Davidson Laboratory: 
Wave Energy Prize 1/50th Scale Testing
Individual Device Non-Data Set-Up Report
· Tested device
· Wave Energy Conversion Corporation of America
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Figure 1: Model As Installed in Tank and Tested
· Test dates
· 1/11/2016: Model verification and set-up
· 1/12/2016: Model & test set-up
· 1/13/2016: Test set-up and testing
· 1/14/2016: Testing 
· 1/15/2016: Testing and device removal


· Test Matrix
	WAVE ID
	DIRECTION
	DAQ FILE
	MOTION FILE
	CALM RUN #
	RUN #

	
	
	
	
	
	

	M1 s 80
	0
	D5779.040
	Run40.np2
	39
	40

	M2 s 80
	0
	D5779.006
	Run6.np2
	5
	6

	M3 s 80
	0
	D5779.008
	Run8.np2
	7
	8

	M4 s 80
	0
	D5779.012
	Run12.np2
	11
	12

	M5 s 80
	0
	D5779.014
	Run14.np2
	13
	14

	M6 s 80
	0
	D5779.016
	Run16.np2
	15
	16

	M7 s 80
	0
	D5779.018
	Run18.np2
	17
	18

	M1 s 40
	0
	D5779.020
	Run20.np2
	19
	20

	M2 s 40
	0
	D5779.022
	Run22.np2
	21
	22

	M3 s 40
	0
	D5779.024
	Run24.np2
	23
	24

	M4 s 40
	0
	D5779.026
	Run26.np2
	25
	26

	M5 s 40
	0
	D5779.028
	Run28.np2
	27
	28

	P1
	0
	D5779.030
	Run30.np2
	29
	30

	P2
	0
	D5779.032
	Run32.np2
	31
	32

	P3
	0
	D5779.034
	Run34.np2
	33
	34

	P4
	0
	D5779.036
	Run36.np2
	35
	36

	P5
	0
	D5779.038
	Run38.np2
	37
	38

	M1 s 80
	20
	D5779.044
	Run44.np2
	43
	44

	M2 s 80
	20
	D5779.046
	Run46.np2
	45
	46

	M3 s 80
	20
	D5779.058
	Run58.np2
	57
	58

	M4 s 80
	20
	D5779.048
	Run48.np2
	47
	48

	M5 s 80
	20
	D5779.052
	Run52.np2
	51
	52

	M6 s 80
	20
	D5779.054
	Run54.np2
	53
	54

	M7 s 80
	20
	D5779.056
	Run56.np2
	55
	56

	M4 s 80
	50
	D5779.063
	Run63.np2
	61
	63

	M5 s 80
	50
	D5779.065
	Run65.np2
	64
	65

	M6 s 80
	50
	D5779.067
	Run67.np2
	66
	67

	M7 s 80
	50
	D5779.069
	Run69.np2
	68
	69


Table 1 Test Matrix
· Description of the test facilities
· The test was conducted in the Davidson Laboratory Tank 3, which is 95.4 m long by 5 m wide and 1.97 m deep. Approximately 10 degree slope beach starts 12.8 m from the north end, and a wave-maker is installed at the south end of the tank. The tank is filled with freshwater, and the water temperature is maintained at 20 degrees Celsius.  
· Description of test setup (Figure 2)
[image: ]
[bookmark: _Ref442782187]Figure 2: Test Set-up in Tank
· The model was installed at 32.6 meters from the wave-maker
· The mooring was installed at 28.3 meters from the wave-maker.
· The mooring anchor was placed in-front of the model in the center of the tank. The mooring line was run from the top of the anchor to a fishing bobber at a vertical height of 1970mm and horizontal length of 4267mm. A second mooring hawser line was attached that ran 1000mm from the bobber to the model. The mooring line was comprised of 50-lb test fishing line.
· An inline “S-beam” load cell was included in the lower mooring portion of the mooring line. Buoyancy compensation was included to retain a near neutrally buoyant condition. After the conclusion of the monochromatic zero heading waves this configuration was modified to reduce the vertical component buoyancy to allow the load cell to be oriented in-line with the low angle associated with the large mooring scope. (Figure 3)
[image: ]
[bookmark: _Ref442791871]Figure 3: Final Configuration of Mooring Load Cell
· 2 wave wires were installed 8.8 meters in front of the model to collect upstream wave measurement at the centerline and 1 meter from wall. 1 wave wire was installed 0.8 meter from wall in line with the model to collect wave measurement at the model. 
· OptiTrack motion tracking system with 6 cameras was installed in line with the model to collect 6 DOF measurement of the model from port view.
· 1 pressure transducer was installed at the bottom of the tank to collect water column pressure under the model.
· Other Metadata
· Basic length dimensions of the model were measured to ensure the correct geometric 1/50th scaling between model and prototype. All measurements were within requirements as reported.
· Mass properties of the 1/50th scale model were corrected with ballast weight placement. Following table shows a comparison between reported and tested mass properties. 
	
