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GIAI QUYET BAI TOAN CAN PONG

TRONG MO HINH HE THONG CAN BANG PINH LUQNG

P6 Thi Mai*, Dwong Chinh Cuong
Vii Thach Dwong, Po Van Chuyén

Trwong Pai hoc Cong nghé théng tin va truyén théng — DH Thai Nguyén

TOM TAT

X 1y tin hiéu twong ty 13 mot phan kién thirc cin ban khong thé thiéu trong cac hé thong diéu
khién va ty dong hoa, boi vi thong tin trang thai ctia qua trinh diéu khién dugc phan anh thong qua
cam bién c6 tin hiéu hodc sd, hodc tuong ty. Pay la mot ph?m kién thirc nén tang co ban va la yéu
cau bat budc dbi v6i sinh vién nganh Cong nghé k¥ thuat diéu khién va ty dong hoa khi tot nghiép.
Trong bai bao nay, phuong phéap xir Iy tin hiéu twong tu tir cam bién trong luong (Loadcell) dugc
dé xuét va Gmg dung trong mo hinh hé thdng cin bang dinh luong tai phong Thyuc hanh Ty dong
hoa nang cao-Truong PHCNTT&TT. Bai toan can dong da dugc xay dung va thir nghiém trén hé
thdng cin bang dinh lugng c¢6 03 bang tai, dai dién cho 03 nguyén liéu khac nhau. Qua trinh thir
nghiém st dung phuong phép trich mau do va dam bao sai sé trong dai cho phép.

Twr khéa: can bang dinh lwong; xu ly tin hiéu twong tw, cdn dong.

DAT VAN DE

Ghép ndi cac thiét bi cip truong véi PLC va
xtr 1y tin hiéu tir phan anh trang thai ctua d6i
tugng didu khién 1a khiu quan trong bic nhit
trong hé théng diéu khién va giam sat. Nhu
chung ta biét, tin hiéu ngod ra cam bién dugc
phan chia thanh hai dang co ban: tin hiéu sé
va tin hi€u tuong tu. Péi voi cac tin hiéu
tuong tu, viéc xir ly thong tin dién ra phuc tap
hon nhiéu so v&i vin dé xir 1y tin hiéu s6. bac
biét, can phai cha y tin hiéu dau ra cam bién
thuoc dang chudn coéng nghiép, hay chua
chuan cong nghiép, dang ap hay dang dong dé
c6 thé ghép ndi véi PLC.

Mot trong s6 cac cam bién tuong tu xir dung
rat phd bién hién nay la Loadcell. Linh vuc
ng dung cua Loadcell chu yéu trong cac hé
thdng can néi chung va hé théng can bing
dinh luong noi riéng.

Trén thé gidi, hé théng can bang dinh lugng
da va dang 1a mot phan khong thé thiéu trong
cac diy chuyén san xuét ty dong : khai
khoang, san Xuét xi mang, luyén kim, diéu
ché dugc, ché bién thuc pham...

Hién nay ¢ nudc ta, viéc ap dung hé thong
can bang dinh luong vao trong san xuit mai
chi b6 hep ¢ trong khau tiép liéu, tron lidu &

* Tel: 0966 643949, Email: dtmai@ictu.edu.vn

cic nha mdy xi ming, cac diy truyén san xuét
g0i xi mang tu dong, tram trdn bé tong tu
dong. Hau hét quy trinh cong nghé déu dugc
chuyén giao tir cac qudc gia co6 nén cong
nghiép phat trién trén thé giéi. Vai tro cua ky
s nganh Ty dong hoa 1a lap rap, bao tri, bao
dudng, van hanh hé¢ théng.

