DIEN - TU BONG HOA

THIET KE, AP DUNG M0 HiNH HE THONG DIEU KHIEN DU PHONG
SIEMENS SIMATIC S7-300 SWR CHO KHAU LOC LA A11
PHAN XUOGNG KET TINH LAI TAI NHA MAY ALUMIN NHAN CO

ThS. Nguyén Quéc Tinh, KS. Nguye:n Hung Son, KS. Lé Vin Quyén
Vien Co khi Nang lwong va Mo - Vinacomin

Tém tat: Tap doan Cong nghiép Than - Khoang san Viét Nam hién dang c6 hai to hop nha may nhom
bauxite Tan Rai va Nhan Co voi day chuyén san xuat tuong d6i hién dai, hau hét da duoc tu dong
hoa. Duéi ap luc vé an toan lao dong va san luong nén cac t6 hop nay luén phai doi hoi do sin sang,
6n dinh cao ciia cac khau san xuat, trong d6 c6 hé thong diéu khién (HTPK). Tai khu vuc A11, Phan
xudng Két tinh, Nha may Alumin Nhan Co, cuym may loc 1a dang dugc van hanh tir mot ti diéu khién
A-11PLC0001 vé6i nhiéu bét cap. Cac su ¢d trong thoi gian qua lién quan dén HTPK dan dén dung
cum may loc, gay anh huong dén hoat dong cta toan bd day chuyén nha may. Nhiam han ché téi da
viéc ding san xuét do sy ¢ cia HTPK & khu vuc ndy, nhom tac gia da tién hanh nghién ctru va ap
dung mo hinh HTPK du phong Siemens SIMATIC S7-300 SWR. Cac su ¢b ding may, bat cap trong
véan hanh di duoc tinh dén va dwa ra giai phap khic phuc. Bai bao trinh bay két qua nghién ctru va ap
dung, cho thay nhiing hiéu qua tich cuc trong thyc té.

Tir khéa: Piéu khién dw phong, mang truyén théng cong nghiép, nha may Alumin Nhan Co, S7-300
Software Redundancy.

1 it vin dé

Khu Al1, Phan xuéng Két tinh, Nha may
Alumin Nhan Co 1a khu tiép nhén dung dich tho
tir khu A08 va sita voi cip tir khu t6i voi A02,
Phan xuong Nguyén liéu hoa tach, gom co cac
thiét bi chinh 1a 4 may loc 14 kiéu dimg (3 may
chay, 1 may dy phong). Cum may loc 14 str dung
chung mét HTBK PLC S7-300 (ti diéu khién A-
11PLC0001). Khi ¢6 sy c¢b xay ra trong HTDK
ctia khu vure nay thi cum loc 14 (gom ca 4 may)
dung hoat dong, anh hudng dén hoat dong san
xudt chung cuia toan bo nha may [1-2].

Dé c6 giai phap cai tao, nang cap HTPK khu
A1l phu hop, trudc hét can phén tich dic diém
HTDK cum may loc 14 nguyén ban cua phan
xuong véi so dd cau tric nhu hinh 1. Toan bg luu
trinh cong nghé cia cum may loc dugc thyc hién
boi bo diéu khién PLC Siemens SIMATIC S7-
300 voi CPU 315-2DP va cac module 1/0. Bo
diéu khién st dung mot module truyén thong
CP342-5 duoc cAu hinh & dang Profibus-DP
Slave. Module nay lién tuc cép nhat dir li¢u dau
vao tu Profibus-DP Master HTDK DCS
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Honeywell & cap cao hon. Tham sé déu vao bao
gém cac 1énh chay chu trinh, bd thoi gian ctia chu
trinh nap, xa liéu tac dong truc tiép dén cac bom,
van cua cum may loc. Néu khong tinh dén su hu
hong ctia module 1/0, co cdu chip hanh thi cac
tinh huéng dan dén hé thong dimng 1am viéc dugc
liét ké nhu trong bang 1, theo d0, cau trac HTPK
hién tai khong thé dap img dugce nhu cau san xuat
lién tuc trong trudng hop co su ¢b xay ra.
(TadiéukhiénAttPLCoOO1|
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Profibus-DP Network

RS485-STP
100m 300m
Profibus-DP Profibus-DP A142 DC0002 -
Slave khac Slave khac Profibus-DP
Master

