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M6 hinh héa va mo phoéng can cau treo

Modelling and simulation of gantry crane

Nguyén Thi Viét Huong
CD Cong nghi¢p Thai Nguyén

huongnv.ccb@moet.edu.vn

Tém tit: Dé co thé nang cao duoc chit lwong diéu khién
can cu treo, can thiét phai c6 mo hinh toan du chinh xac
mo ta nd. Bai bao ndy trinh bay m6 hinh phi tuyén cac loai
céu treo khac nhau, tir 2D téi 3D va tir loai don gidn c6 1 tin
hiéu vao dén loai c6 nhiéu tin hi¢u vao. Nhirng mé hinh cau
treo ciia bai bao déu dugc chuan hoa chung céc bién trang
thai, gitip cho ching c6 dugc tinh thong nhét trong ap dung
cac phuong phap diéu khién sau nay.

Tu khéa: Cau, treo; ’Cau’ gian; Phuong trinh Euler-
Lagrange; H¢ thiéu co cau chap hanh.

Abstract: To improve control performance of gantry cranes
are needed sufficient precise mathematical modele. This
article presents various nonlinear modele of gantry cranes,
such as 2D or 3D model and modele of crane with one input
or of complicated ones with multi-inputs. All obtained
modele, undepended on the kind of cranes they describe,
have the same definition of states variables, which allows
applying of common control method afterwards.

Keywords: Gantry cranes; Overhead cranes; Euler-

Lagrange equation; Underactuated systems.

1. Dat van de

So v&i nhiéu ching loai can cau khac nhau nhu cau
thap (tower/rotary crane), cu canh tay don (boom
crane)... thi cau treo (gantry/overhead crane) la loai
duoc su dung rat pho bién trong cong ngh1ep No duge
dung dé van chuyén, boc d& hang tai cic bén canh,
nha kho. Ciu treo ¢6 nhiéu dang khac nhau, tir don
gian dén phtc tap. Hinh HI la loai cau treo gian, loai
gip kha nhiéu tai cic bén cang. N6 gom mot xe cau
chay duoc theo hai chiéu tryc giao v6i nhau trong mat
phing (x, y) . Luc diy duoc tao boi hai dong co day

doc 1ap voi nhau. Trén xe cau con ¢ mot dong co thir
ba la dong co ding dé tao moment quin toi, didu
chinh d¢ dai diy bu¢c hang phia dudi. Loai céu treo
don gian hon duoc hleu 1a loai ma xe cAu hang chi
chay theo mot chidu ndm ngang (x hodc y ) bdi mot

dong co day Tat nhién tinh linh hoat trong bée da,
van chuyén hang cua loai céu treo nay 1a kém hon,
song lai ti¢n ich hon vé nhleu mat & nhung moi trudong
hep, co chleu van chuyen hang c0 dinh theo mot
phuong, chang han nhu & cac day chuyen san xuat
trong nha may, vi tri chuyen do6i hang gitra cac bang
tai trong nha kho.... Tét ca cac loai cau treo trén déu 6
tén goi chung la gantry crane (cau gian) hay overhead
crane (ciu treo).

Mic du da xuat hién tir kha lau va dugc dung rat nhleu
trong cong nghiép [13], song van de dleu khién cin
chu treo, cai tién chat lugng van chuyén, boc do hang,
dinh huéng nhanh, an toan va chinh xéc, tiét kiém
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nang luong, van 1a bai _toan thoi sy, cho ké ca téi ngay
hom nay, Hang nam van c6 nhiéu 1o giai cho bai toan
diéu khién cau treo dugc cong bb, tuy Vay tinh thich
nghi, tinh bén viing cta nhiing 101 gidi nay 1a rat han
ché va ta hoan toan co thé khang dinh rang con 1au nira
méi c6 thé c6 duoc 101 giai hoan thién cubi cung dap
g dugc moi yéu cau chat lwong didu khién dat ra cua
bai toan diéu khién can cau treo.

