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TOM TAT

Cdn bang pha la mét trong nhiing Vén dé duwoc chii trong trong céng tac thiét ké va van
hanh hedi dién phdn phoi ha thé. Néu viéc mdt cdn bcingpha qud 16m c6 thé gdy ra qud tdi, ton
that dién nang, va tham chi hie hong mdy bién dp va thiét bi. Bai bdo ndy trinh bay phwong
phdp thiét ké bé can bang pha tu dong cho ludi dién ha dp gdp phan lam gidm i Mdt can bang
dong dién Qiita cdc pha va khéng gdy mat dién trén tdi trong qud trinh tw dong chuyén pha cua
tdi. Phirong phdp dé xudt xir 1y tin hiéu dong dién do dwot tir cdc bién dong mach chinh dé diéu
khién dong ngdt cdc thiét bi dién tir cong sudt chuyén pha két hop Vi cdc thiét bi dong cdt ha
thé nham tao sw cdn bang pha trén lwdi dién phdn phéi, cé khd nang van hanh tai lién tuc va én
dinh. Két qua kiém tra thuc nghiém cho thdy hiéu qud ciia phirong phdp dé xudt cé kha ning
1ng dung trong thuec tién nhue ldp dat tai cde xwong san xudt, hg gia dinh.

Tir khéa: cin bang pha; mdt cdn bang pha; chuyén pha; Ledi dién phan phéi.
ABSTRACT

Phase balancing is one of the issues to be considered in the design and operation of
low-voltage electricity distribution networks. If the phase imbalance is too large, it will cause
the overload, power loss, and even damage transformers and equipment. This paper presents
the design method for automatic phase balance equipment for low voltage distribution
network in order to reduce the current imbalance between phases. In this case study, the
process of automatic phase conversion will not cause blackouts on load. The proposed
method deals with the current signals from the transformer to control switching of power
electronic equipments for the phase transition. In combination with low-voltage switchgear in
order to create phase balance in the networks continuously and stably. Experimental test
results showed the effectiveness of the proposed method. It is applicable for installation at the
factory or household.

Keywords: Phase balancing; phase imbalance; phase transition; low-voltage distribution
network.

1.  GIOI THIEU

Cung voi su phat trién cta nén kinh té, phan pha khong déng déu di giy ra sy mat
x4 hoi, nhu cau sir dung dién cia mdi gia cén bang pha. Viéc mit can bang pha s& lam
dinh ngdy cang ting va phan Ion 1a tai 1 pha, phat nong, hu hai cach dién tai day dan trén
Viéc gia ting nhanh chong cua tai 1 pha va sy pha qua tai; xuat hién dong dién trén day
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trung tinh, gay ra ton that dién ning trén may
bién ap va duong day, lam giam chét luong
dién nang va tang chi phi hoat dong trong
qué trinh phan phéi dién ning.

Theo thong tu 39 cua B cong thuong
vé viéc can bang pha lu6i dién phan phdi [1]:
Trong ché d6 lam viéc binh thuong, thanh
phan tha ty nghich cua dién ap pha khong
vuot qua 3% dién ap danh dinh ddi véi cap
dién ap 110kV hoac 5% dién ap danh dinh
dbi voi cap dién ap trung ap va ha ap. Mat
can bang dién ap 1a su khac nhau vé d6 16n
dién ap pha (day), dién ap cac pha khong
léch nhau 120 & hoic ca 2 1i do trén. Mt
can bang dong dién twong ty nhu mat cin
bang dién ap, gia tri dong dién cac pha léch
nhau khong qué 15%.

