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Advanced Features:
PTO-Sim



3 What is PTO-Sim?

Purpose

•The equation of motion in the time domain for a floating body is:

Wave excitation & diffraction 

force (from BEM simulations) Radiation force: added mass and radiation 

damping (from BEM simulations)

Power take-off force

Viscous force

Hydrostatic 

restoring force

Mooring force

Nonlinear hydrodynamic force

Usually the PTO is represented as a spring-damper system for simplicity:



4 What is PTO-Sim?

Purpose

•PTO-Sim

• Is a package of detailed PTO models

• Open-source

• Integrated with WEC-Sim

•PTO-Sim class includes models such as:

• hydraulic cylinders

• hydraulic accumulators

• hydraulic motors

• electric generators

• hydraulic valves

•MATLAB toolboxes contain these 
models but at additional cost:
• Simscape Hydraulics

• Simscape Electrical



5 What is PTO-Sim?

Workflow

• Select appropriate PTO 
(rotational, translational)

Hydrodynamic body

Translational 

PTO

Spar/Plate

•Create a subsystem for your 
detailed PTO model. The input is 
the response and the output is 
either the force or the torque in 
the PTO.

•The subsystem can be edited 
depending on the desired level of 
detail.

Hydraulic 

Cylinder

Rectifying 

Valve

Accumulator 1

Accumulator 2

Hydraulic 

Motor

Electric 

Generator



6 PTO-Sim Blocks

•PTO-Sim has a library with ten blocks grouped in three different categories:



7 PTO-Sim Blocks

Hydraulic

Electric

Motion 
Conversion



8 Examples

RM3 with hydraulic PTO

Two body point absorber Hydraulic PTO



9 Examples



10 Examples

Hydraulic Cylinder Hydraulic Motor



11 Examples

High Pressure 
Accumulator

Low Pressure 
Accumulator

𝑄𝐷

𝑄𝑎𝑐𝑐 = 𝑄𝐷 + 𝑄𝐻𝑀

𝑄𝐷



12 Examples

Electric generator and shaft 
speed control



13 Examples

OSWEC
Hydraulic cylinder connected to an adjustable rod

Rotary to Linear 

Adjustable Rod



14 Examples

OSWEC
Hydraulic cylinder rod connected to a slider-crank mechanism
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Thank you!

All previous webinar materials and recordings are available online: 

http://wec-sim.github.io/WEC-Sim/webinars.html


