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UNG DUNG CONG NGHE FPGA PE XAC PINH VI TRi SU'CO
TREN PUONG DAY TRUYEN TAl

Dwong Hoa An"", Nguyén Thi Thanh Thity*, Tran Hoai Linh?
YTvwong Pai hoc K3 thudt Cong ngghiép — PH Thai Nguyén
2Tywong Pai hoc Bach Khoa Ha Nji

TOM TAT

Sy ¢b trén dudng day truyén tai dién co thé xay ra tai bt cir thoi diém nao, tai bat clr vi tri nao va
do nhiéu 1y do gy nén. Qua trinh nhan dang, phat hién, cach ly va xac dinh chinh xac vi tri su ¢
cang nhanh s& cang c6 loi, gitp cho viéc khoi phuc lai ché d6 1am viéc binh thuong cua hé théng
dién, giam thiét hai vé kinh té va nang cao dugc do tin cdy cung cip dién cho cac ho tidu thy.
Phuong phép phan tich séng phan hoi chii dong trén mién thoi gian (TDR - Time Domain
Reflectometry) dua trén viéc thu thap va xtr Iy song phan hoi khi ta chu dong ‘phat mot tin hiéu vao
dau duong day bi su cd. Bai bao nay di vao nghién ctru c6ng nghé FPGA dé phat va thu nhan tin
hiéu phan hdi vao dau dudng day truyén tai, cin ctr vao phan tich thoi diém cua tin hiéu phan hoi
dé xac dinh vi tri su ¢b trén duong day.
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(VHDL);time domain reflectometry (TDR).
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ABSTRACT

The faults can happen to transmission lines at anytime, anywhere and are caused by different
reasons. An accurate and fast solution to detect, locate and isolate the faults will reduce the
economic losse improve the quality of the power systems’ performance. The time domain
reflectometry (TDR) method bases on the analysis of reflected waveforms on the transmission
lines to detect the faults. This paper presented FPGA technology to send and record the reflected
signal on transmission lines. Experimentals result show that is good quality to detect the fault
location on the transmission line.
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1. Gi6i thiéu

Hé théng dién la mot hé théng phuec tap trong
ca cAu triic va van hanh, khi Xay ra sy cd bét
ky mot phan tir nao trong hé théng déu anh
huoéng dén do tin cdy cung cép dién, chét
luong dién va gy thiét hai 16n vé kinh té
[1,2]. Vi vay, viéc xac dinh va khéc phuc
nhanh cac sy c¢d trén duong diy truyén tai
dién, qua d6 giam bot nhimg thiét hai vé kinh
té va nang cao do tin ciy va chét luong dién
cung cép cho cac ho tiéu thu 13 hét sic can
thiét. Nguyén 1y chinh ctia phwong phép phan
tich song phan hdi chu dong (TDR - Time
Domain Reflectometry) 1a sir dung mot mach
phat mot tin hiéu chuan (co6 thé 1a xung
vudng, tin hiéu chirp [3,4],...) vao dau duong
day truyén tai dién sau khi trén duong day da
xdy ra sy cd va cac phan tir bao vé di tac
ddng cét cac ngudn phat dién co so 1én duong
day nhu [5].

Theo [5] nhém tac gid da trinh bay phuong
phap TDR ciing nhu mé phong trén moé hinh
md phong trong Matlab - Simulink. Do téc do
truyén song trén duong day truyén tai rat
nhanh do d6 phai phai phat xung ngan va bd
thu ¢ tdc d6 cao. Dé tién hanh thyc nghiém
trong bai bao nay trinh bay cong ngh¢ FPGA
dé phat va thu tin hiéu phan hdi tir dau duong
day truyén tai.

2. M hinh séng dién tir lan truyén trén
dwong day dai

Dé khao sat mo hinh song dién tir lan truyén
khi c6 xung phat vao dau duong day, ta gia sir
tai thoi diém t=0 ta dong vao dau dudng day
mot tin hi€u dién ap Vin(t). Khi cd nang
luong truyén vao, khong gian doc duong day
s& hinh thanh mot truong dién tir bién thién.
Song dién tir s& lan truyén tir ddu duong day
t6i cudi duong day va khi gap cac diém phan
nhanh, su ¢d hodc khi gip diém cudi duong
day, mot phan ning luong ciia séng s& phan hdi
nguoc trd lai thanh séng lan truyén nguoc, phan
con lai s€ khuc xa vao tai hoac vao duong day
phia sau diém phan nhanh hodc su c¢b. Theo [6,

