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Toém tat:

Badi bdo trinh bay vé nghién ciru, thiét ké ché tao thiét bi do dién dp trong dai tir 0 dén 80 kV. Thiét bi
dege thiét ké gom 03 thanh phan chinh: hé thong co khi két ndi véi may thie cach dién dau, khoi xir 1y mach
do va bé tinh todn xit Iy trung tam. Trong dé, khoi xir Iy mach do sit dung hé phdn dp tré két hop véi thiét
ké vo hép bang vit liéu Teflon dam bdo cach dién. Két qud thir nghiém cho thdy, thiét ké co khi vé hép dam

bao cach dién khi dién ap thir nghiém lén dén 80kVrms, sai sé cua thiét bi la 0.458% gid tri doc.
Tir khéa: thiét bi do dién dp, mdy thir cach dién dau, hé phan dp tre, Teflon.

1. Pit van dé

Céach dién dau 1a mot trong nhimg phwong
phap dugc tmg dung rong rii trong cac hé thong
dién cao ap. Cac thiét bi cach dién bang dau gitp
dam bao d6 an toan van hanh va thuén tién cho
viéc bao tri. Chinh vi vay, viéc xac dinh chinh xac
dién thé danh thung cua dau c6 vai tro hét strc quan
trong trong viéc thiét ké, ché tao cac thiét bi dién
cao 4p sau nay. Rat nhiéu cong ty da dwa ra cac san
pham dé giai quyét van dé trén, tiéu biéu la: BAUR
Co., Megger Co., Kharkov EnergoPribor Co. Ltd,
Huazheng Electric Manufacturing Co., .... dong
thoi, cac hang san xut thiét bi thir cach dién dau
cling cung cép mot sb thiét bi do hiéu chuén thiét bi
riéng. Mdi hang, mdi thiét bi déu dwa ra dau cuc két
nbi va khoang cach két ndi véi bo thir 1a khac nhau
[9], [11]. Thyc té nay gy kho khan trong viéc hi¢u
chuin cac thiét bi thir cach dién may bién 4p dau da
nang tai cac Trung tim do kiém, hiéu chuén.

Céc phuong phap do dién ap cao thuong duoc
sir dung 1a: bién 4p do ludong, phan ap tu [1], [2],
[3] va phan ap trd [4], [5], [6]. Trong d6, st dung
bién ap do luong co6 nhugc diém l1a kich thudc
thiét bi 16n, khong phu hop véi khong gian do cua
budng thir trong may do cach dién ddu may bién ap.
Phuong phap phan 4p bang tu cho két qua chinh xac
cao hon phuong phap phan 4p trg, tuy nhién né ton
tai nhuoc diém 1a kich thude tu 16n va chi phi gia
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thanh cao. Do d9, trong bai bao nay, phuong phap
phan 4p tré duoc Iya chon gitip viée thiét ké don
gian hon, gia thanh thip hon va d& dang trong thiét
ké vo co khi dé dam béao cach dién trong méi trudng
dién ap cao.

Pé dam bao cach dién, mot sd phuong phap
hién nay dang sir dung hop kin chira dau cach dién.
Theo [1] d cach dién trong dau 1a 20kV/em. Uu
diém cta phuong phéap 1a dau vira giup cach dién
cling nhu 1am mat cho hé thdng phén 4p bang dién
trd [10]. Tuy nhién, viéc kho thiét ké, ga lap dién
trg, thiét ké hop va khong st dung duge cho hé phan
ap tu 1a mot trong nhitng nhuoc diém ciia phuong
phap.

