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Do Huy Diep, Nguyen Hoang Quan”
University of Engineering and Technology - Vietnam National University, Hanoi

ARTICLE INFO

ABSTRACT

Received: 17/6/2022

Revised: 19/8/2022

Published: 19/8/2022
KEYWORDS

Hydraulic system
Automation studio
PLC S7-1200
WS200

HMI

Automation in the industrial manufacturing plays a very important role
in today's technology era. Therefore, the understanding of automatic
control into the hydraulic system to contribute to the automation of the
production process is one of the knowledge that needs to be taught to
students. Currently, the University of Technology (VNU) is equipped
with a training system WS 200 to the purpose of training and teaching
for students. The control system of the experimental set WS200 in
using is hydraulic and electrical control that provides basic knowledge
of control but lacks automatic control in manufacturing industry. The
article presents a research on PLC S7 - 1200, design and manufacture a
device to connect programmable controller (PLC) with training system
WS200 to control hydraulic devices automatically. The researchers
built algorithms, and programed problems in the training set using PLC
control valve for hydraulic system. As a result, the connection device
and control from computer for hydraulic system WS200 was
successfully implemented.
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Tu dong hoa trong diy chuyén san xuét co vai tro rat quan trong trong
thoi dai cong nghé hién nay. Chinh vi vay viéc dua diéu khién tu dong
vao hé thdng thuy luc gép phan ty dong hoéa qué trinh san xuit 1a mot
trong nhitng kién thic can duoc giang day cho sinh vién. Hién tai,
truong Pai hoc Cong nghé dugc trang bi hé théng thuy luc WS 200
nhiam phuc vu cong tac dao tao va giang day cho sinh vién. Hé théng
diéu khién cua bo thi nghiém WS200 dang sir dung 1a: diéu khién thuy
lyc va dién diéu khién. Bo thi nghiém cung cap kién thic co ban vé
diéu khién nhung con thiéu sot diéu khién tu dong trong san xuat cong
nghiép. Béo céo s& trinh bay nghién ctru tim hiéu vé PLC S7 — 1200,
thiét ké va ché tao thiét bi két ndi bo diéu khién kha trinh PLC véi bo
thi nghiém thuy lue WS200 dé diéu khién cac thiét bi thuy khi dau ra
theo phuong thirc diéu khién cong nghiép. Nghién ctru da xdy dung
thuat toan, 1ap trinh cac bai toan trong bd thi nghiém bing PLC diéu
khién van cho hé thdng thay luc 1am viéc. Két qua nghién ciru da thuc
hién thanh cong két ndi va didu khién tir may tinh ddi véi hé thdng thay
luc WS200.
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1. Gioi thigu

Tu dong hoa khong con 1a mdt khai niém qua mai mé ma da trd thanh xu hudng tat yéu trong
linh vyuc san xuat [1], [2]. Tu dong hoa duoc thuc hién bang viéc két hop co khi, thay luc, khi
nén, dién, dién tir tao nén cac hé thong phuc tap [3], [4]. Mot s6 tng dung cong nghiép hién nay
nhu trong cong nghiép khai khoang (khai thac véan chuyén quing, khoang san, than da...) [5],
trong day chuyén san xuit 6 to [6], trong giao thong van tai duong sit duong bo duong thuy,
trong may xay dung dong goi san pham, thuy luc cho tuabin gié, hay cho cac loai may bom cap
nudc sinh hoat... [7].

Nham phuc vu myc dich dio tao va giang day cho sinh vién, truong Dai hoc Cong nghé, Dai
hoc Québc gia Ha Noi da trang bi hé thong thiét bi dao tao day hoc vé thiét bi thay khi va diéu
khién thuy luc WS200 caa hiang Lucas-nuelle [8]. Tram lam viéc WS200 bao gém cac thiét bi
thuy luc dung trong cong nghiép, hé thong diéu khién thuy lyc va cac module dién diéu khién déap
ung nhu cau co ban trong viéc dao tao. Tuy nhién, trong bol canh ty dong hoa trong cong nghiép
dang phat trién rong rai ¢ Viét Nam, nhu cau hoc tap vé diéu khién hé thong thay luc tu dong
theo chuong trinh thiét ké trudc cang tré nén cip thiét va thuc té. Nhom nghién ciru di tinh toan
thiét ké hé thong diéu khién sir dung PLC dé ty dong hoa qua trinh diéu khién thay thé cho
module van hanh bang dién 84PU ST8008-9K, nghién ctru giao tiép HMI ctia may tinh véi thiét
bi da ché tao.

