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1.0 COMPONENT TESTING

See Appendix A for Definition of all Terms.

1.1  PUP Pressure Housing Testing 

Description:  This section describes the testing of applicable pressure housings to verify service for operating at a 4000 meter working depth. Testing shall be done in accordance with External Pressure Vessel Test Specification (TS-100) or any applicable and equal procedure.

TS-100 Introduction: The External Pressure Vessel Test Specification describes the test materials and equipment, methods and procedures, required to successfully qualify the pressure vessel for service. The pressure vessel shall be rated for the service pressure described in the functional requirement document for the pressure vessel design or shall be indicated on the pressure vessel drawing or pressure vessel identification sheet. Hydrostatic testing is the standard for pressure vessel testing. 

Required Equipment and Testing Methods:
1. An appropriately sized pressure vessel for the pressure test is required.

2. Gauges must be periodically calibrated, and this calibration must be documented and referenced in the specification. Method of calibration should be with a calibrated master gauge or a standard deadweight tester. 

3. During pressure testing a gauge must be connected directly to the vessel end visible to the operator applying pressure. The gauge must have an indication range of not less than 1.5 and not more than 4 times the test pressure.

4. A copy of the PUP External Pressure Test Data Sheet located in Appendix C.

Test Materials: This test specification is for testing of pressure vessels made from homogenous and isotropic materials. 

Test Aceptance Procedure:
1. Check for calibration on all applicable pressure gauges. Reference the maximum and operating/working test pressure and ensure that the facility has the appropriate resolution to successfully complete the test.

2. Use appropriate test fixture to mount test specimen in the test vessel.

3. Raise pressure initially to one-quarter of the test pressure (maximum) and hold for five minutes. Inspect the test facility plumbing and pressure vessel for leaks. 

4. Raise pressure at a rate of 250-500 psi per minute until the test pressure is reached. Record test pressure on the External PressureTest Data Sheet.

5. Hold at test pressure for a minimum of 5 minutes. Observe pressure gauge for pressure drop. Observe plumbing for signs of leaking.  Record any interesting observations on Data Sheet.

6. Next, lower pressure to the maximum allowable working pressure (MAWP) of the test vessel and hold for 5 minutes. Repeat a visual inspection of all joints and connections at this time. 

Recorded Information: Record the test pressure (PSI), the operating/working pressure (PSI), time at that pressure (duration in minutes), and any relevant comments on PUP External PressureTest Data Sheet.

1.2 Remotely Operated Vehicle (ROV) Housing Pressure Test 

Description:  Testing of the PUP ROV pressure housing to verify 4000 meter working depth.  Testing shall be done in accordance with External Pressure Vessel Test Specification (TS-100) or any applicable and equal procedure. See section 1.1 above for required equipment and acceptance test procedures. All test information is to be recorded on a copy of the External Pressure Test Data Sheet located in Appendix C.

1.3 Camera Pressure Test 

Description:  Testing of the pressure housing for the PUP camera to verify 4000 meter working depth.  Testing shall be done in accordance with External Pressure Vessel Test Specification (TS-100) or any applicable and equal procedure. See section 1.1 above for required equipment and acceptance test procedures.  All test data is to be recorded on a copy of the External Pressure Test Data Sheet located in Appendix C.

1.4 Rod Structure Load Deflection Test 

Description:  This test determines the amount of deflection seen by the actuation rods when under load along the full range-of-motion (0cm to 15cm) and the stand-off distance when the system is fully retracted. 

Required Equipment and Testing Methods: Dovetail assembly, dial indicator, fixture table, load weights, additional lead, measuring tape or ruler, steel scale. All testing information is to be recorded on a copy of the PUP Rod Structure Deflection (Load) and Repeatability Test Data Sheet located in Appendix C.

Procedure:

1. Fix dovetail assembly to the fixture bench allowing the two dovetail blades to be horizontally extended and retracted. The blades should be mounted parallel to one another to allow for the full extension and retraction of the dovetail (15cm).

2. With a pencil, scribe a mark on the dovetail at the fully retracted position to indicate start position. Verify that the full travel extension of the dovetail can achieve 15cm and that the dial indicator can be read from both fully extended and fully retracted positions.

3. Position the dial indicator over the dovetail with a magnetic base (or similarly appropriate fixture) to allow an accurate and repeatable reading.

4. Start the test from a fully retracted position and adjust the dial indicator to read 0 (zero).  Load the assembly with 15 lbs. and record the weight on the Load Test Data Sheet. Next, read the indicator position and record the deflection (in mm).

5. Repeat step 4 at 1cm increments extending up to and including 15cm.  Record all indicator and dovetail positions at each extension on the data sheet.

6. Repeatablity - Once the initial deflection measurements from 0cm to 15cm. are completed, choose five random extension lengths and repeat the deflection measurements at those lengths. Record all test information in the repeatablility section at the bottom of the Load Test Data Sheet.

7. Load Tolerance - Repeat steps 4, 5, and 6 for load weights from 15 to 85 lbs. (maximum) at X lbs. increments.  Use a separate Load Data Test Sheet for each weight amount to record all relevant information.

Recorded Information: Record the weight load (lbs.), rod deflection (in mm), the extension (in cm) during repeatability tests, and any relevant comments on the PUP Rod Structure Deflection (Load) and Repeatability Test Data Sheet.

