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TOM TAT

Trong nghién ciru nay, phan mém MATLAB dwoc ting dung dé tw dong héa qud trinh thiét
ldp va gidi hé phirong trinh vi phdn chuyén dong cho co hé nhiéu bdc ti do. Phwong phdp nay cho
phép phan tich siu cdc dic trung dong liec hoc véi dg linh hoat cao trong viéc thay doi cdau hinh
va diéu kién rang budc. Pé chirng minh tinh hiéu qua, nghién ciru da thwc hién mé phong bai todn
dong luc hoc cua Robot 3R chiu rang buoc boi cac diéu kién bién cu thé, tir d6 dwa ra nhitng danh

gid dinh lwong chinh xdc vé phan hoi ciia hé thong.

Tw khéa: Dong luc hoc, Piéu kién rang bugc, Hé phwong trinh vi phan chuyén dong;
Matlab.

ABSTRACT

In this study, an automated methodology for formulating and solving the differential
equations of motion for multi-degree-of-freedom mechanical systems is developed using MATLAB.
This approach enables an in-depth analysis of dynamic characteristics while offering high flexibility
in accommodating varying system configurations and boundary constraints. To demonstrate its
efficacy, the proposed method is applied to simulate the dynamic behavior of a 3R robot subjected
to specific boundary conditions. The simulation results yield accurate quantitative assessments of
the system's kinematic and dynamic responses, validating the robustness and correctness of the

theoretical framework.
Keywords: Dynamics; Boundary conditions; Differential equations of motion; Matlab.
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1. PAT VAN PE

Hién nay, viéc giai quyét cac bai toan
co hoc chiu rang bude diéu kién bién van 1a mot
thach thic 16n, dac biét khi do phutrc tap cua hé
thdng ting cao. Mic du cac phuong phap giai
tich truyén théng c6 thé ap dung hiéu qua cho
hé it bac tu do, nhung d6i voi cac hé da vat
hodc co h¢ phuec tap, viéc tinh toan thu cong tro
nén cuc ky kho khin va d& phat sinh sai s [1,
2]. Céc phan mém thiét ké va mo phong thuong
mai nhu Catia, Solidworks hay TopSolid du hd
trg quan sat truc quan chuyén dong, nhung lai
boc 16 han ché trong viéc tuy bién thuat toan
hodc can thiép siu vao cac thong s6 dong luc
hoc. Piéu nay giy tré ngai cho viéc phan tich
chi tiét cac dic trung dong luc hoc dic thu,
cling nhu viéc xay dung mo hinh két hop voéi
cac hé théng diéu khién cho co hé.

Trén thuc té, c6 nhiéu cach tiép can dé
gidi quyét bai toan dong luc hoc nhu phuong
trinh Lagrange dang nhin to, nguyén ly
D'Alembert, hay phuong trinh Newton-Euler
[3]. Méac du phuong trinh Newton-Euler hay
nguyén 1y D'Alembert rat hidu quéa trong viéc
phan tich luc tac dong 1én ting ciu kién don
1é, chung lai boc 16 han ché khi dbi mat véi
cac hé thong co dién tir phuc tap do khéi luong
tinh toan tha cong 16n va kho ty dong hoa bang
thuat toan sb.

Nguoc lai, phuong phap nhan to
Lagrange loai mot cho phép bao quat toan bo
cac rang budc hinh hoc lan dong hoc cua co
hé thong qua cac nhén tir lyc lién két, tao dicu
kién thuan lgi cho viéc 1dp trinh ma tran hoa
trén phan mém Matlab. Tuy nhién, thach thirc
16n nhét cua cach tiép can nay 1a lam phat sinh
hé phuong trinh vi phan - dai s6 hdn hop co
béc cao, gay kho khin cho céc bd gidi s6 thong
thuong vé mat hoi tu va thoi gian may tinh xu
1y. Viéc tich hop phuong phap “Téi thiéu hoa

bac tu do” (Coordinate Reduction Method) [4]
vao quy trinh tinh toan chinh 1a giai phap cdt
15i d¢ loai bo cac nhan tir Lagrange, chuyén doi
hé phuong trinh vi phan - dai sé phirc tap thanh
hé phuong trinh vi phan thudng, doc 1ap tuyén
tinh. Giai phép tich hop nay khong chi t6i uu
hoéa tdc do xur ly sb, tranh hién tuong tich tu sai
sO tich phan theo thoi gian, ma con dam bao
tinh chinh xac cho céc dir 1iéu dong hoc dau ra
clia cac phan tir cudi khi van hanh trong khong
gian c6 diéu kién bién nghiém ngit.

