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| Todays agenda:

Phase 1

Phase 2

Phase 3

Applying Computational Thinking

One of the challenges in Learning Rigid Body Dynamics.

Computational Thinking — Is this the answer ?

— 3 Case Studies

Questions AND Answers

How do you get ALL of the examples that you saw today ?
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How do you make a robot write hello ?

We need a
mathematical model

—» TQ_VEC = k W SL_BUS ———p
- =
_—Em- -EE=
— T-mm= -mm=
[4] Figure 3 — O x

File Edit View Insert Tools Desktop Window Help

e IS P AREEEY

M(q).4 + C(q,9.q + K(@).q + g(@) = Q

Gg=[M@]™.[Q —C(q.9.q9 —K(q@).q9 —9(@)]
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| How do you derive the mathematical model?

12 We need to
understand Interesting
. part
the physics.

Mathematical model

> —P TQ VEC SL_BUS ———p

A

We need to apply
L ’ Laborious
agrange s ot
equation

d oL oL _
dt 9q, 0q,

M(@).§ + €@, 9.4 + K(@.q + g(@ = Q W N

G=[M@DI™[Q - C4.a).q —K(@).q —g(a)] Q=2 F@% > ﬁz_ji
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| bh_tmp_EOM_file_WILL_BE_DELETED.bxt | + |

e T T T PRI R PR RT R TRy
#H¥ g = THI s

#
### LHS of EOM is:
#
1 116 s*TH1 s DD
2 + I2G_s*TH1_s_DD
3 + I2G_s*THZ_s_DD
4 + (L1X_s~2*TH1_s_DD*ml_s)/4
5 + L1X s572*TH1 s DD*mZ s
€ + (L2X s"2*TH1 s DD*mZ s)/4
7 + (L2X s72*TH2 s DD*m2 s)/4
8 + (L1X s*g s*ml s*cos(THL s))/2
9 + L1X s*g s3*m2 s*cos(THL s)
10 + (L2X s*g s*m2 s*cos(TH1L s + THZ s))/2
11 + L1X s*L2X s*TH1 s DD*m2 s5*cos(THZ s)
12 + (L1X s*L2X s*THZ2 s DD*mZ s*cos(THZ s))/2
13 + -(L1X s*L2X s*TH2 s D*2*m2 s*sin(THZ2 s))/2
14 + -L1X s*L2X s*THl s D*TH2Z 5 D*m2 s*sin(TH2 s)
###
### RHS of EOM is:
1 QL s

FRHEREE R R R RS F R R R R R R R R AR AR E R F R R R R R RS
##% g = TH2 s

#H#
### LHS of EOM is:
#H#
1 I2G_s*TH1 s DD
2 + I2G_s5*TH2 s DD
3 + (L2X s"2*TH1 s DD*m2_s) /4
4 + (L2X s"2*TH2 s DD*m2_s) /4
5 + (L2X s*g _s*m2 s*cos(TH1 s + THZ s))/2
3 + (L1X s*L2X s*TH1 s DD*m2_ s*cos(THZ_s))/2
7 + (L1X s*L2X s*TH1 s D*2*m2 s*sin(TH2 s))/2
###
### RHS of EOM is:
1 Q2 s

