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1 Scope

1.1 Introduction

This procedure describes the preparation and testing of the individual modular coils after fabrication.
1.2 Scope

This procedure identifies the post VPI activities for each Modular Coil (MC) or Twisted Racetrack Coil (TRC).   It includes:

1.3 Identification of winding form being prepared:

MC Winding Form ID No: _________________

2 Safety Requirements:

All work will be performed in a safe manner in accordance with PPPL safety policies ES&H 5008 and “Integrated Safety Management” (ISM) policy.  The following safety requirements and prerequisites shall be used for performing tests on the Modular Coils.
2.1 Job Hazard Analysis: 

Generate a JHA identifying existing or potential workplace hazards and to evaluate the risk of worker injury or illness associated with job tasks. (Reference document ESH-004 “Job Hazard Analysis”)  The IH representative will review the JHA’s for accuracy as well as completeness.  It will be reviewed with all activity participants at the Pre-Job briefings.

2.2 Safety Requirements & Conditions:

The following safety requirements and prerequisites shall be used for performing tests on the Modular Coils.

2.2.1 All personnel performing these tests shall be familiar with the hazards and work procedure to minimize accidents that may occur.

2.2.2 A “Safety Watch” shall be appointed by the Test Director.  The Test Director shall clearly describe to the Safety Watch his/her responsibilities.

Name of Safety Watch: ______________________   

Responsibilities have been clearly discussed with Safety Watch:

Verified: ________________________________ Date: ________________



Test Director

2.2.3 Responsibilities of a Safety Watch include as a minimum:  

· Monitoring the operations in an attempt to prevent careless or unsafe activities.

· Shutting down the power in case of an accident.
· Contacting ESU in case of accident  
· Additional responsibilities of a Safety Watch can be found in the ES&H Manual Section 2, Chapter 2.2.6. 

2.2.4 During the test, the “Test Area” shall be roped-off and suitable “danger high voltage” signs and flashing lights displayed.

Test Area has been safed:

Verified by: _________________________ Date: __________________



Test Director

2.2.5 The test operator shall stand on an electrical safety mat during the test operation.

2.2.6 Approved rubber electrical safety gloves shall be worn by test members during grounding operations which occur once the test has been completed, and the test equipment turned off.

2.2.7 Upon completion of test and before the components are declared safe to touch, (dielectric joint) being tested shall be properly discharged using a “Ground Hook”.  After a minimum period of 10 seconds, while the ground hook is still in place, attach a ground cable to the casting and poloidal mid-plane.  The ground hook may be removed once the ground cable is in place.

2.2.8 Electrically ground the winding form, and chill plate cooling tubes. Care must be taken not to damage the tubes with the grounding clips.

3 Prerequisites & Conditions:
3.1 Pre-Job Briefing:

A pre-job briefing will be held prior to performing the electrical tests. The briefing will describe the processes and safety issues [JHA] associated with procedure.   Attendance shall be documented via training sign-in sheet.


Pre job Briefing complete: _______________________________ _________________





Test Manager                           Date

4 Materials and Parts for this station

The following materials and/or equipment will be used with this procedure.  MSDS’s for chemicals will be located in a notebook in the winding facility.

	General Description
	Material
	Reference Document/Product No.

	
	
	

	Ground stick
	
	

	Multi-Meter
	Equipment
	

	Megger Electrical Tester
	Equipment
	

	
	
	

	
	
	


5 Modular Coil Test Procedure
This fabrication procedure is to be used as guide to complete Post VPI activities.   

5.1 Final Electrical Testing of Coil [Room Temperature]
This series of electrical tests will be performed at room temperature to verify the integrity of the coil insulation prior to transporting to the field period assembly area.
5.1.1 Test Director:

Test Director for this test series is: _______________________

5.1.2 Insulation Resistance Measurement
Perform a Final Megger test of the completed coil prior to transporting to field period assembly area.

Coil Voltage level: 7500 volts
Acceptance criteria: Coil Insulation Resistance:  1K Meg ohms

5.1.2.1 Complete the steps below and perform the insulation resistance test [Megger] of pancakes “A” and “B”. Pancakes “A” and “B” are connected together at the terminal block.  

· Test director shall verify that all safety requirements and prerequisites have been performed prior to starting the test.

· Verify that the turning fixture is well grounded to building steel.

· Place the megger test set on a firm, stable surface.

· Securely connect a ground cable between building steel and the test unit.

