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Tém tit:

Cam bién dong cdng nghé quang cé rat nhiéu uu diém khic phuc dudc nhitng han ché vé ky thuét
clia may bién dong dién ki€u truyén thdng. Trong bai bdo nay, thiét k€ bd phan cam bién dung trong
cam bién dong sr dung ngoc hong luu dudgc gidi thiéu. Cac két qua thir nghiém mét s6 dac tinh lam
viéc quan trong clia bd phdn cadm bién cho thdy uu diém cla nd.

T khoa:

Cam bién dong cong nghé quang, hiéu Uing tir - quang Faraday, ngoc hong luu.

Abstract:

Mangeto-optical current sensors (MOCS) possess a numberous prominent advantages to ease
technical inherent disadvantages of traditional induction-type current transformers. advantages to
ease technical inherent disadvantages of traditional induction-type current transformers. This paper
proposes a garnet-based sensing module design for Garnet type MOCS. Experimental results of its
various important operating characteristics are proved its excellent charactersistics.
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1. GIOI THIEU d6i do luwong kiéu cam twng ndi chung,
' may bién dong dién kiéu cam ung noi
riéng van c6 nhitng han ché ni tai, trong
d6 co 2 van dé ndi bat : i) vé cach dién &
cap dién ap cao (cAu tric, trong luong); va
if) tinh phac tap va anh huong caa hién
twong bdo hoa (tinh phi tuyén, co ché
phuc tap cta hién tugng bdo hoa tu...)
[1-3].

Céc thiét bi bién ddi do luong (may bién
dién ap TU, may bién d6i dong dién TI)
dong vai trd quan trong trong hé thdng
dién: cung cap céc tin hiéu phuc vu do
luong, giam sat, diéu khién va bao vé.
Cac may bién d6i do luong kiéu truyén
thong (kiéu cam ng) lam viéc kha tin
cay. Tuy nhién, xét trén phuong dién cau
tao va nguyén ly 1am viéc, cic may bién  Nguoc lai, so voi may bién dong kiéu

72 S0 26



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC PIEN LUC

cam ung, cam bién dong dién cong nghé
quang MOCS s¢ hitu nhiéu dic tinh noi
troi nhu: muac cach dién cao, chiu anh
huong cua nhiéu dién tir, khdong cd nguy
co chay nd, ¢ thé ché tao kich thic gon
nhe... [2, 3]. Boi vay, cam bién dong cong
nghé quang MOCS dugc tap trung nghién
ctru va phat trién rat 16n trong thoi gian
qua [1-9]. Nguyén ly Iam viéc co ban cua
MOCS (c6 phan tir cam bién duoc ché tao
bang vat liéu quang tir) duwa trén hiéu tng
tr - quang Fraraday: su quay cua mat
phang phan cuc cua chim sang khi truyén
qua vat liéu quang dat trong tur truong
(g6c quay Faraday - con dugc goi la géc
phuong vi phén cuc). Bai vay, MOCS co
thé do dong dién gian tiép bang cach xac
dinh gbc quay Faraday.

Trong bai bao nay, phuong phap thiét ké
module cam bién cua MOCS sir dung
ngoc hong luu (garnet) duoc gigi thiéu;
ddng thoi, cac thtr nghiém cac dac tinh
lam viéc quan trong cua module ciing
duogc trinh bay va danh gia.

2. THIET KE MODULE CAM BIEN
DONG DIEN S DUNG NGOC HONG
LUU

2.1. Gi&i thiéu chung

D6 nhay cia MOCS lién quan tryuc tiép
dén phuong phéap do goc quay Faraday 6k
cua mat phang phan cuc khi truyén chim
tia sang phan cuc thiang qua vat liéu
quang theo hudng cua tu truong H duoc
cho bai [2]:

0p = J, VHdI (1)
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Trong d6: V: hé s6 Verdet, % T.m: duoc
xac dinh boi dac tinh cua vat liéu tur -
quang; I: d6 dai tuong tac (quang 19), m.

