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With the development of industrialization and modernization, the role
of the power supply system has become increasingly important.
Researching and developing automatic transfer switch systems from the
main power source to alternative backup sources to ensure stability is
crucial. Nowadays, data centers, hospitals, and manufacturing plants
require high levels of electrical safety and stability, with a zero
tolerance for power outages. This paper presents the research results of
designing a control system for two DIESEL generators applied in a
factory. The control panel system has been constructed and practically
tested, and its operating modes operate stably and accurately according
to the specified algorithm flowchart. The system can amplify power to
ensure compatibility with high-capacity systems, making it suitable for
places with high requirements for electrical stability, especially in
factory applications.

NGHIEN CUU THIET KE HE THONG DIEU KHIEN HAI MAY PHAT DIEN
DIESEL UNG DUNG TRONG NHA MAY

Nguyén Quang Nhi

Truong Pai hoc Céng nghé - Pai hoc Qudc gia Ha Noi

THONG TIN BAI BAO

TOM TAT

Ngay nhan bai:  09/6/2023
Ngay hoan thién:  13/7/2023
Ngay ding: 13/7/2023

TU KHOA

ATS (Cong tic chuyén doi
tw dong)

Generator

UPS

PLC

HMI

Cung V6i su phat trién cong nghiép hoa — hién dai héa, vai tro cua hé
thdng cung cap dién ngay cang dugc chu trong hon. Viéc nghién ciru va
phat trién hé théng tu dong chuyén doi ngudn tir ngudn dién chinh sang
cac nguon du phong khac nham dam bao sy 6n dinh cho hé thng 1a rat
can thiét. Hién nay, cac trung tdm dit lidu, bénh vién, nha may san xut
déu doi hoi sy an toan va 6n dinh dién véi yéu cau cao hodc co thé 1a
tuyét ddi khong thé mat dién. Bai bao nay trinh bay két qua nghién ctru
thiét ké hé théng diéu khién hai may phat dién DIESEL ung dung trong
nha may. Hé thong tu dién diéu khién da duoc xdy dung va thir nghiém
thuc té, cac ché d6 da hoat dong 6n dinh va chinh xac theo luu d6 thuat
toan dé ra. Hé thdng co thé khuéch dai cong suit dé dam bao véi cac hé
thdng c6 cong suét I6n, rit phu hop cho nhitng noi ¢6 yéu cau vé do on
dinh dién cao dac biét 1a tng dung trong nha may.
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1. Gigi thigu

Hién nay, cdc nguyén nhan mat 6n dinh dién cua hé thong c6 thé ké dén nhu cit dién do qua
tai, sy ¢b truyén tai vé duong day, bao tri duong day truyén tai. Cac nguyén nhan nay déu dan
dén mot két qua do 1a mat dién khu vyc cuc bo trong mot khoang thoi gian tily vao thoi gian khac
phuc cua nhitng doanh nghiép cung Cap dién [1].

Tir van dé trén, cac nghién ctru V€ lam giam thiéu su c6 [2], tang su 6n dinh cua hé thong cung
cap dién thuong dugc t6 chic theo 5 Kiéu cau trac sau: Cau trac ATS véi ludi chinh - lugi du
phong (hinh 1c) [4], ludi chinh — may phat (hinh 1b) [3], ludi chinh - luéi du phong - may phat
(hinh 1a) [5], ludi chinh - 2 may phat du phong (hinh 1d) [6], ludi chinh - may phat két hop UPS
(hinh 1e) [7].

