Mechanics and Control if Robotic Manipulators
Professor. Santhakumar Mohan
Department of Mechanical Engineering
Indian Institute of Technology, Palakkad
Lecture No. 27
Dynamic model derivation using Lagrange-Euler method in Matlab

Welcome back to mechanics and control of robotic manipulator. In the last lecture what we have
seen; how to derive the equation of motion using simple Newton Euler method. In this particular
lecture, we are going to see the same thing with the help of Lagrangian Euler again MATLAB

environment.
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The presentation for this lecture have been prepared from a wide range of sources
including books, websites/ pages, research articles, etc. These slides and this
presentation are intended for purely educational purposes only.
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DYNAMIC MODEL DERIVATION USING LE METHOD THROUGH MATLAB

Lagrange-Euler method

Matlab code
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So, in the sense what we are trying to see here is, so, we are trying to recall what is Lagrangian
Euler method and how we can put it in MATLAB.

(Refer Slide Time: 0:43)

Euler-Lagrange or Lagrangian formulation method:

d (dL JL
() 5= o
L=KE.-PE. (2)

where, K.E. is the kinetic energy and P.E. is the potential
energy of the system.
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So, the same example we are going to take, but before that let me recall what is the equation is
coming here. So, here you can see that the L is a Lagrangian which would be kinetic energy
minus potential energy. However, when we tried to derive the tau i, so, it is having two different

things one is the partial derivative, the other one is time derivative.

In the sense so, you have to write the MATLAB code which is mixed of everything. So, that is

what one of the complexity, however if you go with Mathematica or probably Maple it may be



straightforward however, so, since we started with the MATLAB we will see how to do it in
MATLAB itself.
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General expression for the total kinetic energy (K.E.)

]

1 , .
KE.= 3 (Z m; OVTOVC,‘ +¥ }wT I ;w) (3)

General expression for the total potential energy (P.E.)

PE=E (m, 0g7 OPC,-) =T ( m; % °Pc,-) (4)
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So, in that sense, we are trying to recall what is Lagrangian and we will see like how we can

derive the kinetic energy and how to derive the potential energy and all.

(Refer Slide Time: 1:38)
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So, now, based on that the same example we will take and right now, what are the things will

come. So, you need to find out what is the center of mass or location of center of mass m1 and



m2 we need to find which is we have written as x1 and y1 and x2 and y2. So, now, we need to

take the derivative of that, so, which is x1 dot y1 dot and x2 dot and y2 dot.

Once we derive this, so, based on that we will go with what you call kinetic energy and potential
energy. Once we obtained that, then we will take the time derivative or before that partial

derivative then we will do the time derivative, and we will map the equation.

(Refer Slide Time: 2:18)

syms t real

% variables

syms thi(t) th2(t) al a2 real

PCO1 = [al*cos(thl);
al*sin(thl);
0l;

PC02 = [a2*cos(thl + th2) + al*cos(thl);
a2*sin(thl + th2) + al*sin(thil);
0l;

Wk Velocities of the center of mass
) VCo1 = diff(PCOl,tg
(Jvco2 = diff (PC02,t)
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So, in that sense what we are trying to do first we are trying to find out what is the location of
center of mass. So, for finding that we can use again the same equation what we have used in the
DH table and dh representation your forward kinematic model will give location of center of
masses, which | have taken already PCO1 is a location of center of mass of link 1 and PCO02 is for
2, link 2.

So, this is we all recall, this is straight forward this is equivalent x1, this is equivalent to y1, and
this is x2, this is y2 and z1 and z2 are 0, because it is in a plane. Right now, what we are calling
the theta 1 is function of time. And we say that the t is time, which is real variable. So, al and a
are constant, but theta 1 and theta 2 are time dependent variables. So, in that sense what one can
do so we can take the velocity of center of masses simply take the time differentiation.

The time differentiation 1 am doing as a difference as the command or the function in MATLAB.

