VIEN CO KHi — B6 mén Co hoc (rng dung

TS. Nguyén Quang Hoang

ME4293-Phan mém phan tich va mé phéng hé déng luwc
1. Matlab: véc to'- ma tran - vé do thi - ode - simulink
Bai 1.

Cho ma tran A va vécto b, ¢

18 3 -2 1 2
A=[3 20 -3|, b=|2] c=|3
-2 -3 30 1 4

Hay viét cac dong lénh Matlab dé thwc hién cac viéc sau:
Nh&p ma trén A, vector b va c vao.
Nhan ma tran A véi vector b, [Ab]
Tinh va dwa ra ma tran Ai la ma tran nghich ddo ctia A
Gidi phwong trinh Ax =c¢
Tinh céc tri riéng va cac véc to riéng twong (rng clia ma tran A.

Bai 2.
a) Hay tim véc to' x c6 chuan (d6 I&n) nhé nhét théa man phwong trinh
_ T _
1 2 3 ! 6
Ax=Db,A = x b= 9

x, -

Il
8

2 3 4y 20

b) Hay tim véc to x d& sai léch gitra hai vé clia phwong trinh sau c6 d6 16n nhé nhét

1 2 3 - 1
4 5 9 i 2
Ax =bA = . ox=|= |, b=
7 11 18 2 3
Z,
-2 3 1 L2 4
Bai 3.

Cho cac ma tran

12 4 4 1 140 30
M= , C= , K= :
4 15 1 7 30 170

va 0, , la ma tran 0 c& 2x2, Em Ia ma trén don vi c& 2x2. Hay dwa ra ma tran A nhw duwéi day, sau do
tinh tri riéng cla no,

A — 02><2 E2><2
-M'K -M'C|’

Bai 4.
S dung Matlab vé dd thi cac ham sé sau:
y(x)=e " —x, trong khoang [-1 . .. 1], v&i Ax = 0.1;
y(x) = zsin(xz) — 1, trong khoang [1 . . . 3], v&i Ax = 0.1;
y(z) = 2" —2x — 5, trong khoadng [-4 . . . 4], v&i Ax = 0.1;
(z)

y(z) = 2° —62° + 3z —1, trong khoang [1 . . . 6], v&i Ax = 0.1;



y(z) = 2’ cosx + e > sin z, trong khodng [0 . . . 10], v&i Ax = 0.1.
Tir d6 thj hay xac dinh nghiém cla cac phwong trinh y(x) = 0 trong cac khoang twong (ng.
Bai 5.
Vé db thi ham phan thirc sau trong khoang [0 ... 3.5], biét cac nghiém clia mau sé:

B 4(1-2°)
fle) = (10— 72°)(1 - 2°) -2

, oz, =0.7990, , =1.3380

Bai 6.
Cho phwong trinh vi phan cép 2 sau day
mi + bi + csin(z) = f(t); z(0) = z, =0, #(0)=2 =0.3

0

m =1,b=2,¢c =100, f(t) = 2sin(8t)
- St dung Simulink dé giai phuong trinh vi phan trén trong khoang thoi gian [0, 10].
- Ha bac dwa ve hé phwong trinh vi phan cap 1, sau dé sau do str dung ode45 dé giai.
- So sanh hai két qua nhan dwoc

Bai 7.
S dung Iénh ode45 gidi phwong trinh vi phan sau
§=2t+e " sin(2t), y(0)=0
Bai 8.
Néu phuong an két hop Simulink va m-file dé md phdng hé dong lwc mé ta bdi phwong trinh vi phan &
dang ma tran nhuw sau (chang han nhw doi véi robot n bac tw do):
M(q)d + C(q,9)q + Dq + g(q) =Bu, qeR"

2. Lap trinh v&i Matlab
Bai 9.
1. Viét mot chwong trinh con dé tinh téng S(x,n)
S(z,n)=1+z+2> +...+ 2", véinlasbnguyén dwong va x la sé thyc cho truéc.
Puwa ra két qua véix =0.5va n=10. S(0.5,10) = 7.
2. S& dung léng while giai bai toan tim sé tw nhién n I&n nhat théa man bat déng thirc sau
1 1 1 21
Sn)=1+—+—+..+—=) =<27.
(n) 2 3 n ; 1
Thuat giai Newton-Raphson
Cho biét thuat giai ctia phwong phap 1&p Newton-Raphson gidi hé phwong trinh dai s6 phi tuyén
f(x)=0, feR", x € R" nhv sau
Bwéc 1. Khéigan k=0, chon xap xi ban dau x.
Buoc 2. Tinh f(x*). Néu || f(x*)) ||< & thi dirng, néu khang thi tiép tuc tir 3.
Bwac 3. Tinh ma tran Jacobi tai x'*/, tirc 1a J(x™)).
Budc 4. Giai J(x")ox = —f(x) gé tim ox.

Buwéce 5. Lay x* =x + 5x.

Bwéc 6. Tang k, k=Fk+1.Néuk>MvéiM la sé budc I&p da chon trwéc, thi divng. Néu khéng, tiép
tuc tir Bwdre 2.

voi J(x,) 1a& ma trén jacobi dwoc xac dinh tai diém X,

of, / ox, of /ox, .. 0Of oz,

k af k a2 al a2 62 . a2 an k
sy = ey o| 0000 010 O

of | ow, of ox, .. of |ow,



Bai 10.
Mét cai phao hinh ciu, ban kinh R, ndi trén mat nwéc. Tim phan chim z clGa phao trong nwéc. Cho biét
x can thda man phwong trinh sau day, 0 < x < 2R

pr(Re’ —La) = EpiaR’ =0,0< & <1
Véi £ =0.25 taco

(Re* —=12’)-1R*=0.
Cho R =1, tim z trong khoang [0, 2R].

Bai 11.

Phuong trinh tan s khi xét dao déng doc cda thanh thang véi cac
dieu kién‘bién: .
a) mét dau ngam dau kia co 16 xo

f(z)=tanz + iz

Tim nghiém cla phuwong trinh f(z) = 0, trong cac khoang [kx...(k + )], v&i k =0,1,2,3...
b) mdt dau ngam dau kia cé khoi lwgng tap trung
f(z) = cotx — ex
V6i ¢ =1, tim nghiém clia phwong trinh f(z) = 0, trong cac khoang [kz...(k + 1)z], k£ =0,1,2,3...
Bai 12.
Phwong trinh tan sb khi xét dao déng uén cla thanh thang véi cac diéu kién bién:
a) mot dau ngam dau kia ty do: f(z) = cos(z)cosh(z) +1
Tim 4 nghiém dau tién cta phwong trinh f(z) =0.
b) hai ddu ngam chat (hodc hai dau tw do):  f(z) = cos(x)cosh(z) — 1
Tim 4 nghiém dau tién cta phwong trinh f(z)=0.

Bai 13.
Xéac dinh giao diém cla dwong tron z° +3° = 3 va hyperbol zy = 1. (Hodc tim nghiém cla hé phwong
trinh sau

f(z,y)=2" +y* -3=0, f(@y)=2y—-1=0)
Bai 14.
Viét mot chwong trinh con cé st dung Iénh while dé tinh can bac hai ctia a > 0 theo phuwong phap 1ap
Newton-Raphson, [theo céng thirc Heron]

_ IE; +a xr a

Lo = =t
' 2z 2 2z
n n

V&i x(1) = 1, dd chinh xac yéu cau 1a 107,

Bai 15. Phan tich déng hoc co’ cau bén khau ban Ié.
Cho co céu 4 khau ban 1& OABC nhu hinh bén. Céac kich thwdc
clia co cdu OA = |y, AB = |, BC = I3, dy va dy, [, = ,/d +d’ . Cho

biét ¢, = q,, + Qt. Hay viét cac phwong trinh lién két cho co céu,
tr d6 xac dinh cac goc ¢,(t) va g¢,(t) tai cac thoi diém ¢,
k=123,... ng v&i cac goéc quay clha thanh OA,
q,(t,) = ¢, + Q1.