2. PHUONG PHAP PHAN TiCH PONG LU'C
HQC HE RANG BUQC PIEU KIEN BIEN

bdi v6i hé co hoc bat ky, h¢ phuong
trinh vi phan chuyén dong luon dua duoc vé
dang nhu sau:

[a]i+[b)i = {f}~[B]' {4} (1
Trong do:

{a}: Ma tran hé s6 cua thanh phan gia tdc;

{b}: Ma tran h¢ s6 cuia thanh phén van toc;

{f}: Vector biéu dién cac thanh phan ngoai luc

va luc thé;

{\}: Vector hing s6 Lagrange c6 xét dén anh

huodng cua diéu kién bién dén co hé;

[B]: Ma tran biéu dién céc diéu kién bién.

Vi trong phuong trinh ¢6 chira vector
{\} nén chua thé mg dung cac chuong trinh
giai hé phuong trinh vi phan sin c6 cta phan
mém Matlab. Dé co thé giai duoc thi vector {1}
can phai duoc khir bang cach tim ma tran [T]
sao cho:

[T].[B]" =[0] 2)

Ma tran [T] 1a ma trdn Null do phan
mém Matlab cung cap. Khi c6 ma tran [T],
nhan trai hé phuong trinh (1) véi ma tran [T,
ta co:
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[T1alX+[T][b]x =[T]{f} 3)

Khi xét t6i diéu kién bién cua co hé,
diéu kién bién cua co hé ludn co thé dua vé
dang nhu sau:

[Blx=-{Blx+¢g 4

Trong d6: g 1a thanh phan gém cac hang
sO va biéu thuc chira x.

Két hop hé phuong trinh (3) va (4), ta co:

Talx+[T][b]x =[T
{[ lalx +[T][b]x =[T]{f} 5)

[Bli=—[Bli+g

Bang cach ghép ma tran, ta c6 thé dua
h¢ phuong trinh (5) vé dang sau:

[l ={D} = X=[A]"{D} (6)

ol
(D} [[T]({f} —[b]fc)} )

~{Bli+g

Cubi cung, hé phuong trinh (6) c6 thé
gidi dugc bang cidc module gidi hé phuong
trinh vi phan san c6 cia phan mém Matlab.

3. PONG LUC HQC ROBOT CO RANG
BUQC PIEU KIEN BIEN

3.1. Thiét 1ap hé phwong trinh vi phan
chuyén dong

Trong nghién ctru nay, mo hinh Robot
ba bac tu do (3R) nhu trén Hinh 1 dugc chon dé
thiét 1ap hé phuong trinh vi phan chuyén dong
mot cach ty dong dua trén chuong trinh viét
trong phan mém Matlab. Cac thong sé ctia mo

Trong do: hinh Robot 3R nhu Bang 1.
Bdng 1. Cdc théng s6 ciia mé hinh Robot 3R
o Khau Khau 1 Khau 2 Khau 3
Thong so
Khéi luong m. (kg) 4 3 3
Chiéu dai L, (m) 0,3 0,3 0,5
Ban kinh thén r, (m) 0,04 0,04 0,04
_ mlle . 0 7 m, Li 0 0 m3L§ 0 0
12 12 12
mlLf mZLi O m3L§
Tenxo quan tinh I (kg.m?) ETS 0 1 12
2
o o ml‘r.z _ o o b I 0 0 %_
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Céc h¢ quy chiéu dugc chon dé mo ta
Robot 3R nhu trén Hinh 1(b). Trong do, hé
quy chiéu Oxyz 1a hé quy chiéu cb dinh gin
trén deé ’cfla Robot, h¢ quy chiéu 701x1y121 gan
trén khoi tdm cda khau 1 c6 chuyén dong quay
quanl} truc z mot goc 0,. Khau 2 dugce coi ’nhu
chuyén dong theo khau 1 va quay twong doi so
voi khau 1 mot goc 0, quanh tryc x,. Khau 3
quay theo khau 2 va quay twong doi so voi khau
2 mot goc 6, quanh trye x,.