2-dof

Approx
30 lines

d oL _ oL

dt 0, 9q,

4-dof

Approx
200 lines

61

0,

0

0,

= Uk

A - | bh_tmp_EOM file WILL_BE DELETED.txt T+
1 #hbdER R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
2 ##% g = TH1_s
3 #i#
4 ### LHS of EOM is:
S5 ###
6 1 (L1Y_s~2*TH1_s_DD*ml_s)/3
7 2 + L1Y _s~2*TH1 s DD*m2_s
8 3 + L1Y _s*2*TH1_s _DD*m3_s
9 4+ (L2Y_s~2*TH1_s_DD*m2_s)/3
10 5 + L2Y_s~2*TH1_ s DD*m3_s
11 & + (L2Y s~2*TH2 s DD*m2 s)/3
12 7 + L2Y_s*2*THZ_s_DD*m3_s
13 8 + (L3Y 5°2*TH1 5 DD*m3 s5)/3
14 9 + (L3Y s~2*TH2 s DD*m3 s)/3
15 10+ (L3Y_s~2*TH3_s_DD*m3_s)/3
16 11+ (L1z s~2*TH1 5 DD*ml _s)/12
17 12+  (L2Z s*2*TH1 s DD*m2 s)/12
18 13+  (L2Z_s*2%TH2_s_DD*m2_s) /12
19 14  +  (L3% s°2*TH1 5 DD*m3 s)/12
20 15 + (L3%Z s*2*TH2 s DD*m3 s)/12
21 16 + (L3Z_s"2%TH3_s_DD*m3_s) /12
22 17+  (L3Y S°2%*TH4 5 D*2*m3 s*sin(2%*TH1 s + 2*TH2 5 + 2%TH3 5))/6
23 18+ —(T3% s"2*TH4 5 DA2*m3 s*sin(2*THT s + 2*TH2 s + 2*TH3 s)) /24
194 49 + -(L1Y s*L3Y S*TH3 s D*TH4 5 D*m3 s*sin(2*TH1 s + TH2 s + TH3 s5))/2
195 50 + - (L1Y s*L3Y 5*TH2 s D*TH4 s D*m3 s5*sin(TH2 s + TH3 5))/2
196 51 + - (L1Y s*L3Y 5*TH3 s D*TH4 s D*m3 s5*sin(TH2 s + TH3 5))/2
197 52 + —L2Y_s*LBY_S*THl_s_D*THél_s_D*mB_s*sin(Z*THl_s + 2*TH2_s + TH3_s)
198 53 + —LZY_S*LBY_S*TH2_5_D*TH4_5_D*m3_s*sin(2*TH1_5 + 2*TH2_s + TH3_s)
199 54 + —(L2Y_s*LEY_S*THE_S_D*TH4_5_D*m3_s*sin(2*TH1_5 + 2*TH2_s + TH3_s))/2
200 55 + -(L1Y s*L2Y s*TH2 s D*TH4 s D*m2 s5*sin(TH2 s))/2
201 56 + -L1Y s*L2Y s*TH2 s D*TH4 s D*m3 s*sin(TH2 s)
202 57 + - (L2Y s*L3Y 5*TH3 s D*TH4 s D*m3 s5*sin(TH3 s))/2
203 58 + -L1Y s*L2Y s*TH1 s D*TH4 s D*mZ s*sin(2*TH1 s + TH2 s)
204 59 + —2*Ll‘[_s*L2Y_s*THl_s_D*THél_s_D*mB_s*sin(2*TH1_5 + TH2_s)
205 &0 + —(LlY_s*LZY_S*THZ_S_D*TH4_5_D*m2_s*sin(2*TH1_5 + TH2_s))/2
206 6l + —LlY_s*L2Y_s*TH2_5_D*TH4_5_D*m3_s*sin(2*TH1_5 + TH2_s)
207 ###
208 ### RHS of EOM is:
209 1 Q4 s
V |z10



smaller
problems

The understanding of
the problem physics:

* Motion in a plane

* Inertia about an
axis

* Virtual Work

Problem
Solving and practice

Hand written
implementation

BRAIN
Conceptual Difficulty

/’/-(—-_—,___ﬁ-"'"‘-\
#2520 754

to N 100 ¥

HAND
Computational Difficulty

TN
#5075

So N 100 X

4\ MathWorks
Encouraging Deeper Learning engagements in your classroom:

T3

Bigger
problems

The understanding of
the problem physics:

« 3D motion

e Inertia matrix

« Passive Rotations
e Vector sum of

angular velocities

Problem
Solving and practice

Hand written
implementation

BRAIN
Conceptual Difficulty

/,..r--—rﬂ-a....__\
VN 75)\
|'II._. \ .Il'l
20 100

HAND
Computational Difficulty

/’/.-f—_'_ﬁ_--”""\
K 50

f

£ 25 75)\
|'I£_. il .Il'l
o ~ 100
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Encouraging Deeper Learning engagements in your classroom:

BRAIN
Conceptual Difficulty
.. _‘ f
- /<25 50 75
ol : 0 N 100
The understanding of . Problem )
smaller the problem physics: Solving and practice HAND
problems Computational Difficulty
* Motion in a plane - T T
« Inertia about an _ Hand ertte_n /(25 50 75‘
axis Implementation ,
« Virtual Work '—U \ 100
BRAIN

Conceptual Difficulty

The understanding of Problem Solving and practice

the problem physics:
Computational Th|nk|ng

Bigger - 3D motion « PBrain
* Inertia matrix e Technol
prObIemS e Passive Rotations echnology

* Vector sum of
angular velocities
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| Enabling Computational Thinking using MATLAB
Algorithms
+
Problem Solving Decomposition ‘ Automation Simulation ‘

and practice

Computational Thinking:
* Brain 7 . v

« Technology Live Script Symbolic Computing Numeric via Block Diagram
4\ MATLAB R2017a
HOME
S 511:' 1 [ Find Fies >> diff () —
Sf‘l:r; New | Open i-| Compare 2 ; ,
o Elsem >> matlabFunctionBlock () ; T = 1 1]
. e [2] A{ |m]| Live Script S ) E -
Decomposition — e e aE
Lf] Function our_EOM(t) = :
2 .
m% x(t) + kx(t) =F- b% x(t)
- t
Algorithms i
+ v low plogs” f s ]
Automation = =\ | o8l 2 o lud
o Ab ; Torque Feedward Contrel
THE_X_DD_SY;JOLDOT> : i
Simulation 1 -
Amex e TR 0 |
W THE XD iﬂ
o ) 8
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Today’s case studies:

Decomposition

Algorithms
+

Automation

Simulation




Demo
these %
concepts
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'Task: Spring Mass Damper

| bh_smd_model_derivation.mlx |+ |

Explore the dynamics of a 1-dof Spring Mass Damper Live Script:
15 bh_smd_model_derivation.mlx

In this example we're going to derive and then implement the equations of motion for 1-dof
Spring Mass Damper system. Specifically we're going to derive the equations of motion
using's Lagrange's method. The system that we're going to explore is shown below.

AN NS KR
= = b
- | | 1§ u
£ — 4 ry 1t:
ly F(t) A my sys
4] Robx DEMO - o X
Background:
From our year 1 class in physics and mechanics, we derived using Newton's 2nd law, the Robotics Explorer DEMO selector
equation of motion for the dynamics of a Spring Mass damper system. Recall that it had the MELLO |2 UNK | 3.UNK | 4LNK | CLASSES | CT | TRICKS |2 LNK M5
following form: - - - —
. . o T e e e o S Automate_EOM
mx% + b.x + k.x=F(t) e e T M e ala-la-

Today we'll use the Lagrangian approach to derive the same equations of motion fq » ..,
spring mass damper. We're going to break this problem down into the following & stq «

&
-] SMD_EOM 4_LINK_EOM
BT s The CT pres \
S TR i of @

. Define Model Parameters

. Apply the governing physics

. Apply Lagrange's equation

_ Isolate our expression for % (t)
. Convert our Analytical expression for % into a Simulink block =
. Simulate of model of this dynamic system

@ HELLO_ROEOT

o N ok W M =

=
5 o -
N -
Euler-Lagrange equations: . 2 "

L
Recall our earlier class where we derived and summarised the fundamental Lagrang| >
equations that allow us to derive system equations of motion:

DEMOS

—

N 2 . Nt -

oL _0L_g where Q=xo| B2+ x| T2
dt g, dqx 8q : C Aq.

-
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Task: 2-dof Non-planar robotic manipulator

| bh_LAGRAMGE_derivation_2dof NP.mlx |+ |

Explore the dynamics of a 2-dof NON-planar Robotic manipulator Live Scri pt:

In this example we're going to derfve and then implernent the equations of motion for & 2-dof non-planar robotic manipulstor. Specifically we're going to: EI b h LAG RAN G E derlvatlon 2d0f N P' m |X

= Derive the eguations of motion using’s Lagrange’s method

The system that we're going to explore is shown below. At esch joint we heve:

= r, @ Astustiontorques (eg: by electric motors)

