TRONG MHPB MBA

Muc nay gidi thiéu moét phuong phap méi xédc dinh
cac thong s6 dién chinh trong MHPB va cdu truc hinh
hoc MBA thtt nghiém duya trén phan tich PUTS céc
tong trd dau cyc (hd mach, ngan mach) & ving tin s6
thép va trung binh. Céc thong s6 dién chinh nay bao
gom dién dung va dién cam (tu thin va tuong ho),
anh hudng truc tiép dén cac dang cong hudng trén
cac DUTS. Cac thong s6 phu nhu dién tré va dién
dan, biéu dién t6n thit trong cdch mach dién-tit va hé
théng cdch dién mot cich tuong ting, c6 thé dugc xac
dinh theo nguyén ly thi-sai bing cach diéu chinh gid
tri trén mo hinh sao cho cac dinh cong hudng DUTS
mo phong khép nhét véi gia tri do vi ching chi anh
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hudng dén bién dd DUTS tai cic tin s6 cong hudng®.

Théng sé dién cam

DPAiu tién cdn xdc dinh c6 bao nhiéu thanh phan dién
cam (ty than va hé cam) trong MHPB ctia mt MBA
ba pha hai cuon day. Néu chi xét riéng MHPB mot
pha (vi du pha A & Hinh 1), s& c6 cc thanh phan LA
va L% 13 dién cam ty than tuong ng ctia phan doan
cudn déy cao ap thid i (dung ky tu chit hoa) va phin
doan ha ap thi j (dung ky ty chii thuong). Gita cac
thanh phan LAY va LA/ (i # j) ctia cudn day cao ép sé
¢6 cdc hd cam MAAJ; tuong ty nhu thé cho cudn day
ha ép (Lai, Laj, Maiaj).

Céc thanh phan 147 va LA/ (cho cudn cao 4p) ciing
nhu L% va L% (cho cu6n ha ap) sé gidng nhau vi cac
phan doan dugc chia déu vé mat hinh hoc tu cdu tric
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cudn déy. Riéng cac hé cam MAAT (va M@4J) s& khac
nhau, vi du MA142-£ MAIA3 | vi khoang céch giiia cac
phéan doan nay 13 khac nhau 4p dung vao cong thtic
giai tich”. Két qua tinh toan d6i véi mét s6 MBA da
biét thong s6 hinh hoc cho théy, sy khdc nhau nay
1a khong déang k€. Do do, dé€ co thé tinh todn kha
thi cho cac MBA dang hop den, cic hd cim nay cén
dugc gia thiét bing nhau, nghiala MA42 x MAIA3 ~
~ MAAN g MARAT o MAA | vy [A MAA (vi theo
dinh nghia A = MAAL) Mic da vay, khi thuc hién
mo phong sau nay, cac hd cdm nay cdn phai ¢d cac do
léch dugc tinh chinh phu hgp d€ thé hién dung ban
chét vat ly va c6 két qua mo phong tét.

Nhu vay, d6i v6i cac phan doan cudn déy pha, vi du
xét pha A, sé c6 cic phan ti ty cdm LA va hé cam MA4
(cho cudn day cao ap), L va M (cho cudn day ha ap)
va MAd gilia hai phan doan hai cudn day. M6 rong ra,
déi véi ba pha, sé c6 15 phan ti dién cam (tu than
va hé cam), trong d6, chi c6 10 gid tri khac nhau khi
MBA & trang thai binh thudng do cac gia tri hai pha
ngoai cung (pha A va pha C) la giéng nhau vi d6i xting
qua mach tu 16i thép MBA.

Ngoai ra, 61 v6i mach ba pha, con c¢6 cdc ho cam gitia
hai phén doan céc cudn day khac pha gitia cic phia
cao dp (A, BvaC)vahadp (a,bvac). Téng cong sé co
36 gid tri hd cam gitta cdc phan doan cudn day (xem
Hinh 4, bén trén), trong dd, chi c6 12 gia tri khac nhau
do tinh d6i xting gitia cac phan doan (xem Hinh 4,
bén duéi). Cac dién cdm nay co gid tri hing s6 trong
ving tin sO thip va giam dan khi tdn s6 tdng d4n do tu
thong c6 xu huéng phan b tin ra bé mit 16i thép®”.
Nghién ctiu ctia Tran Ngoc Thach va cong su (2016) 1
da gi6i thiéu quy trinh xac dinh 12 gid tri dién cam &
cdc ving tan s6 thip va trung binh, dugc phin thanh
ba loai chinh sau: i) dién cam ty thén tliing phan doan
cac cudn day pha va hé cam gitia cdc phan doan trén
cung cudn day pha (LA =MAA = MCC =€, 1B = M5B,
vaLd =M% = M = L%, LP = M), ii) hd cim giita hai
phan doan hai cudn day pha khac nhau (MAB, MAC va
MA%, MA) va iii) hé cam gitia hai phan doan ctia cufn
day cao va ha 4p ciing pha (M4 = M va MP%). Quy
trinh nay da dugc gi6i thiéu ngin gon trong!! va vi
thé dugc trinh bay chi tiét lai & Phu luc L.

Ap dung quy trinh dé xust vao MHPB n = 8 phan doan
ctia MBA tht nghiém & viing tin s6 thdp (20 Hz dén
3 kHz), két qua tinh todn dién cam cac cudn day pha
dugc trinh bay trong Bang 1; trong do, cac gia triamla
cachd cam gitta cdc phan doan cudn déiy hai pha, nhén
dugc do cac dong ti thong qua ching ngugc chiéu
nhau sinh ra cac dién 4p cdm tng am.