So, PC1 comma time in the sense | am taking time as the variable. So, | am differentiating the



PCO01 with respect to time. So, now what this will do VC01 and VCO02 will you the velocity

values.
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VC01 = [ -al*sin(thl)*thldot;
al*cos(thl)*thidot;
0l;

VC02 = [ - a2*sin(thl + th2)*(thidot + th2dot) - al*sin(thl)x*thidot;
a2*cos(thl + th2)*(thidot + th2dot) + al*cos(thl)*thidot;
0];

KE = 1/2 % (m1*¥VCO1’*VCO1+m2+VC02’ ¥VC02) ;
PE = mixg+PCO1(2) + nz«gwcoz(z);
L = KE - PE;
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So, that velocity value | am rewriting in theta 1 dot and theta 2 dot manner. So, now what | got
VCO01 and VCO02 and now what | wanted? | wanted the kinetic energy. So, the kinetic energy is
half into m VC1 transpose VC1, VCO01. So, this is what we have seen how to write in as you can
see syntax and the similar way the second link Kkinetic energy also. So, here fortunate, there is no

rotational kinetic energy, so we can leave it, only the translational kinetic energy we have taken.

Similarly, the potential energy what that would be the y1, because it is vertically down, the y1
we need to write. So, the y1 is PCO1 of 2 is y1, y2 is PC02 of 2. So, in the sense, so | hope there
is a typo, this is the m2. So, I will correct it in the MATLAB code and the handout also | will
correct this is so e m2. So, please correct that this is m2. So, in that sense, the potential energy is
giving this point. So, the Lagrange is a kinetic energy minus potential energy, so we can write.
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%h Partial derivatives
dhoL_dho_th1 = diff(L,th1)
dhoL_dho_th2 = diff(L,th2)
dhoL_dho_thldot = diff(L,thldot)
dhoL_dho_tH2dot = diff (L,th2dot)
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So, now what we need to do, we need to do the partial derivative, for doing the partial derivative
once you know the; what you call the kinetic energy and potential energy you calculate
Lagrangian, then you take the partial derivative with respect to theta 1 and theta 2 and theta 1 dot
and theta 2 dot. So, these all need to be done in a separate file, because earlier what we defined
theta 1 is a function of time. So, now, here it is without it is independent variable, that way only

we are considering. So, now, in that sense we can derive this.
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syms t real

% variables

syms thi(t) th2(t) thidot(t) th2dot(t) ml m2 al a2 real

dhoL_dho_thidot = m2*(alxthidot*cos(thl) + a2*cos(thl + th2)*(thidot + th2do
dhoL_dho_th2dot = a2*m2*sin(thl + th2)*(al*thidot*sin(thl) + a2*sin(thl + th
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d_dhoL_dho_thidot_dt = diff(dhoL_dho_thidot,t)
d_dhoL_dho_th2dot_dt = diff(dhoL_dho_th2dot,t)

rr_file = fopen(’simple_d_dho’,’w’);
fprintf(rr_file,’n1 = Js;\n’,char(simplify(d_dhoL_dho_thidot_dt
fprintf(rr_file,’qg = Js;\n’ ,char (simplify(d_dhoL_dho_th2dot_df
fclose(rr_file)
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So, once we derive the theta 1 or dhoL by dho theta 1 dot, and dhoL by dho theta 2 dot, would be
coming into this way. And this we can rewrite, and then now, we are actually taking the time
derivative. So, once you all do this, so, what you can see, you have already taken dhoL by dho
theta 1 and dhoL by dho theta 2, so then you can simply substitute it, and then do it. Since these
equations are lengthy, | have used one file transfer. So, in the sense this simple MATLAB code

itself, I have tried to explain all the background work.
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clear all; close all; clc;

syms thl th2 thidot th2dot thlddot th2ddot al a2 ml m2 g real
d_dhoL_dho_thldot_dt = al"2*mi*thiddot + a1‘2*m§*th1ddot + a2"2¥m2*thiddot +
d_dhoL_dho_th2dot_dt = a2"2*m2*thlddot + a2 2*m2xth2ddot + al*a2*m2*cos(th2)
dhoL_dho_thl = - g*mix(a2*cos(thl + th2) + al*cos(thl)) - al*gxml*cos(thl);
dhoL_dho_th2 = a2*m2*cos(thl + th2)*(al*thidot*sin(thl) + a2*sin(thl + th2)*