Trién khai trong Matlab dé giai cac bai toan sau:
- S dung phwong phap Newton-Raphson gidi cac phwong
trinh lién két dé xac dinh cac goc qa(t), gs(t); CC 4 khau ban 1&
- T cac phuwong trinh lién két tinh cac van téc goc va gia toc
goc cac thanh AB va BC tai tirng thoi diém t = t,.




Vé qui dao trung diém M cltia AB; tinh van téc va gia tbc

clia nd [v& dd thi vi(t), Vimy(t) va amx(t),

awy(H)]-
St dung cac bd théng sbé sau

Stt Q1o Q Ly L, O Ls dy dy,
[rad] [rad/s] [m] [m] [m] [m] [(m]

1 0 10 0.20 0.60 0.40 0.45 0.12

2 0 20 0.15 0.55 0.45 0.40 0.15

3 0 30 0.12 0.65 0.40 0.45 0.12

4 0 10 0.20 0.60 0.45 0.40 0.15

(*) Lwu y: can kiém tra diéu kién quay toan vong cla khau dan, (I +1, <1, +1,)& (1, —1 >1,—1), néu
khéng théa man thi diéu chinh chiéu dai L,.

HD

T hinh vé ta viét dwoc cac phwong trinh lién két

fl(ql,qqu) =1 cosq,+I,cosq, — dw - l;; cosq, =0

£(q,,q,,q,) =1 sing, +1,sing, — dy —l,sing, =0
Tinh dwoc cac ma tran jacobi

5 - —l,sing,
s l, cosq,

I, sing,
=1, cosq,

) {
4

=1, singq,
[, cosq,

DPao ham cac phwong trinh lién két theo thdi gian cho ta phwong trinh dé giai bai toan van tc va gia téc:

\ej

Jq23q23 + Jqlql = 0 = q23

anq% + anq% + Jqﬁl + .]qlq'1 =0= q,,

]

Bai 16. Phan tich dong hoc co’ cau sau khau.

[ —q,l, cosq,
s —q,l, sing,

q,l, cosq,

qslzz sing,

=-J'J

b3 4

4

Cho co clu sau khau nhw hinh vé. Céac
théng s6 clia co cdu gébm céc kich thwdc
OA=L,,AB=1L,, BC=1L; CD =Ls, DE =
Le, dx va d, va goc «. Viét cac phuong
trinh lién két cho co cdu. S&r dung phuong
phap lap Newton-Raphson tim cac toa dé

suy rong q,(t),q,(t), q,(t),q(t), khi biét

=1, cosgq,

—l, sing,

J;zl“; (qusq23 + Jql.q.l + Jqlql)

)

gida tri géc quay cla khau OA,
ql (tls:) = ql() + th )
Cho biét cac thong sb cua hé:
stt tho « Li[m] | Lo[m] | Ls[m] | dm] | dy[m] oy | LsIml | Le[m]
[rad] | [rad/s] § Y (rad)
1 0 1 0.20 0.60 | 0.36 | 045 | 0.15 /6 0.46 | 0.66
2
3

Bai 17. Bai toan déng hoc ngwoc robot

Trong bai toan dong hoc ngwoc robét, ta can xac dinh cac goc khdp — hay toa d6 khop — khi muén ban
kep cua rébot & mét vi tri mong mudn. Trong phan nay ta xét mét tay may hai bac tw do phang cé so do

nhw trén hinh bén. St dung phwong phap lap Newton-Raphson tim cac toa do suy rong ¢,,q, dé ban




kep E &@ mét vi tri mong muén cho trwéc z,,y,. Biét chiéu dai cac khau la OA=L = 0.50 m,

AE=1L,= 0.70 m.

HD: Méi lién hé gitra toa do diém E véi cac toa dd suy rong dwoc xac dinh bi
x, =1 cosq +1,cos(q —q,)

E
y, =l sing +1, sin(q, —q,) y AqZ .
E T
Day la mot hé hai phwong trinh phi tuyén déi voi hai &n ¢,,q, . AGF-——=
Phwong phap Newton-Raphson dwoc s dung dé giadi hé nay, voi ///
ma tran Jacobi nhw sau ‘/./' .
o —l sing, —1I,sin(q, —¢q,) I, sin(q, —q,) o fC/ , -
q I, cosq, +1,cos(q, —q,) —I,cos(q —q,) :
Trién khai trong Matlab v&i sé diém chia n va toa do diém E dwoc Tay méy 2 dof
cho bai:
n = 20; % so diem chia
xE = linspace(l.1, 0.1, n);
yE = linspace(0.1, 1.1, n);
3. Mo phong hé dong luc
Bai 18.
Khéi sat nhiém tir cé khdi lwong m dwoc ndi véi mét lo «
xo d0 cing c, chiéu dai L . Khdi nay & trang thai nghi ——————

tai = = L, khi dng mach nam cham dién xu4t hién mot
2 2 .. N . 2 _||I|I
lwc day F =k /x° tac dung Ién khoi sat.

Phwong trinh vi phan mé ta chuyén déng cha khdi nay ////////// WA !

la > ¢
mi=k/x’—clx—L)

S dung phuvong phap Runge-Kutta (ode45) gidi phwong trinh vi phan trén véi cac théng sbé cha hé

m =1kg, k=5N-m" ¢=120N/m, L =0.20m,va diéu kién dau z(0) = 1.2L,4(0) =0, ¢t =[0,10].

Bai 19.
Thanh déng chat BC dwoc ndi bang ban Ié tron B véi thanh OA, thanh nay quay o
dwoc quanh truc dirng. Bé qua ma sat. S dung phwong trinh Lagrange 2 ta
nhan dwoc phwong trinh vi phan chuyén déng cua hé:

0 = ¢* sin @ cos 0, @ =20 cot O
Giai hé phuong trinh vi phan trén bang phwong phap Runge-Kutta (ode45) véi
diéu kién dau

0(0) = z /12 rad, 6(0) = 0, p(0) = 0, ¢(0) = 20 rad/s
dwa ra két qua dang db thj trong khoang ¢ =10...2]s.

Bai 20.
S dung dinh luat Kirchhoff ta nhan dwgc phwong trinh vi phan ctia mach dién (hinh vé) nhw sau:
di | o
dt i1 Rl lo L
di E() —
R -i)+L=o O DRz ¢
dt 2\71 2 L |
— 12
da, _ L
dt *

Voicac sb lieu R =4Q R =100, L = 0.032H,C = 0.53F va



20V khi 0<¢<0.005 s
E(t) =
0, khi ¢ > 0.005 s

Hay giai hé phwong trinh vi phan trén bang ode45 va vé ra dd thj cac dong dién z'l(t), z'Q(t) theo thoi gian
t=0...0.05 s.

4. M6 hinh médt s6 hé co’
Bai 21.

Tay may hai bac tw do chuyén dong trong mét phang thang dirng. Khau 1 chiéu dai OA = L,, khdi tam C4,
OC; = a;. Khéi lwgng m;, mdmen quan tinh dbi véi khdi tam J;. Khau 2 chiéu dai AE = L,, khéi tam C,,
AC, = a,. khoi Iu’o’ng my, moémen quan tinh dbi voi khoi
tam J,. Bong co' 1 gan Ilen v0i gia co dinh tao ra mémen
ngau lwc uy, dong co 2 gan li&n v&i khau 1 tao ra mémen
ngau luc u.
1. Lap PTVP chuyén déng cla tay may, viét cac
phwong trinh dang ma tran:
M(q)§ + C(q,4)d + g(a) = Bu
2. Mé phéng chuyén dong cla tay may khi biét
mdmen ddng co u; va U,.