7, 8] khi duong day c6 tong trd song Zo va tai
cudi duong day Z, thi cac hé s6 khiic xa o va

phan xa B dugc tinh theo:
V _
— ZZ2 Vaﬁ:ﬂ:ZZ Z0 (1)
Zy+2Z, Vie Z2+Z,

trong d6 Vi — bién d0 song phan xa, Vi —
bién do séng toi. Néu duong diy khong co su
¢d thi thoi gian tir luc bat dau dong ngudn vao
dudng diy cho dén khi c6 song phan hoi la:

4 @)

At=t, -t

2 | v
Séng lan truyén gap diém sw cé trén duong day
Khi song t&i chay tir dau duong day dén vi tri
su ¢0 s€ xuat hién thanh phan phan xa quay
lai diu duong day. Néu duong day khong bi
dut thi s& c6 song khiic xa di t6i cudi duong
day va lai phan xa nguoc trd lai. Trong bai
b4o ndy, ta tam xét truong hop sy ¢d ngin
mach thudn tré voi dién trd su ¢d 13 Reyr. Khi
d6 ta c6 hé s0 phan xa tai vi tri sy coO:

%2 3
pr= T ©)
V61 Z§ = Rygyie || Z, . Khi @6 thanh phan phan xa
quay lai dau duong day vaoi do 16n 1a

—Z
Viet1 = BVinc = ﬁ Vinc
fault 0

(4)

va thanh phan khic xa vao phan dudong day

phia sau voi d6 16n ting o =1+ f3; lan:

Vinc2 = @+ ﬂl)vinc (5)

Thanh phan khiic xa nay lan truyén t6i cudi

duong day, khi dép vao tai cudi duong day sé

tao thanh mot song phan xa voi hé $6 phan xa:
Z—Zo

b= Z,+7, (6)

3. Cong ngh¢ FPGA va ing dung xac dinh

vi tri sw co

3.1. Cong nghé FPGA va ting dung trong mach

toc dp cao

Pé kiém nghiém lai cac két qua nghién ctu ly

thuyét va moé phong [5], tién hanh thyuc

nghiém dé kiém ching mé hinh. Budc dau

bai béo tién hanh thuc nghiém vé&i duong day
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khoang cach nh¢é khoang 300 m. Do chi c6
diéu kién thir v6i duong day rat ngan nén thoi
gian phan hoi rat nhanh. Nén céc thiét bi sé& st
dung cac cong nghé¢ méi nhu FPGA va cac
mach nhtng gdm cc thiét bi chinh:

- Thiét bi phat tin hiéu xung dién ap vao dau
duong day (dang xung vudng) dé tao song lan
truyén vao duong day. Véi khoang céch thir
nghiém trong phong thi nghlem khoang
300m, thoi gian song Ian truyen Xap xi
14 (thoi gian s6ng phan xa vé xap Xi(2u). St
dung mach FPGA voi dong hd trung tdm
250MHz dé tao cac mach giao dong véi do
nhay cao, c¢6 kha ning tao cac xung dau ra
nho téi 100ns ¢ dam bao duogc yéu cau.

- Dé thu duoc tin hiéu phan hdi voi do phan
giai du lon cho cac thuat toan phan tich tin
higu, bao cdo da thiét ké va ché tao thiét bi
thu tin hiéu & dau duong day, sir dung b bién
d6i ADC (Analog-to-Digital Converter ) tan
s rat cao (Ién toi 50MHz, ¢ thé mé rong 1én
250MHz), dugc diéu khién boi cac mach
FPGA ¢ cling tan sb giao dong.

3.2 Ngon ngir mo td mé ti phan cimg Verilog va
cong cu lgp trinh ISE

Dé lap trinh cho chip FPGA trong bao céo sir
dung cong cu lap trinh ISE (Interrative
Softwave Engineering). Hé thong phan mém
ISE cua Xilinx 1a mt méi truong thiét ké tich
hop bao gom thiét ké chuwong trinh, mé phong
va thuc hién cdc thiét ké trén céc thiét bi
FPGA. ISE ¢ thé tham gia vao viéc didu
khién moi giai doan trong quy trinh thiét ké.
Thong qua giao di¢én cua ISE, nguoi dung co
thé can thiép vao cac thiét ké va sir dung cac
cong cu thuc hién thiét ké. Ngoai ra ngudi
ding con c6 thé can thiép vao céc file hay tai

lidu c6 lién quan dén project dang thiét ké.
o e - =773

'l!“l;
|

—

Hinh 1. Giao dién phin mém ISE

Céac chuong trinh nap vao FPGA duogc viét
bang ngdn ngit lap trinh Verilog, Verilog la
ngdén ngit mod ta phan cing (Hardware
Description Language) [9] dugc su dung
trong viéc thiét ké cac hé théng sd, cac IC sd
(Mach tich hop).