2 SUB-SYSTEM TESTING

NOTE: All sub-systems must be subject to functional and specification verification testing.  Specification verification testing must be performed in air and water, and over the required temperature range (0-50 ºC).  See Appendix A for Definition of Terms.
2.1 Actuation

Description: The purpose of these tests is to confirm the correct operation of the actuators used on PUP.   These tests may be used on or off the PUP for confirmation of operation.


Required Equipment and Testing Methods:

1. Galil motor controller

2. Actuator

3. Advanced Motion Control (AMC) servo amp (P/N - DR100RE30A40NDC)

4. Power Supply (P/N - PS30A-LV)

5. Ruler or measuring tape

6. 0 - 50oC water bath

7. 0 - 50oC environmental chamber

Caution!!!

These tests involve high DC and AC voltages.  Care must be taken in the setup and execution of these procedures.  Appropriate measures must be taken to ensure adequate grounding and personnel protection during tests that involve water.

2.1.1 Testing procedure for Z, and R Axis


Description: This test verifies three actuator functions including: 1) Limit switch operation, 2) distance of shaft travel and, 3) fully retracted shaft extension.


Setup: Configure AMC to Drive Servo, connect the Galil controller and power supply and servo to AMC servo amp.  


Procedure: 

1) Jog servo in the retract direction until limit switch is activated.  

2) Measure from servo housing to base of thread on the ram.  Mark this location in pencil for comparison to fully extended position.  

3) Next, jog the servo in the extend direction until the other limit switch is activated.  

4) Measure distance between activation points (in mm).


Recorded information: Retract and extend limit switch Pass/Fail, servo counts at fully retracted and extended positions, delta of 89600 (2560, and distance traveled 8.75” (0.25”.  In fully retracted position, distance from servo housing to the base of thread on the ram 1.0” ( XXX.  (Mark need numbers)

2.1.1.1 Home Limit Repeatability

Definition: This procedure verifies that the limit switch operation in the retract position has an acceptable repeatability (precision).

Procedure: 

1) Home the Actuator.

2) Measure and record the housing position to Ram thread base distance in mm.

3) Extend and retract actuator 10240 counts.

4) Repeat step 3 seven times.

5) Extend actuator out 10240 counts.

6) Home the Actuator.

7) Measure and record the housing position to Ram thread base distance in mm.

8) Repeat steps 2 through 7 two more times.
Recorded Information: Counts to activate the limit switch, and the distance (in mm) from the housing to the base of the thread on the ram at each limit switch activation.  Calculate delta from first measurement to others.  The delta should be less than ( 0.5 mm.  

2.1.1.2 Position Resolution

Definition: This procedure determines the positioning accuracy of the servo.  Relative, absolute accuracy and repeatability (precision) will be determined.

Procedure: (Confusing methods.  Require Data Sheet!!)
1) Home the actuator and measure the distance (in mm.) from the housing to the base of the ram thread.  Record the distance.

2) Extend the actuator 10240 counts (out) and then retract 10240 counts (in).

3) Repeat step 2 seven times.

4) Repeat steps 1, 2, and 3 for two more cycles.
5) From the final retracted position measure and record from housing to base of ram thread.

6) Repeat steps 6 and 7 seven times.

7) Move actuator to absolute position 81920.

8) Repeat steps 7, 8, and 9 for three cycles.

9) Move actuator to absolute position 40960.

10) Measure ram position.

11) Move actuator 40 counts out.

12) Measure ram position.

13) Move actuator 40 counts in.

14) Measure ram position.

15) Repeat steps 12, 13, 14, 15, and 16 for three cycles.

Recorded Information: All information measured in procedure.  Measurements in steps 1-10 shall be at 25.4 ( 1mm. increments.  Measurements at steps 13 and 15 shall be a delta of 0.1 ( XXX mm.   (need Mark’s input)

2.1.1.3  Temperature
Repeat all tests above with the actuator at 0 and 50​oC. 

2.1.1.3 Water

Repeat all tests above with actuator submerged in water at temperatures of 0 and 50 ( 5 ºC. 

2.1.1.4  Pressure

Repeat all tests above with actuator at 6000 ( XXX PSI and at temperatures from 0 to 50 ( 5 ºC.

2.1.2-2.1.3 Other Axes – Theta Axis and Pan and Tilt Actuation

TBD based on design.

2.2 Power System

Description:  This section will test the main power system of the PUP.  Since the PUP is supplied by 2 sources, 240VDC and 110VAC, two different test sections will be required.  The first section will test each of the items that draw power.  This test will be carried out with a 100VAC, 60Hz source single phase as the source that is PUP’s primary power source.

Caution!!!

These tests involve high DC and AC voltages.  Care must be taken in the setup and execution of these procedures.  Appropriate measures must be taken to ensure adequate grounding and personnel protection during tests that involve water.

Required Equipment:

1) Power source

a) Nominal 110VAC, variable from 110 to 130VACrms

b) 60Hz

c) 1VA

2) Oven capable of 0-50(C

3) RMS meter

4) DC voltage meter capable of reading 200VDC minimum.

5) DC current meter capable of measuring up to 20 amps.

6) Power loads as specified within subsection.