C6 nhiéu nguyén nhan gy mat can
bang pha, trong d6 c6 cac nguyén nhan chu
yéu: thanh phan 1 pha trén ludi 3 pha, phan
bd phu tai trén cac pha khong déu, mat can
bang pha trong mdi tai. C6 nhiéu cong trinh
trén thé gidi nghién ciru Vé viéc can bang pha
cho ludi ha ap va giai phap dé giam thiét hai
do mat can bang pha gy ra [2-5]. Cac nghién
ctru nay chu yéu nghién ciru viée tai ciu triic
lugi dé can bang pha, giam ton that, hoic sir
dung hé théng thong tin tiéu thu dién tur
khach hang dé tinh toan dong dién va sau do
chon thtr ty pha dé can bang tai. Tuy nhién
cac nghién ciru chwa dé cap dén van dé giai
nhiét va anh huong song hai khi sir dung
thiét bi dién tar cong suét 1au dai, hodc sur
dung qua nhiéu cac bd chuyén doi.

O Viét Nam hién nay, dé han ché viéc
mat can bang pha, cac cong ty dién luc
thuong sir dung bién phap phan bd phu tai
trén cac pha déu nhau trong qua trinh thiét ké,
hodac hoan vi thuong xuyén phu tai trong
phan phéi dé giam thiéu su khac biét trong hé
thong mdi pha. Tuy nhién, giai phép nay gay
ra nhitng han ché nhu sau: mic du trong thiét

ké, viéc phan bd dong tai trén cac pha 1a déu
nhau, nhung thyc té van hanh gia tri cac phuy
tai khac nhau s& tiép tuc gy mat can bang
pha theo thoi gian; viéc hoan vi phu tai trén
cac pha khac nhau s& gdy mat dién cho phu
tai, gdy ra nhitng bét tién cho khach hang.
Thyc t& da tmg dung md hinh “Thiét ké bo
can bang pha tu dong cho lu6i ha ap” trén
lugi dién Cho Léach, Bén Tre, dua trén céc dé
tai “Thiét ké bo can bang pha tu dong cho
ludi ha ap” ctia Nguyén Ngoc Can - Nguyén
Hoai Thuong [6] va “Thiét ké bd can bang
pha ty dong cho ludi ha ap c6 dong tai 16n”
ctia Nguyén Vian Tho - Thi Thanh Tuyén [7],
cho thay bd can bang pha tu dong c6 han ché
1a: chi chuyén tbt dbi véi tai thuan tro, ddi
V6i tai cam thi van con hién tuong sém pha
hoic tré pha dong dién trong qua trinh
chuyén pha lam thiét bi hoat dong khong on
dinh. Bai bao nay trinh bay viéc thiét ké bo
can bang pha ty dong cho luéi ha ap c6 xem
xét dén giai phap han ché hién tuong tré/som
pha str dyng giai thuat do tim diém zero khi
chuyén pha ddi vai tai cam, dé xuat giai phap
diéu khién hoat dong dong ngat chuyén tai
trén cic pha ma khong giy mat dién trén tai,
nham tao su can bang pha trén luéi dién, co
kha ning van hanh tai lién tyc, on dinh va
nang cao chat lugng van hanh phu hop véi
diéu kién thyc té cua Viét Nam. Ngoai ra, bai
bao con d& xuat giai phap sir dung thiét bi
dong cat dai han két hop véi sir dung linh
Kién dién tuo cong suat ngin han dé han ché
triét dé viéc phat nong va khir song hai do sir
dung linh kién dién tir cong suat gay ra. Két
qua thuc nghiém cho thiy hiéu qua cua giai
phap dé xuét.

2.  THIET KE BQ CAN BANG PHA
TUDONG

2.1 Yeéu cau thiét ké

Bo6 can bang pha tu dong duoc thiét ké
Vi cac yéu cau sau:
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- bién ap dinh mac cua tai 230VAC

- Dong dién 16n nhit trén day pha: phu
thudc vao ti s& cua may bién dong (50/5,
100/5, 200/5,...).

- Kha nang mang tai: phu thugc vao dong
dinh muc cia SCR va Contactor.

- Tu dong chuyén tai qua lai gitra cac pha
ma khong 1am mét dién hay giy su ¢
ngin mach.

