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TOM TAT

Hé thong day chuyén san xudt ton lop 5 séng, 3 16p c¢é 16p Polyurethane Foam ( PU) dwoc
phun 6 giita 16p tén va I6p gidy bac PVC lam I6p cach nhiét, cach am, chong tham cho tén lop mdi,
do dé hé théng phun PU can hoat dong dong thoi, lién tuc dam bdo san xudt véi ndng sudt én dinh,
dat yéu cau kj thudt. Bai bdo nay dé xudt mé phong thiét ké hé thong diéu khién phun PU trén nén
tang TIA Portal bao gom diéu khién cum béng tdi, hé thong gia nhiét, hé thong phun héa chdt, sing
phun PU va lam sach. Két qud mé phong cho thdy hé théng phun PU dép iing dwoc cdc yéu cdu
hoat dong 16t cuia cdc thiét bi, cam bién va chuyén dong, co thé ngan chan hiéu qua cac thao tdac
sai trong qud trinh vdn hanh dong thoi ndng cao dang ké dg an toan cho ddy chuyén san xudt tén 5
song.

Tw khoa: Mo phong; TIA Portal; Ton cach nhiét; PU.
ABSTRACT

The five-wave, three-layer roofing sheet production line incorporates a layer of polyurethane
sprayed between the steel substrate and a PV C-coated aluminum foil to provide thermal insulation,
sound attenuation, and waterproofing. Consequently, the PU-spraying system must operate
synchronously and continuously to ensure stable throughput and compliance with technical
specifications. This paper presents a simulation-based design of the PU-spraying control system
implemented in the TIA Portal environment, encompassing the conveyor unit, heating system,
chemical metering and spraying stations, PU spray gun, and cleaning module. Simulation results
demonstrate that the proposed control scheme meets operational requirements for equipment,
sensors, and actuator movements; effectively prevents incorrect operational procedures; and
substantially enhances the safety of the five-wave roofing sheet production line.

Keywords: Simulation,; TIA Portal; Insulated roofing sheet; PU.
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1. TONG QUAN

PU la mét loai nhya dang bot xép duoc
tao thanh tir hai loai chét long chinh 1a Polyols
va Isocyanate. Hai thanh phan nay dugc tron
v6i nhau bang may cao ap chuyén dung. Sau
khi trdn s tao ra phan ung hoda hoc, tuy theo
ting loai hoa chét Polyols ma téc do phan tng
s€ khac nhau. Sau khi phan tng xong, thanh
phém duoc tao thanh chinh la bot Xép PU
Foam. Phun PU 1a mét quy trinh khép kin bt
dau tir lc phdi tron 2 thanh phan long va cudi
chu trinh s& tao ra san pham bot xop PU Foam
dong ran ngay trén bé mat vat liéu. o day cua
16p PU tuy theo yéu ciu cua cong trinh. Lép
PU c¢6 kha ning cach nhiét tot, chong oxi hoa
hiéu qua, d6 dan hoi tét va c6 kha nang két dinh
cao voi cac loai vat liéu khac [1, 2].

Quy trinh san xuat ton mat 5 soéng
PU 3 16p gbém 5 giai doan. Giai doan 1 (kiém
so4t nhiét d6 hoa chat va nhiét do bang tai):
Polyurethane Foam duogc tao thanh tir hai loai
hoa chét chinh 1a Polyols va Isocyanate, dé tinh
chat ctia 16p PU dugc 6n dinh sau khi pha tron,
nhiét d6 cua hai hoa chét trude khi khudy tron
can dam bao & mirc 25 + 40 °C. Sau khi 2 hoa
chat duogc tron 14n, nhiét do t6i wu cho qua trinh
gidn né ctia hoa chat 1a tir 50 + 60 °C. Giai doan
2 (gia nhiét ton): ton sau khi can thanh bién
dang 5 song dugc chuyén vio bing tai dd (bang
tai dudi) va duoc gia nhiét khi di qua hé thong
gia nhiét sir dung hé thong dén siy. Giai doan
3 (phun héa chit PU 1én bé mat ton): ton sau
khi dugc gia nhiét dugc dua vao cum phun hoa
chat PU, tai day hoa chat duoc tron béng sung
phun chuyén dung va phun 1én bé mit ton. Giai
doan 4 (thém 16p PP/PVC): cudn gidy PP/PVC
xa 16p PP/PVC vao hé théng ép dong thoi voi
tam t6n sau khi duoc phun 16p PU. Giai doan 5
(ép san pham): Hé thong ép bao gdom hai bing
tai trén dudi. Bang tai dudi s€ c6 bién dang