7) Oscilliscope

a) Isolated probe ground from power neutral

b) Capable of over (200VDC on input

2.2.1 Servo Power supply (PS30A-LV)

Definition: This procedure will be used to determine the accetablility of the servo power supply.  This test will check out not only the main power handling but the regenerative braking load.  This test will not be preformed in water as this sub-system is housed within the main PUP glass ball, and will be assumed this will be a sealed environment.

Setup:  This test will require resistive power loads as follows:

1) 30K( at 1Watt,

2) 3K( at 10Watts,

3) 240( at 50Watts.

4) This test will also require a high voltage DC power supply capable of supplying 200V at 100ma.

Test procedure: The following steps will be to confirm the conversion capability of the power supply.

1) Ensure AC power source is OFF.

2) Connect AC power source to C1 pins AC1 and AC2 of the PS30A-LV.

3) Connect load, per table, across power supply out, Power Gnd to High Voltage

4) Turn AC power source ON.

5) Set AC RMS voltage to value specified in table

6) Verify Regen green LED on Power supply is solid on

7) Measure RMS output Voltage

8) Using Oscilliscope Measure ripple voltage 

9) Turn AC source OFF

10) Repeat steps 3 through 9 for all loads and voltages in table.

The following procedures will be use to test the Regenarative breaking function:

1) Disconnect AC power source from PS30A-LV.

2) Install jumper between pins 4 and 5 of C2.

3) Connect High Voltage DC power source to the power supply output, Power Ground to High Voltage.

4) Turn Power Supply ON and ramp DC output voltage up till the Regenerative Braking LED begins to flash.

5) Measure the applied DC voltage.

6) Perform the above test sequence in a thermal chamber with the ambient temperature set to 0 and then at 50(C.

Recorded information: Record the RMS output voltage at each step in the table.  Record the Regenerative breaking voltage.

2.2.2 12V Power Supply (NLP25-7612)

Definition: The purpose of this test is to verify the functionality of the PUP’s 12 volt power supply.

Setup: This test will require resistive power loads as follows:

1) 12( at 12 Watt,

2) 24( at 6 Watts.

Test Procedure: Follow this procedure to complete test:

1) Ensure AC power source is OFF

2) Connect AC power source to J1 pins 3 and 5 of the NLP25-7612.

3) Connect load, per table, across power supply out,  J2 pin 1 and 2.

4) Turn AC power source ON.

5) Set AC RMS voltage to value specified in table

6) Measure RMS output Voltage

7) Using Oscilliscope Measure ripple voltage 

8) Turn AC source OFF

9) Repeat steps 3-8 for all loads and voltages in table

Recorded information: Record the output voltage and ripple voltage at each load input voltage combination.

2.2.3 24 Volt Power Supply (NLP….)

Description: The purpose of this test is to verify the functionality of the PUP’s 24 volt power supply.

Setup: This test will require resistive power loads as follows:

1) ??( at ?? Watt.

2) ??( at ?? Watts.

Test Procedure: Follow this procedure to complete test:

1) Ensure AC power source is OFF

2) Connect AC power source to J1 pins 3 and 5 of the NLP…..

3) Connect load, per table, across power supply out,  J2 pin 1 and 2.

4) Turn AC power source ON.

5) Set AC RMS voltage to value specified in table

6) Measure RMS output Voltage

7) Using Oscilliscope Measure ripple voltage 

8) Turn AC source OFF

9) Repeat steps 3-8 for all loads and voltages in table

Recorded information: Record the output voltage and ripple voltage at each load input voltage combination.

2.2.4 240VDC source

When this design has been selected this section will be completed.

2.2.5 Octal Power Switch Board

Definition: The purpose of these tests will be to determine the functionality of the octal relay boards.  This test will use software on a PC to control each of the relays to confirm operation.

Required Equipment: The following equipment will be required for this test:

1) Ohm meter

2) 12V power supply

3) PC software

4) DB25S to DB25P all pins connected straight.

Setup: Connect the power supply to terminals of X10 with +12V on pin 1 and ground on pin 2 of relay board.  Connect DB cable from PC to relay board. 

Procedure:  Run PC software and turn 12V power supply on.  Measure that all relays Common to Normally closed contact are shorted.  Using software one at a time energize each relay and measure that each individual relay switches to the Normally open state.  Verify that each relays LED illuminates.  Repeat test with power supply set to 10.8 and 13.2V.

Recorded information: Pass/fail of each relay switching and making contact and LED illuminating.

2.2.6 Power Switch Board

Definition: The purpose of these tests will be to determine the functionality of the relay board. 

Required Equipment: The following equipment will be required for this test:

1) Ohm meter

2) 10.8 to 13.2V power supply

3)  0 to 5V power supply

4) Environmental Chamber 0 to 50(C

Setup: Connect the power-supply to the +12V and Ground terminals on relay board.  Connect the +5V power-supply to the active high input and the ground terminal.

Procedure:  Set the 5V supply for 0V and the 12 to 10.8V. Turn on both power supplies.  Measure that both relays Common to Normally closed contacts are shorted.  Slowly increase power supply until both relays activate.  Record this voltage.  Decrease 5V until both relays de-energize.  Record this voltage.  Repeat this test in chamber at 0 and 50(C.

Recorded information: Pass/fail of each relay switching and making contact and LED illuminating.

2.3 Communications system

Definition: The purpose of this test is to check the communications link between the PUP Control PC and the PUP device.

Required equipment: Complete networked PUP system.