Duya vao yéu cau thiét ké, bo can bang
pha tu dong duoc xay dung trén 5 khdi co
ban: khéi Iy tin hiéu (bién dong); khdi diéu
khién; co cdu chiap hanh (SCR-Contactor);
khéi hién thi; tai. So do khdi cia hé thong

nhu Hinh 1.
KHOILAY KHOI CO CAU
TIN HIEU PIEU KHIEN CHAP HANH

KHOI TAI
HIEN TH]

Hinh 1. So dé khéi cia hé thong cdn pha
O day: khdi lay tin hiéu st dung cac
bién ap 220V/12V (1A) va cam bién dong
ACS712 d do dong va 1a tin hiéu ngd vao
khdi diéu khién so sach léch pha; khéi diéu
khién str dung board Arduino dé xir 1y tin
hiéu lay tir cam bién ACS712, bo xur Iy song
sin va dua ra tin hiéu diéu khién cho co ciu
chap hanh (SCR-Contactor); khéi hién thi sir
dung man hinh LCD hién thi dong dién trén
cac pha va gid tri léch pha cho phép dé tién

theo doi va cai dat gia tri do Iéch cho phép.

2.2 Thiét ké mach dong lwe va mach
diéu khién
Mach dong luc 1a mach chiu trach
nhiém mang tai trong thoi gian dai, va mang
tai trong qua trinh chuyén pha. Do d6, khi
thiét ké sir dung: SCR dé mang tai trong qué
trinh chuyén mach, do qua trinh chuyén

mach nhanh coi nhu tic thoi khong gay mat
dién va khong anh huéng nhiéu téi qué trinh
hoat dong cua thiét bi; Contactor chiu trich
nhié¢m mang tai trong thoi gian dai va han
ché song hai trén lugi khi sir dung SCR lau
dai, do qua trinh chuyén mach cua contactor
cham nén chi dung dé mang tai sau khi SCR
chuyén mach xong; CB véi chirc ning chinh
la bao vé ngan mach, cach ly mach diéu
khién va mach dong luc. So dd két ndi mach
dong lyc va mach diéu khién trinh bay &
Hinh 2 va Hinh 3:
15

CB

SCRa SCRs
XK [ X [
LOAD

' N

Hinh 2. So d6 nguyén 1y mach dong luc

Hinh 3. So do két néi mach diéu khién
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POQC TIN HIEU TU
CAM BIEN

DPONG SSRa

TiNH DONG

3

PONG CTTa

NGAT SSRx

DELAY DELAY

[ NGAT cCTA X0 | [ NGAT ceTy, X1 |

[ DELAY | I DELAY |

DO PIEM ZERO DO PIEM ZERO
La Le

[P

[ CHTRINH NGAT 0]

[ cH TRINH NGAT 1]

[ pEtavams | [ DELAY4ms |

DO PIEM ZERO DO PIEM ZERO
Le Le

[ cH TRINH NGAT O]

[ CH TRINH NGAT 1]

