Dynamics






* Rigid Body Dynamics

» Newton-Euler Formulation

* Articulated Multi-Body Dynamics
» Recursive Algorithm

* Lagrange Formulation
- Explicit Form
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Joint Space Dynamics

M (a)§ +V(q,q) + G(q) = T

op Generalized Joint Coordinates
M(Q): Mass Matrix - Kinetic Energy Matrix

V(Q,q) : Centrifugal and Coriolis forces
G(Q): Gravity forces

[ : Generalized forces



Formulations

Newton-Euler Lagrange
. /-nm e
: A A
U Link i Kinetic Energy: Z K
£, Potential Energy '
Newton: m\'/C = F Generalized Coordinates
Euler: N =l . @w+w x|l .w 1
| C ™™ | C ™™ K - qT M q
Eliminate Internal Forces 2

'n".Z revolute MG+V +G=r

Ii =9 .1 . .
£, .Z, prismatic
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Recursive Equations
1:i - |:I + 1:i+1

ni = Ni +ni+1 -l_pCi X |:I +pi+1X 1:i+1
‘n.Z revolue

f..Z  prismatic



Newton-Euler Algorithm




a particle

F
\.m L

F=ma Jﬁemal \V\a

Newton’s Law

Frame
e (mv) — F\ rate of change of the
dt / linear momentum is equal
to the applied force

Linear Momentum

@ = mv




Angular Momentum

mv = F ~Tm

take the moment /0 P
Xmv =0DXF 0
p mv = p inertial myv

l I\IT Frame
d . 2% .
a(pxmv):pxmv+v><mv:pxmv

d _
E(pXmV) = N\

applied moment
angular momentum @ = P X MV



Rigid Body Nl

Rotational Motion m.

o .
P;

o

Angular Momentum = Z P XMV,
¢:Zmipi X (& xp;)
m; - odv (0. density)
p=| px(wx p)pdv
Vv




9= | px(wx p)pdv
p % (& x p) = P(-P)a
o= -ppedv]w

V .
\ Inertia Tensor

¢=la




Linear Momentum
@ = mv

Newton Equation

d _
aﬂm@-F

$=F

ma = F

Angular Momentum

¢=la

Euler Equation

d _
a(la))—N

¢=N

lecc +aw X1l =N



Inertia Tensor
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Inertia Tensor

XZ

Moments of |

Inertia

Products of |

Inertia —
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Parallel Axis theorem
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Newton-Euler Algorithm




Newton-Euler Equations

Translational Motion
m
g — ®
mv. = F |
o

Rotational Motion

lcw+wX|.w=N



Angular Acceleration

1.0
0 //
’ C(J|+1 = wi T £.2i+1
Q=064



Linear Acceleration
Z|+1

X|+1

Vi+1 :Vi +Q{X ﬂ+1 +\/i+1

Vi =07y
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Velocity and Acceleration
at center of mass

Ci +1
p Ci +1

Ve

I+1
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— Vi+1 T wi+1 X pC-

1+1
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Dynamic forces on Link |
B fi+1

IIZRE2RAINTS

mv. =) forces
i@ +wxlgw =) moments/c

Inertial forces/moments
F=mv,

Ni =l +a xlga



F=1-1.
N, =n —n, +(_pci)x f +(pi+1_pq)x(_ fiir)



Newton-Euler Algorithm




Recursive Equations
1:i - |:I T fi+1
N =N +n, +pc XK +p;, X g
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- F=mv.
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Outward iterations: 1:0—5
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