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TOM TAT

Bai bdo nghién ciru va dé xudt giai phap don bin lang 6 bé lang gidi nhiét ciia Nha mdy
Pam Ca Mau. Péc diém bé ling dwoc nghién ciru tir @6 dé xudt giai phdp ba budce két hop giita
thiét bi va thii cong dé don sach bin: hit thé ding robot; don bun trong cdc ngdch bang thi cong;
va hiit tinh dimg robot. Robot di déng hai banh xich dwoc thiét ké cho hai buede hit thé va tinh. Két
qud mé phong va thiee nghiém mét phan chieng minh tinh kha thi ciia giai phap dé nghi.

Tir khéa: Buin ling; Robot hit bin; Bé lang nudc giai nhiét; Nha mday Dam Ca Mau.
ABSTRACT

This paper study and propose solutions to remove settled sludge in the water pool for
cooling tower at Ca Mau fertilizer plant. The characteristics of the water pool was studied and then
propose the solution for solving this problem through there steps: initial step; manual step, and
finish step. Tracked mobile robot are designed for removed settled sludge in the first and the last

steps. Simulation and partly experiment results show the possibility of the proposed solutions.

Keywords: Settled sludge; Sludge suction robot; Water pool for cooling tower, Ca Mau
Fertilizer Plant (PVCFC).
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1. TONG QUAN

Nhiéu nha may coéng nghiép sir dung
nhimg bé chira nuédc rat 16n dung giai nhiét
hé théng may khi san xudt. Nudc duge ding
dé giai nhiét & cac nha may dugc ldy tir nhidu
ngudn, co thé tir song, hd hodc cac ngudn khac
va thudng c6 nhiéu tap chat nhu phu sa, dat
sét, chit thai hiru co hodc mudi hoa tan thép.
Ngoai ra, trong cac hé théng giai nhiét, nudc
lam mat di qua cac thap gidi nhiét va sau do
duoc tuan hoan lai, cac chét ran trong khong
khi c6 thé bi cudn vao trong nuéc khi nd di qua
thap, va sau d6 lang dong trong hé thdng theo
cach tuong tu nhu phu sa ty nhién. Viéc bao tri
ho chira trong thap giai nhiét khong chi yéu cau
lam viéc trong mdi trudong toan nudc ma con
can lam sach nén bé tong va mit tudng xung
quanh dé dam bao tiéu chudn bé lang nude.

Mot s thiét bi trén thé gidi duoc st
dung dé giai quyét van dé bun lang c6 thé ké
dén:

Tau ngo vét Catfish Mini Dredger

Thiét bi di chuyén bang dong co thuyén
gan ngoai, bom dit trén mit thoang va ngudn
thuy luc, thich hop dé hoat dong ¢ vung nudc
nong.

Hinh 1. Tau ngo vét Catfish Mini Dredger

Crebo T7

Thiét bj dung hut bun dudi day ho duoc

dicu khién tir xa dung nguon xoay chi¢u dan tir
ngoai ho. Co cau di chuyén dang truc vit, dau
hat dang 6ng gan vao bom ngoai ho.

Hinh 2. Robot Crebo T7

Zeta Crezen K7

Thiét bi dung co ciu di chuyén 1a chudi
xich c6 gan gudc cao su theo layout hinh tam
gidc, hong hut dugc thiét ké dudi dang truc vit
v6i hai chiéu xoén nguoc nhau, bom dugc gén
trén than robot. Dung dé di chuyén linh hoat
dué6i day mat ho.

Péu hit Xilanh Bom Béanh xich

Hinh 3. Robot Zeta Crezen K7

Bé ling nwéc gidi nhiét ¢ PVCFC
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Hinh 4. So d6 bé ling tai Nha mdy Dam Ca Mau &
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Tai PVCFC, dién tich bé ling khoang
3400m?, sau mot nam 16p bun lang day 0,3m.
Moi nim nha may dirng hoat dong mot 1an tién
hanh bao tri toan bd hé théng tir 12+15 ngay.
Sau khi don bun, bé mat day bé phai duoc lam
sach dé kiém tra 16p son chdng tham va son lai
néu 16p son bi mon hay bong tréc. S6 lugng
nhan luc thuc hién viéc don bun tai hd it nhat
15 nguoi thyce hién.

Hinh 5. Don bun déy bé lam mat theo phwong thirc

thu cong

Viéc don bé liang hién nay vira ton thoi
gian vira nguy co tiém an dén an toan lao dong
cho cong nhan. Do d6, nghién clru nay duogc
thuc hién nham dé xuit giai phdp tu dong/ban
tu dong cho bai toan don bun trong bé ling
PVCEFC.