DELAY I DELAY

DELAY [ DELAY

\ | |
‘ DPONG CTTg ‘ ‘ DPONG CTT, ‘
\ | |
\ | |

NGAT SSR;
[ \

END

Hinh 4. Luru do gidi thudr diéu khién mach
cdn bang pha tu dong

BO DO PIEM
ZERO PHA A
BO DO DIEM
ZERO PHA B
3 CHO PHEP DO ZERO
UNG KHI CO DI o

DO PHA A

A==B

ccTa

corHAB |'|

s s
— =5 - 35 5
ccTe

SONG RA
TAL

boPHAB I
Bo>A 2s 1s  Scrs
e S
ccTe
DO PHA A ﬂ
CRA 2s 1s

ceTa
SONG RA /\
AT \/ \/ \/

Hinh 5. Gidan do thoi gian déng ngdt thiét bi

Céc ngb ra cua bién dong s& dugc mic
ndi tiép véi cam bién ACS712 c6 tin hiéu
ngd ra dién 4p ti 1& tuyén tinh voi dong dién
qua cam bién. Cac dau ra dién 4p cua cam
bién dugc doc boi by ADC cita vi diéu khién
va tinh gia tri chénh 1€ch Al gilra cac dong tai
trén cac pha. Gia tri chénh léch gitra cac
dong tai Al s& dugc so sanh véi ngudng dé
quyét dinh dua ra tin hiéu diéu khién dong
ngit SCR va Contactor. Viéc ldy tin hiéu
dang song trén pha A va pha B gitp dong
ngat chinh xac tai diém zero cia mdi pha.
Luu do giai thuat diéu khién va gian do thoi
gian trinh ty déng ngit cac thiét bi & mach
dong luc qua relay trung gian, twrong ung cac
khoang thoi gian chuyén mach trinh bay ¢
Hinh 4 va Hinh 5.

3.  THU NGHIEM MO HINH

Bo can bang pha tu dong sau khi thiét
ké duoc tha nghiém trén 1u6i 1 pha 3 day c6
so d0 két nbi trinh bay ¢ Hinh 6.

A Ta)

N Py . |

cimpiina ) ( cAmBIENB BIENAPA| [BIEN APB CCTA SCRg CTTB

= Ll
ARDUINO [/|MACHXULY
e

LOAD

SONG
MACH KiCH
RELAY

Hinh 6. So do két néi bg cdn pha tir déng
trén luoi I pha 3 ddy

3.1 Mb ta so dd két ndi va thir nghiém

mo hinh

Chtic ning cua cac thiét bi trén mé hinh:

- Bién dong duoc lip trén La va Lg dé lay
tin hiéu dong di¢n trén day pha.

- Cam bién dong dién (ACS712) chuyén
d6i dong dién thanh dién 4p tuyén tinh
theo dong thir cap cua bién dong.

- Mach xu 1y song nhén tin hi¢u cho phép
tir vi diéu khién Arduino, cho phép mach
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xtr Iy song hoat dong va day tin hiéu vé
vi diéu khién Arduino.

Vi diéu khién Arduino xu 1y tin hiéu tir
cam bién va dua ra 1énh cho mach xu ly
song hoat dong. Sau khi nhan tin hi¢u tu
mach xir 1y séng Arduino dwa ra quyét
dinh qua mach diéu khién relay.

Tai duoc ddu trén ca 2 pha La, Lg thong qua
SCRa — Contactora va SCRg— Contactorg .

e

Hinh 7. Thiét bj cdn bang pha tw déng cho
ludi ha ap sau khi thi cong

O day:
1. CB dong tai 2. Module Contactor
3. Module SCR 4. Adapter cap ngudn

5. Domino dau ndi
7. Arduino+LCD

6. Mach kich SCR
8. Bo mach kich

9. Bién 4p lay tin hiéu 10. Relay trung gian.

Nguyén ly hoat dong:

O diéu kién binh thuong (Ia < 1,15.11 ),
tin hiéu diéu khién & ngd ra cua vi diéu
khién s& kich dong SCRa, kich ngit
SCRp va Contactorg. Sau khoang thoi
gian 2s kich dong Contactora xong 1s sau
kich ngit SCRa Tai dugc dau trén La.

Khi dong mét can bang vuot qua muc
cho phép (I.a> 1,15.1.g), tin hiéu diéu
khién ¢ ngd ra cua vi diéu khién s& kich
dong SCRa sau 1s ngét Contactora. Sau
khi ngat Contactora mach diéu khién cho
phép mach xu 1y song hoat dong, mach
xtr 1y séng xac dinh diém zero cua La va
ngit SCRa. Tiép d6 mach xir Iy séng xac
dinh diém zero cua Lg va dong SCRg sau
khoang thoi gian 2s kich dong Contactorg
xong 1s sau kich ngit SCRg. Tai duoc
chuyén tir La sang L.

Viéc kich ngit SCRa truéc khi dong
SCRg dé khong xay ra su ¢6 ngan mach.