U = _kPl(ql - q10) - leql

U, = _kPZ (q2 - qzo) - k;quz

Céac thong sb:

St | et | oy | LM | oy | mabka) | lkom?| Lom) |asiml| ker | kos | ke | koo
1 10 3 0.50 0.20 10 3 0.50 | 0.20 40 20 40 20
2 20 4 0.55 0.15 20 4 0.55 | 0.15 40 20 40 20
3 30 5 0.62 0.25 30 5 0.62 | 0.25 40 20 40 20
4 10 6 0.70 0.10 10 6 0.70 | 0.10 40 20 40 20
5 20 7 0.44 0.25 20 7 0.44 | 0.25 40 20 40 20
6 30 6 0.50 0.30 30 6 0.50 | 0.30 40 20 40 20
7 10 4 0.66 0.45 10 4 0.66 | 0.45 40 20 40 20
8 20 3 0.70 0.20 20 3 0.70 | 0.20 40 20 40 20

Cac goéc q1o, g20 tuy chon trong khodng gi¢i han, (qio € [0 .. pi/2] va gz € [-pi/2 .. pi/2]).
Bai 22.

Tay may hai bac tw do chuyén déng trong mat phang thang
dirng. Khau 1 chiéu dai OA = Ly, khdi tam C,, OC, = ay, khdi
lwong m;, mémen quan tinh ddi véi khéi tam J;. Khau 2 chiéu
dai AE = Lo, khdi tam C,, AC, = a,, khdi lwong my, momen
quén tinh déi v&i khéi tam J,. Bong co 1 gan lién véi gia cb
dinh tao ra mémen ngau lwc M,, déng co 2 gén lién véi khau
1 tao ra mémen ngau lwc M.

- Lap PTVP chuyén dong cuia tay may, viét dang

M(q)d + C(q,q)q + g(q) = Bu
- M6 phéng chuyén dong cla tay may khi biét mémen dong

co u; va lwc day u,.
u = _km (ql - q10) - leql’ u, = _kPQ (qz - q20) - kDQQQ

St dung céac bd théng sb sau:

Stt [?5] [kg\;]rlnz] Li[m] | ay[m] m, [kg] |J2[kgm?]| Lo [m] |a,[m] Kei | kpp | Kp2 Kp2
1 10 3 0.50 0.20 10 3 0.50 | 0.20 40 20 40 20
2 20 4 0.55 0.15 20 4 0.55 | 0.15 40 20 40 20
3 30 5 0.62 0.25 30 5 0.62 | 0.25 40 20 40 20
4 10 6 0.70 0.10 10 6 0.70 | 0.10 40 20 40 20
5 20 7 0.44 0.25 20 7 0.44 | 0.25 40 20 40 20




6 | 30 6 0.50 0.30 30 6 0.50 | 0.30 40 20 40 20
7 | 10 4 0.66 0.45 10 4 0.66 | 0.45 40 20 40 20
8 | 20 3 0.70 0.20 20 3 0.70 | 0.20 40 20 40 20
v&i cac gia tri gip va gao tly chon trong khodng gi¢i han, (qio € [0 .. pi/2] va gy € [L1 .. 2L4]).

Bai 23.

Vat A trong lwong P = m,g, trwgt khéng ma sét trén nén ngang. Con
ldc AB trong lvong Q = mog, kh0| tam C, AC = a, mdmen quan tinh
déi voi khéi tam C: J,, dwoc ndi vao A bang mot ban 1& tru. Lo xo do
cng k, & trang thai tw nhién khi s = 0 (s 1a khoang dich chuyén cla

A). Can nhot hé sé c. Luc F(t) ndm ngang tac dung Ién vat A. Chon
toa do suy réng cho hé laq'=[s, ¢].

- Lap PTVP chuyén dong cuta hé.
- M6 phéng chuyén déng cuia hé biét lwc kich déng F() = Fo sin(Q).
- Thém vao bai toan trén trvdng hop gitra vat A va nén cé ma sat khd

véi hé sb p = 0.2 (nang cao).

S dung céac théng sb sau:

stt [ mafkal| | mofkal| o ;;12] a[m] KIN/m] | ¢ [Ns/m] Fo Q "
1 10 10 3 0.20 10000 00 100 100 0.1
2 20 20 4 0.15 15000 150 120 50 0
3 30 30 5 0.25 12000 100 150 100 0.1
4 10 10 6 0.10 16000 0 200 150 0.2
5 20 20 7 0.25 20000 120 300 120 0
6 30 30 6 0.30 12000 200 150 120 0.2
7 10 10 4 0.45 13000 0 160 170 0.1
8 20 20 3 0.20 15000 0 200 160 0
5. Bai toan dao dong
Bai 24.
Hé dao dong gdm khéi lwong - 16 xo - cdn nhét ¢d phwong trinh vi phan mé ta nhw sau:
mij + cy + ky = F, sin Qt k s Y
véi m =2kg, ¢=60N.s/m, k=450N/m, F, =4.5N, Q=20s". m F()
X X c —
bieu kién dau y(0) = 0.01 m, ¢(0) = —
Q Q

a) Ha bac dwa vé hé phuong trinh vi phan bac nhét.

b) Thuc hién tich phan sé (gidi cac phwong trinh vi phan) trong khodng ¢ = 0...10s. Pwa ra cac két qua
dang db thi y(t) va g(t); dé thi qui dao pha trong méat phang pha (v, ) ; va db thi trong khéng gian trang

thai 3D (c6 ca truc thoi gian t): (¢,9,7).

Bai 25.

Con lac don

Xét con lac toan hoc la mét qua cau nho, khdi lwgng m treo vao thanh manh cirng dai I khong khoi
lwgng. Thanh nay ndi véi gia ¢ dinh bang ban lén tru. Phwong trinh vi phan chuyén dong clia con lac

trong treo'ng hop khong can:
mli’$+mglsing =0 = @=—(g/)sing

Néu ké dén luc can ty 16 voivan téc hé sb d, luc can F = dv = dlg, ta co

ml’p = —mglsin o — dli’¢

bat y,

i, = -

=0, Y,
2

:yQ

=¢@,taco

% (mglsiny, + dlzyQ) =

~(g/)siny,

7

—(d/

m)y,

Con l4c toan




Viét m-file mo ta phwong trinh vi phan trén, sau d6 s dung ode45 m6 phdng dao dong cla con l&c. St
dung cac s0 liéu sau: con lac co6 khoi lwong m = 0.25 kg, chieu dai day [ = 0.5 m, v&i cac goc léch ban
dau khac nhau ttr 10 dén 110 d6 cach nhau 10 d6 (khi tinh toan can dbi sang rad), hé s6 cand = 0.

Xét trworng hop dao ddng nhé, ta cé thé tuyén tinh héa quanh vj tri can bang va nhan dwoc phwong trinh
vi phén:

Y = YUy g, =9/ Dy, —(k / m)y,.
Thwc hién lai cac mo phéng trén v&i moé hinh da dwoc tuyén tinh héa. Pwa ra cac nhan xét.

Bai 26. Xét dao dong 1 dof (xét 3 trirdng hop: binh thwong, cong hwéng, va phach)
Xét hé dao dong cuwdng birc khdng can cé phwong trinh vi phan nhw sau

i + 16y = sin(Qt) voi diéu kién dau y(0) = 0,¢(0) =0.
Bang cach dat x, =y, z,=1y,tanhan dwgc hé hai phwong trinh vi phan cap mot:

:L‘l :IQ

&, = =16z, + sin(Q1)

Hay viét m-file mé ta& phwong trinh vi phan trén. Sau d6 s&¢ dung ode45 hodc simulink dé khao sat dap
(rng cla hé trong ba trwdng hop: (a) Q =5 radls; (b) Q=4.2 rad/s; (c) Q=4.0 rad/s.