= b8 : \iscous damping torques

Zwr (W} -

Ay
&k |
]
Tr it:
Ya ®
Bradley Hortom : 08-Mar-2017, bradley horton@mathworks_ com.au
-
Herg's a short video showing the type of machine thet we're going to derive the equations of mation for - note the 2 degrees of freedom that the machine .
. Robotics Explorer DEMO selector
disp( <z href="matlab:bh_pl (K ME to PLAY a |
s i s | < 2LLNK | 3_LINK | 4 LINK | CLASSES  CT  TRICKS | 2_LINK.NP  TIDY >
STAGE 1: symbolic derivation of system equations
3 bh_2dof_NP_compare_lagr_vs_sm - Simulink — o %
Euler-Lagrange equations of motion: File Edit View Display Diagram Simulation Analysis Code Tools Help ModeI_Lagrange
~ v B jui) -5~ ») - -
The Euler-Lagrange farmula will be used to derve the equations of miotion for our robotic manipulstor, and it has the farmn: - <@ uhn © = 4 ® P @ pomal .
. ~ bh_2dof_NP_compare_lagr vs_sm X Compars_models Lagrange EOM Controlled
T da
@
where nis the DOF of the system, {g,. g5, .. . q,} i= & set of generalized coordinates, {Q,, - ... @,} is the set of generaliz a
coordingtes, and the Lagrangisn: L= T - V is defined as the difference between the kinetic and potential energy of the 5 _ fus sl
Generglised forces can also be defined in tems of the non conservative forces and torques acting on the multibody system| = = mmu:) 4 m"':r —
generslised forces scting on the system is: = ) ) . . ElectroMech_System
., . [ | [ Techniq: NG doived Equatars f i Wiodeling Tochmiquo:  Simecape Multibody
- e = dw
=\ ag, ) oo —
[a_T Tan THILOF——THI D 1 o
where: wii.col—w{mi 0o -
.. |-
LIS :  is the generslised force associated with the k™ generslised co-ordinste g, o e 0 ::D
= Nf.: isthe number of active NON conservative forces i L ,w:m
= Nr,: isthe number of active MOM conservative TORQUES = e G ST
B
- is the velocity wector of the point associsted with the applied force. -
- o is the angular welocity about the point associsted with the applied torque. Ready 86% odeds. e
-
3

12
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Task: automating the algorithm

aL Could be
d -oL _ =Q STEP 3: Apply Lagrange's equation - PART 1 of 3 | Aatomated

dt 3q dq
d dlL _dL
We should be able to automate Mow let's start applying Lagrangesequatlond EP 6‘x|
. this % OLD LIST MEW LIST
Choices: for a MULTI dof system L new = subs(L, actual list, _HOLDER_list);
I -----------------------------1
[ Our 1st piece is: oL :
In a In a In a i slen e :
MATLAB MATLAB MATLAB | _
- - dLdx = diff(L _new, THE X); |
script function class | | i
|
i @ Our 2nd piece is: B_L i
| 0% I
|
: dlLdxdot = diff(L new, THE XD}, I
'@ |
| Our 3rd piece is: d oL [
0 dt ox I
| % OLD_LIST NEW_LIST :
I dlLdxdot = subs(dLdxdot, HOLDER 1list, actual list );
N4 N 4 N 4 - - I
l dt of dldxdot = diff(dLdxdot, t); 3
. . ddL_dL
Mow put it all together: —
= Undergrad = Undergrad dt 9% 0x
- Postgrad = Postgrad - Postgrad our EOM_LHS = dt_of dlLdxdot - dLdx;
. L ecturer . Lecturer . Lecturer our EOM LH5 = subs{our EOM LHS, HOLDER list, actual list )

13



| _ _ 4\ MathWorks
Task: automating the algorithm - Class

¥ bh_eom_CLS.m

¥ bh_genF4manips_CLS.m
¥ bh_lagrdmanips_CLS.m
% bh MCKGQ CLS.m

¥ bh_gman4manips_CLS.m

for kk=1:0BJ.N dof

L ORIGINAL = OBJ.L;
% OLD NEW
L = subs (L ORIGINAL, states actual list, states holder list );