Setup: System should be ready to power up and use.

Procedure:
1) Power-up system and wait until the actuators finish “homing”.
2) From a computer on the network, ping the Galil controller by typing “ping xyz.abc.nnn.iii”.
3) The result should be many repeated returns. If so, let it continue for 30 seconds or so before terminating the command.


Recorded information: Record whether the controller returned the ping and percentage packet loss after terminating the command.

2.4 Environmental Subsystem - Stability

Definition: This subsystem entails the tilt, temperature, pressure humidity, and water sensors.  These tests will be used to confirm proper operation of this subsystem.  This subsystem consists of two components the environmental board and the tilt sensor board.  This section will require these two systems be connected as in the PUP.

Required equipment: The following equipment will be required to run this test:

1) (12V, +5V power supply.

2) Precision level and tilt bench

3) Humidity chamber of 20, 50, and 90% relative humidity

4) Environmetal Chamber 0 to 50(C.

5) Pressure sensor capable of 30 PSIA.

6) Pressure source capable of  1 to 30 PSIA

7) Voltmeter

Setup: Connect +12V to pin 14, -12V to pin 13, +5 to pin 15 and, ground to pin 16.  Mount tiltometer to the tilt bench in the X-axis. Assemble Tilt meter and environmental board in environmental chamber.

Procedure: Set Chamber for 25(C and allow to stabalize.  Measure tilt output voltage for –45, - 22.5, 0, 22.5, and 45.  Then rotate and do the same for the Y-axis.  Measure output voltage of temperature. Repeat this test with system in environmental chamber at 0 and 50(C.

Disconnect tiltometer for remainder of test.  Place system in thermal chamber with a humidity controlled environment of 20, 50, and 90% relative humidity.  The themal chamber should be set for 0, 25 and 50(C, respectively.  Take humidity measurements at each of these points.  

Remove from humidity chamber and attach pressure source to pressure sensor.   While temperature is controlled at 0, 25 and 50(C, take pressure measurements at 1, 2, 5, 10, 20, 30PSIA (1%.  

Recorded information: Record the each output voltage at every data point combination.

2.5 Visualization system

Description: This section deals with the components that will provide visual cues to assist in positioning the sensor head with the PUP – camera, lighting, and lasers that will be aimed to cross at the focal point of the LRS.  All tests are to be performed both in air at temperatures of 0, 25, and 50 ºC, and in water at room temperature.  Data sheets can be found in Appendix C.

2.5.1 Camera
Description:  Testing will be performed to verify that the camera will function in the required environment, and meets the vendor-supplied specifications.  

Materials: USAF field resolution target, a ruler or ruled target, color chart, environmental chamber, water bath (~30cm deep).

Set up: The camera may be mounted on a stand in a downward-looking orientation with the target laying flat beneath the camera.  Some lighting (beyond ambient room lights) may be necessary.  For water testing, place the target in a water bath ~30cm deep.  For testing in the environmental chamber, the camera and target may need to be put in a horizontal (rather than vertical) orientation.
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2.5.1.1 Focus

Definition:  This will determine the minimum focal point of the camera.

Materials: USAF resolution target.

Procedure:  Position the camera 1cm from the target and obtain a frame grab.  Move the camera away from the target in 1cm increments noting when the target first appears in focus and collecting frame grabs at each location.  Repeat in 0.5cm increments in the area of the minimum focal point.

Recorded Information: Camera-target distance, frame grab file names, position of minimum focal point of the camera.

2.5.1.2  Resolution

Definition:  This will test the resolution of the camera at different focal distances.

Materials: USAF resolution target.

Procedure:  Position the camera at the minimum focal distance from the target.  Obtain a frame grab, and determine the resolution (according to the USAF resolution target method – see Appendix B).  Move the camera away from the target in 5cm. increments noting the resolution at each point and collecting frame grabs at each location.

Recorded Information:  Camera-target distance, resolution, frame grab file names.

2.5.1.3  Field of view

Definition:  This will determine the field of view (FOV) of the camera.

Materials:  Rulers or a ruled target.

Procedure:  Position the camera 15cm from the target.  Orient the ruled target parallel to the vertical axis of the camera image.  Obtain a frame grab, and determine the height of the camera image. Orient the ruled target parallel to the horizontal axis of the camera image.  Obtain a frame grab, and determine the width of the camera image.  Calculate the cone of the field of view.

Recorded Information: Camera-target distance, image height, image width, vertical FOV, horizontal FOV, frame grab file names.

2.5.1.4  Iris

Definition:  This will verify that the image is not too dark or too light when illuminated with the PUP light source.

Materials:  USAF resolution target.

Procedure:  Position the camera 15cm from the target.  Position the light source next to the camera.  Obtain a frame grab, and verify the resolution of the target.  Move the light source to a 45º angle. Obtain a frame grab, and verify the resolution of the target.  Move the light source to a 90º angle. Obtain a frame grab, and verify the resolution of the target.

Recorded Information: Camera-target distance, light source position, resolution, frame grab file names.

2.5.1.5  Color

Definition:  This will verify that colors appear true through the camera.

Materials:  Macbeth color chart.

Procedure:  Position the camera 15cm. from the target.  Obtain a frame grab.  Verify that the colors appear correct in the camera image.

Recorded Information: Camera-target distance, frame grab file name, comments on color appearances.