Bai 27. Con lac don day treo dan hoi
Xét con |&c 1a mo6t qué ciu nhdé dworc treo vao 16 xo co dd cirng ¢, chiéu dai tw
nhién la [. Hé hai bac tw do véi cac toa dd suy rong s,@ . BOng nang va thé
nang cla hé:
_ 2 .9 -2 _ 2

T=iml(l+s)¢ +§], IT=1cs" —mg(l+s)cosp
St dung phuwong trinh Lagrange loai 2 ta nhén dugc phwong trinh vi phéan
chuyén ddng cua con lac nhw sau:

m(l + s’ § + 2m(l + 8)ip + mg(l + s)sinp = 0

m§ —m(l + 8)¢° —mgcosp +cs =0 ’
S dung ode45 md phdng chuyén dong clia hé véi cac thdng sb: con Iaé:‘cor:ﬂfy

m=0.5kg; L=0.5m; c=50N/m; g=9.81m/s% treo dan hoi
va diéu kién dau: ¢(0) = 7z / 6,¢(0) = 0,s(0) = 0,5(0) = 0.

Bai 28. Con lac kép

Phuwong trinh vi phan chgyén doéng cla con lac kép nhan dwoc nhé phwong
trinh Lagrange 2 dwoc viét gon lai & dang ma tran nhw sau:

M(q)4 + C(q,q)q +g(q) =0

el
M(q) = { ml: +m,l m,l1, COS(qu - qQ)}
m,l1, cos(q, —q,) m,’
Clq,q) = l: . 0 ) myll, Sin(% - qg)QQ:l
-m, L[, sin(q, —q,)q, 0

Con lac kép

T

g(q) = [(m]l1 +m,l,)gsing, m,gl, sin qz] )
Viét m-file thé hién phwong trinh vi phan hé, sau dé s dung ode45 mé phéng chuyén dong ctia hé. St
dung céc théng sé sau:

ml = 0.25; 11 = 0.5; m2 = 0.25; 12 = 0.5; g = 9.81 m/s?;
Ban dau hé ding yén véi cac goc léch:

gl (0) = 10*pi/180, q2(0) = 16*pi/180.
Tuyén tinh héa phwong trinh vi phan chuyén ddng quanh vj tri can bang q;=q,=0. Tinh tAn s dao déng
riéng clia hé.

Bai 29. Dao ddng nhé cia con lac elliptic



Xét con lac elliptic nhw hinh vé. Xe A c¢6 khéi lwong m; chuy&n dong trén dwdng ngang, 16 xo cé d6 cirng
c. Day AB c6 chiéu dai |, khdi lwong khéng dang ké va ludn cang. Tai trong dwoc coi nhw chét diém co
khéi lwgng m,. Biét khi = = 0 16 xo khéng bi bién dang. St dung phwong trinh Lagrange loai 2, ta nhan
dwoc phwong trinh vi phan chuyén doéng:

(m, +m,)Z + m,lpcos p —mlg’ sing + cz =0,
mf(ﬁ +mylicos g+ m,glsing =0
M6 phéng dap (rng cla hé véi didu kién dau:
2(0) = 0,(0) = 7 / 6,4(0) = 0,(0) = 0.
Truwong hop xét xét dao dong nhd, coi sin @ ~ @, cos @ ~ 1 va bd qua sb

hang phi tuyén (/')2 , ta nhan dwoc phwong trinh vi phan dao dong nhé.

(m +m)i+ml+ce=0, mlz+ml’p+mglp=0

Con lac elliptic

hay & dang ma tran

Wt MRS

Tinh céc tan sb dao dong riéng va cac dang dao déng riéng cua hé.

S dung céac théng sé sau:
ml = 50; m2 = 40;
1 =5;

oo

kg g = 9.81; % m/s”2
m c = 2000; % N/m

oo

Bai 30. Hé dao ddong ba bac tw do
Cho hé dao dong ba bac tw do nhw trén hinh v&. Céac 16 xo tuyén tinh c6 d6 cing ¢ khdi lwong cac vat

nangla m , (v = 1,2,3). Goi z, la dich chuyén cla cac khéi lwong ké tir vi tri ma cac 16 xo khdng bi bién

dang. Ap dung phwong phép tach vat (hodc phwong trinh Lagrange loai 2) nhan dwoc phwong trinh vi
phan chuyén dong & dang ma tran nhw sau:

. _ _ T .
Mx+Cx=p, x=[z 7, z,]
Vi €1 C2
m 0 0 mg . l m; ¥,
M=0 m, 0], p=|myg .
0 0 m, m,g 3
XzT Cs
¢ tc,te, e, ¢ —c e
C= —c, ¢, te, -, |, I
—C, —C c, tc, ms X3

Cho biét cac thong sb cuia hé: H¢ dao dong 3 dof

¢, =c,=¢,=10 N/mm, ¢, =¢, =5 N/mm,

mg=m,g =981 N, mg=m.yg.

1. Tim vi tri can bang tinh ctia hé, bang cach gidi hé phwong trinh dai sb tuyén tinh dé tim bién dang cla
cac lo xo

Cx =p.

2. Tim céc tan sb dao dong riéng va cac dang dao dong riéng cla hé tir phwong trinh dao déng tw do
Mx+Cx=0.

Bai 31.

M6 hinh dao ddéng nhd clia 6-t6 trong mét phang thang drng nhw hinh v&. Cho biét cac thong sb cia hé:
a=3m,b=1m,c;=c,=c3=cs= 100 Ns/m, ky = k, = 4x10° N/m, ks = k4 = 30x10° N/m, M = 1200 kg, m
=30 kg, J = 200 kgm®.

1. Lap phwong trinh VPCD cla hé (dap an nhw sau):



MV +J .. Mab—-J . d

+ +c¢y, —c¢y, +ky —ky, =——F(t
@) 4, @by By + ey =gy +ky, — Ry, = —— (t)
Mab - J Ma® +J a+b—d
i+ i+ c. —C‘,—i—k -k =——F(t
@by 7 @by Uy + 8y = 6, + Ry, — Ry, = ——— (t)

N . . F(t)
my, —cy, + (Cl +C, )y3 - klyl + (kl + ks)ys =0 A d
my, = ¢y, + (CQ + C4)y4 —kyy, + (kQ + k4)y4 =0 . L a b
2. Viét PTVP Cb dang ma tran
My + Dy + Ky = f(¢) — A R I

3. Xét dao dong tw do khéng can: yli // Y2
My + Ky = 0 : o MG
N < 1
Tim cac tan sd dao dong riéng va cac ! Cz

dang dao déng riéng. N Cm o
4, Cho lwc kich dong Y3 Ya
2 C3 k4 C4
F(t) = mrQ cosQt, s
v&imy =5 kg, r=0.2m, Q=200 rad/s T s -

Vé dwdng cong bién d6 tan sb cla

diém A cach dudi xe mot doan L, ya(Q).
5. V&i cac thong sb trén xac dinh cac dap (ng cla cac toa do yi(t) (i = 1,2,3,4). Biét rdng xe dao dong
twr trang thai dirng yén.