So, in that sense, we can write this equation in this form. So, you know, dhoL by dho theta 1 dot,
so, then I could take the time derivative also. So, in the sense dhoL by dho theta 1 dot | have



taken time derivative in the sense d of dhoL by dt of dho theta 1 that | have taken. So, in that
sense, this is what the case and this is dhoL by dho theta 1.
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%h Vector of inputs
taul = d_dhoL_dho_thldot_dt - dhoL_dho_thl
tau2 = d_dhoL_dho_th2dot_dt - dhoL_dho_th2

taul = al"2xmixthlddot + al"2*m2xthlddot + a2°2*m2*thiddot

+ a2"2¢m2xth2ddot + a2*gimi*cos(thl + th2) + 2*alxgimi*cos(thl)

- al*a2xm2*th2dot"2*sin(th2) + 2*al*a2*m2*thiddot*cos(th2)

+ al*a2xm2*th2ddot*cos(th2)- 2*al*a2*m2*thldot*th2dot*sin(th2)
tau2 = a2*(al*m2*sin(th2)*thidst"2 + a2*m2*thiddot + a2*m2*th2ddot
+ gmi*cos(thl + th2) + alxm2¥thiddot*cos(th2))

So, this minus of this would give tau. So, this is what we have taken. So, now, tau 1 and tau 2 we
have obtained. So, now, these are the bigger equations, which we have obtained. So, this is the
equation which we obtained even in the Newton Euler method you can recall, this is what we
obtained in the Newton Euler. So, now, in that case, if we go to MATLAB environment, what we

need to do, so, we need to do it several things.
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n tobot 2dof AR nomwlm X Dyn sm RRm ¥ | drkin sobot 2dof AR nomnal LEm X RR velodtym ¢ | KERR Lm RR timem imple.d dhom +

syms t real

variables

syms thl(t) th2(t) al a2 real

[al*cos (thl);
al*sin(thl);

[a2*cos (thl + th2) + al*cos(thl);
10 a2*sin(thl + th2) KRS IR
0];
12 VC01 = diff(PCO1,t)
%} VC02 = diff (PCO2,t)
1




So, what first, so, first we need to calculate what you call the velocity, so, this is what we did in
the first two MATLAB code. So, | have assumed that the theta 1 and theta 2 are time dependent,
so, | have actually given PC1 and PC2. So, now, | differentiate with respect to time if | run this,

you can see why | am doing it here, 1 will make it one more command just for your benefit.

(Refer Slide Time: 7:38)

AL Suls\AR weloditym

drkin robot 2dof AR £ RR velodtym

clear all; clc; close all;

KRR Lm AR time.m enple d dhom | +

1

2 syms t real

3 I

4 variables

5 syms thl(t) th2(t) al a2 real

6

7 PCO1l = [al*cos(thl);

8 al*sin(thl);

9 0];
10 PC02 = [a2*cos(thl + th2) + al*cos(thl);
11 a2*sin(thl + th2) + al*sin(thl);
12 0];

;3 VCO1 = diff (PCO1, t)
1 VC02 = diff (PCO2,t)

n syms (ling )
n RR velocity (line 5)

el veol(t) =

‘ﬂgjk-al*sin(thl(t))*diff(thl(t), t)

So, clear all and close all and your close all is not required here, because there is no figure
window here. So, now, | just ran this code, so there was no error command. So, you can see like
in this case, so VC1 and VC2 is coming. So, this is what | was saying that assumption is
constraint, because we assume that theta 1 and theta 2 are a function of time that is what it is



giving a warning. It can be actually like, you can write theta 1 equal to symbol of theta 1 of time
also you can write then this warning will not come, but for betterment, you can write it as per the

earlier definition itself.
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o MATLAB R2020b - scadernic use

New to MMI AB? v resources for Getting Started
> In syms (line 292)
In RR velocity (line 5)

veol(t) =

-al*sin(thl (t)) *cheSs Qs )

al*cos(thl(t))*diff(thl(t), t)
0

C VCo2(t) =

RRvelodtym X KERRLm | LARtmem X | simple d dhom

10 al*cos(thl) *thldot;

