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Tom tit:

Cung véi sw phat trién ctia khoa hoc va cong nghé, cac cong ty dién lye dang tirng buée ing dung nhiéu thanh tuyu
ciia ky thuat dién tir, thong tin, may tinh, diéu khién... nhim hi¢n dai héa lwéi dién. Lwéi dién phan phoi c6 anh
hwéng 16m dén chit lwgng dién ning cia khich hang va hiéu qua kinh doanh nén cac tram bién ap phan phoi va ti
ha 4ap trung gian cin duoe ty dong hoa, giam sat, do lwdng tir xa. Bai bao gidi thi¢u Kkét qua nghién curu, ché tao tia
phan phoi ha ap, ¢ thé diéu khién viéc dong cit, giam sit cac thong so ciia lwéi dién, quan 1y dién ning tir xa nham
dam bio cho hé thng dién van hanh an toan, tdi wu, kinh té va cung cip dién cho khach hang véi dd tin ciy cao,

chét lwgng dién ning dwoc ning cao.

Tir khéa: Do lwong giam sdt ha ap, hé thé'ng qudn ly dién ndng, ti phdan phéi tw dong hoa.
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Abstract:

Along with the development of science and technology, power companies
are gradually applying many achievements of electronics, information,
computer, control technologies, etc to modernize the power grid. Power
distribution grids have a great impact on the customer’s power quality and
business performance, so distribution substations and intermediate low-
voltage cabinets need to be automated and remotely monitored. This article
presents the results of the research and fabrication of low-voltage distribution
cabinets; by which, the operator can remotely control the switching, monitor
the grid parameters, and manage the power to ensure the power system’s
safe, economical, and reliable operation and to provide customers with high
reliability and high quality of power supply.
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Hién nay, luédi dién phan phéi ha
ap duogc cac cong ty dién luc lap dat
cac thiét bi dong cit (aptomat) thao
tac bzing tay va thuc hién tai chd, nha
quan ly dién chua kiém soat dugc tinh
hinh mét dién, néu X4y ra sy ¢d thi
phai mét nhidu thoi gian méi ¢ thé
cung cip dién tro lai cho khach hang.
H¢ théng do dém dién nang dang tung
bude dugc chuyén tir thé hé cong to
co sang cong to dién tir, tuy nhién van
dé dong bo chdt chi sb cac khach hang
va clia ca tram bién ap chua duoc thuc
hién tt, dan dén chua danh gia chuén
xé4c tén that dién nang cua tram bién
ap, chua xay dung duoc dd thi phu tai
theo thoi gian thuc.

Pung trudc thach thiic do, chung
t6i da nghién ctru, ché tao ti phan phdi
ha ap vdéi cac chiic nang: Tu dong thu
thap va giam sat s6 liéu (cac tham sb
dong, ap, cong suét, hé sb cong suit
va dién nang); giam sat trang thai cac
thiét bi dong cit; diéu khién dong cat
tir xa v6i thoi gian thuc. Két qua nay
s& gitp ning cao do tin cdy cung cip
dién, nang cao chét luong dién nang,
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giam chi s6 SAIDI va SAIFI, giam
nhan cong van hanh, xac dinh chinh
xac ton thit tai tung thoi diém hay
trong mot khoang thoi gian.
Kay dung mé hinh giam sat va diéu
khién

Céu triic hé théng

Vi tinh hinh van hanh thyc té hién
nay, h¢ thong dugc chia lam 3 tang
(hinh 1).

trude do.

- Truyén thong: St dung moi
truong truyén d?ln Internet c6 day voi
hai giao thic truyen thong http va mqtt
nham dat yéu cau truyén dan 6n dinh,
bao mat cao.

- Trung tAm giam sat va diéu khién:
Giam sat cac tham sO tir cép hién
tmong gui vé, cho phep thiét 1ap va
diéu khién dén cac thiét bi dong cat;
thyc hién cac chic nang khac nhu
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Hinh 1. M6 hinh giam sat va diéu khién tG phan phoi.