Két qua cho thay bo thiét bi két ndi PLC da ché tao két néi thanh cong vai hé thdng WS200,
c6 thé diéu khién tryc tiép tir may tinh hodc diéu khién tir chuong trinh thiét ké sin véi ngon ngi
lap trinh ladder.

2. Phwong phap nghién ctru

Nghién ctru di thuc hién nghién ctru 1y thuyét diéu khién trong hé thong thuy luc WS200 va
thiét bi PLC S7-1200. Nghién ciru tng dung: thiét ké, ché tao bo két ndi diéu khién kha trinh va
thiét ké giao dién HMI cho muc dich diéu khién hé thong.

2.1. Téng quan bg thi nghigm thiiy lyc

Bo thi nghiém thuay luc WS200 bao gom:

- B thiét bi dong/ma thiy luc (SE2905-2A), bo ngudn thay luc (SE2905-8T), dau thay luc,
20 lit (SE2900-4A), ban thi nghiém di dong cho thuay luc (ST7200-3W), ludi thuy luc
1130x700x30 mm (SE2905-8C) nhu hinh 1 [8].

Hinh 1. B¢ thiét b déng/ mo thy luc
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- BO kit mo rong vé dién (SE2905-2E), bo bang diéu khién chan cim, 2 chan 6 cim chéan dat
(ST8008-3X), giao dién md dun van hanh bang dién 84 PU (ST8008-9H), md dun véan hanh bang
dién 84 PU (ST8008-9K), mét bang diéu khién cong suat AC — cong tic khoa ngit (ST8008-3A)
nhu hinh 2 [8].
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Hinh 2. B§ kit mo réng vé dién
- B¢ thiét bi bo sung (SE2905-2B), xy lanh do (SE2905-3H), bo mé phong tai — 15 kg
(SE2905-3G), bd kiem tra — loc cho b tich ap thuy luc (ST2905-3J) nhu trong hinh 3 [8].

Hinh 3. B¢ thiét b; bé sung

B6 thi nghiém thiy luc WS200 c¢6 nhiém vu gitip ta c6 hiéu biét hon vé cac dinh luat vat 1y,
cac moi quan hé ky thuat nhu dién tich, ap suat, luc, cong va cong suat thong qua cac do dac thuc
nghiém tir cac bai thi nghiém mot cach tryc quan hon.

2.2. Piéu khién thay lwe va dign thiy luc
2.2.1. Téng quan

Hé thdng diéu khién khi nén - thay luc bao gom cac phan tir diéu khién va cac co cau chap
hanh duoc két ndi voi nhau thanh hé théng hoan chinh dé thyc hién nhimg yéu cau nhiém vu dat
ra nhu mo ta trong hinh 4 [9].

- Tin hiéu dau vao: nat nhan, cong tic, cong tic hanh trinh, cam bién. ..

- Phan tir xir 1y thong tin: tin hiéu dau vao dugc xir 1y theo mot quy tac logic thay doi trang
théi cua cac phan tir diéu khién van (van logic AND, OR, NOT...).

- Phan tir dleu khién: diéu khién dong nang luong (luu lugng, ap suét) theo yéu cau, thay ddi
trang thai co cau chap hanh cua van dao chiéu, van tiét luu, van chinh ap..

- Co cau chap hanh: thay ddi trang thai cua ddi twong diéu khién nhu xy lanh khi nén, xy lanh
dau, dong co khi nén, dong co dau. ..

- Pién: cong suét nho, diéu khién hoat dong tra tin hi¢u nhanh hiéu qua.

