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3 I What is PTO-Sim!?

Purpose

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

Nonlinear hydrodynamic force

mx(t)=F, () +F, O+ F O+ F @)+ F (1)+F (1)+F,(7)

Mooring force

Hydrostatic Power take-off force

restoring force ,
o . , Viscous force
Wave excitation & diffraction

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

damping (from BEM simulations)

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

Fpto (t) = _Kptox(t) — Cptox(t)
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Purpose

*PTO-Sim
* Is a package of detailed PTO models
* Open-source

* Integrated with WEC-Sim

* PTO-Sim class includes models such as: *MATLAB toolboxes contain these
* hydraulic cylinders models but at additional cost:

* hydraulic accumulators * Simscape Hydraulics
» hydraulic motors * Simscape Electrical
* electric generators

* hydraulic valves
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Workflow

* Select appropriate PTO
(rotational, translational)

* 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.

Hydrodynamic body

FFFFF

- |Translational
.7 PTO

Spar/Plate

constraint(1)
Hydraulic ACCE‘T@'!,_ tor 1 Electric
Cylinder. — Generato%r
e i Hydmllc

Valve

| Motor

Accumttator 2




6 I PTO-Sim Blocks

PTO-Sim Library

Block

Electric Generator
Hydraulic cylinder
Hydraulic accumulator
Rectifying check valve
Hydraulic motor
Linear crank
Adjustable rod

Check valve

Direct drive linear generator

Direct drive rotary generator

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

25 Simulink Library Browser

<« Enter search term
WEC-5im/PTO-5im

Vehicle Network Toolbox
Vision HOL Toolbox
* WEC-5im
Body Elements
Cables
Constraints
Frarmes
Moorings
¥ PTO-Sim
Electric
Hydraulic
Motion Conversion
PTOs
Wireless HDL Toolbox
Recently Used
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Hydraulic

Electric

Motion

Conversion
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Electric Generator Equivalent Circuit

EMOutputp JResponse

E

Forcep

)

)y

AngularResponse

Force

LinearResponse

Torque

Rotary to Linear

Adj

ustable Rod

Direct Drive Linear Generator

) Displ Ql
) DeltaP

) ShaftSpeed
L—l.

ol

T, @

Torque

FlowRate

DoltaP

Hydraulic Motor

>

[———

[ I
)

Response l

| I I I

(e

Torque p

Direct Drive Rotary Generator

JAngularResponse

Y Force

LinearResponse p

Torque p

Rotary to Linear

Crank

Check Valve




: I Examples

RM3 with hydraulic PTO

/\/\ Float /\/\/ Hydraulic

S A% (1) I Transmission

High Pressure
Accumulator
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Two body point absorber Hydraulic PTO
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Hydraulic Cylinder Hydraulic Motor

Block Pararneters: Compressible Fluid Piston X ‘ L1
Piston Nama .ptnsim{lﬂ — | : Block Parameters: Hydraulic Motor x ‘_r
—aa ForcePTOH 1 —»{Displ Hydraulic Motor Name ptoSim(5) ptosmass | 3
tFP'ro Use WEC-Sim input file to define the Conmpressible Fluid Piston par Torque |- Use WEC-Sim inpat fil to define PO porameters
—=oB — H— Qa PAJH
-I_ir —»{DeltaP
IP'
== Response J_ _J_.!.'._ Qg PE :
> FlowRate [— =c
Compressible Fluid Piston lTl Caneal Help Apph;‘ ShaﬂsDeed OK Cancel Help Apply
T R # S0 TlnC T T leﬁ
Hydraulic Motor
%Hydraulic Cylinder %Hydraulic Motor
ptoSim(1) = ptoSimClass('hydraulicCyl'); ptoSim(5) = ptoSimClass('hydraulicMotor');
ptoSim(1).hydPistonCompressible.xi piston = 3; ptoSim(5).hydraulicMotor.effModel = 2;
ptosim(1).hydPistonCompressible.Ap_A = ©.0378; ptoSim(5).hydraulicMotor.displacement = 120;
ptoSim(1).hydPistonCompressible.Ap_B = ©.0378; ptoSim(5).hydraulicMotor.effTableShaftSpeed = linspace(®,2500,20);
ptosim(1).hydPistonCompressible.bulkModulus = 1.86e9; ptosim(5).hydraulicMotor.effTableDeltaP = linspace(@,200*1e5,20);
ptoSim(1).hydPistonCompressible.pistonStroke = 6; ptoSim(5).hydraulicMotor.effTableVolEff = ones(20,20)*0.9;

ptoSim(1).hydPistonCompressible.pAi = 2.1333e7;

ptoSim(5).hydraulicMotor.effTableMechEff = ones(20,20)*@.85;
ptoSim(1).hydPistonCompressible.pBi = 2.1333e7;
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High Pressure
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Electric generator and shaft
speed control

Controlalgorithm

o * R;,q.q represents the load in the generator
* |In this example, R;,.4 1S Used to control the
shaft speed.
g

—» Tload EMOutput

" I <shaftSpeed>

=

Electric Generator Equivalent Circuit1
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OSWEC
Hydraulic cylinder connected to an adjustable rod

Rotary to Linear
Adjustable Rod
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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/VWWEC-Sim/webinars.html
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