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Tém tit. May bdc d& than dang gau xtc lién tuc (CSU) 1a mdt hé dong luc dang tay may dé van
chuyén than tir khoang tau thity 1én cac bang chuyén dua vé cac kho/bai chtra du trit cho céc nha
mdy nhiét dién. Trong bai bdo, md hinh dong luc cua may bdc dd than dang gau xuc lién tuc dugc
xdy dung bang phwong phap Lagrange II dua trén cac s6 liéu cua tir hé thong that cua du 4n nhiét
dién Séng Hau 1. Viéc didu khién hé tay may dé 14y than trong khong gian han ché cua khoang tau
dugc thue hién nho bo diéu khién dy doan mé hinh v6i kha nang xir Iy cac rang budc khop va vi tri
dau gau xic két hop véi bo loc Kalman m¢ rong. Tinh kha thi cua bd didu khién dé xuit dugc thé
hién qua két qua mé phong so.

Tuwr khoa: May bdc d& than dang gau xtc lién tuc, diéu khién du doan md hinh, bd loc Kalman.
1. Giéi thi¢u

Cac nha may nhiét dién dong mot vai tro trong trong nganh san xuit dién & nudc ta. Dé duy tri
hoat dong lién tuc va 6n dinh cho viéc san xuét, qua trinh van chuyén nhién liéu than dén cac t6 may
can dugc dam bao Ve chit lugng va tién d6. Trong do, khau bdc d& than tir tau van chuyen ¢ tai trong
16n dong vai tro quyét dinh. Cac t6 may boc d& than hoat dong nhu cac tay may khdng 16 trong khong

gian cua cac khoang tau vén tai. Cac tay may nay can dam bao tinh linh hoat khéo 1éo dé thu gom than
theo quy dao thiét ké voi tbe do yéu ciu ddng thoi tranh va cham voi khoang tau.

May bbc d& than dang gau xuc lién tuc (CSU) c6 thiét ké kha phirc tap. Mdy dugc trang bi thang
cubn gau xtc trén chan dao chir L dé thu gom nguyén liéu theo co ché cudn lién tyc. Chan dao L xoay
dugc quanh phuong dimg. HE théng can truc chuyen dong 1én xudng theo phwong dimg nho cac xi lanh
thity lwc. Phan bé mam xoay dam bao cho co ciu mdy vuon toi nhiing khu vuce can thiét. Hé thong banh
di chuyén ciing dugc sir dung dé thyuc hién cac chuyén dong lay than doc theo khoang tau. Than sau khi
dugc muc boi hé thong gau xtc s€ duoc dua Ién cao va d6 vao bang tai cua phan can truc, sau d6 thong
qua hé thong ng phan phdi dugc chuyén téi hé thong bang tai tir bén cang téi cac kho than.

Trong bai bao nay, bo diéu khién dy doan

mdé hinh (MPC — Model Predictive
Control) dugc st dung dé thiét ké luat diéu

khién cho céac dong co cua CSU véi muc

tiéu diéu khién chan dao ctia may bam theo

quy dao dugc thiét ké trong khong gian cua
khoang tau. Quy dao duoc chon thiét ké sat

v6i thanh khoang tau nén c6 han ché vé

goc quay cua gau xtc. Bo diéu khién MPC 6
duoc thiét ké dya trén mo hinh dong luc

ctia may bdc d& than. M6 hinh nay duoc Hinh 1. M6 hinh may bbc d& than CSU

xdy dung véi cac thong sd tham khao tir _ , . )

thiét ké thuc té ddng thoi co ké dénluccan  1- Bé di chuyén, 2- BE xoay, 3- Can tryc, 4- Gian treo,
tai chan dao do ma sat vdi than gay ra. Cac 5- Chén dao, 6- Gau xuc
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han ché cia mé men, va luyc dong co ciing nhur han ché ciia cac khép ciing dugce tinh dén trong qua trinh
thiet ké bo dicu khién MPC.