Gibng nhu moi bai toan diéu khlen khac, dé phan tich
duogc chét hrong h¢ thong va thlet ké dugc by dicu
khién cho can cau cau treo, ta can phai ¢ mo hinh
toan ciia no. Ung voi mdi loai cdu treo lai co nhiéu mo
hinh todn khac nhau mé ta no, trong do thuorng str
dung nhét van 1 hai loai, mé hinh trang thai va mo
hinh bién khép Euler-Lagrange. Cho mdi loai m6 hinh
s& c6 cac phuong phap phan tich va thiét ké bo diéu
khién thich hop khac nhau.

H1: Cau treo/cu gian

Trong khi s6 lwong cac phuong phép u’ng v6i mo hinh
trang thai la kha phong phu, trai khép cac yéu cau vé
chit luong diéu khién khac nhau, song kich thude bo
diéu khién thu duoc lai kha 16n, thi véi mo hinh Euler-
Lagrange, cac phuong phap phan tich va diéu khién
thuong gon hon, nhung lai chu yeu tap trung cho 16p
hé dt co cau chap hanh.

Riéng v6i hé cau treo, mac du lai 1a hé Euler—Lagrange
thiéu co cau chdp hanh, song ta van c6 thé chuyén Ve
bai toan phén tich Va dleu khlen hé con, du co chu
chip hanh trong no [ 21,[4],[5], nén co the noi dang md
hinh Euler- Lagrange ¢ doi tuong can cu treo €O uu
thé hon. Boi vay bai bao nay s& tap trung chi yéu vao
vige xay dyng md hinh Euler—Lagrange mo phong va
danh gia chét lugng ciia mo hinh, cho hé can ciu treo.

Cho téi nay ciing di c6 nhiéu céng bd Ve két qua mo
hinh hoa dang Euler-Lagrange cho h¢ chu treo dudi
nhiéu hinh thirc khéc nhau, chang han nhu ¢ [9],[12]
12 m6 hinh 2 chiéu mot, dau vao, xap xi tuyen tinh, &
[71,[8] 1a mo hinh 3 chidu 2 dau vao, & [4] 1a m6 hinh
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3 chiéu 3 dau vao .... Tuy nhién, tit ca cac dang mo
hinh Euler—Lagrange d6 lai khong thong nhét v6i nhau
¢ viéc chon cac bien trang thai trong hé cung nhu cac
gia thiét kém theo cho viéc xdy dung mo hinh. Do d6
mgc du chiung co thé 1a twong dwong, song viéc
chuyén doi tr dang nay sang dang mo hinh khac sé
gap kha nhiéu kho khin. Diéu nay kéo theo hé qua 1a
nhiing phuong phap phén tich va diéu khién sau nay,
mot khi duge xay dung cho dang mé hinh nao, thi chi
¢6 thé g dung dugc dung cho md hinh do.

Vi Véy o bai bao nély, chung t6i da dat ra nhiém vu 1a
phai xdy dung mo hinh Euler-Lagrange cho cac loai
céu treo, c the khéc nhau vé& sé chiéu chuyén dong
clia ciu hay sO céc tin hiéu dau vao, song luoén nhat
quéan va thong nhat véi nhau vé cac bién trang thai doc
1ap quy dinh trong hé ciing nhu nhing gia thiét dwoc
st dung trong qua trinh xay dung md hinh.

Khi xay dung cac mo hinh thi ching t6i da gia thiét
céc hé thdng day budc hang déu c6 thé thay bang mot
day cting, khong trong luong.
2. Mb hinh céu treo chuyén dong theo
mot phwong nam ngang
Hinh H2 14 so d6 mé ta ciu tric co khi cua hé cu treo
chuyén dong theo mot phwong nam ngang duy nhét.

