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ToOm tat

Hién twong dao dong Xay ra ddi voi hau hét cac may
moc hé thong san xuit trong cong nghiép, lam anh
huéng xau dén nang suat va chét luong cua san pham
gdy mét an toan trong san xuit va lang phi ngudn
ning lwgng. Bai b&do nady gidi thiéu phuong phap
Hybrid Shape, mét phwong phap don gian va hiéu qua
dé giam dang ké hoic loai bo hoan toan dao dong.
Béng cach dua vao céc thdng so cua doi tugng dicu
khién va cia mé hinh dao dong, phuong phap Hybrid
Shape c6 nhiém vu thiét ké bo diéu khién vira c6 thé
dam nhan vai trd quan trong trong didu khién ddi
tuong dén vi tri mong muédn, vira dam bao loai bo dao
dong. Bai bio nay ciing ching minh tinh dung dan
cua phuong phap Hybrid Shape khi ap dung trén mo
hinh cau truc 3 chiéu c6 chiéu dai day khong thay ddi.
Két qua cua phuong phap nay la vi tri cuaa cau truc
dugc didu khién chinh xac dén vi tri mong mudn,
ddng thoi 1am giam dao dong cua tai trong mot cach
nhanh nhat. Qua d6 c6 thé thiy phuwong phép Hybrid
Shape hoan toan c6 thé duoc (ng dung trong thyc té.
Tir khéa: cau truc 3D, chdng rung, Hybrid Shape.

Abstract:

Vibration occurs in almost of machines in the
production systems in the industry, affect adversely
the productivity and quality of products, become
unsafe in manufacturing, and wasted energy
resources. This paper introduces a Hybrid Shape
method, which is a simple method and effective to
significantly reduce or completely eliminate vibration.
By relying on the parameters of the object and
oscillate model, Hybrid Shape method is responsible
for designing the controller, which takes on an
important role in the control object to the desired
location and reduces oscillation. This paper also
demonstrated the correctness of the method by
applying Hybrid Shape on 3D Overhead crane model
rope length unchanged. The result of this method is to
derive the position of the crane to the desired location,
while reducing the payload fluctuations. Therefore,
we can see Hybrid Shape method completely can be
applied in the actual production.

Keywords: 3D overhead crane, vibration suppression,
Hybrid Shape.
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1. Patvan de
Hau hét cac may moc thuong khong ¢ ciu tao cing
tuyét ddi. Do do6, thudng xuyén xuat hién nhiing dao
dong khi may moc hoat dong. Nhirng dao dong nay s&
tat dan, tuy nhién néu nhu dao dong xay ra trong mot
thoi gian dai va véi bién d6 du I6n s& dan dén giam
ning suat va chat luong cua san pham, gay lang phi
nguon ning lugng.
Cau truc 3D la mét trong nhitng hé théng dwoc sir
dung rét rong rai trong cong nghiép, phuc vu cho céng
tac van chuyén va nang ha hang hoéa c6 khéi lugng I6n
tai cac bén cang, nha xuéng.
Khi ma khéi lwgng hang héa can béc xép ngay cang
I6n thi kich thudc ciia cau truc ngay cang tang 1én, dé
dap ung viéc van chuyén hang héa mot cach nhanh
chéng va linh hoat 13 mot vin dé ngay cang tro 1én
kho khan. Thuc té, viéc diéu khién cau truc 3D
thudng dugc tién hanh bang tay nén khéng tranh khoi
nhitng dao dong trong qua trinh di chuyén. Véi khbi
lugng hang hoa 16n, cong voi nhitng dao dong nay sé
gay anh huong to 16n dén su van hanh 6n dinh, su an
toan cho con ngudi ciing nhu hang hoéa. Do dé can
thiét phai c6 mot phuong phap diéu khién gitp cau
truc 3D di chuyén nhanh chéng, chinh xac, an toan,
tiét kiém, df)ng thoi phai khir dugc dao dong cua tai
trong trong qua trinh di chuyén.
Hi¢én nay, c6 nhiéu phuong an diéu khién chong rung
cho cau truc 3D. Phuong an thir nhat, d6 1a sir dung
c4u trlc tién dinh - feedforward nhu 1a phuong phap
command shaping [1]. Cac phuong phap nay su dung
mot bo didu khién vi tri dé diéu khién chinh xéac vi tri
cia xe con, dong thdi sir dung mot bo diéu khién
feedforward dé khur dao dong cua tai trong. Hai bo
diéu khién nay thiét ké doc 1ap véi nhau. Phuong an
thir hai, d6 1a sir dung ciu trdc phan hdi — feedback


mailto:tuongxuanthuong@gmail.com
mailto:duc.duongminh@hust.edu.vnm
mailto:lam.nguyentung@hust.edu.vn

