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GIAO TIEP PROFINET GIUA CAC PLC SIEMENS S7-1200
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Tom tat: Bai bao nay gidi thiéu v& mé hinh san xuét tw dong st
dung cac tram chirc nang riéng biét duoc két ndi bang Profinet.
Mb hinh nay gdm 4 khau thuong gap & mot day chuyen san xuét
trong thye té do 1a khau Iya chon san phadm, khau gan linh kién
vao san phém khau Iap ghép san phém da cé linh kién, va khau
sép xép san pham vao ké chira. M&i khau cla day chuyén duoc
diéu khién bang mét PLC S7-1200. Cac khau duoc két néi truc
tiép voi nhau bang giao tiép Profinet qua hai médun me réng
Siemens CSM 1227 theo giao thirc kléu hinh sao. Cac PLC diéu
khién duoc Iap trinh bing phan mém TIA Portal st dung cac
ngbn nglr FBD, LAD, va SCL. Mé hinh dé duogc kiém tra hoat
dong trong thuc té va thé hién dwoc s én dinh cla tu'ng khau
cing nhw qua trinh giao tlép gitra cac PLC. Thanh coéng clia mé
hinh cho phép thiét ké ché tao day chuyén san xuét tu dong béng
cach ghép cac tram riéng ré nham tiét kiem thoi gian thiét ké ché
tao.

Tir khéa: Profinet; PLC; FBD; LAD; SCL; TIA Portal; day chuyén
san xuét; giao thirc hinh sao

1. Phiin mé déu

Hé thong tw dong hoa tich hop 1a hé théng quan ly,
diéu khién, giam sat va thu thap dir liéu dugc sir dung
rong rai trong nhiéu linh vyc va dic biét 1a qua trinh san
xuat trong cong nghiép [1],[3],[4].[5]. Thong thuong phin
tir diéu khién trong hé thong tir dong hoa la cac PLC véi
cac tinh nang wu viét vé tinh 6n dinh, kha ning chong
nhiéu cao va kha nang mé rong cao béng su két hop vai
cac module m& rong [9],[10],[11]. Thoi gian gin day
cing v6i sy phat trién PLC thé hé mdi cua Siemens si
dung h¢ théng truyén théng Profinet da tao diéu ki¢n cho
phép thiét ké hé thong tw dong hoa tich hop giao tiép truc
tiép giita cac PLC véi nhau thay vi hé théng Master-Slave
nhu truge [6],[7]. Chuan truyen thong mdi Profinet tin
dung lgi thé cia giao tlep bang Ethernet nén c6 thé ing
dung dé thiét lap nhiéu kiéu giao tiép khac nhau nhu kiéu
vong (ring topology), kiéu hinh ciy (tree topology), kiéu
hinh sao (star topology)... [12]

Hién nay dong PLC S7-1200 véi gia thanh ré va do on
dinh t6t dang dan thay thé cho cac dong PLC S7-200 cua
Siemens va cic dong PLC thép cap cua cac hang tr dong
hoa khac. Vige sir dung cong Ethernet dé két ndi véi may
tinh va két ni truc tiép gitra cac PLC mo ra hudng thiét ké
hé thong san xudt tr dong theo giao thirc két ndi hinh sao
gitra cic PLC. Chuan Profinet cho phép tao ra giao tiép thoi
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production lines using Profinet connection between
Programmable Logic Controllers (PLCs). This model includes four
commonly used stations in industrial production lines which are -
products assortment station, components attachment station,
assembly station, and products storage station. Each station is
controlled by a Siemens PLC S7-1214 DC/DC/DC. These stations
are directly communicated to each other via Profinet through 2
Ethernet switches CSM 1227 using “star topology”. The PLCs are
programmed in TIA Portal software using Function Block Diagram
(FBD), Ladder Logic Diagram (LAD), and Structure Control
Language (SCL) languages. The model has been tested in
practical operation, and it demonstrated the stability of each
station as well as the communication process between PLCs. The
success of the model allows us to build the completed production
lines by assembling their substations to save the time for design
and fabrication.

