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HE THONG SCADA VA UNG DUNG
TRONG XU LY NUGC THAI CONG NGHIEP

D6 Thi Mai
Truong Pai hoc Cong nghé thong tin va truyén thong - DH Thai Nguyén

TOM TAT

Céc hé théng SCADA hién nay dugc tng dung trong hau hét tat ca cac linh vuc tir cong nghiép,
n6ng nghiép, giao thong vén tai, quan sy, y té, truong hoc...Viée nghién ciru va Gmg dung ching
dang la nhu cau cap thiét d6i voi sy phat trién nén kinh té - xa hoi... Trong bai bao nay, bang viéc
thu thap dir liéu vé cac tiéu chi xtr Iy nude thai; phan tich mo hinh hé thong va cac yéu cau vé cong
nghé; dya trén cac tiéu chi va chi ti€u chét lwong hé diéu khién — giam sat; dwva trén mot s6 két qua
nghién ctru ing dung hé thong SCADA di duoc cong b, chiing tdi dua ra mot quy trinh thiét ké,
xdy dung hé thong SCADA trong xu ly nud6ce thai cong nghiép nha may bia tai Viét Nam. Két qua
tmg dung hé thong SCADA trong cac co s¢ san xuat nay gop phan ting ning suat lao dong, giam
nhan cong lao dong truc tiép, giai phong stc lao dong cua con ngudi tai mot s6 vi tri cong viée
ning nhoc va doc hai, giam chi phi va gia thanh san xuat.

Tir khéa: hé thong SCADA; diéu khién — gidm sat; thu thdp dir liéu; PLC, WinCC; xit [y nudc thdi
cong nghiép
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SCADA SYSTEM AND APPLICATION
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ABSTRACT

Nowaday, development and application of SCADA system is a necessary demand for socio-
economic development. They are applied in almost fields from industry, agriculture,
transportation, healthcare, schools... In this article, by collecting data on wastewater treatment
criterias, analyzing system model and technology requirements; based on the criteria and quanlity
of the control-monitoring system; with some results of applied SCADA system research, the
author presents the process of designing, building SCADA system in industrial wastewater
treatment in Vietnam. The application of SCADA system in these production facilities greatly
contributes to increasing labor productivity, reducing direct labor, liberating human labor in some
hard-working and toxic positions, reducing costs and productions costs.
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1. Gidi thiéu chung hé scada
1.1. H¢ thong SCADA

Supervisory Control And Data Acquisition la
hé¢ thong phan mém va phan cing cho phép
cac t6 chtc cong nghi¢p thuc hién nhiing
chirc nang [1] sau:

- Diéu khién (Control)

- Hién thi (Display)

- Canh bao (Alarm)

- In 4n (Report)

- Luu trit (Archive)

Hé théng SCADA mang y nghia rit quan
trong trong viéc gitip cho cic td6 chuc cong
nghiép duy tri hi€u qua cac hoat dong san
xuat, xur ly dir liéu nhanh chong va kip thoi
giup cong ty/ doanh nghiég dua ra cac quyet
dinh thong minh hon, truyen nhén thong tin
trong hé thong theo cac giao thic chuin héa
qudc té, t6i wvu v& mat kién trac va phuong
phap xtr ly xung dot, giup hé thdng giam thiéu
thoi gian chét [2], [3].

1.2. Cic thanh phén chinh ciia h¢ théng SCADA

- Giao dién qua trinh: cdm bién, thiét bi do,
thi€t bi chuyén d61, co cau chap hanh.

- Thiét bi diéu khién tw dong: cac bo diéu
khién chuyén dung (PID, CNC), cac bd diéu
khién logic kha trinh (PLC), cac bo di€u
chinh so don 1é...

- Hé thdng diéu khién giam sat: phdn mém va
giao dién nguoi may, cac tram ky thuat, tram
van hanh...

- H¢ thong truyét} thong: giao thltc mang,
thi€t bi trong hé thong mang.

- Hé thong bao vé: thyc hién chirc ning an toan.
Vé co ban, hé SCADA (minh hoa nhu trong
hinh 1) Ia mdt h¢ ket hop phén cimg va phan
mem [1] nham muc dich tu dong héa viéc
quan ly, giam sat, diéu khién cho mét doi
tugng cu thé trong nhi€u nganh cong nghiép
hién dai: Cong nghiép; Nong nghi€p; Giao
thong van tai; Pién nang; Vién thong; Quan
su...[4], [5].

