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NGHIEN CUU THIET KE CHE TAO THU NGHIEM HE THONG

GIAM SAT DIEN NANG TRONG NHA MAY

A STUDY ON DESIGN AND FABRICATION OF A POWER MANAGEMENT SYSTEM FOR FACTORIES

TOMTAT

Dién nang chiém mot ty trong I6n trong viéc st dung nang lugng thi cap tai céc nha may hién
nay. St dung nang lugng tiét kiém va hiéu qua la mdt yéu cdu cap thiét dat ra ddi vdi cac dan vi st
dung nang lugng trong diém. Tuy nhién viéc gidm sat hé théng dién trong nha mdy hién nay da phan
dugc thuc hién thi cong. Diéu nay dan tdi khé khan trong viéc phén tich danh gia viéc st dung nang
lugng tiét kiém hiéu qua. Ngoai ra, viéc khdng cd hé thong gidm sat, canh bao tiic thdi cac tinh trang
bt thudng trong van hanh hé théng dién 6 nquy co gay ra cac su ¢6 nghiém trong nhu chdy, ng, mat
dién va ngirng san xuat. Thiét hai vé kinh té va con nqudi trong cac su cd nay la rat IGn. Do vy can thiét
ting dung hé thong giam st hé thang dién theo thai gian thuc gitip gidm sat, phat hién va canh béo
s6m cac diéu kién bt thudng trong van hanh, qua dé gitip nguai van hanh ¢6 thé khic phuc trudc khi
suf ¢0 xay ra. Bai bao nay trinh bay két qua nghién ctiu thiét ké, ché tao hé thong giam sat dién nang
ting dung cho cac dan vi st dung nang lugng Idén, qua dé gitip st dung nang lugng tiét kiém va hiéu
qua, giam su 6 bat thudng va ho trg bao tri, bdo dudng theo diéu kién ((BM). Chiic nang chinh dudc
1ap trinh, thiét ké trén mach dién tl va chudng trinh giam sat dugc viét trén phan mém tap trung gitip
ngudi van hanh st dung thuan loi. Gic két qua thir nghiém hé thong dé xuat cho cac két qua dap (ing
nhu cau quan Iy, van hanh clia cac don vi st dung nang lugng.

Tir khéa: Hé théing gidm sdt dién nang; gidm sdt; quan Iy; chudn dodn; su ¢6; CBM.

ABSTRACT

Electricity accounts for a large proportion in the use of secondary energy in factories today.
Economical and efficient use of energy is an urgent requirement for key energy users. However, the
monitoring of the power system in factories is currently mostly done manually. This makes it difficult to
analyze and evaluate the efficient use of energy. In addition, the absence of a monitoring and immediate
warning system in the operation of the power system may cause serious problems such as fire, explosion,
power failure and production stoppage. The economic and human losses in these incidents are enormous
and uncountable. Therefore, it is necessary to apply a real-time power system monitoring system to
monitor, detect and give early warning of abnormal conditions in operation, thereby helping the operator
to remedy the problem timely. This article presents the results of research, design and manufacture of the
power monitoring system for large energy users, thereby helping to use energy economically and
efficiently, reducing abnormal incidents. It also helps to maintenance according to condition (condition
based maintenance - (BM). The main functions are programmed and designed on electronic circuit. The
monitoring program is written on the centralized software to help the operator use it conveniently. The
test results of the proposed system meet the management and operation needs of electric power systems
in factories.

Keywords: Smart transformer; monitoring; management; diagnostic; fault; CBM.
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Nguyén Hiiu Puc

1.DAT VAN BE

Trong nhirng nam qua, Viét Nam la
mét trong nhitng nén kinh t& phat trién
nang déng véi téc dé tang truéng GDP
binh quan vao khoang 7%/nam. Bi cing
véi su phat trién ca kinh t€, xa hoi thi
nhu cdu vé nang luogng néi chung va
dién nang noi riéng ngay cang tang cao,
véi muc dé tang truéng nhu ciu dién
khodng 12 - 15%/nam [1]. Dé dap ung
v&i muc tang trudng nhu vay thi ap luc
dau tu xdy dung cac nha may dién mdi,
di cung véi dau tu hé théng truyén tai,
phan phé&i méi. Viéc dau tu nang cap
méi hé théng dién quéc gia doi hoi
nguén luc vé tai chinh rat 1én. Trong
qua trinh s dung nang luong cing da
chi ra nhitng tén tai nhu s dung nang
lugng chua hop ly, t6i uu. Nhiéu nha
may, cong xudng chua cé gidi phap s
dung nang lugng t&i uu, k€ hoach san
xudt chua hgp ly. Phuong phap quan ly
nang luogng cén thé so, thiét bi giam sat
tai ché phan tan, tén nhan luc van hanh,
di liéu chua sé héa.