Theo thoi gian, tu dong hoa trong hé théng cung cap dién tré 1én rat quan trong. Hé thong nay
loai bo cac rui ro van hanh ciia con ngudi, ting tinh linh hoat trong didu khién hé thdng, bao tri
bao dudng, chuan doan 13i hé théng. Viéc nghién ciru danh gia chon lya hé théng phu hop Vi
nhu cau thyc té 1a giai phap cho cac chii doanh nghiép, trang trai cong nghiép vé van dé dam bao
6n dinh dién cho hé thong [8].
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Hinh 1. Cdc cdu triic hé théng ATS phdé bién (a): ludi chinh - lwéi du phong — mdy phat,
(b): ludi chinh — mdy phat, (c): ludi chinh - lw6i dw phong, (d): lwdi chinh - 2 mdy phat,
(€): ludi chinh - mdy phat ket hop UPS
Qua trinh phan tich dénh gi4 chon lya CAu tric va tinh toan xay dung can rat nhiéu kién thirc
chuyén mon nhu tinh toan thiét bi trong mang dién xi nghi¢p [9], thiét keé h¢ thong diéu khién st
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dung PLC — HMI [10], [11], mang truyén thong cong nghiép... O Viét Nam hién nay cling co rat
nhleu hé théng ATS véi du loai cau trac, tuy nhién chua c6 cong trinh nghién ctru nao tong hop
Vé cac cau trac hé thdng ATS va tinh toan xay dung thiét ké mot hé thong méi duge cong bb. Do
d6, bai bao nay gidi thiéu cac két qua nghién ciru thiét ké hé thong diéu khién hai may phat dién
DIESEL tung dung trong nha may nham muc dich tao co s dir liéu tham khao phuc vu cac
nghién cuu.

2. Phuong phap thiét ké
2.1. Phén tich ddnh gid cdc cdu triic ATS

Nhu da dé cap o trén, ATS c6 nhiéu ciu trac khac nhau phu hop véi timg yéu cau khac nhau.
MJi cau triic c6 tung uu, nhuge diém cu thé. St dung Ciu trac nay thi co thé khac phuc 15i ton
dong cua cac cAu trac kia, tuy nhién lai sinh ra cac 16i khong mong mudn.

Véi ciu trac st dung nguyén 1y theo bo UPS thi c6 wu diém chuyén doi nguon nhanh, téc do
gan nhu bang 0. Nhung nhugc diém cta né 1a & van @& dung luong luu trir d&é cung cép khi dién
luGi bi mat mot thoi gian dai.

Véi ciu tric st dung mot ngudn ludi chinh va mot ngudn ludi du phong, wu diém cua hé
thdng 1a c6 thé chuyén dbi dién néu mot trong hai luéi bi mit, dam bao tinh kinh té cao. Tuy
nhién, ciu tric nay chi duoc str dung & mot s6 khu vire ¢6 hai ngudn cép riéng biét va khong thé
cung cép dién cho phu tai néu ca hai ludi cing mat,

Céu trac ATS sir dung ngudn ludi va may phat du phong co thé sir dung ¢ hau hét cac khu vuc
Véi tat ca cac loai phu tai, may phat nho gon, co thé cung cap dién trong subt thcyl gian mat ludi,
chat luong dién ap t6t. Nhuge diém cua ciu tric dén tir chi phi van hanh cung cap dién cao, trong
mot sb trudng hop may phat co thé khong hoat dong do nhiéu nguyén nhén nhu khong dé dugc, bi
hong hoc... Viéc s dung thém mot mdy phat dién khéc co thé khic phuc dugc hién tuong trén, co
thé luan phién hoat dong nham kéo dai tudi tho may, ning cao d tin cay cung cap dién.

2.2. Lwa chon phuwong dn thiét ké hé thong ATS

Qua viéc danh gia, nhin chung, cdu trac ATS sir dung hai may phat cé thé khic phuc duoc hau
hét cac 15i ton dong, cung cap dién véi do tin cay cao.

Trong bai bdo nay, tic gia s& di nghién ctu, thiét ké hé thong ATS va diéu khién may phat ty
dong voi ciu trac mot ludi chinh két hop hai may phat dy phong.

