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NGHIEN C(PU CHE TAO BO THi NGHIEM CAO AP 70/50 kV
RESEARCH AND MANUFACTURING HIGH VOLTAGE TEST SYSTEM 70/50 KV

Lé Xuan Sanh

Trwong Dai hoc Dién lurc

Tom tat:

Thiét bi th(r cao ap xoay chiéu, mot chiéu la mot trong nhitng thiét bi thi nghiém chi yéu clia cac
cong ty dién luc hay phong thi nghiém. Trong cong tac thi nghiém dinh ki, sau su c6 va dai tu may
dugc dung dé thi nghiém dién ap téng cao thlr nghiém céch dién, cac thanh phan va cdu tric cach
dién cua thiét bi dién, tir d6 xac dinh cac khuyét tat (nhu phong dién cuc bo)... Tuy nhién, hién nay
trén thi trudng Viét Nam cd rat it don vi san xuat bd thi nghiém cao ap, ma chd yéu mua tir nudc
ngoai V@i gia cao. Trudc tinh hinh thuc t€ dd, tac gia da nghién clru ché tao bd thi nghiém cao ap
nh&m 1am chl cong nghé va gidm gia thanh, nang cao tinh thuc tién, (g dung trong cdng tac giang
day tai trudng dai hoc. Bai bao la két qua nghién cly, tinh toan, thiét ké va ché tao bo thi nghiém
50 kV AC, 70 kV DC.

T khéa:
May thi nghiém cao ap, thiét bi thi nghiém, 70/50 kV.

Abstract

The high AC and DC voltage tester are one of the major equipment of power companies or
laboratories. In routine laboratory work, after failure and overhaul, the machine is used to test the
high voltage, insulation test, components and electrical structure of the electrical equipment, in order
to identify defects such as partial discharge etc. However, there are very few units producing high
voltage machines in Vietnam, mainly from foreign countries at high prices. In the face of that reality,
the author has studied and built high voltage tester machines to master technology, reduce costs
and improve practicality and application in teaching at university. The article is the result of
reseaching, calculating, designing and manufacturing high voltage tester 50kV AC, 70kV DC.

Keywords :
High voltage tester, exprimental equipment, 70/50 kV.
1. DAT VAN BE dién ngay cang 16n. Cong tac thi nghiém

Phuy tai dién ngay cang ting, cic cong ty dién ¢ cac cong ty dién luc ludn can phai

dién luc quan i van hanh voi khdi luong
may bién 4p, dudong diy va cac thiét bi

Ngay nhan bai: 6/11/2017, ngay chap nhan
dang: 8/12/2017, phan bién: TS. Tran Quang
Khanh.

san sang dé dap ung nhu cau khi ¢6 sy ¢b
hay thi nghi¢ém dinh ki. Hién nay, theo
khao sat cua tac gia thi cac cong ty dién
luc dang duoc trang bi cac may cua Trung
Quéc, Ukraina... ¢d gia thanh cao so véi
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ty san xudt; cac ché do bao hanh, sta
chita phirc tap, mat nhiéu thoi gian. Vi
vy tac gia dd dé& xuit nghién ctu, san
xuét bd thi nghi¢m cao ap, nham lam cha
cong ngh¢, thuan loi trong sir dung, sua
chita va tir d6 c6 thé phat trién cac san
pham khac. Bai bao trinh bay qua trinh
tinh toan, thiét ké va kiém nghiém bo thi
nghiém (vi giéi han dai cia bai viét nén
tac gida da gian lugce, chi trinh bay cac y
chinh, hodc cong thirc va két qua cudi).

2.CO SO Li LUAN VA TiNH TOAN

2.1. Cac sé liéu co s&, nguyén li hoat
dong va dé xuat qua trinh ché tao

Cac sd liéu ban dau: Cong suit may
S =5 kVA; dién ap so cip: U1 =0+ 220 V;
Dién 4p tht cap: U, = 0 + 50 kVAC/70
kVDC; Tan sé: f = 50 Hz. Tur céc sd liéu
trén, ta co cac sd liéu co ban: I, = 22,7 A;
I, = 0,1 A. May str dung dau bién ap lam
mbi chét cach dién va lam mat.