Chinh pht da phé duyét Chuong
trinh quéc gia vé st dung nang lugng
tiét kiém va hiéu qua giai doan 2019 -
2030 [2]. Chuong trinh dat muc tiéu dat
muc tiét kiém nang lugng tu 5,0 dén
7,0% téng tiéu thu nidng lugng toan
qudc trong giai doan tir 2019 - 2025,
gidm muc tén that dién ning xuéng
thdp hon 6,5%. Cac doanh nghiép dang
huéng dén &p dung tiéu chuin 1SO
50001 nham tiét kiém chi phi, huéng
t&i hé théng quan ly nang lugng theo
cac tiéu chuén tién tién, qua dé ting
dugc lgi thé canh tranh, nang cao tinh
minh bach.

Do vay, nhu ciu ung dung hé théng
gidm sat, do ludng, phan tich nang
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luong dién, an toan, tiét kiém la xu thé tat yéu déi véi cac
don vi st dung dién.

Trén thé gidi da cé mét s6 giadi phap vé gidm sat va do
ludng, phan tich nang lugng nhu hé thdng CMS-700 cla
ABB, Eco PMS cta hang Schneider, Eco Webserver cla
Mitsubishi,... Cac hé théng cta nhiing hang Ién c6 rat
nhiéu uu diém, céng nghé cao, théng minh [3-26]. Tuy
nhién, cac hé thédng dé van con mét s han ché vé tinh linh
hoat trong thuc té€ van hanh cac hé théng dién & nhiing
nudc dang phéat trién nhu phdn mém chua tuy bién theo
nhu cdu thuc té€ cla doanh nghiép, ngén ngi st dung la
tiéng Anh dan dén khé khan cho ngudi van hanh. Ngoai ra,
chi phi dau tu rat [én.

SO DO HE THONG SEMS-L
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Hinh 1. S¢ d6 khdi giai phap dé xuat

Véi chi truong thuc hién cdch mang 4.0 ctia Chinh pht
cling nhu tinh than “Make in Vietnam”, tac gia da trién khai
nghién ctu thiét k&, ché tao hé théng giam sat dién nang
cho cac don vi tiéu thu dién. Tac gid da lam chu cac céng
nghé tién tién nhu céng nghé dién t, céng nghé loT, céng
nghé théng tin.

Bai bdo dugc bé cuc nhu sau: Phan 1 gigi thiéu vé nhu
cau gidm sat nang lugng. Phan 2 trinh bay mé hinh giai
phap dé xudt cla tic gid. Phan 3 trinh bay thiét ké ché tao
va thi nghiém kiém chiing duoc trinh bay trong Phan 4.
Phan 5 13 mot s6 két luan va huéng nghién ciu phat trién
tiép theo.

2. MO HiNH GIAI PHAP GIAM SAT PIEN NANG

Giai phap dé xuat dugc mé ta nhu trén hinh 1. Gidi phap
gém cac thiét bi thu thap di liéu dat tai hién truéng; cac bd
xU ly di liéu va truyén di liéu; va phdn mém thuc hién trén
nén tang web-server.

Thiét bi tai hién trudng nhu déng hé do dién nang
(multi-meter), cdc cdm bién,... c6 nhiém vu thu thap cic
théng s dién cla cac tai dién nhu déng dién, dién ap,
cosphi, cdng suat, nang lugng, chat lugng dién nang; théng
s6 dai lugng khéng dién nhu nhiét dé ddu cap thanh cai,
nhiét dé mai trudng,...
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Hé théng bao gém cac Interface dé thu thap dii lidu tu
cac thiét bi cap trudng (Multile Meter, SGMV,...) thédng qua
Modbus RTU. Mét Interface giao ti€p t6i da 10 déng hé do.
Sau d6 di liéu dugc chuyén déi dua vé Gateway (SEMS-
G4.2L). Mét Gateway thu thap di liéu t8i da 50 déng hé do.
Gateway két néi Interface théng qua giao thic Modbus
TCP/IP.

