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Phan tich chuyén dong mo hinh xe
mot banh 9 bac tu do

Toém tat: Trong nghién cuu nay, mé hinh xe mot
banh vdi 9 bac tu do dugc xay dung va phan tich
chuyén déng vdi cdc rang budc cho trudc. Hé
phuong trinh vi phan chuyén déng ctia mé hinh dugc
thiét 1ap va giai tu déng trén phan mém Matlab. Két
qua phéan tich chi ra mét huéng mdi trong viéc ting
dung phan mém dé mé phdng va giai cac bai toan
déng luc hoc cuda co hé nhiéu béc tu do.

Tu khéa: M6 hinh xe mét banh; phan tich chuyén
déng; 9 bac tu do.

Abstract: An unicycle-pendulum model with 9
degrees of freedom is established and analyzed its
motion with given constraints in this research. The
system of differential equations of motion is established
and solved automatically by using Matlab software.
Analyzing results indicate a new method for applying
software to simulate and solve dynamical problem of
mechanical systems with high degrees of freedom.

Keywords: Unicycle-pendulum; Analyze motion;
9 degrees of freedom.

I. Giéi thiéu téng quan

M6 hinh xe mot banh da dugc nhiéu ngudi quan
tam nghién ctiu nhung phan I6n cac nghién ctu chi
duing lai & viec mé hinh héa thanh cac mo hinh don
gian véGi s6 bac ty do han ché. Viéc lap va giai hé
phudng trinh vi phan chuyén déng clia cac mé hinh
da don gian héa déu dugc thuc hién mot cach thi
cbng. Vivay, phuang phap nay khong thé ap dung dé
giai cac cd hé phtc tap vdi nhiéu bac ty do.

Hién nay, vGi su ra ddi clia nhiéu phan mém mo
phdng chuyén dong, nhiéu co hé phtc tap dugc mo
phdng mét cach truc quan. Ngudi dung cé thé biét
dugc cac thong s6 dong luc hoc clia cac phan ti clia
cG hé trong qua trinh mé phdng. Tuy nhién, ngudi
dung khéng thé st dung cac théng s mé phéng nay
dé phat trién cac Uing dung khac nhu xay dyng mo
hinh k&t hop véi cac hé diéu khién cho co hé.

M6 hinh xe mot banh dugc khao cliu trong nghién
clu nay gém 3 phan: Banh xe c6 dudng kinh
1.000mm, cang xe c6 chiéu cao la 835mm va than xe
dugc mo hinh héa nhu mét con ladc ngudgce 1&p trén
cang xe c6 chiéu dai la 1.000mm. M6 hinh xe mét
banh 9 bac tu do véi cac kich thudc ca ban dugc mod
t& chi ti€t trong Hinh 1.

Hinh 2 (a,b) md ta hinh chiéu diing va chi€u canh
clia banh xe véi hé toa dd suy rong c6 goc toa do gan
tai trong tam clia banh xe. Hé toa do suy rong clia cang
xe ¢c6 gbc toa dd gan tai diém G, (trong tam cla banh
xe) dudc thé hién trén Hinh 2 (c,d). Hinh 2 (¢) mb ta hé
toa dd suy rong gén trén con lac ngudc. G4, G,, G lan
lugt la trong tam clia banh xe, cang xe va con I&c ngugc.
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Hinh 2: Cac hé toa dé suy réng gan trén tung
bé phdn cua xe

II. Néi dung
1. Xay dung hé phuong trinh vi phan chuyén déng
P4u tién ta xét chuyén dong clia banh xe, trong
ndi dung nghién ctiu nay, chuyén ddng clia banh xe
dugc xem nhu chuyén déng clia mot dia mdng. Dé
md t& chuyén déng clia banh xe ta chon thi tu thay
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déi clia ba géc Euler 1a 3-1-3, thi ty nay dugc mo ta
nhu sau: DAau tién banh xe quay quanh truc Z mét géc
¢ lam hé toa do xyz quay dén vi tri hé truc mdi la x’,
y’, z’. Sau do, banh xe quay quanh truc x’ mét géc 0
va cling dugc hé truc méila x”, y”, z”. Cudi cling, banh
xe quay quanh truc z” va thu dugc hé truc mdi la
b;b,bs.

Luu y rang: Truc x’ 1a giao tuyén cla méat phang
Xy va mat phang x’y”.

