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Two-Dimensional Forward Dynamics

Dynamically driven Z@Z

nc<nq
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[@QJ does not have full row rank

cannot solve kinematics only {qgr{@q}l{y} {{ é
glven {q} {q} {Q}APPLIED [M]
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must use forward time integration of {§} to get {g} {g} at next time step
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Differential-Algebraic Equations (DAE)

differential equations for dynamics [[I\/I] [ch ] T]{gﬁ} = {Q}erLien

algebraic equations for kinematics [[ch] [O]]{?»}} = {y}

j

Kinematics
a,} X,
generalized coordinates  {q}=11{d,} {a,}=1y, sizeng x 1, ng =3 (nL-1)
fa.} 0,
{(D}KINEMATIC

constraints {d)}:{ } sizencx1 nc=nk+nd

{(D}DRIVER

. .. 0D, .
Jacobian [(IDq] elementi, j= (Z—q' size ncx nq
j

Inverse dynamics

nc=nqg for kinematically driven problem

know driver motion at any time t, find {q} {a} {§}

position solution  {q}yew = {G}oro + @, @)

velocity solution  {q} = [®, [*{v} {v}= {{V}K'NEMAT'C} size nc x 1
{V}DRIVER
{V}KINEMATIC = {Onkxl} {V}DRIVER = _{q)t }DRIVER
. . . -1 _ {Y}KINEMATIC :
acceleration solution {4} =[®, [*{y} v}= sizenc x 1
{Y}DRNER
{Y}KINEMATIC based on {q)}KINEMATIC {Y}D = _{CDI’[}DRIVER

constraint forces  {1}= ([CDq]T )_1 (1Q}aperie — [MKd})
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Forward dynamics

use initial conditions for {g} {q} and integrate forward in time using small increments

solve kinematics and dynamics simultaneously {[[ ]] [q)[o} H{Q}} {{Q}g?.@}

{CD}K.NEMAT.C}

insufficient constraints to fully control mobility  {®}= { o]
DRIVER

Jacobian not full row rank [d)qJ nc<ng

ncxng

EOM matrix has full row rank  [EOM]= {[[(D ]] [q)[o} }

(nc+ng) x (nc+nq)
example four bar mechanism with M=1 and no kinematic driver defined
ng=9 but nc=8

same size {CI} {Q} {Q} [M] {Q}APPLIED

9x1 9x1 9x1 9x9 9x1

smaller {(D}KINEMATIC {V}KINEMATIC = {OBXl} {Y}KINEMATIC {k}KINEMATIC l(Dq JK|NEMAT|C
8x1 8x1 8x1 8x1 8x9

eon-[o] %1 |

must know {g} {a} [M] {Q}ameLen at current time step

can compute {y} |@, | at current time step

use DAE to find {d} and {1} {{ }} [[[q';"]] [(D[o} } {{Q}fyp;um}

no drivers {CID}DRNER no driver forces {K}DRNER
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integrate {§} to predict {q} {3} at next time step

example five bar mechanism with M=2 and no kinematic drivers defined

ng=12 but nc=10

b 9 @ M Qb

12x1 12x1 12x1 12x12 12x1

{CD}KINEMATIC {V}KINEMATIC = {OlOXl} {Y}KINEMATIC {}\’}KINEMATIC l(Dq JKINEMATIC
10x1 10x1 10x1 10x1 10x12

by

22 x 22

no drivers {®},qer MO driver forces {A}pqex

example five bar mechanism with M=2 and one kinematic driver defined

ng=12 but nc=11

same size {Q} {Q} {Q} [M] {Q}APPLIED

12x1 12x1 12x1 12x12 12x1

{CI)}: {{CDCDKINEMATIC} {V} ={ {Olel}} {Y} _ {{Y}KINEMATIC}
11x1 DRIVER 11x1 | VpriveEr 11x1 Y DRIVER

1{1%}1: {{7» K.NEMAT.C} [q)q]{[q[’;)]jwmm}

}\‘DRIVER 4 JDRIVER

one driver . cr  ONedriver force Apgpyer