Tir (1) c6 thé thiy, c6 3 yéu té co ban chi
phdi d6 nhay (tri s6 cua goc quay Faraday
&) cua MOCS: vat liéu, tur truong, va
quang 16. Pay 1a cac yéu té cin ban dé
dinh hudng thiét ké MOCS. Viéc lua chon
vat lieu thiét ké (hé sd Verdet), va ciu
tric cam bién (quang 16 1) dong vai tro
quyét dinh toi 6 nhay cua cam bién thiét
Ké.

Trong cac vat liéu tu-quang, ho vat liéu
ngoc hong lyu (garnet) c6 uu diém c6 hé
s6 Verdet cao [2, 7, 10]; do d6, garnet
film duoc lva chon dé thiét ké module
cam bién ciia MOCS dé xuét.

2.2. Phwong phap ché tao Garnet

module

Mang phén cye tir
Garnet film

Lép dém
L6p bao vé

Hinh 1. C4u triic garnet module ctia cam bién

Garnet module co6 st dung mang phéan cyc
tir ciia cam bién c6 céu trac duoc md ta
nhu ¢ hinh 1.

Phuong phép ché tao garnet module:

e Sir dung song siéu 4m dé 1am sach vat
liéu garnet, sy tao 16p 18i (I6p garnet), roi
dat vao khuon;
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e Dua 16p garnet vao hé théng tao mang;
bom chan khong dap (ng yéu cau caa hé
théng tao mang (mac chan khéng vao
khoang 0,1 mPa);

e Gia nhiét cho 16p garnet (nhiét d6 bé
mit vao khoang 200+500°C) ri thuc hién
qua trinh u nhiét 1an thir nhat;

e Didu chinh 4p suat lam viéc vao muc
0,2+5,0 Pa roi tao I6p dém (d6 day yéu
cau vao ¢ 500 nm=20 pm), rdi duy tri
nhiét trong khoang 1 h;

e Tao I6p mang phan cuc tu trén lop
dém: do day yéu cau vao khoang 5 nm-+10
um; duy tri nhiét trong khoang 1 h;

e Tiép tyc gia nhiét cho I6p garnet: nhiét
d6 bé mat dat & mac 550+800°C; roi thuc
hién qua trinh 1 nhiét lan tht hai;

e Lam mat I6p garnet vé nhiét do phong
roi tao 16p bao vé (do day: 5+100 nm) cho
I6p mang phan cuc tir sé tao dugc garnet
module ban thanh pham:;

e LAy garnet module ban thanh pham tur
hé thdng tao mang va tién hanh tir hoa 16p
mang phan cuc tr. Nhu vay, tao duogc
garnet module.

Sau khi tao dugc garnet module, can danh
gia hoat dong cua module nay: phan tng
cua garnet module khi dat trong di¢n tur
truong. CO 2 mau duoc thir nghiém: mau
chi dung garnet va mau c6 sir dung mang
phan cuc tir Nd,Fe;4B. Trong céc phan
dudi day trinh bay vé thir nghiém nay.

2.3. Thr nghiém cac dac tinh lam viéc
Duéi day gidi thiéu van tit vé thr nghiém
cac dic tinh quan trong cia MOCS dé

xuat, cu thé: i) Phan tng cua garnet
module khi dat trong dién tur truong;
i) Sai s6 tuyén tinh caa MOCS dé xuit;
iii) Pac tuyén phan cyc caa module cam
bién & cac diéu kién lam viéc khac nhau.

2.3.1. Phan dng cda garnet module khi
dat trong dién tw trirong

Kinh hién vi anh sang phan cuc PLM [11,
12] duoc dung dé danh gia phan @ng cua
garnet module khi dat trong dién ftu
truong: chiéu thing géc bé mat mang
(film) dé quan sat sy thay ddi cua céc
phan vung tur.

C6 2 mau garnet module dugc danh gia:
mot mau khong c6 mang phan cuc tir va
maot mau ¢ mang phan cuc tir.

Hinh 2 (véi tir trudng miec thap) va hinh 3
(véi tir truong mirc cao) la hinh anh quan
sat su bién do6i cua cac phan vung tir cua
mau khong c6 mang phan cuc tir duéi anh
huong cua tir truong ngoai.

Quan sat cac phan vung ti (hinh 2) véi
dudng mau tring phéac hoa cac phan ving
tu: Khi c6 tu trwong ngoai (hinh 2b) thi
phan ving tir thay d6i kich thuéc so véi
khi khong c6 tir treong ngoai (hinh 2a)
hay tat tir truong ngoai (hinh 2c).