Key words: Profinet; PLC; FBD; LAD; SCL; TIA Portal;
production line; star topology

gian thuc khoang Ims; ngodi ra, véi sy ning cép cua hé
thong Profinet 1én V2.3 thi c6 thé tao dugc thoi gian két ndi
trong 31.25 ps. Ngoai théi gian két ndi va giao tiép nhanh,
Profinet con c6 lgi thé nira 13 6n dinh va it bi 15i [12].

Bai bao chu trong vao glao tiép gitra cac PLC. Hg
théng nay la mé hinh day chuyén san xut tu dong gom 4
khéu thuong gip do 1a khéu lya chon san pham khéu gin
linh kién, khau lip ghép san phiam, va khéu sap xep san
phim vao kho chira. Cac khéu nay dugc téc gia ché tao
riéng ré roi sau do s& két néi lai voi nhau thanh mét hé
thng tu dong hoan chinh thong qua hé thong Profinet sir
dung giao thirc hinh sao.

2. Két qua khio st va nghién ciru

2.1. Gigi thi¢u cdc tfram chirc nang sw dung trong mé
hinh ddy chuyén sin xuit tw djng

2.1.1. Tram lya chon san pham theo nhiéu tiéu chi khac
nhau- mau sdc, chat liéu, dinh hwang, va thir te (tram
niij

Khung bing tai dugc ché tao bing hop kim nhom,
bang tai bing cao su tong hop kich thuéc 680mm x50
mm va dugc dan dong bang déng co DC 24V. Khéi cap
san pham gbm 2 cgt hinh try vudng duoc lam bang nhom
tong hop kich thuéc 230mm x 80mm va c6 thé chira
dugce 10 phoi mot lac.[1] (Hinh 1.).
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Hinh 1. M6 hinh cua tram lya chon san pham

Hé théng cam bién sir dung trong mo hinh bao gém
cam bién tir cam IFM-IG5597 dé phan loai vit lidu cua
san phdm, nguyén 1y lam viéc cua cam bién nay la do thay
doi tro khang Z dwgc mo ta boi phuong trinh (1) v6i R la
dién tro thuan va joL 14 tré khang tir ciia cam bién.

Z=R+joL (1)

Ngodi ra tram con c6 cac cam bién mau sdc, cam bién
siéu 4m, va cam bién hong ngoai.

2.1.2. Tram ldy san pham va dong vit vao san pham
(tram 2)

Khi san pham dugc dua téi dau cudi clia bang tai s& c6
mdt cim bién hdng ngoai tai phia cudi bang tai nhan biét
¢6 san pham tai do dé ngung bang tai va xuat tin hiéu qua
PLC cua tram tiép theo dé diéu khién cénh tay robot Iay
san pham qua tram va dong vit vao san pham Tram liy
san pham bao gom canh tay gip hang kiéu RTT (quay,
tinh tién, tinh t:en) ba béc tr do gom 1 dong co DC 24V
diéu khién chuyen dong quay va 2 piston dé ning ha va co
dudi tay may dé dén vi tri san pham O phia diu tay may
la mot co céu hit chan khéng dé hut san pham. Kich
thudc cua tay may khi vuon ra toan bo la 500mm X
400mm x 450 mm.

Hinh 2. Tram thir dong vit vao san pham
Co céu dong vit san pham bao gdm 2 piston & 2 bén,
khi ¢6 tin hi¢u vao thi ca 2 piston cua 2 piston s& vuon ra
ép chat vit vao san pham.

Hinh 3. San pham da dwoc dong vit

Cénh tay lai tiép tuc chuyén san phim sang tram tiép
theo dé chd lap rap. Khdi mau tring tir tram 1 dugc canh
tay dua tryc tiép dén tram 3 khong qua khau dong vit.