· Connect the megger ground lead to the coil casting.

· Connect a ground cable to the chill plates.
· Connect the megger power lead to the coil leads. 
· Measure the insulation resistance to ground. The test results shall be in compliance with the requirements noted in Section 6.17.3.
Table 4 - Final Megger Test Results
	Test Voltage
	Insulation Resistance Minimum 1KM
	Observations

	1000
	
	

	2000
	
	

	3000
	
	

	2500
	
	

	5000
	
	

	7500
	
	

	
	
	



Equipment ID Number:_______________
Calibration Date: _________

Megger Results: Acceptable: ___________ Unacceptable: ____________


Test Director Signoff: _______________________ Date: ____________
Remarks:
5.1.3 Coil Resistance Measurement

Measure the resistance of the entire modular coil at the terminal leads. [See Figure 11- Final Terminal Connections Identification]
Acceptance criteria: As specified in specific Modular coil design specification [A, B and C]
Coil Resistance: ____________________ per specification
5.1.3.1 The test equipment used for this test will be a “Biddle” digital low resistance ohmmeter (DLRO).


Equipment ID No ___________________ Calibration Date: __________________

5.1.3.2 Using the bridge probe, make pressure contact on the ends of the system bus being tested.

5.1.3.3  Record the resistance readings in Table 4- Coil Resistance.

5.1.3.4   Place temperature sensor on the surface of the bus leads and record the temperature of the copper after the reading stabilizes.


R20 =      254.5      x Rc

            234.5 + Tc

Where: Rc = measured resistance of the conductor (milliohms)


Tc = temperature of coil when resistance measurement is made (degrees C)

Figure 12- Coil Resistance
	Measured  System Resistance (Rc)

m( at Tc
	System Resistance corrected to 20 deg. C (R20)
	Calculated System Resistance @ 20 deg.C

[per MC specification]

	Rc:
	
	

	Tc:
	
	



Resistance Results: Acceptable: ______________Unacceptable: ___________

Test Director Signoff: _____________________ Date: ______________
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Figure 10-Electrical Joint Test Setup

5.2 Modular Coil Electrical Joints:

5.2.1 Measure the joint resistance between the connector and the terminal blocks [points A and B].  See Figure 11-Electrical Joint Test Setup     [Acceptance criterion is < 1 micro-ohms.]

5.2.2 Verify the torque value of the joint nuts. Torque to 15 ft-lbs

5.2.3 Record the joint resistance and torque verification in Table 4- Joint Resistance below.
Table 3- Joint Resistance
	Joint ID
	Joint Resistance

[(-ohms]
	Torque Verify         15 ft-lb 
	Wire Tie Nuts
	Joint ID
	Joint Resistance

[(-ohms]
	Torque Verify         15 ft-lb
	Wire Tie Nuts

	A-1
	
	
	
	B-1
	
	
	

	A-2
	
	
	
	B-2
	
	
	

	A-3
	
	
	
	B-3
	
	
	

	A-4
	
	
	
	B-4
	
	
	

	A-5
	
	
	
	B-5
	
	
	

	A-6
	
	
	
	B-6
	
	
	

	A-7
	
	
	
	B-7
	
	
	

	A-8
	
	
	
	B-8
	
	
	


5.2.4 Wire-lock each of the nuts to ensure that during operation they do not loosen.  Record verification that joints have been wire tied. 
Verified by: _________________________ Date: __________________



Lead Technician
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Figure 11- Final Terminal Connections Identification
6 Completion of Activities at Post VPI Station:

6.1 Document Verification:

Verify that all pertinent data in the procedure and data sheets have been completed. 

6.2 Field Package: 

Ensure that all data sheets, photographs, QC inspection sheets, etc are included in the “Coil Field Package”.  

6.3 Approval:

Prior to releasing a modular coil , it is required that the all-responsible individuals sign the release indicating that all processes at the Post VPI station have been satisfactorily completed.  The release will include signatures from the Station Lead Technician, VPI Director and the QC representative. 

All Post VPI activities have been satisfactorily completed. 

Lead Technician: ____________________________ Date: ____________________

Field Supervisor: ____________________________ Date: ____________________

QC shall verify completion of documentation:

Quality Control Representative: _________________________ Date: ________

6.4 Post-job Briefing:

Complete a post job briefing with those individuals associated with the post VPI activities to review the technical and safety aspects of the job completed. 

Verified by: _________________________ Date: __________________



Field Supervisor
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