Hinh 2. Sw bién dbi cac phan viing tir garnet
& ttr trwo'ng Hetx <0,5mT

Hinh 3 1a hinh anh quan sat PLM vé su
thay d6i cia cac phan ving tir voi tiur
truong ngoai 16n. Tur trang thai ban dau,
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chua co tir trudng ngodi (hinh 3a), dén
Xuat hién cac phan vung tir co giam kich
thudc va co dang tron (hinh 3b - véi tu
truong 40 mT) va khong quan sat dugc
cac phan vung tu khi tir truong vuot qua
80 mT. Khi giam tir twong ngoai vé 0 mT,
cac phan vung tir khong quay tro vé trang
thai ban dau.

Hinh 3. Sw bién dbi cac phan ving tir garnet
& tlr trwong Hex: tang vrot qua 80 mT

Hinh 4. Sw bién dbi cac phan ving tir garnet
khi c6 I&p mang phan cwec tir
khi dat trong ttr trwé’ng ngoai

0 miu c6 mang phan cyc tr (mang
Ta/Nd,Fe14B/Ta) ciing dugc quan sat su
bién d6i cua cac phan ving tir bang PLM
khi dat trong tur truong ngoai (hinh 4).
Khi chua c6 tir truong (hinh 4a), phan
mau tdi (c6 mang phan cuc tir) khéng cho
4nh sang truyén qua, phan mau séang
(phan ving tir garnet) cho anh sang truyén
qua; cac vung tdi, sang hién thi ¢ dang
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céc dai phan bd ty do. Khi tang tir truong
ngoai Ién 40 mT: cac phan vung tir co lai
va chuyén thanh dang hinh tron (hinh 4b)
va khi tang tur truong 1én 90 mT thi céac
phan vung tir bién mat (hinh 4c); cac phan
ving tir lai khdi phuc trang thai ban dau
khi giam vé 0 mT (hinh d).
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Hinh 5. DOP va Polynomial Fit vé&i anh sang
phan cwe thing géc khi dit trong tir treong
ngoai

C4c quan sat trén cho thay, véi mau
khoéng c6 mang thi chi voi tir truong &
muc thap thi mai c6 kha ning khoi phuc
trang thai ban diu cia cac phan ving tur
khi loai bo tu truong ngoai, con ¢ muc
cao khong thé khdi phuc; va diéu nay
dugc nay duoc khic phuc voi viéc sir
dung mang phéan cuc tur.

Mac phén cyc DOP (Degree Of
Polarization) Ia mot trong nhitng dac tinh
quang tu dong vai trdo quan trong trong
thiét k¢ MOCS [7-9, 13]. Muc phan cuc
DOP (la ham cua tu truong ngoai Hex)
dugc do bang bo do PAX5710IR3-T TXP
polarimeter [13]. Két qua do DOP vdi cac
mau (garnet khdng c6/c6 mang tir) dugc
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thé hién trén hinh 5, voi tir trudng ting tir
0 1én 26 mT (4nh sang phan cuc thing
g6c) dong thoi loc boi phuong phap da
thirc (polynomial fit). Két qua cho thiy,
khi khong c6 mang tu, DOP cua garnet
giam tir 99,755% xudng 96,180% khi tang
tu truong tir O 1én 26 mT (hay 2600e),
Hinh 5a, va DOP cua garnet giam khi
tang He. Nguoc lai, v6i mau co6 mang tur
NdFeB thi DOP tang tu 85,311% Ién
96,409%; diéu nay chung t6 mang tir co
anh huong ddi véi su thay doi pha dang
dai (strip phase) d6i véi anh sang phan
cuc chiéu thang goc.

Qua quan séat su bién d6i cua cac phan
vling tir va do DOP ctia c4c mau dudi anh
huéng cua tir trudng ngoai cho thiy mang
phan cyc tir c6 kha ning diéu khién phan
bd (co trat ty) cac phan vang tir trén
garnet.