Tir nhitng phén tich trén, nhom tac gia dé xuét
ra md hinh thiét bi do, hiéu chudn may thir cach dién
dau da nang. Thiét bi co thiét ké co khi linh hoat,
st dung vat liéu teflon c6 dd cach dién cao (15kV/
mm), d& dang gia cong ché tao. Thiét bi c6 thé sir
dung cho nhiéu hé may thir cach dién dau véi cac
loai ddu cuc khac nhau va chiéu dai dién cuc khac
nhau. Chiéu dai dién cuc c6 thé két ndi 1a tr 210mm
dén 230mm. Két qua thir nghiém cho thay thiét ké
co khi dam bao an toan dién, gia tri do dugc tir 0 dén
80kVrms va c6 sai s6 16n nhét 1 0.5% gia tri doc.
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2. NOI DUNG NGHIEN CUU
2.1. So doi khéi thiét bi
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Hinh 1. So d6 khéi tong quan ciia thiét bi

Hinh 1 thé hién so d6 khéi cua thiét bi do
luong dién ap danh thung dau da ning. Nguyén
Iy hoat dong cua thiét bi: Dién ap dau ra ciia may
thir cach dién dau dugc di qua khdi xir 1y tin hiéu
do gdm mach phan ap trd c6 chirc ning ha ap tir
0 — 80kV,, ¢ xudng 0 — 5V e Sau do dua qua b
bao vé€ trd, bo loc trude khi dua vao bo ADC 16
bit ADS8688. Vi xir Iy trung tim giao tiép véi khdi
ADC théng qua chuén truyén thong SPI, dit liéu sau
d6 duoc tinh toan va hién thi 1én man hinh LED.

« Thiét ké phan phén 4p tré
Nhom tac gia da dua ra thiét ké so dd mach
phéan ap tré nhu hinh 2 [12], [13]. Trong do, dién trd
R thuong duoc lya 16n hon rét nhiéu 1an so véi dién
tré R va c6 gia tri ¢& vai tram MQ.
R R R

Hinh 2. So' @6 mach phén dp tré

Tl so d6 thiét ké Hinh 2 ta co:
Kzgut=6R;R“=1+6R% (1)

Heé s6 K 1 ti s chia dién ap gitra dau vao va
dau ra cta b phén ap tro.

Trong thiét ké nay, dién tré dugc chon cia
hiang MOX, day la dong dién tré dugc thiét ké
chuyén dung trong cac mach do Iuong cao ap boi
da loai bo duogc thanh phén cam, c¢6 do tréi nhiét
d6 thap, d6 6n dinh cao va hoat dong & dién ap cao
[7]. Dé dam bao dau ra V ., <5V,tachonG=1GQ,
R, = 300k€Q. Trong d6 dién tr¢ gia tri 16n (R) duge

a
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chon la loai MOX94021007FVE cua hang MOX,
day la dong dién tro dwoc thiét ké chuyén dung
trong cac mach do luong cao ap boi da loai bo dugce
thanh phan cam, c6 d6 troi nhiét do thap 50ppm/ °C,
d6 6n dinh cao, sai s6 1%, hoat dong o dién ap cao
1én dén 30kV va cong suat 11.7W [7].

Dién tro gid tri thap (R ) duoc lya chon 1a loai
PTF56300K00BZEK cua Vishay. Pién tro c6 do
tréi nhiét d6 cua dién tro thip voi Sppm/ °C, sai sb
1% va kha nang chéng nhidu tot.

« Thiét ké phan mach chuin héa do lrong

Tin hi€u sau khi qua mach phan ap s€ duoc
dua qua mach chuén héa do ludong (Hinh 1, khéi 3).
Trong thiét ké nay, tin hiéu dugc dua qua mach phéi
hop tro khang, mach loc RC va bao v¢ ESD, EFT
cho mdi kénh dau vao gitip giam nhiéu ngoai tac
dong dong thoi bao vé qua ap dau vao ADC [8]. Loc
tuong ty thong thap gitp gidi han phd tin hidu ngd
vao, giam hién tugng chong 1an phd. Tin hiéu sau
d6 dugc dua vao ADC ADS8688 16-bit, 500ksps,
dai dién ap doc c6 thé cau hinh dugc biang phan
mém: £10.24 V, £5.12 V, +2.56 V. Str dung dién ap
tham chiéu ndi nén d6 chinh xac cao. Khéi xir 1y tin
hiéu do va khéi xir 1y trung tim duoc cach ly thong
qua IC cach ly s6 toc d6 cao ISO7141.