Trd lai v6i chuyén dong cla banh xe, ta gén hé
truc x4yqzq vao trong tam va ba géc Euler 1an lugt la
1, 04,4 nhu trén Hinh 2 (a,b). Véc tc don vi clia cac
truc xy Y4 Z4 vVa véc to don vi clia cac truc X Y Z dugc
biéu dién nhu sau:

f, =cpl+s4J

f,, =—s@cOl+cg 6 +s6K (1)

f,; =s4s61-cgs6J+cOK

Van téc goc clia banh xe dugc tinh nhu sau:

0, = 0,8, + 0, + 0,8, 5

= élfdl +¢'1 sof,, +(¢'159| +‘/71)fd3 @)

Xét qua trinh quay clia banh xe co trugt, van téc
cla diém ti€p xuc C, dudc tinh nhu sau:

Ve, = Vg, 70 XX

= XU+ Y0+ ZK +[ 08+ 568,5 (66, +11 ) £is % (~RE,)
=[ X~ R6,59,56, + R(dic6, +1 ) g, 1
+[ ¥ +ROcds6,+ R(et, +11) 54 |3 +(Z - ROe6,)K  (3)

P& trong qua trinh trugt banh xe van luén bam mat
dudng thi van téc cha diém C, khéng c6 thanh phan
thang dung va v¢ -K = 0. TU do ta co:

7 =R6,ch, or Z=Rs6, (4)

Mat khac, néu qua trinh chuyén doéng ctia banh xe
khéng cé trugt thi:

Ve, =0 so0

X = Ré,s¢,6, —R(¢,09, +'/’1)¢¢1

Y =—Récds6), —R((Iﬁlcﬁl +l/'/|)s¢| ®)
Bodng nang cla banh xe dugc tinh nhu sau:
T=T5, +T

=lmdle-vGI +%md-Hé] =% VeV, +%(1,"a)j1 +lo, +1fa)53)

2
=%m{,(XZ+Y2+ZZ)+%(1f9,2+12"¢3fszz9,+13"(¢31c9]+1/'/‘)2) (6)

Thé nang cla banh xe la:

V¢ = m,gRs#, (7)

Trong do: T4, va T4, - Lan lugt la déng nang
tuong tng vGi chuyén dong tinh tién va chuyén dong
quay clia banh xe.

Thuc hién cac buéc tucng tu ddi véi cang xe va
con lac ngugc, dong nang va thé ning cla cang xe
va con lac ngugc dugc tinh nhu sau:

- Bdng nang clia cang xe:

I*=1,,+T;

1 1 1 1 ) ) s
=2MVe Vo +Ew".HZ‘ =3MVe*Vg +5(Ig‘1(o,;‘ +18 07, *153(’);3)

1 . .y s 1 sn s o o L \2
=Em,,(X‘+Y'+Z‘)+E(lg”9]‘+12‘2¢,'s'9]+15,3(¢,c€,+1//2)) (8)

Trong do:
I(b;,l :IIb +mszz; Ié,z :Ié); I([;,s 21;7 "'msz2 (9)

Chu y rang:

r,GZ/G' =Rf,, (10)
£, =—(cosy + sgcOcy ) 1 +(=spsy + cgcOcy ) I + sOcy
- Thé nang cla cang xe:
b
V' =mgZs =mg(R+Rey,)s6, (11)
- Péng nang clia con lac ngudgc:
T =T, +T,,
:%mpvoj Vo, +%mp-H§3 :%'"p"os"’og +%(1§31ij +15 0, +1§33w;1)
1 1 . - . o\
=2MVo, Vo, +§(15’}1932 10,4770, + 1) (aﬁsc&; +z//3) ) (12)
Trong do:
15, =10 +m, R 15, =17 +m R 15, =17 (13)
Chu y réng:
T60, = Ref s
I, = X5 + Yo 6 T 5,0, = Ry + Rofy, + Rf (14)
Zs, =15°K
- Thé& n&ng cla con lac ngudc:
VP = m,gZ, (15)

TU cac phuong trinh (6), (7), (8), (11), (12) va (15)
ta thu dugc t6ng dong ning va thé ning ctia hé la:
T=T"+T"+T"
1 ; ; . 1 . . " N2
:Emd(Xz +7? +ZZ)+E(1,d912 +1475°6,+ I (6,c6,+41) )
Uy oo ooy, L . ; .
tom, (X2+Y'+Zz)+5(1£‘1912+1g‘2¢12 s? 01+Ig‘3(¢,c¢91+1//1+z//2)2)
1 1, . . . _

2 ,0,Vs +5(153195 15,435 0,4 15, (b, ws)z) (16)
V=ri+rt+yr
=m,gRs6,+m,g(R+Rcy,)s6,+m g[ (R+Rycy,)s6,+ R, |
=(md +m, +mp)gRs¢9| +(m,]1i’1 +mpR2)gcl//2 s6 +m,gR;cl; 17)
Trong do:

Vo, :XI+H+ZK+|:9|fd1 +6,561,, +(¢|C9+V72)fd3JXszl;z (18)

Céc rang budc dé banh xe lan khéng trugt nhu sau:

Z =Rsh,

X = RO,s6,56, - R(dc6, +v1,) 4,

Y =—ROc,s0, - R(¢5,091 +y7, )s¢,

Ap dung phuong trinh Lagrange cho co hé cé rang
budc, hé phuang trinh vi phan chuyén déng clia hé
xe mot banh véi 9 bac tu do dugc biéu dién dudi dang
ma tr&n nhu sau:

MX =F-B"a

BX =0

X=[X Y Z ¢ 6 v, v, ¢ 6 w]

(19)

(20)

Trong do, cac ma trdn M, B, F dudc tinh toan tu
déng nh& chuang trinh 1&p trinh s dung phan mém
Matlab.

