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NGHIEN CUU THIET KE, CHE TAO
MO HINH VAN CHUYEN VA KHOAN SAN PHAM
SU DUNG PLC PHUC VU GIANG DAY

Vii Trong Truwong', Phan Thj Twoi’, Banh Hoang Long?
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Tém tit: Trong dao tao k¥ thuat tu dong hoa, viéc Kkét hop gitra 1y thuyét va thuc hanh c6 vai
tro ddc biét quan trong. Tuy nhién, nhidu co s& dio tao hién nay van st dung cac mé hinh giang day
mang tinh mé phong hodc cac thiét bj thwong mai c6 két cau kin, gay han ché trong viéc tiép can hé
thong diéu khién thyc té ciia sinh vién. Bai bao nay trinh bay qué trinh nghién ctru thiét ké va ché
tao mo6 hinh van chuyén va khoan san pham sir dung bo diéu khién logic kha trinh PLC Siemens
S7-1200 két hop véi giao dién ngudi - may (HMI). M6 hinh mé phong mot quy trinh ty dong gom
cac cong doan van chuyén, dinh vi va khoan san pham. Két qua thtr nghiém cho thay hé thong hoat
dong 6n dinh, logic diéu khién rd rang, giao dién truc quan va co gi trj cao trong giang day, thuc
hanh va nghién ctru linh vyc ty ddng hoa cong nghiép.

Tiwr khoa: PLC S7-1200; HMI; ti déng héa cong nghiép; hé thong vin chuyén va khoan.

Abstract: In automation engineering education, the integration of theoretical knowledge
and practical training plays a critically important role. However, many training institutions still
rely on simulation-based teaching models or commercially available equipment with closed
architectures, which limit students’ access to real control systems. This paper presents the research,
design, and development of a material handling and drilling system model using a Siemens
S7-1200 programmable logic controller (PLC) in combination with a human—machine interface
(HMI). The model simulates an automated process consisting of material transportation, positioning,
and drilling operations. Experimental results demonstrate that the system operates stably, features a
clear control logic, and provides an intuitive user interface. The proposed model shows significant
value for teaching, hands-on training, and research in the field of industrial automation.

Keywords: PLC S7-1200; HMI; industrial automation,; material handling and drilling system.
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1. Gidi thiéu

Tu dong hoa cong nghiép dang ngay cang phat trién va dugc tmg dung rong rii trong cac day
chuyén san xuét hién dai. Do d6, dao tao k¥ su va ky thuat vién trong linh vuc tu dong hoa khong
chi dung lai & kién thuc ly thuyét ma can chi trong dén k¥ nang thyc hanh, 1ap trinh va van hanh hé
thdng thyc té (Siemens, 2022).

Trong thyc té giang day, nhidu mo hinh dao tao hién c6 chi cho phép sinh vién quan sat bén
ngoai hodc 1am viéc trén phan mém mo phong, chua dap ting duoc yéu cau rén luyén ky ning tong
hop nhu 14p trinh PLC, két ndi phan ctmg, giam sat va chan doan 13i. Vi vay, viéc xay dung cac mod
hinh dao tao mo, cho phép sinh vién truc tiép can thi€p vao hé théng 1a can thiét (Siemens, 2024a).

Xuit phét tir yéu cau do, bai bao nay dé xudt va phat trién mot mé hinh van chuyén va khoan
san pham sir dung PLC S7-1200 va HMI, huéng t6i muc tiéu phuc vu giang day va dao tao thyc hanh
trong linh vuc tu dong hoa cong nghiép (Siemens, 2024b).

2. Phuong phip nghién ctru va thiét ké h¢ théng

2.1. Céu tricc tong thé hé thong

Hinh 1. So d6 khéi tong quat hé thong
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Nguon: So db thiét ké cua nhom tac gia.

Hé thong duoc thiét ké theo ciu tric didu khién tap trung, trong d6 PLC S7-1200 dong vai trd
diéu khién trung tim (Al-Yaman, et al., 2025). Cac khdi chtc ning chinh bao gdom:

- Khéi ngudn cung cap 24 VDC: Cung cip cho toan bd hé thong;

- Khéi diéu khién PLC: Str dung PLC S7-1200 dé diéu khién;

- Khéi diéu khién va hién thi: HMI 1a man hinh hién thi, lia chon chuong trinh thuc hién giao
tiép gitra nguoi voi may;

- Khéi cam bién: Nhan dang san pham va diéu khién thiét bi;

- Khéi co ciu chép hanh: Str dung dong co bang tai, dong co khoan, van dién tur);

Sau day 1a hinh anh cac ban v& thiét ké phan cting va giao dién diéu khién ngoai vi.

