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2 | Device description

PTO Retum Spring Terminction,
Pre-Load Adjustcble

PTO Refum Spring

FUTEK Stattic Torque Load Cell,

PTO Geammotor Drive Sprocket

Spring Retum
System Drive Sprocket:

Updates: =
1. PTO:
 New motor/generator

 Lower gear ratio -

B

* New Real-time system
« Simulink Real-Time
« EtherCat
2. Increased draft and pretension (Foam cylinder)
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Testing at Oregon State University’s wave flume

@)

Wave flume:

Length: 104 meter

Width: 3.7 meter

Max. still water depth: 2.74 meter
Wave period: 0.5 to 10 seconds
Max. Wave height: 1.6 meter




4 I Test set up

Device Installed Configuration 2, Side View

Horizontal mooring line
[/8" elastic cord, 4 ca

1:20 Scale Device,
Configuration 2

PTO mooring line and
load cell, 1000 Ib
capacity | ca

PTO Mooring
line deadweight
anchor. 750 pounds

501b capacity. 4 ea

or 3/8" dia

o Water Depth

[ 2700mm ]
106.299in

Pulley, 7501b ca_pacity

Horizontal mooring line
and horizontal load cell

Dyneemal.ine to
Rope Puller, 1/4"

Incident wave
direction




s | Test set up: PTO and sensors

Mg = pgV — Ksbo'F
Spring Return Shaft Inertia:0.00071762 kg* mA2

PTO Spring

72 tooth
Spring force radius sprocket
e (D)
radius Spring Stiffness (K)
1175 N/m
79 SGTRCH 6.71 Ibs/inch

LoadCell (Nm) sprocket

M

2y
o1

Chain Drive (7)1:4 Ratio
re

/7 7 777 77 Drum Radius=0.05m with

. . 9. no line
Chain Drive (2:1) ~0.055m-0.06m with line

1K

Bionix Rotor Inertia: 0.00294421 kg* m”2 {

|
\j
72 tooth 18 tooth

sprocket sprocket

Main Drum Shaft Inertia: 0.00148805 kg* m”2

6 DOF Load Cell

Mooring line load cell




¢ | Bench tests: PTO dynamics

Commanded torque to measured torque FRF
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7 | Bench tests: PTO torque tracking




s | Integrity/Consistency checks experiments @

* Performed at the beginning of each test day (Wed, Thu, Fri)
» Consisted of a sequence of three slowly varying ramps
» To check the consistency of WEC behavior throughout the test campaign
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o | Open loop testing: System ldentification of I/O response

0 Velocity
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Open loop testing: System ldentification of /O response

Intrinsic Admittance
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T ‘ Cross-Validation
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12 I Closed-loop experiments: control system

Fe

WEC

P

Diff

Band-pass filter [
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i3 | Sea States

Test case Exp ID Tp (s *
L 3 027 an

2 35 0.24 7.52

4 41 0.13 2.2 é
_ ) 0.13 22 T .

03r i
- P N . ;
*
| |
44 0.1 2.84 02k | B
I " 0.16 369 N
*

) 5 0.16 .69 )

5 minutes repeating sequences

Note: Some tests have the same Hs & Tp, but different mooring pre-load (e.g., #4&5)



14 | Control coefficients

The effective values of the controller’s coefficients (Ki,,and Kp,,) applied to the buoy by the
mooring line can be estimated starting from the following model:

20

15

10

Tt = Tom — Kiy, 0 — Kpp, w,

Test case #5

—x— 70
==,

Kp
—%— 10
——Ki
—*— Kp,

8
Repetition #

16




15 ‘ Power Absorption

Test case #5
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Absorber power optimization

Absorbed power as function of the control coefficients (Ki & Kp)

Test case #7

Test case #2

Test case #9




17 ‘ Power Throttling / load shedding

Test case #3
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Power | 22
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Contour plots of the absorbed power, rms value of the PTO torque, rms value of the angular displacement



18 | Power Throttling / load shedding




Questions!?

budi.gunawan@sandia.gov
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Sandia National Laboratories is a multi-mission laboratory managed and operated by National

Technology and Engineering Solutions of Sandia LLC, a wholly owned subsidiary of Honeywell
International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration
under contract DE-NA0003525.



