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Profinet industrial communication network was used by most of the
factories to manage and control production lines. Building a practice
model of Profinet communication network for educational purposes is
essential and important to meet the needs in the industry. The paper
presents the problem of building research, designing, programming
and manufacturing a practical model of Profinet communication
network. Practice model with practice from basic to advanced: The
first is programming the communication network between devices:
PLC S7-1200 (PLC Server), PLC S7-1200 (PLC Client 1), S7-1200
(PLC Client 2), inverter G120C - HMI KTP700 PN; the second is to
perform the problems of controlling the conveyor speed using PID
controller. The results are evaluated by running the model experiment,
directly observed on the HMI, showing that the system works well
with data between PLCs transferred quickly and accurately, the actual
speed of the conveyor belt adheres well compared to set speed.
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Mang truyén théng céng nghiép Profinet di dwoc phan I6n cac nha
maéy san xuét s dung dé quan 1y, diéu khién day chuyén san xuat.
Viéc xay dung mé hinh thuc hanh vé mang truyén théng Profinet cho
muc dich gido duc la van dé can thiét va quan trong dé dap tng duoc
theo nhu cau trong cdng nghiép. Bai bao trinh bay van d& nghién ctu
xay dung, thiét ké, 1ap trinh va ché tao md hinh thuc hanh mang
truyén thong Profinet. M6 hinh thyc hanh dép tmg diy du cac bai
thuc hanh tir co ban dén nang cao: Thir nhat 14 1ap trinh két ndi mang
truyén thong giira cac thiét bi: PLC S7-1200 (PLC Server), PLC S7
1200 (PLC Client 1), S7 1200 (PLC Client 2), bién tin G120C, man
hinh HMI KTP700 PN; th hai 13 thuc hién cac bai toan diéu khién
6n dinh toc do cac bang tai theo thuat toan PID. Céc két qua dugc
khao sat danh gia bang chay thuc nghiém mé hinh, quan sét tryc tiép
trén man hinh HMI cho thay hé théng hoat dong tét vai dit lidu gitra
cac PLC duogc truyén nhanh chéng va chinh xac, tbc do thuc cua
bang tai bam tbt so véi toe do dat.
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1. Giéi thiéu

Mang truyen thdng cong nghiép ngay nay da duoc hau hét cac nha may san Xuét sir dung dé
quan ly, diéu khién day chuyen san xuét. TOy theo muc dich va nhu cau sir dung ma nha may sir
dung md hinh mang truyén théng phd hop. Mang truyen théng cong nghiép Profinet 1a chuan
giao thirc mo cho Ethernet cong nghicp dugc phat trién bai hiép hoi PROFIBUS & PROFINET
qudc té, mang Profinet mang day du nhitng vu diém caa mang Profibus va Ethernet [1]. Hién nay
da co6 mot s6 cong trinh nghién ctu thir nghiém ding mang truyén thong duoc ng dung trong
gido duc, md hinh nay dung mang cong nghiép PROFINET trén co s¢ st dung cong nghé mai
nhéat cua SIEMENS [2]-[4]; cac thanh phan chinh cua mang d6 méi dirng lai 1a PLC S7-1200 két
ndi véi HMI (Human Machine Interface — Giao dién nguoi va may) va giita PLC S7-1200 Vi
bién tan, chua c6 d6i tugng diéu khién cy thé. Cong trinh [5] da dua ra md hinh mang truyén
théng Profinet giita PLC — Bién tan — HMI, tuy nhién mé hinh thyc hanh mai thyc hién bai toan
diéu khién toc do vong ho, chua c6 kiém soét toc do.

Vi vay, noi dung chinh cua bai bao la trinh bay quy trinh xay dung, thiét ké, lap trinh, diéu
khién va giam sat véi mo hinh thyc hanh ding mang truyén thong Profinet duoc su dung trong
qua trinh hoc tap cho sinh vién nganh Cong nghé ki thuat Biéu khién va tu dong héa. Md hinh
thuc hanh nay 1a mé ta mot minh hoa vé viéc tao ra mang truyén cong nghiép, bao gém ba PLC,
mot HMI, hai bién tan va hai bang tai duoc diéu khién boi dong co ba pha khong dong bo. Bai
toan tong quat md hinh thuc hién duoc la thuc hién truyén thdng mang Profinet cac thiét bi véi
nhau, diéu khién 6n dinh téc d6 bang tai sir dung thuat toan PID. Qua bai toan tong quat, ta co thé
thiy duoc, viéc 1ap trinh khong nhimg dam bao vé tdc do truyén thong ma con dam bao dong bo
tin hiéu truyén théng vai thoi gian xur ly ngat trong lap trinh thuat toan PID.