Vé cong sudt cung cap:

Hé théng hoat dong véi ludi dién 3 pha 4 day. Phu tai hau hét 1a dang tai thuan tré véi tong
cong suat hoat dong cung luc 1a 4 kW.

Vé mdy phat dién:

Dau phét c6 cong suat 5 kW, 3 pha 4 day. Pau phat dugc kich tir bang mach két hop gitra mot
may phat dong bo va hé thong chinh luu. Hé thong kich tir ciia may phat duoc trang bi mot bo ty
dong diéu chinh dién 4p (Automatic Voltage Regulator — AVR). Pong co kéo chay bang dau
diesel dugc khoi dong bang bo dé mot chiéu véi dién ap 12V. Co hé théng siy lam néng trudc
khi dé. Piéu khién may phat bang 4 tin hiéu bat may phat, sy, dé khoi dong, off.

Vé hé thong leu trit dién cung cap cho h¢ thong ATS:

Hé thdng luu trir co thé st dung nguon acquy tr may phat, duogc qua mach tang ap 1én
220VDC cung cap cho toan mach dleu khién.

Vé chi thi hoat déng va Idi su co:

Chi thj hoat dong va thong bao 13i su ¢ bang dén bao tin hiéu.

Vé yéu cdu cong nghé:

Hé thong c6 ché do hoat dong thi cong va tw dong, dirng khan cp khi c¢6 sy ¢b. C6 lwa chon
wu tién may phat, cudng bac chon ngudn dién cip cho phu tai. Bén bao trang thai hoat dong va
thong béo 19i.
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Hé thdng lién tuc giam sat chét lwong dién ap. Khi c6 su cb dién xay ra trén ludi chinh nhu
mét ludi, mat pha, sut ap dudi 0,9 Uy, qua ap trén 1,1 Uy, khong dung thir tu pha, mat d6i xang
qua murc cho phép phai phat tin hiéu khai dong may phat sau 5 s nham kiém tra xem ludi dién co
lai dién (trong trudng hop mat) hoic on dinh (trong trudng hop chat lugng dién kém).

3. Két qua nghién ctru

Tir cdu tric hé théng ATS ludi chinh — 02 may phat dy phong da duoc néu 6 muc 1 va céc gia
thuyet cdng ngh¢ duoc néu ¢ myc 2, tac gid da dua ra duge cac thong s6 thiét bi phu hop cho
phan ctimg va thiét ké phan mém, giao dién diéu khién sau:

3.1. Théng sé hé thong

Nguyén Iy hoat dong Cua hai may phat dién: Dya vao tinh hinh thuc té va céc tai liéu tham
khao tac gia da dua ra luu d0 nguyén 1y hoat dong & hinh 2. Qua trinh khéi dong méay phat dién
dua trén diéu kién kiém tra ngudn dién chinh c6 dang thyc sy 6n dinh (du dién 4p, du 3 pha, ding
thir ty pha, khong mat trung tinh). Khi dién lugi mét an toan hé thong sé ra lénh khoi dong may
phat wu tién trong truong hop may phat wu tién khoi dong thanh cong, hé théng sé dong tai véi
ngudn cung cap 1a may phat wu tién. Truong hop may phat vu tién khoi dong khong thanh cong
s& ngay lap tirc khoa dé khai dong va phat ra tin hiéu canh bao. Cung luc d6 khoi dong may phat
phu, quy trinh khéi dong lac nay nhu qua trinh khoi dong may phat wu tién. Vi luu db thuat toan
nay hé thdng cung cip dién dwoc nang cip tin cdy 1én 2 1an, dam bao su 6n dinh dién cho hé
thong. Luu dd thuat toan nay sé lam tién dé cho cac thudt toan trong cic chuong trinh diéu khién
cua b lap trinh PLC.
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Hinh 2. Luu do nguyén 1y hoat déng cia 02 mdy phat dién DIESEL trong hé thdng
Théng s6 phan dong luc:
Véi hé thong hoat dong vai ludi dién 3 pha 4 day c6 tong cong suat 4 kW, dién ap 380VAC,
cos u=0,8. Tur do, xac dinh dugc dong dién dinh mirc bang cong thuc:
Pdm

lgm = 1
an V3 * Ugp, * cos u (1)