u=u X

H2: M6 hinh 2D mét phwong

mp

Hé gém c6 xe cdu voi khdi luong m, chay trén mot
xa d& nam ngang. Luc day u(z) cho xe cdu duoc liy
tr dong co, glu vai trd nhu mét co cdu chép hanh.
Duéi xe ddy c6 mot toi quay chinh d¢ dai / cua day
cap budc hang. Hang dugc noi véi xe cau ¢ dau day
cap c6 khdi lwong 1a m 5, - Khi co luc ddy u tac dong
vao xe cdu, xe s& chay trén xa d& nam ngang mot
quéing ducrng la x va dudi tic dong cua lyc quan tinh
trong qué trinh chuyén dong, hang budc ¢ dau day s&
dao dong. Dao dong do cta hang duoc biéu dlen bang
goc lac @ giita diy budc hang va phuong thing dimg

zZ.

2.1 MB& hinh 2D mét diu vao

M6 hinh 2D dugc hiéu 14 md hinh mo ta hé ciu treo
mot phuong ¢ hinh H1 khi ma dao dong cta hang m;,
chi nim trong mit phang (x,z). Tiép theo, md hinh
2D mot dau vao dugc hiéu 1a mo hinh 2D ciia hé khi
chi c6 tac dong badi luc uy(t) =u(t) vao xe day, con
khong quan tdm t6i su thay d01 do dai [ cua day treo
hang trong qua trinh diéu khlen Noi cach khéc, / 1a
hing sb trong sudt qué trinh diéu khién..

St dung ky hiéu x,,, z, vé toa do cua hang duogc
chiéu 1én truc x va z , ta c6 (hinh H2):
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=x+/[ =x+Isin@
xp =x+1, =x 0

zy, =—lcosd

Ky higu tiép J 1a moment quan tinh cua hang, ta s€ co
ham mo ta dong nang E va theé nang V' cla hé nhu
sau:

1 1 1 |
E =—m i +—mxjp +—m, i} +—J 6
2 2
1 2 1 ) 4 1
=5(mc +m )X +Emh(01) +mhx6’lcos9+EJ9

V =gmz, =-gm,lcos0
T day, ham Lagrange L = £ -V cho hé s€ la:

Lq.q9)= %(mc +my, 2 +%mh(91)2 +m X 0 cos 6+
+%J€2 +gmlcos@
trong do:
g=0,0" 2)

1a vector cac bién khop trong hé.
Ap dung cong thirc dong luc hoc Euler-Lagrange [10]:

\T N\
i[auq,q)j _[auq,q)] . 3
dt\ o4 oq
trong do a—L,, a—L la ky hiéu dao ham Jacobi cia ham
o4 Oq
nhiéu bién, va vector tin hiéu diéu khién:
=, 0)

ta co:

(m, +my, Y +m;,6l cos
+
dt m,01% +m %l cos 0 +J 0

0
+ .
(mhx'ﬁl sin @ +gml sin 6’)
_{(mc +my, )k'+mhélcosﬁ—mhézlsin0J+

m %l cos @ —m X6l sin 0+ (m 1% +J )&
0
+ . _
m X6l sinp+gm [ sin 6
my, +m, mpylcos@ (x]
= .. +
mylcos® myl?+J )\ 0

0 —m,06lsing (% 0
+ |+
0 0 6) \gmlsind

Vay khi str dung ky hiéu:
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M@) (my, +m, mylcos6)
1 _LmhlcosH mh12+J
(0 —m,l0sin6)

Ca-d)=|, "0

o0 )
8@)= LgmhlsinHJ

thi phuong trinh trén tré thanh:
Mg +C(q.9)q +g(q)=r=(0J 4)

v6i hai ma trdn M(q), C(g,4) théa man céac tinh
chét:
- Mig)=M" (g)>0 (5)

. . T .

- Mi)=Cg.9)+C @4.9) (6)
Noi cach khéc, hé cau treo chuyén dong theo mot
phuong nim ngang ¢ hinh H1 1a h¢ Euler-Lagrange cd
vector cua hai bién khép (2) va mot dau vao, hay (4) 1
hé hai bac tu do va thiéu co ciu chap hanh.