Dé ching minh phuong phip dé xuit khong phu
thudc vao t6 d4u day, Hinh 5 gidi thiéu cac két qua
mo phong tdng trg dau cuc hé mach pha A cudn cao

ap trong MHPB véi cac gia tri dién cam tinh toan trén
trong 3 trudng hgp: MBA don pha, MBA 3 pha dau
noi theo Yy6 va Yd5. Su giéng nhau clia céc tong tré
do ludng va mo6 phong trong vung tan s6 thdp “LF”
(20 Hz dén 3 kHz) trong Hinh 5 cho phép khéng dinh
phuong phap tinh toan dé€ xudt khong phu thudc vao
t6 déu day MBA. Két qud m6 phong cho théy cac gid
tri hing s6 ctia cac dién cam trong Bang 1 van 4p dung
dugc trong vung tin s6 thdp va trung binh, tit 20 Hz
dén 10 kHz.

Trong ving tan s6 trung binh ti 10 kHz tr& di, cac
dién cam gidm nhanh d€ cac két qua moé phong (cho
MBA Yd5) phtt hgp véi két qua do luong, dic biét tai
cac tdn s6 cong hudng trong dai ti 10 kHz dén khodng
100 kHz (xem Hinh 5). Tri s6 cac dién cadm nay vi thé
sé dugc xac dinh va trinh bay & Bang 2. Trong Bang 2,
cac khoang chia tin s6 (10-17 kHz, 17-28 kHz, 28-40
kHz) cht yéu phuc vu khao st mé phong cho viung
tan s6 trung binh, thé hién sy thay d6i dang ké gid tri
dién cam theo tin s6... O tan s6 cao tli 100 kHz trd di,
cac dién cam ky sinh khac tit MBA thtt nghiém, cap
do, hé théng ndi dit... bat dau c6 anh hudng dén két
qua do, trong khi dién cadm cdc phan doan cu¢n déy
da gidm nhiéu, va vi vy, khong cin thiét phai phan
ving tan 8 va tinh chinh xdc cdc gié tri dién cam dé
phuc vu khao sat.

Théng sé dién dung

Trong Hinh 1, dién dung trong MHPB ctia cac MBA
hai cuén déy bao gom: dién dung d6i véi dat ctia tling
phan doan cudn cao 4p va ha ap (Cyho, Cqr0), dién
dung gitia 2 phan doan hai cudn day cao va ha ap
(Ciwo), dién dung doc tling phan doan cudn cao 4p
va ha ap (Csn0, Csr0). Trong thuc té, cac dién dung
Cgr0s Coro va Ciyo c6 thé dugc xéc dinh thong qua
phép do dién dung va tén hao dién méi ba pha trong
MBA 2% hay dya trén phan tich phép do t6ng tr& dung
dau cyc?! trong khi cac dién dung doc Cyo, Cyro

hién nay chi c6 thé xdc dinh théng qua phuong phap
tinh todn giai tich khi c4u trdc hinh hoc - vét liéu ctia
cudn day da dugc biét trude (tiic MBA dang hp tring
hay xam) $68:17:22,

Do nguyén ly xdc dinh cic dién dung gitia cudn
day doi vé6i dat (Cgpo, Cgro) va dién dung gitia hai
cudn déy (Cj,0) da dugc trinh bay trong cac nghién
ctiu'?2%, két qua tinh toan cac dién dung nay trong
MHPB # = 8 phin doan ctia MBA thti nghiém dugc
gi6i thiéu lai ¢ Phu luc II... Déi véi viée xdc dinh
thong s6 dién dung doc von phu thudc vao cdu tric
cudn déy, nghién ctiu ctia Tran Ngoc Thach va cdng su
(2016, 2017) 1213 chi phan tich MHPB cho cuén day
kiéu dia va kiéu 16p. Do két qua mé phong dap ting
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Hinh 4: Ma tran cac thong sé hd cdm téng quat gitfa cac phan doan cudn day pha (hinh trén) va théng sé hé cdm
rut gon can xac dinh (hinh dudi).

Bang 1: Dién cam tu than va tuong hé MHPB 8 phan doan

Cuoén day cao ap (mH) Cuén day cao ap - ha ap (mH) Cuoén day ha ap (mH)
1A =2144 M4 =2155 L=2186

L5 =2959 MPb =299.2 1P =304.4

MAB = _146.0 MAP = _146.3 M = _146.7

MAC = _67.3 MA¢ = _67.5 M = -67.6

Bang 2: Dién cam theo tan sé trong MHPB 8 phan doan

(mH) 20 Hz -10 kHz 10kHz-17kHz 17 kHz-28 kHz 28 kHz -40kHz 40 kHz -2 MHz
A 214.4 203.7 64.3 21.4 21.4
LB 295.9 281.2 88.8 29.6 29.6
MAB -146.0 -138.7 -43.8 -14.6 -14.6
MAC -67.3 -63.9 -20.2 -6.7 -6.7
MAe 215.5 204.7 64.7 21.6 21.6
MBb 299.2 284.2 89.8 29.9 29.9
mAb -146.3 -139.0 -43.9 -14.6 -14.6
MAe -67.5 -64.1 -20.3 -6.8 -6.8
e 218.6 207.7 65.6 21.9 21.9
Lbb 304.4 289.2 91.3 30.4 30.4
M -146.7 -139.4 -44.0 -14.7 -14.7
M -67.6 -64.2 -20.3 -6.8 -6.8
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Hinh 5: Cac téng tr& dau cuc hd mach pha A phia cao ap khi MBA mé phéng c6 ciu hinh cac t6 dau day khac

nhau.