1.3. Lgi ich ciia h¢ SCADA

Néng cao néng sut; Cai thién chét luong san
pham; Giam chi phi van hanh bao tri; Giam

chi phi nhan cong, lao dong; Giam gid thanh
san xuat; Bao toan von dau tu [4, [5].
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Hinh 1. Minh hoa hé thong SCADA phdn xudng
1.4. Mt 56 hé thong SCADA tiéu biéu hién nay
WinCC - Siemens, Trace Mode — AdAstra,

Labview — National Instrument, Intouch —
Wonderware [6].
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Hinh 2. So d6 khoi chire ndng hé thong xir Iy miede
thai cong nghiép nha may bia

2. Xwr ly nuwéc thai cong nghiép

- Xir Iy nudc thai nhim loai bd - phan hay
chat 6 nhidm ra khoi nudc thai, chuyén déi
thanh ngudn nudc co thé dua trd lai chu trinh
st dung trong moi truong (tai su dung truc
tiép) hodc sir dung cho mét sé myc dich khac.
- San phdm cta hé théng xur Iy nude thai: chét
thai ban rin hodc bun, chit long (nuwéc) di
qua xir y. Chiing s& dwoc qua mot s6 khau xu
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1y tiép theo nham muc dich tai sir dung trong
trong trot, tudi tiéu...[2]

Quy trinh xr ly nudc thai thong thuong bao
gom cac khau thé hién tai so d6 khdi trong
hinh 2 nhu sau:

- Phén tich — xtr 1y so bo;

- Loc, loai bo chét thai rén, bun...

- Piéu hoa chit lugng nudc;

- Xtr Iy so cap — tach bun lang;

- X1r Iy thir cdp — mang loc loai bo ham luong
cac chat hoa hoc trong nudc thai.

3. Muc dich va yéu ciau h¢ SCADA trong
xit ly nwée thai cong nghiép

3.1. Muc dich

Muc dich xay dung hé théng SCADA [2,3]:

- Thu thp dir ligu vé trang thai doi tugng dicu
khién, trang thai hoat dong toan hé thong thoi
gian thuc;

- Theo doi truc quan hoat dong cua toan bd
thiét bi trong hé thong voi dit lidu thoi gian
thuc théng qua man hinh giao dién giam sat
HMI, qua giao dién giam sat trén PC, hoac
cac man hinh LCD...;

- Dicu khién theo thudt ton da dugc I3p trinh
san trong truong hop On diph; dicu lfhién tire
thoi hé thong khi co yéu cau thay doi tai bat
ky thoi diém nao;

- Ty dong xu ly dir liéu hé thong theo cac
giao thuc truyén thong;

- C4u hinh, chuan doéan tram;

- Luu trir dit liéu — bao cao hé théng hoan chinh;
- Canh bao hé théng khi c6 su cb:

- Giao dién diéu khién giam sat truc quan,
sinh dong;

- Tiét kiém chi phi, t6i wu nguén nhan luc;

- Cai thién diéu kién lam viéc;

- Nang cao hiéu qua va tudi tho thiét bi;

- Tang ning suit lao dong.

3.2. Yéu cau chirc nang

- Piéu khién ty dong: sir dung cac thiét bi tu
dong dé tac dong 1én qua trinh cong nghé can
diéu khién theo thuat toan da dugc dinh trude.
Pay 1a qua trinh quan trong quyét dinh dén
murc d0 ty dong hoa cua hé théng.

- Hién thi thong sb qué trinh hoat dong cua hé
théng va ddi twong didu khién — gidm sét:
chirc ning nay cta hé thdng SCADA tao diéu
kién cho viéc theo doi, giam sat cac thong s,
trang thai thiét bi, su ¢b mot cach truc quan.

- Cau hinh hé thdng: cau hinh phan cimg, cau
hinh truyén thong cho céc tram trong mang.

- Cai dat tham sb: cai dat, thay ddi cac tham
s6 cong nghé nhu cac gia tr dit, ngudng canh
b4o, bao dong. Gop phan nang cao do 6n dinh
ciing nhu d9 an toan cia hé thong.

