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TOM TAT

Trong cac nha mdy cong nghiép, cac day chuyén san xuat thuong dugc diéu
khién theo mdt logic tuan tu dé thuc hién cac lién dong chét ché clia mot cong
doan san xudt. Bai toan diéu khién tuan tu thutng phic tap va tén rat nhiéu thai
gian cong stic cta ky su lap trinh tu dong héa. Viéc nghién ctiu vé logic tuan ty la
rt can thiét cho mot ky su tu dong héa. Bai bao trinh bay cach cau hinh, céc ché
do diéu khién hoat dong va giao dién diéu khién cda khéi ham SFC, (ng dung
khdi ham diéu khién tuan tu SFC trong bd PLC S7-400 dé xdy dung hé théng diéu
khién giam sat cho cong doan xi Iy nudc ndu bia tir man hinh méy tinh.

Tirkhéa: Diéu khién tudn tu;, SFC, bo diéu khién S7-400.

ABSTRACT

In industrial plants, production lines are often controlled according to a
sequential logic to perform the tight interlocking of a production process.
Sequential control problems are often complicated and take a lot of time and
effort of automation engineers in programming. The study of sequential logic is
essential for an automation engineer. The article presents the configuration,
operation control modes and control interface of SFC function block, application
of SFC sequential control function block in PLC S7-400 to build a supervisory
control system for the process of processing cooking beer water from the
computer screen

Keywords: Sequential control, SFC, controller $7-400.
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1. GIGI THIEU

Trong hé théng tu dong hoa cong nghiép ngay nay
khoéng thé thiéu dugc cac bd diéu khién logic hién dai nhu
nhiing bo diéu khién PLC, DCS, khi hé théng tu déng hda
trong cac nha may c6 nhiing qua trinh diéu khién 16n,
nhiéu d6i tugng diéu khién lién déng chat ché véi nhau thi
bai toan diéu khién sé trd nén rat phc tap. Vi vay moét s6
b6 diéu khién hién dai nhu PLC, DCS da trang bi cac khdi
ham diéu khién lién tuc, diéu khién tuan tu bén trong cac
b6 diéu khién. Cong viéc nghién ctu va khai thac ing dung

cla cac khéi ham diéu khién tuan tu va diéu khién lién tuc
luén 1a mot phan cong viéc ctia mot ky su tu ddng hoda.

Rat nhiéu tai liéu trong nudc viét vé (ng dung cac bd
diéu khién PLC va DCS nhung chi gidi thiéu cac ham don
gian, thi€u nhing kh&i ham chuyén dung diéu khién cho
nhiting qua trinh phuc tap. Khdng cé vi du dp dung thuc
tién véi cac khéi ham chuyén dung CFC, SFC, lam cho ly
thuyét trg nén triiu tuong gay khé khan cho ngudi doc. Rat
nhiéu ky su, ky thuat vién trong nganh tu dong héa gdp
kho khan khi trién khai cac qua trinh diéu khién phc tap
trong hé théng diéu khién tu dong hda. Pa s6 cac cong
doan diéu khién phic tap cho céc bo diéu khién tu déng
héa trong cong nghiép do cac chuyén gia cla nudc ngoai
thuc hién.

Bai bdo gidi thiéu téng quan hé théng PCS7 cda
Siemens, nghién cdu khéi ham diéu khién tuan tu SFC
trong bd diéu khién S7-400 &p dung cho mé hinh diéu
khién gidam sat céng doan xu ly nuéc ndu bia. Théng qua
viéc nghién ctu dng dung khoi ham SFC trong bd diéu
khién PLC S7-400 giup cho viéc xay dung hé théng diéu
khién gidm sat cho cong doan x{t ly nudc ndu bia tiét kiém
dugc thai gian 13p trinh va céc ché dé diéu khién giam sat,
lien dong dugc cdu hinh mét cach dé dang
2. TONG QUAN VE SIMATIC MANAGER VA BO DIEU
KHIEN S7-400
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Hé théng PCS7 1a mot hé diéu khién qua trinh hién dai,
dugc xay dung trén cac sdn phdm phan cling va phan mém
cla hang Siemens dem lai su xuyén suét, théng nhat, déng
b6 trong toan bd hé thong. Cling véi su da dang trong tat
ca cac san phdm cla hang Siemens da lam cho hé théng
PCS7 ngay cang trd nén phd bién. Vi tat ca cac tinh nang
trén la li do ma hé théng PCS7 ngay cang dugc st dung
rong rai trong hau hét cac nganh san xuat vaéi day du cac
quy mo.

