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Wheel from Stone Age

L - e e o

« Maya did NOT use wheels.
— Even pulley and tools.
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Two Wheeled Robot
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Two wheeled robot has some problems

* Falling down...
 Why it is unstable?

Stability Problem with wheels
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Two wheeled robot has some problems

 Itis stable, but angular position control has some
noise.

¢ Why? i
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Two Wheeled Robot?
~ No, One wheel - Spherical Robot

« Balance control is required.
« But, very fast and low power consumption
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Spherical Robot

 Tilt feedback is required.
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For Mechanics Analysis

 Fis derived from Linear Momentum

. AL . mAv
Im—=Ilim——=ma=F
At—0 At At—>0 At

« Moment, M is derived from Angular Momentum
— H=rxL=rxmv (XIsacross product)

. AH . MAV
IIm—=1limrx
At—0 At At—0 At

=rxma=rxF=M(or =T)

« Moment is often called Torque.
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Statics Equilibrium

* Force equilibrium dynamics

Y F=ma=0 > F=ma=0

— Sum of all external forces should be zero
— If all force sum is zero, there is no movement by an
acceleration

« Moment equilibrium

ZM:er:O ZMZI’XFZlO{

— Sum of all external moments should be zero
— If moment is zero, there is NO rotation.
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Angular Velocity and Acceleration

@ O ©
« Angle 9=0(t) <« x=Xx(t)

« Angular velocity w:é:w V=X

dt

- Angular Acceleration a_é_dzé’(t)
T dt?
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V=WXTr

e V= gt SWXr (Cross product)

I ] k ] k

=w, w, w,(=|0 0 a|=raz]-rol
rr, r r r, O

X y
Remind
L =ré X=re,  r=const
r
X=ré +roé, X=0+rog,
X=(F-r6%)e +(2r0+rb)é, X=(0+rb)e,
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Moment of Inertia, |

« What is Momentum?
— Conservation of Momentum: L = mv = const.
— Time Differentiation of L

. dL dmv dv
L=—= =m— =
— dt dt dt

— Angular Momentum, H =?

ma

H =r><L:rxmv:m(rxv)zm(rx(er))

— Time Differentiation of H="?

H :i(rx L) :i(rxmv) =m[£xv+ rx%}
dt dt dt dt
Too complex.. T_T 12 .
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Angular Moment of Inertia
(for Rigid Body)

e Remind
H :rxl;:i(rxmv) :m[ﬁxwrrxﬂ}
dt dt dt

 Because itis a Rigid body,
— ris aconstantvalue. =0

« Simplification

H =rxL:i(r><mv) :rxmﬂzmrx(rxd—wjzmrx(rxa)
dt dt dt

— H E m r X a Torque on Rigid body.
Remind that all ¢y. is ¢y 13 (o=
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Angular Momentum of Inertia

* Rotation of Particles on Origin.

H :Zi:mirix(ri xa)

er ee k er et9 k
rx(rxa)=rx|r 0 O|=rx(ta)k=lr 0 O0|=ra
0 0 « 0 0 ra
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Robotics

Wheel Dynamics

DA
m,a lw J
0 TN

Dma, = f da, =roa
2)ma, =0=-W +N mro = f
1 2 2
3)Ica=(1mr2ja:T—rf Smre=T-mre
2

Emrzoz =T —rf
2

When T=const,, if r l then « T but w l




Dynamic Model of Two wheeled Robot

lmg

I:rotating inertia, L: length, m, M: each mass

f: friction, R: reaction force, r: radius of disc

Y F,=ma, Ma+ma'=Mra+m(-ra-La) = f
> F,=ma, -mg-Mg+R=0 /
ZMC:er:Ia | o —mlPa = —rf

16 {::

Dept. of Intelligent Robot Eng. MU



System Dynamics: Two wheeled Robot

 If we cancel f with eql,

(1.-mL+Mr? —mr(r+ L))o =0

Double
* Pole.
" | o = O - Zero because there is no Torque Input
| *é — T - Add Torque Input
N/
S
Laplace Transform
()(s) G(s) =
— % Remind that
T( ) 2 P§I2;non jvs axis mean
] Marginal stable
= system dynamlcs with Two Poles 17
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What is Double Pole? Remind mx”"=F
Double Pole has No Damping

m¥ = F Given system even without Damping
— and Feedback control

e=X, —X
F=Ke+Ks€ /
mxX = K e+K,é=K, (X, —x)+Kd(%—>‘<)
mX+ K X+ K x=K X

PD Feedback Control

SoMX+CX+ KX =F =K X,

D control changes system dynamics
(Stiffness, Damping)

->Remind that PD does not change on 18 =
inertia| MX >
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Disturbances on Marginal Stable System

m m «—— D<x1

l D is very small.
mg

> F,=ma Ma+ma'=Mrag—-m(r+L)a=-f -D
ZMozerzla | o —mLlPa =—rf + DL
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> F,=ma, Ma+ma'=Mra—-m(r+L)a=—f -D

e

|Ca — ml_za — —rf -+ DL Without no Torque Input

| *a=(L+r)D
Stability of Torque Input Stability of Disturbances
"6 =T "o =(L+r)D
0(s) _ O(s) (L+r)
G(s) = i Chal
T(s) s D(s) I's

@(S) < @(S) Disturbances at L+r

is bigge.r than 20
T(S) D(S) Torque input {,
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Self Balancing with Small Movemer

N

Small
disturbance

Zlea

D2r —mgLsing= 1"«

s 1"§+mgLg=D2r
. 1 _Q(s) if g<<1
C1's’+mgL D(s) Lsing~Lq ’1
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Root Locus of Self Balancing

Q(s) 2r
D(s) 1's?+Lmg

W)
When w=0 ( no velocity),
It is

When w is ingreasing. ( oscillation)
It is stable, toos

But, a Roly-Poly camfall with Strong force
What is wrong in our model?...

Think the assumption thatsin g = g

If g >> 1, the assumption fails:
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Self Balancing with Large Movement

ZI\/IzIa 25

D2r-mgLsing= 1"« T
- 1"¢+mgLsing=D2r | f\\
/
* L S 0.5 )
I"s* +mg —— = or AS)
241 D(s) I
. D(s) s° +1
o o - * * ‘/&
Q(s) I's*+1's*+mgL 1
If w increase, system becomes oscillatory. S -

Real Axis

rlocus(tf([1 0 1], [ 10 0 10 0 5]));
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Self Balancing
with Small or Large Movement

Small Movement = Large Movement

Linear Assumption = Non linear Eq.

Z M=la Z M=la

D2r-mgLsing= 1"« D2r—-mgLsing= 1"«

s 1"§+mgLg=D2r s 1"g+mgLsing=Da2r

. 2r ~Q(s) - D(s) s% +1

T 1's?+mgLs  D(s) T Q(s)  I's*+17s? +mgL

wj

1 .
Stability wrt
X o Always Inputs
Stable! N
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