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1 b2 1 oA . 5 ..
K= E(Tnl"l“ mz)l,ﬁl + Emzlz(al -+ 02 + 2 01 62)
a\ ( DL ) -~ M

d,k 8 G' +"1211 1262(9'12 + él 92) (49)
The potential energy of the system can be written as
Pl =—m1g11 COSG]. == _Tnlgllcl (4.]0)
Py = —=myglyC, - m,gl,Cy, (4.11)
P=P+ Py==(my+my) gl,c, - M1, Cyy (4.13)

The Lagrangian for the system is

(4.14)
The derivatives of the Lagrangian are,
oL 2 2 ot .
- = (m1+ mz)ll 61 + mzlz (gi + 62)
06,
t2maly G, 6, + myly 1, 6, - (4.15)
d (oL 5 2
?d—t 6_01 = [(m1+ mz)ll + mzlz
+2 mzll lzCz ] 01“+ [mzlg + m211 lzCz ]6'2
—2myly 1S, 6, 6, - maly 1,S, § 62 (4.16)
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.% = —(my +my) ghiSy — maglySy2 4.17)

From Equation (4.2), the first equation of motion is
Ty = ({(my + m))2 + m,l3

+2m, L, 1,C, ) 8, +{ my 2+ my 4 1,C,)6,

-2 7”21112529-16.2— m, 1112829'22'*'("11 + "lz)gl1sl+ nglzslz
(4.18)

Silllilarl)’, :Tf‘ = Tnzl% (9;_ + GQ) + Tn.zll lzCz H.l

2

d (o . . . ..

I(B_BLZ) = mzl%( 91 + 92)+‘m211 126261"' mzll IZSZ ﬁ 91 92

20, — maly 1S, (67 + 6, 6,) — maglySy,

To = (Mal2 + mul, L0 8 + 1y 138,+ mioly 1,5, 67+ magl, Sy, (4.19)

Writing these two equations in a matrix form,

Tllz[(m1 + m)lf + myli + 2mpliL,C,  {mylf + mpliL,C, }] [gl]
T3 (mal5 + myli1,Cy) myl3 6>
+[‘ O —7’12111252 :912+[_ mzl]_lez - mzlllzsz] 6‘1 gz.
[ myl12S; 0 67 0 0 6, 0,
+'(m1 + my)gh$; + nglzsu] (4.20)
I maglaSia
Which is of the form,
7 = 4()0+ B(0) 0)+ C(0) (4.21)
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where, A(Q) is coupled inertia matrix, B(Q,Q) is the matrix of coriolis and

centrifugal forces and C(Q) is the gravity matrix. Tis the Input torques
applied at various joints.

4.5 CONCLUDING REMARKS

The mathematical model for two DOF manipulator with rotary
joints has been developed. The mathematical equations, often referred to as
manipulator dynamics, are a set of equations of motion (EOM) that describe
the dynamic response of the manipulator to input actuator torques. Based on
the assumptions made in this section, the approximated mathematical model
has been derived and it has been used for simulation and validation purposes
in the subsequent chapters. Moreover, this model has been considered in

different forms to check the efficiency of the proposed mathematical tool.
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