2. Xay dwng md hinh thuc hanh mang truyén théng cong nghiép PROFINET cho gio duc

C4c thiét bi chinh ciia mé hinh dugc st dung cu thé 1a 03 PLC S7-1200, 02 bién tan G120C
PN, man hinh HMI KTP 700 Basic PN, 02 dong co khong ddng bo 3 pha truyén dong cho 02
bang tai, 02 enconder va phan mém TIA Portal V14 SP1. Cau tric két ndi cac thiét bi trén theo
mang truyén thong Profinet minh hoa nhu hinh 1. Trong d6, 01 PLC S7-1200 la Server, 02 PLC
S7-1200 1a PLC Client 1 va PLC Client 2, 02 bién tan dugc két ndi lan luot vai cac PLC Client.

HMI KTF 700

PROFINET

Biéntén
SINAMIC

Hinh 1. Cdu trdc két néi mang Profinet giira cc thiét bj
2.1. Lwa chen va thiét ké mé hinh thuc hanh
2.1.1. PLC S7-1200

M6 hinh mang truyén théng cong nghiép Profinet sir dung 03 PLC SIEMENS Simatic S7-
1200 va6i 01 CPU 1214C AC/DC/RLY la PLC Server va 02 CPU 1214C DC/DC/DC la PLC
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Client 1, PLC Client 2 (Hinh 2). CPU1214 c6 14 dau vao sb, 10 dau ra s6, hai dau vao tuong tu
c6 pham vi 0-10VDC. Kich thuéc bo nhé cho chuong trinh va dit ligu 14 100 kB. PLC nay cé mot
card mang véi dau noi RJ-45 cho PROFINET.

-
PLC SERVER: §7-1200 CPU 1214 AC/DC/RL, | PLCCLIENT 01: §7-1200 CPU 1214 DC/DC/DC PLC CLIENT 02: $7-1200 CPU 1214 DC/DC/DC J‘%
M IM 00 010, 12 13 v
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a) PLC Server b) PLC Client 1 c) PLC Client 2
Hinh 2. M6 hinh PLC: (a) PLC Server, (b) PLC Clinet 1 va (c) PLC Client 2

2.1.2. HMI KTP 700 Basic PN

HMI 12 man hinh diéu khién cho cac twong tac giita ngudi va may. M6 hinh str dung man hinh
HMI SIEMENS KTP700 Basic PN (Hinh 3). N6 Ia man hinh réng 7 inch cam ung véi man hinh
hd trg 65536 mau va tam phim chirc ning.

BIEN TAN G120C PN 01 BIEN TAN G120C PN 02
w

enn

Hinh 3. Man hinh HMI KTP 700 Basic PN Hinh 4. Md hinh bién tdn G120C PN

2.1.3. Bién tan G120C PN

M6 hinh sir dung bién tan G120C PN cua héng Siemen, c6 tinh hop sin cong truyen thdng
Profinet, cdng suat cua bién tan la: 0.55 KW, cac ché do diéu khien cua bién tan: V/F, Vector
control without encoder. M6 hinh bién tan dugc xay dung nhu hinh 4.

2.1.4. Péng co khéng dong bé va bing tdi

Trong md hinh thyc hanh dung 02 dong co khong ddng bo 3 pha c6 hop sb cong suat 90W,
25W; dién 4p 200V; tan s6 50Hz; téc do qua hop s lan luot 1a 50 vong/phit va 45 vong/phit.
Mo hinh dong co va bing tai c6 gin sin encoder 1000 xung/vong dé do toc d6 dong co minh hoa
nhu hinh 5.

2.2. So dé bé tri thiét bi trén mo hinh thgc hanh

Ban thuc hanh mang truyén thong cong nghiép Profinet duoc xay dung hoan chinh nhu hinh
6, ngoai cac thiét bi chinh dé thuc hién bai toan tong thé bai bao da dat ra, md hinh con c6 mot s6
céc thiét bi ngoai vi co ban khac nhu nat nhan, cdng tic, cam bién logic, role trung gian, bong
béo, contactor dé& mé rong thuc hién céc bai toan thuc hanh mang Profinet tir co ban dén nang
cao. Tai ban thyc hanh ciing dwoc cung cip day di cac loai ngudn va bong bao ngudn dé thuc
hanh céc bai todn nhu nguén mot chiéu 24VDC, ngudn xoay chiéu 3 pha 380V, ngudn xoay
chiéu 3 pha 220V.
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TS

Hinh 5. M6 hinh tdi cia ban thuc hanh Hinh 6. So' @6 bé tri thiét bj trén mo hinh thyc hanh
mang Profinet

2.3. Céu hinh mang

Phan mém TIA Portal V14 SP1 da duoc st dung dé cau hinh mang cho cac thiét bi trong md
hinh két ni mang Profinet. Sau khi két ndi may tinh vao mang PROFINET va khoi dong phan
mém, phan mém TIA Portal tu dong tim cac thiét bi ¢ sin trong mang ludi. Bé cac thiét bi nay
két ndi véi nhau, mé hinh thiét 1ap dia chi IP nhu hinh 7.