tan s6 chua du t6t & viing tan s6 trung binh (tii 10 kHz
dén 100 kHz), ttic chua phan anh dugc xu huéng thay
d6i theo tan s8 so v6i cdc két qua do ludng, nén bai bao
nay sé md rong pham vi khao sait MHPB cho da dang
cac kiéu cudn day hon, qua d6 nhan dang dugc kiéu
cudn day quén thich hgp cho MBA thti nghiém, dong
nghia véi nhiing két qua mo phong t6t hon ¢ viing tin
s6 trung binh.

Nguyén ly khado sdt dnh huéng ciia dién dung
doc cuén ddy

Khdc v6i cac dién dung Cgpo, Cgro va Cyyo trong
MHPB & Hinh 1 v6n ¢ thé dugc xac dinh tit phép do
dién dung va tén hao dién mdi & dau cuc MBA, dién
dung doc Cyyg va Cyr 1a khong thé xéc dinh dugc
dua trén do ludng, bdi vi trong phép do nay, cac dau
cuic cudn day can phai dau tit d€ do cic gid tri dién
dung téng cong?! nén cac thanh phén dién dung doc
ciing da bi ndi tit va khong tham gia vao mach do (c6
thé gidi thich dya trén Hinh 1). Nhu véy lam sao ¢6
thé xdc dinh cac dién dung nay cho MBA dang hop
den?

PAiu tién, can phai xac dinh dugc anh hudéng cua cac
dién dung doc nay d6i véi hiéu ting dién dung tdng
cdng (gom tat ca cac dién dung ctia MBA) bang cach
mo phong lai cdc DUTS téng trd dau cuc di do, st
dung MHPB ctia MBA nhung bé qua cdc dién dung
doc. Xét trong viung tdn s ma téng trd do va mo
phong mang tinh thudn dung, néu bién d cac téng

tré mo6 phong va do luong léch dang ké, thi dién dung
doc cic cudn diy méi c6 dnh hudng dang ké so véi
céac dién dung khac nén méi cin xac dinh; trudng hop
ngugc lai thi khong cin. Diéu nay cing phithgp trong
thuc t€ khi cdc cudn day kiu dia quin xen ké (in-
terleaved disc) hay cu¢n day kiéu 16p (layer) c6 dién
dung doc kha 16n, con cudn day kiéu dia thudng (or-
dinary disc) c6 dién dung doc khéd nho so véi dién
dung d6i véi dat. Cac két qua moé phong gidi thiéu &
phén sau sé lam rd nhan dinh nay, tuy nhién trudc mit
cén gidi thich vé cdu tric (ki€u) cac cudn déy trong
MBA, vi cdu tric cudn day c6 anh hudng nhat dinh
dén tdc dung ctia cac dién dung doc.

Cdu tric cuén ddy trong MBA

Doi voi cdc MBA phén phdi kiéu 16i (core type) cong
sudt nho, cudn day quén kiéu dia (disc), xodn 8¢ (he-
lical) va cudn déy kiéu 16p (layer) dugc sti dung tuong
d6i phé bién. Déi v6i cac MBA trung gian va truyén
tai c6 cong sudt va cip dién dp cao hon, cudn day kiéu
dia van thudng dugc st dung. Cudn day kiéu dia ban
dau dugce ché tao theo kiéu dia thudng (ordinary disc)
6 dién dung doc tong cong khd nho (so véi dién dung
d6i véi dit) do cac dia, va do d6 cac dién dung doc
tuong duong ctia ching, ghép néi tiép nhau doc cuon
day, lam phan bé dién ap qua d6 rit16n & dia gan dau
cuc, qua d6 dé xay ra cac su ¢6 cich dién & vi tri nay 23,
Dé gidm phéan bd qud dién dp qua do nay, nghia la can
tang gia tri dién dung doc, cudn diy hodc dugc quan
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Hinh 6: C4u tric cudn day kiéu dia c6 cudn chan.

theo kiéu 16p, kifu dia “multi-start”, kiéu dia xen ké
hodc ki€u dia thuong nhung c6 bs sung thém man
chin hay cu6n chin (shield coil) 224, Hinh 6 minh
hoa cudn déy kiéu dia thuong (20 vong day) c6 thém
cudn chan (04 vong S1-S4) v6i 03 cdu hinh: i) cuén

A

chén “tha tr6i” (floating) khong ddu ndi, ii) dau cudn
chén ndi ddu cao dp (S1 ndi A), iii) gitia cudn chin ndi
dau cao 4p (C néi A)?>?>26, Ciu triic cc ki€u cudn

day khac c6 thé tham khéo trong cic tai liéu vita néu.