	
	Reported
	Tested

	Displacement
	Newtons
	69.036
	70.282

	Forward Body
LCG
	meters from transom
	0.163
	0.171

	VCG
	meters above baseline
	0.027
	0.027

	TCG
	meters from longitudinal centerline
	0.000
	0.000

	Pitch gyradius
	meters from CG
	0.082
	0.086

	Mid Body
LCG
	





meters from transom
	




Reported
0.070
	




Tested
0.068

	VCG
	meters above baseline
	0.0119
	0.0064

	TCG
	meters from longitudinal centerline
	0.000
	0.000

	Pitch gyradius
	meters from CG
	0.110
	0.088

	Aft Body
LCG
	


meters from transom
	

0.241
	


0.243

	VCG
	meters above baseline
	0.0279
	0.0302

	TCG
	meters from longitudinal centerline
	0.000
	0.000

	Pitch gyradius
	meters from CG
	0.135
	0.140

	
Entire Body
Roll gyradius
	% BWL
	41
	46


Table 2 Mass Properties
· Device PTO sensor spot checks:
· Devices: Futek Model # LCM300 (L1650) Series
· A spot check on this device performed by removing the load cells from the device and applying known tensile and compressive loads.
· Devices: Bourns, 6657  Precision Potentiometer
· These sensors replaced the Koyo TRDA-2E Light-duty Incremental Encoders which provided a digital signal output inconsistent with the facility analog data acquisition system. The sensors were calibrated by displacing the WEC aft and forward body to known angles relative to the mid body which was held fixed at horizontal position, measuring the output voltage (digital bits), and using a linear least squares fit to establish a calibration rate. The rates were linear and the data is included in “Calibration WECCA.xlsx”.
· See “Calibration WECCA.xlsx” B for data.
· Special test notes:
· The central body had too little volume to accommodate the model weight and float as required. A piece of foam was fabricated to match the device length and beam and attached to its bottom to increase its buoyancy and achieve the correct draft (Figure 4). The block dimensions were: 13.8 cm x 20 cm x 1.68 cm and provided 0.46 kgf of buoyancy and an additional 0.09 kgf of gravitational force. 


[image: C:\Work\DavLab\Wave Energy Competition\Devices\WECCA\photos\IMG_0261.JPG]
[bookmark: _Ref442793173]Figure 4: WEC mid-Body w/Added Buoyancy Section

· The metal damping plate shipped by the team and (shown rotated 90 degrees in the left in Figure 5) was not correctly sized. A second plate provided by the team (center in Figure 5) was correctly sized but was too small to engage the bolts used to connect the plate with the main body. A new correctly sized plate (on right Figure 5) with tabs to accommodate the bolt pattern was fabricated at the Davidson Laboratory machine shop and implemented for all tests.
[image: C:\Work\DavLab\Wave Energy Competition\Devices\WECCA\photos\IMG_0258.JPG]
[bookmark: _Ref442793582]Figure 5: 3 iterations of Mid-Body Submerged Plate
· The three bodies were slightly misaligned in yaw and roll (Figure 6) 
· Static roll: fore-body = -0.4. Mid-body = -0.1, aft-body = 1.0  
· Yaw with respect to mid-body: fore-body = 2.4, aft-body = 4.2.

[bookmark: _GoBack][image: C:\Work\DavLab\Wave Energy Competition\Devices\WECCA\photos\IMG_0286.JPG]
[bookmark: _Ref442794000]Figure 6: WEC Device Showing Misalignment
· The start of the testing was delayed by approximately 4 hours. These delays were associated with the WEC team issues such as ballasting and device assembly. The SSTF attempted to complete the full scope of testing. As this was not possible three of the 50 degree waves (M1 S80, M2 S80, & M3 S80) were not run as part of the PTO testing. 
· During the off axis tests the device instrument cabling was run from the top of the device to an overhead rail that allowed the cables freedom to move with the model. Some resistance to motion was observed in these tests and any restriction in these cables was monitored and relieved during the test runs. As a check on the impact of the cables on device weathervaning the M2 S80 50 & M3 S80 50  were run with the device instrument cables disconnected to observe and quantify the device weathervaning behavior. To allow for a determination of potential impacts of the instrument cables on device behavior the M4 S80 50 wave was run with and without device cables attached.
· Instrumentation/raw data channel list 
· Refer to “Data Channel List WECCA.xlsx”
· Processed data channel list
· Refer to “Data Channel List WECCA.xlsx”
· Calibration sheets and data
· Refer to “Calibration WECCA.xlsx”
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