PLC_1 PLC 2 PLC_3 Bét dau
cPU1214C CPU1214C cPU1214C

PNJIE_1: 192.168.0.1 PNAE_1: 192.168.0.2 PNIE_1: 192.168.0.3 A4
PNAE_1 | - g

PLC Server truyén gia
tri dat cho PLC Client 2
theo mét ti 1& cho trwéc

HMI_1
KTP700 Basic PN

— -
G120CPN G120CPN

Nhén Start ter

trén HMI Hoan thanh

truyén di liéu

-
’E.& BCc3

PNJIE_1: 192.168.0.5 [PNNE_1: 192.168.0.4 PNJIE_1: 192.168.0.12

PLC Server truyén dir
ligu téc do dat cho PLC
Clien 1

PLC Client 2 dat gia tri
cho bién tan dé quay
dong co

Hoan thanh
truyén di liéu

PLC Client 1 dat gia tri
cho bién tan dé quay
doéng co va truyén gia
tri tbc @6 thuc cho PLC
Server

Dirng cac dong

Hoan thanh
truyédn di lieu b-
Két thuc
Pung
Hinh 7. Khai béo két ndi thiét b; trén Tia Portal Hinh 8. So d6 thudt todn diéu khién
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3. Thiét ké chwong trinh diéu khién va két qua thuc nghiém

Bai toan thuc hanh tong thé 1a PLC Server truyén Iénh hoat dong, téc do dat cho PLC Client
1; PLC Client 1 diéu khién bién tin G120C truyén dong cho dong co lam viéc theo toc do dat,
sau d6 phan hoi gia tri tbc do thuc vé cho PLC Server; PLC Server sé truyén téc do thuc caa PLC
Client 1 da nhan dwoc theo mot ti 1¢ nhat dinh va truyén cho PLC Client 2; PLC Client 2 diéu
khién bién tan G120C truyén dong cho dong co 1am viéc theo tdc do dit. Bé cac PLC Client diéu
khién dong co hoat dong bam véi toc do dat, bai bao sir dung bo diéu khién PID va duoc lap trinh
trén PLC. Giai thuat lap trinh truyén thdng mang Profinet giira cac tram véi nhau minh hoa nhu
hinh 8.

Chuong trinh diéu khién cua cac tram PLC Client minh hoa nhu hinh 9, thuc hién nhiém vu
diéu khién 6n dinh téc do bang tai.

oB1 SP: Tin hiéu dat t&r PLC
Server

w81
*PUT_DB"
PUT
Remote - Variant &Y,
EN ENO

Téc do

£C2 d&t cho Fc1 *PUT_DB" REQ — REQ DONE —+"PUT_DB" .DONE
Encoder Chuong trinh PV 0OB35 X bién tan Chuong trinh Encoder D ERROR — “PUT_DE" ERROR
do téc d6 dong dcl“’&”.g "::',“I'E) didu khién bién [~ + ADDR_1 SRR — “PUTDB" STATUS
co ieu ien tAn sp_1 -
Hinh 9. Khoi chuong trinh diéu khién cac trgm Hinh 10. Chwong trinh khai bdo truyén dir ligu téi
PLC Client PLC Client 1

3.1. Thiét ké chwong trinh diéu khién
3.1.1. Chuong trinh PLC Server

_ D¢ truyén théng mang Profinet gitra cac PLC S7-1200 voi nhau, bai béo thiét 1ap bang trao
doi dir liéu 10 byte nhu bang 1 va bang 2.

Bang 1. Trao déi di liéu gia PLC Server Bang 2. Trao doi dir liéu giiza PLC Server
voi PLC Client 1 voi PLC Client 2
\\\\ Deligu T Dirligu .
T Dir liéu truyén Dir liéu nhin T Dir liéu truyén Dit li¢u nhin
PLC . PLC ~
Server MB1 > MB10 MB31 >MB40 Server MBS0 — MBSO MBS0 —MB39
Client 1 MB21 — MB30 MBIl — MB20 Client 2 MB70 — MB79 MB60 — MBG9

Chuong trinh khai bao truyén dit liéu téi PLC Client 1 nhu hinh 10.
Chuong trinh khai bao nhan dir liéu tir PLC Client 1 nhu hinh 11.