Hinh 1: Cdu tric HTPK cum may loc la
truoce khi cai tao
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Bang 1: Cac tinh hudng s ¢6
Tinh hudng su co

STT hoic nhu ciu san xuét Hign tuong xay ra
Hu hong module . .
1 CPU 315-2DP HTDK dung hoat dong
- HTPK dung hoat dong,
Hu hong module CPEJ N tran% th,a 1 STOP;
2 CP342-5 - B0 tham so dat
(Setpoint) bi xda, cac chu
trinh lgc dirng hoat dong
. L X Ak Bo tham s dat (Setpoint)
3 Hu hong ket noi den bi x0a, cac chu trinh loc

Profibus-DP Master dimg hoat dong

Khéng van hanh tai chd
hoac thay doi tham so

Van héph t:';li chd don
4 |dong dé kiém tra, bao

dudng thiét bi cong nghé duoc
Stra chira, thay the . R
3 module CPU hodc CP HTDK dimg hoat dong
Hu hong ngudn cap | R
6 DC24V cho HTDK HTDK duing hoat dong
}izsl;irﬁgh?ﬁéin Bom dung lam viée dan
7 y & den cum may loc khong

khién bié'n'tz‘in cho
cac bom cap liéu
Cac tinh huong 1-3, 5-7 déu dan dén cum

con tac dung

may dung hoat dong. Nhu cau van hanh tai chd
trong tinh hudng 4 ciing khong thuc hién dugc.
2 Chon lya ciu tric HTPK c¢6 tinh ning dy
phong phu hgp

Xuét phat tir nhitng han ché cia HTPK dang
st dung cua cum may loc la, can thiét phai tinh
toan, lwa chon moét HTPK c¢6 céu trac du phong
nham dam bao kha ning sin sang, van hanh lién
tuc cua day chuyén. Viéc sir dung HTPK c6 cu
trac du phong cho phép hé thong van co thé van
hanh khi x4y ra mot hodc mot vai 15i tai cing mot
thoi diém. Tiéu chi luya chon dua trén nén tang
phan ctng sdn ¢, dam bao can bang vé k¥ thuat
va chi phi dau tu.

Nghién ctru cac cdu hinh HTPK c6 tinh dy
phong cua Siemens SIMATIC PLC S7-300/S7-
400H, nhén dinh co 2 giai phap kha thi: Giai phap
thr nhat (hinh 2) st dung phan cing S7-
400H [3]; va giai phap tht hai (hinh 3) st dung
phan ctng S7-300 [4]. Cac ciu trac HTPK dy
phong dya trén cdu hinh tiéu chuan do Siemens
dé xuat va déu giai quyét dugc han ché cua
HTPK A11 hién tai. Tuy nhién, chiing c6 nhiing
dic diém k¥ thuat va chi phi du tu khac nhau.

Ethernet
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HXI¥ NdD

SYNC

Profibus-DP
Network A

IM153-
2

IM153-

StationB

H*1¥ NdD

Profibus-DP
Network B

DI DI Al Al AO

2

Hinh 2: Cau triic HTDK dy phong S7-400H

Ethemnet

Station A

315.2D0P CP;»“»Z— CP343-1

Lean 315-2DP

Profibus-DP Redundant Link| |

CP342- CP343-1
5 Lean

Profibus-DP
Network A

Profibus-DP
Network B

WIS M3 b1 bl A A A0

A142
DCo002 -
Profibus-DP
Master

Hinh 3. Cau triic HTPK dir phong S7-300
Bang 2: So sanh dic diém cia cac cAu tric
HTDK dw phong S7-400H va S7-300