[3-9] véi cac thuat toan dién hinh nhu PD mé rong,
cac thuat toan thong minh nhu fuzzy, mang no ron,
thuat toan truot va két hop mot sb thuat toan. Cac
phuong phép nay ¢ uu dlem la xem xét cau truc dudi
dang cau trdc phi tuyén gan véi thyc té. Tuy nhlen
nhuoc diém chinh cia cac phwong phap nay 1a can
phai c6 cam bién do rung l4c va thuat toan diéu khién
phic tap.
Bai bao nay gidi thicu phuong phap Hybrid Shape
[10] va tng dung phuong phap nay cho diéu khién
chéng rung lic cua cau truc. Pay 1a mot phuong phép
don gian va hiéu qua trong viéc chdng rung cho cau
truc 3D. Phuong phap Hybrid Shape 1a mot dang dac
biét cua phuong an feedforward, tuy nhién b diéu
khién 1am nhiém wvu triét tiéu dao dong cua tai trong
duogc 16ng ghép vao bén trong vong diéu khién vi tri
cua xe con. Thém vao do6, phuong phdp nay xem xeét
dén viéc téi wu thoi gian thuc hién chuyen dong va
xem xét dong thoi viéc chdng rung lic va diéu khién
chinh x&c vi tri cia xe con.
Noi dung cua bai bao nay gom céc phan nhu sau:
- Phan 2 trinh bay vé mé hinh d6ng luc hoc cua cau
truc 3D
- Phan 3 trinh bay ndi dung phuong phap Hybrid
Shape.
- Phan 4 trinh bay vé nhan dang mé hinh dao dong.
- Phan 5 trinh bay két qua md phong bang Matlab
va Simulink.
- Phan 6 bao gém két luan va huéng phét trién
trong tuong lai.

2. MB& hinh ddng luc hec cau truc 3D
M® hinh cau tryc 3D gdm mét xe con dé nang ha hang
héa, chay duoc theo hai phuong vudng géc véi nhau.
Xe con dugc chuyén dong bdi hai luc déy duoc tao ra
boi hai dong co duoc gin ¢ dau mdi truc Ox va Oy.
Ngoai ra con c6 mot dong co dé kéo toi nang ha vat
nang. Mé hinh dong lec hoc cua cau tryc 3D duoc xay
dung nhu 6 [2].

ZA yit)

H.1 M0 hinh cza cdu truc ba chiéu. )

Vi tri cua tai trong trong hé toa d6 c¢6 dinh OXYZ
[A(Xm, Yms Zm), trong do:

X, =X+Ising, coso,

Yo =Y +Ising,

z,, =-lcosd, cosO,

Goi K 1a dong nang cua h¢ va P 1a thé ning cua hé thi
ta cé:

K :%(MXXZ M,y +M||'2)+%v;

P = mgl (1-cos6), cos ), )

trong d6: M, , M 1a khdi lurong cua cau truc theo hai
phuong X, y va M, 1a khdi lugng ciia bo phan nang ha
tai trong va m,v, la khdi lugng va téc do cua tai
trong, g la gia tdc trong truong.

V2=x2+yi+ 22

=X +y? +1% +17 cos? 6,67 +1°6?

+2(sin 6, cosd,l +1cos o, cos,6, —1sin g, sino,0, ) X
+2(sing,I+1cos 6,6, )y

Ham Lagrange L va ham tén hao F duogc xac dinh
nhu sau:

1 52 .2 2
L=K—P=§(Mxx +M, ¥ +M,1?)