trong ddng véi bién dang cua tim ton va cin
chinh xac véi bién dang tai hai song ton ngoai
cung. TAm bang tai bén trén thi s& c6 bién dang
la tam phang c6 nhiém vu ép xdp PU. Khoang
cach gitra bang tai trén véi dudi chinh 1a chiéu
day x6p PU mong mudn. Sau 5 giai doan, san
pham s& duoc cit theo chiéu dai mong mudn.
Thong s6 ton dugc trinh bay & hinh 1, 16p ton 5
song day 0.30 ~ 0.50mm; 16p PU c6 d6 day co
thé: 20, 40, 50, 60 mm; 16p ton mat dudi day
khoang 0.30 ~ 0.45mm; Kich thudc hi¢u dung:
1000/1080 mm. So d6 nguyén Iy thé hién cac
cum chi tiét chinh trong hé thong phun PU trén
hinh 2 [3].
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Hinh 2. So do6 nguyén 1y ddy chuyén san xudt ton
PU 5 song

Bai bao nay dua ra mot phuong an thiét
ké diéu khién tu dong hé thdng phun PU su
dung PLC va m6 phong qua trinh van hanh hé
thong trén phan mém TIA Portal. Tir két qua mo
phong, ¢ thé danh gia hidu suat ciia h¢ thong
diéu khién PLC va so sanh voi hé thong diéu
khién truyén théng, dé xuat kha nang tich hop
cac thiét bi phu hop, kiém soat 15i hoat dong
nham nang cao chat lwong, ning suat trong qué
trinh san xut ton PU 5 song.
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2.PIEU KHIEN PHUN PU VA MO PHONG
VOI TIA PORTAL

2.1. Nguyén ly diéu khién hé théng phun PU

Piéu khién hé théng phun PU cho t6n
5 song goém: diéu khién cum béng tai va diéu
khién cum phun hoa chat. Hé thong diéu khién
phun PU can dam bao céc yéu t6 sau:

- Pam bao hoa chit Polyol Blend,
Isocyanate c6 san trong binh chita va nhiét do
hoa chét luén ¢ mirc quy dinh trong qua trinh
san Xuat.

- Bom hoéa chét ra sing phun chuyén
dung ludn dam bao luu luong véi ty 16 hoa chat
giita Polyol Blend va Isocyanate theo yéu cau.
Lam sach sung phun bang hoa chat chuyén
dung sau mdi lan san xut.

- Téc d6 bang truyén ludn 6n dinh. Nhiét
do bang tai ép va nhiét do ton ludn & ngudng
cho phép.

- Hién thi cac thong sb trong qué trinh
van hanh hé thong nhu nhiét do hoa chat, nhiét
d6 bang tai, nhiét do ton, toc do bang tai, bao
16i va dirng toan bo hé thong khi gip su cb.

So d6 khéi hé thong diéu khién phun PU
dugc thé hién ¢ hinh 3. Trong d6, khdi cam bién
do nhiét d§ ¢ cac b phan gia nhiét va do toc do
bang tai. HMI 1a man hinh hién thi va diéu khién
hé théng. Khdi PLC va module mé rong 1a bd
diéu khién trung tim gdm PLC va cac module
mo rong DI/DO, module m¢ rong analog Al/
AO. Khbi thiét bi diéu khién gém cac thiét b
diéu khién nhu contactor, relay, bién tan, nat
bam. Khéi co ciu chép hanh thuc hién cac hoat
dong ciia hé théng bao gdm dong co bang tai,
dong co can lac, bom véao hoa chét, bom ra hoa
chit, gia nhiét hoa chat, gia nhiét bang tai ép, gia
nhiét ton, van dién tir diéu khién sang phun va
diéu huéng hoa chat 1am sach MC [4, 5].

‘. ] T Khéi co cdu
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— Khéi PLC va Khéi thiét bi
modul mé réng diéu khién

Hinh 3. So' do khoi hé thong diéu khién phun PU

2.2. Phuwong phap diéu khién [6-8]
a) Phwong phap diéu khién
« Diéu khién tbc d6 bang tai:

Vian toc cua dong co biang tai duoc tinh
theo cong thuc:

N = 60xix(l —5) (vong/phut) (1)
q

Trong do: N - Tc d6 dong co (vong/phut);
f - Tan s6 cua dong dién (thuong 1a 50Hz); p -
S6 cap cuc; s - HE ) truot.

Dua vao toc do yéu clu cua hé théng,
ta tinh dugc tan sb dong dién can chinh va diéu
chinh tan s6 ctia dong dién thong qua bién tan.
Téc d6 bang tai co thé dugc do bang cac thiét b
do vén toc 1a Encoder. Ton va bang tai duoc gia
nhiét bang cach dung cac bong dén tao nhiét.
Dé ¢6 thé kiém soat nhiét do gia nhiét su dung
cam bién nhiét do, hién thi nhiét 6 va thay doi
bang dong ho diéu khién.

* Dicu khién cum hoa chat:

- Pong co khudy héa chat st dung
Contactor dé bat tat dong co.