2. M6 hinh ddng lyc ciia may boc dé than

bé ‘tinh toan mo hinh dong hoc ciing nhu dong luc hgc cuia may bdc d& than, mot sd gia thié’t’duqc
dua ra nham don gian hoa cho qua trinh tinh toan nhung van dam bao phu hop v6i mé hinh thyc t€. M6
hinh hinh hoc cua may dugc don giér} hoa véi cac kich thudc duoc lay tur tai ligu [1]. B6 qua céc tac
dong ciia moi truong nhu gid, dong dat, song bien. ..
M6 hinh dong hoc cia may béc dd than dugc xay dung theo phuong phap ma tr4n Denavit-Hartenberg
(D-H) [2, 3]. MQ hinh may bg‘)c do thgn co thé dugc xem nhu mot co cau 4 bac tu do TR(RR)R, tirc 1a
mét khop tinh tién n6i lién tiép v6i bon khép quay. O day khép quay thir hai va ba (RR) c6 lién hé voi
nhau do day la co cau hinh binh hanh. Cac hé toa do (D-H) ciing nhu cac goc khop dugc the hién ¢ hinh
2va3.
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Hinh 2. M6 hinh hinh chiéu dtng ciia CSU Hinh 3. M6 hinh hinh chiéu bang cia CSU

|_fo =
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Béang 1 Cac tham s6 Denavit-Hartenberg

Khau d. 0. a, a,
T | o 0 g | 0
2 d, q, a, 90°
3 0 7. a, 0
4 0 —q, a, 90°
5 d, qs a; 0

Cac tham sb D-H dang chit dugc cho trong Bang 1. Trong d6 g, q,,95,9; 1a cac bién khop, con
d,,d,,a,,a,,a,,a, lacic héng sb. Cac ma tran D-H dia phwong tng v6i khau i =1,2...5 tinh theo cong
thire tong quat sau.
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cosf) —cosa,sinf  sina cost)  a cosd.
. sinf  cosa sinf)  —sina,cosf) a sin6
A, = (1)
1 .
0 sina, cosa, d
0 0 0 1

Trong hé tay may that con c6 mot khau thtr 6 song song v6i khau 3 (cdu triic co cdu bén khau binh
hanh). Khau nay c6 thé dugc gan vdi mét hé toa do luén song song voi hé toa d§ cuia khau 3 va co véc
y,, 0] .Tudotaco:
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to vi tri goc toa d r, = [xﬁl2
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Cac ma tran D-H toan cuc duoc xac dinh nhu sau:

0 0
0 0 1 i-1 Ri r .1 -
A= AA."A= ,i=15 3)
i i T

0 1
Trong do OR,_ la ma tran cosin chi hudng cua khau i Véorl_ la vécto vi tri cua géc toa do gén vo1 khau
thir i trong h¢ toa do ¢d dinh.

Mo hinh dong luc hoc cia may bdc d than dugc xay dung bang phuong trinh Lagrange dang ma tran.
M(4)4+C(q,4)a+D4+G(q)=Q’ “)

Trong d6 q = [q1 q, 4, qS]T , M(q) 1a ma tran khéi luong kich thudc 4x4, C(q,q) la ma tran
Coriolis suy rong, D 1a ma tran can xac dinh tr ham hao tdn, G(q) 1a véc to trong trudng xac dinh tir

thé nang cua he, Q* la véc to céac luc suy rong khong thé, khong hao tan. Cac ma tran nay duoc xac
dinh nhu sau:

M(q) =Y (I;md, +I, 1) (5)
i=1

m; 1a khoi lugng cua khau thir 7, iIi la 1a ma tran cla tenxo quan tinh cda vat ran doi véi hé toa do gan
voi khoi tim C va song song voi hé toa do (Oxyz) , J,,J, lan lugt 1a ma tran Jacobi tinh tién va

. , . L. 0 i < c e Lo in < LA , , ~ ,
Jacobi quay dugc xac dinh voi "1, ‘@, 1a véc to vi tri ctia khoi tdm va véc to van toc goc ctia khau thir

i trén hé truc i nhu sau:

o°'r. oo
y, =g =2 (6)
oq oq

Ma tran C(q,q) duoc xac dinh véi E 1a ma tran don vi 4x4, ® 1a tich Kronecker [2, 3].
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oM oM g
C(q.9) = a;q)(wq)—g( E);‘]')(ql@m)] )

Khi cé chuyen dong quay cua chan dao, lyc ma sat giira phan chan dao tlep xuc voi than xudt hién lam
can trd chuyén dong quay nay (Hinh 2.). Luc nay phan b6 déu doc theo phan tiép xiic va dugc gia thiét
turong duong voi mot md men can ty 1én bac nhét vai toe do quay chan gau xuc M, = .=k

. . , N . ,
Ma tran can D xac dinh tu ham hao tan (D(q) =— 5 b, g, +— b22q2 +— b33q3 +— (b +k )qsz, trong do

b, (i =1, 2,3,5) 1a hé s6 can tai cac khép, kg 1lahé sb ciia md men can.