Céc thiét bi trong hé théng déu dugc thiét ké “Plug &
Play” rat dé tich hgp va lap dat cho cac hé théng ci hoac
méi clia khdch hang. Cac dudng truyén tin hiéu st dung
mang LAN cuc bd c6 san & cadc nha may céng nghiép.

Hé théng linh hoat véi tuy chon nhiéu dong déng hé
clia cac hang cung cap khac nhau. Tat ca déu duoc déng bd
dit liéu trén hé théng cha SES. Vi du: Schenider, Mitsubisi,
Selec, Mikro, Tense,...

Phan mém dugc viét nhdm hién thi, giam sat cac théng
s& tir cac sensor thu thap, cé thé vé biéu dé, xuat bao cdo
tay theo nhu cdu ngudi van hanh.

3. THIET KE, CHE TAO, XAY DUNG GIAI PHAP

Giai phap dé xuat sé bao gém céc thiét bi Interface va
Gateway |3p dat gan cac déng hé do. Sau dé di liéu thu
thdp dugc sé truyén vé server va dugc phdn mém phan
tich, x{ ly hién thi trén giao dién véi ngudi st dung.

3.1. Thiét bi Interface

Interfae dugc thiét ké véi chic nang thu thap, chuyén
déi dir liéu cta cac thiét bi trudng vé chuan ctia SES. Moi
Interface c6 thé thu thap di lidu téi da 10 déng hé théng
qua mang RS485. Dir liéu nay dugc chuyén vé Gateway
trung tdm théng qua mang LAN.

Interface c6 thé cai dat dé két ndi véi nhiéu dong déng
hé khac nhau, dia chi mang, s& déng hé két néi, th&i gian
timeout clia dudng truyén cé thé cai dat thong qua phan
mém cai dat.
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Hinh 2. S¢ do khoi mach thiét ké Interface

Hinh 2 mé ta so do6 khai thié€t k€ mach thiét bi Interface.
Théng s6 ky thuat chinh cia bd Interface dugc trinh bay
trén bang 1.
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Bang 1. Thong so ki thuat clia bd Interface

Interface

POWER [VDCI[A] 24+10%3A
RS485 Modbus RTU

Gng1/0 ha::B Modbus TCP/IP
WIFI

Nhiét d6 hoat dong [d 0-60

Cai dat DIN Rail [mm] 35

Két noi Pitch [mm] 3,81

Dif liéu thu thap MM 10

Trang thai den LED Power-Active

Luu d6 thuat toan cai dat cho bod Interface dugc thé
hién trén hinh 3.

INITIALIZE

TASK : Modbus RTU
Req from MM

TASK :
ModbusTCP/IP
Tran to Gateway

TASK : Setup Device

TASK : Status Device

Hinh 3. Luu dd thudt toan thiét bi Interface
3.2. Thiét bi Gateway

Gateway dugc thiét ké véi chiic nang |a mét bé thu thap
dir ligu trung tam, quan ly mét nhém thiét bi trudng, cu thé
la dir liéu cha t6i da 50 déng hé. Cac di liéu giam sat dugc
Interface & cac khu vuc khac nhau gui vé. Cac dir liéu dugc
dinh dang theo chuén cta SES.

POWER
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Hinh 4. S¢ d6 khdi mach thiét ké Gateway
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Céc di liéu gidm sat dugc thu thap va gui lién tuc 1én hé
théng server. Véi cac khu vuc, nha may da cé mang LAN
cuc bé thi hé théng tich hop ngay trén duéng mang vat ly
nay, véi cdc nha may chua cé ha tdng mang hoac viéc xay
I3p gap nhiéu kho khan thi cé thé st dung mang khéng day
va 4G.

Cac théng s6 vé cdu hinh mang, s& két néi véi Interface,
céng két ndi, dia chi server cé thé cai dat thong qua phan
mém setup.

