
Rigid	Body	Dynamics	

•  from	par2cles	to	rigid	bodies…	

Newton-Euler	equa2ons	of	mo2on	Newton’s	equa2ons	of	mo2on	
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Preliminaries	

•  cross	product	via	a	matrix	mul2ply	
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Kinema2cs	of	Rota2on	

•  Intui2vely,	with	scalars:	

•  More	generally:	
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Newton’s	Law	
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Euler’s	Law	
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Angular	Momentum	of	a		
Set	of	Par2cles	 FE
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Inter2a	Tensor	

F Miri ri wt
me.in eitiIEiEitiiti
miqzi2ty

2 XiYi Xi2i
XYi 3yi.z.x.ie yizi

I
Xizi Xi'tYi

I
Foran objectwithDyp symmetries

eg rectangularblade I IyyIzz



Newton-Euler	Equa2ons	of	Mo2on	
Newton IF daff DID

It
t m J

O
m I

Euler ET DL
It

d Iaf
at

IE t IF
IT IE t II

Thereegns only hold in
an inertial frame

Coriolis term

Non accelerating



Upda%ng	the	Iner%a	Tensor	
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Simula%on	Loop	

for	each	%mestep	

setup	

solve	
eqns	of	
mo%on	

integrate	

linear	posi%on	
linear	velocity	
angular	orienta%on	
angular	velocity	

state FIR rotationmatrix Vq quaternion

I angularmomentum

computeappliedforcesRtorques compileforces torques
inworldframe

Iw RILR
EF _ha Coriolis EFF

raided
I twxII E

F x trot Fxtvotvvtv.at V t.ve
R RtikottwhereR wRq qtotwWt.wot Eat

8 0.5 i q w I L
whhene