)

- Dq ®)

Véc to trong truong G (q) xéc dinh tir thé ning trong truong I1 = gz m 'z,

G(q) = (m} ©)
oq

Trong qué trinh hoat dong, phﬁn gau xuc s€ lién tyc thyc hién chuyén dong muc than va chiu mét lyc
can moi truong F, (Hinh 3). Gia thiét luc can nay c6 do 16n ty 1€ véi binh phuong van toc muc than va
huéng thay doi theo Osxs: F = kfv2 [cos(q5 —qz) sin(q5 —qz) O]T voi kf 1a hé s6 ma sat va v 1a
van tdc cua thang cudn. Bé don gian hoa, co thé xem diém dat lyc F. tai K. Véc to luc suy rong Q
dugc xac dinh tir cac ngoai Iyc va mé men tac dong 1€n hé bao gém md men tai cac khop

T 5 . P A A ’ 5 \ ’
rs] , luc can sinh ra khi c6 chuyén dong xuc than cua gau xtc F, .

T= [TI T, T,
Q =Q.+Q, (10)
Q::T:[TI T, T TS]T (1T)
T
Q*_ _ {Ff -or, FCT -or, FCT -or, FCT -or, } (12)
! oq, 0q, 0q, 0q,

3. Thiét ké quy dao diéu khién

Piém K (Hinh 2) 1a diém cudi cta chan ddo, can duoc diéu khién theo quy dao xac dinh dé co thé
quét hét toan bo khong gian khoang tau. Vi tri cia K trong h¢ toa 40 O,x,,z, dugc xac dinh tir hé

[OrK 1]T=°A4|:4rk 1]T,trongdé OrK:[OxK Y OZKT va ‘r,=[0 0 dS]T.TadII()'CI

Xy cosq,(a, +a,cosq, +a,)+q,

re =| "v¢ |=| sing,(a,+a;co8q;+a,) (13)
Zy —d,+a,sing, +d,
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Vi tri diém K khong phu thudc va goc khdp g, nén ta chon g, =0, két hop voi hé 3 phuong trinh (13)
ta suy ra duoc toa d6 khop ung véi vi tri diém K nhu sau.

_OxK —(a4 +a, cos(q,) + az)cos(qz)_
Zl asin(a +a j);Kcos( )]
1= q: ) 4(022+d3d33 (9
asin| —kx— s %2
qs a,
L O .

Trong bai bao nay, hoat dong miic than cua
may doc theo thanh khoang tau dugc don
gian hoa qua hai giai doan. Pau tién, may
can diéu khién diém K doc theo thanh 5
khoang tau mdt budc bang chiéu dai chan O
dao chir L tir K(1) dén K(2). Sau d6 gau |”
xuc s€ quay dé miic than & cac khu vuc lan .
can. B¢ tranh gau xtic va cham voi thanh .

khoang chira, quy dao duoc thiét ké sao cho

chén dao chit L chi quay mot goc 7z theo vi 2 2 K(1) K(Q)
ti 15>2—>3 sau d6 quay nguogc lai o .
3 — 4 —>5—1.Qué trinh nay dugc 13p lai Hinh 2. Thiét ké chuyén dong ctia Ship Unloader

lién tuc doc theo chiéu dai khoang tau.

(Hinh 4).

