Daniel Jacobs

BioE215 Hwk #2

2.2

Form the equations of motion of the falling apple.

Kinetics:
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Kinematics
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Newton’s Second Law
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Solve for Acceleration and Integrate
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The accuracy of the Simbody results are high.  At 4 seconds, the error is 2.27E-13.  The number of accurate digits is 14.  We are correct to -68.4000000000000.
2.3)
Form the equations of motion of the projectile.

Kinetics:
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Kinematics
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Newton’s Second Law
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Solve for Acceleration and Integrate
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Assume the particle starts at the origin of our system our functions are:
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Solve for Zeros of y(t)
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Again, the Simbody results have very high accuracy.  The error is 3.1705194E-013.  The simulation is accurate to 12 digits which are all after the decimal place this time.
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2.5)  The figure to the right shows a simplified planar model of a human.  The upper body is modeled as a single rigid body that accounts for the weight of the head, torso and arms.  Each leg is drawn using three rigid bodies, the foot, the leg and the thigh.  The ground contact model is simplified to a single spring damper system at the foot.  
To facilitate this analysis, seven reference frames will be used to describe the motion of the system.  

The y axis for each frame will lie on the longest axis of symmetry for each rigid body except for the feet where the x-axis is aligned with the longest axis.  The angle q_hip is referenced off of the right thigh angle.  

To actuate the model, I will specify torque inputs at the knee and ankle joints.  The torque inputs will be separated into two pieces.  The first piece will be a PD position controller to control leg touchdown angles and maintain posture during landing.  The second piece will be a PD force controller to accelerate the center of mass and create a flight phase.

The controller will be used to make the model execute two dynamical maneuvers.  The first is a standing jump in place with both feet together.  The second is a scissor jump where one leg starts forward and the other starts behind.  In flight, the legs switch positions and the series repeats.

The question this model will answer is:  For these two maneuvers, what are the required torque and power inputs needed at the ankle and knee for a given hopping height (or hopping frequency)

One of the most difficult parts is using a realistic and simple model for the ground contact and make sure that the controllers know when the switch from position to force control for landing and take-off.  Another issue is figuring out how to properly model the joints between the upper body and thighs as the constraints may violate the planar assumption.  One thing that would be interesting would be to incorporate the muscle models we’ll see in the coming weeks into the force control.
To help validate the experiment, I will start by commanding the PD controllers to hold various postural positions.  With no limits on the muscles, the system should be able to accurately raise and lower the upper body segment.  After validating posture control, I will drop the model from various heights to put larger perturbations into the joints angles.  
Larger Image:
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