2.2 MB& hinh 2D hai diu vao

Xét lai hé céu treo c;huyén dong theo mot phuong nam
ngang trén xa do co dinh mo ta ¢ hinh H2, nhung bay
gi6 ¢6 hai tin hiéu tic dong & dau vao 1a luc u =u
day xe céu c6 khdi luong m . trén xa do& ngang va luc
u, tao ra tir dong co voi khdi luong m; dit ngay trén
xe cdu dé quin toi budc hang.

Tur luc u, taora tir dong co quén toi do dai [ cua day
budc hang khong con 1a hing s6 ma thay vao d6 né tré
thanh mot bién /() cua md hinh giong nhu x(z) va
o) .

Nhu vy, hé cau treo & hinh H1 bay gio 14 ba bac tu do
¢6 ba bién khop:

q=0.1,0/ (7)

Lai sir dung cac ky hiéu (1) vé toa do cia hang chiéu
lén truc x va z , thi ham dong ning £ va thé ning
V' cua hé khi dc_) dai day budc hang /() thay ddi theo

thoi gian, ng véi tong khoi lugng m, +m; cua xe va
dong co quan toi, s€ la:

E :%(mc +my +mh))é2+%(mh +mt)l‘2 +
+%mh (60)? +m % (6l cos O +1 sin 6) +
+lJo9'2
2

V =8gmyzy Z—gﬂ’lthOSH
Suy ra, hé c6 ham Lagrange L =E -V :
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1 a1 .
Lig:) =5 (e +my sy Y2 Gy 7+
+%mh (61)? +m % (6l cos 6 +1 sin 6) +

+1J9'2 +gm,lcos®

Lai stt dung cong thirc dong luc hoc Euler-Lagrange
(3) gidng nhu & muc 2.1, nhung vai vector bién khop
(7) va vector tin hiéu dau vao:

7=(uy ,uy ,0)

ta sé co:

4 ((mc +m, +mh)x' +my, (9[0059+l'sin6’)\
r:EL (my, +m, ) +m % sin @ -
mh912+mhx'lcos0+J9
( 0 )
- mh921+mhx'90056’+gmhcos9
m X (=0 sin @ +1 cos @) —gm 1 sin O
((mc +m, +my )X +myl sin O+ émhlcosﬂ\
= m X sin @+ (my, +m, ) -
myl cos O+ (myl* +J )0
(mh 6?1 sin 6 2m @l cos )
- mh921+mhgcos9
—2m , 0l —m gl sin O

tuc la co:
(uﬂ
M(q)q'+C<q,q')q+g(q)=r=tuzJ ©)
0
trong do:
mq+m; +m;, mjsin@ mhlcosﬁ\
M(g) = my, sin @ my, +m; 0
mpl cos 0 mhl2 +J
0 m,Bcos6 —mhélsint9+mhl'cost9\
Clg.4)=|0 0 —m,, 0
0 mhé’l mhll
0 )
g(q)= —mhgcosﬁJ

myglsin @
Ta thdy mé hinh (9) trén cho hé ciu treo 2D hai dau
vao uy, u, cling théa man céc dicu kién (5), (6) cta
mot h¢ Euler-Lagrange.

2.3 MO hinh 3D mét diu vao
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O md hinh 3D, méc du xe ciu chi chay trén xa d& ¢
dinh nam ngang,
song dao dong cua
hang m,, s€ theo cd

ba chiéu cta toan bd
khéng gian (x,y,z)
nhu mé ta & hinh
H3. Tuorng ung, goc
lic cua hang ltc nay
dugc biéu dién boi
hai gia tri 1a goc @
so voi truc z va @
la goc so voi truc x .

H¢ chi c6 mot dau vao duy nhit 1a Iyc day
ut)=uy(t) dé xe cau c6 khdi luong m, chay doc
trén thanh xa c6 dinh nam ngang mot doan duong 1a
x . Do dai [ cua cép treo hang duoc gia thiet 1a hang
trong sudt qua trinh cdu hang.