Trong giai doan thir nht, van téc diém K theo phwong y va z khong doi nén chon Y = const, OzK =0,
van tdc theo phuong x duoc thiét ké theo dang hinh thang nhu Hinh 5. L = 4(m) 1a chiéu dai chan gau

xuc, ciing 1a khoang dich chuyén ciia diém K. Chon T, = 20(s) . Ta tinh dugc gia téc diém K nhu sau:

a, 0<t<T /4
‘%, =4 0 T /4<t<3T/4 (15)
-a, 37, /4<t<T
Trong d6:
4v, 4L
a =—, v, =— 16
0 Tl 0 3T ( )

V4
Chon OyK sao cho g, =5 , OZK =0 va OxK thu duoc tur OjéK thay vao (14) ta duogc:

T
d.—d
qz{ox,( z asin[ 2 zj O} (17)
2 a,
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Hinh 4. Thiét ké van toc diém K

Hinh 3. Thiét ké van tdc gau xac

Trong giai doan thir hai, vi tri diém K duogc giit nguyén, chuyén dong quét ciia gau xuc duoc thiét ké
nhu Hinh 6. Trong ntra thoi gian dau, chan dao xoay dugc goc 7 (rad), chon T, =30(s)

& 0<t<T,/8
0 T,/8<t<3T,/8
G, =4-¢, 3T,/8<t<5T,/8 (18)
0 57,/8<t<7T,/8
&, T, /8<t<T,
Trong d6
8w, Y4
& = , W, =— 19
= = (19)

Két hop 2 qua trinh trén ta dugc chuyén dong cua cac géc khép trong thoi gian khao sat

T = T+T,= 20+30 = 50(s) nhu sau:

0<t<T /4

X, =
R 37 /4<t<T
0 T <t<T+T,
V4
q:{oxk 5

4. B) diéu khién MPC

0 T/4<t<3T/4 _

0 0<t<T
T <t<T,/8+T
0 T,/8+T <t<3T,/8+T

70 e, 3T /84T <t<5T,/8+T @0)
0  ST,/8+T <t<7T,/8+T
g, T, /8+T <t<T,+T
T
asin[ds_dzJ qs} 21)
a}

Bo diéu khién MPC cho hé théng duoc xdy dung dua trén mé hinh dong luc mo ta hé théng tur

phuong trinh (22). Pdt u=[u, u, wu, wu;] =71atinh higu vio cia h¢ théng, x=[x, x,] 1avéc
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,. \ A y . VA . . . . s VA \ A
to trang thai cua hé, véi x, =q= [q1 q, 4, qs] va X, =q= [q1 q, 4, qs] va thay vao h¢
phuong trinh (23) va rat gon ta dugc phuong trinh trang thai ctia hé thdng duogc viét nhu sau:

X

XZf(X,U)=|:M_](—Cq—Dq—G+u):| (24)
y=h(x,u) =X

Phuong trinh trang thai (24) m6 td m6 hinh hé thong khao sat & dang phi tuyép, viéc 4p dung bo diéu
khién MPC cho h¢ phi tuyén nhu trén thuong kha phtc tap. Do dé6 mé hinh tuyén tinh ciia phuong trinh
trang thai moé ta hé s& duwoc ap dung dé thiét ké bo didu khién MPC. Vé&i f(x*,u*)=0.

X=x-x;l=u-u;y=y-—h(x,u’) taduoc

of of
- i A
{f‘ = AX+Bu OX Iy v ou Jy v

(25)
§ =Cx+Dii C:[a_h} D:{ﬁ_h}

Ox Ou

Trong bai bdo nay, b diéu khién du béq md hinh duogc xay dung ‘cho hé tuyén tinh réi rac [5]. M6 hinh
khong gian trang thai ctia hé dugc chuyén tir dang lién tuc (25) vé dang rdi rac nhu sau:

x(k +1) = Ax(k) + Bu(k) (26)

Ta dua vao cac véc to tong hop mé ta trang thai du doan ciia hé:

u(k|k) x(k +1|k)
i6) = u(k + 1| k) £ = x(k + 2|k) N
u(k+N-1/k) x(k+N|k+N)

Trong d6 N 1a khoang du doan chung cho ca bién trang thai x va bién diéu khién u, u(k + i|k), x(k + i| k)
1a véc to didu khién va véc to trang thai tai thoi diém k+i duoc du doan ¢ thoi diém k,
u(k|k) =u(k), x(k|k)=x(k).

