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Architecture within context of Ignition Gazebo
A simulator implemented with Ignition Gazebo uses the available physics engines to model the rigid-body dynamics, and utilizes existing and new plugins to implement the specific forces needed to complete the model.  The model would be made up of about six rigid bodies (plus the world frame), connected together with four joints.  A brief description of the rigid bodies and plugins are below, with more specific requirements for each in separate documents.  Gravity forces and forces transmitted across joints are not listed as they are part of the physics engine formulation and do not need to be explicitly provided.  Refer to Figure 1 and 2.
Rigid Bodies
· Buoy:  This is the buoy floating on the water surface and is free to move in 6 degrees of freedom.  It is connected to the PTO with a 2 DOF universal joint and subjected to free-surface buoyancy, and linear wave-body interaction forces.   The universal joint does have some limit of travel that should very rarely be encountered. The simplest wave-body interaction forces are due to linear buoyancy and hydrodynamics.  Higher order forces are quadratic drag forces and non-linear buoyancy forces.  Second order or fully-non-linear wave-forces are probably beyond what’s required.
· PTO:  This is the main component of the power take-off unit and is connected to the Buoy with a 2DOF universal joint.  This body is subject to submerged body buoyancy, viscous drag forces, pneumatic spring forces, hydraulic forces, electric drive torque, and friction forces from both the piston and the tether.
· Piston:  The piston lives inside the PTO housing and is related to the PTO position by a 1DOF prismatic joint that has end-of-travel limitations.  The piston is subject to pneumatic spring forces, hydraulic forces, friction forces, and tether attachment forces.  This rigid body is almost entirely housed inside the PTO housing so does not have its own buoyancy forces.  There is a small and variable portion of this that extends into the surrounding water, but the buoyancy force contributed by this is very small and therefore neglected.
· Rotor_Hyd:  The hydraulic motor rotor rotates in one degree of freedom along an arbitrary axis attached to the PTO frame of reference, and has a fixed joint connecting it to the electric motor rotor.  Torque is applied to this body by the Hydraulics.
· Rotor_Elec:  The electric motor rotor rotates in one degree of freedom along an arbitrary axis attached to the PTO frame of reference, and has a fixed joint connecting it to the hydraulic motoro rotor. Torque is applied to this body by an electric current in the motor windings that is specified by the PowerConverter controller.
· HeaveCone:  This is the submerged heave cone and is free to move in 6 degrees of freedom.  This body is subject to buoyancy, submerged body hydrodynamics, viscous drag, tether forces, and mooring forces.
Computed Forces (Plugin Code)
· Buoyancy:  Submerged Body Buoyancy.  Applies vertical force at the center of buoyancy based upon the bodies submerged volume.  Exists in Gazebo Igniton.
· Buoyancy_FS:  Floating body Buoyancy. Applies vertical force at the instantaneous center of buoyancy for a floating body, and depends on pose of the body this is attached to.  The simplest and fastest way to compute this is as a function of waterplane area and second moment of area of waterplane area.  This is suitable for wall-sided shapes, but is inaccurate for bodies that change water-plane area significantly with pose.  In those cases a more computationally intensive and non-linear intensive option is to compute the instantaneous submerged volume based on a known body shape.  This is currently being implemented in the Buoyancy plugin for the LRAUV Sim project.
· Hydrodynamics:  Submerged body hydrodynamics.  Based on the added mass and damping stability/derivatives, these forces arise when the body accelerates or rotates.  This is currently implemented in Ignition Gazebo and is actively being worked on as part of the LRAUV Sim project. 
· Hydrodynamics_FS:  Floating body hydrodynamics.  For floating bodies in the presence of surface-waves, the hydrodynamics contain a memory of recent history and the formulation for the resulting forces are broken up into wave-exciting forces, radiation forces, and diffraction forces, each of which depend upon the bodies pose and the instantaneous position of the incident wave field.  This plugin does not yet exist in Ignition Gazebo and could be developed independently or implemented as an enhancement of the existing Hydrodynamics plug-in. 
· Viscous Drag:
· PneumaticSpring:  This component implements an equal and opposite force between the PTO and Piston, based on the position and velocity of the piston the prismatic joint it shares with the PTO, and the recent history of the motion to account for gas heating/cooling.  
· Hydraulics:  This component 
· Friction Model:  
· ElectricDrive:
· Battery:

Controllers and Sensors (Plugin Code)
· SpringController:  This controller consists of sensors that mimics the telemetry output of the deployed spring controller, and responds appropriately to commands by adjusting the behavior of the PneumaticSpring plugin.  
· PowerController:  This controller commands the Electric Drive plugin to instill a specific winding current, which results in an appropriate torque, voltage and electrical.  This controller implements a default current control law that depends on Motor Rotor RPM and piston position.  This controller also accepts a commanded current that is over-rides the default when certain conditions are true.
· BatteryController:
· TrefoilController
· X-Bow AHRS
· Radar
· 