Pé x4c dinh ding goc quay cén thiét cua canh tay, mot
encoder 16 xung/ddy, bo truyén banh ring hanh tinh c6 ti
s6 truyén 102:1 va bd banh ring cén co ti sé truyén 2:1
duge s dung. Ti sb truyén chung 13 204:1 va encoder
dugc dat tai vi tri dong co nén tuong tng véi 1 vong quay
cua canh tay s& la 204 x 16 =3264 xung/ddy, tuy nhién
khi dung bo dém téc dé cao (HSC) thi n6 s& dém ca xung
dwong va 4m vi vdy sé tro thanh 6528 xung dém dugc cho
mbi day. Encoder gbm 2 ddy channel A va channel B
duoc ndi vao bd dém HSC do vay tr¢ thanh 13056 xung
dém duge cho mot vong quay 360 d. Nhu vay dé quay
180 d hay 90 do thi chinh ngd ra cia HSC khi xuit tin
hiéu lan luot 1a 6528 va 3264.

3. Tram ldp rdp san pham (tram 3)

Céc san pham sau khi dugc canh tay cua tram dong vit
chuyen dén va dat trén gia d& cua tram lép rap s& dugc mat
co cau canh tay twong tu nhu co cdu ¢ tram dong vit gip
Ién va chuyén vao trong khoang ép dé €p san pham mau
den (c6 vit) hudng 1én vao san pham tring huéng xudng.
Tin hiéu tha san phim ciia canh tay & tram 2 chinh la tin
hiéu cho canh tay ¢ tram nay hoat dong.

Hinh 4. Tram ldp rdp

Lic nay trén khuén cua khoang ép co hai khéi nim
chong 1én nhau. Khuén ép duge cho vao trong khoang ép
bang mdt co cau piston. O trong khoang ép thi 1 piston
khéc phia trén s& ép chat xudng va gir luc ép trong 2 gidy
dé hoan toan lip 2 san pham lai v&i nhau (Hinh 4.).

Sau khi lap rdp xong thi san pham dugce canh tay hut
Ién va chuyén qua tram cudi cung dé vao kho.

2.1.4. Tram lwu kho (Tram 4)

Sau khi san pham da duge lap rap thanh hinh khol
(Hinh 5.) thi san pham sé& dugce chuyén sang tram cudi
ciing dé luu vao kho. Tram cudi cung nay bao _;_,om mot
gia d c6 4 hang mdi hang ¢6 7 vi tri luru san pham. Téng
cong bao gdm 28 vi tri trén ké chira san pham.
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bong co |

Cam bién 1

Hinh 6. Tram sdp xép san pham

Sau khi san phim da dwoc xép lén ké thi ¢ trong
Watch table (Hinh 7.) cta chwong trinh PLC s& cdp nhat
vi tri d6 da c6 san pham va san pham tiép theo khi dugc
xép vao ké s& & vi tri 6 tiép theo.

. |nddress Displayformar
wuzzmmn Bool
%DB22.DBX0.1 Bool
%DB22.DBX0.2 Bool
%DB22.0BX0.3 Bool
%0B22.DBX0.4 Bool
%DB22.DBX0.5 Bool
%DB22 DBX0.6 Bool
%DB22.DBX1.0 Bool
%D822.0BX1.1 Bool

“sapxep” vmlo, 1]

*sapxep” vitif0, 2]
*sapxep”.vitri{0, 3]
“sapxep”.vitri{0, 4]
*sapxep” vitri[0, 5]
“sapxep” vitri{0, 6]
“sapxep” vitri{1, 0]
“sapxep” viti[1, 1]

Hinh 7. Watch table ciia khoi sap xép

Thudt toan sép xép lén ké dugc viét bang ngén ngir
SCL trong PLC dé tiét kiém thoi gian lap trinh ciing nhu
t6i wu hoa kha nang sip xép cta tram. Ngén ngir, SCL
cho phép tao ra cac vong lap va cép nhét dir liéu sau mbi
chu trinh, cho phép xdy dung thuat toan sip xép mot cach
t6i wu va tiét kiém thoi gian rdt nhiéu so voi cach Iap trinh
bang FBD hay LAD nhu trudce.

2.2. Cic bg diéu khién PLC S7-1200 va giao tiép
Profinet giita cdc tram véi nhau
2.2.1. Két néi giira cdc bé diéu khién PLC

C6 tit ca 4 PLC Siemens S7-1214 DC/DC/DC sir

dung cho 4 tram riéng biét. Vi thé dé mo hinh hoat dong

hoan toan ty dong can phai thiét lap két ndi va giao tiép
gitra cac PLC nay. O trong phan mém TIA Portal cho
phép thiét 1ap két ndi giira cac PLC mét cach dé dang.