Chuong trinh nap vao chip FPGA viét bang
ngon nglt Verilog dugc bao gom:

- Chuong trinh chinh.

- Chuong trinh con tao tin hiéu vuéng.

- Churong trinh con nhan tin hiéu phan héi.

- Chuong trinh con giao tiép FPGA voi may
tinh théng qua cong RS232.

3.3 So d6 nguyén Iy ciia mach thu phdt TDR sii
dung FPGA

Chuong trinh thiét k& mé ta phan cung
Verilog dugc nap vao chip FPGA s€ phat
xung tin hiéu thong qua modul DAC (Digital
to Analog Converter) tin hi¢u tir dang so s€
chuyén thanh tin hi¢u tuong tu sau do thong
qua bo khuéch dai gul vao duong day truyen
ta1 Tin hiéu phan héi tir dudng ddy truyén tai
vé dau duong day théng qua modul ADC s&
chuyén doi thanh tin hi€u s6 gui vao FPGA.
Tin hi€éu tr FPGA s€ chuyén dén may tinh
thong qua cong két ndéi RS232 véi so do nhu
hinh hinh 2.

Ngudn cp -

FPGA

PC

A

RS232 4— DCA

Hinh 2. So dé cdrurt(_zo thiét bi phat xung nhdn
dang sw co trén duwong ddy truyén tdi
Vi so d6 cAu tao nhu hinh hinh 2 thiét ké so
d6 cau trac phan cimg nhu hinh hinh 3.

—+5VDC— 5 LCD

ADC
FPGA °
XC3S500E
DAC »

Hinh 3. So' d6 cdu triic téng thé phan cimg
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So dd cAu triic phan cimg cia thiét bi gdm co:
b6 ngudn cdp, man hinh LCD hién thi két qua
do, mach tao va xt ly tin hiéu trén IC kha
trinh FPGA XC3S500E tdc d6 cao cua Xilinx
¢6 cac thong sé nhu [10], b bién déi ADC 14
bit 250Msps, bo bién déi DAC 14 bit
250Msps, mach diéu khién va mach khuéch
dai cong Suét.

bac tinh k¥ thuét:

- Phét tin hiéu dang chum nhiéu xung tan s
25MHz, chu ky lap 1a 10kHz.

- Phat tin hi€u dang xung don d¢ rong xung:
50ns + 1ms.

- Cong suét phat: 1W.

- Tré khang dau ra: 12 Q - 2000 Q

- Téc d6 14y mau 250Msps

Trén hinh 6 13 hinh anh cua Board phan vi xu
ly trung tdm. Qui tic hoat dong hé théng
nhing noi chung la chuong trinh tir flash sé€
duoc copy vao RAM, c6 nghia la RAM vua la
bd nhé chuong trinh, vira 1a bg nho dir ligu.
Khi chuong trinh cang 16n thi RAM cang lén
va bd nho Flash ciing phai 16n. Nguyén tic do
cling dang trong truong hop cia FPGA.

B bién doi s6 sang twong tw DAC

Trong mach thuc nghi€ém st dung bo bién ddi
14 bit DAC cua hang Texas Instruments ky
hiéu DAC5672. C6 2 cong vao sd la
DA[13:0] va DB[13:0], cbng ra twong tu la
IoutBTl IoutBTZ-

- Téc d6 14y mau 250Mhz

- Ngué)n cép $6 cho DAC: Upypp —3.0V - 3.6
V, IDVDD: 25— 38 mA.

- Nguén cép tuong tu cho ADC: Uavpp - 3.0
V-3.6 V, IAVDD: 75—90 mA.

- Dai ngudn cap cho DA[13:0 ] va DB[13:0]
la-0.5 V—>+0.5V.

- Tin hiéu tuong tu dau ra: dong dién 2-20
mA, dién ap 1.14 - 1.26V (tiéu chuan 1,2V).