Nhan thiy linh vuc tmg dung rong 16n va vai
tro cua xu ly tin hiéu twong tu trong hé thong
can bang dinh luong trong thuc té san xuét,
nhom nghién ctru cua Khoa Coéng nghé Tu
dong hoa — Truong Pai hoc Cong nghé¢ thong
tin va truyén thong da tién hanh nghién ciru,
thiét ké va ché tao mo hinh hé thong cin bing
dinh lugng cho Phong thuc hanh Ty dong hoa
nang cao. Muc dich chinh cta viéc xay dung
md hinh hé thong can bang dinh luong 1a dé
phuc vu cho cong tac giang day, nghién cuu
khoa hoc cua giang vién, hoc tap cta sinh vién,
va nang cao nang luc thuc hanh gitip sinh vién
¢6 thé tiép xuc v6i mo hinh thyc t& ngay khi
con ngdi trén ghé nha truong. Pic biét, mod
hinh nay dugc xay dung véi chi phi thap va da
b6 sung thém cac trang thiét bi thuc hanh lién
quan dén xtr 1y tin hiéu twong tu trong hé
thong diéu khién qua trinh.

HE THONG CAN BANG DPINH LUGNG
Can dinh lugng 1a mot khai ni€m chi viéc su
dung cac phuong phéap do ludong va xtr 1y két
qua do nhim x4c dinh chinh xac khéi lugng
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ciia mot dbi tuong hoac mét nhom dbi tuong
cung ban chat khdi lwong. Tuy theo tinh chét
chuyén dong ciia ddi tugng can xac dinh khoi
lugng trong qua trinh can ma bai todn can
bang dinh lugng chia ra thanh “can dong” va
“can tinh”.

Trong mo hinh hé théng duoc nhom tac gia
xay dung, bai toan can bang dinh lugng dugc
dua ra giai quyét 12 bai toan can dong lién tuc.
Bai toan can dong dugc mo ta nhu trén Hinh 1.

Silo chita
vtlitn

|

Co ciutmyén

T

Hinh 1. So' @6 mé hinh hé théng va thudt todn
Nguyén 1y hoat dong (Xem minh hoa trén
Hinh 1): qua trinh cén ddng phai dam bao tinh
lién tuc cta dong chay vat li€u khi mé thar 1
dinh luong xong, thi ngay lap tic van tiép liéu
silo dong lai, bang tai can sé& dimg lai dé
chuyén sang budc tron liéu. Mé tiép theo s&
dugc tién hanh can ngay sau khi tron liéu
xong. Qua trinh hoat dong lap lai cho dén khi
nhan dimg hé thdng.

Nhu vay, khi bat diu mé thtr 2 s& ton tai mot
khdi lwong nguyén liéu trén bang tai. Khoi
lwong nguyén liéu nay thyuc chat 13 thuoc mé
the 1, nhung do viéc tit truyén dong bing tai
ddng thoi véi viéc khoa van tiép lidu silo nén
sd lwong nguyén liéu AP nay chua do vao
thung tron. Mé thir 1 s& bi thiéu hut mot
lugng AP nhung tir mé thir 2 khdi luong
nguyén li€u téng s€ dugc bu mot lugng AP tur
mé 1... nhu vAy hé thong s& hoat dong 6n
dinh tor mé tha 2.

So d6 diéu khién vong don thudn tay duogc
mo ta nhu trén Hinh 2 [5].

Céc ky hiéu sir dung trong bai bao bao gom:
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W: Trong lugng (weight); I: Hién thi (Indication)
R: Ghi chép (Record); A: Bao dong (Alarm)
C: Picu khién (Control);T: Truyén, phét (Transmit)

1
|
1
R O
.

Hinh 2. So d6 diéu khién qud trinh
Cdc budc tién hanh:
Céc noi dung tién hanh nhu sau:
No6i dung 1: Thiét ké va thi cong hé thong
truyén dong co khi trén co s moé hinh hda hé¢
thong can bang dinh lugng [6];
Noi dung 2: Thiét ké va lap dit hé thong dién,
hé thong dicu khién;
Noi dung 3: Lép trinh diéu khién hé thong;
Noi dung 4: Hoan thién va test hé thdng.
Bai bdo nay tap trung trinh bay van dé xur ly
tin hiéu tuong tu trong PLC S7-1200, dong
thoi dua ra mot phuong phap gidi quyet bai
toan can dong co thé ung dung lam tai liéu
hoc tap cua sinh vién cling nhu ing dung thyc
t€ v&i sai sO nam trong gidi han cho phép.
Bui todn yéu cau doi véi xie Iy tin hi¢u twong tw
- Hién thi gia tri khdi lugng vat liéu thuc té
can duogc tai moi thoi diém
Thiét bi sir dung:
- Loadcell voi tin hi€u ngd ra 1a tin hiéu tuong
tu dang dién ap tor 0 — 3 mV. Dai can cua
Loadcell 1a ttr 0 — 100 Kg;
- PLC S7-1200: str dung module CPU 1211C
DC/DC/DC, c6 tich hgp san 14DI/10DO; 2
ngd vao tuong tu;
- Bo khuéch dai, dua tin hiéu dau ra Loacell
vé dang chuan cong nghiép (0-10V), dé tin
higu tiep tuc dugc xur 1y trong module Al ctia
PLC S7-1200;
Mach khuéch dai do chinh nhom tac gia
nghién cttu va thiet ké duge hinh dung dudi
dang so d6 khoi nhu mo6 ta trén Hinh 3.
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| Ngudn 12 VDC }:)}