So dé mach dién théng sé phdn bé déi véi céu
triic cuén ddy c6 phdn tir bé sung

Nhu da dé cap, MHPB ¢ Hinh 1 ¢4 thé ap dung cho céc
kiéu quén day khac nhau nhung khong c6 cac phan ti
khéc thém vao nhu man chin hay cu¢n chan. Khi do,
su khdc nhau ctia cdu tric cudn day sé dugc biéu dién
bdi sy khac nhau vé gid tri ctia cac thong s6 mach dién
(cht yéu bao gdbm cac dién cam va cic dién dung).
Trong trudng hop c6 thém cudn chin theo Hinh 6,
cudn day sé c6 MHPB diéu chinh nhu Hinh 7 d€ biéu
dién tuong duong vé mit vat Iy cho sy thay déi nay.
MHPB cudn day c6 b8 sung man chin xin tham khéo
trong 2,

KET QUA

Dau tién, d€ khao sat liéu dién dung doc cic cudn
day cao dp va ha dp c6 anh hudng déng ké dén hiéu
ung dién dung téng cong, Hinh 8 gidi thiéu két qua
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do DUTS téng trd dau cyc pha A cudn cao 4p va cic
két qua mo phong st dung phdn mém thuong mai
cho MHPB t6ng quét 8 phin doan (Hinh 1) khi c¢6
va khong c6 xét dén cac dién dung doc (Cs). Tai ving
tan s6 thudn dung l4n cin 3 kHz (g6c pha tdng tré gdn
-90°), d¢ léch ddng ké gitta cic DUTS do ludng va mo
phong (khi khong xét cac dién dung doc) cho phép
két ludn chidc chan rang dién dung doc cac cuén day
6 anh hudng dédng k€ dén hiéu ting dung tdng cong
(do xét trong ving tan s6 thap “LF”). Do léch nay con
anh hudng dén cac cong hudng & ving tan s6 thdp
hon; chikhi cac dién dung doc c6 gia tri thich hop, va
MHPB thich hgp dugc sti dung cho mé phong méi
khtt dugc do 1éch nay va cac d¢ léch khac trong viung
tan s6 cao hon.

Sau d6, nhdm phan tich chi tiét cdu truc cudn day
nao trong MBA hop den thti nghiém la thich hop,
cdc kiéu quin day khdc nhau gidi thiéu trong bai bdo
nay da dugc khao sat md phdng st dung cac so do
mach tuong tGing: MHPB t6ng quét & Hinh 1 dung
dé mo phong céu tric cudn diy cac kiéu dia thudng
va quin xen k&, kiéu 16p 113, MHPB & Hinh 7 cho
cudn day kiéu dia thudng cé cudn chin; cac MHPB
khéc (khong minh hoa trong bai bao nay do giéi han
vé khong gian trinh bay) cho cudn day kiéu dia dang
“multi-start” va c6 man chin. Hinh 9 so sdnh két qua
do DUTS bién do téng trd ddu cyc pha A cudn cao dp
va céc két qua mo phong sti dung cac MHPB (8 phan



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 3(4):569-587

B B

1§
a

2
M3

Cero l:.;Lzusz

R FA

y

Hortll

T

e

0
DT

e T ——
-

i
|"="| Shield
coil

— = 4 = = —
_|_

1

I

l
|
1
|
‘3

i

ks

wH- - — —— — 4 - e

)
T

Csho

F A
|
I

L ]

i | I 0
|' 1 I l I
HV LV
winding winding

Hinh 7: MHPB (1 pha) ciia MBA hai cuén day cé cau truc kiéu dia vai cudn chan.

doan) tuong ting v6i cudn day kiéu dia dang multi-
start, kiéu 16p va kiéu dia c¢6 cudn chin (cdu hinh “dau
cudn chén S1 ndi dau cao dp A”). Két qua so sdnh &
vung tan s6 trung binh “MF” tii 3 kHz dén gan 100
kHz cho thdy nhiéu kha ning MBA tht nghiém c6
cdu truc cudn day kiéu dia thudng c6 cudn chin.

K& tiép, dé xac dinh cdu hinh nao la pht hgp nhat d6i
v6i cdu truc cudn day nay, Hinh 10 gidi thiéu két qua
do DUTS téng trd ddu cyc pha A cudn cao 4p va céc
két qua mo phong tuong tng. Két qua so sanh trong
ving tin s§ trung binh cho thdy cuon day kiéu dia c6
cudn chidn véi cdu hinh “dau cudn chin (S1) ndi dau
cao ap (A)” 1a phu hgp nhét. Khi do, gia tri cac dién

dung doc nh4n dugc nhu sau: Cyyg = Cyr9 =145.0
pF (phan doan cudn chinh) va Cyy = Cy, = 235.6 pF
(toan bd cudn chin).

Cac két qui mé phong DUTS bién d¢ ty s6 dién 4p
ciing cho két ludn tuong tu nhu d6i vé6i trudng hop
khao sét DPUTS bién do6 téng trd dau cyc di trinh bay:
Hinh 11 so sinh két qua do ludng va mé phong DUTS
bién do ty s6 dién dp cudn day pha A phia cao ap véi
cdu truc kiéu dia thudng c6 cudn chdn khi cé vakhong
c6 xét dén cac dién dung doc (Cs) nhu da phan tich.
Hinh 10 va Hinh 11 cho thay sy khac nhau vé dang
do thi va su phu hgp gitia cac két qua do ludng va mod
phong; nhung diéu nay 1a 16gic khi so d6 do luong va
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Hinh 8: So sanh PUTS t6ng tr& dau cuc do ludng va mé phéng khi cé va khong cé xét dén dién dung doc.