2.3.2. Kiém nghiém chét Iwong mang
phan cuec tr

Bén canh mac phan cuc DOP, cac dic
tinh vé cau trdc vat liéu: kich thudc hat,
dac tinh tr (lyc khéng tu, tinh di hudng
tir), cau tric tinh thé [14-17] 1a ciing
nhitng dic tinh quan trong trong viéc thiét
ké MOCS c6 do nhay cao, kich thudc nho
gon, va kinh té.

Mang phan cuc tir dwoc kiém tra chat
lwong bang céach:

e St dung VECCO Dimension 3100
Atomic Force Microscope [18] dé quan
sat hinh anh MFM (Magnetic Force
Microscopy) cia mau (mang phan cuc tur
Nd;Fe14B);

e Sir dung Versa-lab VSM [19-21] dé
xac dinh dic tinh tir cia mau; va

e Sir dung nhiéu xa ké [22, 23] dé kiém
tra cAu trdc tinh thé caa mau.

Hinh 6. Hinh anh MFM clia mang phan cwec tir
Nd2F914B

Hinh anh  MFM (Magnetic Force
Microscopy) cho thay: mang phan cuc tur
Nd,Fe4sB duoc tao thanh tir cac hat nho
c6 duong kinh ¢& 100 nm, con kich thudc
phan vung tir (vao ¢o 200-500 nm) Ién
hon nhiéu so véi kich thudc hat, va cac
phan ving d6i véi nhiéu hat biéu thi cau
trdc mién twong tac.
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Hinh 7. Pudng cong tir tré chia mang phan cwc tir
Nd,Fe,,B & nhiét d6 phong
Puong cong tur tré (M-H loops) cua mang
phan cuc Gng vai tor truong 2.5T (hay
25k0e). Luc khéang tir cia mang phéan cuc
tr Nd,Fe4sB theo huéng thang goc va
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ddng phing twong ung la 1,8T va 1,4T.
Diéu d6 cho thay ké ca khu tir, luc khang
tr cia mang phan cuc tir Nd,Fe;4B theo
phuong thang goc van 16n hon nhiéu so
phuong dong phang: biéu thi ¢6 di huéng
tir thang goc.

*Nd Fe B
2
<Ta " §

Intensity

2theta(degree)

Hinh 8. Biéu dé XRD ctia mang phan cuwec tir
Nsze14B

Biéu do XRD (X-Ray diffraction: nhiéu
xa do tia X) cia mang Nd,Fe,B (lang ¢
400°C va u ¢ 550°C trong 30 phit & moi
truong chan khong <1x10*Pa) duoc thé
hién trén hinh 8. Ta thay cac dinh la cac
phin xa (004) (20 ~ 30.6°), (006) (26 ~
44.8°) va (008) (26 = 60°) cua mang phan
cuc tir Nd,Fe14B biéu thi truc ¢ caa mang
thang goc vai dé garnet.

Két qua thir nghiém cho thiy dic tinh vé
chat lwgng mau mang phan cuc 1a rat tot:
kich thudc hat nho hon rat nhiéu so voi
kich thudc cac phan vung tu, tinh di
hudng tir thang goc 16 rét.

2.2.3. Sai sé6 tuyén tinh cda MOCS

Trong phan nay, sai sé tuyén tinh cua
MOCS véi 2 mau duoc kiém chang.

(ISSN: 1859 — 4557)

a. Sai sé tuyén tinh

G6c quay Faraday & cua mau MOCS
dugc do n 1an va gdoc quay Fraday trung
binh 8 duoc xac dinh boi (2):

(2)
Goéc quay phan cuc ti 1€ véi cuong do
dong dién hay tir truong ngoai. Sai sd
tuyén tinh o (%) duoc xac dinh qua (3):

(3)

Trong d6: Hj,, Hou twong tng la tu
truong dat va tir truong dau ra cam bién;
con n sé lan do.

- 1
0 =;ZT1191

n Hin

100 Zn (HOut_HIn)
1

b. Thdr nghiém

Hinh 9. So’ d4 bé tri thtr nghiém MOCS thiét ké

So @6 bé tri thar nghiém danh gia sai s6
tuyén tinh caa MOCS thiét ké thé hién
trén hinh 9. So d6 gom 5 khéi: Khoi
nguon sang (1: nguodn laser va day cap
quang 1 ché dd), Khéi phan cuc anh sang
téi (2, 3: thau kinh, 4: bd phan cuc), Khi
mau va tir trwong ngodi (5), Khoi phan
cuc anh sang 16 (6: thau kinh, 7: bo phan
tich) va Khéi do hirong va phan tich (9).