O diy 2 module CSM 1277 dugc sir dung dé két ndi
tit ca cac tram & trén lai véi nhau, cide module nay co thé
dugc thay thé boi cac switch thong dung vi két ndi gitra
cac PLC bing giao tiép Profinet theo chuan Ethernet. Cac
tram 1, tram 2, tram 3, va tram 4 lan luot dugc thiét lap
cac IP tuong ung la 192.168.111.211, 192.168.111.212,
192.168.111.213, va 192.168. 111.214 dé chuén bi cho
viéc thiét lap giao tiép truc tiép giira cac tram véi nhau.

Hinh 8. Thiét lgp két néi gittu cac PLC sir dung 2 module
mo rong Siemens CSM 1277

Céc ngdn ngir sir dung dé lap trinh cho hé théng bao
gom FBD va SCL. Ngon ngit FBD hay LAD rét hay duoc
sir dung trong lap trinh PLC vi tinh don gian dé lap trinh
clia chiing; ngon ngit nay thudng tmg dung dé giai cac bai
toan Logic don gian hay lap trinh cac ang dung c6 céac
hoat déng cua céc co ciu chap hanh theo trinh tu [2].
Trong khi d6 SCL lai rat t6i wu cho 1ap trinh cac qua trinh
lap di lap lai lién tuc.

2.2.2. Thiét Igp hé fha'ng giao tiép giita cde PLC

Qué trinh két ni co thé duge sir dung nhiéu phuong
thirc khac nhau nhung ¢ day dé tan dung loi thé cia chuin
Ethernet, két ndi truc tiép gitta cac PLC sir dung khdi ham
¢ san trong phan meém TIA Portal 1a TSEND C va
TRCV_C. Ung véi mdi giao tiép tir PLC nay sang PLC
kia thi mot cap ham TSEND_C dugc viét & PLC gui va
TRCV_C duge viét & PLC nhén.

Nhu da néi & trén thi cdc tram s& két ndi v6i nhau dé
truyén tin higu ctia san phim da két thic ¢ tram trudc va
tram tiép theo co thé bat diu hoat dong. Ngoai ra thi tin
hi¢u ¢ tram trude cling phai ché tin higu cua tram sau dé
tranh truong hop san pham dugc chuyén qua khi ma tram
sau chua hét chu ky thi qua trinh san xuat ty dong s& bi
16i. So d6 giao tiép cua cac PLC dugce thé hién & Hinh 9.

—

Station 1 |—>>| Station 2 ¢—| Station 3 ¢~ Station 4

Hinh 9. So dé tin hiéu giitu cde PLC

Theo so d6 Hinh 9 thi s& ¢ tit ca la 5 giao tiép giita
cac tram voi nhau. Vi gidi han cua bao cdo nén chi néu
ra | giao tiép gitra tram 1 va tram 2. Dé thiét 1ap giao tiép
sé¢ su dung khéi TSEND C & trong “open user
communication” ctia phan mém TIA Portal.
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DONE — " sendtignal
BUSY —

ERADR e
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ENO o

- ENE BET

Hinh 10. Khoi TSEND C ¢ tram thir 1 (Tram liwa chon)