--------- Measured

10 . ] e Simulated (Multi-start disc type)
----- Simulated (Layer type)

—— Simulated (Disc type with shield coil)
[ | 5

Impedance (Q) —
E;-h

L MF

l
I
l
[
[
[
L.

|

|

|

|
L el n s 19 a sl " i " |||||||| " PR
10° 10° 10° 10° 10°

Frequency (Hz) —

Hinh 9: So sdnh BUTS téng tré dau cuc do ludng va mé phdng véi cac cau tric cudn day khac nhau.
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Hinh 10: So sanh BUTS téng trd dau cuc do ludng va mé phdng véi cac cau hinh cudn day cé cudn chin khac

nhau.
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Hinh 11: So sanh DUTS bién dé ty s6 dién ap do ludng va mé phong khi cé va khong co xét dién dung doc cac

cudn day cé cudn chén.
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md phong cta 2 dang DUTS nay la khdc nhau (xem
Hinh 2). Trong m6 phong ciing da c6 su diéu chinh
vé gid tri clia cic dién cam, dién trd va dién dan khi
tan s6 thay d6i d€ c6 sy phit hgp nhit gitia két qua mo
phong va do ludng.

THAO LUAN

Do két qua khao sat cho thdy cdu tric cudn day trong
MBA thti nghiém nhiéu kha nidng bao gém cudn day
chinh ¢6 cu¢n day chin cho méi pha, dién cam (va
dién trd) ctia cudn chin ciing can phai dugc xac dinh.
Céc tac gid nhén thdy trong qua trinh mo6 phong, dién
cam cudn chan dnh hudng dang k& dén bién d cac
DUTS téng trd dau cyc va ty s6 dién ap trong viing
tan s6 trung binh, gop phan lam cac két qua mo phong
c6 xu thé gin giong véi cac két qua do ludng hon so
v6i khi khong c¢6 cudn chédn, dic biét tai cic tdn s6
cdng hudng. Dua vao do, gid tri dién cdm cudn chin
dugc xdc dinh theo nguyén ly thi-sai va giéi thiéu &
Béang 3. Luu y ring dién cam cta cudn chin khong cé
dnh hudng & tdn s6 thip vi ddu cudn chin chi két néi
dén moét diém cta cudn day chinh, khéng tao mach
khép kin nén khong c6 dong dién chay qua trong viing
tan s nay.

ANH HUGNG CAC THONG SO DIEN

TRONG MHPB VA SO PHAN DOAN
MO HINH LEN DAC TiNH BUTS

Céc thong s6 dién trong MHPB ctia MBA thti nghiém
vita dugc xac dinh sé 1a ngudn thong tin quan trong
dé khio sat sy thay ddi dinh lugng bién do cac dac
tinh DUTS dya trén m6 phong nhim phuc vu muc
tiéu chdn dodn sy c6 cho cic MBA khéc hién dang
van hanh trén ludGi dién. Bén canh d6, MHPB vdi s6
phéan doan khdc nhau cling ¢6 nhiing anh hudng nhat
dinh dén két qua mé phong.

Anh huéng ctia thong sé dién

Hinh 12 va Hinh 13 tuong ting gi6i thiéu minh hoa su
thay d6i PUTS t6ng trd ddu cyc pha A phia cao 4p ctia
MBA thti nghiém duya trén két qua mé phong MHPB
8 phén doan theo sy thay d6i ctia dién cdm cac phan
doan cudn day chinh va dién dung ctia cuon day nay
so vai dit. Két qua cho théy, trong Hinh 12, dién cim
c6 anh hudng rd nét trong cac vung tdn s6 “cam’, nghia
la trong céc khodng tuong ting AB va CD véi gia tri
bién d6 t6ng trd ting dan; trong khi & Hinh 13, dién
dung cudn diy d6i v6i dit c6 anh hudng dang ké trong
cac vung tan s6 “dung’, nghia la trong cac khoang BC,
EF va GH véi gia tri bién d06 téng trd giam dan... Viéc
khdo sat anh hudng cac thong s6 dién khdac vi thé ciing
dé dang dugc thuc hién (nhung khéng trinh bay do
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han ché vé khong gian); qua d6 dé dang x4y dung quy
luat bién d6i DUTS theo céc thong s dién phuc vu
chan dodn sy ¢b vé sau.

Anh huéng cGa s6 phan doan cuén day
trong MHPB

S6 phin doan cudn day trong mé hinh khdo st sé anh
hudéng dén d6 chinh xdc két qua mo phong trong cac
vung tin s6 nhét dinh va d¢ phic tap ctia gidi phap mo
hinh m6 phong. Khi ting s6 phan doan n 1én, md
hinh mach dién sé phtc tap hon, s6 lugng cac phan
tt hé cdm tang 1én nhanh chéng (c6 thé 1én dén 4560
phén tt d6i v6i trudng hgp n = 16). PSi véi mot phan
mém md phong thuong mai dién hinh hién nay, viéc
x4y dung m6 Hinh 16 phin doan cho m¢t MBA ba
pha sé ton thoi gian gép bon 1an so véi mo hinh 8 phan
doan. D€ minh hoa, Hinh 14 giéi thiéu két qua mo
phéng DUTS t8ng trd ddu cuc cudn day cao 4p pha A
ctia MBA thii nghiém v6i s6 phan doan n = 8 va 16.
Theo Hinh 14, trong trudng hgp s6 phin doan n =
16, két qua mo phong & vung tan s6 trung binh xuét
hién thém dinh cfng hudng trong day tin s6 lan cin
10 kHz va 100 kHz, bam sat dac tuyén do ludng hon
s0 v6i trudng hgp n = 8. Nhu véy, viéc ting s6 phan
doan ctia m6 hinh sé gitp cai thién két qua moé phong
DUTS, nhung déng thoi ciing sé lam mé hinh mach
dién trG nén phuc tap hon.

