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3.0 Special Tools, Equipment and Materials

Thermocouple Testing

· Digital Volt Meter with data logging capability

· Pass through connector (female side) with a 12” pigtail for each pin. Pigtail wire colors should be selected to simplify identifying thermocouple lead pairs for testing.

· Heat gun with operating heat range comparable to test range for Thermocouples.

· Small attachment to nose of heatgun that prevents variable distances from outlet of gun to the thermocouple during testing (see attached drawing).  This may have to be fabricated.
· Countdown timer with audible alarm to standardize exposure time of thermocouple to heat gun.

· Touchless thermometer or thermocouple attachment for DVM to record ambient temperature of Vessel thermocouples and calibrate heat gun.
Heater Testing

· A test controller assembly that is capable of delivering power up to and including the maximum output required for operation.

· It appears that Ray G. had build such a device for testing purposes.  Device has the ability to modify on/off ratio for variable heating level testing
4.0 Pre-Requisites
5.0 Test Procedures
5.1 Thermocouples (TC)
Each thermocouple will be tested for the following:

· Electrical isolation from VV ground.

· Continuity (resistance).

· Response to heat gun.

These tests will be performed on the VV segment prior to assembly.  The ‘heat gun’ test will not be possible after machine assembly.

The test sequence can be deviated from as long as the ATI approves and notes such action on the RUN COPY.

5.1.1  Test for continuity between TC leads and Vessel assembly (ground)

1) Attach mating plug for pass-through (with pigtail)

2) Securely attach one DVM lead to body of Vessel at a well grounded point near area being tested
3) For each TC, test both leads individually for ground continuity and record any resistance values found.

4) Wiggle Test

5) Wiggle test each wire at any fusion welded junctions 

6) Wiggle test each wire individually where it emerges from inconel braided sheath to enter the pass-through connector

7) Optionally wiggle test the entire wire bundle for the duration of its length if a fault is found in previous steps and cannot be localized.

*Any lead found with ground continuity should be considered a failure for that TC.

5.1.2  Test for shorted lead pairs

1) Attach mating plug for pass through (with pigtail)

2) For each TC lead pair, attach DVM leads and record resistance value at ambient temperature (should be constant in Test Cell)

3) Wiggle Test

4) Wiggle test each wire at any fusion welded junctions 

5) Wiggle test each wire individually where it emerges from inconel braided sheath to enter the pass-through connector

6) Optionally wiggle test the entire wire bundle for the duration of its length if a fault is found in previous steps and cannot be localized.

*Any lead pair found with unusual or out of range resistance values should be considered a failure for that TC.

5.1.3  Test for leads shorted to pass through connector body

1) Remove mating “pigtail” plug from pass-though connector

2) Securely attach one DVM lead to body of pass through connector

3) For each thermocouple, test each pin lead individually for continuity with pass-through body

4) Wiggle test each wire where it enters the pass-through connector

5) Gently test each pin for tightness while testing for continuity with pass-through body
*Any lead found having continuity with the pass-through body should be considered a failure for that TC.

Any Pass through connector pin found to be loose enough to cause plug insertion problems or shorts to pass-through body should be considered a failure for that TC

5.1.4  Test for Temperature response 

1) Attach mating plug for pass through (with pigtail)

2) For each TC, attach DVM with resistance logging capability enabled to lead pair
3) Verify ambient temperature resistance value from earlier testing

4) Apply heat from heat gun for (TBD) seconds

5) Attach apparatus to nose of gun that will maintain consistent distance from TC

6) Allow gun to reach operating temperature before applying heat to TC (verify with thermometer)

7) Start countdown timer and immediately aim gun at TC

8) Apply heat until audible beep sounds.

9) Turn off gun and place in a secure location where it can cool and is not in danger of being inadvertently touched
10) Stop logging resistance values and record maximum.
5.2 Heaters

Each heater will be tested for the following:

1) Electrical isolation from VV ground.

2) Continuity (resistance).

3) Response to power supply (10% of rated load).

These tests will be performed on the VV segment prior to assembly.  The ‘response’ test will not be possible after machine assembly.

The test sequence can be deviated from as long as the ATI approves and notes such action on the RUN COPY.