Véi cong suét t6i da Py, = 4kW, dién ap dinh mic Uy, = 380V, hé sé cos p = 0,8 thay vao
cong thtc, tinh dugc:
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4000
V3 %380 % 0.8

Tur s6 liéu tinh dugc, ta tién hanh chon cac t}liét bi phan dong luc nhu Aptomat, cong tic to,
relay nhiét, day dan dong 7I1,rc theo bang tiéu chuan IEC phu hgp.
Chon thiét b diéu khién:

=7.6 (4) 2

lymax = lam =

@ (b)
Hinh 3. (a): PLC Mitsubishi FXIN-40MT, (b): HMI Wecon LEVI 2070D

PLC FXIN- 40 MT: Pay la mot san pham néi bat cia hang Mitsubishi (hinh 3a), v6i thong sd
ngudn cip 1a dién ap 220V va co 24 ngd vao cach ly/16 ngd ra transistor. San pham cé day du
tinh ning dé co thé lap trinh diéu khién tin hiéu hé thong ATS lu6i chinh — 02 may phat du
phong. Mot sé tinh nang c6 thé ké dén nhu truyén thong RS - 422 thyc hién nap chuong trinh
hozc truyén thong véi cac thiét bi hién thi khac, sé luong déu vao, déu ra phu hop véi hé thong
dam bao du tin hiéu diu khién, chirc ning mé rong thém cac module cho cac tinh ning bao vé va
nang cap sau nay.

HMI Wecon Levi 2070D: Poéng vai tro hién thi cac thong tin, thong sé cho nguoi dung dé
dang thao tac cai dt, theo ddi va diéu khién giam sat hé thong (hinh 3b).

Giao dién dieu khién giam sat théng qua HMI:

Hé thong diéu khién hai may phat dién DIESEL duoc thiét ké giao dién diéu khién trén man
hinh HMI Wecon Levi 2070D bang phan mém LeviStudio cua hing Wecon. Giao dién man hinh
duoc thiét ké v6i nhiéu tinh nang nhu hién thi trang thai hoat dong cua cac ngd vao/ra cua hé
thdng, cai dat dugc cac tham s can thiét nhu thoi gian luan phién gitra hai may phat, thoi gian
trang thai hoat dong cua cac thiét bi. HMI duoc két ndi giao tiép truyén thong véi PLC
Mitsubishi FX1N-40MT thong qua cap RS — 422. Trén hinh 4 1a giao dién thuc té duoc thiét ké
bang phan mém LeviStudio.

THE ATS ELECTRICAL CABINET CONTROLS 2 GENERATORS HH:MM:SS »ﬁ
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Hinh 4. Hinh anh thiét ké giao dién diéu khién trén phan mém LeviStudio, (a): Man hinh chinh HMI,

(b): Man hinh diéu khién giam sdt hé thong 02 mdy phat dién DIESEL

http://jst.tnu.edu.vn

Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 381 - 388

T dién diéu khién gidm sat cho hé théng:

V6i hinh 5 13 hinh anh thyc té cua tu dién diéu khién hé thdng chuyén doi nguén gitra nguon
ludi chinh va 02 ngudn du phong — may phat dién DIESEL. Tu dién dugc xdy dung timg budc tir
tinh toan — thiét ké mé phong — thi cong lap dat va chay thyc nghiém. Céc thong s dugc cai dat
qua HMI hodc tu giao dién phan mem lap trinh GX — Worksz

(@ (b)
Hinh 5. Hinh anh thuc té cua hé thong ti dién, (a): Hinh anh mdt trueéc ti dién,
(b): Hinh san mat sau canh tu dién,(c): Hinh dnh bén trong tu dién

3.2. Thudt todn diéu khién

Hé thong duoc thiét ké hoat dong & 2 ché d¢ hoat dong, ché do hoat dong bang tay va tu dong.