Trong kh6éi TSEND _C (Hinh 10.) tin hiéu REQ la tin
hiéu vao dé cho PLC c6 thé truyén tin hiéu duge. Mot cor
nh¢ c6 tin hiéu ban dau bang 0 va liy phu dinh cua né dé
lam tin hi¢u vao cho khéi TSEND C. Tin hiéu nay ciing
chinh 13 tin hiéu cua khdi truyén xong dir liéu DONE.
Nguyén ly hoat déng 14 ban dau tin hiéu vao “sendsignal”
bang 0 vi vay khi dao bit & ngd REQ s& trd thanh 1 nghia
la tin hiéu s& dugc cho phép truyén sang PLC nhén. Sau
khi PLC ¢ tram kia nhan dugc tin hiéu thi sé& cho tin hiéu
& ngd DONE bang 1, lam cho tin hiéu “sendsignal” lic
nay lai bang 1 va dao bit cua no tai ngd REQ lic nay la
bang 0 va két ndi tam thoi bi ngat Khi do thi tai ngd
DONE tin hiéu lai bing 0 dén dén tin hiéu tai REQ s& tr&
lai 1a 0 va dao bit cua no s€ la 1 va tin hiéu lai duoc
truyén di. Qua trinh nhu vay lap lai lién tuc, c6 nghia la
tin hiéu s& lién tuc duoc truyén tir PLC giri dén PLC nhan.

Ngoai ra thi dir liéu dé thiét 1ap két n6i duge ghi o khéi
data block “%DB25™ cua PLC giri va “%DB29” cua PLC
nhan. Dir liéu tir cc tin hiéu ra hodc cua PLC giri (theo bit)
sé duge ghi vao co nhd “%MB15”, Sau dé, dir liéu cua co
nhd “%MBI15” duge giri c6 do lon 1 byte (LEN =1) sé&
dugce ghi vao co nhd “%MB7” ctiia PLC nhin. Sau do, céac
tin hiéu nay s€ dugc Chuyén lai theo bit cua cac ngd ra hoac
vio ciia PLC nhan dé lam tin hiéu didu khién hoat dong cua
tram nhan.

B30
"TRCV_C_DB*
—EN
TRUE == EN_R
TRUE — CONT .
T -—LEN DONE — ..
%“NB29 BUSY =
ien2to1” — CONNECT ERROR =— ...
SaaB7 STATUS
"Tag_1" — DATA RCVD_LEN
— CON_RST ENO =

Hinh 11. Khoi TRCV_C & tram thir 2 (Tram dong vit)

2.2.3. Két qua thuc nghiém

Sau khi két ndi hoan tit cic PLC véi nhau va thiét lap
cac giao tiép cho hé thong hoat dong, thi hé théng duoc
chay thir nhiéu lan va cho dugc hoat dong chinh xéc trong
giao tiép ctia cac khau, Tuy chuong trinh lap trinh cho timg
hé théng chua duoc téi uu nhung hé théng da hoat dong tét
chiing t6 duoc tinh wu viét cua phuong thire giao tiép bang
Profinet la don gian, dé (mg dung va tin dung dugc uu thé
cua chuén Ethernet.

3. Két ludn

Trong mo hinh nay, cac tram tuy dugc lap trinh riéng
biét roi sau do chi sit dung phuong thirc két néi Profinet
dé truyen va nhan dir liéu qua lai tao thanh mét mé hinh
day chuyén san xuit ty dong hoan chinh.

Hinh 12. M6 hinh hoan chinh va dwgc chay thir nghiém

Diéu nay cho phép ché tao va thiét ké cac giai doan roi
rac cliia mot h¢ thong hoan chinh bai nhiéu bé phin hodc
nhiéu nhom lam viéc khac nhau, sau dé thi cac giai doan
roi rac nay sé duoc ket ndi théng qua chuan Profinet tao
thanh mot day chuyén 6n dinh,

Viéc chia nhiéu nhom lam viéc tao nén kha nang hoan
thanh cong viéc nhanh hon. Ngoai ra khi can mo rong thém
déy chuyén san xuat thi ciing chi can ché tao thém bd phan
mé rong riéng biét khong can can thiép vao hé thong chinh
dang hoat dong, nhu vdy ndng sut lao dong s& khong bi
anh hudng I’lhILU Ngoai ra chuin Profinet con cho phép
mé rong giao tiép voi may tinh, cac man hinh HMI nhim
tao ra mot hé SCADA hoan chinh va hoan toan tiét kiém
dugc thoi gian thiét ké ché tao. Hudng phat trién dé tai 1a
img dung tiéu chudn Profinet V2.3 dé co giao tiép cue
nhanh giira cac bd diéu khién PLC nhim tdi uu ning suat
cho céc img dung phirc tap hon.
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