KET LUAN

Bai bdo da dé xuit mot phuong phdp méi hoan thién
dé xéc dinh cac thong s6 dién trong md hinh dién
thong s6 phan bd va cdu tric hinh hoc ctia mot méy
bién 4p luc hai cuén diy dang hop den; tit do, cho
phép phan tich cic dap ting tn s6 do ludng trén cac
may bién ap luc dang hop den dang van hanh trén luéi
dién truyén tai va phan phdéi dya trén mo hinh vat ly
nhdm muc tiéu ning cao chit lugng chin doan sy ¢
co-dién.

Theo phuong phép dé xudt, s6 lugng cac phép do dap
tng tan s6 can thiét chi bao gom cdc tong trd dau cuc
may bién ap luc véi thoi gian thyc hién ngan, qua do
6 thé rat ngan thoi gian thi nghiém MBA trong khi
lai nhin dugc nhiéu thdng tin quan trong lién quan
dén céc thong s6 dién va anh hudng ctia chung 1én
két qua do.

PHU LUCI

A.Dién cam tu'than phan doan cac cuén day
phavahé cam giita cic phan doan trén ciing
cudn day pha

Dé xac dinh dién cam (ty than va tuong hd) cta cac
phan doan trén cting cudn day pha (gom 14 = MA4 =
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Bang 3: Dién cdm cudn chan trong MHPB 8 phan doan

(mH) 20 Hz -10 kHz 10kHz -17kHz 17kHz-28 kHz 28 kHz-40kHz 40 kHz -2 MHz
Cao dp 21.4 10.2 10.2 7.7 1.6
Ha ép 214 12.9 12.9 54 1.6
6
10 T I I T 1
T ——Reference
; B -~ | increased
—~ 10 S L decreased |
g 3
s
c 4
@ 10 B
ke,
@
3
= 3
10 :
C
2
2 3 4 5 6
10 10 10 10 10
Frequency (Hz) ——

Hinh 12: Su thay d&i bién do6 BUTS téng trd dau cuc theo dién cdm clia cudn day chinh phia cao ap.
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Hinh 13: Su thay d6i bién d6 DUTS tng trg dau cuc theo dién dung cudn day déi-vdi-dat (C,) clia cudn day chinh

phia cao ap.
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Hinh 14: So sanh cac DUTS téng tré dau cuc cudn day cao ap pha A véi sé phan doan n =8 va 16.

MCC — LC, LB — MBB, vald =M% = M = L€, Lb —
MPP) & tan s6 thdp, Hinh 15 gidi thiéu phép do téng
trd dau cuc hd mach mét cudn déy pha dién hinh phia
cao 4p (pha A) ctia MBA thii nghiém d€1am co sé xdc
dinh; vi trong phép do nay, chi cé cuon day pha A
phia cao 4p dugc cip ngudn trong khi cudn day pha
A phia ha 4p va cac cudn day pha khac hé mach nén
khéng c6 dnh hudng hd cam ti ching. Tai diém tin
$6 100 Hz d6i véi MBA thit nghiém, tdng tré dau cuc
hé mach cta cudn diy mang tinh thuin cam do goc
pha ~ 90°, vi gdn nhu dong dién chi chay qua cac dién
cam ty than va hd cam cta cic phin doan cudn day
ma khong qua cac dién dung (xem Hinh 1).

Khao sat trudng hgp don gian nhit 1a gia thiét MBA
¢4 t6 ddu déy sao-sao (Y-y) trudc. Khi d6, chi c6 anh
hudéng hd cam gitia cac phin doan trén cu¢n day pha
dang thuc hién phép do ma thoi. Néu goi VA valt,.
tuong tng la tri hiéu dung dién ap dit va dong dién
trén cudn day pha A trong phép do tong tré dau cuc
hé mach, ta cé quan hé dong-ap nhu sau:

VA e = T e xnx XA + T4 0 x nx (n-1)xX44 (1)

v6i XA = x4 va XA = o x M4 tuong ting la dién
khédng d4u cuc ty than va tuong ho gitia hai phan doan
G tan sO thap.

Trong biéu thic (1), thanh phan thi nhit giy ra boi
dién cam ty than ctia n phin doan con thanh phin
thi hai giy ra béi anh huéng hd cam cta (n-1) phan
doan (1én tiing phan doan con lai). Néu dat XA o
|Z2 | = VAol e 1a dién khéng ddu cyc hé mach
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ctia cudn déy pha A, tli (1) taco X4 = XA, 0/n2, tli d6
nhan dugc:

LA~ MAd = 20 @

Theo cach thic tuong tu, dién cam (ty than va tuong
hd) ctia cc phan doan cudn day pha B va C ciing sé
dugc xac dinh.