Ngudn5 VDC

Chinh sai-sb Offset

put | Khoi tién khuéch dai outpu
(Khuéch dai dong) :

Khéi khuéch dai dién 4p

Hinh 3. So d6 khéi b khuéch dai
+ Phan ngudn: cung cap ngudn 12V, +/-5V
cho cac linh kién trong mach cling nhu cho
loadcell.
+ Phan tién khuéch dai: tin hiéu dau ra cua
loadcell (Sig+ va Sig-) dugc khuéch dai vi sai
qua IC chuyén dung AD620, sau d6 tin hi¢u
dau ra cia IC chuyén dung nay duoc chia
thanh hai nhanh dé dua vao hai b khuéch dai
dong va khuéch dai ap.
+ Phan khuéch dai ap, dong dién: str dung IC
LM358
+ Phén tinh chinh sai sb 1éch: chinh sai 5O

léch (offset) cua loadcell “vé diém khong”
truée khi van hanh hé thong.

Vi tri lap dat toan bd céc linh kién dién tir trén
mach khuech dai sau khi thiét k& trén ban v&
¢6 so do md phong nhu trén Hinh 4.
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Hinh 4. M6 phong 3D C}Za 171_ach khuéch dai sau
thiet ke

XU LY TIN HIEU TUONG TU TRONG
PLC S7-1200
De xt ly tin hi€u tuong tu trén PLC, ching ta
can xac dinh:
- Loai cam bién déu ndi véi PLC (cam bién
s6/cam bién twong tu;
- Dang tin hiéu dau ra cam bién (dang d(‘)ng
dién/ dién &p; muc tin hiu chuin cong
nghiép/hay khong chuan cong nghlep)

- Module tin hi¢u cua PLC ghép nbi voi cam
bién tuong tng

- Céc chan tin hiéu ngd ra cam bién (cam bién
2/3/4/5 day; cach thire dau noi véi module tin
hi¢u ctia PLC tuong trng)

Nguyén ly chung cho viéc ghep ndi va chuyén
d6i tin hiéu giita cam bién tuong ty va
module AI ciia PLC dugc thé hién nhu trén
Hinh 5.

Module analog

Thiét bi cam bién

- 0-10v
Thietbi Analog Input
[ i| Piudo [+ chuyén (AD)
Tin hiéu vao doi 420 mA | |~ Cdcconso
khong dién
. Analog Output
Tin hiéu ra twong tw (D/A)
0-10v < <+ Cic consb
4-20mA

Hinh 5. So d@6 khoi chire nang cam bién va module
analog
Tuy vao loai module xir 1y tin hiéu tuong tu Al
ctia PLC va loai cam bién sir dung ma ta c6 cac
gid tri chuyén d6i integer khac nhau. D4i voi
PLC S7-1200, gia tri chuyén d6i c6 duoc nhu
trong bang 1.
Bang 1. Dinh dang dﬁ',liéu dau vao/ra va gia tri
chuyén doi trong PLC

Gid tri chuyén doi
-27648 dén 27648
0 dén 27648

Dinh dang dit liéu
Kiéu tin hi¢u d6i xing
Kiéu dir lidu bt dbi ximg

Gperannn
indicator

Main
dircuit

| | Blue

Y OUV

Bl
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1
1
1
J\ Black (inear output)
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Hinh 6. So @6 mach ngé vao twong tir két noi véi
ngo ra dién ap
Exc (+) Bo