2
m

m
o Vot mgl (cos g, cos 6, —1)

F =%(DXX2 +D,y* +D|I*)

trong d6: D, , D, , D, Ia céc h¢ s6 ma sat nhét
Phuong trinh Lagrange cua hé la:

d oL oL
——————=Qv6ii=1..,5
dtog, oq Quoti=1...

trong d6: Q, 1a céc luc suy rong cua céc luc khong thé.
Hé phuong trinh dong lyc hoc cua cau truc 3D la:

(M, +m)x+mlcos6, cosd,d, —mlsing, sin6,6,
+msin 6, cosg,i + D, x+2mcos 6, cos b, 16,

—2msin 6, sin 6,16, —mlsin 6, cos6,6? @)
—2ml cos 6, sin 6,6,6, —mlsin 6, cos 6,67

=1,

ml? cos? 6,6, +ml cos 6, cos &, % + 2ml cos’ 4,16, @
—2ml*sin 6, cos 6,6,0, +mglsin 6, cosd, =0
(M, +m)y+mlcosg,f, +msing,i +D,y
+2mcos 6,16, —mlsin 6,67 = f,

ml“6, + mlcos @,y —mlsin &, sin 6, X +2mllg,

©)

(4)

+ml? cos @, sin 6,67 +mgl cos b, sind, =0
(M, +m)i +msing, cosd,x+msin g,y + D,
—ml cos? 6,67 —mlo?
=f

trong do: f

—mg cos 6, cos o, (5)

f, 1a cac lyc tac dung vao xe con.

Mo hinh ddng luc hoc cua ciu truc 3D duoc viét gon
nhu sau:

M (q)d+Dg+C(0,6)q+G(q)=F (6)

X!yl



Héi ngh; toan quaclan thiz 3 vé Piéu khién va Tir dgng hda — VCCA 2015

trong d6: q la véc to trang thai, F 1a lyc tac dung,
M(q) la ma tran khéi lugng, C(g, ¢) 12 ma tran ly tam
Coriolis, D la ma tran giam chan nhét, G(q) 1a véc to
lyc trong truong.

a=[x y 1 6 6];F=[f f f 0 0]
_mll 0 m13 m14 mlS_
0 m22 m23 0 m25
M(q): my my, my 0 0
m, O 0O m, O
_m51 msz 0 0 m55_
_0 0 ClB C14 C].S_
0 0 cy 0 cp
C(0,6)={0 0 0 «c; Cy
00 Cis Cyy Cy
_0 0 Cs3 C54 Css_
D, 0 0 0O
0 D, 0 00
D=0 0 D 0O
0 0 0 0O
0 0 0 00O
G(a)=[0 0 g, 9, g
m,=M,+m mls:mm:msiné?xcosé?y

m, =M, +m  my=m, =msin6,

My =M, +m m, =m,, =mlcosé, coso,
2 2 . .
m,, =ml*cos® 6, m; =my, =-mlsing,sino,

m, = ml® m,; =M, = mlcosé,

Thanh phan khac khdng cia ma tran ly tam Coriolis
la:

C;3 =Mcos e, cosd, 0, —msing, sin 6,0,

¢, =mcosd, cosd | —mlsing, cos g, 6,

—mlcosd, sin6,6,

C;s =—msin g, sin6, | —mlcos g, sin 6,0,

—mlsin 6, cos 6,0,

o
C, —mcoseyey,c43=mlcos 0,0,

)
Cps = mcoseyl —mlsin Hyay,c44 =mlcos® 6,1

-ml®sing, cos 6,0,

c,, =—ml cos® Hyex,c

Cys =—MlG, ;Cyy =mlG,

) . .
=-ml”sing, coso,0,

o, = ml? cos 6, sin 6'y¢9x,c55 =mll

Thanh phan khéac khdng ciia véc to luc trong truong
la:
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g, =—Mg Cos 6, cos o,

g, =mglsiné, coso,

gs =mglcosé, sing,

Bai bao nay xét dén mo hinh cau truc 3D c6 chiéu dai
day khong d0i, do vay phuong trinh (5) dugc bo qua.
Xe con chuyén dong dugc theo hai phuong X va 'Y la
nho Chuyen dong quay dugc tao ra béi cac dong co
duoc gan & dau moi tryc, hai dong co nay sé duoc
diéu khién chinh Z(ac van téc bai cac driver dam bao
triét tiéu cac nhiéu xen kénh va phi tuyén nén hai
phuong trinh (1), (3) cling dugc bo qua. Do vay mo
hinh dong lyc hoc cua cau truc 3D chi con xét hai
phuong trinh (2), (4) lién quan giita truyén dong cua
xe con va dao dong cua tai trong. Nhiém vu thiét ké
bay gio s& 1a dam bao cho hai goc cua tdi trong nhanh
chong bi tat dan. i i