THE q = OBJ.holder list SYM pos(kk);
THE qp = OBJ.holder list SYM wvel (kk);

dLdgp = diff(L, THE gp);

% OLD NEW

dLdqp = subs (dLdgp, states holder 1list, states actual 1list);
der dt of diLdgp = diff(dLdgp, t):

Try 1it:

dLdgq = diff(L, THE q);
drLdg subs (dLdg, states holder 1ist, states actual list);

4. Robx DEMO - O s
Robotics Explorer DEMO selector

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
eom LHS = der dt of dLdgp - dLdg: :
1 HELLO 2_LINK 3_LINK 4_LINK CLASSES TIDY SYSTEM_CHECK >
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
]
1
1
1
1
1
1
1
1
1
1
1
1
: com LHS = simplify( eom LHS );
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

d dL _dL
dt 34 dq

Have a look at how we automated the application of
Lagrange's equation

THE Q = OBJ.Qk 1list(kk); % actual
eom RHS = simplify( THE Q )i

eom LHS = formula( eom LHS );
eom RHS = formula( eom RHS );

% now store into a struct array

EOM(kk) .actual eom LHS = eom LHS;

EOM (kk) .actual eom RHS = eom RHS;

EOM (kk) .actual eom EQ = eom LHS == eom RHS;

% store a few other useful things

EOM (kk) .actual SYM pos = OBJ.actual list SYM pos(kk):

EOM (kk) .actual SYM vel = OBJ.actual list SYM vel(kk):

EOM (kk) .actual SYM acc = OBJ.actual list SYM acc(kk);
end % for kk=1:0BJ.N dof

14
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Task: automating the algorithm “ Class

¥ bh_eom_CLS.m

N dof = OBJ.N dof; )] .
the tau mat = OBJ.THE CORE.the tau mat holder; j b h—ge n F4ma ni pS_C LS m
the w mat = OBJ.THE CORE.the w mat holder; ¥ bh Iag rAmani pS CLS.m

for kk =1:N dof

% bh MCKGQ CLS.m
¥ bh_gman4manips_CLS.m

the _gdot_sym = OBJ.holder_list SYM vel (kk):

% initialise the Qk
the Q = sym(0);

for jj=l:size(the tau mat,2)

the tau col = the tau mat(:,jj):

Try 1it:

4| Robx DEMO - O X
Robotics Explorer DEMO selector

HELLO 2_LINK 3_LINK 4_LINK CLASSES TIDY SYSTEM_CHECK >

the w col = the w mat(:,3j);

the dwdg col = diff(the w col, the gdot sym);

% now do the DOT product
this Q = sum( the tau col.* the dwdg col ) 7

$ accumulate
the 0 = the Q + this Q;
end % 37

Have a look at how we automated the application of
Lagrange's equation

% assign the final holder result

\ 4 \ 4 the holder ecm Q(kk,1) = the Q:
% create and assign the ACTUAL symbol result
Nf.. — NT,. — act list = [ OBJ.actual list SYM pos; ]
§ : = 9v; 2 0w, OBJ.actual list SYM vel;
Qy = F;. 21 + T — .actual list SYM vel;
=1 aq =1 aq i OBJ.actual list SYM acc ]; |

hol 1ist = [ OBJ.holder list SYM pos;
OBJ.holder list SYM vel;
OBJ.holder list SYM acc ];

CLASS FILES

the actual eom Q(kk,1) = subs( the holder eom Q(kk),
hol 1list, act_list):

15
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|
Task: 4-dof Robotic manipulator automate application

bh_LAGRANGE_4dof_manipulater.mhbx +

[Explore the dynamics of a 4-dof Robotic manipulator

In this example we're going to derive and then implement the equations of motion for a 4-dof robotic manipulator.
Specifically we're going to:

= Derive the equations of motion using's Lagrange's method

The system that we're going to explore is shown below. At each joint we have:

| my_sys

= T, : Actuation torques (eg: by electric motors)

= b8 : Viscous damping torques

13-8ep-2016, bradley.horton@mathworks.com.au

Bradley Horton :