2.5.2 Camera Lighting

Definition:  Testing will be performed to verify that the lights are functional, controllable (Power control – On/Off), and to determine the power draw. This light is a 110V 100watt incandescent light.  

Materials:  Power source, light meter (?), …
Setup:  Connect light using cable and extra connector.  From this connector wire in a series a Ammeter.  And finally connect to AC source.

Procedure: Set AC Source to 110VAC RMS and measure current, then repeat for 124 VAC RMS and 130VAC RMS.  At each setup, ensure that the light illuminates.  If available, use a light meter to determine power output.

Recorded information: Voltage, current level and Pass/Fail illumination.

2.5.3 Crossing Lasers

Description: Testing will be performed to verify that the lasers are functional and controllable (Power control – On/Off), to determine the power draw and the axial alignment.

Materials:  Power source, light meter (?), optical table, grid paper…
Set up:  Lasers should be mounted horizontally on an optical table such that the can be rotated about the axis of the laser.  The laser should have a mark (or should be marked) to indicate a “top” or “0 degree” point.

Procedure:  Turn power on and off to lasers to verify control.  If available, use a light meter to determine power output.  Use a ? to determine power draw.  Position a sheet of grid paper 30cm from the laser, and mark the location of the laser spot.  Without translating the laser in any direction, rotate the laser 90 degrees and mark the position of the laser spot.  Note any deviation from the previous spot.  Repeat 90º rotations until the laser is back at the starting postion.

Recorded Information: Pass/Fail of power on/off, power draw, axial deviation.

2.5.4  Video Server

Definition: The purpose of this test is to confirm operation of the video server.  This test will involve connecting a video source (e.g., the PUP camera) to each input and verifying that an image is seen.

Required Equipment: The following equipment will be required for this test:

1) 20 to 28V variable power supply

2) Video Source (camera is acceptable with NTSC)

3) Computer with 10baseT connection, and web browser

4) Video server manual

5) Environmental chamber 0 to 50(C

Setup: Connect directly from Video server to computer with a null modem or hub  with cat 5 network cable.  Connect power supply to server.  Plug in NTSC source to channel 1.

Procedure: 

1) While applying power (24V) press and hold the Reset switch on video server.

2) Wait for about 5 minutes will server resets

3) Follow direction in manual for first time connection

4) Once the video source can be seen check each of the other three channels for 


function.

5) Repeat 4 with temperatures of 0 and 50(C and power supply at 20 and 28 volts.

Recorded information: Record Pass/Fail for each channel and configuration.

3.0 INTEGRATED SYSTEM TESTING

3.1 Physical Parameters 

3.1.1 Weight in air – max 100kg: Sling or rig assembly to be lifted by over head crane.  Attach suitable dynamometer to the lift block and record weight.

3.1.2 Weight in seawater: Repeat in-air weight procedure for rigging and recording. Place assembly on overhead crane in test tank area. Lower PUP assembly into test tank pool and record in-water weight.

3.1.3 Overall dimensions in stored position – 122cm x 61cm x 61cm: Manually record the over all dimensions (in cm) using a suitable measuring device such as a tape measure and verify that the assembly can be successfully deployed from the Remotely Operated Vehicle (ROV). 

3.1.4 Overall dimensions in fully deployed condition at maximum extent: Adjust the PUP assembly to its fully deployed condition and record the overall dimensions. 

3.2 Actuation

Description: The purpose of these tests is to confirm correct operation of the actuators used on PUP. The tests will be performed using the PUP Control Interface Console (PUP GUI).

Required Equipment:

1) Integrated PUP System

2) 2-D measuring system with 0.1mm precision

3.2.1 Testing procedure for Z, and R Axis

Definition: This test has four purposes: 1) distance of travel; 2) fully retracted shaft extension; 3) correct operation and feedback from the PUP Control Console

Setup: Start the PUP Control Console. Positive communication to the PUP device is indicated by a green led in the upper right hand corner of the console.

Procedure: Jog the actuator to the 0 mm position by entering 0 in the Z position edit box on the console, and clicking the “JOG” button. Make sure the “mm” radio button is selected.  Measure from Servo housing to base of thread on the ram.  Mark this location for comparison to fully extended position.  Jog actuator to the fully extended position by entering 150 in the z position edit box and clicking “JOG”.  Measure distance between activation points.

Recorded information: The retracted and extended position, servo counts at fully retracted and extended positions, delta of x (y, and distance traveled 150mm (0.5mm”.  In fully retracted position, distance from servo housing to the base of thread on the ram 1.0” ( XXX.  (Mark need numbers)

3.2.1.1  Home Limit Repeatability

Definition: The test is to ensure the device can be placed in the retracted position with an acceptable repeatability.

Setup: Start the PUP Control Console. Positive communication to the PUP device is indicated by a green led in the upper right hand corner of the console.  

Procedure: 

1) Jog actuator to Home position by clicking the “HOME” button on the console. 

Mark this location and note the motor counts for comparison.

2) Jog actuator to 100 mm position.

3) Again, jog actuator to Home position by clicking the “HOME” button, and 

mark the position.

4) Repeat steps 2 and 3 using a position other than 100 mm.

5) Measure position relative to housing and record counts.

6) Repeat steps 2, 3, 4, and 5 twice more.