TRy g
F,

(a) (b)
Hinh 1. M6 hinh Robot ba bdc tw do

Véi cac thong sb ciia Robot 3R, phuong
thirc chon cac hé quy chiéu cia Robot 3R trinh
bay nhu Hinh 1, tong dong ning va thé ning
cua mo hinh Robot 3R duogc xac dinh véi viéc
st dung chuong trinh xdy dyung trén phan mém
Matlab nhu sau:

T=T+T,+T,

:%1,9‘3%12(93+9;)+%1ﬂ,2+%13(a+92)2

+%mzL§l:(6"2cosﬁz—élsinﬂsinﬁz)z+(6’f+9§)cosz€,sinzﬂz]
2
1 1 S AN 4 . .
+Em{(5%005@+93)+L100501]('2 +62)—6lsm9l[ELzsm(Hz+63)+Lzsm92ﬂ (9)
2
1 5 S S EEATE | .
+3mcos 9,(91 +(d,+6)) ) SLsin0,+0)+ L sind,

V=V+V,+V,

= gm, [% L,cos(6, +6,)+ L, cosb, j +%gm2L2 cos®,(10)
3.2. Phan tich diéu kién bién

bicu kién bién rang budc dau mut P cua

dung cu ma Robot 3R cAm nim la duong tron
tam [ (X; Y Z) = 1(0; 0,55; 0,32) (m) ban
kinh R_=0,15m trong mat phang song song véi
mit phang xz ctia hé quy chiéu c¢6 dinh nhu trén
Hinh 2. Tt d6, ta c6 phuong trinh quy dao cua
diém P nhu sau:

(X, - X))+, =YY +(Z,-Z.) =R (11)

ol

Hinh 2. Diéu kién rang buoc cua diem P

Phuong trinh rang budc cua quy dao
diém P trong truong hgp nay nhu sau:

—sin 6, (Lysin(6, +6,)+ L, sin6, ) — R, cos(t) - X
H= cos 6, (L;sin(6, +6,)+ L, sin6, ) -,
L, cos(6, +0,)+ L, cos 6, - R.sin(t) - Z,.

~0(12)

Van dung phuong phap phan tich dong
luc hoc hé rang budc diéu kién bién hé phuong
trinh vi phan chuyén dong ciia mé hinh Robot
3R dugc xay dung c6 dang nhu hé phuong trinh
(5). Tir d6, hé phuong trinh (5) c6 thé chuyén
thanh hé phuong trinh (6) d s dung phan
mém Matlab dé phéan tich dong luc hoc hé rang
budc diéu kién bién ciia md hinh Robot 3R.

4. PHAN TiCH PONG LUC HQC ROBOT
3R CO RANG BUQC PIEU KIEN BIEN

Hé phuong trinh vi phan chuyén dong &
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ctia md hinh Robot 3R c¢6 két hop véi rang budc
quy dao cta diém P 1a dudng tron dugc thiét 1ap
va giai ty dong nho chuong trinh 1ap trinh st
dung phan mém Matlab.