Sig (+) Xanh 13 cay

Exc (-) Pen

el U N
Sig (-) Trang
N st
Hinh 7. So @6 mach Loadcell
- Ham xt 1y tin hi¢u tuong tu trong PLC S7-
1200 [2]

Boi cam bién sir dung 13 unbipolar sensor. Do
vay tin hi€u dugc xu 1}'/ trong Al 1a don cuc;
tin hi¢u dang dién ap khi di vao module
analog cua PLC s& dwoc chuyén déi thanh dit
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liéu dang integer c6 dai gia tri ndm tir 0 —
27648. Qua hai ham xu ly tin hi¢u tuong tu
cia PLC S7-1200 la ham NORM_X va ham
SCALE X, chuyen d6i 6 nguyen 1nterger do
thanh gia tri dién 4p dau vao Al twong Gng.
Toan bo phan xtr ly tin hiéu tuwong tu duoc dat
trong mot khdi FC1.

- Cac budc tién hanh xir 1y tin hiéu twong ty
trong chuong trinh ciia PLC S7-1200 [1]

+ Tao Project

+ Chén thiét bi phan ctng

+ Céu hinh phan ctng

+ Céu hinh dia chi mang

+ Céu hinh ngd vao tuong tu

+ Xac dinh dia chi ngo vao tuwong tu dugc sur dung
+ Xéc dinh dia chi nhan dang phén ciing cua
ngo vao tuong tu

+ Download hardware xudng hé théng thuc
dé nhan dang phan cing

+ Lap trinh xur 1y tin hiéu twong tu

+ Go online

+ Download chuong trinh (software)

+ Chay chuong trinh

UNG DUNG

Buwéc 1: Ghép néi thiét bi

Thong qua céc so dd mach tai Hinh 6,7, cung
voi nguyen tac ghép ndi cac thlet bi dién, dién
tlr, ta co duge so d6 ghép ndi thiét bi cam
bién — mach khuéch dai — ngd vao tuong tu

AI (PLC) nhu trén Hinh 8.
#4VDC <4VDC

den GND| . [#4v i L |PLC
x xarh S GND OV §7-1200
& |irine mo 6 |GNDL_ Al
;| : |:
»3 tréing o e

e | @ Vo _ v

do 1V WM

Hinh 8. So' do ddu noi
Buwgc 2: Cin chinh gia tri Gain va Offset
cua by khuéch dai
Budc 3: Mé hinh héa doi twong [4]
-Thu thdp div liéu
Bai toan cin dong duogc giai quyét théng qua
phuong phap dinh lugng thuc nghiém; su
dung phuong phap do gian ti€p (gia tri dau ra
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cua loadcell la gia tri dién ap twong Umg voi
gia tri khéi lugng vat lidu trén bang chuyén).

Pé giai quyét bai toan can dong, nhom tac gia
da sir dung vat mau. Vat mau la vat rin, hinh
khoi chir nhat, mat do khdi lugng dan déu
theo thé tich. Tong khéi lugng vat maiu
M_mau = 5,873 kg (bao gdm cic vit mau nho
6 khéi luong 655g; 770g; 695g; 710g; 765g;
780g; 7600).

Chiéu dai bang tai L=2m; vat mau dugc trai
déu trén chiéu dai bang tai nhu trén Hinh 9.

| |

i

LOADCELL

Hinh 9. So*db biéu thi phin bé vit mau trén béng chuyén
Chiéu chuyén dong theo chiéu mii tén. Vi tri
Loadcell dat tai gira bang tai. Phwong phép
x( ly tin hiéu do 1a phwong phap trich mau do.
Tién hanh lidy mau 3 lan, mdi lan tir 15-20
diém do voi chu ky 1dy mau khac nhau, tin
hiéu diu ra cta Loadcell 1a gia tri dién ap
tuong ung voi khéi luong vat liéu trén toan
bd chiéu dai bang tai. Can chi y rang, gia tri
khéi lugng vat liéu trén bing chuyen duoc
tinh toan hoan toan dya vao cac gia tri thuc
nghiém thdng ké trung binh, khong diéu khién
6n dinh tdc do dong co, khong diéu khién
dong mo analog d6i voi van silo. Thoi gian
ldy mAu tinh theo ms; tin hiéu dién 4p dau ra
Loadcell c6 don vi 1a mV. Sau khi qua bd
khuéch dai, dua vao xtr Iy qua module Al cua
PLC S7-1200, s liéu vé gia tri dién ap (V) thu
duoc tai dau vao module Al ciia PLC tuong g
voi timg khoang thoi gian 1dy mau khac nhau
duoc trinh bay nhu trong bang 1, 2, 3.