« Thiét ké phan hién thi va vi xir Iy trung tim

Trong thiét ké nay, vi diéu khién
STM32F103VET6 dugc lya chon lam vi xu 1y
trung tam dé doc va tinh toan dir liéu dién ap tra
vé tir ADC. STM32F103VET6 la dong chip ARM
Cortex-M3 32-bit ciia haing STMicrochip, c6 toc do
xtr 1y 1én dén 72 MHz, bd nhé Flash 1én dén 512
Kbytes va bo nhé SRAM 1én dén 64 Kbytes. HO

Journal of Science and Technology 35



ISSN 2354-0575

trg cac giao thirc truyén thong SPI, 12C, UART. Dé
hién thi két qua dién ap do duoc, nhom tac gia lya
chon module hién thi bao gém 8 LED 7 thanh.

2.2. Thiét ké co khi vé hép

(d)
Hinh 3. B6 tri thiét ké co khi thiét ké hip; (a) thiét
ké 2D vo hop, (b)-(c) lan heot la thiét ké 3D mat
truede va mdt sau vo hép phén dp tré, (d) thiét ké go
két néi cach dién

Y éu cau trong thiét ké phai dam bao dugc cach
dién gitta cac tro phan ap, tranh hién tuong phong
dién xay ra. Do do, thiét k& hop phai dam bao do
kin, khit. Hinh 3a thé hién ban v& thiét ké 2D cua
thiét bi. Trong d6, thiét bi gdm 4 thanh phéan chinh:
(1) bd phan ap va bg xir Iy trung tam, (2) bd cat ndi
dai giup thay dbi chiéu dai b do, (3) cut ndi chir L
va (4) dau connector. Pau connector (4) duoc thiét
ké riéng biét dé phu hop vai timg thiét bi.

3. Két qua va thio luin
3.1. Thir nghiém danh gia sai s6 khdi do lrong
dién ap

Hinh 4. (@) Mach dién khoi do lwong dién dp, (b)
hinh anh thir nghiém thyc e

Hé do duoc 1e'ip dat nhu Hinh 4, sit dung may
phat ngudn chuan FLUKES522A 61/2 digit dé phat
ngudn cho bd do dién ap. Thir nghiém 1an luot véi
cac gid tri chudn tir 0.5V dén 5Vrms véi bude nhay
14 0.5V. Két qua dwoc hién thi & bang.

Bang 1. Két qua danh gid sai s6 khoi do heong dién dp

TT Gia tri Gia tri doc (V) Gia tri Sai s6
chudn (V) [ [An1 | Lan2 | Lan3 | Lin4 | Lan5 | trungbinh | (%)
1 0,5 0,501 | 0501 | 0502 | 0501 | 0,502 0,5014 0,2800
2 1 1,000 | 1,001 | 1,001 | 1,000 | 1,002 1,0012 0,1200
3 1.5 1501 | 1501 | 1501 | 1,502 | 1,501 1,5012 0,0800
4 2 2,001 | 2000 | 2001 | 2002 | 2,002 2,0014 0,0700
5 25 2501 | 2,502 | 2,502 | 2502 | 2,502 2,5018 0,0720
6 3 3,003 | 3,002 | 3002 | 3,004 | 3,003 3,0028 0,0933
7 35 3503 | 3,503 | 3,503 | 3502 | 3,502 3,5026 0,0743
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4 4,005 4,004 4,005 4,004 4,005 4,0046 0,1150
4,5 4,506 4,506 4,505 4,505 4,506 4,5056 0,1244
10 5 5,007 5,006 5,007 5,006 5,007 5,0066 0,1320

Tir bang két qua trén ta thiy, két qua tra vé c6
sai 6 thép, sai s 16n nhat 12 0.28% gia tri doc.

3.1. Thir nghi¢m cach di¢n khoi phén dp dién tré

Do lam viéc trong dién ap cao tir 0 dén
80kVrms do d6 van d& dam bao an toan cach dién
trong thiét bi can dwoc quan tim. Nhom thuc hién
da tién hanh thir nghiém d¢ an toan cach di¢n véi
khdi phan ap tro dugc thiét ké. Hé thong thir nghiém
bao gdm thiét bi tao cao 4p AC Phenix 6CP100/50-
7.5. Thir cAp dién ap tai cac muc dién ap 1kV, 10kV,
30kV, 50kV, 80kV va 100kV trong thoi gian 60s.
Két qua thir nghiém cho thay khong c6 hién tuong
phong di¢én xay ra. Qua do, chirng minh duogc viéc
thiét ké co khi dam bao cach dién hoan toan. dat
dugc yéu cau dé ra.

