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Three-Dimensional Dynamics Z é' j
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Must use centroidal coordinate frames
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)3 E{Fon 2 }APPLIEDg
{F}APPLIED =12 {Fon 3 .}APPL]ED

({Ton 2 } APPLIED )
{T}’APPLIED Z ({Ton 3 } APPLIED )

Equations of motion (EOM)

[M]{r} + [(Dr ]T {7“} = {F}APPLIED

+ [(Dn' ]T {7\‘} = {T} 'APPLIED o [(TJ]V[J]' {0‘)}'

[[@,] [d)nv]]{{i}}: by oo o=t

{r} [M] {F }APPLIED [CD r ] {7\‘ }

3nbx1 3nb x 3nb 3nbx1 nc x 3nb nc x 1

= ' ' ~ ' '
{m} [J ] {T} APPLIED [m] [J ] {0)} [q)n'] {Y}
3nbx1 3nb x 3nb 3nbx1 3nbx1 ne x 3nb ncx1

nb = number of moving bodies

nk = number of kinematic constraints

nd = number of driver constraints

nc = total number of constraints (nc = nk + nd)

Inverse dvnamics — kinematically driven

solve kinematics { {iﬁ'} = [ [CDr] [(I)n,] ]71 {Y }
H(Dr] [(I)n.“ must have full rank nc = 6nb

s 1300 0,11y bl

@)= {{<D}mem} )= {{%}KWEMATIC}

{q) }DRIVER {;\‘ }DRIVER
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Statics

{t}={0} and

{o}=10}
a=([o,] [0, ]T)" { Flapruieo }

{T}'APPLIED
Inverse dvnamics — simultaneous EOM matrix

and

(o= o}

I [M] 03nb X 3nb [(D r ]T | {r} {F}APPLIED
3nb x 3nb 3nb x nc 3nbx 1 3nbx1
03nb x3nb [J]‘ [q)ﬂ']T {(D}' {T}'APPLIED _[a')]'[J]V{(D}'
3nb x 3nb 3nbxnc 3nbx1 3nbx1
[q)r] [(Dn'] Oncxnc {7\'} {Y}
L ne x 3nb nc x 3nb | nexl nex 1
[M] O3nbx3nb [(Dr ]T
[EOM] = 03nb x3nb [J]' [CD ' ]T
[q)r] [(Dn'] Oncxnc
(6nb+nc)x (6nb+nc)
-1
{r} [M] 03nb x3nb [(D r ]T {F}APPLIED
{(b}' =1 O30t 300 [J]' [(th' ]T {T}'APPLIED _[6)]'[‘]]'{0)}'
{}\’} [q)r] [q)rr'] Oncxnc {Y}
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Lagrange multipliers for specific constraints

T
oo o, ] o)
{ on1 JCONSTRAINT i JCONSTRAINT CONSTRAINT

{Ton i }'CONSTRAINT = ([gl ]'P [Ai ]T [(Dri ]ZONSTRAINT - [(Dn i ]T ){k}CONSTRAINT

CONSTRAINT

IR %
{ OT‘J}CONSTRAINT [ r J JCONSTRAINT CONSTRAINT

{Tonj}'CONSTRAINT = ([EJ ]'P [Aj ]T [cDr ']T

P—1
JACONSTRAINT [ n'j ]CONSTRAINT CONSTRAINT

local joint definition frame at P
{Si }'A = {Si }'P +[Ci ]P {Si }”A
{Foni }”: ([Cl ]P )T [Al ]T {Fon i }

Spherical
{CD}SPH = {rj }P - {ri }P = {03)(1}
FOni}spH = {K}SPH

{
T,

Double spherical

Dpyy spu = {dij }T {dij}_ C*=0 for {dij}: {r. }P - {r }P

{FOH i } CONSTRAINT 2 Jld ij } A SPH_SPH
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{Toni } ' CONSTRAINT = {O3xl }
= _2{dij } x‘SPHfSPH

F}
{ on J JCONSTRAINT

{Ton j } 'CONSTRAINT = {03x1 }

Dot-1

CDDOT_I = {ai}T {aj}= 0

for fa;}={r}°-{r}"
{Fon i }DOTJ - {O]X3 }

o oor = AT A B 2por
A S USY

T oor o=~ AT 1A B b 2o
Dot-2

Ppor - = fa. ) {d, =0
Font oor > = {81} Roor 2
T Foor o =B TA T fp0r
For i Joor > =~} 2 por

{Tonj}'[)otz =0

50f7

and {ai } = {ri }Q - {ri }P
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Forward dynamics - dynamically driven

nc < 6nb

[ [ ] [(I)n J J does not have full row rank

given {r} {p } {r} {CO}' {F}APPLIED {T }'APPLIED [M] [J ] '
compute [CDr] [q)n.J {y}

-1

{r} [M] 030 x 300 [q)r]T {F}APPLIED
{(b}' =1 0306 300 [J]' [ch']T {T}'APPLIED_[(T)]'[J]'{Q)}'

o | o] o] 0. tr}

must use forward time integration of {r} {m}' to get {r} {p} {r} {oo}' at next time step

{1} {i}]

3nb 3nb
{p} {p} . [Gz] 0ss 04
W=y W=y r=acl{el (6] =j0,, [G)] 0,
13nb {r} 13nb {r} 4nb 3nb 3nbx4nb .
3nb 3nb Oys Oss

{w}' {w}

L 3nb J L 3nb J
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EOM using Euler parameters

[M] 03 x 4n [(Dr]T 035 x nt {r} {F}APPLIED

041 x 300 4[G]T[J] G] [(Dp]T ([CDp]E ' {p} _ Z[G]T {T}'APPLIED"‘S[G]T [J]'[G]{p}
[@,] [0,] 0 O || 1) v}

0.6 x 300 [CDp]E b 0 x b {X}E {V}E

Euler parameter
{CD}EUL = {pi}T {pi }—1 =0

|_(Dri JEUL = {lez}
[(I)n'i]EUL = {pi }T [Gi]T = ([Gi]{pi })T = {lez}

[,],., =26}
Foni Sy, = {0501}
T feon = {05
Fo for. = 05}

L =105}
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