Recorded Information: Record at each “Home” position the: 1) counts and, 2) distance from housing to base of thread on ram.  Calculate delta from first measurement to others, delta less than (0.5mm.  

3.2.1.2  Position Resolution

Definition: The purpose of these tests is to determine the positioning accuracy of the Servo.  Relative, absolute accuracy and repeatability (precision) will be determined.

Set up: Start the PUP Control Console. Positive communication to the PUP device is indicated by a green led in the upper right hand corner of the console.  

Procedure: 

1) Home the actuator and measure the distance from the housing to the base of the ram thread.  Record all information.

2) Extend actuator 10240 counts out, using the “cnts” mode rather than the “mm” mode.

3) Repeat steps 1 and 2 for seven steps? (seven times?)

4) Home actuator

5) Repeat steps 1, 2, and 3 for three cycles.

6) Retract actuator 10240 counts in

7) Measure and record from housing to base of ram thread.

8) Repeat steps 6, and 7 for for seven steps? (seven times?)

9) Jog actuator to absolute position 81920.

10) Repeat steps 7, 8, and 9 for three cycles.

11) Jog actuator to absolute position 40960.

12) Measure ram position.

13) Extend actuator 40 counts out.

14) Measure ram position.

15) Retract actuator 40 counts in.

16) Measure ram position.

17) Repeat steps 12, 13, 14, 15, and 16 for three cycles.

Recorded Information: All information measured in procedure.  Measurements in step 1-10 shall be at 25.4 (1mm increments.  Measurements at steps 13 and 15 shall be a delta of 0.1 ( XXXmm. (need Mark’s input)
3.2.1.3  Velocity control
Definition: The purpose of this test is to ensure that the interface can correctly alter and control the speed at which the actuator motor can move the actuator arm.


Set up: Start the PUP Control Console. Positive communication to the PUP device is indicated by a green led in the upper right hand corner of the console.


Procedure:

1) Home the actuator and select the “25%” button under the “Speed Setting”.

2) Select the “50mm” increment button.

3) Use the “>” arrow key to move the actuator out 10 mm.

4) Record the time taken for the motor to move the actuator 10 mm.

5) Repeat steps 3 and 4.

6) Click the “HOME” button and record the time taken for the motor to move the 


actuator to the home position.


Recorded Information: All timing data should be recorded. Timing data should very closely show that 50% is half the time as 25%, 75% is a third the time as 25%, and so on. All unexpected behavior should be recorded as well.

3.2.1.4  Temperature

Repeat all tests above with the actuator at 0 and 50​oC. 

3.2.1.5  Water

Repeat all tests above with actuator submerged in water at temperatures of 0 and 50 ( 5 ºC. 

3.2.1.6  Pressure
Repeat all tests above with actuator at 6000 (XXX PSI and at temperatures from 0 to 50 ( 5 ºC.

3.2.2 – 3.2.6  Other Axes
TBD based on design.

3.3 Power System

Nothing here yet……….

3.4 Communications System


Definition: This test verifies the 10 Base T communiations on PUP.  The test checks the communication link between the PUP Control PC and the PUP.

Required equipment: Integrated PUP system, correctly assembled.


Setup: Ensure that sufficient power can be delivered to the system.


Procedure: 

1) Power-up the system and wait until the PUP Console is ready for user-interaction.  The controller communication LED in the upper right corner of the console window should be green.

2) Remove the Ethernet cable from the PUP Control PC.  The communication LED should change to red after 10 seconds or so.

3) While leaving the Ethernet cable unplugged from the PC, power-cycle the system and wait until the PUP Console is ready for user input.  The communication LED should be red. 

4) Plug the Ethernet cable back in the PC. After 10 seconds or so, the LED should change to green.


Recorded information: Record the behavior exhibited by the PUP Control Console.

3.5 Stability

3.6 Visualization System
This section deals with the components that will provide visual cues to assist in positioning the sensor head with the PUP – camera, lighting, and lasers that will be aimed to cross at the focal point of the LRS.  These tests are essentially the same as the component testing in Section 2.5, but are performed with an integrated system.  Data sheets can be found in the Appendix.

3.6.1 Camera

Definition:  Testing will be performed to verify that the camera will function in the required environment, and meets the vendor supplied specifications when integrated with the PUP.  

Required Equipment: USAF field resolution target, a ruler or ruled target, color chart.

3.6.1.1 Focus

Definition:  This will determine the minimum focal point of the camera.

Required Equipment: USAF resolution target.

Procedure:  Starting with a camera-target distance of 1 cm, slowly move the target away and note the closest distance at which the target is in focus.  Obtain a frame grab at the minimum focal point.

Recorded Information: Frame grab file name, position of minimum focal point of the camera.

3.6.1.2 Resolution

Definition:  This will test the resolution of the camera at different focal distances.

Required Equipment: USAF resolution target

Procedure:  Position the camera at the minimum focal distance from the target.  Obtain a frame grab, and determine the resolution (according to the USAF resolution target method – see Appendix ?).  Increase the camera target distance by 10 cm.  Note the resolution and collect a frame grab.

Recorded Information: Camera-target distance, resolution, frame grab file names.

3.6.1.3 Field of view

Definition:  This will determine the field of view (FOV) of the camera.

Required Equipment: Rulers or a ruled target.