Nguyén li hoat dong dya trén hién tuong
cam tmg dién tr, twong ty cic may bién
ap dién lyc, nén thanh phﬁn c4u tao chinh
clia may gdm: mach tir, cudn ddy so - thir
cép (ha éap, cao 4p), cach dién va cac hé
théng do luong, bao vé.

Khac co ban v6i may bién ap dién luc 1a
ché do lam viéc cua may, chi lam viéc
ngén han va ngén han 13p lai, nén khong
can binh dau phu va céc chi tiét lién quan,
nhém tac gia dé xuat qua trinh san xut
may gdm cac budc chinh: (1) san xuét
mach tir, cuén ddy; (2) lip rap rudt may;
(3) Lap rap budc mot; (4) Lap rap hoan
chinh va thir nghiém, so do khdi dugc thé
hién hinh 1 va hinh 2 [1].
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Chi tiét co khi: khung,
Buldng, dai oc

v

Machtir |, Lap rap vé B
o . P Say
Béi diy | rudt may sinh
t 1

Chi tiét cach dién: Chi tiét dan dién:

- Cach dién dai gong. || - Day dan.

- Que ném 15i, biang. || - Pau cdt...

- TAm cach dién...

Hinh 1. So’ dd khéi Iap rap rust may

Thung may |— Lap rap hoan l<—| Ron
N chinh —
Buldng 7'y Dau
Buldng, Lip rap budc — Ruot
dai 6c mot may
Nép || St cao, || Ty
may || haap st

Hinh 2. So db khéi lap rap hoan chinh

2.2. Sor d6 nguyén Ii

Muc dich may lam cong tac thi nghiém,
cong sudt 5 kVA, dién ap ra 16n nhat
50 kVAC, nén dé xuit so do nguyén li
nhu hinh 3, gom:

= Khdi tao 4p: May bién ap tiang ap
220/50000 V (S = 5 kVA), dung diot
chinh luu va tu dé tao ra 70 kV DC (thiét
bi thir nghiém chi yéu la tai mang tinh
dung nhu cap thi khong can tu, néu 12 tai
khong c6 tinh dung ngudi thi nghiém can
mang thém tu nhu thr chéng sét...), cac
dau ra la cuon ha ap, do luong va néi dat.
= Khbi diéu khién: Dung may bién ap
tu ngau 220/(0+-250 V), céc thiét bi bao
vé, dong cét va do ludng.
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Hinh 3. So’ d6 nguyén li

2.3. Tinh todn mach tw
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a. Tru mach tw b. Kich thuoc ngoai

Hinh 4. Kich thwéc mach tir

Pé thuan loi trong ché tao va can ddi, lua
chon mach tir hinh chr E, ¢ 1 tru tac
dung.

= DPuong kinh cua tru [2]:

4 St.ar.kr.ﬁ
f-UyxBR.Kk}

d = 16. 1)

Trong do:
St=
ar = 3,17 cm: chiéu rong quy ddi rénh tir
tan;
ke =

5 kVA: cong suat tru ciia may;

0,95: h¢ s6 Rogowski;

B =1,2: h¢ s6 hinh dang;
f = 50Hz: tan s dién ludi;

Unx = 3,5% : thanh phﬁn phén tram dién
ap ngin mach phan khang; (voi S = 5 kVA,
Uc =50 kV, nén so b chon 1a 3,5%);

Br=1,1 T: mat do tir cam trong truy;
ke = 0,82: hé s6 loi dung.

Thay vao ta duogc:

4| 5x3,17%x0,95%x1,2
d = 16.
50%3,5x1,12x0,822

chond=9,5cm.

= 9,47 cm,

= Lya chon hé sé hinh dang g: Céan
chon P sao cho ti 1& ddng va sat phu hop
v6i nhau, may bién &p thir nghiém can
phan bé cuon day doc theo chiéu tru sao
cho phan bd dién truong déu din trén
may, so bd chon = 1,2.