Néu t8 ddu day MBA thay d6i, vi du nhu Y-d5 déi véi
MBA tht nghiém, sé c6 dong thi cdp chay trong ba
cudn day pha ddu tam giac va do d6 sé c6 anh hudng
hé cam tit cudn day ha dp. Tuy vay, cic két qua mo
phong da cho phép két luin, biéu thic (2) cing c6 thé
dugc ap dung khi ma cac hd cam MA¢ (duong) khi
4nh huéng ctia cac hé cam MA? va MA¢ (am) trong
khi dong phia thi cip lai khong dang ké chay trong
cudn day tam gidc phia ha ap.

B. H6 cdm giiia hai phan doan hai cudn day
pha khac nhau

Budc ké tiép la xéc dinh hd cam gitia hai phan doan
thu¢c hai cuén déay khac pha (MAB, MAC va MAP,
MA€) & tan s6 thip. P6i véi cudn day cao 4p ddu sao,
6 thé dya vao ky thuat “cin bang tii” (magnetic bal-
ance test) dugc thuc hién hodc dya vao phép do hodc
giai phdp mo phong st dung mo hinh mach thong sé
tap trung dua trén nguyén ly d6i ngau . Theo nguyén
1y phép do, hai d4u cyc, vi du ctia cudn cao ap pha A,
dugc cdp ngudn AC khi cac ddu cyc khac @€ hg mach.
Khi d6, cac ty s6 gitia dién dp cam tng tai cdc dau cuc
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Hinh 15: DUTS bién d6 (hinh trén) va géc pha (hinh dudi) téng trd dau cuc héd mach clia cudn day pha A phia cao

ap.

khdc, pha B (hay C), va dién &p cép tai ddu cuc cudn
déy pha A sé 1a cac hé s6 dé tinh cac hé cam MA? (va
MAC) 1 1A, e la:

MAB = _KABLA 3)

Trong biéu thic (3), hé s6 c6 dau trit biéu thi hd cdm
am do cic dong ti thong chay qua cic cudn diy pha
ngugc chiéu nhau. Anh huéng ctia hd cam ti phia
cudn day ha dp d4u tam giac trong MBA thit nghiém
¢4 thébo qua do hiéu ting kht hd cdm nhu da dé cép.
Khi cdc hd cam MAB (va MAC) da dugc xdc dinh, c6
thé tinh cdc hé cam MA? (va MA¢) dya trén céc ty s6
vong day hai cudn day cao va ha 4p, nghia la MA? =
N, /NpxMA8 v6i Nj, va Np tuong ting 13 s6 vong day
cac cudn day pha phia ha ap va cao dp cua pha B.

C. H6 cam giifa cac phan doan hai cuén day
cao va ha ap cung pha

Hb cam gitia hai phin doan ctia cuén day cao va ha
4p cling pha (MA¢ = M va MP?) 6 tan s6 thip dugc
phén tich dya vao phép do tdng tré ddu cyc ngin
mach, minh hoa 6 Hinh 16.

Trong cac phép do tdng tré d4u cuc ngdn mach, xét
minh hoa pha A: cudn day pha A phia cao ap dugc
cdp ngudn trong khi cudn diy pha nay phia ha 4p ddu
ngan mach. D6i véi MBA d4du Y-y, nhén dugc quan
hé dong-4p nhu sau:

VA = Ao x X XA + 9. % n?xXA4 (4)

Trong do:

o VA 1A, va 1%, 1an luot 1a tri hiéu dung ctia
dién dp ngudn cdp, dong dién ngin mach trén
cudn day pha cao ap va ha ap pha A;

+ XA% = wx M4 1a dién khang tuong hd hai phan
doan cudn day cao va ha dp & tin s6 thép (tinh
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Hinh 16: BDUTS bién do (hinh trén) va géc pha (hinh duéi) téng tré dau cuc ngdn mach clia cudn day pha A phia

cao ap.

toan tai 400 Hz d6i v6i MBA thu nghiém, khi
d6 téng trd dau cyc ngdn mach thuin cam, xem
Hinh 16).

Trong biéu thuic (4), thanh phan thi nhit giy ra boi
cdc dién cam (ty than va tuong hd) cudn day pha phia
cao 4p (xem biéu thic 1); thanh phéan thi hai do cac
dién cam tuong hé gitia hai cudn diy pha béi cé dong
ngan mach trong cudn déy pha phia ha ép.

Do dong 1. ty 1& véi 4. theo ty s6 dong k; =
Iasc/IAsc"\“J Iadm/IAdm va dit XASC“ ZAsc = UAsc/IAsc
14 dién khang ngan mach ctia cudn day pha A nén:
XA = (XA - XA /n2)/k; (5)

Trong truong hgp MBA thii nghiém c6 cac cudn day
pha ha dp d4du tam gidc, sé c6 thém dong dién ngén
mach chay trong cdc pha khac (P50 va IC0). Tuy
nhién, két qua moé phong cho thiy cac dong dién nay
nho hon rit nhiéu so véi dong dién chay trong pha
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bi ngdn mach (do tong trd ngdn mach nhé hon), dan
dén c6 thé 4p dung (5) d€ xdc dinh My, Mgy, va M¢,
cho cdc MBA c6 t6 d4u day Y-y lan Y-d.