Dir liéu trong Bang 1, 2, 3 thé hién gia tri dién
ap ttrc thoi ma loadcell do dugc tai ting thoi
diém. Tu bang dir liéu thuc nghi€ém cé thé
thiy dugc gia tri dién ap nho nhit V_min=
0,1540799 (V), gia tri dién ap 1on nhit
V_max= 0,1976314 (V), twong mg v&i khdi
lwong vat liéu dao dong trong khoang tur
1,540799 kg dén 1,976314kg.
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Bang 1. Gid tri dién dp thu dwoc twong iing thoi gian ldy mau At = 500 ms

L 1 t 13 ty 5 s t; ts
uU() 0,18193 0,1920573 0,166739 0,18193 0,1833767 0,1898872 0,1848235 0,1783131
£ tg tio tyy tp tis tig ts
U(t) 0,1663773 0,18193 0,1920573 0,166739 0,18193 0,1833767 0,1898872

Bang 2. Gid tri dién dp thu dwoc twong iing thoi gian ldy mau At = 200 ms

i 1 t 3 1y 5 s t; ts
U(t) 0,1844618 0,1775897 0,1841001 0,1739728 0,18193 0,1786748 0,1761429 0,172526
£ tg tio t ti3 ti4 tis
U(t) 0,162037 0,1685475 0,1848235 0,187717 0,1902488 0,1910359 0,1912274
t tis tie ty7 tig tio tao
U(t) 0,1942274 0,1944826 0,1976314 0,1904826 0,1859086 0,1851852

Bang 3. Gid tri dién dp thu duwoc twong iing thoi gian ldy mau At = 100 ms

£ t t t3 ty ts ts t7
u(t) 0,1656539 0,1540799 0,1576968 0,1602286 0,1605903 0,1616753 0,1750579
t tg tg tio ty to tis tig
uU(t) 0,1790365 0,1844618 0,1779514 0,1801215 0,1718027 0,162037 0,1696325
£ tis tie ty7 tig tig 20
u(t) 0,1663773 0,171441 0,172526 0,1728877 0,1786748 0,1801215

Gia tri trung binh dién ap tinh toan d(”:)i voi
tirng khodng lay mau riéng biét dugc thé hién
nhu trong bang 4.
Bang 4. Gia tri dién ap trung binh

At 500 ms 200 ms 100 ms

Uy, 01746  0,184136  0,170103
Gia tri dién 4p trung binh ddi véi toan bo cac
diém do thu duoc:
Ut out = 0,17627958 (V)
Phan tich dit liéu va dénh gid mé hinh doi twong

D0 thi sai s6 giita gia tri do va gia tri trung binh
D6 thij sai l&ch gitra gia tri trung
binh va gia tri do

12 3 4 56 7 8 9 1011121314 151617 18 1920

— e Uth) e ultba)
Hinh 10. D6 thi sai léch giita gid tri trung binh va
gia tri do

————— uith3) U(thc)

Tt bang dir li€u thuc nghiém (Bang 1,2,3) va
dd thi sai 1éch giita gia tri do trung binh v&i
gia tri do thuc té (Hinh 10) => gia trj sai sd
16n nhit thu duge: A = 2,22%.

Mo hinh toan hoc vé gi trj trung binh khdi
lugng vat liu trén bang chuyén la twong
thich, dap ung yéu cau.

Tin hi¢u dau ra cua Loadcell di vao b
khuéch dai. Tin hiéu tr bo khuéch dai di
vao module analog cua PLC S7-1200 c6 dai
dién ap tur (0-10)V.