M6 hinh dong luc hoc cua cau truc 3D c6 chiéu dai
day khong doi duoc viet gon lai nhu sau:
M(q)§+C(a.g)g+D(q)i+G(q)=0 )
trong d6:q 1a véc to trang théi, u 1a véc to tin hidu dau
vao, cac ma tran M (q),C(a,6), D(q),G(q)duoc xac
dinh nhu sau:

Lol e 2]
caa-[2 5] o2 7]

o[ ]

trong do:
my, =ml®cos? 6, ; m,, =ml?
Thanh phan khac khdng cia ma tran ly tam Coriolis
la:
¢, =—ml*sing, cos 6,6,
¢, =-ml?sin g, cos 6,6,
2 =Mml%cosd, sing,6,
Thanh phan khéac khong cua véc to luc trong truong
1a:
g, =mglsin 6, coso,
g, =mglcosd, sing,
d,, =mlcosé, cosd,
d,, =-mlsing,sing,

d,, =mlcosd,

3. Phwong phap Hybrid Shape
3.1 CAu tric cia b diéu khién Hybrid Shape
Phuong phap Hybrid Shape 1a mot phuong phap dé
diéu khién chinh xac vi tri dong thoi khir dao dong,
trong d6 cdc thanh phan cua bo diéu khién duoc thiét
ké trén mién thoi gian (thoi gian xac lap, do qua didu
chinh, sai léch tinh, han ché tin hiéu diéu khién) va



mién tan sb (d6 du trit bién do, do du trir pha, tan sb
dao dong riéng, nhiu tan sé cao).

Céu trac diéu khién cua phwong phap Hybrid Shape
nhu sau:

y.. (0 et uft) » it
Kis) Gfs) Dis)y [

S diers khaen D0ty MG hunh duo ding

H.2  So dé cdu tric hé thong
trong do: y,, (t) 14 quy dao dat cia xe con [m]

y(t) 1a quy dao thuc cua xe con [m]

A(t) 1a géc quay cua tai trong [rad]

e(t) la sai léch ctia quy dao thuc so véi quy dao dat
u(t) 1a dién ap diéu khién [V]

B diéu khién Hybrid Shape cé dang nhu sau:

K(S)=if1[Ki (s) (8)

trong d6, thanh phan tha nhit 1 bo diéu khién PID dé
diéu khién chinh xéc vi tri cua xe con. Thanh phan thir
hai 1a bo loc thong thdp dé loc nhidu tan s6 cao va
thanh phan thtr ba 1a bo loc Notch dé khir tan sé dao
déng riéng cua hé.

Thanh phan thir nhat 1a bo diéu khién PID c6 ham
truyén dat nhu sau:

Kl(s):KP+%+ Kps 9)

voi K, 1a thanh phan khuéch dai, K, Ia thanh phan
tich phan va K Ia thanh phan vi phan.
Bo diéu khién PID hoat dong theo nguyén ly hdi tiép,
c6 nhiém vu dua sai 1éch e(t) cua hé théng vé gia tri
khong, sao cho qua trinh qua d¢ thoa méan cac yéu cau
co ban vé chat lugng. .
Tuy nhién khong phai moi truong hop ung dung déu
phai str dung ca ba thanh phan néi trén. Chang han
ban than doi tuong dicu khién da c6 thanh phan tich
phan thi trong b dicu khién ta khong can thém thanh
phan tich phan thi mei lam cho sai lech tinh bang
khong. Khi h¢ thong thay doi twong doi chdm va ban
than bo diéu khién khéng can phai phan ung that
nhanh véi sy thay doi cua sai léch e(t) thi ta khdng
nhét thiét phai sir dung thanh phan vi phan.
Thanh phéan tht hai la bo loc thong thap c¢6 ham
truyén dat nhu sau:
1