H3: M6 hinh 3D mét phwong

Khi hang duoc xe cau van chuyen do luc quan tinh no
s& dao dong xung quanh diém trong tim cua xe vdi
nhiing khoang cach [, [,, I, chiéu lan lugt theo cac
truc x, y, z tinh tir tim xe céu. Nhiing khoang cach

nay chinh la toa d§ tucmg doi cua hang so vdi toa do
clia xe cau va dugc xac dinh tir @, 6, [ nhu sau (hinh

H3):
[, =lsinfcosg, [, =Isinfsing, [, =—/cosd (10)

Tur cac gia tri nay, ta cling c¢6 dugc doan dudng ma
hang dich chuyen duoc theo ba chiéu x, y, z dudi tac

dong cua lyc day u . Tur day ta c6 duoc ham thé nang
8

V =gmyl, =—gmjlcos@
va ham dong nang £ cua hé:
I 1 . I |
E =Emcx2+5mh(x +lx)2+zmhlyz+5mhlzz+
1 .» 1 .
+=J & +—J(p2
2 2
=%(mc+mh)x'2+%(mhlz sin? 0+J)¢” +

1 ) .
+E(mh12 +J)92 +my ¥ @cos Ocos g —
—m b @sin Gsin @
Suy ra h¢ c6 ham Lagrange la:

L=FE-V

1 1
=E(mc +m +E(mh12 sin? 0+J)¢” +

1 . .
+5(mh12 +J)92 +m X0 cos 6 cos ¢ —
—m ¥ psin @sin @ +gm [ cos & (11)
Thay (11) vao phuong trinh Euler-Lagrange (3) thi véi
cac ky hi¢u:

=u,0,0)

7=, ,)T (12)
q=(x,0,9)
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ta sé co:
(m, +m )X +mhlécosHCOS(p—th(/Jsianingp
(mhl2 +J)9+m,ll>é cosfcos @
(my1* sin® 0 +J )pp—m, I sin Osin o
0
+m, (12cosH—gl)sin6’—lx'(ésin@cosgo+¢)c0s<9sin(p)
—[¥ 6 cos Osin ¢ — Ik ¢ sin O cos

=M(g) +C(q.9)q +&(¢q)

trong do

m, +my mylcos@cosp —mlsin@sing

M(q) =| mjlcos@cos¢p mh12+J 0
—m [ sin @sin ¢ 0 mhl2 sin? 0+J
0 —mhlésinHcosgo—mhl(pcosesin(o
Clg.9)=|0 0
0 mhlz(/}sinﬁcosﬂ

—mhlécosé’sin(p—mhl(bsin Ocos g

—mhlz(/}sin@cos@
mhlzé’sinﬁcose
0
glq)=|myglsind
0

va cac ma tran, vector ham nay cung théa man cac
didu kién can phai c6 (5), (6) cia mot hé Euler-
Lagrange.

3. MG hinh céu treo chuyén dong theo
hai phwong truc giao

D3 ¢ nhiéu tai lidu trinh bay vé mo hinh 3D mot dau
vao, vi du [1,...,9] nhung chung rat khac nhau vé quy
dinh trang tha1 thir ty dau vao. M6 hinh dugc trinh
bay & bai bao nay s& c6 sw nhit quan vdi tit ca cac mod
hinh & chuong 2.

Khéc v6i ndi dung da c6 ¢ muc IL. trude day cling Ve
hé ciu treo 3D hai déu vao, thi & day, ta s€ xét hé cAu
treo c6 dang cdu gian, tirc 1a xe cdu v6i khéi lwong
m, s& di chuyén theo ca hai chidu x vay tryc giao
nhau trong mat phing qém ngang. Su di chuyén d6
duoc tao ra boi lyc day u () theo phuong x va
u5(t) theo phuong y doc lap vdi nhau (hinh H4). Hai
lwc ddy nay chinh 13 hai tin hiéu dau vao cta hé.