- Bom hoa chat vao binh chua dung
bom mang khi nén, str dung cdm bién tiém can
deé nhan biét gidi han hoa chat trong binh (can,

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025 WPE
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

day) — diéu khién bom bang van dién tir khi
nén dong mdé nguodn khi.

- Bom hoa chét ra lva chon bom banh
ring — dé diéu chinh luu lwong cta hoa chit
— sir dung bién tan dé diéu khién tc d6 cua
dong co.

- Picu khién gia nhiét héa chat bang
day mayso.

- Diéu khién sung phun PU: théng qua bién
tan va su dung van dién tir khi nén dé diéu hudng
hoda chat tir bom - dau phun hoac hoi ve binh.

b) Lwa chgon PLC

PLC S71200 1214C DC/DC/Relay cua
Siemens duoc lya chon dé diéu khién déng
thoi hai cum bang tai va cum phun hoa chét,
hoat dong lién tuc trong qua trinh san xuat.
Viéc mo6 phong bang TIA Portal V17 c6 kha
ning md phong hé théng diéu khién phun PU
sir dung PLC Siment bang cach két hop PLC
logic, HMI m6 phéng, va cong cu PLCSIM co
thé xay dung, kiém tra va cai tién chuong trinh
diéu khién mot cach an toan, tiét kiém va hiéu
qua. Hinh 4 mo6 ta qué trinh xu ly tin hi€u tr
cam bién sang tin hiéu s6 va PLC thé hién trén
hinh 4.
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Hinh 4. M6 hinh xit Iy tin hiéu tir cam bién sang
tin hiéu s6 va PLC
Trong PLC cua Siemens, hai ham
NORM_X va SCALE X duoc st dung dé nhan
va xuét dir liéu cia module analog mé rong.

2.3. Mo phéng véi TIA PORTAL

TIA  Portal (Totally Integrated
Automation Portal) 1a phan mém cua Siemens
dugc st dung rong rai trong 1ap trinh, cAu hinh
va m6 phdéng hé théng te dong hoa, dac biét
la PLC, HMI va SCADA. Bé mé phong hé
théng phun PU c6 diéu khién PLC, st dung
vu diém manh cta phan mém 1a PLCSIM c6
thé mo phong chuong trinh PLC ma khong can
phan ctmg thuc té, cho phép kiém tra logic diéu
khién, g& 161, quan sat hoat dong trong thoi
gian thyuc. Giao di¢n tich hop HMI mé phong
dé theo dodi va diéu khién truc quan, dé dang
thiét ké cac module tich hgp trong PLC [9-11]
(Hinh 5).
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Hinh 5. Man hinh giao dién than thién cua TIA
Portal V17

Sau khi d3 mé phong va viét chuong
trinh diéu khién cho PLC, ta nap chuong trinh
vao PLCSIM d mo phong chuong trinh chay
trén PLC va hé thong mé phong.

3. KET QUA MO PHONG HE THONG
PHUN PU

Chuong trinh m6 phong trén TIA Portal
da dap tmg dugc cac yéu cau co ban ciia hé thong
phun PU, thé hién duoc cac trang thai cua thiét
bi va cac chuyén dong ciia hé théng diéu khién
duoc biéu dién trén hinh 6, hinh 7 gdm:
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- Hoat dong cua cac nut bam, cac hé
thong gia nhiét;

- Chuyén dong bom vao, ra hoa chat tir
binh chura;

- Chuyén dong quay ciia dong co khuay
hoéa chét;

- Hoat dong cuia cac hé théng gia nhiét;

- Cac chuyén dong chay cua bang tai;

- Chuyén dong phun, chuyén dong chay ton;

- Su thay d6i tin hiéu cta cac cam bién,
thong s0 hién thi nhu: nhiét d6 hoa chat, nhiét
do6 ton, toc do chay bang tai, nhiét d bang tai.

Hinh 6. Man hinh mé phong diéu khién: a) Cum
bang tai; b) Cum bom hoa chat

o g |

Hinh 7. Man hinh HMI mé phong diéu khién toan
bé hé thong phun PU

4. KET LUAN

Nghién ctru nay dong gop vao viéc nang
cao hiéu suat va tinh canh tranh ctia nganh cong
nghiép san xuat Tén PU 5 song thong qua kha
nang ung dung PLC hién dai trong diéu khién
day chuyén. Giao dién mo phong trén TIA
PORTAL than thién véi ngudi dung, dé quan
sat toan bd cac phan tir didu khién ciing nhu

hoat dong cua cum chi tiét, cac loai cam bién
va giam sat hé thong. Két qua mo phong chi ra
rang viéc st dung PLC trong quy trinh san xuét
giam thiéu 16i san xuét, tiét kiém chi phi thiét b
va hoa chat thir nghiém, kiém tra phan tng hé
théng dong thoi t6i wu hoa quy trinh san xuét.
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