Tang trén cung 1a tang tram chu
(quan ly, gidm sat va diéu khién), tang
giita 13 truyén thong, dudi cing 1a cip
hién truong. Trong do, tram chu bao
gém may chu s6 liéu, may chi backup,
man hinh gidm sat, may in va cac thiét
bi ngoai vi; tang truyén thong ddi véi
céc tram phan phdi, véi ban kinh quan
ly khong xa nén don gian thuong su
dung truyén thong internet (co day);
tang hién truong bao gdm cac cam
bién, cac phan tir do ludng (bién dong
dién, bién dién ap, d@)ng hd do cong
sut tac dung, phan khang) va cac phan
tir dong cat (aptomat c6 thé dong cét
tir xa). Chtrc nang cy thé ciia mdi ting
nhu sau:

- Cép hién trudong: Khong chi cho
phép thu thap dir liéu (do luong cac
thong sO dién, moi truong, trang thai
thiét bi...) va truyén vé trung tim, ma
con nhan 1énh tur trung tam thyc thi
cac diéu khién déng cat dién. Ngoai
ra, hé théng s€ tu dong van hanh theo
cac kich ban diéu khién da duoc cai dat
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thong ké Iuu trit, canh bao.
Thiét ké phan citng

Chirc nang ctia ti phan phéi ha
ap bao gém: Thyc hién dong cit tir
xa mach chinh va cac phan nhanh
(aptomat tong va nhanh); giam sat cac
thong sb (dong cac pha, dién ap, chi sb
cong suét tirc thoi va trong mot khoang
thoi gian), nén duoc thiét ké cy thé nhu
sau:

Cdp hién trirong:

Hinh 2 trinh bay so d6 khdi chic
nang cua thiét bi tai tram cua tu phan
phoi, bao gom:

Phén tr thu thap va truyén thong dir liéu

* A4 ‘ *
Phin tirdo || Phin tu Phan tir khac
I 6 4t (nhiét do, do am,
uong ONg €At | hay, khoi, dot nhap)

Hinh 2. So d6 khdi chiic nang thiét bj
tu dong héa tai ti phan phoi.
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Phan tir do luong dién: La cac phan
tur do luong dién tur, c6 kha nang do cac
tham s6 U, I, P, Q, f, cos@, nang luong
tiéu thu... va giri dit liéu do luong dén
RTU qua chuin RS485 duoc thiét 1ap
tai tram. Chung t6i lya chon sir dung
thiét bi: Cong to dién tir 3 pha gian tiép
do Truong Pai hoc Pién lyc san Xuét,
tham s cong to (220 V, 40-100 A, 50
Hz, 3600 xung/kWh va 3600 xung/
kVArh; st dung bién dong BI véi ty sb
bién 600/5).

Phan tir dong cit: Nhiém vy dong
cit cac mach dong luc, ngoai kha ning
tur dong cit khi c6 su ¢b (qua dong hay
cac chtiic nang cao hon cua aptomat),
cit bfing tay, thiét bi con c6 thé thuc hién
dong cit tir xa, ty 1én day cot sau mdi
lan dong cat. Thiét ké tu véi mach tong
¢6 dong dinh mirc 600 A, gdbm 3 xuét
tuyén. Dya vao cac yéu cdu trén, lya
chon aptomat ctiia hang Schneider véi
cac ma sau: MT400/630 - NSX630N
va MT100/160 - NSX160B.

Phan tir do ludng khac (ndng cao):
C6 thé 1ap dat cho hé thong cac tham
sd nang cao nhu cac cam bién do nhiét
d6, 6 4m, cam bién chay khéi va cam
bién phat hién dot nhap tu tai hién
truong dé co quyét sach van hanh phu
hop.

Phan tir thu thap va truyén thong tai
ta phan phdi (RTU): RTU lam nhiém
vu thu thap cac thong s6 tai hién
truong (tir cac phan tir do luong, dong
cit) va chap hanh cac 1énh tir trung tim
diéu khién [1]. Hinh 3 mé ta chtc ning
cua RTU.