Closed Loop with Torque
Feedward Control

STAGE 1: symbolic derivation of system equations

Euler-Lagrange equations of motion:

The Euler-Lagrange formula will be used to derive the equations of motion for our robotic manipulator, and it has the
form

d dL _ dL
4oL _oL_,
dt 0 0 Qo

where nis the DOF of the system, {q;. q., .... 4, } iS a set of generalized coordinates, {Q;, @, ..., @, } Is the set of
generalized forces associated with those coordinates, and the Lagrangian: L= T - V, is defined as the difference
between the kinetic and potential energy of the n- DOF system. The Generalised forces can also be defined in terns
of the non conservative forces and torques acting on the multibody system. The formula for the generalised forces
acting on the system is:

Nfne N — Ntpe P
D) RN D D
=1 9q « = g

where:

300
250
200

E 150

N 100

50

1500

X (mm)

1500

4\ MathWorks

Live Script:
ﬁl bh_LAGRANGE_4dof manipulator.mlx

-

Roboties Explorer DEMO selector

< 2_LINK 3_LINK 4_LINK CLASSES CT TRICKS 2_LINK_N Y >
Automate_EOM
O
SMD_EOM — 4_LINK_EOM
& > @
The CT pres
[
oi @ | @ HELLO ROBOT
The CT Rigid pres \

T

DEMOS

17



Wrap up

&\ MathWorks'
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| . . _
The Computational Thinking approach: Algorithms
+
Problem Solving Decomposition ‘ Automation Simulation ‘

and practice

Computational Thinking:
* Brain 7 . v

« Technology Live Script Symbolic Computing Numeric via Block Diagram
4\ MATLAB R2017a
HOME
L= 511:' - L] Find Files >> diff () S
Sf‘l:r; New | Open i-| Compare 2 ; ,
o Elsem >> matlabFunctionBlock () ; T = 1 1]
. e [2] A{ |m]| Live Script S ) E -
Decomposition — e e aE
Lf] Function our_EOM(t) = :
2 A e
m% x(t) + kx(t) =F- b% x(t)
- t
Algorithms i
+ v low plogs” f s ]
Automation = =\ | o8l 2 o lud
o Ab ; Torque Feedward Contrel
THE_X_DD_SY;JOLDOT> : i
Simulation 1 -
Amex e TR 0 |
W THE XD iﬂ
o 19



Q/A:

Are there some
guestions please ?

Download the
examples that you
saw today ... and
more that you didn’t !

Problem Solving
and practice

Computational Thinking:

* Brain
» Technology

Decomposition

Algorithms
+

Automation

Simulation

4\ MathWorks

Review some

>> bh robx startup

20



Teaching and Learning
Resources.

4\ MathWorks
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| For Educators

— O
v 9

=i/ fossews.mathworks.com/scademis/coursewars O ~ & || 4\ Courseware based on MAT.,

ATLAB Courseware a

Educator Home  Classroom Resources ~  Hardware Support  License Options +  Research

Mathematics

Applied Numerical Methods with MATLAB Differential Equations and Linear Algebra

Professor Steven C. Chapra ) S Professor Gilbert Strang

Tufts University — Massachusetts Institute of Technology
Cleve Moler
MathWorks

MATLAB COU rsewdre Search MathWorks.com

Numerical Computing with MATLAB
Cleve Moler
MathWorks

Educator Home  Classroom Resources »  Hardware Support  License Options = Research

Related Booke S Earth, Atmospheric, and Ocean Sciences

Geoscience with MATLAB
from SERC@Carleton

MATLAB Courseware

Educator Home  Classroom Resources ~  Hardware Support ~ License Options ~  Research

Introduction to Engineering

Related Books Earth Sciences
Engineering Models | Engineering Models Il
Professor Kathleen Ossman Professor Kathleen Ossman
Professor Gregory Bucks Professor Gregory Bucks
University of Cincinnati University of Cincinnati

http://www.mathworks.com/academia/courseware

Engineering Problem Solving

") Discovery-Based Learning
Professor Steve McKnight Professor Stanley Hsu
Professor Rajeevan Amirtharajah

r r I C I m Professor Gilead Tadmor ‘
C u u u Northeastern University Professor Andre Knoesen
University of California, Davis
materials:
L] Introduction to Engineering Analysis

Professor Ivan V. Bajic
Professor Fabio Campi

MATLAB Courseware

22


http://www.mathworks.com.au/academia/courseware

|Cody Coursework™

Online automated grading system for
MATLAB assignments

Create online private courses and assignments
Students execute MATLAB code on the web
Control the visibility of the test suites from students.