Procedure:  Position the target 15cm from the camera.  Orient the ruled target parallel to the vertical axis of the camera image.  Obtain a frame grab, and determine the height of the camera image. Orient the ruled target parallel to the horizontal axis of the camera image.  Obtain a frame grab, and determine the width of the camera image.  Calculate the cone of the field of view.

Recorded Information: Camera-target distance, image height, image width, vertical FOV, horizontal FOV, frame grab file names.  Record all distance data in cm.

3.6.1.4 Iris

Definition:  This will verify that the image is not too dark or too light when illuminated with the PUP light source.

Required Equipment: USAF resolution target.

Procedure:  Position the target 15cm from the camera.  Turn on the PUP light.  Obtain a frame grab, and verify the resolution of the target. If necessary, relocation the PUP light and repeat.

Recorded Information: Camera-target distance, light source position, resolution, frame grab file name.

3.6.1.5 Color

Definition:  This will verify that colors appear true through the camera.

Required Equipment: Macbeth color chart.

Procedure:  Position the target 15cm from the camera.  Obtain a frame grab.  Verify that the colors appear correct in the camera image.

Recorded Information: Camera-target distance, frame grab file name, comments on color appearances.

3.6.2 Lighting

Definition:  Testing will be performed to verify that the lights are functional, controllable, and to determine the power draw.

Required Equipment: Power source, light meter (?), …

Procedure:  Turn power on and off to lights to verify control.  If available, use a light meter to determine power output.  Use a ? to determine power draw.

Recorded Information: Ability to power on/off, power draw, power output(?).

3.6.3 Crossing Lasers

Definition:  Testing will be performed to verify that the lasers are functional, controllable, and to determine the power draw.

Required Equipment: Power source, light meter (?)…
Procedure:  Turn power on and off to lasers to verify control.  If available, use a light meter to determine power output.  Use a ? to determine power draw.  
Recorded Information: Ability to power on/off, power draw.
3.7 Full Up Test ofSystem for Operation

3.8 Science Data Acquisition

Description: This section describes tests to be done with the LRS and PUP integrated.  These tests will verify the ability to obtain quality Raman spectra with the LRS from a variety of targets which require precision positioning.  

All of the tests described below should be performed in both air and water, and should be performed for each of the configurations/orientations described here:

1) Stand-off optic behind dome window in horizontal orientation

2) Stand-off optic behind dome window in vertical (downward-looking) orientation

3) Immersion optic in horizontal orientation

4) Immersion optic in vertical (downward-looking) orientation

Materials needed

A variety of Raman samples are needed – some opaque, some transparent, some thin, some thick.  Only solid samples will be used as they tend to be the most difficult to obtain spectra from, and they are the easiest to use in both air and water.  These samples are:

1) MBARI cube

2) Silicon wafer

3) 2.0 x 2.0 x 0.5 mm diamond plate

4) Thin sheet of Polystyrene (possibly flattened to 0.1 mm thickness)

5) Apophyllite

6) Calcite

7) Marble

8) Basalt

9) Sulphides

Equipment will be needed to hold the sample in the proper position/orientation.  The items in our Newport Opto-Mechanical Components Kit should suit this purpose.  Other items could be manufactured quickly in the model shop.  Material will be needed to mask some of the samples.  This can be done with standard electrical tape or something similar

Testing procedures

3.8.1 Testing gross positioning capabilities

Definition:  This will test the ability to collect a spectrum from a target at different locations within the 15cm x 15cm x 15cm working envelope.

Target:  MBARI cube

Set up: Position the target at one or more locations within the working envelope of the LRS/PUP.

Procedure:  Starting from the “home” position, move the probe head to the target and determine a position for collection of an optimum signal.  The LRS should be in focus mode during positioning.  A spectrum should be collected after the optimum position is determined.  

Recorded Information: Movement steps (i.e., X-axis 3cm, Z-axis 2cm, Z-axis 0.5cm, X-axis 1cm), Optimum position location, Total time for the procedure to be completed, File name of obtained spectrum.

3.8.2 Testing the ability to obtain spectra from an opaque surface

Definition:  This will test the ability to position the focus point of the LRS to within 0.2-0.5 mm of an opaque surface.

Target:  Silicon wafer.

Set up:  Position the target at some point within the working envelope of the LRS/PUP, and oriented perpendicular to the laser beam (e.g., position the silicon wafer horizontally for the probe head in the vertical position).

Procedure:  Starting from the “home” position, move the probe head to the target and determine a position for collection of an optimum signal.  The LRS should be in focus mode during positioning.  A spectrum should be collected after the optimum position is determined.  

Recorded Information:  Movement steps (i.e., X-axis 3cm, Z-axis 2cm, Z-axis 0.5cm, X-axis 1cm), Optimum position location, Total time for the procedure to be completed, File name of obtained spectrum.

3.8.3 Testing the ability to profile an object

Definition:  This will test the ability to collect a spectrum from a number of points along or across a target.

Target:  Diamond plate, thin polystyrene sheet

Set up:  Position the target near the center of the working envelope of the LRS/PUP, and oriented perpendicular to the laser beam (e.g., position the diamond plate horizontally for the probe head in the vertical position).

Procedure:  Starting from the “home” position, move the probe head to the target.  Collect a spectrum at discreet points while profiling the target.  For the diamond plate, the profile should run across the diamond (as shown) with spectra obtained every 0.5 mm.