Mét hé théng diéu khién qua trinh PCS7 bao gém:

- Tram ky thuat (ES): Dung dé thiét 1ap cdu hinh cho hé
théng va |a noi dua ra cac gidi phap diéu khién qua trinh
cong nghé.

- Tram van hanh (OS): Gidm sat su qua trinh hoat déng
va dua ra cac tac dong diéu chinh, diéu khién can thiét.

- Tram diéu khién tu déng héa (AS): La cac PLC truc tiép
tham gia diéu khién qua trinh, chlra céc phan mém do tram
ES dua xudng [1].

Trong kién tric cGa hé théng PCS7 hinh 1 ta nhan thay
tréi tim cda hé théng chinh la tram diéu khién tu dong hoéa
AS Automation system ma cu thé 1a bo diéu khién PLC S7-
400 [5].

Hinh 2. B9 diéu khién PLC S7-400

DPé& thiét ké 1ap trinh hé théng PCS7 ta can phan mém
Simatic manager, vé co ban cau tric ctla phan mém Simatic
Manager gém cac module chinh sau day [1]:
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Hinh 3. Cau triic phan mém Simatic Manager
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- Khéi thu vién Libraries la tap hgp cac khéi ham chuan
chuyén dung, dung dé 1ap trinh cho du an vi du nhu khéi
diéu khién Van, Bom, khéi do ludng, khéi PID, khéi diéu
khién ty lé, diéu khién tang...

- Khéi cdu hinh phan cling HW config dé thiét lap ciu
hinh phan ciing va cau hinh truyén thong cho dy an.

-Kh&i ham CFC/SFC la méi trudng thiét 1ap diéu khién
logic, di€u khién tuan tu day la mot moéi trudng thiét ké
phan mém hudng déi tugng vai cac déi tugng la nhing
khéi ham dugc viét sdn trong thu vién.

- Khoi WinCC Explorer la khoi thiét ké gia dién diéu
khién giam sat trén may tinh.

- Khé&i Simatic Batch dé thiét ké phan mém diéu san xuat
khién theo 18, theo mé.

- Khéi Simatic Route Control thiét 1ap diéu khién theo
duong di.

- Khé&i S7 F Systems dé diéu khién cac ing dung an toan.

- Kh&i Simatic PDM dé thiét 1ap thdng sé cho céc thiét bi
trudng.

Trong bai bao nay nhém tac gia sé di nghién ctu tinh
nang va cach thiét 1ap khéi ham diéu khién tudn tu SFC dé
ap dung cho cong nghé xt ly nudc nau bia.

3. KHOI HAM PIEU KHIEN SFC TRONG BO PIEU KHIEN
S7-400

Khéi ham SFC (Sequential Function Chart) la mét luu dé
chiic ndng tuan tu hay noi cach khac né 1a mot khéi ham dé
cdu hinh mét chuong trinh diéu khién theo mét trinh tu
nhat dinh. Diéu khién trinh ty tdc dong dén moi déi tugng
& cac cap diéu khién c6 thé ké dén nhu cac trinh tu déng
md van, bom & cap trudng, cac cum thiét bi nhu gia nhiét,
cac bé khudy, cac bo chiét rét... cdc cdng doan nhu pha tron
héa chat, cac binh phan tng lén men...

3.1. Cac thanh phan cia khéi ham SFC

C4u tao cua khoi ham SFC bao gém cac thanh phan
Sequence, Step, Phase, Transition.
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Hinh 4. Cac thanh phan ctia khoi ham SFC
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- Trinh tu (Sequence) la mét trinh ty van hanh clia moét
thiét bi hay cong doan nao dé c6 thé ké dén nhu la trinh ty
tron hoa chat, trinh ty gia nhiét, trinh ty chiét rét, trinh tu
hoan nguyén.

- Budc (Step) budc 1a mot thanh phan trong trinh tu vi
du trong bai toan gia nhiét ta c6 budc ma van, dong van,
khai déng dong co, khai dong budng dot.

- Giai doan (Phase) mdi budc dugc thuc hién thanh 3
giai doan, khai tao, xtr ly va két thuc.

- Chuyén tiép (Transition) la cac diéu kién chuyén tiép
gilta cac budc Step.

3.2. Cac dang cau tric cua khéi ham SFC

C6 ba cdu truc chinh cta khéi ham SFC d6 1a, cau trac

trinh tu don, trinh tu song song, trinh tu luan phién.