Bai 32.
Phwong trinh vi phan dao déng cwdng birc cla hé tuyén tinh n bac tw do dwoc cho dang ma tran nhw
sau

Mg + Dq + Kq = f(¢), voi diéu kién dau q(0) = q, q(0) = q,-
véi q la vecto toa dd suy rong, M, D, K la cac ma tran vudng cap 7, twong ng la ma tran khéi lwong,
ma tran can, va ma tran do ctrng. Vécto lwc kich dong ().
Bang cach ha bac ta nhan dwoc

q=V

v=M"(f(t)- Dv - Kq)
Hay viét cac m-file thé hién cac phwong trinh vi phan va thuc hién viéc giai sé tim dao déng cla hé, véi

12 0 0 10 -10 O 1000  —1000 0 5sin10¢
M=/0 15 0|, D=(-10 20 -10|, K=|-1000 2000 -1000 |,f(t)= 0
0 0 20 0 -10 10 0 -1000 1000 0

6. Mot so hé co dién
Bai 33. M6 hinh déng co dién moét chiéu

Phuong trinh vi phan mo td déng hoc clia déng co
dién mét chiéu nhuv sau:

4’0 do
J +J)—+c—=T@{t)=K it
( m ) dtQ dt ( ) m ( )
dit ‘ do
I d(t) + Ri(t) + K E =V(t) So dd déng co dién mot chidu

Hay ha bac dwa hé trén vé hé phwong trinh vi phan
bac nhat v&i cac bién trang thai

x =16, 0, il
St dung ode45 mé phéng dap ng clia dong co' vai dién ap dat la hang sb, V(t) = 10Volt. S dung bd
théng sb:
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L=275uH =275-10"H, R =13,6Q
K =0,257TmV /rmp = 0,257 - 107 £V /[rad /s]

e

K =246mNm/A =2,46-10°Nm/A, ¢ =10[rad/s]/Nm

i

J =0,08gcm® = 0,08-10™ - 10~ kgm?, J =507

Bai 34. Tay may 1 dof — dan déng bang déng co’ dién mét chiéu.

Xf;t tay may mot bac tw do dwoc dan dong béi dong co mét chiéu nhw trén hinh vé. Cac théng sé cla hé

goém:

- Tay may la vat rdn quay quanh truc ngang cé dinh qua O, khéi lwong m, khéi tam C, OC = [.
Mémen quan tinh d6i vai truc quay O, J,. Hé s6 can tai 6 truc c, .

- Hop giam tbc co ty sb truyén r =@, / @, =, / 1;, mdmen quan tinh khdi clia cac banh rang twong
wngla J,J,.

- Dong co dién mot chiéu: dién tré R, cudn cam cb hé sé tw cdm L, hang sb phan strc dién dong
clia ré-to, K ; hing sé mémen K . O day 6 la goc quay cia truc dong co, 6 la van téc goc trén
truc déng co. Mémen quan tinh khéi ctia ro-to Jm. Hé sb can nhot tai 6 truc ¢ (ma sat nhot tai )
truc).

bong co DC
1. St dung phwong phap tach céu tric dé thiét lap phwong trinh vi phan mé ta hé. (chia thanh 2 hoac
3 hé con).
Tay may:
m, | = 0C, Jo

Hop_
. . giam toc
dong co dién
mot chiéu

Mo hinh tay may mét bac tw do

2. S&r dung phwong trinh Lagrange dé thiét 1ap phwong trinh vi phan mé ta hé.

3. Hay don gian héa phwong trinh vi phan chuyén déng cho tay may, bang cach bé qua sy thay ddi
cta dong dién, Ldi(t) / dt = 0.

4. St dung matlab-simulink mé phéng chuyén déng ctia hé, véi cac théng sé hé:
% - DC motor: Ra=1, La=0.0001, Ke=1, Km=1, Jm=0.001, b1=0.1;
% - Tay may: m=5, Ic=0.5, g=9.81, JO=0.2, b2=0.00000002;

11



% - hop giam toc: ti so truyenr = 2.0

Bai 35. Tay may phang hai khau, hai khép quay - 2 dof — dan déng bang dong co’ dién mét chiéu.

Tay may phang hai bac tw do chuyén dong trong mét thang dirng. Tay may nay dwoc din dong bang hai
ddng co dién mot chiéq, déng co 1 dat co dinh trén gia va déng co 2,dét trén khau 1. Chuyén dong cua
truc déng co dwoc truyén ra thanh goc quay clia khau nho hép gidm tée banh rang.

d

Ri L

T= KmI

J
bongco 1

Mb hinh tay may phang hai bac tw do

Cac thong sb clia hé théng dwoc cho nhu sau:

Céc thong sb Podng co 1 bongco 2
Dién tré, hang s6 mémen, hang sb
phan strc dién dong, hdng sé cudn R ,K ,K_L,J R, ,K, ,K,,L, b,,J,
cam, mémen quan tinh roto

Hop giam téc 1 Hop giam téc 2
Ty s6 truyén, mémen quan tinh khoi . .
hai bénh>r/éng b T b oo

Khéu 1 A
(k& c& dong co 2 dat trén no) Khau 2

Khdi lwong, moémen quan tinh déi
Vi truc qua khoi tam, khoang cach my,J 5l My J gyl
tr khép quay dén khoi tam

1. S dung phuwong trinh Lagrange dé thiét 1ap phwong trinh vi phan mé ta hé.

2. Hay don gian héa phwong trinh vi phan chuyén déng cho tay may, béng cach bd qua sw thay déi
cta dong dién, LdI(t) /dt ~0

3. S dung Matlab va simulink m6 phdng dap (ng clia hé, véi bg diéu khién PD va bo diéu khién PD
cOng bu trong Iwc. Cac thdng so clia hé cho bang 1.

Bai 36. Tay may Scara 3dof RRT — dan déng bang dong co’ dién mét chiéu.

Hay xay dwng mé hinh co dién cho tay may Scara 3 dof (RRT) dan déng bang 3 déng co DC. Sau dé:
1. St dung phuwong trinh Lagrange dé thiét 1ap phwong trinh vi phan mé ta hé.
2. Hay don gian héa phwong trinh vi phan chuyén déng cho tay may, béng cach bd qua sw thay déi
cta dong dién, LdI(t) /dt ~0
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So d6 déng co DC

bongco 2

U,

bongco 1

Bai 37. M hinh héa cau truc 2D — hé 3dof dan déng bang 2 déng co DC

Hay xay dwng mé hinh hé co dién cho cau truc chuyen dong trong mat phang: dong co 1 l1am xe goodng
chuyén doéng ngang; dong co 2 dat trén xe goong cudn nha cap dé nang ha vat, trong khi chuy&n dong

vat nang bi lc. Hé 3 dof nhwng d&n déng chi bang 2 déng co DC.

02 = X(t) =‘

t_QZTmQ/r

‘9m,2 = 1,0, /7’2

1. S dung phwong trinh Lagrange dé thiét 1ap phwong trinh vi phan chuyén dong cho hé.
2. Hay don gian héa phwong trinh vi phan chuyén dong bang cach bé qua su thay dbi ctia dong dién,

Ldi(t) / dt = 0
a) Duwa ra phwong trinh vi phan chuyén dong trong trwdng hop nay. Viét phwong trinh & dang
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M(a)i +C(a,q)q +Dq +g(@) =Bu, q=[zlel, u=[U,U,]
b) Tuyén tinh héa phwong trinh vi phan chuyén doéng quanh vi tri can béang
= l0 = const,a = 0, d& nhan dwoc phwong trinh trang thai dang:
x=Ax+Bu, x=[zlailadal, u=[U,0,]"
Sau d6 khao sat 6n dinh cla vi tri can bang khi chwa cé diéu khién, khéo sat tinh diéu khién

dwoc cua hé. )
c) Thiét ké bo didu khién dé 6n dinh héa vi tri can bang, voi

U=—K(z~-z)+KO+Kzi+Ka)
’ U, = ~(K,(1-1)+K,)
Cho biét cac thong sob clia hé:
- BboéngcoDC: K =1,K =1,R=1L=0.0001,
r=3,J =0.001(ty s6 truyén, mémen quan tinh ro to)
- Xe goodng va tdi cubn cap: r.=0.04,r, ~=0.02 (ban kinh banh xe xe goong, ban kinh t&i cubn day)

m, =2, m =29=928l.

Bai 38. Con lac ngwoc dan dong quay

Con l&c nguoc cé diéu khién 1a mot vi du tiéu biéu vé hé Co dién ti. D6 1a mot hé thdng hut dan dong
(underactuated system), hé c6 sb dong co' dan dong nhd hon sb bac tw do ctia nd. D&c diém clha hé nay
la c6 vi tri can bang khéng 6n dinh khi con I&c & vi tri hwéng 1én.