2. PE XUAT PHUONG AN
2.1. Phwong an don buin

v v v v

Piy Don 1 Don 2 Don 3
bun 1an lan lan
Paybun || Céng || Hat tho- || Hat tho-
va bom || nhan hut tinh tinh-don
ra ngoai quanh thi cong

ho

Hinh 6. Phuong an don bun

Vi dau bai can don bun trong ho, mot
s0 phuong an sau dugc dé xuat:

- Pay bun: Dung robot hodc mot co cau
day bun tap trung mdt cho va dung bom hut ra
ngoai ho.

- Don 1 lan: Noi 0ng dai ra ngoai ho va
di dén dau cam ong hut dén do.

- Don 2 lan: Chia 1am hai phﬁn chinh,
danh toi va don phan bun dong ctng trén mat
ho; va quét 16p bun con lai.

- Don 3 lan: Tuong ty nhu don 2 lan
nhung bd sung thém mot budc nira 1a cong
nhan s& cim dau dng hiit bun con sot lai trong
khe hep.

Két lugn: st dung phuong an don 3 lan
voi budc don thd va ban tinh st dung robot
va bude don cudi cing & nhing khe hep s& do
cong nhan thuc hi¢n nham dam bao tbi da do
sach cho nha may.

2.2. Lua chon luu d6 giai thuit va cdu tric
diéu khién

T phuong an don 3 lan trén, luu dd
giai thuat cho quy trinh don bun ctia nha may
duoc dat ra nhu sau:

(Bét déu>-> Ghuan bi | ot Hit tho

Chuan bj
ut
ban tinh

Don tinh Hut ban
thi cong [*| tinh

Xulybun| | Ty, don Nghié
on, g 1€m
th%(i)n Y™ vésinh thu

Hinh 7. Quy trinh van hanh
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Véi tinh chat hd ¢6 nhidu vat can va
nhiéu ngd ngach, 3 ciu trac diéu khién phu hop
v6i diéu kién hd duoc nghién ctru. Thir nhat 1a
phuong an véan hanh ty dong, robot s€ do sa
dd c6 sén duoc lap trinh dé robot di chuyén tu
dong trén mit hd ma khong can can thigp tir
cong nhan. Thir hai 1a phuong an diéu khién
ban ty dong, cong nhan 13 nguoi diéu khién
tir xa tir trén mat hd, phuong an nay dé robot
di lai nhimg noi ma ché d6 ty dong khong do
t6i. Cubi cung dé dam bao d6 sach ctia mit ho
trude khi nghiém thu, tic gia dé ra phuong an
van hanh thu céng dé kiém tra va don nhiing
phf?ln bun con s6t lai trén mat hd sau khi robot
da di chuyén.

] L] v
Van hanh Van hanh Vén hanh
thu cong tur xa ban tu dong

(ing Ding
ang Qhan Cong nhan Cong nhan
tién hanh Iy -2 ¥y s4
don diéu khién diéu khién

@ Sai @ Sai @ Sai
b Dling b

Hinh 8. Gidi thudt diéu khién

3. THIET KE
3.1. Thiét ké co khi

Thiét bi hat bun duéi nude duge chia
thanh hai dang: thiét bi ndi trén mat nude va
thiét bi bo duéi mat ddy hd. Muc dich chung
ctia cac thiét bi nay 1a xir 1y, loai bo bun, cin
lang dudi day ho ma khong can phai rat can hd

dé xtr 1y. Véi gia thiét dat ra cua dé tai 1a robot
bi gidi han boi xa ngang phia trén bao quanh
mit hd, nén chi lya chon duoc dang robot di
chuyén duédi nudc dé don dep ciing nhu gidi
han chiéu cao khong duoc vuot qua 1,5m. Vige
thiét ké robot duogc chia thanh 03 cum chinh:
cum di chuyén, cum dau hat va cum than robot
g6m ngudn va bom vdi timg dic tinh khac nhau
can dam bao cho méi trudng nha may.

Dé di chuyén trén mit hd bé tong voi
16p bun dic xung quanh, co cdu banh xich dugc
sir dung trong thiét ké. Dang tam giac ctia banh
xich duogc st dung voi uu diém dong co dan
dong ndm ¢ trén cao, va dai khong bi ching khi
robot di chuyén theo hai chiéu tién va lui.

Hinh 9. Cdc cdu hinh di chuyén: a) Truc vit;
b) Banh xich oval; c) Banh xich tam giac;
d) Banh xich hinh thang.

Hinh 10. Thiét ké banh xich hinh thang

Vé phia cum hitt, tiéu chi dit ra 1a khong
dugc pha hity mit nén nhung phai dam bao
danh toi dugc 16p bun dic va don sach mit nén,
diéu nay s€ chia cum dau hat ra 1am hai dang,

thtr nhét robot hut théd, véi dic tinh kich thude &
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16n va dau hat c6 thé danh toi 16p bun, dong
thoi hut lugng bun 16n phia trén s€ st dung co
ciu truc vit nhung khong duoc cham mit hd
vi diéu nay s& gy pha huy bé mat Tlep theo
d6, robot hit tinh s& dung chéi mém va dau hat
phia trudc dé don 16p bun con dong lai trén mat
hd nham dam bao d6 sach bé mat day.