Con lai, khai niém 3D ¢ day ciling dugc hiéu tuong tw
nhu ¢ muc I1.C, tic 1a hang m, , dudi tdic dong cia
lyc quan tinh trong qua trinh van chuyén, s& dao dong
lac lu theo ca ba chiéu (x,y,z) trong khong gian nhu
mo ta ¢ hinh H4.
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m, +m, 0 m,[ cos @cos @
0 m, +my +m, mylcos@sing
M(g) =
mylcos@cosp mylcos@sing mh12 +J
—mylsin@sing m,lsinfcos e 0
—m I sin @sin ¢
m 1 sin 6 cos ¢
H4: M6 hinh 3D hai phwong 0
2.2

Pé don gian, trude tién ta gia thiét trong qua trinh cau mpl” sin” 0 +J
hang, chiéu dai / cua day treo hang la hang s6. Noi . ) )
céch khac, hé chi ¢6 hai tin hiéu vao duy nhat 1a u; va 0 0 mhl‘? sin @ cos ¢ —m ¢ cos Osin g
iy . ) 0 0 -myl@sin@sin@+mlpcosbcosp

i i Ca.9=|, , 0
Xe cau di chuyén theo phuong x trén mdt thanh xa do
c6 khéi lugng m . . Nhu vay, toan b khéi luong dugce 0 0 m 1> ¢sin O cos O
dich chuyén doc theo truc y s& bao gom m, ciia xe —m,, 10 cos Osin g —m I psin O cos p
cau, m, ctaxa do va my cla héng dugc van chuyén. mhlécosecow—mhl(psm Osin g
Khi do, va cung voi cac ky hi€u vé do sai léch toa do 5. .
l,.l,.I, clia hang dd co truée ddy 1a cong thic (10), —myl”psinBcosd

25

sinh ra bdi dao dong quan tinh, ta s€ c6 ham dong myl~@sin 6 cos &
ning E vathé ning V' ciia hé nhu sau: va

1 1 1 .
E =—(m, +m > +—=(m, +mj, +m W2 +—(m,I* +J)6 0

2 2 2 0

1 . . = .
+E(mhl2 sin® @ +J )¢ +m 16 cos 0 cos g — £@) m,glsin @
0

—mhbé¢sinﬁsin(p-i—mhlyécosﬁsin(p-i— o
Co thé thay cac ma tran M(g), C(g,q) trén 1a thoa
man hai didu kién bét budc (5), (6) cua mot hé Euler-
Lagrange.

+myly@sin @ cos @
V =gm,l. =-gm,lcos@

tic 1a hé c6 ham Lagrange L =E -V . 4. Mo phong voi MatLab

Tur mo6 hinh toan duoc néu & trén, bai bao tién hanh

1 2,1 2 1 2 2
L=—(m, —(m, — 1“+J)o
2 (me my 7+ 2 (me my +m )y~ + 2 (myl™+7) xay dung mo hinh cAu treo 3D trén Matlab- Simulink

1 . 5 . phién ban R2013a (Matlab2013a), véi thong s6 k§
+E(mhl sin® @+J)p” +m X0 cosbcosp— thuat:
e L . - Kh01 lugng xa dg (bo qua)
—m X @sin@sin @ +mly0cosOsinp + _ Kh01 1u’0n§ e ciu (1 I?g)
+mly@sin @ cos ¢ +gm I cos @ — Khéi lwong tai (10 kg)

— Momen quan tinh tai 10 " kgz)

Thay ham Lagrange trén vao phuong trinh (3) ta €0 p3 4snh gig kha ning si dung mo hinh ndy, bai béo

vor: thuc hién phép so sanh no vo6i md hinh
=y, uy,0, O)T “vrcrane_traj.xls” da co trong Matlab2013a cO cung