Goc quay Faraday cua MOCS thir nghiém
dugc do & nhiét do phong véi garnet
module ¢ 2 dang c6 va khéng c6 mang
phan cuc tir NdyFeyB. Két qua do dugc
thé hién trén hinh 9: duong mau do thé
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hién két qua chi véi garnet; con duong
mau den 1a két qua véi truong hop ¢6
mang phan cuc tir. C6 thé thay: MOCS c6
cam bién s dung garnet va mang phan
cuc tu thi Khi dat trong tur truong nguoc
(H<0) thi dwong cong goc Faraday dich
Ién va phia trai; con ¢ tu truong thuan
(H>0) thi dich xubng va phia phai so véi
MOCS chi dung garnet.

Giai do duogc thyc hién trong pham vi
82mT dén 90mT.

& T T T T T T T T
—e—garnet
0 |—=—GametTa'NdFeBTa |
ga-
s’ -
h-J
z o
¥ |
&
2p |
w 4
-0 T T T T T
1000 -500 0 500 1000
H(Oe)

Hinh 10. Géc quay Fraday cua MOCS véi garnet
module cé hoac khéng c6 mang phan cuwc tir

Do doc cua dudong cong 6 = f (Hey) biéu
thi mic thay doi ¢ thoi diém cu thé. Do
déc cua duong cong goc quay Faraday
véi MOCS c6 mang phén cuc tir NdFeB
vao khoang 0,064 (thay dbi khong dang
ké) khi Hex < 80e; trong khi, véi MOCS
khoéng c6 mang phén cuc tir 1& khoang
0,68 (thay doi rat Ion). Do d6, goc quay
Faraday cua 2 loai MOCS nay bién doi

khac nhau.

Ap dung céc biéu thuc (2) va (3) dé tinh
sai sd tuyén tinh cho 2 MOCS thu
nghiém. Két qua sai sb tuyén tinh trung
binh véi loai khéng c6 mang phéan cuc tur
vao khoang 1,420%; con loai c6 mang
phan cuc tir NdFeB vao khoang 0,125%.
C6 thé thidy nho c6 mang phan cuc tir
gilip tao ra mot goc quay bd sung dudi tac
dong cua tur truong phan cuc Hgjas trén
mang phan cuc tir gitp lam giam dang ké
sai s6 tuyén tinh. Diéu nay rit quan trong
trong viéc phat trién cac MOCS dang nay.

3. KET LUAN

Trong bai bao nay, phuong phép ché tao
module cam bién cho cam bién dong cong
nghé quang MOCS sir dung vat liéu ngoc
hong lyu (garnet) dugc gisi thidu. Bong
thoi, cac thir nghiém cac dac tinh lam viéc
quan trong cua module cam bién ciing
dugc thyuc hién va két qua ther nghiém cho
thiy: mang phan cuc tir ¢6 tinh di hudng
thang goc va dic tinh tir tét; cac MOCS
dé xuét c6 cac dac tinh 1am viéc tt; trong
do6, loai c6 mang phan cuc tir, c6 sai sd
tuyén tinh thap (0,125%), so véi loai
khéng st dung mang phén cuc tu
(1,420%). Céac két qua nay la rat quan
trong trong phat trién cam bién MOCS c¢6
thiét ké kich thudc nho gon hon, nhay
hon, va dai do dugc mo rong.
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Gidi thiéu tac gia:

Téc gia Nguyén Trudng Giang t&t nghiép dai hoc nganh hé thdng dién, nhan béng
Thac si nganh ky thuét dién tai Trudng Dai hoc Bach khoa Ha Noi, nhan bang Tién
sy nganh cong nghé do ludng va thir nghiém tai Dai hoc Khoa hoc va Cong nghé
Thugng Hai, Trung Qudc.

Linh vuc nghién clru: cong nghé do ludng va thir nghiém, ky thuat bao vé rale va
tu dong hda, lugi dién thong minh SmartGrids, nguon dién phan tan DG, ndng
lugng tai tao RES, cong nghé truyén tai, thi trudng dién.
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