Khoi Led
_ hién thi Khéi truyén
Khéi dau vao ¢ thong
tuong tu p ke A
Khéi vi Khoi dau ra
S— xu Iy 80
Khoi dau Y —
Vo sb : Khoi dau ra
Khéi ngudn tuong

Hinh 3. S¢ do khéi chiic ning RTU.



RTU duoc thiét ké bao gdm bo xir
Iy trung tam, cac ddu vao/ra sb, tuong
tu, cac module truyén thong. B xir Iy
trung tim s& thu thap cac thong sd truc
tiép tir cac dau vao sd, tuong tu qua
cong RS485 chuan Modbus ndi voi
thiét bi ngoai vi. Dya vao yéu clu cu
thé, RTU sé& duoc 1ap trinh theo kich
ban dit trude dé giam sat diéu khién tai
tram, dong thoi thiét bi ciing chuyén
cac thong tin dén trung tim quan 1y
van hanh qua module truyén thong
GSM, Ethernet [2]. So @b kh6i b xir
ly trung tim co cAu tao nhu hinh 4.

Khéi ngudn: Khdi ngudn (DC/
DC) (hinh 5) ¢6 nhiém vu chuyén doi
dién DC dau vao/ra cac mirc dién ap
+5V, 3,3V, 2,5 V cung cép cho bd
xu ly trung tam, cac mach dau vao,
dau ra, truyén thong. Ngudn 5 V/3 A
dung IC ngudn chuyén mach dién tir
swiching LM2576HV voi dién ap vao
12-60 VDC [3]. Dé thiét bi hoat dong
lién mach, 6n dinh thi ngudn cung cip
phai dung hai ngudn song song (mot
chay, mot du phong), khi mat dién
hodc hong ca hai ngudn thi thiét bi s&
dung acquy du phong, dong thoi canh
bao hong ngudn hay acquy yéu dé kip
thoi thay thé.

Khdi vi xtr 1y ctia RTU: Khi nay
¢6 thé dung cac ho vi diéu khién ARM
Cortex v6i téc d6 xu 1y nhanh [3].
Tuy nhién, cdc module cua RTU va
cac module diéu khién nho c6 thé chi
can str dung b vi xir Iy PIC18F46K22
hoat dong duoc tdi da 64 MHz xung
nhip. Cau hinh co ban cia khéi nhu
sau: 64 Kbyte bo nhd chuong trinh;
3896 Byte RAM bd nh¢ trong; 1024
Byte bd nhé EEPROM; 10 bit ADC
véi 30 kénh; hd trg cac chuin giao
tiép SPI, 12C, RS232. Ngoai ra c6 thé
mo rong bo nhd luu triv béng thé nho
1én dén 32Gb dam bao luu cac thong
tin dir liéu trong thoi gian dai. So db
nguyén ly cia khdi vi xir Iy dugc mo
ta trén hinh 6.
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Hinh 5. So do nguyén ly khoi ngudn.
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Hinh 6. So do nguyén ly khoi vi xi ly.

Khdi dau vao va dau ra tin hiéu sé:
Khéi ddu vao tin hiéu sé gom 16 dau
vao dugc cach ly quang va bao vé qua
ap. Khdi dau ra sb dugc ndi voi role
cach ly hoan toan véi mach do luong
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giam sat, U23 IC 74HC595 chdt dir
lidu dau ra sb, ULN2803 khuéch dai
dong dé doéng cit 8 role, tiép diém dau
ra role c6 dong lén 5 A/125 VDC, 8
A/220 VAC phu hop cho viéc dong cit
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gian tiép cac may cit hay aptomat ¢
diéu khién.
Truyén thong:

St dung truyén thong qua mang
Internet dé truyén thong tir RTU 1én
Cloud, ding giao tiép truyén thong
RS232, RS485 dé giao tiép véi cac
phin tir do luong, dong cit cua hé
théng va viéc truyén dan dir liéu hoan
toan duoc thuc hién theo chuin truyén
thong cong nghi€¢p MODBUS. Dua
trén cac giao dién don gian cuia RS232,
RS485, cac ban tin dugc dinh dang va
mi hoéa theo chuan MODBUS-RTU.
MODBUS-RTU 1a giao thirc truyén
thong cong nghiép, 1a mot hé thdng
“chit - t6”, “chu” duoc két ndi véi mot
hay nhiéu “t¢”. O day, “chu” 1a thiét bi
RTU, “t6” 1a cac thiét bi hién truong
(phan tir do luong, déng cit), tat ca
duogc két ndi voi mang trong céu hinh
multi-drop [4]. Khi chu MODBUS
RTU mubn c6 thong tin tir thiét bi, chu
s& giri mot thong diép dia chi t6i thiét
bi can lay dir lidu.

Giao tiép Ethernet qua mang
Internet duoc thiét ké trén Module
Ethernet dung vi diéu khién
PIC18F67J60 dugc tich hop sin chuan
Ethernet bén trong. Day la mot giai
phap két ndi hoan chinh, bao gdm
ca module Media Access Control
(MAC) va Physical Layer transceiver
(PHY). Module Ethernet dap ung
tat ca cac chuan IEEE 802.3 cho két
nbi 10-BaseT cap doi xodn, Module
Ethernet sau ché tao nhu hinh 7.

Tram chu:

Tram chu dugc xdy dung dua trén
cac yéu cau cua hé thong: Gom mot
may chu Web (Web Server), mot may
luu du phong (Backup Server), ngoai
ra trong hé thong s& c6 thém cac may
tinh client dé theo doi, giam sat va diéu
khién hé thong qua Internet. Cac may
chu hoat dong lién tuc, khong bi gian
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Hinh 7. Anh module Ethernet sau san xuat.

Thu thap, xt ly T Website
slien | [ ekt J = [ gidm sit
[ [
v v v v v v v v
Thu Doc Iénh| [Di liéu| Dir liéu || Dir liéu||Dit lidu| | Quan Iy || Quéan Thié‘t Xuét
thap d¥|| dicu tai |[thdng tinf|cong to|| dong dang ||ly giam| [1ap diéul|bao cao
ligu tir || khién tir|| khoan || cdc ti | di¢n trr| cat ||nhdp taijsat theof| khién || thong
tu | server || phan |ldongcat| taity ||aptomat khodn || doi ti ké
quyén || haap

Hinh 8. So do chiic nang phan mém hé théng.

doan, doi hoi tinh san sang phai cao, do
vay can nguon cung cap di¢n on dinh,
duong truyén Internet do tin cdy cao.

Thiét ké phin mém

Phan mém may tinh dugc thiét ké
dam bdo cac tinh nang quan ly va gidm
sat nhu d trinh bay ¢ trén. Pé dam
bao nhitng yéu cau d6, phan mém phai
dap tng cac tiéu chi sau: Dé sir dung,
dé hoc, d& thao tac, giao dién truc
quan, dap tmg nhanh, day du cac chuc
ning theo yéu cau va c6 tinh bao mat
cao. Tu d6, nguoi van hanh tai trung
tam diéu khién c6 thé giam sat va diéu
khién dugc hé théng mot cach thuén
tién. Cac chirc ning chinh ctia phan
mém nhu hinh 8 [4, 5].
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Thu thép va xir Iy s6 liéu:

Phan mém thu nhén tat ca dir lidu
tir cac ta phan phdi giri v&, sau do tinh
toan va xir Iy dé luu vao co so dit lidu
(CSDL). Dit liéu duoc truyén nhan
dudi dang cac ban tin dd dugc ma hoa.
Ban tin truyén dugc phan thanh 3 loai
chinh sau: Ban tin thiét lap, ban tin
diéu khién dong cit va ban tin cap nhat

trang thai.