Dap tng dong hoc theo thoi gian cua
cac khop thudc Robot 3R dugce thé hién chi tiét
trén Hinh 3, bao gdm dap tmg chuyén vi goc
(Hinh 3a) va van tc goc (Hinh 3b) trong mién
thoi gian khao sat tir 0 dén 30 giéy Trong giai
doan qua do (khoang 5 gidy dau), cac do thi
chuyén vi goc xudt phat tir cac gid tri ban dau,
nhanh chong dat trang thai dao dong 6 on dinh.
Tai trang thai x4c 1ap, ca ba toa do khop déu
bién thién tudn hoan, phan anh chinh xac dic
tinh dong hoc cua co hé khi thuc thi quy dao
lién tuc. Twong thich véi quy luat dich chuyén
do, cac dic tinh van téc goc trén Hinh 3b ciing
nhanh chéng 6n dinh va duy tri dao dong véi
bién d6 khong doi. Két qua phan tich tinh toan
chuyen vi va van tbc gbc nay hoan toan phu
hop vé mit logic v6i quy ludt chuyén dong
ctia diém cudi (diém P) duédi tic dong cua rang
budc hinh hoc dang duong tron.

Wagnitnde ]

Mgt fradts]|

b) Vin toc goc
Hinh 3. Chuyén vi goc va van toc goc cac khdu
cua Robot 3R

Quy dao chuyén dong cua diém P trong
mit phing song song v&i mit phang XOZ duogc
mo ta trén Hinh 4. Trong d6, duong nét lién
mau xanh biéu dién quy dao chuyén dong cia
diém P va duong nét dut mau do thé hién rang
budc diéu kién bién 1a cung tron. Tt vi tri ban
dau, diém P di chuyén tu do theo mdt duong
cong va tiém can nhanh vé phia dudng bién.
Ngay khi tiép can duong bién, quy dao cua
diém P bam khit va tring khép hoan toan vai
duong bién.

& hml =

Hinh 4. Quy dao ciia diém P trong mdt phing song
song véi mdt phang XOZ

Magpitide |

T|-_":a s]

Hinh 5. Sai so giita quy dao cua diém P so voi
diéu kién bién

Dé danh gia dinh luong chét lugng bam
bién, Hinh 5 mo ta sai so vi tri cia diém P so
voi diéu kién bién theo ba truc toa do trong 30
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gidy. Do sy sai 1éch giira vi tri ban dau va bién
rang budc, co h¢ tdn tai sai s6 tinh ban dau kha
16n. Tuy nhién, cic thanh phan sai s6 nay nhanh
chong hoi tu. Sau khoang 7 gidy, toan bd co hé
budc vao trang thai xac 1ap khi cadc duong sai
s0 tiém can va duy tri 6n dinh & gia tri 0 m. Két
qua danh gia sai s6 khang dinh kha nang hoi tu
nhanh, d6 chinh x4c cao cta thuat toan va dong
nhit voi cac két qua phan tich dong hoc trén
Hinh 3 va Hinh 4.

5. KET LUAN

Nghién ctru dd dé& xuit phuong phap
phan tich bai toan dong luc hoc rang budc diéu
kién bién cho str dung phan mém Matlab. Bang
viéc két hop phuong phap Lagrange véi cic
cong cu tinh toan sb, hé phuong trinh vi phan
chuyén dong cua co h¢ duoc thiét lap mot cach
tu dong va chinh xac. Thuat toan “Téi thiéu
hoa bac tu do” dugc ung dung cho phép gidi
hé phuong trinh vi phan chuyén dong ciia co hé
¢6 cau triic rang budc phic tap. Cac két qua dat
duoc trong nghién ctru nay khong chi phuc vu
nhu mot tai liéu tham khao truc quan, hitu ich
cho cong tac giang day, hoc tap va nghién ctru
chuyén sdu trong linh vuc co hoc ma con khang

dinh 13 nét kha nang md rdng cua phuong phap.
Day chinh 1a co s¢ khoa hoc dé trién khai ap
dung cho cac co h¢ da vat thé c6 cu trac phtic
tap va sd bac ty do 16n hon. Pong thoi, viée
lam chu phuong phap gidi toan dong luc hoc
nay 1a tién dé k¥ thuat ¢¢ mé ra hudng phat
trién cho céc bai toan tdi wu hoa quy dao va xay
dung giai phap diéu khién thong minh cho cac
hé théng co dién tir hién dai. <
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