K,(s)=

:(5) Ts+1
vai T, 1a hang s6 thoi gian cua bo loc théng thap [s].
Bo loc thdng thap dung dé triét tiéu céc tin hiéu nhidu
c6 tan s6 16n hon 1/T,.
V6i goc pha am trong toan dai tan s6 nén khau loc
thong thap rat dé gay tré pha va lam cham dap tng
cua hé thé‘ng. ‘
Thanh phan thi ba la khau loc Notch c6 ham truyén
dat nhu sau:

(10)

2 2
o B
Bo loc Notch dung dé triét tiéu tan sb dao dong riéng
@, cna hé. Khi hé sé tat dan & cang nho thi do sau vé
mat bién do cua do thi bode cang giém, nghia 12 bién
d6 cua tin hiéu cang bi giam di nhiéu.

3.2 Vén dé t6i wu héa bj diéu khién Hybrid Shape

3.2.1 Cac dieu kignchan . i

Trong qua trinh thiet ké t6i wu hoa bo dicu khien
Hybrid Shape, thi cac tham s6 cua b dieu khien duoc
thict ké phai dam bao khong vi pham céc dicu kién
chan dudi day. Neu cac tham SO cua b6 diéu khién sau
khi thiét ké ma vi pham it nhat mot trong cac diéu
kién chan nay thi duoc coi la chua thoa mén,' khi @6
mot ham phat s& dugc ap dung va ta phai tien hanh
cac vong 1ap tiép theo d€ toi uu hoa bo dicu khien
Hybrid Shape. Cac diéu kién chdn bao gom:

(i) Ham truyen cua b dieu khién va h¢ kin phdi la cac
ham bén, nghia la tat ca cac diém cuc caa ham truyén
cia bo diéu khién K(s) va ham truyén cua hé kin
G, () phai nam bén tréi truc ao. Khi d6, hé théng s&
duoc 6n dinh.

Re{r } <O;Re{r,} <0
Ko K, Ky >0;T, >0

trong d6: K, ,K, ,K,la cac tham sé cua bo diéu
khién PID.

Re{r.},Re{r,} Ia phan thyc cia cac diém cyc cua
K(s)va G, (s).

(i) Ham truyén dat cua bo diéu khién Hybrid Shape
phai c6 bién do nho hon 0 [dB] tai tan sé w, =314
[rad/s] ( f =50[Hz]) dé tranh bi anh huong boi dao
dong caa ngudn dién.

|K ()] <0 [dB] (13)
(iii) Tin hiéu dién &p diéu khién u(t) phai co bién do
khong dugc vuot qua £10[V].

max |u| <10 [V] (14)

(iv) Po qua diéu chinh O, phai c6 bién do khong

(12)

duogce vuot qua 107 [ml.

max(0,)<107 [m] (15)
(v) Bo diéu khién phai triét tiéu duoc tan sé dao dong
riéng caa hé, tuc la phai ¢6 bién d6 nho hon 0 [dB] tai
tan s6 dao dong riéng m, ciia hé.

|K(,)|<0 [dB] (16)

3.2.2 Ham t6i wu héa

Bai béo nay sir dungthuat toan di truyén [11], [12] dé
tim cac tham sb t6i wu cua bo diéu khién Hybrid
Shape.

Trong mdi vong lap tinh toan téi wu, néu nghiém cua
bai toan vi pham vao mot trong cac diéu kién chin &
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trén thi ngay lap tirc ham phat J,, & tang thém mot gia
tri wrat I6n (w =10%). Ham phat J,, ding d loai bo
céc truong hop lam cho hé kin khong on dinh nhu 1a
¢d d6 qua diéu chinh Ion, dién 4p diéu khién lén hon
mic cho phép, khéng triét tiéu dugc dao déng riéng
va nhiéu tan sé cao. Do d6, ham phat J,, c6 tac dung
lam cho cac nghiém nhanh chong hoi tu dén gié tri toi
uu nhit cua bai toan chong rung. Sau do, vong lap nay
s& ngay lap tirc bi ngat dé chuyén sang vong lap tiép
theo. Qua tr]nh nay cu the lap 5Ia| lién tuc cho dén khi
cac tham so cua bo diéu khién Hybrid Shape dugc
thoa man. o
O phuong phap Hybrid Shape thi b tham s6 can toi
v 1a{K;, K, , Ky, T;} va ham téi uu héaJ dugc dinh

nghia nhu sau:

J=T,+J;, 17)
trong do: T, 1 thoi gian xac lap
T, :min{t| Viet —y(t+c7)|<g, 020}v6i5:10'3

Jp =W, +W, + 4+ W+
Yy 1a vi tri thuc cta xe con ¢ thoi gian t
Y, 12 Vi tri dat ctia xe con

4. Nhan dang dao dong
Phuong phap Hybrid Shape duogc thiét ké khi biét
dugc tan s6 dao dong riéng cua rung dong. Do vay,
truéc khi téi wu hoa bo diéu khién Hybrid Shape thi ta
can phai xac dinh duoc tan sé dao dong riéng cua hé.
Mot hé thdng tuyén tinh dao dong bac bat ky déu co
thé biéu dién dwoc dudi dang tong cua cac dao dong
bac hai c6 ham truyén dat nhu sau:

ka®

b(s) s° +2Ews + @° (18)
trong d6: k la hé s6 khuéch dai, @ 12 tan sb dao dong
va & 1ahé s6 tat dan (0 < & <1).
Tan sé dao dong cua hé théng duoc xac dinh dwa vao
viéc phan tich ddc tinh bién do sy thay ddi cua goc
quay cua tai trong trén mién tan sb. Bai b4o nay ta su
dung thuat todn FFT dé phan tich dac tinh tin sb cua
dao dong.
Cac budc tim tan s6 dao dong riéng cua hé thong nhu
sau:
Budc 1: Xac dinh cac g6c quay cua tai trong.
Budc 2: Phan tich FFT dé biéu dién dac tinh tan sé
cua dao dong.
Budce 3: Xac dinh cac diém cuc dai cuc bd ¢ bién do
dang ké trong phan tich FFT. Cac tan sb dao dong
riéng can tim chinh 1a céc tan s6 tuong tng voi cac
diém cuc bo do.

5. Két qua mo phéng
5.1 Cac tham sé6 md phéng
Pé kiém chung bo diéu khién dwoc dé xuét va tinh
toan bai bao tién hanh mé phong trén Matlab &

VCCA-2015

Simulink véi thoi gian trich mau 1a 0.001 [s] va cac
thong s6 ky thuat nhu sau:

Bing 1  Giatrj cac tham sb cua cau truc 3D
Tham s Ky hiéu Gia tri
Gia toc trong trudng g 9.81 [ms?]
Khoi Iuong tai trong m 0.5[kg]
Chiéu dai day treo | 0.3[m]

Gia s ham truyén dat cua ddi tugng xe con gom hai

khau c6 dang khau tich phan quan tinh bac nhat theo

hai chiéu chuyén dong va doc 1ap vai nhau nhu sau:
Y(s K

G(s)= () __ K (19)
U(s) s(T,s+1)

trong d6: T, (s) 1a hang sb thoi gian va K (m/sV) la

hé s6 khuéch dai. Cac tham sé nay dugc cho nhu

Bang 1, trong dé toc do6 Ion nhat V.. (M/s) va gia toc

I6n nhat A, (m/s®) trén mdi truc X, Y.

Bing 2 Céc tham s cua ddi twong diéu khién

Km Tm Vmax Anax
Truc X | 0.1670 | 0.0130 | 0.8 2.0
Truc Y | 0.0838 | 0.0089 | 0.5 1

5.2 Nhan dang dao déng

Kich thich tin hiéu dau vao cia md hinh cau truc 3D
c6 chiéu dai day khong ddi lan Iuot 12 uy va u, nhu
hinh H.3 va hinh H.4, ta nhan dugc cac d6 thi dao
dong cua tai trong nhu hinh H.5 va hinh H.6.
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H.6  Pé thj dao déng theo truc Y

Tién hanh phan tich FFT tir két qua do thi dao dong
cua tai trong nhu hinh H.7 va hinh H.8, ta xac dinh
dugc mot tan sé dao dong riéng duy nhat cua hé la
w=5.75[rad/s] (v&i f =0.915 [Hz]).

o
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. 4Tan so [Hz]6
H.7 Do thi phan tich FFT cia dao dong theo truc X

Bien do
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H.8 D6 thj phan tich FFT ciia dao déng theo truc Y

5.3 Két qua md phéng ciaa phwong phap Hybrid

Shape

Bai b4o nay so sanh két qua mo phong cua bo diéu

khién Hybrid Shape véi b diéu khién PID.