= Tiét dién hiru hiéu cua tru [2]:

3,14.9,52

2
Tr=k.ms-=082. =58cm? (2)

Lua chon ton can lanh ma hiéu 3404, day
0,3 mm; thiét ké tru c6 4 bac (hinh 4a),
gong tiét dién hinh chir nhat.

Bing cac cong thirc [2,3] tinh toan, ta c6

cac kich thuéc ciia mach tir thé hién trén
hinh 4b.

2.4. Tinh toan day dan

Tac gia ap dung mot s6 cong thuc trong
[2,3,4,5], dé tinh cac thong sb cua diy so
cap (ha 4p) va thir cap (cao ap).

2.4.1. Cuén day ha ap
= Strc dién dong cua mot vong day

Uy = 4,44 f.Br. T1.10™ (V) (3)

16

S6 14 thang 12-2017



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

Trong d6: f=50Hz; Br=1,1T,;

Tr =58 cm’.

Ta c6: Uy = 4,44x50x1,1x58.10™ =
= 1,41 (V)

= S vong day cua day quan ha ap:

D22 _ 156 (vong)

Wy = =
Uv 141

4
=  Mat d6 dong dién trung binh:

- Pnly _
Ay = 0,764.kf.F =

12

200x1,41
=0,764%x0,91.———
5x10,93

(Trong do: dip = 10,93cm - duwong kinh
ranh dau).

= 3,59 (A/mm?) (5)

= Tiét dién so bo ctia mot vong day:
N P 22,7

=L = = 6,32 (mm?)
Aw 3,59

(6)

V6i méay bién ap thi nghiém, thoi gian
lam viéc ng’fm (ng’fm han 13p lai), muc
dich dé giam kich thuéc may, nén lay mat
do dong dién 16n hon (6 + 8 Almm?, sir
dung day dong, chiu nhiét dén 180°C)
so voi may bién 4p thong thuong. Do d6
lwa chon day ddng tron co6 duong kinh
1,4 mm, tiét dién 1,539 mm? chap lam 2.

= Mat d6 dong dién thyc té day ha 4p:
I, _ 227

Ay = T— = Sos; = 1134 (A/mm?) 7)
= S vong day trong mot 16p:
Wiy = % = 2% = 78 (vong) 8

2

= Chiéu cao day quan ha &p:

li=hy(Wy+1)+1=29(78+1)+1
=230,1 (mm) =23 cm.

= B¢ day day quén ha ap:

a,= 2.2 +ay = 20,145 + 0,6 = 0,89(cm)

(10)

(9)
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»=  Puong kinh trong cuén day ha ap:
D;=d+2.an

=9,5+2x0,4 =10,3 (cm) (12)
=  DPuong kinh ngoai cuén day ha ap:
D,=Dj+2.a;

= 10,3 +2x0,89 = 12,08 (cm) (12)

Cudn day ha 4p sau khi san xudt nhu
hinh 5.

Hinh 5. Cuén ha ap

2.4.2. Day quan cao ap

=S¢ vong day cugn cao ap: Tinh so bo,
theo ti s6 bién dién ap (chua tinh dén ton
hao):

50.103

W, = ng—j = 1562~ = 35454 (vong)

(13)
= Mat do dong dién so bo:
L= 2. Ap— A (AImm?)
=2x3,1-3=3.22 (A/mm? (14)
= Tiét dién vong day so bo:
T; = 2—22 = % = 0,031 (mm?) (15)

= Lya chon day dan: Vi day quin cao
4p cua may bién &p tha nghiém co tiét
dién twong d6i nho. Do d6 day quan phia
cao ap cua may duogc chon theo do bén vé
co khi, khong chon do bén vé dién va véi
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muc dich dé phong ngian mach nén day
quan phia cao 4p dugc chon cé tiét dién
I6n hon tir 1,2+1,5 lan so véi tiét dign
so bod. Chon diy dong, c6 dudng kinh

d, = 0,25 mm, tiét dién T, = 0,049 mm?.
D&y dan duoc trang 16p émay cach dién.

