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Second-Order Differential-

Algebraic Equations (DAE)
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Initial conditions and external forces
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Simultaneous Third-Order DAE
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Kinematic Constraints
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Jerk RHS for Planar Revolute
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Time Derivative of Actuator Forces
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Planar Second-Order and

Third-Order DAE
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Force Slew Rate (FSR) Variation
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FSR Variation for Planar Revolute
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Integrate Simultaneous DAE

Second-Order
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Third-Order
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Integrators
» Classical

E = Euler
Ya=y;+fh

RK4 = Runge-Kutta
kl - f(Yia tl)

k, :f(Yi +5hk;, t; +%h)
ky = f(Yi +5hk,, t; +%h)
k, =f(y, + hk,, t. +h)

s Y +%h(k1 + 2k, + 2k, +k4)
ABM4 = Adams-Bashforth-Moulton PC
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Integrators
* Second derwatlvea

T = Taylor / %
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k1=g(Y1’ 1)
k, =gly, + Lhf, +Lh%k,, t, +1h)

12 ™1

k, =gy, +2hf +2h k,, t1+2h)
k, =gly, +hf, +Lh*(2k, +k,).t, +h)
yi+1:yl+hf+120h2(l3k +36k, +9k, + 2k, |

OPC = Obreshkov Predictor-Corrector
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New Obreshkov Predictor-Corrector
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Integration Errors for DAE

e Solution error

Explicit solution
Reference solution with very small time step

* Position error
(@} 0

* Velocity error
o, fia}=0
* No constraint stabilization implemented
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Planar Simulations

AB=BC=CD=AD=L=01m
AG;=BG:=DG,;=L2=0.05m

c m =0.185 kg
Js=m L £12 = 0.0001542 kg.m"
kr = 0.4869 N.mirad
c¢r=0.006166 MN.m.sec
msz
Jo3

Ju = (mz+m L3 + msLl’ = 0.003083 kg.m”
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Four-bar Solution Error Versus Time Step
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Four-bar Solution Error Versus CPU Time
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Four-bar Position Error Versus CPU Time

Four-bar
0
-2F E
.g. -4 T
E = Euler S gl
T = Taylor “C’
A = ABM4 S -8t
K = RK4 'g
N = RKN4 (%-10'
O =0PC >
x -12}
(@)]
O
14+
experimental
kinematics -16}
lab r 0.5 0 0.5 1

log CPU time [sec]



Four-bar Velocity Error Versus CPU Time

Four-bar
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Andrews’ Solution Error Versus Time Step

Andrews squeezer
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Andrews’ Solution Error Versus CPU Time

Four-bar
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Andrews’ Position Error Versus CPU Time
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Andrews’ Velocity Error Versus CPU Time

Four-bar
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Summary

New jerk RHS terms for planar and 3D
New third-order DAE for planar and 3D
New FSR variations for planar and 3D
New Obreskov predictor-corrector

» Simultaneous integration o
second-order and third-order
DAE is 10 times more accurate
experimental or conversely can be 10 time
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Future Work

* Implement Hilber-Hughes-Taylor
* Include constraint stabilization
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