- Khi nén: cong suat vira, quan tinh, toc d6 cao.
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- Thuy lyc: cong suat 16n, quan tinh it d& 6n dinh, toc do thap.

Nang Iwgng didu khién

A h 4

Tin hiéu | Xt ly théng tin .| Co cau chép hanh (bién
dau vao i’ diéu khién | né&nglugng 2 co néng)
Phan héi

Hinh 4. H¢ thong diéu khién khi nén — thay luc
- Tin hiéu diéu khién gom: ’
+ Tin hiéu so (digital): ban chat cia tin hi¢u o 1a chi co6 hai trang thai 0 va 1. Trong PLC muc
dién ap OV ung vai mac logic 0, muac dién ap 24V tng vai mac logic 1 nhu hinh 5 [9].

) S(signal)
S(signal)
1
0 —p e
t(ume) t(ume)
Hinh 5. Tin hiéu roi rac (s6) Hinh 6. Tin hiéu twong tir (analog)

+ Tin hi¢u twong ty (analog): 1a tin hiéu lién tuc, véi dd thi biéu dién 1a mdt duong lién tuc
hinh sin, cos hodc dudng cong 1én xuong bat ky. Analog c6 nghia la twong tu veé ban chat nhung
khac nhau vé cuong do tin hi¢u nhu hinh 6 [9].

2.2.2. Hé thong diéu khién thay luc

Heé thdng thay luc truyén dong dau thay lyc tao ra ap luc dong vai tro trung gian truyén luc va
chuyén dong cho may cong nghé. Qua trinh bién doi va truyen tai nang lugng dugc mo ta nhu
hinh 7 [9].

| Thiét bi diéu khién |

Dién ndng v Chét long v Lyc, chuyén

hodc co nang ) 6 &p sudt Cacvan didu khién, Co cdu chdp hanh| ~ 4,
_>' Bom thuy lyc ‘_>Van chire nang -’xulanh motor —922>

Chét Iong
Hinh 7. Hé thang thaiy luc

2.2.3. So sanh diéu khién thuy liec va dién thuy luc

* Biém giong: ‘ N ‘ .

bieu khien thay luc va dién thay luc déu sir dung mot phan nguon thay luc gom mot so thiét
bi sau:

+ Co c?éu chap hanh nhu van dinh huéng véi vai tro nhu lién két gitta cac phan didu khién tin
hi¢u va phan sinh cong suat.

+ Cac phan tir 1am vi¢c nhu xy lanh, dong co thuy luc, man hinh hién thi.
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« Diém khac:

- Piédu khién thay lyc: Hé théng diéu khién thuy luc sir dung cac phan tur thay lee nhu van
khac nhau, hoat dong voi chu ki thoi gian khac nhau, téc do xur 1y thap, dé diéu khién, bo dan
dong tuyen tinh (cylinder)...

- biéu khlen dién thuy lec: Tin hidu dién duoc tra vé thong qua cac phan tir dién nhu cac nat
nhén, cong tic, ro le hoac mot by dicu khién 16 gic kha trinh (PLC), bd dan dong tuyén tinh

(solenoid)...
é é Niit nhéan, cong tic, cam
— bién, cong tic hanh
% . trinh,.
\L Tén Hiu vio

B6 diéu khién PLC S7-1200
CPU 1212C DC/DC/DC

Tin hiéu ra didu khién
hudéng
Chuyén d8i dp suit dién, O 5
lcil??xysnvdm tiém can b
ién, cdp Solenoidcd | —

2 1 Van diéu huéng: cac van
—— dién3/2,4/2,5/2,4/3
g 543,...
LED dang A mau St o= x
den-xdm,...

Tin hiéu diéu khién o o
van thiy lyc \L J/ T{n hiéu khi nén
B dong lye

Van 4/2-way, van 55’ @ Co céu chap hanh: xy lanh
4/3-way diéu khién |—| T = || khi nén, dong co khi
béng dién : ) nén,..