= Matdd d(‘)ng dién thyc:

Ar= ;—22 = 55 = 2,04 (AImm?) (16)
= Tinh sé banh day:
Nba = }:;‘?d ~1=2-=39 (banh) (17)

Lya chon 4 banh vi ¢ gilta cac banh day
¢6 tAm dém nén ta chon Ny, phai nho, cach
bd tri cudn day nhu hinh 6.

HA CA
[2

2

Hinh 6. So do
cach bé tri day quén cao ap (CA)

= S vong day trong mdi l6p béanh day:
170 _ 170

Wi, = — = — =145 (vong)

= (18)

. Chiéu cao mét banh day: Bé thuan
tién trong san xuit nén cac banh day duoc
thiét ké nhu nhau:

l,— 56d
Npo 4

23-5%0,35

hy, = =5,31(cm) (19)

= S vong day trong mdi 16p banh day:

531

-1=—-1=132(vong)

hpa

WI —_
12 — dz

(20)

= S vong day & mdi béanh:
_12x5.10°3
U, 141

= 8865 (vong)
(21)
=S4 16p trong mbi banh day:

wp _ 8865
132

ny = =67 (lop) (22)

Wi,
= Chiéu day caa day quan:

a =Ny d’z +(ny—1). &4
=67%0,04 + (67+1) x0,024 = 4,4 (cm)

(23)
= Puong kinh trong day quén:
Dy =D, +2.a;,
=12,08+2x3=18,08 (cm) (24
= Puong kinh ngoai day quan:
D,=Dj + 2.a, = 18,08 + 2x4,4
= 25,88 (cm) (25)

Cudn diy cao ap sau khi san xuét nhu
hinh 7. Qua trinh 1dp rép rudt may duoc
thé hién nhu hinh 8.

.‘;, .
L of
S m‘

Hinh 7. Cudn cao ap

Hinh 8. Lap rap rudt may

18

S6 14 thang 12-2017



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

2.5. Thiét ké thung may va khoéi diéu
khién

2.5.1 Thung may

Véi may bién ap co dién ap 50 kV, ding
dau bién ap 1am cach dién (Ecwen = 14
kV/mm), ap dung cac cong thuc [2,3,6],
ta c6 dugc cac két qua: rong x dai x cao

(mm

g = 7+ {E
@@ @®P
st ]
- 530 -

Hinh 9. Kich thwéc thung may

2.5.2. Khéi diéu khién

»  Phwrong dn do: Dé don gian trong ché
tao va lua chon phu kién, st dung phuong
phap do von gian tiép (nhu st dung may
bién dién ap), tic 1a quan thém mot cudn
do lwdng ngoai cudn ha ap, so do nguyén
li nhu hinh 1, (tinh toan dugc s6 vong la
36). Po dién 4p mot chiéu sir dung cong
tac trén khdi diéu chinh thay d6i sb vong
day cua dién ap ra (do luong) dé dau ra
tuong ung ti 1€ vai 70:50.

(ISSN: 1859 - 4557)
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Hinh 10. So’ d4 nguyén li khéi diéu khién

= Phwong dn bao vé: So dd nguyén li
dé xuat nhu hinh 10, khi may bién ap tu
ngau diéu chinh vé 0 thi dong cong tic
hanh trinh (HT), méi c6 thé cdp dién (an
D) cho khdi cao &p, tranh cap dién dot
ngot vaoi nguon dién ap 1on vao khéi tao
cao ap, c6 thé nguy hiém cho thiét bj va
nguai thi nghiém.

Bao vé qua dong dau vao st dung role
qua dong RI, khdi diéu khién hoan thanh
nhu hinh 11.