Xét con I&c gdm tay quay OA quay quanh truc ding (géc quay 0) — dwoc dan déng bang déng co DC —

théng qua bo truyén gidm toc banh rang. Tay quay co chiéu dai [, = OA va c6 moémen quan tinh khéi doi
v6i truc quay z 1a J, . Phan con I&c AB coi nhu thanh manh dong chat khdi luong m,,, chiéu dai [, dau

B c6 gén khéi lwong m,, coi nhw chat diém. Thong s6 dong co bao gém: dién tré, hang s6 mémen, hang

sb phan sirc dién dong, hé sb ty cam twong tng 1a R, K K ,L . Ty s truyén cta hop gidm toc la

rzém/9>1.

B Mo
m = ”ng
0
I, mg
I, Jig (0]
Ra La rm
TWI, = KWI,I(J,
| Y Uemf = Kegm C@j A
O ']m gm

1. Thiét 1ap phwong trinh vi phan chuyén déng cho hé voi cac toa d6 suy rong: 0,¢,1, = g, ; bién dau
vao diéu khién 1a U(t) .
2. Xét trwong hop bd qua sw bién thién cla dong dién Lafa =0,
a) Duwa ra phwong trinh vi phan chuyén dong trong tredng hop nay.
M(a)i +C(a,a)q +Dq +g(@) =By, q=[6,¢]",u=U
b) Tuyén tinh héa phwong trinh vi phan chuyén déng quanh vi tri can béng 0 =0, =0, dé
nhan dwoc phwong trinh trang thai dang:
x=Ax+Bu, x=[0,0,0,¢]",u=U

Sau d6 khao sat 6n dinh cla vi tri can bang khi chwa cé diéu khién, khao sat tinh diéu khién
dwoc cla hé.
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c) Thiét ké bd diéu khién LQR dé 6n dinh héa vi tri can bang, voi
U=-(K6+Kp+K0+K,¢g)

Bai 39.

7-39. M6 hinh may dém rung dong co dién — r6-to léch tdm . ) )
bong co dién mét chiéu kich tr doc lap dwoc st dung dé tao dao dong cho hé thong. Ro-to cd khoi
lwong m_, d6 léch tam e, moémen quan tinh J =J ~=.J, +me’. V6 dong co clng voi bé may co
khdi lwgng m, dwoc dat trén mot hé gidm chan - 16 xo ¢6 dd cirng k va can nhét hé sé c. Dién ap vao
dong co la V(t). Mbmen dong co ty I voi dong dién trong mach, M = K i ; phan strc dién dong khi ro-to

quay ty lé véi tdc do quay ro-to, vV, =Ko= Keé .

Vemf(t)

q
(Vo=
_/

So dd6 mach dién

&

Hinh bai 7-39
1. Str dung phwong trinh Lagrange dé thiét 1ap phwong trinh vi phan chuyén dong cho hé.
2. Hay don gidn hoa phwong trinh vi phan chuyén dong bang cach bé qua sy thay doi cia dong dién,
Ldi(t) / dt = 0.
Bai 40. Thi du 5-6. (Bai tap co’ hoc BLH)

7-30. So d6 may ghi chan dong st dung dién cam nhu trén
hinh. Lai sat dong c6 khdi lugng m, chuyén dong tinh tién | m |
theo phwong thang dirng, hai 10 xo c6 d& cirng nhw nhau K/2 § U § K/2 77177 X

‘ R

va c6 téng do cing la k. Hé sb tw cam cla cudn day la
L(x). Cudn cadm dwoc ndi véi ngudn co sirc dién dong la E
= const. Dién tré 6m tbng cong cla mach dién la R. Viét
phwong trinh vi phan chuyén dong va tim vi tri can bang L E:
cla cua hé.

J L
n

i

Hinh bai 7-30

Bai 41.

7-31. So d6 nguyén Iy clia mt cam bién gia téc goc nhw
trén hinh vé. Ty dién gom hai tdm ban nguyét ban kinh
twong ng 1,7, khoang cach gitra hai tdm 1a d, hang

sb dién moi clia méi trwéng cach dién gitra chung la ¢ .
Dién dung C cua tu dugc tinh gan dang ty 1& dién tich
xép chdng F, C" = pF /d . Mdmen quan tinh khdi cla

tdm dong dbi véi truc quay O 1a J,. Cac 1o xo c6 d6
clng k va khong bi bién dang khi géc ¢ =0, va can
nhét co6 hé sé can b. Cho biét dién tré R, dién dung cua

tu dién C = const, hé sb tw cam L, dién ap ngudn mot , m —
chiéu E. Lap phwong trinh vi phan mo6 ta chuyén doéng L R
cla hé theo toa dd suy réng ¢,q (@- goc xoay clia tam Hinh bai 7-31

dong, q - dién tich trén tu C.
Tinh dién &p trén déng hd do V phu thudc vao dién tich.
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Bai 42.
7-32. Mot hé co dién gdbm hai mach dién twong tac qua lai nhd may bién ap (c6 hé sbé dién cam

L,L, L,). Mach thi nhat c6 nguon dién xoay chieu U(t) = U sinwt va tu dién hang so dién dung C|.

Mach thir hai gém dién tré R, ngudn dién mét chiéu dién ap U, va tu dién dang tdm chir nhat c6 dién

dung thay déi (do khoadng cach gitra hai tam thay ddi). M6t tdm cua tu c6 dinh con tm kia duoc treo vao
hé 10 xo gidam chan (c, b), 16 xo khéng bién dang khi khodng cach gilra hai tam la a. (Pién dung cla tu
tinh theo cong thic C'=cA / d, & - hang sb dién méi). Lap phwong trinh vi phan mé ta chuyén dong

cua hé theo toa dé suy rong ,q,,q, -

1
HD. Pong nang dién tinh theo cong thire: T = 5(Lllf + 20,11, + LI}

127172
of1 (o]
— || —
C,
O
U,sin ot L, L,
[e]
L12
Hinh bai 7-32

Bai 43.
7-33. M6t hé co dién gom ngudn dién mét chiéu E, dién tré R, cudn cdm L mac song song tu dién C, .

Hai tu 1 va 2 c6 dién dung thay dbi do chét dién moi khoi lwgng m gan voi tdm cia tu 2 di chuyén, (&, ¢,
la cac hang sb dién mai). Lo xo dd cirng k (khéng bién dang khi x=0), gidm chan dé nhét d. (dién dung
clia ty tinh theo cong thiec C' = £A / d). Lap phuwong trinh vi phan mé t& chuyén dong cla hé theo toa

doé suyrong z,q,,q,. HD. Co thé coi tu 1 nhw dwoc tao thanh béi 2 tu mac song song.

| dai a, rébng e |

Tu 2

Hinh bai 7-33

Bai 44.