bac diém so sanh

Trung binh

Phurc tap

STT| chu trac HTPK S7-400H

Thoi gian chuyén mach

1 - £
khi ¢6 su co

2 Chi phi dau tu va bao
tri

3 Do phtrc tap khi lap
trinh

4 Tan dung dugc phan
cung hién co

5 Kha nang cung cap vat

tu nhanh chéng
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Vé co ban, HTDK dy phong S7-400H st
dung cac module dong bd (phan cting) dé dong
bo dit lidu gitta 2 CPU, két ndi véi nhau boi cip
day quang (Fiber-Optic Cables), cho phép thoi
gian chuyén mach khi c6 sy ¢ nhanh nhat. Cong
tac 1ap trinh ciing kha don gian do phdn mém s&
1a duy nhét trén ca 2 CPU. Cac tinh hudng chuyén
d6i, dong bo dir liéu do phan cimg 18i cia CPU
dam nhiém. Khac v6i ciu tric ndy, cac CPU
trong céu trac S7-300 duoc dong bd voi nhau
bang phan mém thyc thi trong chuong trinh ciia
nd, thong qua Redundant Link (Profibus-DP,
Ethernet hoac MPI). Béi vay, cAu tric nay co tén
la S7-300 Software Redundancy (SWR). Nhuoc
diém dang luu ¥ nhat ctia cau trac S7-300 SWR
1a thoi gian chuyén mach khi c¢6 sy cd, twong
duong voi vong quét ciia khdi thuc thi OB1, nho
hon 150 ms. Thoi gian nay la du nhanh va trong
thoi gian chuyén mach, cac trang thai dau ra duoc
gilt nguyén nén hoan toan khong anh hudng dén
hoat dong ctia diy chuyén san xuét. Can nhic trén
cac wu, nhuge diém cua 2 cu tric HTPK du
phong dé xuat, nhom tac gia lya chon cu hinh
HTDK dy phong str dung S7-300 SWR.

Quan sat hinh 1 va 3, nhan thay hau hét cac
ph?m cung hién tai cia HTPK Al1 déu duogc tan
dung. Pé giup cac CPU 315-2DP (Station A) va
CPU 315-2DP (Station B) giao tiép voi Profibus-
DP Master (thuéc HTPK cip trén), mot PLC S7-
1200 duoc st dung dong vai tro nhu S7/Profibus-
DP Gateway. Ngoai ra, 2 thiét bi giao dién (HMI)
A va B cling dugc thiét ké va 1ap trinh dé tu dong
két ndi dén Station A hodc Station B tuy thudc
Station nao dang & ché dd van hanh (Master).
Luu do thuat toan ciia cac hoat dong chuyén trang
thai nay dugc thé hién nhu hinh 4. Cac budc thiét
ké phan cting va phan mém cho HTPK dy phong
da chon dugc trinh bay & phan ké tiép.

3 Thiét ké phin cirng va phin mém cho
HTDK duwgc lua chon

Phan ctng chinh cuia HTPK dugc liét ké nhu
bang 3. Toan bd cac module hién co déu dugc st
dung, giam tdi da chi phi dau tu.
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CM1242-5
Mapping Input|
Data -
Profibus-DP

Gia tri
Setpoint
#0O

S§7-1200 ghi div
Y—>» liéu dén Station
A, B

S7-1200, HMI

Y- doc dir liéu
> tir Station A

CM1242-5
Mapping Output
Data - Profibus-

DP

Station A
Master?

S7-1200, HM|
doc dir ligu
tr Station B

Station B
chuyén sang ——
Master

Station A
chuyén sang ——
Master

Station B
Master?

Hinh 4: Luu d6 thudt todn chuyén trang thdi
cua HTPK dy phong S7-300 SWR
Bang 3: Danh muc phén cirng chinh
trong HTDK du phong S7-300 SWR

STT Phan ctng S6 lwong

Station A

1 CPU 315-2DP 01
6ES7 315-2AH14-0AB0 v3.3

5 CP342-5 01
6GK7 342-5DA03-0XEO0 v6.0

3 CP343-1 Lean 01
6GK7 343-1CX10-0XEO0 v3.0

Station B

1 CPU 315-2DP 01
6ES7 315-2AH14-0AB0 v3.3

CP342-5
6GK7 342-5DA03-0XEO0 v6.0

CP343-1 Lean
6GK7 343-1CX10-0XEO0 v3.0

Remote 1/0

SIMATIC DP, ET 200M Red. Bundle
Consisting of: 2x IM 153-2HF (6ES7153-
2BA10-0XB0), 1x bus module in/in (6ES7195-
7HD10-0XA0)

01

SIMATIC DP, Bus module for ET 200M

6ES7195-7THB00-0XA0 03

3 [DI32x2,D032x 1, AI8x2, AO4x 1

87-1200 Profibus-DP Gateway

SIMATIC S7-1200, CPU 1211C

6ES7211-1AE40-0XB0 ot

Communication module CM 1242-5
6GK7242-5DX30-0XE0

Thiét bi giao dién (HMI)