B B AL

Tin hiéu thiy khi
déng lyc

j
s elm  GF B tai, bom banh rang,

xi lanh vi sai, xi lanh thiy lyc

Hinh 8. Ung dung ciia PLC trong diéu khién thay luc — khi nén
2.3. B diéu khién logic khd trinh PLC §7-1200

- S7-1200 két hop mét bo vi xir Iy, mot bo ngudn tinh hop sin, cic mach ngd vao va ngd ra
trong mot két ciu thu gon duoc lién két voi nhau dé dua ra tin hiéu didu khién. Sau khi tai xudng
mot chwong trinh dugc nguoi dung 1ap trinh bang phan mém chuyén dung, CPU chira mach logic
dugc yéu cau dé giam sat va diéu khién cac th1et bi nam trong ung dung.

- Céc thanh phan cua PLC S7-1200 bao gom [10]:

+ 3 bo diéu khién nho gon véi su phan loai khac nhau nhu diéu khién AC, RELAY hoic DC
pham vi mo rong.

+ 2 mach tuong tu Véi s6 cong ma rong ngd vao/ra truc tiép trén CPU gitip giam chi phi san pham.

+ 2 module giao tiép RS232/RS485 dé giao tiép thong qua két nbi PTP.

+ B6 sung 4 cong Ethernet.

+ Module nguén PS 1207 6n dinh, dong dién ap 115/230VAC, dién ap 24V DC.
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Ngoai ra c6 thé ding cac md dun truyén thong mé rong két ndi bang RS485 hoiac RS232.
2.4. Ung dung ciia PLC trong diéu khién dién thiiy luc

Ung dung ciia PLC diéu khién cac thiét bj trong hé thong thay lre duoc tom tét trong hinh 8.
3. Thiét ké, ché tao bp két noi diéu khién PLC cho bd thi nghiém thiy lwc WS200
3.1. Tinh todn va chon lwa cdc thiét bi dién cho bé két néi diéu khién PLC
3.1.1. Nguén cdp cho cdc thiét bi dién thuy luc

Céc thiét bi diéu khién béng dién nhu cap solenoid cép tin hiéu cho van 4/2, 4/3 hoac cho céc
cam bién chuyén déi ap suat, chuyén doi tiém can, bo diéu khién PLC, ngudn t6 ong.
+ Solenoid Rexroth: 24V AC/DC — 4A, chuyén di ap suat, chuyén doi tiém can (4A)
+ PLC: dong tiéu thy 400 mA, cong suat tiéu hao 9 W
Pé thyuc hién duoc cic bai toan trong bo thi nghiém dé ra thi t6i da phai cip dwoc cho 3
solenoid va cac cam bién.
— 1 ngudn cip = | téng solenoid + | cam bién + I plc + lo = 4 x 3+ 4 + 400 x 10° + I,
=164+1,<20A
Do d6 ta chon ngudn t6 ong 24VDC — 20A. Thiét bi giéi thigu trong hinh 9.

, A, |
Hinh 9. Nguon té ong 24V - 20A Hinh 10. Tu dién diéu khién
3.1.2. Tu dién
Tu dién kich thudc 25 x 35 x 15 (cm) thiét ké nhu hinh 10.
3.1.3. Giac cam chuyén doi
St dung gié&gaim chuyén dbi dé két ndi Solenoid véi PLC (hinh 11).

. E

Hinh 11. Gidgc cim chuyén doi

3.1.4. Day dién
Tiét dién day dan dugc tinh theo cong thic:
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S= (1)

~ 1~

Trong d6: S: tiét dién day ddn (mm®),  I: dong dién chay qua mat cat vudng (A)
J: mét d6 dong dién cho phép (A/mm?), mét do dong dién cho phép ciia dong 4 6A/mm’.