Visualize solution results using MATLAB graphics

Download all student attempts and report on grading data

Problems

http://mathworks.com/help/coursework/
cody—coursework—for—instructors.html

Create Report : Assignment 1
1b:: Represent a piecewise linear ...
Assignment 1
2b:: Derive the ANALYTICAL soluti...

Last best solution as of today

2e:i: Calculate the Frequency Res... | ] All solutions

Report Format CSV -

Excel

2f_1:: Derive the ANALYTICAL sol...

2f_2:: Calculate the unit STEP res... | ]

@ Last best solutions submitted by due date(05 Jun 2015 2:00 PM UTC)

- O
4\ Solve Problem - Cody Cc X
& C {Y | & httpsy//coursework.mathworks.com/courses/957-bh0123-matlab-science-and-systems/problems/11463-q1b-calculate-the-fr @& ¥
i Apps & Google -\ AUTMW 4\ MathWorks - Acaderr 4\ Videos and Webinars 4\ Cody Coursework & Gmail 4\ MATLAB Academy
4 Cody Coursework Course ISEEU STUDENT \v/
= VAL LAD DOCUITE U
Course Details £ expand au‘ i -
18|% INSERT YOUR CODE HERE:
LAB: Least Squares 19
20 R = 1000; % ohms
# LAB: Linear systems 21 R1 = 2008; % ohms
22 C = le-3; % ohms
Q1a.) Derive the 23
ANALYTICAL solution for 24 a = 1/(R1*C);
the Transfer Function 25 b = (Rl + R)/(R1*C*R);
26/ % define the transfer function
le.)Calculatethe 27 my_tf_FH = @(5) ( (5 + a ) /(s +b)):
Frequency Response of 28
=izl 29|% define the "s" vector
Q1c.) Derive the 30 the s = j * the w vec;
ANALYTICAL solution for 31
the step response of the 32/ % evaluate the transfer function at "s" ©
system » 4
Q1d.) Calculate the unit
STEP response of the . )
system The due date for this assignment has passed.
e o |
No limit

<\ MathWorks:
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The 18t Stop: .... For students

- MATLAB ACADEMY (the portal)
— Access a free interactive training course called MATLAB Onramp

For Students A‘

o
HOME PLOTS APPS SHORTCUTS 2] 2| P1_new |A|P2_CODY [A|P3 6dof [A|P4 Robo 8|SL [CiccC (AL ) 5 | o & (2} Search Doc
Mew Variable Analyze Code @ Preferences f a % Community
=R P R R = a @ & @8
B Li» Open Variable k7 Run and Time _ (7 Set Path =* Request Support
Mew  New Open Il-i}l Compare Import Save Simulink  Lavout Add-Ons Help
| Script - Data Workspace (') Clear Workspace « |7 Clear Commands * |l Paraliel = - ~ W =l Learn MATLAB
FILE VARIABLE CODE SIMULINK ENYIRONMENT RESULRLIG

4 https://matlabacademy.r O~ @ || 4 MATLAB Academy

MATLAB Academy

Learn MATLAB for Free

Hands-on practice sessions and demonstrations

Launch the FREE
course called
MATLAB OnRamp

Launch MATLAB Onramp

(® Preview (1:24) | View my courses

RN

O
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For Students A‘

The 18t Stop: .... For students

= MATLAB Onramp
— Provided through your web browser
— Introduction of programming concepts
— Students answer questions ... and get IMMEDIATE feedback