7-34. Mot hé co dién gdm cudn cam cb hé so tr cam L, dién tré R, tu dién dién dung Co = const, nguon
n)c}t chiéu dién ép,E vélmc}t tu co digfan dung thay do6i. Tu dién nay co Cjang tam h[nh chir nhét‘dién tich
tam bang A. Cac tam ndi v&i nhau bang 16 xo d6 clrng c, can nhét b, (déu khong dan dién). Chiéu dai khi

khong bién dang cda 16 xo 1a a. Cac hang s6 dién méi gitra cac tdm 1a &, &, . Lap phwong trinh vi phan
chuyén dong cla clia hé theo toa d6 suy rong (z,,,,q). z,,, la dich chuyén cla cac tdm, ¢ 1a lvgng
dién tich trén tu (dong dién trong mach 1a i = ¢). HD. C6 thé coi phan trong hinh chir nhat nhw dwoc tao
thanh bai 3 tu méc néi tiép.
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I
L
— ¢,
q E
~— |

Hinh bai 7-34

Bai 45.
7-35. M6t hé co dién gdbm ngudn mdt chiéu dién ap E, dién tré R, tu dién dang tdm chi nhat, dién tich
cac tam la A, hang s6 dién moi gitra hai tam la &, . Cudn cadm c6 hé so tw cadm L(x). L6i sat khoi lvong m

OII.XH EI]XI[
A= 1 EPE
] ] ) -M"K -MC
dwoc gan véi mot tam cla tu dién, va dwoc néi véi 0 r,z = 0,0 anho hélo
Ft=|"™
ft

X0 - gidm chén (dd cirng k, c&n nhot hé sé c), 10 xo khdng bién dang khi x = 0. Lap phwong trinh vi phan
chuyén déng clia hé theo toa dd suy rong (z,q), v&i z 1a dich chuyén cla cac tm dong, ¢ la lwong
dién tich trén tu (dong dién trong mach la ¢ = ¢).

R E | ref. Francis C. Moon-Applied Dynamics With
Ill Applications to Multibody and Mechatronic
— <« | ;
q Systems-John Wiley & Sons, Inc. (1998), p.404
] Kk L(x)
€0, A
.V
d <>
; d-x
% XE Hinh bai 7-35

Vi E = const, hay xac dinh vi ‘trl' can bang cpa hé. Thwe hién tuyén tinh héa hé phwong tri,nh Vi phan
chuyen dong quanh vj tri can bang. bwa hé ve dang phwong trinh trang thai sau dé xét tinh 6n dinh cla
Vi tri can bang.

Bai 46.

7-36. Trén hinh vé cho mét so' d6 may ghi dia chan. Gan trén bé may mét cudn tw cdm cé n vong day Vo
ban kinh r va co dién tré Om tdng cong 1a R va hé sb can 1a L. Lc">i’ sat tr la mo6t hinh tru dc‘)r)g truc v&i
cudn tw cam va gay ra trong khoang khong cia n6 mét tir tredng phang va xuyén tém voi hé s6 cam trng
B. Ld&i sat ¢6 khdi lwong m va dwgce dé bang céac 16 xo ¢6 hé so clrng tong cdng la k va con chiju tac dung
cla lwc can nhét B4, trong d6 x 1a d6 chuyén doi tac dung
cla 16i sat tir tinh ti vi tri can bang cGa né. Nén rung theo |
quy luat & = &sinwt. Dong kin mach dién bang cach nbi lién

hai cyc cudn tw cdm bang day dan cé dién tré nhd khong ki2
dang ké. Hay thiét 1ap phwong trinh vi phan chuyén ddng
cua hé. . )
Cho biét cac lwc suy réng do lwc tac dung twong ho gilra sat
tlr va cudn day ty cam la: Qq = =2zxrnBi, Q =2xrnBq

k/2 XotX

& =¢&,sinwt
Tra loi:

mi + Pz + kx —2xrnBg = m§0w2 sin wt; ‘
Hinh bai 7-36
Lij+ Rq+2rmBi =0
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Bai 47.
5-37. So dd cGa mét may micrd dung lam tu dién duoc biéu dién nhw
hinh v&, n6 1a mét mach néi tiép gdbm ngudn dién véi sirc dién dong E, L
cudn tw cdm véi hé sb L, dién tré 6m R va tu dién cé dién dung C (E, L e
va R la nhitng hang sb). Gitra hai tAm cda tu dién ta méc 16 xo c6 do
cng k va nhét d (khéng dan dién), dé cé thé thay déi dién dung C cua tu

dién, khéi luong tm dong cta tu dién Ia m; goi Co I dién dung cda tu C(X) m
dién luc hé can béng, khi do khoang cach gitva hai tam tu dién la a va J\MN\/\/—
dién lwong ctia moi tam dd 1a qo. Tac dung Ién tam dong cla tu dién lyc P
kich déng P(t). Lap phwong trinh vi phan chuyén déng cta hé co dién Ay. —|I—
d

Chi déXn a-x |?E
1- Thé nang cla tu dién bang I1 = %(f (C la dién dung cua tu dién, q 1a

Hinh bai 7-37

dién lwong trén cac tam cta nd, C(z) =C.a / (a —x)), ddng nang cla
cac dién tr chay trong mach dwoc tinh theo céng thirc T = éLz’ (L 1a hé sb tw cam, i =dq / dt cwong

dd dong dién trong mach).

2- Chon toa d6 suy rong la do ting gidm dién lwong q va doc léch x ca khdi tam déi véi vi tri can bang.
Khi dé dién Ilwgng toan phan sé€ la qo + g, con dg Iéch toan phan Xo + X; & d6 q la dién lwgng cua tu dién,
con X, la dd léch cha 16 xo cha vi tri trung hoa dbi véi vi tri can bang.

Tra loi:
FE 2 E
mi+cr——q-— q = P(t), Lij+Rq'——1:+i—£=0
a 2Ca a C, aC,

Bai 48.

7-38. So dd co dién clia mot hé dwoc cho nhw trén hinh. Chiéu dai cia 16 xo ltc khéng bién dang bang |,
dd clrng cha né bang k, khéi lwong cla tAm dong béng m. Khi 16 xo khéng bj bién dang khoang cach
gitra tAm déng va cb dinh cla tu bang a, con dién dung ctia né bang C,. Thanh Iap phwong trinh chuyén
dong clia hé theo cac toa do suy réng = va q.

| —
R L
T LINNC
I X - (t)
P(t
J , ® i Hinh bai 7-38
Tra loi:
A q _ . g q .
mi + bt + cx — —— = mg + P(t), Li+—-——(a—2x)+ Rqg=e(t).
aC| C, aC|
Bai 49.

Bai 5-23 (sua déi). Thanh lap phwong trinh vi phan chuyén déng cho hé co dién dwoc biéu dién nhu trén
hinh v&. Chiéu dai cta 16 xo lic chuwa bién dang

lal, @6 cng 10 xo la c. Tu dién c6 mét te}m co } } { |
dinh va mét tam di dong, khoi lwvgng tam di

dong la m. Khi o xo chwa bién dang, khoang
cach gitra hai tam la a, con dién dung cta no la a+l m e(t) </>>
Ci.

Lwu y:
- Lwc tr tac dung gitra hai tAm clia tu khi c6 chira dién tich (bd qua luc nay)
- dién ap roi trén hai cwc cla tu dién
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Bai 50.

Bai (xem page 74, Linear control system analysis and design with malab. by D’Azzo et.al.)

M6t may néi micrd (microphone) dung tu dién c6 so dé nhw trén
hinh v&. TAm di déng cda tu dién cé khdi lwong m duoc gitr
nhd moét 16 xo cé do cirng k va can nhét hé sé b, con tdm kia
duwoc gitr cb dinh. Ap suat am tac dung 1én tAm dwoc thé hién
béng Iwc P(t). Hay lap phwong trinh vi phan chuyén déng cho
hé.

Bai 51. (seein Francis C. Moon, page 416)

Dé lam 6n dinh con lac nguoc, ngudi ta dung déng co tinh tién
diéu khién bdi dién ap V,. Dong co nay tao ra lyc dién tlr 1am
cudn day 2 cung voéi 16i sat chuyén déng ngang. So dd hé co
dién dwoc cho nhw trén hinh. Cac thong sé co bao gdm: khéi

lwgng xe cung I6i s&t m,,con lac cé khéi lwgng m,, khéi tam
tai C,, [ = AC, mémen quan tinh khéi di véi truc qua khéi tam
J,,, d6 cliing 16 xo kéo nén k valod xo x0an la k, . O trang thai

C(x) k

P(t) -
N

Xo-X X1+X

canbang = =0,0 =0 cac |6 xo khéng bi

bién dang. Cac thong s dién bao gém: hé sé tw cam va dién tré clia cac cuén day L, R, L, R,, hé sb

twcam L (z) thé hién sw twong tac gitra 2 cudn day.