[image: image2.bmp]
For the thin polystyrene sheet, the profile should run through the sheet (as shown) with spectra obtained every 0.1 mm.


Recorded Information: Increments of movement, Total time for the procedure to be completed, File names of obtained spectra.

3.8.4 Testing the ability to return to a spot within 1 mm.

Definition:  This will test the positional repeatability of the PUP.

Target:  Silicon wafer masked to expose a 1 x 1 mm area

Set up: Position the target near one corner of the working envelope of the LRS/PUP.

Procedure:  Starting from the “home” position, move the probe head to the center of the target and determine a position for collection of an optimum signal.  The LRS should be in focus mode during positioning.  A spectrum should be collected after the optimum position is determined.  Each axis should then be moved half of its total range of motion.  Return to the original postion, note the location of the beam on the target, and obtain a spectra.  Once again move the probe head away by moving each axis one third of its range two times (i.e., x-axis 5cm, z-axis 5cm, x-axis 5cm, z-axis 5cm).  Return to the original postion, note the location of the beam on the target, and obtain spectra.

Recorded Information: Movement steps, Optimum position location, Return locations, Total time for each repeatability test, File names of obtained spectra.

3.8.5 Testing the ability to obtain spectra from natural samples

Definition:  This will test the ability to collect a spectrum from a natural target at different locations within the 15cm x 15cm x 15cm working envelope.

Target:  Apophyllite, Calcite, Marble, Basalt, Sulphides.

Set up: Position the target at one or more locations within the working envelope of the LRS/PUP.

Procedure:  Starting from the “home” position, move the probe head to the target and determine a position for collection of an optimum signal.  The LRS should be in focus mode during positioning.  A spectrum should be collected after the optimum position is determined.  Profiles can also be run across samples.

Recorded Information: Optimum position location, Total time for the procedure to be completed, File name of obtained spectrum.

3.8.6 Testing the ability to sample a thin interface – optional

Definition:  This will test the ability to collect spectra across an interface.  This is an optional test.

Target:  Oil and water (or some similar liquid interface)

Set up: Position the target near the center of the working envelope of the LRS/PUP, and oriented perpendicular to the laser beam (e.g., position the diamond plate horizontally for the probe head in the vertical position).

Procedure:  Starting from the “home” position, move the probe head to the target.  Collect a spectrum at discreet points while profiling the target.  For the diamond plate, the profile should run across the diamond (as shown) with spectra obtained every 0.5 mm.


For the thin polystyrene sheet, the profile should run through the sheet (as shown) with spectra obtained every 0.1 mm.


Recorded Information: Increments of movement, Total time for the procedure to be completed, File names of obtained spectra.

APPENDIX A

Definition of Terms
Resolution - 
The smallest position increment achievable. For PUP, the specification


resolution is 0.1 mm.


Accuracy - 
The maximum error between expected or input and actual position.


Repeatability -
The measure of accuracy when returning to a given point after 





moving.

APPENDIX B

APPENDIX C

Data Sheet List

1. External Pressure Test

2. Rod Structure Deflection (Load) and Repeatability Test

3. Power Supply Tests

PUP External Pressure Test

DATA SHEET

Engineer:

Operator: 

Date: 

Last Gauge Calibration Date:

Test Procedure REF: 

Test specimen ID:

Facility: 

Test Pressure: 1.25 * Operating Pressure

Operating/Working Pressure: 6000 PSI

Test No.
Test Pressure (PSI)
Operating/Working Pressure (PSI)
Time at Pressure (minutes)
Comment

1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





16





17





18





19





20





PUP Rod Structure Deflection (Load) 

and Repeatability Test

DATA SHEET

Engineer:

Operator: 

Date: 

Deflection Test No.
Load (lbs)
Rod Extension (cm)
Deflection (mm)
Comment

1

1 cm



2

2 cm



3

3 cm



4

4 cm



5

5 cm



6

6 cm



7

7 cm



8

8 cm



9

9 cm



10

10 cm



11

11 cm



12

12 cm



13

13 cm



14

14 cm



15

15 cm















Repeatability Test No.
Load (lbs)
Rod Extension (cm)
Deflection (mm)
Comment

1





2





3





4





5





PUP Power Supply Tests

DATA SHEET
Engineer:

Operator: 

Date: 

Servo Power supply (PS30A-LV)
AC input (Vrms)
Load (()
RMS output (V)
Ripple (V)

110
30K
155 ( 5%


110
3K
155 ( 5%


110
240
155 ( 5%


124
30K
175 ( 5%


124
3K
175 ( 5%


124
240
175 ( 5%


130
30K
185 ( 5%


130
3K
185 ( 5%


130
240
185 ( 5%


12-Volt Power Supply (NLP25-7612)
AC input (Vrms)
Load (()
RMS output (V)
Ripple (V)

110
12
12 ( 2%


110
24
12 ( 2%


124
12
12 ( 2%


124
24
12 ( 2%


130
12
12 ( 2%


130
24
12 ( 2%


24-Volt Power Supply (NLP….)
AC input (Vrms)
Load (()
RMS output (V)
Ripple (V)

110
12
12 ( 2%


110
24
12 ( 2%


124
12
12 ( 2%


124
24
12 ( 2%


130
12
12 ( 2%


130
24
12 ( 2%
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