13V GND
|
pal o e
4 pacsn R'_J 3 Lt L O Damg
ngxi__': e ’fli "% o o er;_l. -
DAC x.uf;(.[ X8 J oo l

ZM(:CLK SiLE?
Hinh 4. Modul b$ bién d6i s6 twong tw ADC
B¢ biéen doi ADC

B¢ bién doi ADC
Trong so db st dung b bién ddi 14 bit ADC
cua hang Texas Instruments ky hi¢u
ADS4149 c¢6 tc do 1dy mau 250Mhz. Trong
d6 ngudn cap 1a 1,8V. Tin hiéu tuong ty dau
vao INP va INM dién ap phai dao dong trong
dai xung quang 0.95V. Tin hiéu sb dau ra 14
bit (ADC tir D0-D13).
31 7’3;?‘"--1\\3 ._A..“n.’;&:-'i

¥ T -
3t

133 : ADSA149
$H O g
LT INP

..\(E\DO (_\,_\ix:_lj
3 sl

v
LEV ADCLOLX

It?

Hinh 5. Modul b¢ bién doi twong tiw s6 ADC
(O &3 T B s) W Na 2 O
S :‘5‘4&51
I 7
;;37'7 M ECOOCOOCE e IIETS O
L == P @

l_' l'!: F
Hinh 6. So' @6 mach in khoi xik Iy
4. Két qua dat dugc:

Trong bai bao sir dung ngdn ngir md ta phan
cimg VHDL dé xay dung chuong trinh phat
xung va nhan tin hiéu phan hoi vé dau duong
day truyén tai dién.

So d6 ciu trac phan cimg nhu trén trong didu
kién phong thi nghiém da thir nghiém két qua
v6i 4 truong hop hd mach va ngin mach véi
duong day 100 m va 200 m. Cac két qua chi ra
nhu hinh 7, hinh 8, hinh 9 va hinh 10 va Bang 1.
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LAY

Hinh 7. Tin hiéu phan hoi do dwoc ¢ dau dwong
day khi ho mach tgi 100 m
(vi tri woc lwong la 100,13 m)

Hinh 8. Tin hi¢u phdn hoi do duoc ¢ dau duwong
day khi ngan mach tai 100 m
(Vi tri woc lwong la 100,65 m)

ﬁs

e = e Il —
Hinh 9. Tin hiéu phan hoi do dwoc ¢ dau dwong
day khi ho mach tai 200 m

(vi tri woc lwong la 200,26 m)

mAu tin hiéu véi tin sb 1én t6i SOMHz (c6 thé
mé rong t6i 250MHz). Str dung ngdn nglt md
ta phan cing Verlog dé viét chuwong trinh cho
mach téc do cao phan ra bai toan 16n thanh
cac bai toan nho chay song song cung voi co
ché dong b tot dé kiém soat viéc trao doi dir
ligu gitia cac khéi ta co thé lam duoc cac bai
toan c6 khdi lugng tinh toan 1én. Vi nhimng li
do trén cho thdy ung dung FPGA dé ché tao
mach thtr nghi€m la chinh xac.

Bang 1. Bang két qua xdac dinh vi tri su 6 thue
nghiém trén FPGA

Liu(m)  Dangswed L (m) Sa(lr;())
100 H6 mach 100,13 0,13
Ngan mach 100,65 0,65
200 H6 mach 200,26 0,26
Ngan mach 200,52 0,52

Hinh 10. Tin hiéu phdan hoéi do dwoc ¢ dau diong
ddy khi ngan mach tai 200m
(Vi tri woc luwong la 200,52m)
Céc két qua thir nghiém trong Béang 1 cho
thiy sai so thir nghiém xap xi 0,5m déap tng
duoc yéu cAu dit ra. Cac két qua trén c6 duoc
1a do céc 1y do sir dung phuong phap ghép nbi
mach FPGA véi mach ADC tan sd cao d¢ lay

5. Két luan va hwéng phat trién

Bai bao di trinh bay vé giai phap Gng dung
cong nghé FPGA dé phat xung chi dong vao
dau duong day truyén tai. Dya trén phan co
sO phat hién thoi diém song phan hoi dé xac
dinh vi tri su ¢b trén duong day truyén tai. Tir
cac thur nghiém trén mo hinh thyc nghiém cho
thiy dang ctia song téi va song phan xa trén
duong day. Giai phap st dung phan tich thoi
diém song phan hdi da cho phép xac dinh
chinh xac thoi diém tro vé dau duong day
cua song phan xa la co sd xac dinh vi tri sy )
va hinh dang ctia song phan xa.

Hién tai cac nghién ctru thir nghiém moi lam
duoc mach cong suit nho nén chi thir nghiém
voi khoang cach ngin. Hudéng phat trién 1a
mach cong suét 16n, mach cach ly dé o thé 1am
viéc ngay ca khi duong day dang van hanh.
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