- Ty dong bao vé: bao vé may moc, thiét bi,
toan hé thong thoat khoi cac sy cd khong
mong mudn do cic yéu t6 chi quan hodc
khach quan gay ra.

- Canh béo, bao dong: dugc thuc hién thong
qua mot s cac thiét bj phan cing nhu coi,
dén bao, chudng... hoic hién thi thong qua
mau sic hinh anh dong trén giao dién giam
sat (phan mém) nhiam muc dich bao dong sém
hodc thong bao cac thong s6 vuot ngudng qua
do trong qua trinh diéu khién.

- Luu trit, bao cao: dudi dang céc file théng
ké, hinh 4nh d5 thi....

- Piédu khién — giam sat tir xa: cho phép thuc
hién chirc ning diéu khién tir xa qua mang
LAN, WAN...

- biéu khién du phong: thyc hién nhim muc
dich ting sy 6n dinh va an toan ciia hé thong,
gitp hé théng hoat dong lién tuc ngay ca
trong truong hop co su ¢d xay ra ddi voi mot
s6 thiét bi quan trong trong hé théng.

4. Phén tich, xdy dung hé thong SCADA xir
ly nwée thai cong nghiép
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Bang 1. Bdng chitc ndng va thong sé xdy dung hé SCADA [4], [5]
STT Cong Nhiém vu Thiét bi trong tirng Théng s6 do lwdng, diéu
doan cong doan khién, giAm sat, cinh bio
1 Béthu  Thu gom toan by nudc thai - Cam bién mirc (1) - Muc nudce dudi (LT1 T)
nha may dé xur Iy sau khi dd  cao, thap - Muc nuéc trén (LT1_C)
loai bo rac thai va bun qua - Cam bién nhiét do - Nhiét @6 (0 — 50°C)
song chin -Bom 1 - Thoi diém dong mo bom 1
2 Bédiéu -Suc khi oxy cho bé -Cambién mic (2) - Muc nudc dudi (LT2_T)
hoa -Trung hoa nudc thai ¢é dat  cao, thap - Muyc nudce trén (LT2_C)
gia tri PH tiéu chuan - Cam bién do 6 pH - Thoi gian md van NaOH
-Bom 2 - Thoi gian mé van HCL
- May suc khi 1 - Thoi diém dong mé bom 2

- Van NaOH, van HCI - Thoi gian khudy

- Bong co khudy
- Cam bién nhiét

- Nong d6 DO (1-3 mg/l)
- Thoi gian suc khi oxy

- Cam bién ndng dd oxy - Nong do pH (6.5 — 8.5)

3 Bé 1€ing Nudc thai duoc dé léng tu

- Cam bién muc (3)

- Thoi diém déng mé bom 2

1 nhién dé loai b chatranlo  cao, thap - Thoi gian hoat dong cia bom
lirng va bun -Bom 3 chim 1
- Bom chim 1 - Muc nude dudi(LT3_T)
- Myc nudc trén (LT3_C)
- Thoi gian ldng tir 0.5 — 1.5 gioy
4 Bé  Xu ly sinh hoc ky khi - Cam bién mic (4) - Muc nudc dudi(LT4_T)
USAB cao, thap - Muc nudc trén (LT4_C)
- Bom 4 - Thoi gian khudy
- May suc khi 2 - Thoi gian suc khi oxy
- Pong co khudy - Thoi diém dong mo bom 4
5 Bé X ly sinh hoc hiéu khi - Cam bién muc (5) - Muc nuée dugi(LT5_T)
Aerotank cao, thap - Muc nuéc trén (LT5_C)
-Bom5 - Thoi gian suc khi
- May suc khi 3 - Nong d6 pH (6.5 -8.5)
- Cam bién ndng dd - Ndong do DO (1 — 3mg/I)
pH, oxy - Thoi diém dong mo bom 5
6  Bélang Nudc thai dwoc délangty - Cam bién mirc (6) - Thoi diém dong md bom 6
2 nhién dé loai bo chitrinlo  cao, thép - Thoi gian hoat dong cia bom
lirng va bun -Bom 6 chim 2
- Bom chim 2 - Muc nude du6i(LT6_T)
- Muc nudc trén (LT6_C)
7  Békht Dung Clorua véi (CaOCly) - Cam bién mirc (7) - Muc nuée dudi(LT7_T)
trang  dé khur trung vi khuén gay cao, thap - Muc nudéce trén (LT7_C)
hai. -Bom 7 - Thoi gian suc khi