START
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a) Cau trdc trinh tu don
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b) Cau triic trinh ty song song
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Hinh 5. Cac cdu trdc cla trinh tu trong khoi ham SFC

Tuy vao cong nghé dé lua chon céac cdu truc trinh ty
khac nhau, trinh tu don tuan theo mét thi tu tur trén xudng
dudi, trinh tu song song khi c6 thé x ly mét vai trinh tu
chay déng thai va doc lap véi nhau, trinh tu luan phién khi
cac diéu kién chuyén ti€p xady ra dong thai thi sé chay tu
nhanh bén trai trudc, déi khi ta c6 thé két hgp cac trinh tu
nay dé tao nén mét trinh tu két hop.
3.3. Cac tac dong va cac trang thai ctia khéi ham SFC

C4c tac ddng diéu khién va céc trang théi hoat dong clia
kh&i ham diéu khién tudn tu dugc t§ chuc theo luu dé
thuat toan nhu sau:
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Hinh 6. Luu @6 chuyén trang théi cda qud trinh tudn ty trong khoi ham SFC
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Trong luu d6 ¢6 hai thanh phan ma ta can quan tam

do

la su kién tac dong Event (théng qua lién déng hoac bang
tac dong trén giao dién diéu khién) va trang thai State (cac

chuang trinh x{ ly tuan tu hinh chi nhat).
Cac su kién tac déng bao géom:
- B3t d4au (Start)
- Hay (Abort)
- Khéi dong lai (Restart)
- Gilr (Hold)
- Hoan thanh (Complete)
- Dat lai (Reset)
- Ti€p tuc (Resume)
- Dung (Stop)
- Léi (Error)
Cac trang thai tuong ting véi cac su kién la:
- Cha (Idle)
- Pang bat dau (Starting)
- Pang chay( Hoat dong) (Run(Active))
- Hoan thanh (Completing)
- Pang gilt (Holding)
- L&i (Error)
- Pa git (Held)
- Da gil-L6i (Held-Error)
- Chay lai khi dirng hodc bi 16i (Resuming)
- Bang huy bd (Aborting)
- ba huy bd (Aborted)
- Pang dung (Stopping)
- Pa dung (Stopped)

- Méi trang thai chinh la mét chuong trinh con tuan tu
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Hinh 7. Giao dién diéu khién khéi ham SFC trén may tinh

28 | Tap san SINH VIEN NGHIEN CUU KHOA HOC @ S& 12.2022

- Khi khéi dong bang nut start trén giao dién chuong
trinh tuan ty sé chay cac budc theo trang thai tuan tu la
Starting, két thic qua trinh Starting sé ty déng chuyén
sang trang thai RUN, két thdc qua trinh RUN sé tu dong
chay sang trang thai két thic Completing.

- Khi dang chay hé théng néu phat hién bat thudng
chung ta sé cht déng tac ddng tam gil lai Hold, trang thai
tuan tu sé chuyén sang Holding dé xu ly cac budc tuan tu
khi qua trinh san xuat bi 16i, sau khi da x& ly 16i mét thoi
gian ta c6 thé chay lai bang cac [énh Resum hoac Restart.

- Khi dang chay hé théng néu phat hién 16i hé théng
hay thiét bi chiing ta sé chu déng tac déng 16i Error, trang
thai tuan tu sé chuyén sang Error dé xut ly cac budc tuan tu,
sau khi gitt mét thdi gian ta c6 thé chay lai bang cac [énh
Resum hoac Restart [2].

4. XAY DUNG HE THONG PIEU KHIEN GIAM SAT CHO
CONG POAN XU LY NUGC NAU BIA
4.1. Céng nghé xi ly nudc nau bia

Coéng doan xu ly nudc ndu bia la mét cong doan diéu
khién theo mét trinh tu vai cac lién dong chit ché & day
chuong trinh diéu khién sé dugc viét dua theo cau tric diéu
khién kh&i ham SFC.
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Hinh 8. So d6 cong nghé va thiét bi cta qua trinh xi 1y nuéc ndu bia

Nudic khi dua vao xU ly sé qua céc qud trinh sau

Qua trinh 1: Bom P1 hodc P2 hodc ca 2 bam hoat déng
bom nuéc tir nguédn vao bé loc thé 1, loc thd 2. Pong thai
ma& cac van V1, V4 cla cac tank dé nudc luu théng qua.

Qua trinh 2: Khi nudc & 1 hodc 2 tank loc tho day sé di
chuyén qua cac van mé san di vao cac tank cation 1 hoac
cation 2 (bat dau qua trinh loc xtr ly hoa).
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Qua trinh 3: Khi xtf li héa & cac tank cation xong thi nudc
dugc di chuyén qua tank khit CO, c6 trong nudc va sau do
di chuyén qua bé trung gian.