2. Thiét lap rang buéc cho quy dao cla diém
diém P,

Trong nghién ctu nay, chuyén déng clia banh xe
dugc phan tich véi quy dao rang budc ctia diém P, 1a
dudng tron ban kinh R, = 1m va trén mat phang cach
mat dét la Z, = 2m. Phuong trinh rang budc cla quy
dao diém P, & trudng hgp nay nhu sau:

h, (q)=Rf;, + Rf,, + 2Rf,
—[R,cos(t) R,sin(t) Z,]' =0

(21)
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Céc théng sé st dung dé mo6 phdng bai toan
nhu sau:

Khéi lugng banh xe my = 5kg

Khéi lugng cang xe 1a m, = 3kg

Khgi lugng con Iac ngugc la m, = 2kg

Gia t6c¢ trong truong g = 9,81 m/s?

Céc thong s6 khac: R = 0,5m, R, = 0,3m, R, =
0,835m.

Hé phuadng trinh vi phan chuyén déng cla co hé
c6 két hgp vai cac rang budc (banh xe 1an khong trugt
trén mat phang va quy dao clia diém P, 1a dudng tron)
dudc thiét l1ap va giai ty ddong nha chuaong trinh 1ap
trinh s dung phan mém Matlab. K&t qua mé phong
dudc thé hién trén Hinh 3, 4 va 5.

Simulation Results of Unicycle-Pendulum
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Hinh 3: Quy dao cé4c diém C,, G, va P, trong

khéng gian 3 chiéu

Hinh 3mb ta quy dao cla cac diém C,, G, khi diém
P, chuyén dong theo dudng tron (dudng mau héng)
vGi ban kinh 1m. Budng mau dé la quy dao cla diém
ti€p xuc gilta banh xe va mat dudng trong qua trinh
chuyén déng. Budng mau xanh 1a quy dao cla trong
tam banh xe G;.

Hinh 4 va 5thé hién sai sé giia quy dao thuc so
véi quy dao yéu cau cla diém P, va qua trinh bién
déi nang lugng clia mé hinh xe mdt banh. K&t qua mé
phong cho thay:

- Trong 12 giay dau thi quéa trinh chuyén déng 6n
dinh, sai s6 quy dao nhé va lugng bi€n déng nang
lugng nhd.

- Sau 12 giay qué trinh chuyén dong mat dan tinh
én dinh, sai s8 quy dao tang dan va lugng bién dong
nang lugng ting dan. Vi vay, phudng phap giai nay
can phai két hgp vdi cac bién phap hiéu chinh sai s6
cla quy dao rang budc dé k&t qua mé phéng dat do
chinh xac cao hon.
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Hinh 4: Sai sé giita quy dao thuc so vdi quy dao
yéu cau cua diém P,
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Hinh 5: Qua trinh bién déi nang lugng ctia mé hinh
xe mét banh 9 bac tu do

lll. Két ludn

Phuong phap gidi va mé phdng bai toan déng luc
hoc c6 rang budc clla mé hinh xe mot banh 9 bac tu
do (ing dung phan mém Matlab dugc trinh bay chi tiét
trong nghién ctu nay. Dua trén co sé cla phuong
phap Largange va ting dung cong cu hd trg clia phan
mém Matlab, hé phuong trinh vi phan chuyén déng
clia bai toan dong luc hoc dugc ty déng thanh 1ap va
gidi clung vGi cac rang budc cla cd hé. Duya trén
nhiing két qua c6 dudgc khi giai phuang trinh vi phan
chuyén dong, chuyén dong thuc cla co hé cé rang
budc duge md phdng nhd st dung cong cu md phong
3D dugc cung cap san bdi phan mém Matlab.

Dua trén nhiing két qua nghién cliu véi co hé cu
thé, phuang phap giai nay c6 thé phat trién xa hon véi
nhiing cG hé phtc tap va nhiéu bac ty do hon. Viéc
ndm viing phudng phap giai va mé phdng chuyén
déng cla cd hé tng dung Matlab sé la tién dé cho
viéc ting dung Matlab dé mé phéng cho cac hé théng
diéu khién clla cac ca hé O
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