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1. GIOI THIEU

Pong luc hoc ngugce robot 1a mdt bai toan
quan trong trong thiét ké robot noi riéng va
nganh ki thuét robot néi chung. Pong lyc hoc
nguoc cho phép ta tim dugc cac lyc/ momen
dan dong cia cic khau dan tr quy luat
chuyén dong ctia khau thao tic robot.

Dbi véi cac robot hoat dong theo cac quy
dao dugc thiét ké trudc nhu robot han, robot
lap rap, robot trung gian trong cac day
chuyén san xuét ty dong..., dé tang tinh linh
hoat cua robot nguoi ta thu’(mg thiét ké robot
¢6 nhidu khau, viéc nay dan toi cac toa do
suy rong cua robot nhiéu hon céc toa do biéu
dién vi tri va hudng cua khau thao tic trong
khéng gian thao tac robot, ddy la cac robot
du dan dong. Robot du din dong s& c6 nhiéu
c4u hinh théa man vi tri diém thao tac, vi vay
vé mit toan hoc bai toan dong hoc ngugc s€
cho ta nhiéu gi tri nghiém thoa man. Dé
dam béo tinh lién tuc cua robot trong bdo cdo
trinh bay viéc st dung khai niém ma trén tua
nghich dao dé tinh toan bai toan dong luc
hoc nguoc robot du dan dong.

M6 hinh robot 4p dung trong bao cdo la
robot phing ba bac tu do nhu trén hinh 1.
Thanh OA dong chit c6 chidu dai OA=1,,
khéi lwong m;, khéi tim tai C,, OC,=c,,
chuyén dong quay quanh truc ¢ dinh tai O,
¢6 momen quan tinh dbi véi truc quay di qua
khéi tdm 1a J;. Xylanh AD c6 khdi lwong m,,
khéi tam tai Cp, AC>=c5, lo la khoang céch
ban ddu cua piston so v6i dau A cua xylanh,
chuyén dong quay twong ddi quanh truc quay
di qua A, momen quan tinh d6i véi truc quay
di qua khéi tam 1a J>. Piston BC c6 chiéu dai
BC =I5, khéi lugng ms, khéi tm tai Cs,
DC; = c3, chuyén dong trugt tuong ddi trong
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xylanh AD, momen quén trinh d6i véi truc
quay di qua khdi tm 13 J;. Diém thao tac E
c6 khdi lwong mg, dat tai dau C cua piston
BC, chuyén dong déu trén dudng thing KL,
xudt phat tir K.

S/

Hinh 1. Robot phang 3DOF

pé gidi bai toan dong luc hoc nguogc ta
tién hanh qua ba budc sau:

Budc 1: Thiét lap phuong trinh vi phan
md ta chuyén dong cia robot.

Budc 2: Giai bai toan dong hoc nguoc.

Budc 3: Tinh toan luc/momen dan dong tir
phuong trinh vi phan chuyén dong.

2. PHUONG PHAP NGHIEN CUU

Phuong phap nghién ctru 1y thuyét. Tinh
toan st dung cac thuat toan s6 va mo phong
két qua trén phan mém tinh toan mo phong
s6 Matlab.

a. Thiét 1ap phuong trinh chuyén dong

Chon cac toa do suy rong cuia robot nhu sau:
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a=[¢, ¢ ¢,] €® (1)
St dung phuong trinh Lagrange loai II ta
thiét 1ap dugc phuong trinh chuyén dong co
dang:
M(q)§+C(q,q)q+g(q)=7 (2)
Trong do:
my my My
M(q) =My My, My (3)
My My, My
my, =J,+J, +J, +mc +mz|:l,2 +c +2c, cosqu
+m, [lf +a +(h, +q3)2 +2¢,(l+q;)+21 (¢, +1, +q3)oosq2}
+m5[ll2 +1 +(1, +q3)2 +20 (1 +g) + 21, (L +1, +q3)cosq2}
My =my, =J, +J; "'mz|:cz2 +he, COS%]
+m, [(l0 +q3)2 +2¢,(ly +43)+& +1 (¢, +1, +q3)cosq2]
+m5[(lo +q3)2 +2L (I +q, )+ I +1 (L +], +q3)cosq2}
3 =n, :ll(ms +mE)sinq2
my,=J,+J, +W5022 +mj[c32 +2c3(10 +q3)+(l0 +q3)2}

+mE[l32 +21(1, +q3)+(lo+q3)z}

Moy =myy =05 my; =y +my,
G Go Gy & T

C(an) SlG G Oy ;g(q) =& TG (4)
G G G & F

q :2[(m3 +mE)(ll c0sq, +1, +q3) +em, +I3m5:|q3
—2lsing, [(10 +q)(my+mg) +em, +cm, +13mE:|q2

Cy :[st(% o +q,)+2mp (L +1, + ) +(my+mg ), oosqzjq'3
~I sing, [czm2 +eymy +Lmy, +(my+my)(I) +q3)]é]2