3.3. Thir nghiém toan b hé thong

Hinh 6. Hinh anh

*

thur nghiém thuc 1é

Hé¢ thong thir nghiém bao gdm thiét bi tao cao

(b)
Hinh 5. (@) So d6 mach dién thir nghiém, (b) Hinh
anh thir nghiém thuc té

ap AC Phenix 6CP100/50-7.5, thiét bi do cao ap
VITREX 4700 Precision HV Meter va bo thiét bi
hiéu chinh may thir cach dién dau. Thir cap dién ap
tai cac murc dién ap 5kV, 10kV, 20kV, 30kV, 40kV,

50kV, 60kV, 70kV, 80kV, 90kV trong thoi gian 10s.
Két qua thir nghiém nhu bang sau:

Bang 2. Két qua thir nghiém toan hé thong

TT Gia tri Gia tri doc (V) Gia tri Sai 6
chun (V) [ [An1 | Lan2 | Lin3 | Lan4 | Lan5 | trungbinh | (%)
1 0,5 0,501 | 0501 | 0502 | 0501 | 0,502 0,5014 0,2800
2 1 1,000 | 1,001 | 1,000 | 1,001 1,002 1,0012 0,1200
3 1.5 1501 | 1501 | 1501 | 1,502 | 1,501 1,5012 0,0800
4 2 2,000 | 2001 | 2001 | 2002 | 2,002 20014 0,0700
5 25 2501 | 2,502 | 2,502 | 2502 | 2,502 2,5018 0,0720
6 3 3,003 | 3,002 | 3002 | 3,004 | 3,003 3,0028 0,0933
7 35 3503 | 3,503 | 3,503 | 3502 | 3,502 3,5026 0,0743
8 4 4005 | 4004 | 4005 | 4004 | 4005 4,0046 0,1150
9 45 4506 | 4506 | 4505 | 4505 | 4506 45056 0.1244
10 5 5007 | 5006 | 5007 | 5006 | 5,007 5,0066 0,1320
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Tir bang két qua trén, ta thay, trong dai tir SkV-
80kV, thiét bi dam bao sai sb <0,5% gia tri doc, Vi
sai s 16n nhét & 40kV 13 0,4585%.

4. Két luan

Bai bao dua ra nghién cuu, thiét ké ché tao va
cac phép do thir nghiém ddi véi thiét bi do dién ap
trong dai tir 0 dén 80kV dam bao sai sb <0,5% gia
trj doc, ddng thoi vat liéu ché tao thiét bi dam bao an
toan cach dién ¢ dai dién ap hoat dong. Tuy nhién,

va chua tdi vu duge thiét ké co khi vo hop. Nhom
s& tap trung hoan thién san pham va phat trién thém
tinh ning truyén thong khong day trong cac phién
ban tiép theo cua san pham.
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Nghién ctru nay dugc tai trg boi Dy an ddy
manh d6i méi sang tao thong qua nghién ctru, khoa
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13/FIRST/2a/IMET.

thiét bi chua c6 chirc ning truyén dir liéu khong day
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RESEARCH, DESIGN AND MANUFACTURE
OF THE OIL TEST SET CALIBRATION METER

Abstract:

This paper presents research, design and manufacture of the voltage measuring device in the
range from 0 to 80kV. The device consists of 03 main components: a mechanical system connected to the
insulation oil tester, a measurement circuit processing block and a central processing unit. In particular,
the measurement circuit processing block uses a resistive voltage divider system combined with box made
of Teflon material to ensure insulation. The test result show that the mechanical design of the box ensures
insulation when the test voltage is up to 80kVrms, the error of the device is 0.458% of the reading.

Keywords: voltage measuring device, insulation oil tester, resistive voltage divider, Teflon.
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