11 0];

12— VC02 = [ - a2*sin(thl + th2)*(thldot + th2dot) - al*sin(th
13 a2*cos (thl + th2)*(thldot + th2dot) + al*cos(th
14 0]; I

15— KE = 1/2 * (m1*VCO01'*VC01+m2*VC02'*VC02);

16— PE = ml*g*PCOL(2) + ml*g*PC02(2);

17- L = KE - PE;

18

19~  dhoL dho thl = diff(L,thl)

20~  dhoL_dho th2 = diff (L, th2)

diff (L, thldot)
diff (L, th2dot)

(9— dhoL._dho_thldot
23—  dhoL dho_th2dot

[}




ym sm RRm X dirki lEm % RRvelodtym X KERRLm R mem mple d dhom % |

al*sin(thl);

4

5 0];

6 PC02 = [a2*cos(thl + th2) + al*cos(thl);

7 a2*sin(thl + th2) + al*sin(thl);

8 0];

9~ VCOL = [ -al*sin(thl){NReeR;

10 al*cos(thl)*thl8ot;

ikil 0];

12 VC02 = [ - a2*sin(thl + th2)*(thldot + th2dot) *sin(th
18 a2*cos (thl + th2)*(thldot + th2dot) cos (th
14 0]7

15— KE = 1/2 * (ml*VCO1'*VCO1+m2*VC02'*VC02) ;
1,3 PE = ml*g*PC01(2) + ml*g*PC02(2);
L = KE - PE;

So now, you can see here, this is giving us a difference. So now, this difference of theta 1 of t
commat is supposed to be theta 1dot. So, for that, I copy this, and | rewrite that, | will write that
here. So, | copied this, and | rewrite that as a theta 1 dot and here theta 2 dot and the potential
energy | said that typo is there. So, there is the correction. So, now, you can see that the Kinetic
energy we calculated potential energy we have calculated, and the Lagrangian we have
calculated.

So, then you can see here, so, the theta 1 theta 2 theta 1 theta 2 dot all independent variable, in
the sense there is no time as a t as defined. So, now, if | actually take this dhoL by dho theta 1
and dhoL by theta 1 dot will be found.

(Refer Slide Time: 9:20)
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anoL ano g =

a2*m2*cos (thl + th2)*(al*thldot*sin(thl) + a2*sin(thl +
th2) * (thldot + th2dot))* (thldot + th2dot) - a2*m2*sin(thl +
th2) * (al*thldot*cos (thl) + a2*cos(thl + th2)*(thldot + |
th2dot) ) * (thldot + ch&ot) - a2*g*m2*cos (thl + th2)

| dhoL_dho_thldot =

C
‘l
i m2* (al*thldot*cos (thl) + a2*cos(thl + th2)*(thld
| thadot))*(a2*cos(thl + th2) + al*cos(thl)) 4
fgajkan*(al*thldot*sin(thl) + a2*sin(thl + th2) N
I<
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th2) * (thldot + th2dot))* (thldot + th2dot) - a2*m2*sin(thl +
th2)* (al*thldot*cos (thl) + a2*cos(thl + th2)*(thldot +
th2dot) ) * (thldot + th2dot) - a2*g*m2*cos(thl + th2)

dhoL_dho_th%dot =

m2* (al*thldot*cos(thl) + a2*cos(thl + th2)*(thl
@2| th2dot))*(a2*cos(thl + th2) + al*cos(thl)) +
g m2* (al*thldot*sin(thl) + a2*sin(thl + th2)*(thl
@ th2dot)) * (a2*sin(thl + th2) + al*sin(thl)) +
?(aj%alA2*ml*thldot*cos(thl)A2 + al”2*ml*thldot*
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dhol_dho_th2dot =

a2*m2*sin(thl + th2)*(al*thldot*sin(thl) + a2*sin(thl +
th2)*(th}dot + th2dot)) + a2*m2*cos(thl +

th2) * (al*thldot*cos (thl) + a2*cos(thl + th2)*(thldot +
th2dot))