Bo diéu khién Hybrid Shape duoc thiét ké riéng cho

tirng truc chuyén dong X va Y, trong do cac tham sb

dugc thiét ké nhu bang 3, bo loc Notch c6 @, =5.75

[rad/s] va £=0.0001.

Bing 3 Giétri ham t&i uu va cac tham sb cua bd
diéu khién trén mdi truc

J :TS KP I<I I<D TI
Truc X | 3.032 | 955 | 0.001 | 0.001 | 0.031
Truc Y | 3.072 | 17.8 [ 0.001 | 0.002 | 0.057

Bo diéu khién PID dung dé so sanh véi bo didu khién
Hybrid Shape c6 cac tham sé duoc thiét ké riéng cho
tung truc nhu bang 4.

Bing 4  CAac tham sb cua bo didu khién PID trén

mdi truc
J=T, Ky K, K,
Truc X 3.032 23.11 | 0.037 0.701
Truc Y 3.072 41 0.054 0.989

Két qua so sanh vi tri cia xe con theo tung truc X, Y
duoc chi ra trén hinh H.9 va H.10. Két qua so sénh
dao dong cua tai trong theo tirng truc X,Y duoc chi ra
trén hinh H.11 va H.12.
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Bai b4o ndy ciing so sanh két qua dat duoc cua hai bo
diéu khién trén nhung 4p dung cho quy dao dat trén
mdi truc X, Y ¢6 dang la mét tin hiéu budc nhay, myc
dich 1a dé khuéch dai hién tuong dao dong cua tai
trong. Két qua so sanh vi tri cua xe con theo ting truc
X, Y duoc chi ra trén hinh H.13 va H.14. Két qua so
sanh dao dong cua tai trong theo tung truc X, Y dugc
chi ra trén hinh H.15 va H.16.
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6. Két luan va hwong phat trién

Dua vao cac két qua so sanh giira bo diéu khién
Hybrid Shape va bo diéu khién PID, ta thiy bo diéu
khién PID gidp diéu khién chinh xac vi tri cua xe con
nhung khi xe con chuyén dong thi giy ra dao dong
I6n cua tai trong, trong do bién dé dao dong theo truc
X va truc Y ¢6 su khac nhau la do quy dao dat khac
nhau. Bén canh d6 phuong phap Hybrid Shape cho
két qua t6t hon han, vira diéu khién chinh xac vi tri
cua xe con ma khéng gay ra dao dong cua tai.

Phuong phap Hybrid Shape xem xét viéc thiét ké bo
diéu khién trén ca mién thoi gian (sai léch tinh, thoi
gian xac lap, do qua diéu chinh, han ché tin hi¢u diéu
khién) va mién tan sé (d6 du trir bién do, do dy trit
pha va tan sé dao dong) c6 tac dung dam bao didu
khién chinh xac vi tri cua xe con, ddng thai triét tidu
dao déng du cua tai trong. Tuy nhién viéc b sung
thém céc bo loc tin sé da gy tré pha cho hé théng.
Chinh vi vay, bai bdo nay da st dung thuét toan di
truyén dé téi wu hoa cac tham s cua b diéu khién.
Két qua md phong h¢ thong diéu khién cau truc 3D c6
chiéu dai day khong d6i bang phuong phap Hybrid
Shape c6 hiéu qua rd rét trong viéc chong rung lac
cho tai trong.

C6 thé thiy day la mot phuong phép c6 tinh tng dung
cao trong thuc tién, khong chi dbi véi riéng cau truc
3D ma con hiéu qua déi vai nhiéu cac hé théng khéc
nhu chdng rung cho binh rét chat long, canh tay robot.
Hudng nghién cau tiép theo s& 1a diéu khién chéng

VCCA-2015

rung cho cau truc 3D c6 tinh dén tham s6 chiéu dai
day thay doi.
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