%8B 3 *0B2
"GET_DE" “PUT_DB_1*

GET Re ten-n\ll iant & %
Remote - Variant & ¥, e sl

- EN ENO
£ ENO *PUT_DB_1".REQ — REQ DONE —i "PUT_DB_1".DONE
“GET_DB" REQ — REQ NDR —i " GET_DB" NDR
. *GET DB" ERROR o o *PUT_DB_1"
ol D ERROR —1"GET_DEB" ERRO = M ADDR_1 ERROR —4ERROR
ADDR_1 STATUS GET_DB".STATUS #N sD_1 *PUT_DB_1"
RO - - STATUS — STATUS

Hinh 11. Chuong trinh khai bdo nhdn dir ligu tu Hinh 12. Chirong trinh khai béo truyén dit liéu téi
PLC Client 1 PLC Client 2

Chuong trinh khai bao truyén dit liéu t6i PLC Client 2 nhu hinh 12.
Chuong trinh truyén dit liéu téi PLC Client 1 nhw hinh 13.

| MOVE | ':'r' MOVE
EN EN EN —_—
WD94 WAD2 WAD31 out emp #temp — IN JADS1
"HM_Setpointl® — |y 3 QUTI — "Pro_Setpoini® .:l;l:u"-.-: N * oum — “Pro_Setpont2”
Hinh 13. Chuirong trinh truyén di liéu Hinh 14. Chwong trinh nhan dir liéu tor
téi PLC Client 1 PLC Client 1 va truyén diz liéu téi PLC Client 2
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Chuong trinh nhan dir liéu tir PLC Client 1 va truyén dir liéu t61i PLC Client 2 nhu hinh 14.
3.1.2. Chuong trinh cac PLC Client

Chuong trinh cac PLC Client la twong tu nhu nhau, bai bao trinh bay cu thé chuong trinh cua
PLC Client 1. Bé truyén dir liéu gitta PLC véi bién tan, ta sir dung khoi Iénh SINA_SPEED,
minh hoa nhu hinh 15.

%1 WE
*SINA_SPEED_DE" *CTRL_HSC_O_DB"*
wB285
CTRL_HSC
“SINA_SPEED"
EN ENO
EN ENO
HSC BUSY —
W11.0 *SINA_SPEED_
*Start!” — EnableAxis AxisEnabled —DE” nable Dt ey
“SINA_SPEED_ “SINA_SPEED_ -
DB" AcErTor — AckError Lockout —4 DB" Lockout — RV

%WMD500 MD600 ~ PERIOD
"Tag_4" — SpeedSp ActVelocity — "Tag_5" NEW_DIR

Refspeed "SINA_SPEED_ NEW_CV

Confighvis Error —4 DB Error NEW RV

*SINA_SPEED_ NEW_PERIOD
Status — DB" Status -
*SINA_SPEED_
Diagid — DB" Diagld

HWIDSTW

HWIDZSW

TNV
L] oint 1 Real

stemp1 —i 0640004
out|—"Data_PID_1" M1

inz
i3

Hinh 16. Chicong trinh do toc do déng co

Hinh 15. Chuwong trinh truyén dit li¢u giita PLC
vdi bién tan

Dé do tdc d6 dong co, chuong trinh st dung bo dém tde d6 cao HSCI, quy ddi don vi do 1a
vong/phut, minh hoa nhu hinh 16.

Dé diéu khién 6n dinh toc do cac dong co chuong trinh sir dung khdi PID_Compact trong
phan mém TIA Portal V14 SP1, ddy 1a bo c6 tich hop chéng bdo hoa tich phan [6]. Cong thuc
hoat dong cua thuat toan PID dugc thé hién nhu cong thirc (1):

1 T..
y=K, | (bw- x)+ﬁ(w—x)+ a.TDD.sS+1(C'W_ )| @
Trong d6: y- gié tri ngd ra; x- gia tri phan hoi
W — gid tri cai dat mong mudn; Kp, T, To - 1a cac hé sé khuéch dai, hang sé tich phan, hiang sb
vi phan; b, ¢ — trong sé cua khau P va D
Thuat toan PID duoc viét trén khdi ngat thoi gian OB35 véi thoi gian 100 ms, chuong trinh
nhan dit liéu toc do dat tir PLC Server nhu hinh 17.