N :lloosqz(rrg erE)q'2

¢, =lsing, [czm2 +em, +Lm, +(rr@ erf)(l0 +q¢, )]ql

1, . .
_Ell sing, I:czmz +eymy +hmy +(m3 +m£)(lo +%)]%
1 .
+{2[C3m3 +Lmy, +(m3 +mE)(lo -!—q3)]+511 C()sqz(m3 -!—mE)}q3
1, . .
n :511 sing, I:czmz +em, +hm; +(ms +m£)(lo +43):|q1

+2[c_;m_; +hymy +(m$ +m5)(lo +q3)]‘?3
Gi :_I:ll cosq, (m +mE) +emy+hmy, +("’% +m£)(lo +q3):|ql

1 .
+|:511 005‘]2(’”3 +mE) —cym, —lm, 7(’"3 +mE)(l(J +q3)jl%
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1 .
e =—heosds (m+m )G

1 .
%ﬁ{zé o8 (m,+m) +cym Ly +(m +my) (I +%)}q]

L com+m, +m+m)(1+4;) Jin s =0
& = me +(m+m,+m,)1, |gcosq,
+[”Ecz +mye +myl, +(ms +mE lo +Q3):|gcos(% +‘b)
& = me, tme,+myl,+(my+m; )1, +,) Jgeos(q, +4,)
=(m,+m;) gsin(g, +¢,)
b. Giai bai toan dong hoc nguoc
bong hoc nguoc robot trong khong gian
thao tac la bai toan tim cac dai luong toa do
suy rong, van toc va gia toc suy rong ctia robot

tir quy luat chuyén dong cua diém thao tac
robot trén quy dao. Xuét phat tir phwong trinh:

x=1(q) ®)
Trong do:
q=[4,9,.4;] €R%x=[x,.,] eR’
Doi voi robot nhu trén (hinh 1).
f(a)= llc?sql+(l3+lo+q3)c.os(ql+q2) ©)
Lising, + (L, +1,+q;)sin(g, +q,)
Dao ham phuong trinh (5) theo thoi gian
ta dugc cong thire xac dinh van toc suy rong
va gia toc suy rong:

a(1)=3"(a)x(1) (7)
i(1)=9"(a )["(f)—«i( )I"(a )'( )] ®)
Trong dé: J'(q [J ] la

ma tran twa nghich dao cua ma tran J(q).

Pé tim céc toa d9 suy rong ta ap dung khai
trién Taylor ham vector q() tai lan cén gia
tri =1, va bo di cac vo cung bé bac 16n hon
hoac béng hai ta duoc:

q(fm)Q(I(tk)”’l (q(tk))x(tk)At ©)

Viéc tinh q(z,,,) theo cong thuc (9) cho ta
gia tri rat tho, trong bao céo co6 st dung thuat
toan hi€u chinh gia lugng vector toa do suy
rong dugc trinh bay ki trong tai liéu [2].

3. KET QUA NGHIEN CUU

Keét qua cua bao cao dugc moé phong so
bang phan mém Matlab véi b s6 li¢u sau:
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[=03[m]; [,=03[m]; L=05[m]; [, =I=15[m]
¢ =015[m]; ¢, =04[m]; ¢=025[m| m =5[kg]
m, =3[kg];rn2 =2[kg];mE =l[kg];J1 =0.0375.:kg.m2]

1, =003 kg’ J;.J, =0.0417] kg’ |, :1[?} g=9.81[sﬂ2}

m; - Khdi luong; ¢; - Vi tri khéi tam;
J; - Momen quéan tinh khéi; vy - Van toc diém
thao tac E.

Ta thu dugc mot sb két qua sau:

Trén hinh 2 1a do thi cac toa do suy rong

Cactoa do suy rong
1

05

0

alrad].[m]

05

05 1 15
[5)

Hinh 2. Cdc toa do suy rong
Trén hinh 3 1a dd thj cac vén toc suy rong

Cac van toc suy rong
1

08

06
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02

0

dg/dfrad/s]im’s]

02

04

08

08
0

25
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ts]

05 1 2

Hinh 3. Céc vin toc suy rong
Trén hinh 4 1a do thi cac gia toc suy rong

Gac Monen phat dong

60

40

20

tau[Nml [N]

20

25

Hinh 4. Céc gia toc suy rong
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Trén hinh 5 1a cac lyc/momen phat dong

Cac Monen phat dong

tau(Nm],N]

40 v
15 25
[5)

Hinh 5. Cac lyc/momen phat dong

Trén hinh 6 14 c4u hinh cua robot

v b robol

- S——

Hinh 6. Cdu hinh robot

4. KET LUAN

Dbi véi robot du din dong, ta thuong co
nhiéu cdu hinh théa min quy dao thiét ké,
trong qué trinh tim nghiém bang phuong phap
s6 ¢ thé s& bj nhdm 1an nghiém giira cac ciu
hinh nay. St dung ma trén tua nghich dao gitp
ta tim dugc nghiém trong bai toan nguoc phu
hop voi cAu hinh duoc chon cua robot. Qua do
gitip x4c dinh duoc cac luc/ momen dan dong
theo quy luat chuyén dong ctia khau thao tac
robot d3 dugc thiét ké.
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