A Its 20 Bas
> Sday = == (=222
]dong 6 2

2 Baay = 2 (mm)
3.1.5. Nut nhan diéu khién va den bdo

Hai loai nit nhan dwoc st dung d6 1a nat nhan duy tri (nhan giit) va nit nhan khong duy tri
(nhan nha) (hinh 12, hinh 13).

w“

Hinh 12. Nit nhdn diéu khién Hinh 13. Pén bdo xanh (Start), dén bdo vang (Reset)
3.2. Két qud ché tao bé két néi

Nguon cap dau vao cung cap cho nguon to ong la nguon dién dan dung 220VAC thong qua
nguon té ong Chuyen dbi thanh ngudn 24vDC cung cap cho céac input output cua PLC. Su dung
aptomat dé dong cit, chng qué tai ngdn mach bao vé hé théng didu khién phia sau. Tir chan
dwong 24VDC xuét ra tir nguon t6 ong déu vao mot dau cia cac cong tic nut nhan, dau con lai
dau vao cac dau input caa PLC tir 10.0 dén 10.7. Chan 0V dau truc tiép vao chan 1M (COM). Do
d6 input cia PLC dugc dau theo kiéu Sink.

Hinh 14. Pdu néi va vi tri cde thiét bj trong tii dién Hinh 15. Hé thong thay luc két ngi PLC
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Dau ra ciia PLC, chan 3L+ duoc ndi tir chan duong + 24VDC va chin 3M duoc ndi voi chan 0V
ctia ngudn. Chan dwong cua cac thiét bi diéu khién néi truc tiép vao cac dau output cua PLC tir
Q0.0 dén QO.5. Cac chan 4m d4u vao am ngudn. Do d6 output ctia PLC duoc dau theo kiéu Source.

Thuc hién dau ni cac thiét bi va day dan cho b két ndi thu dugc két qua nhu hinh 14,

4. Két qua va ban luan
4.1. Piéu khién h¢ thong thi nghiém WS200 théng qua hgp diéu khién két néi PLC

Mot vi du thuc hanh két néi hop diéu khién véi hé thong WS200 dugc thé hién qua hinh 15,
trong d6 céac thiét bi thuy lyc ndi voi PLC va may tinh. V&i chuong trinh diéu khién viét bang
ngon ngit ladder xuét code vao PLC, hé thong WS200 c6 thé duoc diéu khién théng qua hé théng
nat bam diéu khién.

4.2. Piéu khién gidm sdit (SCADA) két néi PLC Véi mdy tinh thong qua giao dign HMI
Xay dung giao dién HMI két ndi may tinh véi hé thbng WS200 bing phian mém TIA Portal

e

Hinh 16. Giao di¢n HMI cho hé thong thiy luc Hinh 17. Piéu khién hé thong véi giao dien HMI

Véi phuong thie diéu khién tir may tinh qua giao dién HMI cho phép chung ta c6 thé diéu
khién tir may tinh theo muc dich st dung, thiét ké chuong trinh diéu khién ty dong thong qua cac
chuong trinh thiét 1ap sin bang ngdn ngir ladder. Hinh 17 mé ta hoat dong khi an nut diéu khién
S1. Nhin S1 6 BANG DPIEU KHIEN, dén Start sang. Nhan S4 kich hoat solenoid Q1.b cua van
4/3 xy lanh di ra.

5. Két luan

Mot thiét bi két ndi sir dung bo diéu khién logic kha trinh PLC di duoc phat trién. Thiét bj ché
tao co thé didu khién truc tiép hé thong thuy luc thong qua cac nat bam didu khién hoidc co thé
diéu khién bang mdy tinh théng qua giao dién HMI. Véi cach diéu khién théng qua PLC, cac
hoat dong cua thiét bj thuy khi d& dang dugc lap trinh voi cac nhiém vu cu thé. Hon nira, cac
chuong trinh diéu khién c6 thé tiry bién dem lai sy linh hoat trong cach véan hanh thiét bi.

Viéc ché tao, két ndi diéu khién thanh cong hé thdng WS200 bang PLC sé& gitp hé théng nay
c6 day du chirc nang diéu khién tu dong tir do gitip sinh vién c6 kién thirc day du vé hoat dong
thuc té cua hoat dong san xuét cong nghiép trong cic nha may.
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