D. Anh huéng cta kiéu dau néi cudn day va
tan sé

Céc budc trén co thé duge dp dung d€ tinh toan dién
cam (ty than va tuong hd) cho cac cudn day pha phia
ha 4p & tan s6 thip. Két qua tinh todn cho théy, cac
gid trj MA9, MBP, MC* tinh ton doc lap tii cac phép
do céc cudn day pha phia ha dp cé két qua tuong tu
nhu khi phan tich cac phép do cac cudn day phia cao
ap. Diéu nay chiing to viéc ddu noi tam gic gitia cac
cudn day pha la khoéng c6 dnh hudng ddng ké do hiéu
ung khtt hd cam va vi vdy, phuong phap dé xuit c6
tinh tng dung thuc tién d6i véi cac t6 ddu day khac
nhau ctia MBA.
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Tiép theo, cin phai xdc dinh gid tri cac dién cam (ty
thén va tuong hd) ¢ viing tin s6 trung binh béi vi dién
cam giam theo tan s6. Gidi phdp don gidn nhét la dya
trén mo phong theo nguyén ly thii-sai: bang cach diéu
chinh tat ca gia tri cic dién cam v6i mot hé s6 (nho
hon 1) sao cho két qua mo6 phong DUTS gin giéng
nhdt véi két qua do ludng & ving tan s6 nay.

PHU LUCII

Pién dung giira cuén ddy déi véi dét va giia
hai cuén day

Cac dién dung gitia tiing phan doan cudn day d6i véi
dat (Cypo, Cgro) va gitta hai cuén day (C;,0) trong
MHPB ty 1¢ tuong ting véi gia tri cic dién dung téng
ba pha do luong (Cyg, Crg, Chr) boi hé s6 3 va s6
phan doan n. Tl két qua do luong cho MBA thu
nghiém dé cap trong 122!, Bang 4 gidi thiéu gi4 tri cic
dién dung C,p0, Cgr0 va Ciyyp tinh todn cho MHPB n
= 8 phan doan.

Trong Bing 4, c6 thé thdy gia tri dién dung Cgr¢ it
thay d6i theo tan s6 (49 1éch 1,6 % gitia 50 Hz va 1
kHz); diéu nay chiing t6 t6 hgp cach dién gidy - dau
gitia cudn ha ap va 16i thép c6 hing s6 dién moi it thay
ddi theo tan s6. Trong khi d6, gid tri Cypyg va Cjy0 thay
d6ilén hon (tuong ting 4,0 % va 5,8 %) khi tin s6 ting
ti 50 Hz dén 1 kHz, biéu thi sy phu thudc vao tin s
ctia hing s6 dién moi clia céc t6 hgp cach dién tuong
tng. Mdc du vay, xu thé bién thién khong 16n d6i véi
tan s6 cua cac hang s6 dién moi va dién dung trong
cdc MBA tuong tu 2 cho phép khao sat cac gid trj dién
dung 13 hing s6 trong gidi phdp mo phong thuc hién
trong nghién ctu nay.

DANH MUC TU VIET TAT

DUTS: bép ting tin s6

HF: High frequency

LF: Low frequency

MBA: May bién 4p luc

MF: Medium frequency

MHPB: M6 hinh dién thong s6 phan bd

XUNG POT LO1iCH

Nhom téc gia xin cam doan rang khong c6 bt ky xung
dot 1oi ich nao trong cong bé bai bao.

PONG GOP CUA TAC GIA

Tran Ngoc Thach xay dung co s& - phuong phap
nghién ctiu va viét bai.

Nguyén Trong Huy thuc hién mo phong.

Nguyén Thanh Phuong va Pham Dinh Anh Khoi
phan bién co s& - phuong phap nghién ctiu va kiém
tra lai bai viét.
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Bang 4: Dién dung tinh toan tir phép do (MHPB 8 phan doan)
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A new method in determination of electrical parameters and
geometrical structure of a power transformer applicable to failure
diagnosis
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&;\— i ABSTRACT
i e In transmission and distribution networks throughout the world and in Vietnam nowadays, power
= : transformers that are operating in the networks often are in black-box condition, i.e. there is no in-
Use your smartphone to scan this ternal information available in terms of geometrical structure and material parameters. Geometrical
QR code and download this article structure of power transformers includes mainly winding structure and additional parts such as a

staticend ring or a would-in shield coil, if any whereas main materials in power transformers consists
of conductive, insulating and magnetic materials... This makes difficulties in faults diagnosis that
is based on the approach of physical modeling in general and the so-called electrical equivalent-
circuit based modeling in particular since the physical approach requires internal information of
power transformers for calculating electrical parameters. In case the electrical equivalent-circuit
approach is used, the diagnosis is then conducted based on the change of values of electrical pa-
rameters in the circuit before and after an alarm or a suspicious fault that happens when power
transformers are in operation.

Relevant international investigations conducted recently have mainly focused on test objects as
power transformers in grey- or white-box condition, i.e. during manufacturing phase, since they
have available geometrical structure and material properties. To show a possibility that black-
box power transformers could be investigated in a physical manner, this article introduces a new
method in determining electrical parameters and geometrical structure applied on a black-box
power transformer. The research is based on the Frequency Response Analysis technique and has
developed recent relevant investigations of the authors. This enables investigations of the value
change of electrical equivalent parameters of this transformer on its simulated frequency responses
for the purpose of physical fault diagnosis of power transformers later on.

Key words: black-box power transformers, distributed-parameter equivalent circuit, frequency
response analysis, diagnostic testing
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	Ảnh hưởng của số phân đoạn cuộn dây trong MHPB
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	C. Hỗ cảm giữa các phân đoạn hai cuộn dây cao và hạ áp cùng pha 
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