) 227

HD. Bdng nang dién tinh theo cong thirc: T¢ = é(LlIf + 2L, (2)I 1, + LZI;)

Iy

R, R,

|

2
—> 00

1 | —
| S| | S|

Q Li L2 b

() ()

Vbeml

DEDDDDDD

<>
Xo+X

Vbemz
L1z

So d6 mach dién cla hai phan cta déng co tinh tién

1. Thiét 1ap phwong trinh vi phan chuyén dong cho hé vai cac toa do suy rong: z,6, I =q,I,=4q,;

cac bién dau vao la V,(t),V,(¢).

2

2.Xéttrwong hop I, = ¢, = 1, =const, L,(z) =L — Az.

a) Duwa ra phwong trinh vi phan chuyén dong trong trwérng hop nay.
b) Tuyén tinh héa phwong trinh vi phan chuyén déng quanh vi tri can bang z = 0,0 =0,

I, = ¢, =0, dé nhan dwoc phwong trinh trang thai dang:

x=Ax+Bu, x=[2,0,4,6,1] u=V

1

Sau d6 khao sat 6n dinh cla vi tri can bang khi chwa cé diéu khién, khao sat tinh diéu khién

dwoc cpa hé. . .
c) Thiét ké b diéu khién LQR dé on dinh héa vj tri can

V=-(Kr+KO+Ki+KO+K]I)

bang, voi

3.Xét trvong hop 1, =¢, =1, = const, L,(x) = L, — Az va bd qua sy bién thién clia dong dién

szO,

1171

a) Duwa ra phwong trinh vi phan chuyén dong trong trwérng hop nay.
b) Tuyén tinh héa phwong trinh vi phan chuyén déng quanh vi tri can béng == 0,0 =0, dé

nhan dwoc phwong trinh trang thai dang:
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x=Ax+Bu, x=[z,0,%,0 , u=V

1
Sau d6 khao sat 6n dinh cla vi tri can bang khi chwa cé diéu khién, khéo sat tinh diéu khién
dwoc cua hé. )

c) Thiét ké bo diéu khién LQR dé n dinh héa vi tri can bang, véi

V. =—(Kz+K,0+K,i+K,0)
Bai 52.
Cho hé doéng lwc tuyén tinh
x=Ax+Bu, x= [qT,qT]T
Khao sat sw &n dinh cta diém can bang x = 0, khi hé khéng c6 diéu khién.

Gia s hé dwoc diéu khién phan hdi u = -Kx, ma tran K sé& dwoc xac dinh thé nao dé hé déng kin én
dinh.

Bai 53.
Cho hé dao déng tuyén tinh n bac tw do v&i phwong trinh vi phan:
Mg+ Cq+Kq=1£(t), ge R"
S dung Matlab, giai bai toan tan sb dao déng riéng va dang dao déng riéng khéng can?
Ha bac dwa vé phwong trinh vi phan cép 1, voi x = [q",q"]".
Bai 54.
Néu s twong duong gitka cac phan t&r co-dién, khi dau vao hé co la lwc va dau vao hé dién la dién ap.
Néu cac buwéc khi thiet 1ap mé hinh toan hoc cho hé co dién.
Bai 55.
Cho hé dong luvc J ¢ +bgp + ksing =0, J,,b,k > 0. Bua ra phwong trinh tuyén tinh héa quanh diém
can bang ¢ = z,¢ = 0, sau d6 viét phwong trinh vi phan chuyén dong & dang: x = Ax, véi x = [, ¢]" .
Dwa vao mé hinh tuyén tinh héa khao sat sy 6n dinh ctia diém can bang dé.
Bai 56.
Khai niém vé ham xac dinh dwong, ham xac dinh &m? ‘
Néu cau trdc cta dinh ly Lyapunov vé on dinh cla diém can bang clia hé dong lyc?
Bai 57.
Cho hé dong lwc mi +ci+kr =0, m,c,k > 0. Hay chon ham Lyapunov va chi ra tinh én dinh cla
diém can bang sau z=0,2 =0
Bai 58.
Hay ha bac ptvp cap hai sau vé hé ptvp cép 1.

M(q)4 + C(q,q)q + Dq +g(q) =Bu, qeR"
Néu phwong pﬁép xac dinh vi tri can tgéng cla hé trén; .
Thuwce hién tuyén tinh hoa hé quanh diém can bang, sau dé dwa hé vé dang

x=Ax+Bu, x=[q",q"]"
Bai 59.
Néu khai niém vé hé dong lwc 6-t6-ném va phi 6-t6-ném? Thé nao la diém can bang clta hé dong lwc?

Minh hoa khai niém 6n dinh clGa diém can bang clia mot hé déng lwc theo nghia Lyapunov ? Phan biét én
dinh, 6n dinh tiém can va 6n dinh ma?
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Bai 60. (6n dinh hdéa con lac ngwoc don)

Mb hinh thi nghiém 6n dinh héa con Iac ngwoc cho trén hinh vé. H& gom dong co DC, hop gidm téc, bo
truyén dai, xe chay va con lac. Péng co DC véi cac théng s6: hé s6 tw cdm, dién tré, hang s6 mémen,
hang sé phan strc dién dong, va mémen quan tinh cia ré-to twong ng la: L ,R K K , J .HOp giam
téc mot cap voi ty sb truyén =1, /1, mémen quan tinh cac banh rang twong &ng 1a J,,J, . BO truyén
dai gdm hai banh dai nhw nhau (médi banh dai dwoc coi nhw dia dong chéat ¢ khéi lwgng va ban kinh I3

m ,r ), day dai cé khdi lwong tdng cong 1& m, (coi nhw khéng dan, khong trwot déi véi banh dai). Xe

' p d
chay c6 khéi lwgng m,, va con lac co khéi lwgng m, , khéi tam tai C, I, = AC', mémen quan tinh khéi

déi voi truc qua C 1a J, . Bé qua ma sét.

T KI

So db déng co DC

1. Thiét Iap phwong trinh vi phan chuyén dong cho hé véi cac toa d6 suy rong: z,60,1 = ¢, ; bién dau
vao la dién ap dat 1én dong co U(t).

2. Xét trworng hop bd qua sw bién thién clia dong dién L,,j,,, ~0,
a) Duwa ra phuong trinh vi phan chuyén dong trong frué’ng hop nay.

b) Tuyén tinh hoa phwong trinh vi phan chuyén déng quanh vi tri can bang @ =0 dé nhan
dwoc phwong trinh trang théi dang:

x=Ax+Bu, x=[1,0,%,0,u=U

Sau d6 khao sat 6n dinh cla vi tri can bang khi chwa cé diéu khién, khao sat tinh diéu khién
dwoc cla hé.
c) Thiét ké bo diéu khién phan hdi trang thai U = —Kx, dé hé kin nhan cac diém cwc cho truéc

la p=-Lp, =-2p,, =-1%7.

Mb phaéng dap (rng cta hé v&i b diéu khién vira nhan duoc.
d) Thiét ké bd dieu khién LQR dé 6n dinh hoéa vij tri can bang, (tw chon cac ma tréan Q va R)

U=-Kx=—Kz+K,0+K,i+K,0)
M6 phdng dap (rng clia hé véi bo diéu khién vira nhan duoc.
S dung bd sé liéu sau:
L =10"H,R =1QK_=1Nm/A, K =0.2Volt/(rad/s),J =10"kgm’
r=n/1n=10,J = 1072kgnr12,J2 =10-10"kgm®
m,=02kg, r =0.02m, m,, =02kg
m, =1kg, m, =02kg, [, =0.5m, J, =0.1kgm’, ¢g=9.81lm/s’
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