"’A >>
>>
>>
>>

‘{) fe>>

I

A MATLAB R2020b - scaderic use

g Slark

dho thldot =

dhoL dho th2dot =

@2*m2*sin(thl + th2)*(al*thldot*sin(thl) +

IR R RS N I P S S N P P SR A Y | /4

=

So, now, if I do this, so, what | will get I will get a bigger equations, you can see like this is dhoL
by dho theta 1 and this is dhoL by dho theta 2. This is dhoL by dho theta 1 dot and this is is dhoL
by dho theta 2 dot. So, I just wanted to show you can see right. So, now, these two are supposed
to be taken as a time derivative what one can do, you can copy these two terms, and then that
theta 1 and theta 2 are the time dependent. So, that is what we are doing it in the third thing.

(Refer Slide Time: 9:54)



2— syms t real

3 variables

4— syms thl(t) th2(t) thldot(t) th2dot(tf ml m2 al a2 real

5— dhoL_dho_thldot = m2*(al*thldot*cos(thl) + aZ*cos(thl + th
6— dhoL dho th2dot = a2*m2*sin(thl + th2)*(al*thldot*sin(thl)

8— d_dhoL_dho_thldot dt
9— d_dhoL dho_th2dot dt

diff (dhoL_dho_thldot,t)
diff (dhoL dho th2dot,t)

10
11- rr file = fopen ('SR, 'v') ;
12

13—  fprintf(rr file,'nl = %s;\n',char (simplify(d,
Z@— fprintf(rr file,'n2 = %s;\n',char (simplif

I5— fclose(rr file)
I«

o MATLAB R2020b - acadernic use

New to MATLAB? See d x|

a_anoL_ano_tntlaoc_ac(e) =

m2* (a2*cos (thl(t) + th2(t))*(diff(thl(t), t) + diff(th2(t),
t)) + al*cos(thl(t))*diff(thl(t),
t))*(al*sin(thl(t))*thldot (t) + a2*sin(thl(t) +

th2 (t))* (thldot (t) + th2dot(t))) - m2*(a2*sin(thl(t) +

th2 (t))*(diff (thl(t), t) + diff(th2(t), t)) +

- al*sin(thl(t))*diff (thl(t), t))*(a2*cos(thl(t) +
“ | th2(t))*(thldot(t) + th2dot(t)) + al*cos(thl(t)
+ m2* (al*cos (thl(t)) + a2*cos(thl(t) +

‘ diff (th2dot(t), t)) + al*cos(thl(t))*diff(t
) fra2*sin (thl(t) + th2(t))* (thidot (t) +

So, you can see, so here, so | am writing as theta 1 dot and theta 2 dot and theta 1 and theta 2 all
are time dependent. So, | will even make it because | run it as independent. So, | will write it
clear all and close. So, so now you can see like this is what we have obtained, and | am taking a
time derivative, the time derivative | am putting into one simple file. So, that file I am writing
theta 1 dho 1, so that I can show the other one. So, now, if I run this what it will do, so, it will

give the time derivative of these two terms. So, now | will run this.

So, now although the display in the command window, the command window will come. So, but
what | have made it | made it for what you call in the file also. So, now, in that sense, I open this

a simple underscore d and dho theta 1 for example, | just open that.
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d dhom

R ve

1 nl = al”*2*m] *CENSACANEGINCHIMRAY + al”2*m2*diff (thldot(t), t) + ¢
2 n2 = a2”"2*m2*diff (thldot (t), t) + a272*m2*diff (th2dot(t), t) + ¢
3

)

n O Type here to

a4

[Zo

£) th2dot(t) ml m2 al a2 real
nldot*cos(thl) + a2*cos(thl + th
n(thl + th2)*(al*thldot*sin(thl)

E (dhoL_dho_thldot,t)
» E(dhoL_dho_th2dot, t)

Fle name ANFis (1)

Open | Cancel

e e—— 1101 W)

13— fprintf(rr file,'nl = %s;\n',char (simplify(
yﬁ— fprintf(rr file,'n2 = %s;\n',char (simplif
I5— fclose(rr file)

| hope simple, so, | can see that is all file, you can see. So, now, this is having a difference
command because you see like we have taken time differentiation, now probably would have
already realized that what is the benefit of what you call a Newton Euler method, you see

Newton Euler method, we did not go back and forth, we did not create these number of files.

