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Solve DAE for accelerations

Forward time integration
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Initial conditions and external forces
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Second-Order DAE



Simultaneous Third-Order DAE
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Obreshkov integration
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Kinematic Constraints
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Jerk RHS for Planar Revolute
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Also developed for planar double revolute, 
planar dot-1 and planar dot-2
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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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Also developed for planar double revolute, 
planar dot-1 and planar dot-2



Integrate Simultaneous DAE
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Integrators
• Classical

E = Euler

RK4 = Runge-Kutta

ABM4 = Adams-Bashforth-Moulton PC
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Integrators
• Second derivative

T = Taylor

RKN4 = Runge-Kutta-Nystrom4

OPC = Obreshkov Predictor-Corrector
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New Obreshkov Predictor-Corrector
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Integration Errors for DAE
• Solution error

Explicit solution
Reference solution with very small time step

• Position error

• Velocity error

• No constraint stabilization implemented 
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Planar Simulations



Four-bar Solution Error Versus Time Step
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E = Euler
T = Taylor
A = ABM4
K = RK4
N = RKN4
O = OPC



Four-bar Solution Error Versus CPU Time
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E = Euler
T = Taylor
A = ABM4
K = RK4
N = RKN4
O = OPC



Four-bar Position Error Versus CPU Time
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E = Euler
T = Taylor
A = ABM4
K = RK4
N = RKN4
O = OPC



Four-bar Velocity Error Versus CPU Time
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E = Euler
T = Taylor
A = ABM4
K = RK4
N = RKN4
O = OPC



Andrews’ Solution Error Versus Time Step
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E = Euler
T = Taylor
A = ABM4
K = RK4
N = RKN4
O = OPC



Andrews’ Solution Error Versus CPU Time
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E = Euler
T = Taylor
A = ABM4
K = RK4
N = RKN4
O = OPC



Andrews’ Position Error Versus CPU Time
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E = Euler
T = Taylor
A = ABM4
K = RK4
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O = OPC



Andrews’ Velocity Error Versus CPU Time
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E = Euler
T = Taylor
A = ABM4
K = RK4
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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 of 
second-order and third-order 
DAE is 10 times more accurate 
or conversely can be 10 times 
faster
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Future Work

• Implement Hilber-Hughes-Taylor
• Include constraint stabilization
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