Hinh 2. Ban v& b tri tong thé mo hinh van chuyén va khoan san phdm
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Nguon: So d6 thiét ké cua nhom tac gia.
920



SO 3 (27) - 2026 TAP CHi KHOA HOC DAl HOC DAI NAM

Hinh 3. So dd két ndi vao ra PLC
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Nguon: So db thiét ké cua nhom tac gia.

Hinh 4. Giao dién diéu khién tin hiéu ngoai vi HMI
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Nguén: Thiét ké cia nhom tac gia.

2.2. Nguyén ly hoat dong

Nguyén ly hoat dong cia h¢ théng dya trén diéu khién trinh ty. Khi hé théng duoc khéi dong,
bang tai van chuyén phoi dén vi tri khoan. Cam bién phat hién phoi s& giri tin hi¢u vé PLC, PLC ding
bang tai va kich hoat co céu khoan. Sau khi qua trinh khoan hoan tit, bang tai tiép tuc hoat dong dé
dua san phém ra khoi khu vyuc gia cong. Chu trinh dugc lap lai cho dén khi ¢6 1énh dung tr nguoi
van hanh.

Heé théng hd tro hai ché do van hanh:

- Ché d6 bang tay, phuc vu muc dich giang day timg phan tir

- Ché d6 ty dong, mo phong quy trinh san xuat hoan chinh

3. Két qua thir nghiém va danh gia

3.1. Két qua vin hanh ciia mé hinh

Dir lidu khao sat cho thay mo hinh van chuyén va khoan san pham st dung PLC S7-1200 hoat
d6ng 6n dinh trong nhiéu chu trinh lién tuc. Hé théng thyc hién dung trinh ty diéu khién da thiét ké,
khong xay ra hién tugng xung dot logic hodc dung dot ngdt trong qua trinh van hanh.

Thoi gian thuc hién mdt chu trinh hoan chinh dao dong trong khoang 18-22 giay, phu hop voi
yéu cau ctia mé hinh dao tao. Do chinh xac dirng phoi tai vi tri khoan dat sai s6 nho (khoang +1 mm),
dam bao diéu kién lam viéc on dinh cho co cau khoan. Thoi gian dap tmg ctia PLC d6i véi tin hiéu
cam bién nho hon 50 ms, trong khi thoi gian phan hdi cta giao dién HMI nho hon 300 ms, cho phép
ngudi hoc d& dang quan sat va thao tac hé thdng theo thoi gian thuec.
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Hinh 5. M6 hinh thuc té hé théng van chuyén va khoan san phém

Nguén: San pham nghién ctru ctia nhom tac gia
3.2. Thudt todn diéu khién va lgp trinh PLC

Thuét toan didu khién trinh ty duoc xdy dung dua trén luu dd va trién khai bang ngon ngit Lad-
der trong PLC. Cac diéu kién chuyén trang thai dugc xac dinh ro rang thong qua tin hi¢u cam bién,
gitip hé thong tranh duoc cac tinh hudng kich hoat sai hodc chong chéo 1énh diéu khién.

Qua cac phép thir lién tuc, 100% chu trinh duoc thyc hién dung thi tu: van chuyén - dinh vi -
khoan - dua san pham ra khoi khu vuc gia cong. Didu nay chimg t6 thuat toan diéu khién ¢ do tin
cdy cao va phu hop dé sir dung lam tai liéu giang day cho cac hoc phan diéu khién trinh ty va lap
trinh PLC.

Hinh 6. Luu d thuat toan tong quat mé hinh

Khi ding h¢ thong
Bing tai chgy

Hinh 7. Luu d6 thuét toan test bang tai, van dién tir va dong co khoan

Nguén: So db thiét ké cua nhom tac gia.

Bing tai chay
trong 3s

Xy lanh 1
Xy lanh 2 =

Xy lanh 3
Xy lanh 4
Khoan
Xy lanh 5

Nguon: So db thiét ké cia nhom tac gia.
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Hinh 8. Luu d6 thuat toan chuong trinh chinh

Khéi déng hé théng
Biang tii chay

Xy lanh 1 tic djng
xy lanh 2 day sin
phim ra bang tai

Xy lanh 3 ddy ra va ghir
Xy lanh 4 ha khoan xuéng|
Khoan bat

Xy lanh 3 thu vé
D |Khoan tat

Xy lanh 4 thu vé
xy lanh 5 iy ra

Nguon: So d6 thiét ké ctia nhom tac gia.