Cum dau hat ¢6 co ciu gom bang truc
vit, dé dam bao khong lam hu day hd nén ¢ hai
dau truc duoc lép thém banh xe déng tam voi
truc va c6 duong kinh 16n hon dudng kinh bao
cua truc vit.

i
1
|

Hinh 11. Truc vit danh toi bun

DPdi v6i cum chdi, dé dam bao luong
bun quét dugc sé lua vao gitra tdm hat ¢ gitta
robot, 16ng chdi hinh chit V xo0én ngugc chiéu
nhau tir hai dau vao giita nhu cach lua bun cia
truc vit dugc su dung.

Hinh 12. Pau chéi quét bun trén nén

Than robot véi ngudn cdp phai duoc
thiét ké trén tidu chi: dam bao an toan trong moi
truong toan nude va du cong suat dé hoat dong
trong thoi lugng it nhat 04 tiéng lién tyc. Vi
vay, ngudn cip cho robot hut thé duoc sir dung
ngudn thuy luc dé dam bao du cong sudt cho
viéc danh toi va xu 1i luong bun 16n phia trén;
ngudn cho robot hat tinh vi cong suit khong

qué l6n nén sir dung ngudn dién dugc cap tur
may phat.

Thiét ké tong quat cua hai robot dugc
trinh bay nhu sau.

Hinh 13. Robot hut tho va ban tinh

3.2. Thiét ké bd diéu khién

Mo hinh dong hoc tong quét ciia hé hai
banh xich chuyén dong trén mit phing xét do
truot banh xich trai s va phai s_, goc truot o
[11, [2], [3], [4]. Pat:

Sq=1-5g; Sg=1-54
a = cos 0; — sin B, tan a;
b =sinf, + cos 8, tan ag,

Phuong trinh mo6 ta hé¢ dong hoc cua mod
hinh banh xich:

i, Sga Ser
. | sga 3,
—— sl
gf_z 2 2 [
T
f post psr

Dé dua md hinh tir diém do line C dén
di€ém mong mudn R, 1ap phuong trinh sai so:

cosp sing 0 Xp—X
—qu:e cosg 0 Ye =¥
0 1 L{BR — 6 st)

bong hoc sai s6 cua mo hinh:

é v, COS ( + ast —cosa e

st 2 v

e.2 = v, sm _|_ ast —Ccos a:st tana, —e [m]

[ -
T' Sf)
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H¢ dat trang thai on dinh theo tiéu chuén
Lyapunov v6i bg diéu khién:

{v =uv,co5e; + ke
w=ky,ve, + wy + ks sine;

Trong do, cac hé ) k,, k,, k, mang gia
tr1 duong.

0 X

Hinh 14. M6 hinh robot hai banh xich co truot

4. KET QUA MO PHONG VA THUC
NGHIEM

Nghién ctru thu nho mé hinh thiét ké
va kiém nghiém ché d6 diéu khién bing tay
(ban tr dong), ché d6 diéu khién tu dong va luu
lugng hut dugce bun thuc té cua truc vit.

Hinh 15. M6 hinh thyc nghiém

Thuc nghiém cho thdy sy truot anh
hudng d&én quy dao chuyén dong & ché do diéu
khién bang tay 14n ty dong khi robot chuyén
huéng. Véi bién d6 sai s6 do line £20mm chimg
t6 mo hinh banh xich c6 kha niang di theo sa do,
tao tién dé cho cac nghién ctru tiép theo ty dong
hoéa quy trinh don bun.
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Hinh 16. Quy dao thuc nghiém

b o w

Ermor (mm)

o 500 1000 1500 2000
Distance (mm)

Hinh 17. Sai s6 do line

20 25 30 35 40 45 50 55 60
Speed (RPM)

Hinh 18. Thuc nghiém hut bun
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Voi tryc vit, thuc nghiém cho théy
hiéu suat cua truc vit dit trong mang thap hon
li thuyét va luu lugng khong ting theo toc do
quay cua truc vit. Vi vdy, can thuc nghiém dé
tim toc do quay t8i wu cta truc vit trude khi van
hanh.

5. KET LUAN

Bai bao nghién ciru va dé xuat mot giai
phép don bun trong bé ling nudc giai nhiét tai
Nha may Pam Ca Mau. Nghién ciru cho thay
mac du do trugt anh huong dang ké dén chuyén
dong banh xich nhung c4u hinh van c6 kha ning
di theo quy dao mong mudn. Két qua mod phong
va thuc nghiém cho thdy phuong an dé xuat c6
tinh kha thi. Nghién ctru ndy dat co s¢ budc dau
cho bai toan nghién ctru thiét ké giai phap don
sach bun tai bé léng PVCFC dang duoc trién
khai tai Phong Thi nghiém Trong diém Diéu
khién S6 va K¥ thuat Hé thong, Truong Dai
hoc Bach khoa.
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