So, now, you can see this n1 and n2, which is we have written. So, which is equivalent to the
time derivative that is having time differentiation of theta 1 dot theta 2 dot and it is having

everything is time dependent. So, this you have to copy and replace this theta 1 differentiation as



theta 1 double dot and differentiation of theta 1 of t comma t as theta 1 dot. Like that, you have

to modify. So, you can see like here these are all variations and modification you have to do.

(Refer Slide Time: 12:26)

P?KE?EE#T@E

din robot 200 sm RRm ¥ dian sobot 2dof FR Em % RRvelodtym % KERRLm % | LARSmem X | smpkeddham X| simpled dhot

1 nl = al Z*ml*dlff(thldot(t), t) + al” 2*m2*d1ff(thldot(t), t) +¢

2 n2 = a2”"2*m2*diff (thldot(t), t) + a2"2*m2*diff(th2dot(t), t) +

i oot

Find Drevious
Lookix  btor - Current e (simple d dho') Beplace
Replace A1

Match case || Whole word v Wrap argund Close.

(o B TEIEION]

1 nl = al 2*m1*th1ddot ¥ al 2* 2*thlddot + a2 2* Z*thlddot + a2°2%
2 n2 = a2*2*m2*thlddot + a2”2*m2*diff (th2dot (t), t) + al*a2*m2*cos
3

Find & Replace
Findwhat:  Gfith1do, 4
Replace with: thiddot

Lokt Etor - Curtent File (simple d dhot)

So, when | copy this and modify for example, if | say this, so, I call this Ctrl F if I put So, this
theta 1 dot of this differentiation | can write as theta 1 double dot. So, then what you can see that
I can replace everything, so, then that would make.
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g

dikin robot 2dof RR nomalm Dyn,sim RRm drkin robot 2dof AR normal LEm RR velodty.m KERR Lm LR timem simple d dhom simple d dhot* +

1 nl = al*2*ml*thlddot + al”2*m2*thlddot + a2”2*m2*thlddot + a2”2*
2 n2 = a2*2*m2*thlddot + a2”2*m2*diff (th2dot (t), t) + al*a2*m2*cos
3

Find & Replace x|
Findwhot  difithadott find tjot
Replace it trdot Faiboia] |
Lookix Edhor - Cunent il (simple.d dhot) Replace

[Iatch case [ Jhole word [/ Wrap aound

t

dirkin robot 2dof AR nomkm % | Dyn.sim RRm ¥ dkon robot 2dof AR nomal LEm % R velodtym ¥ KERRLm X | LARtimem X | smpleddhom X simpleddhot* x| +

1 nl = al”*2*ml*thlddot + al”2*m2*thlddot + a2”2*m2*thlddot + a2”2*
2 n2 = a2"2*m2*thlddot + a272*m2*th2ddot + al*a2*m2*cos(th2(t))*tk
3

Find & Replace |
Fndwhot  difthadott ) i tet
Replace with: th2ddot Find Brevious
Lookix Edtor - Cuent il (imple 4 dhot)

[Itdatch case [_|Whole word [1Wrap argund

wTe




ekin robot 2 Am ¥ drkin robot 2d omal LEm % R velodtym

clear all; close all; clc;

KERR Lm RR timem

1

2 syms thl th2 thldot th2dot thlddot th2ddot al a2 ml m2 g re
3 d_dhoL_dho_thldot dt = al”2*ml*thlddot + al”2*m2*thlddot + a
4 d dhoL_dho_th2dot dt = a2”2*m2*thlddot + a2"2*m2*th2ddot + a
5 dhol. dho_thl = - g*ml*(a2*cos(thl + th2) + al*cos(thl)) - al
6 dhoL_dho_th2 = a2*m2*cos (thl + th2)*(al*thldot*sin(thl) + a2
7

8 taul = d_dhol._dho thldot dt - dhoL dho_ thl

9 Eau2 = d_dhoL_dho_th2dot _dt - dholL dho th2

®

vvvvv

So, now, the similar way | can modify this theta 2 double dot as this form So, now, you can see

that these all modified. So, this modification | have already done, and you can see, now, this time

differentiation | already modified and if you see here, there is no function of time anywhere. So,

now, if you look at it even till the end, so, there is no time dependent variable. So, now, what you

can do, you can take tau 1 and tau 2 in this form.