- Ché d6 bang tay: ché do nay duoc thiét ké cho ngudi str dung c6 thé lya chon ngudn cho phu
tai va khoi dong may phat dién khi c6 1énh diéu khién.

- Ché db ty dong: & ché do nay chwong trinh dugc lap trinh thanh nhiéu chwong trinh ty dong
nhé hon khéc theo luu d6 thuat toan & hinh 6.

+ Ché d6 tu dong khai /dong may phat khi c6 su cb vé dién luéi chinh

+ Ché d6 tu dong ngat ngudn du phong, tit may phat dién va chuyén qua st dung nguén
ludi chinh

+ Ché d¢ tu dong khoi dong luan phién may phat khi may phat theo thoi gian cai dat cua
nguoi dung

+ Ché do ty dong khoi dong may phat dién chay ché lam 4m khi khéng co6 su ¢6 vé dién theo
thoi gian dugc cai dat sin. Vi du: néu dién ludi chinh khong mét dién hay c6 su cb vé dién trong
thoi gian cai dat 1a 7 ngay thi s€ tu dong khoi dong 02 may phat chay bao dudng trong thoi gian
5-10 phut nham muc dich cho may phat hoat dong lién tuc va tron chu.

Hé thong tu dién duoc thiét ké nhiéu ting 16p bao vé khi gap su ¢é vé diéu khién nhu:

- C6 nut dirng khan cp duoc sir dung khi hé thong c6 su ¢d. Chire nang ngat ngudn ra khoi
phu tai va ra 1énh diéu khién stop 2 may phat.

- C6 céc cau chi bén trong mach diéu khién nham bao vé hé thong khi ¢é su ¢b ngan mach
qua tail.

- C6 coi bao khi xay ra hién tuong 16i dé may phat dién, nhim canh bao cho ngudi sir dung
kiém tra va khac phuc su cé.

http://jst.tnu.edu.vn 386 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 381 - 388

Bat dau

Y

Kiém tra Switch F o bat? T > Kiém':; dién

Dong dién
Main-Load

Tét dién
Gen-Load

Doéng dién
Gen2-Load

Dong dién
Main-Load

v

Tit may phat

F Gen2

<
khong 16i2_~" © A
i

Khéi dong
Gen2

Dém s8 lan
khéi déng

Déng dién
Genl-load

Dém sd 13n
khéi ddng

Khéa khéi dong
Genl1, bdo I3i

Chay bao dudng
I3n lrot cdc méy
phat 15*

Khéa khéi dong
Gen2, bdo I6i

v

Hinh 6. Luru do thudt todn diéu khién PLC cua hé thong
4. Két luan

Nghién ciru nay da dua ra phén tich dénh gi, tinh toan thiét ké ché tao va thuc nghiém hé
thdng diéu khién hai may phat dién DIESEL tng dung trong nha may. Ti dién dugc thiét ké véi
kich thuéc 500x700 mm, céc thiét bi dugce tinh toan lua chon phu hop véi cong suét dit ra va co
kha nang khuéch dai cong sudt theo nhu cau. Két qua thuc nghiém cho thiy hé théng hoat dong
VGi day du tinh ning dé ra. Do d6 san pham cua nghién ciru nay c6 thé duge dua vao tng dung
truc tiép trong thuc té.

Ung dung nay cho thay nhiéu tiém nang trong thyc té nhu: dam bao 6n dinh dién trong cac
nha may, xi nghiép, trang trai, bénh vién,... Lam giam rui ro thiét hai vé kinh té, tang tinh linh
hoat trong van hanh bao tri, bao dudng hé théng cung cap dién.
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