INITIALIZE

TASK :
ModbusTCP/IP

Req from Interfaces

TASK :
ModbusTCP/IP
Tran to Server

TASK : Setup Device

e

Hinh 5. Luu d6 thudt toan thiét bi Gateway
SEMS-L Local Block Diagram

(T O

nestDaE Bl n

Hinh 6. S¢ do khdi két ndi thanh phan trén phan mém
Hinh 4 mé ta so d6 khai thiét ké mach Gateway. Luu dé
thuat toadn cai dit cho bé Gateway dugc thé hién trén hinh
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5. Cac dac tinh ky thuat chinh cla bé Gateway dugc trinh

bay trong bang 2.

Bang 2. Cac dac tinh ki thudt chinh clia b Gateway

SEMS-14.2G

POWER [VDd[A] 24+10% 3A
RS485 Modbus RTU
LANx2 Modbus TCP/IP

. USB-B -

Cong1/0 46 MaTT
WIFI -
(ANbus -

Nhiét d6 hoat dong L] 0-60

SD Card 16GB

(ai dat DIN Rail [mm] 35

Két noi Pitch [mm] 3.81

Dif liéu thu thap MM 50

4G

Trang thai dén LED Power-Active

3.3. Phan mém

Phan mém dugc cai dat tai server giap thuc hién cac
chiic nang sau:

¢ Gidm sat dugc théng sé dong dién tuc théi tai cac tai
dién cé 13p dat déng hé do dién nang.

¢ Gidm sat dugc théng sé dién ap tuc théi.

¢ Gidm sat dugc théng sé céng sudt tiéu thu tdc thai tai
cac tai dién co |3p dat déng hé do dién nang.

¢ Giam sat dugc dién nang tiéu thu tich lay cta ting
thanh phan cling nhu cta toan bé nha may.

¢ Cac théng sé chat luong dién nang nhu THD duogc thu
thap, gidm sat va phan tich trén phan mém.

e Chu ky gui dir liéu cé thé cai dat dugc téi don vi phut.

¢ Canh bdo van hanh, canh bao trang thai duoc cai dat
tuy theo hién trang van hanh cta ting thiét bi, day chuyén
san xuat, gitp phat hién sém cac nguy co tiém an su cé.

Tat ca cac chuc nang trén dugc tich hop trén mét thiét
bi nhé gon, hé théng Web sever ti uu, ¢ tinh md gitip cho
viéc van hanh, tich hop hé théng dé dang.

4, KET QUA THU NGHIEM

Giai phap duoc tha nghiém tai Lab ctia Cong ty TNHH
Giai phép lugi dién théng minh SES. Cau hinh th nghiém
gém:

Mé hinh thir nghiém véi KIT Demo-1 gém 6 diém do.

C&u hinh hé théng:

+ 6 déng hé do véi cac hang khac nhau: SELEC MFM384,

SELEC EM386, Mitsubisi ME96SS, Schneider PM2100, TENSE
EM-07K, Mikro DPM-380.

+ 2 Interface
+ 1 Gateway
+ PC Server:
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Trong qua trinh thi nghiém thi hé théng giam sat dién
nang hoat dong én dinh va dap (ing cac yéu cau bai toan
dat ra. Hinh 7 mé ta hinh anh |13p dat thiét bi hién trudng tai
tram bién &p. Cac chic nang chinh cia hé théng sau khi
th nghiém dat dugc nhu sau:

e Da thu thap va dua vé man hinh hién thi gidm sat
dugc cac théng sé dién nhu dong dién, dién ap, cosphi,
cdng sudt, ...

e Vé biéu dé cac thong sé gidam sat theo thai gian thuc.

¢ Xuat cdc bdo cdo vé di liéu van hanh theo nhu cau
ngudi st dung.

¢ D{t liéu thu thap dugc dén tung phut va chu ky dit liéu
6 thé thay déi tuy theo tinh trang thuc té cua thiét bi cing
nhu nhu cdu ctia don vi van hanh.

e Khi c6 tinh trang bat thudng, hé théng tu déng hién
thi cdnh bao trén man hinh giam sat ciing nhu gui tin nhan
hoac/va email t&i ngusi van hanh.

e D liéu thu thap duoc s6 hoa va xuat bao cdo tu dong
theo yéu cau ngudi van hanh.