May théi suc khi gitip qué

- May suc khi 4
trinh khir tring dat hiéu suat - Cam bién nong do
cao pH, oxy

- Nong do pH (6.5 - 8.5)
- Nong d6 DO (1-3 mg/l)
- Thoi diém dong mo bom 7

Céu tric phan cirng h¢ SCADA dicu khién
— gidm sat hé thong xu ly nudc thai cong
nghiép (nha may bia) [3]:

Trong hinh 3, vai tro cta cac thiét bj dugc thé
hién nhu sau:

May tinh céng nghi¢p: st dung PC cong
nghiép co gi(f) bén va gié tin cay cao, co cai dat
cac g6i phan mem di€u khién — giam sat - thu
thap dir liéu hé thong.

Tram PC

- Tai cép quén ly, diéu hanh c6 thé 1a mot hay mot
nhom cac may tinh lién ket véi nhau thong qua
mang LAN thyc hi¢n nhiéu nhi€ém vy khac nhau.

- Tai cip giam sat, didu khi,én s€ thuc hi¢én
nhiém vy: ho trg 1ap trinh, cau hinh h¢ thong
va tham s0 héa céc tram; hién thi, thong bao
bang do hoa, xur Iy thong tin do luong, cac
tham s6 coéng thirc, bang ghi bao cdo...
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Hiqh 3. Mo hinh phdn qcfp chirc nang va mang
truyén thong trong hé thong xir Iy nudc thdi cong
nghiép nha may
Tram diéu khién: PLC S7-300 (CPU 313C-
2DP): thyc hién chirc nang diéu khién, luu trix
va xur ly thong tin. PLC S7-300 st dung c6 2
cong truyén thong, 01 MPIL, 01 Profibus DP

phuc vu ghép ndi vao mang Profibus.

Remote 1/O: str dung nhdm mé réng cac cong
vao ra trén PLC. Remote 1/O c6 bd xtr 1y co
kha ning xir Iy giao thirc truyén thong trudc
khi dua thong tin 1én bo didu khién trung tam.
Remote 1/O ghép nbi v6i PLC S7-300 thdng
qua mang Profibus DP.

Cic thiét bi trwong: cam bién, co cAu chap
hanh, thiét bi dua tin hiéu dau vao PLC ghép
ndi truc tiép voi bd vao ra Remote I/0 (IM
153-1).

Piéu khién h¢ thong

Céc thong sb can thuc hién cac chire nang do
luong, diéu khién, giam sat, canh bao, hién
thi, luu trit... trong ting khau da dugc liét ké
nhu trong bang 1.

Lap trinh diéu khién hé thong tién hanh theo
cc thuat toan dugce thé hién nhu trong cac
hinh tir hinh 4 dén hinh 11.

Thudt todn diéu khién

Hinh 5. Thudt todn diéu khién bom 2
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2]
i J
Bom3i=0

'

Hinh 6. Thudt todn diéu khién bom 3

Hinh 7. Thudt todan diéu khién bom 4 Hinh 9. Thudt todn diéu khién bom 6
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Hinh 11. Thudt todn diéu khién: a/ may suc khi;
bl bom chim
Giam sat — Thu thap dir liéu
Hinh &4nh qua trinh (Process screen) chinh
thuc hlen chtre nang diéu khién — giam sat:

- DO b A Y ]

=Ee & -...=
" =3 ==
NaF> @ :

o000

Hinh 12. Main Process Screen

Theo man hinh gidm sat chinh (nhu trong
hinh 12) nguoi van hanh c6 thé quan sat dugc

tong thé hoat dong cua hé thong xir 1y nudc
thai theo trinh ty dién bién qua trinh. Thong
tin vé trang thai hoat dong cua cac thiét bi
trong hé thong ciing duoc biéu thi théng qua
su thay doi mau sic cta dbi tuong trén man
hinh giao dién giam sat. Cac thong s6 do
luong, diéu khién, giam sat thyuc té tai timg bé
dugc biéu thi thong qua truong vao/ ra. Dong
thoi cac gia tri dat ciing co thé duoc thay doi
thong qua cac cong cu online cia WinCC.
Ngoai man hinh giao di¢n chinh, cdc man
hinh giao dién b6 tro duoc xay dung nham
hién thi trang thdi hoat dong cu thé cua cac
thong sb thong qua cac hinh thic biéu thi khac
khau: dang bang - table, dang dd thi - trend.
Viée chuyén ddi giita cac hinh anh giao dién
qua trinh dugc thyuc hién théng qua cac nit didu
khién sau khi da dugc lap trinh C va VB.