Hinh 11. Mat trén khéi diéu khién

2.6. Két qua va thao luan

Khéi tao cao ap hoan thanh nhu hinh 12,
két qua do thir nghiém boi Vién Do luong
Viét Nam (VMI), két qua do nhu bang 1:

SO 14 thang 12-2017
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Bang 1. Két qua do cua Vién Do lwong

Thang 50 kV AC (kV) Thang 70 kV DC (kV)

Gia| Gia Gia | Sai | Gia | Gia |Giatri| Sai
tri |trithuc| trikhi | so | tri (tri thuc| khi co| so
dat | t& | cotai | (%) | dat | té tai | (%)

10.3] 9.13 | 9.77 |515|10.2| 8.99 | 9.61 |5.78

20.3(18.64 | 19.94 |1.75|20.3|18.52 | 19.81 |2.41

30.2(27.73 | 29.67 |1.75|31.7|29.00 | 31.03 |2.11

40.0|36.53 | 39.08 | 2.28 | 40.2 | 37.70 | 40.33 |0.35

50.0(45.79 | 49.00 |2.01 | 50.5|46.70 | 49.96 |1.05

60.5 | 55.93 | 59.84 (1.08

70.6 | 65.00 | 69.55 |1.49

Gid tri dat 1a gia tri hién thi trén bo thi
nghiém san xuat; gid tri thiee té 13 gia tri
hién thi trén bo do chuan ciia VMI khi thir
khong tai; gia tri khi co tai la gia tri do
khi ¢6 tai dugc hién thi trén dong ho cua
VML Cot tiép theo 1a sai s6 phan trim
(cta gia tri do c6 tai va gia tri dat). Két
quéa thé hién ta thiy cac gia tri déu nho
hon 3% (trir gia tri hang thir nhat, c6 thé
do sai s trong qua trinh thuc hién), hién
thi dudi dang do thi thang do 50 kV AC
nhu hinh 13.

Trong qua trinh tinh toan, can hi¢u chinh
cac gia tri: ton hao trong may; dién ap
tang cao khi tai thu 1a tai tinh dung. Trong
thuc té, tuy thudc tai tinh dung 16n hay bé,
tinh chat ctia thiét bi, yéu cau tri sé dién
ap thi nghiém ma nguoi thi nghiém diéu
chinh dién ap ra phu hop va theo yéu cau.
Trong tinh toan va lya chon gia tri dé ché
tao cac chi tiét, tac gid chua thyc hién
dugc (mo phong, thir nghiém thyc té timg
chi tiét dé tim gia tri t6i wu nhat), dya trén
tinh toan va kinh nghiém dé ché tao, nén
nhiéu chi tiét lya chon co thé chua toi wu
theo 1i thuyét.

Hinh 12. Khéi tao cao ap hoan thién

60.00 Thang 50kV AC

50.00
40.00
30.00
20.00
10.00

0.00
1 2 3 4 5
— Gia tri dat
— Gia tri hiéu chinh

Gia tri khong tai
Hinh 13. D6 thi thé hién két qua do

Bai bao chwa déng gop nhiéu vé y nghia
khoa hoc moi, chi dong gop vé mit cong
nghé ché tao, tir tinh toan i thuyét dén
lam thyc tién, va khang dinh trinh d9, ki
thudt ciia ching ta, san xuit voi gia thanh
chua bang nira san phim mua tir nudc
ngoai, c thé tiét kiém ngoai t¢, nam cong
nghé ché tao, chu dong sua chira. Tuy
nhién san pham duoc phat trién hay
khong con phu thudc chinh sach, quan
diém cua khach hang.
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3. KET LUAN

Sau qua trinh nghién ctru va san xudt, tac
gia da hoan thanh bd thi nghiém cao ap
70/50 kV véi kich thudc, trong lugng va
cac thong sd dat dugc twong dwong voi
cac san phdm twong ty tir nudc ngoai. Cac
thong s6 ciia may duoc do kiém va chimng

(ISSN: 1859 - 4557)

nhan cta Vién Po luong Viét Nam, sd
V07.CN6.0148.17, ngay 19/10/2017, d9
chinh xac +3% dap tng nhu ciu sir dung
cho Truong Pai hoc Dién luc, tang tinh
thuc tién, Ung dung trong cong tic giang
day, va hoan toan c6 thé san xuat thuong
mai.
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