Weintek MT809xXE [ 02
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Phin mém thuc thi va ciu hinh hé théng
duoc thuc hién trén phf?m mém lap trinh Siemens
SIMATIC Step7 Manager v5.6 (v6i cum S7-300
SWR) nhu hinh 5a va TIA portal v16 (véi S7-
1200), cu thé nhu mo ta bén dudi. Ban dau, tién
hanh cdu hinh Network cho hé théng nhu
hinh 5b:

- Thiét 1ap Redundant Link sir dung
Profibus-DP qua cdp module CP342-5 v¢i dia chi

tuong tmg 1 5,6. Tc d6 dong bd 1.5 Mbps;

- Thiét 14p mang Profibus-DP A, B két ndi tir
Station A, B dén tram Remote I/O sit dung cép
module ET200M IM153-2. Pong thoi khai bao
cac module tin hi€u trén tram Remote 1/O nay;

- Thiét 1ap mang Ethernet két ndi tir Station
A, B dén cac HMI A, B va Gateway S7-1200.
Mang Ethernet dugc cung cép thong qua céc
module CP343-1 LEAN.

PROFIBUS(A)_
PROFIBUS

COMNMNECTION

& SIMATIC Manager - [A11_SWR_2021_270421_17h -- C\Program... | = | = |[ &3 |
% File Edit Insert PLC View Options Window Help - 8 x
Dw |3 &% 2R o 2 %[ &1 |[ < Mo Fiter >
=-3p A11_SWR_2021_270421_1; [ System data o 081 o DBl -
SIMATIC 300(8) = o6z 0885 = 0B85
CPU :15:2DP @ 0887 = 08100 08121
57 Frogram(1] | OB122 3 FE1 3 FB2
(B Soweces [ B3 o FBd o FES
{0 Blocks | FRR &3 B4 & FEION
Bl i CR 25 53 FE104 o o2
g e, (20 g 8
o @ crumseor P = g
o7 Program(l] [ FC2 & FC10 o FEN
0 Soures [ZFCI2 GFCO13 P14
3 Bocks  [2FCIE & FCIG o FC17
o P 3425 @ FCie & FC100 & Foi0z
s i P31 Lean  |5FFCI0B o FL201 3 F203
(= DBS 088 083
= DE10 o 0B o 0B12
= DB13 o 0B14 0815
= DB1E o DE17 PRDEE
= DB19 = DB20 = 0B21
i@ DB22 0823 0824
= D825 = DB = 0827
= DBze = 0829 PELEE
= D831 o 0832 & 0833
(@ DB34 & 0B o 0B36
= DB37 = 0B38 = 0833
= DB40 = DB41 o 0B42
= DB43 PRLEET 3 DB4S
= DB4E PEEEY = DE100
(= DE101 = DE02 = DE102
< > @ DB104 08105 08106 v
Press F1 to get Help.
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PROFIBUS(B)_COMNNECTIOMN

SIMATIC 300(A) SIMATIC 300(B)
B P Bl | P B

oe H [

H '\ |l [ = [ i}
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PROFIBUS(FDL)_CO
PROFIBUS

NECTIDMN

Ethernet{1)
Industrial Ethernet

IM153-2
==

3 3

()