IRl WD DOTH PR DUM AT DORT

o ot . ) (@] [E) ([ Ge) (] e

-~
~ 2

r‘l)l!l’i!:ni".v

1
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Hinh 13. Table Onine Control

Du¢i dang bang bleu (hinh 13), céc gié tri cua
thong s mong mudn hién thi (vi dy nhu mure
nudc trong timg bé) s& dugc 1dy miu voi thoi
gian lay miu dugc cai dat trude. Cac gia tri
nay s€ dugc cap nhat mdt cach lién tuc theo
tinh nang thoi gian thuc.

LAY Db II\'
[33a] [@a] [=a]

o r P10 M 0. NN ™ "y
L. "o 1

M mase
NN

(RPN AL ]
Tuady ® coesiew

Hinh 14. Trend Online Control
Hinh 14 biéu thi sy thay doi ciia mot s thong
s0 giam sat (myc nudc trong be, myc hoa chat
trong binh...) theo gian dudi dang do thi. Pay
la dang biéu thi truc quan, sinh dong nhat cta
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mot ham bién thién theo thoi gian ma WinCC
cung cap.
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Hinh 15. Alarm, Warning
Nhim dam bao hé théng hoat dong médt cach
6n dinh, an toan, hiéu qua, chirc nang bao
dong trang thai hoat dong thiét bi, canh béo
ngudng lam viéc cia cac thong sd do luong
can dugc xay dyng (nhu trong hinh 15).
5. Két luén
Dbi voi quy trinh xir 1y nudc thai cong nghiép
vira khdo sat noi riéng va cac quy trinh san
xuat khac noi chung, khi xay dung hé thong
SCADA can chu y:
1. Vén dé phan tich, thiét ké hé théng: trudc hét
can phai lam r6 duogc vai tro, vi tri cua ting
cong doan, su lién hé gilta cac cong doan vai
nhau, cac yéu té anh hudng, cac thong sé can do
luong, didu khién, giam sat, canh b&o, bao cao,
hién thi, thiét bi trong hé thng.
2. Van dé truyén thong: lya chon giao thirc
mang truyén thong cong nghi€p phu hop.
3. Vén dé diéu khién: xur 1y céc tin hiéu thong
tin (sd, twong tu), thuc hién cac chic nang
diéu khién sd, diu khién tuong tu, lwa chon
luat diéu khién thich hop trong truong hop
can thiét (diéu khién cb dién, diéu khién hién
dai, diéu khién thong minh...).
4. Van dé giam sat — thu thap dir liéu: lya
chon phan mém hé théng SCADA phu hop
thuc hién dugc moi chuc nang theo yéu ciu
vé thu thap thong tin, luu tri¥, hién thi, canh
béo... hé théng theo tinh ning thoi gian thue,
¢6 tich hop va hd trg tdi wu phan cing. Giao
dién thiét ké truc quan, 1ogic, dé thao téc.

5. Van & du phong: lua chon phuong an du
phong vira it tbm kém vira hiéu qua. Co thé
thuc hién du phong cho thiét bi dic biét quan
trong dap mg yéu cau cong nghé va phu hop
v6i didu kién kinh té.

Viéc ap dung hé thong SCADA trong day
chuyén xtr 1y nudc thai cho thiy dugc nhiing
hiéu qua rd rang nhu: giam hao phi mat mat
chat phan ung, tiét kiém luong nguyén vat
lidu, tiét kiém nang lugng dién va nudc; giam
s6 luong cong nhan phuc vu qué trinh san
xuat; ting kha ning tranh sy cb ciing nhu
giam hau qua sy cb gay ra; giam bot thoi gian
nghi dé sira chita, bao dudng thiét bi; giam cac
chi phi stra chita thuong xuyén cta hé thong.
Va vin dé ap dung ty dong hoa hay khong tai
nudc ta hién nay phan 16n van do hiéu qua vé
mit kinh t& quyét dinh [5].
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