Buéc 4: Tinh todn gid tri khéi lwong vit li¢u
cdn dwoc theo thoi gian

Khéi FC1 duoc goi ra trong khéi “cyclic
interrupt”- OB30 thyc hién tuan hoan véi chu
ky At=100ms [3].

Boi khé@ lugng cén dugce boi Loadeell tai thot
diém bat ky chinh la gia tri khoi luong
nguyén li¢u trén toan bd chi€u dai (L=2m)
bang tai.

Theo thuc nghiém ta c6:

-Cai dit bién tan diéu khién téc do dong co &
tan so f= 10Hz.

-Thoi gian chay hét chiéu dai bing tai ¢ tan sd
do 1a 70s.

-Gia tri dién ap ra trung binh Uy o

0,17627958 (V), tuc tuong dwong voi M_
1,7627958 Kg. Ma khoi lugng thuc t€ vat liéu
trén bang tai la M_may = 5,873 kg => h¢ s0
dicu chinh:
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k=M_na/M_, = 3,32
=> Khoi lugng tinh theo mot chu ky thyc hién
cua khoi OB30:
m1_chuky = 8,36.107
Tong khoi lwong vt liéu thu dugc tai thoi
diém bat ky.M1_TONG la gia tri cong don
khoi luong vt liéu trén bang chuyén sau moi
chu ky thyc hién khoi OB30. Khoi OB30
duoc goi thyc hién trong khoi OB1.
M1_TONG = M1_TONG + m1_chuky
Boi khéi lugng M1 _TONG thu duoc tai moi
thoi dlem khong thé chinh xac bang voi khoi
lugng can can ma phai co mot sai sO ¢co thé
chép nhén duge. Boi vay ta cén tim gidi han
trén va gioi han dudi cho M1 _TONG. Khoi
OB30 xtr ly theo chu ky 100ms, boi vay:
- Gi6i han duéi Limit L = M_setpoint —
m1_chuky
=> Limit_L =5,873 - 8,36.10° = 5,86464 (kg)
- Gidi han trén Limit H = M_setpoint +
m1_chuky
=> Limit_H = 5,873 + 8,36.10° = 5,88136 (kg)
=> sai s6 tuong ddi nhan duoc:
e = (8,36.10°%/5,873)*100 = 0,1423%
=>Tong sai sd tuong dbi nhan dugc:
A=0,1423 +2,22=2,3423 %
Nhur vy A < 5%, nam trong gi6i han cho phép.
KET LUAN

SUMMARY

Trong bai bao nay, nhom tac gia da trinh bay
mdt phuong phap giai quyét bai toan can dinh
luwong sir dung phu:orng phap trich mau do. O
day chung toi lay mau v6i 3 chu ky trich mau
khac nhau, mdi chu ky trich mau 13y tir 15
dén 20 dlem bay 1a mot dang cua phuong
phap Xac Xudt thong ké. Pbi véi phu:orng phap
nay, s6 lan lay mau cang nhiéu, thi g1a tri ket
qua trung binh dua ra cang chinh xac. Trong
bai viét tdi, chiing t6i s€ dua ra mot danh gia
cu thé hon nita v€ mo hinh toan hoc ma minh
xdy dung, bao gdm c6 danh gia sai s sau,
loai bo sai s6 sau, xdy dung ham phan phdi,
va danh gia lai tinh tuong thich cua md hinh
toan hoc sau khi loai bé sai s6 sdu, thyc hién
diéu khién twong tu vai van silo cap liéu.
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SOLVING DYNAMIC BALANCING TASK IN THE MODEL OF QUANTITIVE

BALANCING SYSTEM

Do Thi Mai", Duong Chinh Cuong
Vu Thach Duong, Do Van Chuyen

University of Information and Communication Technology - TNU

Analog signal processing is an essential requirement knowledge for the students of automation
control engineering. The status of autiomation control system is always reflected by digital or
analog sensors. Therefore, it is necessary to process the analog or digital signal in the practical
control system. This paper presents the analog signal processing method of loadcell using in the
quantitative balancing system of Automation Laboratory — Thai Nguyen university of Information
and Comunication Technology. Practical test on the weighing system including three materials is
carried out to check the vadility of the proposed method.

Keywords: quantitative balancing system, analog signal processing, dynamic weighing.
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