una

Hinh 8. Giao dién phan mém vdi nguoi st dung

Man hinh gidm sat ctia phan mém dugc mé ta nhu trén
hinh 8. Ngudi van hanh c6 thé st dung may tinh tai phong
diéu khién trung tdm hoic cac thiét bi théng minh c6 két
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noéi mang dé theo déi, giam sét tinh trang van hanh cda
MBA. Hinh 9 mé ta dif liéu nhiét dé duoc giam sat cling nhu
biéu d6 nang lugng theo gid. Nhu trén hinh 9 thi cac dir
lieu dugc thu thap theo chu ky 5 phut. DU liéu vé dién ap va
cosphi dugc giam sat bang biéu d6 nhu trén hinh 10. Khi co
cac van dé bat thudng thi phan mém tu déng guii canh bao
cho ngudi van hanh nhu mo ta trén hinh 11.
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Hinh 11. Man hinh giam sat thong sd chinh
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SMART ENERGY MANAGEMENT SYSTEM - 53M-SEMS-L
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Hinh 12. Minh hoa giao dién tinh tién dién st dung

Hinh 12 minh hoa giao dién tinh tién dién s dung.

Vi két qua thd nghiém mé hinh giai phap dé xuat nhu
trinh bay & trén thi hiéu qua chinh mang lai doi vagi don vi
van hanh hé théng dién trong cac don vi st dung nang
lugng la:

e Thu thap d liéu tir cac cac déng hé multi meter qua
dé thu thap va hién thi dii liéu vé tiéu thu dién nang, théng
s6 van hanh mot cach truc quan giup ngudi van hanh, chu
s& hitu cé céi nhin tdng quan vé tinh trang clia may bién ap
(hinh &nh biéu dé dir liéu theo thaoi gian).

® Giam sat cac tai dién theo thai gian thuc,

¢ Giam chi phi nhan céng, téng tinh an toan cho ngudi
van hanh.

e Gilip ngudi van hanh téi uu lai hé théng dién trong
nha may nham gidm tén that, nang cao hiéu qua s dung
nang lugng.

e GiGp nha may, nha xudng dap ting tiéu chuan 1SO
50001 va thuc hién céng viéc kiém toan ndng lugng dé
dang va chinh xac.

¢ Thu thap d liéu cta cac day chuyén, xudng san xuat
gitip ngudi van hanh dua ra dugc cac ké hoach san xuat
téi uu.

¢ Canh bdo sém nhiing bat thudng, ngan ngiia su cé,
giam chi phi lién quan do viéc mat dién ti su cd clia may
bién ap.

¢ Giam chi phi van hanh, bao tri, stia chira thiét bi.

¢ Dap ung xu huéng sé hoéa di liéu, thuc hién quan ly
san xuat theo xu huéng cdch mang 4.0.

5. KET LUAN

Bai bdo da trinh bay nghién ctu thiét ké ché tao thd
nghiém hé théng gidm sat dién nang tng dung cho cac nha
mady, nha xuédng, tda nha va cac don vi stf dung nang luong
I6n. Hé théng thu thap, gidam sat va cdnh bao theo théi gian
thuc. Gidi phap gém cac thiét bi duoc l3p dat tai cac tai tiéu
thu dién, cac bé chuyén déi va truyén dit liéu va phan mém
phén tich xt Iy d liéu tap trung. Hé thdng linh hoat & kha
nang cé thé tich hop va mé& réng véi cac phan ciing khac
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nhau. Phan mém cé thé tuy bién dap ting theo tting nhu cau
cu thé cia ngudi st dung nang lugng. Giai phap nay dac biét
can thiét trong cudc cach mang s6 héa cla nganh nang
luong néi riéng ciing nhu xu huéng ting dung cdch mang 4.0
trong san xuat ctia Viét Nam néi chung.

Huéng nghién cuu tiép theo ctia nhém la: (1) tich hop
hé théng gidm sat dién nang nay vao hé théng quan ly san
Xuat cia nha may; va (2) stt dung nhiing thuat toan hién dai
dé phan tich, chan doan céc su c6 cé thé xay ra, gilp ngudi
van hanh c6 quyét dinh can thiép kip théi, chinh xac.
Huéng téi viéc trién khai bao tri, bao dudng hé théng dién
trong nha may theo tiéu chuan tinh trang thiét bi (CBM).

LO1 CAM ON: Nghién ctu nay duoc thuc hién véi su
gitp d& cta Céng ty TNHH Giai phap luéi dién théng minh
SES.
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