- (e nang duoc sir dung dé mo ta cau treo 3D. Tuy

qg=k,y,0,p) nhién mo hinh “vrcrane_traj.xls” chi xét dén trudng

hop dac biét 1a tai 1 thoi diém bat ky, chi c6 duy nhat
1 huong chuyén dong cua xe cdu theo truc x hoic y

Mg} +Clq.4)9 +8q) =7 duoc tién hanh va goc léch @, ¢ du nho. Diéu nay c6
thé thay 10 trong “vrcrane_traj.xls” boi sy xuét hién 2
thanh phan trén tryc x va y trong mé hinh c6 cu
tric hoan toan glong nhau. Ca 2 m6 hinh noi trén déu
st dung 1 hé thong diéu khién vi tri theo truc x va y

ctia xe cau, thyc té dya vao h¢ thong truyen dong gom

2 dong co dién 1 chiéu gitp dich chuyén xa d& va xe
cau.

md hinh Euler-Lagrange cta hé nhu sau:

trong d6 7, ¢ dugc dinh nghia boi (13) va:

Bai b4o tién hanh 2 mé phong chinh:
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— Lu’orng dat vi tri duoc thé hién nhu hinh H5 cho H8: So sanh vj tri ctia tai theo truc z khi tach biét hai chuyén dong
thdy su tach biét 2 chiéu chuyén dong giup so
sanh md hinh xay dung cta bii bdo va mo hinh  Khi xét dén truong hop tong quat co su phoi hop gitra
da co trong Matlab. 2 chuyén dong tinh tién (vi du nhu luong ddt vi tri

dugc n€u ¢ hinh H6) thi md hinh ciu treo tir Matlab
khong con phil hop, va tién hanh mo phong dua vao

Vitddgt [T
(m) xref moO hinh cta bai bao thu duoc vi tri tai nhu hinh H9.
Vi trd thi
! —
z ref o) Ve \
/x \
Thoi gian (s) / \
/ \\ AN
H5: Vi tri @t cta xe cau khi tach biét hai chuyén dong / NN L
/ Th T gldll &)
— Luong dit vi tri nhu thé hién & hinh H6 cho thay L T T B T
su ph01 hop 2 chiéu chuyen dong dya vao mo . .
hinh mo phéng duge xay dung giap thu duge vi H9: Vi tri clia tai theo truc x, z khi phdi hop céac chuyén dong.

tri chuyén dong cua tai.

5. Két luan
wtVitri dat

pl Bai bao di trinh bay viéc mé hinh hoa cac loai ciu treo
a khac nhau (tir 2D t6i 3D, tir loai don glan c6 1 tin hiéu
vao dén loai co nhleu tin hi¢u vao) va dua ra 1 mo
ref hinh m6 phong tong quat khi xét dén su phéi hop giita
cac huéng chuyén dong. M6 hinh dugc xay dung la tin
Thoi gian{s) cdy, thé hién qua nhimg két qua mo phong trong
g ; o W w % & e »  truong hop rleng (HS, H7, H8) khi dem so sanh vai
. ) . mo6  hinh “vrcrane_traj.xls” dd  co trong
H6: Vi tri dat ctia xe cau khi phoi hgp hai chuyén déng Matlab2013a. Mac du anh huéng cua cic yeu t0 bat
dinh vé& tham s (momen quan tinh,...) cling nhu nhiéu
tac dong bén ng0a1 chwa duoc xét dén trong bai bao
nhung m6 hinh nay hoan toan c6 thé duoc sir dung cho
nhimg nghién ctru sau nay khi c6 sy can thiép cua bd
diéu khién thich nghi, bén vimg .

Két qua md phong cho thiy chat luong bam 6t giita 2
két qua dwoc hinh thanh tir 2 md phong khac nhau
(theo Matlab2013a va md hinh do bai bao xay dung)
@i véi vi tri tai nhu thé hién & hinh H7, HS.

Chat lwong bam rat tt d6 ching to trong trudng hop . )
riéng khi tach biét 2 chuyen dong tinh tién thi co sy TAILIEU THAM KHAO
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