o T - A11S CF OB100 -- "COMPLETE RESTART® -- A11_SWR_2021_270421_17h\SIMATIC 300(BNCPU 315-... [ |- (=) [w3m]
|Contents Of: 'Environment\Interface® (Contents Of: 'Environment\Interface'
=B Intertace [Hame IS @@ Intertace [Name [~
& TEMP FE{ T | o e BT |
a I~ 1= |
‘L moenT T | — || ommen ‘ =
B oo T T TR
‘CALL OF FC 100 'SWR_START' FOR INITALISATION | CALL OF FC 100 'SWR_START' FOR INITALISATION ‘
CALL “SWR_STARI" CALL "SWR_STARI" FCL -
AG_xENNONG : // PLC-Classification: A for Station A Ac_xEmONG
DB_WORK_NO // Work DB for SWR DB_WORK_NO
DB_SEND_NO // Send DB for SWR DB_SEND_NO
DE_RCV_NO // Receive DB for SWR DE_RCV_NO
MET_ADR // MPI-address of other station MEI_ADR
LADDR // Base address of CP LADDR
VERE_ID // Connection no. of redundancy coupling FDL VERB_ID
DP_MASTER_S¥S_T //Tdentification of DE-mastersystem (HW-conf DP_MASTER_S¥5_
DB_COM_NO // Instance-DB of FB 101 DB_COM_NO
DP_KOMMUN // Identification of DP-master l-Intergrated DP_KOMMUN
ADR_MODUS // Interval for CPU I/Q addressing ADR_MODUS
BAL FIRST // Bddress of first redundant outputbyte BAA_FIRST
PAA LAST // hddress of last redundant outputbyte PAA LAST
MB_NO // First flagbyte used within redundant user uB_NO
3 1EN /7 Bmount of flagbytes used within redundanc uE_LEN
IEC_NG // First instance DB used for redundant iec IEC_NO
IEC_LEN // Bmount of instance DBs used within redund IEC_LEN
DE_NC // First DB used within redundant user progr DE_NC
DB_NO_LEN // Bmount of DBs used within redundant user DB_NC_LEN
// Profibus address of first used DP-slave ( SLAVE_NO
// Bmount of used DP-slaves SLAVE_LEN
// Configuration of IM 153-2 interface SLAVE_DISTANCE
// Send DB for non redundant data from Stati DB A B NO
/7 Bmount of used data bytes within Send DB DB_A B NO_LEN
// Receive DB for non redundant data from St DB_B_A& NO
// Bmount of used data bytes within Send DB DB B A NO_LEN
B // Block return value RETURN_VAL
EXT_INFO =MW102 // Extended information EXT_INFO
v v
< > < >

(©
Hinh 5: Ldp trinh va cau hinh HTPK di phong trén Step7 Manager
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Cac thiét 1ap khac cho HMI A, B va Gateway
S7-1200 kha don gian va khong trinh bay chi tiét
trong pham vi bai bao nay. Ké tiép, thiét ké phan
mém thyec thi cho cc tram PLC Station A, B. Céc
thiét ké nay phai thuc hién chat ché, chinh xac
theo yéu cau ciia Siemens [4]:

- Lap trinh HTPK hoat dong theo cAu truc
du phong boi 1énh goi FC100 trong khéi OB100
nhu hinh 5¢;

- Céu hinh Station la “A”;

- Cau hinh chinh x4c thong tin vé ving nhé
1/0, céc khéi DB, dija chi phan ctng tham gia;

- Trong khdi chuong trinh chinh OB1, b tri
phan chuong trinh chay trong 1énh goi dong bo
dir lieu FB101;

- Thuce hién lai cac budc trén cho Station B.

Bét ctr su sai khac nao vé dit liéu da khai bao
déu dan dén 2 PLC Station A, B khong dong b
v6i nhau, mat kha nang chay & ché d6 dyu phong.

Khi hé théng hoat dong & ché d6 SWR,
chuong trinh cung cap cho nguoi dung 2 théng
tin quan trong la Status Word va Control
Word [4]. Cac dit liéu nay can thiét phai sir dung
nham kiém soat trang thai lam viéc cua Station
(Pang chay — Master hodac Pang du phong —
Standby), trang thai cia két ndi Redundant Link,
trang thai cac Profibus-DP Slave..., cling nhu
diéu khién ngat/kich hoat ché d6 dy phong.

PLC S7-1200 trong hé thong dugc thiét ké
va lap trinh nhu 1 gateway chuyén dbi giao thirc
S7 Connection — Profibus-DP Slave. Phan
chuong trinh nay dugc thyc hién theo thuat toan
da mo ta trén hinh 4. Cac HMI A, B trong h¢
thdng ban than khong c6 san tinh ning hoat dong
& ché do du phong (Redundancy), nhém tac gia
da xay dung thém mot s script dé HMI c6 thé ty
nhén dang Station Master/Standby. Thoi gian
chuyén mach két ndi chi vai trim ms hoan toan
pht hop va dap ung véi nhu cau giam sat, van
hanh tai chd phyc vu san XUAt.