Phan mém thu thap va xu 1y s liéu
duoc thiét ké dya trén giao dién socket,
st dung ngon ngir 14p trinh JAVA va
thiét ké web véi cac cong cu HTML,
CSS [5]. Luu d6 thuat toan cho chuong
trinh dugc mo ta trén hinh 9.
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Socket

Thiét 1ap duong
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C6 ban tin cdu
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Nghe ban tin
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Dung

bung
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Phan tich ban tip, Gui bér} tin cau
tach duong truyén hinh xudng cong
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Ghi dir liéu da xu
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Gri thanh cong ?

Dung

( Két thuc )

Hinh 9. Luu d6 thuat toan phan mém
thu thap di liéu.

Trong luu dd, qué trinh hoat dong
ctia phan mém dugc mo ta nhu sau:

Pau tién, sever “ling nghe” cic
ban tin thiét 1ap tir cac client gii dén
qua sb hiéu cong ciia socket ma né da
dugc cong bb sir dung (co thé nhan dix
liéu dugc gui dén tir nhiéu client cung
mot lac). Khi nhan dugc mdt ban tin
bét ky, server s& nhanh chéng giri lai
mot ban tin xac nhan thanh cong. Tiép
theo, server boc tach va gidi ma ban tin
nhan dugc. Cudi ciing, dit liéu s& dugc
luu trit vao CSDL.

Phia Client: Tai ta phan phdi, bo
trung tdm diéu khién RTU dugc lap
trinh theo mot chuong trinh van hanh
thong minh. Chuong trinh tu dong do
dac va giam sat cac thong s6 tai tram,
sau do truyén cac ban tin 1én server.
Ban tin truyén di chira cac thong tin
bao gém: Thong tin nha tram, cac
thong s6 dién (nhu U, L, P, f) va trang

thai cac aptomat.
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CSDL:

Hoat dong co ban ciia CSDL bao
gém quan ly va truy van. Lya chon
st dung phan mém HeidiSQL 9.3 dé
quan ly va st dung ngdén ngir Java,
MySQL dé viét chuong trinh truy xuét
dit liéu. Cu thé CSDL quén Iy cac phan
sau: DU li¢u tai khoan phan quyén; dir
lidu thong tin cac tu dong cét ha ap;
dir liéu thong sé do cua timg ID, ting
cong to ciia mdi tia dong cit; dir lidu
dong cét aptomat.

Giam sat:

V6i muc tiéu giam sat cac thong sb
clia ti, cta cong to va diéu khién thiét
1ap tir xa qua Internet, nguoi van hanh
chi c6 thé thuc hién dugc cac chic
nang nay khi co dugc quyén truy cap
vao hé théng. Trong giao dién Website
¢6 nhiéu giao dién chirc nang khac
nhau, hd trg ngudi giam sat thao tac va
lam viéc thuan tién, bao gém cac giao
dién chic nang chinh sau: Bang nhép
tai khoan; giam sat theo doi; thiét lap
diéu khién (hinh 10).

A A R AT VA DL M T

i
:
= :
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b) Giao dién dang nhap va so dd mach luc

Hinh 10. Anh sau khi dua ti vao thir nghiém.
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¢) Giao dién giam sat, thiét 1ap va diéu khién
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Quén Iy quyén ding nhéap hé thong:
H¢ théng phan quyén cho nguoi sir
dung bao gdm 2 loai: Quyén giam
sat theo ddi; quyén diéu khién thiét
lap thong s6 cai dit. Chirc nang phan
quyén c6 rat nhiéu tac dung trong cong
tac quan ly n6i chung va van hanh tram
ndi riéng.