Hinh 17. Chwong trinh nhdn dir liéu tir PLC Server

D83 oy
B *PID_Compact_1"
e PID_Compact
ahn
Remote - Variant & Y,
EN ENO
EN ENO Output
“GET_DB" REQ — REQ NDR —4"GET_DE" NDR WB4DBWE
D ERROR —4"GET_DB" ERROR Setpoint *Data_PID_1"
ADDR_1 STATUS — "GET_DB" STATUS o SRR, — Outpurt
e 1 Input Output_PYM —
= - Input_PER State
Ermor —¢
- ErrorBits

Hinh 18. Chirong trinh do téc dg dong co

Chuong trinh thuc hién khdi Iénh PID Compact, minh hoa nhu hinh 18.
Bai toan md hinh sir dung bg dieu khien PI, cac tham s6 dugce xdc dinh thong qua chirc ning
Tuning cta phan mém TIA Portal V14 SP1, sau d6 hiéu chinh nhu hinh 19.
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[") Enable manual entry (") Enable manual entry
Proportional gain: |1.406829 ] Proportional gain: |1.849247

Integral action time: |4.980065 Integral action time: (2904968 3|

Derivative action time: [0.0 Derivative action time: (0.0

Derivative delay coefiicient: [0.1
Proportional action weighting: 0.8 |
Derivative action weighti ‘Vpp—‘ Derivative action weighting: |0.0
Sampling time of PID algorithm: |9.99989E-2 s

1

]

|

Derivative deley coeficient: 0.1 ]
Proportional action weighting: | 0.8 |
]
]

Sampling time of PID algorithm: |1.000013E-1 5 s

Tuning rule

Tuning rule
= Controller structure: | PI v

Controller structure: | Pt

a) PLC Client 1 b) PLC Client 2
Hinh 19. Tham sé PID cua cac PLC Client

3.1.3. Thiét ké giao di¢n cho man hinh HMI

Man hinh HMI ¢6 nhiém vu diéu khién hé thong, dat gia tri toc do cho bang tai cia PLC
Client 1, xac dinh ti I¢ toc do gitta 2 bang tai va gidm sat toc do cua cac bang tai. Giao dién dugc
thiét ké nhu hinh 20 va hinh 21.

BANG BIEU KHIEN CAI AT TOC BO
|
Téc d§ dit cho Client 1 +000000000
Ty 18 tic d6: 1/ +000000000 | | TBC A diit cho Client 2 +000000000

Trang thai hoat dgng tram Client 1 O

Trang thai hoat dgng tram Client 2 O

Hinh 20. Giao dién chinh man hinh HMI Hinh 21. Giao dién giam sat toc dé HMI

3.2. Két qud thuc nghigm

Qua trinh két ndi va chay thuc nghiém mé hinh dugc biéu din nhu hinh 22.

AN THUC

két

SIEMENS

GIAD DIEN DIEU KHIEN VA GIAM SAT HE THONG

BANG BIEU KHIEN

Hinh 22. Két néi mé hinh va chay thuc nghiém Hinh 23. Cai dat va khoi dgng hé thong trén HMI

http://jst.tnu.edu.vn 15 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(02):9- 16

Tién hanh cai dgt toc do nhu sau: Bang tai tram PLC Client 1: 48 vong/pht, ti 1§ bang tai 2 so
v6i bang tai 1 la 1/1.5 va khéi dong h¢ thong, minh hoa nhu hinh 23. Ket qua giam sat toc d¢ cac
bang tai nhu hinh 24, két qua cho thay toc do thuc bam rat tot so vai toc do dat.

SIEMENS

Hinh 24. Két qua giam sét téc do cdc bang tdi
4. Két luan

Bai bao da trinh bay van dé nghién ciru xay dung, thiét ké, 1ap trinh va ché tao md hinh thuc
hanh dung mang truyén théng Profinet. Md hinh thyc hanh da xdy dung dap tng day du cac bai
thuc hanh vé mang truyén thong Profinet gitta cac thiét bi 03 PLC — 02 Bién tan - HMI, ngoai ra
mo hinh con duoc trang bi thém cac thiét bi ngoai vi co ban dé thuc hién cac bai toan co ban. Két
qua thuc nghiém cua md hinh cho thdy hé thong hoat dong tét, dit liéu truyén théng nhanh va
chinh xac, va dam bao chat luong diéu khién 6n dinh téc do cac bang tai. Qua do thdy dugc mo
hinh da xay dung la rat can thiét, giup cho ngudi hoc tiép can duoc kién thic va kinh nghiém
thiét ké vé mang truyén thong Profinet.
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