Véc to diéu khién u(k) duogc xac dinh bang u(k) théng qua bai toan t6i wu véi ham muc tiéu:
N-1
J(k) = Z(”x(k + k)||f2 + Jutk + il o) ) + %k + N| k)||f3 —> min (28)
i=0

Trong d6 cac ma tran trong s6 Q, R va Q duogc chon dé xac dinh duong. Gia thict di€u kién rang
budc cén trén va can dudi cia bién di€u khién va bién trang thai c6 dang:

umin < u(k) < umax
(29)
Xmin < X(k) < XmaX
Két hop véi (26) va (27) dwa vé dang ma tran ta dugc [5]:
J(k)=u" (k)Hu(k) + 2x(k)F u(k) + x" (k)Gx(k) = min (30)

Cacmatran H,F , va G la cac ma tran dugc tinh nhu sau:



8 Phan Pdng Phong, P6 Pang Khoa, Lé Quang Dwong

H=C'QC+R; F=C'QrI; G=TI"Qr+Q (31)
Trong do
A Q 0 0 R 0 .. 0
o A’ . I T 2)
I P Y o 0 X A R 0/
A" 0 .. 0 0 0 .. 0 R

Diéu kién han ché cua bién didu khién va bién trang thai (33) khi biéu dién theo bién u(k)sé c6 dang
téng quat sau:

A u(k)<b,+B x(k) (34)
Trong d6 A_, b, va B_ la cdc ma trin hang s6. Tim nghiém u” (k) bang cach giai bai toan t6i wu (35)

, két hop véi diéu kién (36) lién tuc cho khung cira s6 di dong (N budc) va st dung tin hiéu téi uu
u’(k|k) tai timg thoi diém khao sat dé diéu khién h¢ (37).

5. M6 phong sb
Céc tham s dong hoc va dong luc hoc duoc léy tir tai lidu [1] . Ap dung bd diéu khién MPC lan luot
cho h¢ tuyén tinh tai cac diém can bang (x*,u*) V6i X = [q q]T thu dugc tir phan thiét ké quy dao

(20) va (21). voi rang budc umm=106[—5 -300 -300 —3]T va umaX=106[5 300 300 3]T.
Khoang cura s6 N=4. Ma tran trong sb Q = diag([100, 20000, 15000, 100, 10, 100, 5,5]) va
R = diag([0.05, 0.005, 0.005, 0.05]).

Két qua md phong dap tmg yéu cau dé ra, dugc thé hién chi tiét trén hinh 7 va hinh 8.

6 T T T T 17

---q,

9| 4

4t

2f T TN

a, [rad]
a, [rad]

9 151

t[s]

0.6

- — - "_qs
a_| 1+

3

05

04r

q, [rad]
9, [rad]

03

02 . . . .
0 10 20 30 40 50 0 10 2 t[s] %0 40 50
S,

t[s]

Hinh 5. Pap tng cua cac toa dg khop
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=) S 0
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Hinh 6. Dap mg cta cac tinh hiéu diéu khién

6. Két luan

Bai bao da xay dung dugc mo hinh dong luc hoc ciia may bdc dd than ¢ ké dén luc can tir moi
truong lam viée (nguyén liu than) bang phuong phap Lagrange II dang ma trén. Quy dao di chuyen cua
t6 may lay than clng dugc tinh toan thiét ké dé hoat dong hiéu qua trong khong gian bi han ché cua
khoang tau. Bo diéu khién dy doan mé hinh (MPC) dugc ap dung vdi rang budc vé cac mo men, va luc
dong co tai cac khép. Két qua mo phong sb thé hién dap tmg ciia hé phi hop v6i quy dao thiét ké theo
luat diéu khién MPC.

Loi cam on

Bai bao nay thudc khudn khd chuyén dé “Tinh toan, thiét ké dong luc hoc ship unloader” trong
dé tai NCKH: 01/HP-DT/KHCN, do Vién nghién ctru Co khi Narime chu tri véi tén dé tai “Nghién ctu,
thiét ké, ché tao, t6 hop va dua vao van hanh hé thdng bdc d&, van chuyén than cho nha méy nhiét dién
dbt than c6 cong suit t6 may dén khoang 600MW?”. Nhém tac gia xin giri 161 cam on chan thanh dén
Vién Nghién ciru Co khi da hd tro tich cuc trong viéc thuc hién cong trinh nghién ctru nay.
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