- O X
e 4\ hitps://matlabacademy.mathworks.com/R2016a/portal.hitml” 2 ~ @& & || 4\ MATLAB Onramp by ‘:’
» MATLAB academy MATLAB Onramp 3% complete Bradiey Horton
= 6.1 Performing Array Operations on Vectors < previous next >
Task 1 EEE T —
>> load datafile WORKSPACE
Info: MATLAB is designed to work naturally with >> density = data(:,2); Name | Value| Size | Class
arrays. For example, you can add a scalar value to >> vl = data(:,3); ‘Hd..7x4 .. 7x4 double
all the elements of an array. >> V2 = data(:,4); HHd..[05... 7x1  double|
BEp—— . Task 1 FHv1 [4.0... 7x1  double

HHv2 [05... 7x1  double]

Try adding 1 to each element of v1 and store the

result in a variable named r. F r e e

Hint | See Solution

Interactive

tutorial

4

25



| _ <\ MathWorks:
Connecting to Hardware

http://www.mathworks.com/hardware-support/home.html

4\ MathWorks-

Hardware Support
Connect MATLAB and Simulink to

Hardware

Search for supported hardware

— Explore hardware by vendor —

Popular: ARM, Arduino, Altera, National Instruments
Raspberry Pi, Xilinx, Android, STMicroelectronics, Keys|

26
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| Todays agenda:

Phase 1

Phase 2]

Phase 3] .

|
|
|
|

an

One of the challenges in Learning Rigid Body Dynamics.

Computational Thinking — is this the answer ?

Applying Computational Thinking
— 3 Case Studies

Resources for you and your students

Questions AND Answers

How do you get ALL of the examples that you saw today ?

&\ MathWorks fra

28



Using Computationa

Centralization of thought
process

Tedium busters

MATLAB
Live scripts

Explore the dynamics of a 4-dof Robotic manipulator

In this example we're going to derive and then implement the equations of motion for a 4-dof robotic manipulator
Specifically we're going to derive the equations of motion using's Lagrange’s method. The system that we're going
10 explore is shown below. At each joint we have:

= 1, ° Acluation torques (eg: by electric motors)

« BB - Viscous damping torques

The system equation of motion that we'll be deriving has the following general form
M(q,q.G + Cla,q).q + K(a)g + glq) = Qr,a)
Background:

In last week's class we practiced applying Lagrange's equation to a Spring Mass Damper (SMD) system. Today
we're going 1o follow exactly the same process as the SMD case, ie:

Define Model Parameters
Apply the governing physics

Apply Lagrange's equation

Isolate our expression for M, C, K, g, @

Convert our Analytical expression for M, C, K, g, Qinto a Simulink block
Simulate of model of this dynamic system

L

Euler-Lagrange equations:

The Euler-Lagrange formula will be used to derive the equations of motion for our robotic manipulator, and it has the
form:

GO _SL_g for k=12..n

dt 8g,  8qx
where nis the DOF of the system, {q;, g .., 4.} IS @ set of generalized coordinates, {Q,, @, ..., @} is the set of
generalized forces with those rdinates, and the Lagrangian: L= T - V, is defined as the difference
between the Kinetic and potential enerav of the n- DOF svstem. The Generalised forces can also be defined in terns

>> diff ()

>> matlabFunctionBlock ()

g(t) = sin(z(t))z

dg dt(t) =

2 cos(z(t)) sin(z(t)) 9 Z(t)

Modelling Choices

&\ MathWorks

Inking and MATLAB to foster learning curiosity

THE_X

THE_XD

X_DOT_DOT
THE_X_DD_SYS

our EOM(t) =

THE_X_DD_SYS

¥ b e spreg st mede - ik B
Fle Gt View Display Dingram \ Aralyss Code Tools help
E-o-8 =k M=ME-EYCR S H --@-
o2 sprng, mass, s
) T ——— -
&
[+
=
=]
[ u
DAMPING:Value
7 8
5 1
= i
3 13 —
L 1o
»
Ry s o
#3 bh,4dof LAGR_manipulator CONTAOL_TC_FAWD - Simuiink - o x |

B-o- fHe-=-w4®p: BH --o-

bh_4dof_LAGR, manipulstor CONTROL TQ_FFWD TRAJECTORY CONTROL LW SLVIEW

@ ([F3lon. 00t _LAGR_marspuistor_CONTROL_TQ_FFWE b

@

e Torque Feedward Control
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