Két qua trién khai trong thuc té tai Khu A11,
Phéan xudng Két tinh dugc trinh bay tiép theo.
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4 Két qua ap dung trong thuec té

Theo thiét ké ban dau, cdc module CPU,
module mé rong duoc b tri trén cung rack trong
mdt ta diéu khién. Sau khi cai tao, cac module
CPU 315-2DP, CP342-5, CP343-1 Lean (thudc
Station A, B) va gateway S7-1200 duoc tach doc
lap ra ta riéng (hinh 6a). Cac module IM153-2,
I/O gitr nguyén tai tu didu khién cii (hinh 6b).

IE il s%’%

j g'*ﬁ;

(@) W
Hinh 6: Ti diéu khién chinh (a) va tii 1/O (b)

Tu I/O va ti diéu khién chinh déu dugc trang
bi hé ngudn 24VDC song song két hop cac bo
cach ly tin hiéu nham han ché t6i da anh huéng
do su ¢b nguén dién va cham chép tin hiéu ngoai
hién truong.

Phia ngoai canh ti, 2 thiét bj giao dién ngudi
dung (HMI) duoc bd tri canh nhau (hinh 7) voi
kha ning ty dong chuyén két nbi dén module
CPU dang van hanh chinh (Station Master).

E B

Hinh 7: Cum 2 thiét bi giao dién HMI

Giao dién van hanh trén HMI duoc bé tri
theo cac trang tuong tmg cho phép giam sat tong
quan cum may loc ciing nhu chi tiét timg may loc
(hinh 8), cho phép thiét 1ap cac thong sd, ché do
thao tac truc quan, don gian.
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[ R A
| s00% | soo%c | soos

Emergency Stop

0.113mPa

Hinh 8: Giao dién van hanh chinh cua HMI

Sau khi céac thiét bi d3 dugc lip dit hoan
thién, két ndi va hién thi dung nhu thiét ké, dé
kiém tra kha ning chay du phong ctia cic module
trong hé thong, nhom tac gia da thuc hién gia lap
cac tinh hudng sy ¢ xay ra trong thyc té. Két qua
thir nghiém nhu bang 4 cho thiy, HTPK da hoat
dong dung tiéu chi thiét ké, dap tmg t6t nhu cau
san xuét.
5 Két luan

HTPK du phong Siemens SIMATIC S7-300
SWR cho cum may loc 14 cua Khu A11, Phan
xuong Két tinh da dugc Vién Co khi Nang lugng
va Mo - Vinacomin ban giao, huéng dan van

Bang 4: Cac tinh hudng sy ¢ gia 1ap
kiém tra hoat dong ciia hé théng

Tinh huéng sy ¢b gia lap
Ngit két nbi Profibus-DP tir hé
1 théng DCS Honeywell dén tu
didu khién cum may loc
Ngat ket noi S7 Connection
2 cua PLC trung gian S7-1200
dén cac PLC S7-300

Ngit két ndi ddng bo (SYNC)
igitta 2 PLC S7-300 hogc ct
ngudn cip/dimg hoat dong mot
PLC S7-300

Hién tuong xay ra

4 |Cit ngudn cap cho 1 HMI

Hu hong 1 module CPU 315-
5 PRDP va 2 module CP342-5
dong vai tro SYNC dir liéu

6 Hu hong 1 ngudn cip DC24V

C(? cham chap tin hi¢u analog
7 (diéu kl,lién bién tan cho cac
bom cap liéu

hanh cho cong ty Alumin Nhan Co tu thang
04/2021. Trong sudt thoi gian qua, hé théng da
lam viéc 6n dinh voi dang tiéu chi thiét ké, gop
phan dam bao hoat dong san xuét lién tuc, an toan
ctia ddy chuyén nha may. Giai phap dugc ap dung
dd dam bao t6i wu vé chi phi dau tu va hiéu qua
mang lai. Vi thoi gian dimg méy va thi cong rat
ngén (chi 24h), Kkét qué thyc hién ctiia nhom tac
gia da danh dugc su ghi nhan va danh gia cao cua
chu dau tu, chung t6 nang luc ctia Vién Co khi
Nang lugng va M6 - Vinacomin trong linh vuc
diéu khién, tu dong hoéa phuc vu cic nha may
than, khoang san cua Tap doan TKV.
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