Qua trinh 4: Nu6c dugce dé & bé trung gian nhd bom P5
baom vao cac bé loc than. Khi loc than xong thi nudc dugc di
chuyén dén bé nuéc sach chuén bi cho qua trinh ndu bia.

P& c6 ngudn nudc cap cho nha méy san xuat bia thi
nuéc can dap Ung cac tiéu chuan sau:

- Nudc cap dam bao khong mau, khéng mui, khong vi.

- DO cling tam thoi clia nudc cap vao khoang 0,72mg
duong lugng/ lit.

- Do clng vinh cliu 0,26 - 0,76mg duong lugng/ lit.

- Do oxi hda 2mg O./lit.

-D6 PH dam bao 6,8 - 7,2.

Qua trinh hoan nguyén

Trong qua trinh van hanh, cac dudng éng hodac cac binh
chiia c6 thé bi bdm ban hoic bi Idng can, lam cho hé théng
loc khong dam bao nang suat va chat lugng. Do vay ta can
phai vé sinh lam sach cac thiét bi néu trén. Qua trinh nhu
vay trong céng nghé x ly nudc ngudi ta goi la hoan
nguyén. Cac cong doan déu phai hoan nguyén tuy thudc
vao thay ddi clia cac tham s& cong nghé. Vi du: dd ban phu
thudc vao thai gian st dung hodc ngudi ta c6 thé dua vao
ap sudt clia binh d€ danh gia d6 bam cin cta hé théng loc.

V6i yéu cau cong nghé cla dé tai, nhém thuc hién dua
ra cac qua trinh hoan nguyén tuong uéng véi tung binh loc
vGi méi giai doan khac nhau dugc diéu chinh theo thai gian
thiét lap trudc.

Hoan nguyén loc thé:

Hoan nguyén khi chénh ap vao-ra > 1,5 bar. Cac budc
(STEP) va thoi gian hoan nguyén 2 tank loc thé.

STEP Y nghia Trang thai valve
(Budc hoan Vx.1|Vx.2 | Vx.3 | Vx.4 |Vx.5
nguyén)

1 Ché d6 van hanh binh
thudng. Khong hoan nguyén

2 Rita ngugc

3 Rfa xudi

4 Xa day

5 Khong str dung

Van mé 6 mau sdng

Van déng 6 mau xam
4.2. Chuong trinh diéu khién giam sat cong doan nudc
niu bia

Trong chuong trinh ta st dung hai khéi ham la khéi diéu
khién van va khéi diéu khién bom, ta dung khéi ham SFC
dé diéu khién bat tit va x ly cac budc tuan tu theo thdi
gian, cac van sé hoat dong & ché d6 loc binh thudng va ché
do hoan nguyén.
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Hinh 11. Khéi ham diéu khién Hoan nquyén
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+

Hinh 12. Giao dién diéu khién giam sat

5. KET LUAN

Bai bao da gidi thiéu téng quan hé théng PCS7 cla
Siemens, nghién ctu khéi ham diéu khién tuan tu SFC
trong bo diéu khién S7-400 4p dung cho mé hinh diéu
khién giam sat cong doan x{ ly nudc nau bia. Théng qua
viéc nghién cdu Ung dung khoéi ham SFC trong bd diéu
khién PLC S7-400 gilp cho viéc xay dung hé théng diéu
khién gidm sat cho cong doan x{ ly nudc ndu bia tiét kiém
dugc thai gian 1ap trinh va cac ché d6 diéu khién gidm sat,
lién dong dugc cau hinh mot cach dé dang. Huéng nghién
clru md réng la viét mét chuang trinh diéu khién tuan tu xd
ly tat ca cac trang thai gil Hold va x{r ly cac trang thai 16i
Error cho hé thong xUr ly nuéc cap

TAI LIEU THAM KHAO

[1]. SIEMENS: Simatic PCS7-V90 at a glance Siemens Online
Workshop_original

[2]. SIEMENS: Process Control System PCS 7 SFC for SIMATIC S7 (V9.0)

[3]. SIEMENS: Process Control System PCS 7 PCS 7 Advanced Process Library
V71

[4]. SIEMENS: SIMATIC PCS7 Standard Architectures
[5]. SIEMENS: Introduction to Workshop PCS7 in 10 Days

30 | Tap san SINH VIEN NGHIEN CUU KHOA HOC @ S& 12.2022