Giao dién HMI hién thi dﬁy du trang thai hoat dong cua cac thiét bi chinh nhu bang tai, dong co
khoan va cam bién. Viéc chuyén dbi giita ché d6 van hanh bang tay va ty dong duoc thyuc hién thuan
tién, giup nguoi hoc dé dang kiém tra timg phan tir caa hé thong.

Kha ning giam sat tryc quan ciia HMI h trg sinh vién trong viéc phan tich mbi quan hé giita
thuat toan diéu khién va hanh vi thyc té cta hé thong, tir d6 nang cao kha ning tiép can cac hé thong

tu dong hoa cong nghiép.

Bang 1. Bang khao sat thuc té

TT Chi tiéu khao sat Diéu kién khao sat | Két qua do dwoc Nhan xét
1 | Thoi gian chu trinh Ché d6 tu dong 18-22s/chu trinh Or} d;\nh, p‘h u hop
mo hinh dao tao
2 | Po chinh x4c dimg phdi | Cam bién quang +1 mm Bam bio yéu cau
khoan
3 | Tylé chutrinhding |50 chu trinh lién tuc | 100% E}g“i)cng xay ra loi
N o A Dap tng t6t yéu
4 | Thoi gian dap tng PLC | Tin hiéu vao —» ra | <50 ms cAu didu khidn
5 | Thoi gian phan hdi HMI | Lénh ngudi dung <300 ms t"l;g,lc quan, khong
D6 6n dinh dong co Khong rung, ;
6 Khoan Tai nhe khong ket Phu hop giang day
7 | Po 6n dinh bang tai Van hanh lién tyc | Chay déu Khong trugt phoi
8 | S6 16i van hanh 2 gid lién tuc 0 16i H¢ thong 6n dinh

Nguon: Két qua thir nghiém cta nhom tac gia.
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Bang 2. Két qua khao sat hiéu qua tmg dung trong giang day

Tiéu chi danh gia Trwée khi ¢6 mo hinh | Sau khi sir dung m6 hinh
Kha ning hiéu diéu khién trinh tu Trung binh Tt
Kha ndng doc I/0O PLC Thap Cao
K¥ nang lap trinh PLC Trung binh Tt
K¥ ndng chan doan 15i Rét han ché Cai thién r0 rét
Muc do chu dong hoc tap Trung binh Cao
Kha ning lién hé thuc té Thap Cao

Nguon: Két qua thir nghiém ctia nhom tac gia.

3.3. Danh gia hiéu qud giang day

So véi cac mo hinh dao tao mang tinh mé phong hodc cac thiét bi thuong mai co két cAu kin,
md hinh dé xuét c6 ciu trac mé, cho phép sinh vién truc tiép 1ap trinh PLC, theo d6i tin hi¢u vao/ra
va thuc hanh chan doan 15i. Cac két qua thuc nghiém cho thdy mé hinh khong chi dap ung yéu cau
k¥ thudt ma con mang lai hi¢u qua su pham 1o rét.

Thong qua qué trinh thyuc hanh, sinh vién c6 thé hiéu sau hon vé diéu khién trinh tu, phdi hop
cac co cau chap hanh va mdi lién hé giita 1y thuyét didu khién v6i hé thong thuc té. Day 1a vu diém
quan trong ctia mod hinh khi img dung trong giang day cac hoc phan PLC va tu dong hoa cong ng-
hiép. Cac bai thi nghiém va bai tap c6 thé trién khai tir mo hinh:

1. Diéu khién bang tai bang PLC
. Diéu khién van dién tir
. Lap trinh diéu khién trinh ty
. Thiét ké luu d6 thuat toan
. Két ndi va doc tin hiéu cam bién
. Chén doan 18i cam bién
. Thiét ké giao dién HMI
8. Phan tich thoi gian chu trinh

4. Két luan va hwéng phat trién
Bai bdo da trinh bay qua trinh nghién ctiu, thiét ké va ché tao thanh cong mé hinh van chuyén va
khoan san phdm st dung PLC S7-1200 phuc vu gidng day. M6 hinh c6 cdu truc md, hoat ddong 6n
dinh va mang lai gid tri cao trong dao tao thuc hanh linh vuc ty dong hoa cong nghiép.

Trong tuong lai, md hinh c6 thé duoc mé rong bang cach tich hop hé thong SCADA, két nbi
IoT hodc bo sung cac bai todan mo phong 16i nham nang cao hon nita hiéu qua dio tao va nghién ctru.
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