Viéc do diém zero dé mach c6 thé chuyén
chinh x4c tai thoi diém c6 dién ap bang 0,
ngat tai diém nao cua pha A thi s& dong
tai diém d6 cua pha B. Uu diém Ién nhat
cua Viéc nay 1a han ché som tré pha do tai
cam gay ra.

Thoi gian chuyén mach tir SCRa sang
SCRg gan nhu 1a tc thoi, vi vay khong
gdy mat dién cho tai. SCR giap han ché
hd quang khi dong cit.

Contactor dong vai tro chinh trong mach
luén c6 kha nang mang tai 16n sau khi
SCR bi ngit, giup van hanh lién tuc, dong
dién chay qua SCR chi trong thoi gian
ngan nén it sinh ra nhiét do va triét tiéu
Viéc sinh ra song hai.

Két qua so sanh dang song ngd ra trong

treong hop cd/ khong c6 giai thuat do tim
diém zero trinh bay ¢ Hinh 8 va Hinh 9.

Hinh 8. Dang song dong dién khi khong co

gidi thudz do tim diém zero



20 Tap Chi Khoa Hoc Gido Duc Ky Thudt Sé 37 (09/2016)
Truwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

Trig'd
T

Diém 1: Ngit pha A  DPiém 2: Pong pha B
Hinh 9. Dang song dong dién khi cé sur dung
gidi thudt do tim diém zero

3.2 Ung dung thyc té md hinh

Trudng hop mé hinh lap dit thir nghiém trén
may bién ap 1 pha, 12.7/0.4kV, 25 kVA, c¢6
so do két ndi nhur Hinh 10.

[TAr14]

@ A
B

25 kVA I
127/04 kV | TAI 1B | TAI2B

[Tar...| |TArns|

Z

BO CAN
BANG PHA
TUDONG.

TAI nB

Hinh 10. So' d6 téng thé khi mdc bg cdn bang
pha thuc té

Trén thyc té khong can lap qua nhiéu

bé can bang pha bai vi:

- Khi thiét ké duong day phan phdi ha ap,
ngudi thiét ké da phan chia pha gan nhu
can bang veé 1y thuyét.

- Tuy nhién, do cac hd gia dinh ti€u thu
dong khong qué 16n, nén chi can lip mot

bo can bang pha cho nhom ho tiéu thu,
g vé6i dong dinh muc cua bd can bang
pha bang 1/2 gia tri chénh léch cuc dai
gitra 2 pha.

Gia su trén duong day mach chinh c6
dong 16n nhat tai gio cao diém 1a 100A mdi
pha. Trong qua trinh do dac nhan thay su
chénh 1éch dong tai mach chinh tai cac thoi
diém khac nhau gitra 2 pha 1a 20A (16n nhat).
Nhu vy ¢ thé dat mot hoic vai bo can bang
pha tai tai hoic nhém tai gan cudi hodc tur
nira cudi duong day phan phdi co dong tai
Xap Xi 10A 1a c6 thé can bang tai tét duoc
duong day nay va tiét kiém chi phi dau tu.

4. KETLUAN

Bo can bang pha tu dong sau khi thiét
ké c6 thé chuyén d6i tai tu dong gitta cac pha
khi xay ra hién twong mat can bang pha ma
khong gdy mét dién trén tai gop phan lam
giam ton that dién nang trén ludi dién. Mach
thiét ké hoat dong on dinh dbi véi tai dén,
may vi tinh, ddng co 1 pha...va c6 kha nang
mang dong tai 16n, triét tiéu van dé phat nong
va song hai khi str dung thiét bi dién tir cong
suat. Két qua thir nghiém cho thiy bo can
pha ty dong chuyén tai nhanh tai cac thoi
diém dinh trudc va c6 thé van hanh dugc tai
cam, trong qua trinh chuyén mach, tai mang
tinh cam van c6 thé hoat dong binh thudng
cho thay hiéu qua cua phuong phap dé xuét,
lam nén tang dé ung dung vao viéc phat trién
hé théng can bang pha ty dong tai cac tram
bién 4p phan phdi, hay diéu khién tir xa.
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