(Refer Slide Time: 13:16)
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tau2 =

a2"2*m2*thlddot + a2”2*m2*th2ddot + a2*g*ml*cos(thl + th2) +
a2*m2*sin(thl + th%)*(al*thldot*cos(thl) + a2*cos (thl +

| th2)*(thldot + th2dot))*(thldot + th2dot) - a2*m2xgas (thl + ‘
. th2) * (al*thldot*sin(thl) + a2*sin(thl + th2)*(t
th2dot)) * (thldot + th2dot) + al*a2*m2*thlddot*cd
al*a2*m2*thldot*th2dot*sin (th2)

©f>> simplify(taul
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>>

>>

>>

>> I
>> simplify(tau2)

ans =

G
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DT 7

CVARCURS VAREENEW VARSIl + a2*m2*thlddot + a2*m2*th2ddot

+ g*ml*cos(thl + th2) + al*m2*thlddot*cos(th2))
>> !
>>
>>
>3
>>
>>

Dfe>>

So, now, if I actually run this, so, if I run this, so, what I can actually get, whatever | have seen in
the earlier case, the tau 1 and tau 2 is obtained the same form. So, only thing it is not simplified.
So, if | say simplify of so tau 1, so, you can see what you have obtained in the previous lecture
the same thing is coming. For example, you want to see what is the centripetal term? Centripetal

term I1 12 m2 sin theta 2 which is a minus sign the same thing is coming.

So, instead of 11 12 we have taken al and a2 similarly, the Coriolis component, so, 2 times of al
a2 cos theta 2 into m2. So, that is also coming. So, similar way you can find, so, every other

thing. So, even you can simplify tau 2. So, you can see this is also like a coming as per that. So,



here you can see like only the centripetal term would be coming that is you can see, which is al
a2 m2 sin theta 2 that is there.

And you can see the gravity term also coming, so, like that, you obtain. In the sense what you
can see, so, the same result both formulations are giving but the formulations if you talk about
computational perspective, even | am not talking about numerical computation, | am saying even
you are deriving the equation of motion in symbolic form, | felt, personally | felt that Newton
Euler is giving much more flexible, in addition to that, that can be even give all 3 axes forces and

3 axes access moment which can be used for structural dynamics as well.

Further even you can go out to the zeroth joint or zeroth frame then you can even transfer what is
the; you can call shaking force and moment. So, based on that like your end effector is taking
this much load, your base is supposed to be stronger this way for example, you are putting into a
mobile base. So, your end effector is lifting something, your support reaction is not enough what

happen? The vehicle will topple.

So, in that sense if you calculate this end effector to base forces the shaking forces and moment
the support reaction is directly coming, the support reaction all the time is positive if the support
reaction is giving a negative sign what in the sense your manipulator is losing the contact from
the ground and similar way if the shaking forces and moments are known, you can decide what
support you should have or what foundation you should have and whether we can mount it on

the vehicle or mounted on the table or your foundation should be strong and other thing.

So, these are all ideas will give and Newton Euler even will you the axis or axial forces and
moments. So, in that sense even you can do the structural aspects, you can go for simple dynamic
design study and then you can see what would be the cross section, better cross section for

supporting this load at this mass or not.

And that idea will always better. So, in that sense, what we have seen in this particular lecture, so
we have talked about how to derive the equation of motion with the help of Lagrangian Euler
using MATLAB code that is what we have seen. So, | hope in the next class we will see the
numerical simulation of a dynamic model and then we will close this dynamic part and then we

will move to the controller and trajectory generation. So, with that, see you then bye, take care.