Giao dién ngudi may (Human
machine interface - HMI): Tai may
diéu khién trung tdm cta hé thdng
cung cép giao dién cho viéc giam sat
va diéu khién hé théng. Giao dién nay
dugc xay dung tuong dong véi ban
thiét ké cua so dd truyén thong va so
dd mach luc, don gian cho viéc theo
doi hoat dong va than thién voi nguoi
dung, bao gom:

+ Vung thong tin chung: Thong tin
hé thong chi ra ngay, thang hién thoi.
Thong tin nay cho phép truy cap téi
ctra s6 dang nhap diéu hanh, hién thi
tén cua nguoi tryc va thong tin nay
luon duge an.

+ Banner canh bao: Hién thi nhiing
canh bao mai nhat dugc thiét 1ap thong
qua vi¢c cai dat va khong phu thudc
vao nguoi truc/diéu hanh hé thong.
Mot thanh cudn dugce dung dé xem céc
loai canh bao khac.

+ Giao dién so d6 mach luc dugc
thiét ké dang so dd mot soi dé hién
thi truc quan va cung cép cac thong
tin hoat dong cua hé théng. Trén giao
dién c6 thé lya chon ddi tuong dé xem
thong tin (théng s6 van hanh, trang
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thai dong/cit) chi tiét cia timg phan tir
trong hé thng. Bén canh d6 con quy
udc vé mau sic hién thi, gitp nguoi
van hanh dé dang giam sat va xac dinh
tinh trang thiét bi hay toan hé thong.

+ Gui 1énh: Hé théng xay dung c6
chirc ning tu dong diéu khién céc thiét
bi théng qua cac tham sb dit trude. N6
cling cho phép nguoi truc/van hanh
thao tac téi cac thiét bi thong qua viéc
guri 1énh. D4i voi mdi thiét bi duge lwa
chon diéu khién, s& c6 mot ctra s6 cho
phép giri 1énh diéu khién toi thiét bi
d6. Cac ctra s6 kiéu nay cho phép xem
thong tin chi tiét v& mot thiét bi dién
duogc lya chon nhu: Thong tin vé trang
thai thiét bi; cac 1énh diéu khién thiét
bi; thong tin vé do ludng; cira s6 giam
sat do luong.

+ Xem su kién, canh bao, bao cao:
Céc canh bao ¢ thé xem trén thanh
cudn hodc lya chon dé xem chi tiét hon
dudi dang cua s6. C6 thé lya chon dé
xem cac loai canh bao nhu: Muc canh
bao wu tién; canh bao theo loai hinh
giam sat (dong, 4p, trang thai thiét
bi...). Tuong tu, cac su kién trong hé
thong ciing dugc luu trir va cho phép
xem lai hodc 1ap bao céo.

+ Hién thi biéu dd, do thi: Hién
thi bieu do, do thi duge xuét hién khi
ngudi van hanh mudn quan sat su bién
d6i cua ludi dién & cac tuyén, nhanh,
thiét bi dugc lua chon (tuy theo yéu
cau cta hé thong), hay dé danh gia
thong ké phu tai ¢ cac thoi diém khac
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nhau (biéu db phu tai & cac pha tai cac
thoi diém khac nhau), hoic danh gia
mat can bang pha.

Két qua cua qué trinh nghién ctru
va lap dat, to phan phdi dugc hoan
thién dé thir nghiém van hanh (tai
Trung tdm ART, Truong Pai hoc Dién
luc) vao thang 6/2017. Sau thoi gian
thtr nghiém, tu da dap ung duoc cac
yéu cau dit ra, gitp ngudi van hanh
giam sat cac thong sd cua ludi dién,
dé dang lap cac biéu dd phu tai, dicu
khién tir xa viéc d(’)ng/cz“it cac mach
dién, kip thoi phat hién khi c¢6 su cb
dé tim cach cép dién lai cho phu tai.
Do vay, viéc lép dat ta tg dong phan
phdi giup nang cao do tin cdy cung
cap dién, nang cao chit luong dién
ning, an toan, giam thoi gian mét dién
ctia khach hang (giam chi s6 SAIDI,
SAIFI), dong thoi nang cao tinh kinh
té trong van hanh.
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