5.2.1  Test for continuity between Heater leads and Vessel assembly (ground)

1) Attach mating plug for pass-through (with pigtail)

2) Securely attach one DVM lead to body of Vessel at a well grounded point near area being tested

3) For each heater, test both leads individually for ground continuity and record any resistance values found.

4) Wiggle Test

5) Wiggle test each wire at any fusion welded junctions 

6) Wiggle test each wire individually where it enters the pass-through connector

*Any lead found with ground continuity should be considered a failure for that heater.

5.2.2  Test for shorted lead pairs

1) Attach mating plug for pass through (with pigtail)

2) For each heater lead pair, attach DVM leads and record resistance value at ambient temperature (should be constant in Test Cell)

3) Wiggle Test

4) Wiggle test each wire at any fusion welded junctions 

5) Wiggle test each wire individually where it emerges from inconel braided sheath to enter the pass-through connector

*Any lead pair found with unusual or out of range resistance values should be considered a failure for that heater.

5.2.3  Test for leads shorted to pass through connector body

1) Remove mating “pigtail” plug from pass-though connector

2) Securely attach one DVM lead to body of pass through connector

3) For each thermocouple, test each pin lead individually for continuity with pass-through body

4) Wiggle test each wire where it enters the pass-through connector

5) Gently test each pin for tightness while testing for continuity with pass-through body

*Any lead found having continuity with the pass-through body should be considered a failure for that TC.

Any Pass through connector pin found to be loose enough to cause plug insertion problems or shorts to pass-through body should be considered a failure for that TC

5.2.4  Test for output temperature
1) Remove mating pig-tail plug for pass through
2) For each heater, attach test device to heater pin pairs at pass-through connector (polarity is of no consequence)
3) Verify ambient temperature of heater assembly and record.
4) Start stopwatch and immediately plug test device into a 120v 60hz power outlet

5) Monitor heater temperature and stop stopwatch and unplug when heater reaches XX degrees.

6) Record time taken to reach operating temperature

5.3 Flux Loops (per Ed, Stefan)
Based on our conversations with Bob, Ed and Brent, I recommend that the following steps be implemented for each of the VV flux loops, as well as the three plasma current rogowskis, for the QA inspection of the on-vessel magnetic sensors.

· All measurements should be made from the D-connector, in a way similar to field trouble-shooting that will be done in the future.

1) Resistance between the sensor leads: This verifies continuity, as well a measurement that can be checked against future and past readings. It can also be checked against expectations based on the length of the leads.

2) Resistance between the sensors and the VV: This should be a very large number. We would like to have a record for future comparisons when (if?) a sensor begin to fail.

3) Inductance of the sensor at the leads:

4) Capacitance of the sensor, measured between the leads and the vessel: This matters less to me, but might be good to know. If the scope of the tests becomes too large, then this is the part to strike.

Additionally, a final mapping between loops on the vessel and pins on the connector should be done. Ed Lawson had a good idea for implementing this test, and will communicate it to you in a separate email.

5.4 Rogowski Coils (per Ed, Stefan)
Based on our conversations with Bob, Ed and Brent, I recommend that the following steps be implemented for each of the VV flux loops, as well as the three plasma current rogowskis, for the QA inspection of the on-vessel magnetic sensors.

· All measurements should be made from the D-connector, in a way similar to field trouble-shooting that will be done in the future.

1) Resistance between the sensor leads: This verifies continuity, as well a measurement that can be checked against future and past readings. It can also be checked against expectations based on the length of the leads.

2) Resistance between the sensors and the VV: This should be a very large number. We would like to have a record for future comparisons when (if?) a sensor begin to fail.

3) Inductance of the sensor at the leads:

4) Capacitance of the sensor, measured between the leads and the vessel: This matters less to me, but might be good to know. If the scope of the tests becomes too large, then this is the part to strike.

Additionally, a final mapping between loops on the vessel and pins on the connector should be done. Ed Lawson had a good idea for implementing this test, and will communicate it to you in a separate email.

5.5 Voltage Loops (per Ed, Stefan)
The voltage loops are installed after final assembly of the machine.  Testing of those will be described in a separate test procedure.
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