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1.1 Scope

1.1 This document provides the requirements and specifications for the design, procurement and fabrication of components for the NCSX Modular Coil Autoclave.  

2.1 Applicable Documents

2.1 Drawings

2.1.1 Add drawing # from package 

2.2 Standards

2.2.1 ES&H 5008
PPPL Health and Safety Manual

2.2.2 ENG-032
Work Planning Procedure

2.2.3 ESH-014
NEPA Review System

2.2.4 Integrated Safety Management (ISM)

3.1 Requirements:

Definition: The autoclave is a vacuum chamber that contains the modular coils during their epoxy impregnation (VPI). It operates under vacuum or pressure and has the capability to control the ramp-up and cool-down of the bakeout temperatures. 

3.1 Physical

3.1.1 The autoclave shall be sized to contain the largest NCXS modular coil assembly.  Approximately four meter diameter, by four meter tall. 

3.1.2 Removable lid.

3.1.3 Man-access door for rapid entry. Preferably a swing open, quick access type.

3.1.4 Ladders and platforms for set-up and entry when lid is removed.

3.1.5 Flat floor for personnel use built into lower dome.

3.1.6 Burst disk or pressure relief valve to vent overpressure.

3.1.7 Internal lighting system, compatible with air and vacuum environments.

3.1.8 View ports: Six, 8” ports, 3 per side

3.1.9 Feedthrough/service ports for the following:

3.1.9.1 Heating fluid (typical 2 eight-inch ports)

3.1.9.2 Vacuum pump/vent (typical 2 four-inch ports)

3.1.9.3 Temperature control and monitoring (2) 32-pin feedthroughs)

3.1.9.4 Drain  (1 three-inch on bottom dome)

3.1.9.5 Pressure monitoring (2 locations)

3.1.9.6 110 volt power for lighting

3.1.9.7 Epoxy delivery system (40 sprues). ½-inch tubing using a Wilson type vacuum feedthrough.

3.2 Vacuum/Pressure requirements:

3.2.1 Pumpdown a base pressure equal to or less than 1 torr.

3.2.2 Pumpdown to base pressure in 4 hours or less.

3.2.3 Rate of rise (empty chamber, no pumping) to be less than 5 torr per hour.

3.2.4 Capable of withstanding 30 psia (15 psig) internal pressure.

3.2.5 Service ports

3.3 Heating requirements:

3.3.1 Circulating fluid (gaseous) heating system than can heat the modular coil sections to 50 degrees centigrade in 15-hour period.

3.3.2 Wall heating (resistive) capable of maintaining inner temperature (under vacuum) at 50+/-2 degrees centigrade.

3.3.3 Outer wall insulation.

3.3.4 Provide heated air for venting from vacuum condition.

3.4 Instrumentation and Control

3.4.1 Temperature readouts of:

3.4.1.1 Modular coil

3.4.1.2 Autoclave walls

3.4.1.3 Internal air/fluid

3.4.2 Vacuum readout.

3.4.3 Environmental readouts; Oxygen, combustible gas, hazardous gas

3.4.4 Feedback control of wall heating system

3.4.5 Feedback control of internal heating system

4.1 Fabrication

4.1 Materials

4.1.1 Tank shall be fabricated from 304-stainless steel.

4.1.2 5/8-inch tank and cylinder wall thickness.

4.2 Welding

4.2.1 Welding shall be done in accordance with PPPL Procedure EM-002.

4.2.2 Weld inspections shall be identified on the part drawing.

4.3 Surface finish of tank shall be “hot rolled”

4.4 Magnetic permeability is NOT an issue. 

5.1 Operation (Reference)

5.1 A typical cycle for the impregnation and curing of the modular coil conductor is as follows:

5.1.1 Remove autoclave lid, lower (wound) modular coil section into chamber and secure.

5.1.2 Connect epoxy sprus and thermocouple leads.

5.1.3 Install lid and secure.

5.1.4 Start vessel-heating system.  Heat at a rate not greater than 10 degree centigrade per hour to a temperature of 40 C.

5.1.5 Initiate wall-heating mode to maintain coil temperature at 40 C while under vacuum.

5.1.6 Evacuate autoclave to a pressure of 0.5 to 1 torr 

5.1.7 Initiate epoxy impregnation by directing flow to lower spru(s).

5.1.8 Observe through viewports as impregnation process proceeds.  Valve in additional sprus as necessary.

5.1.9 Increase epoxy delivery pressure, as well as autoclave internal pressure correspondingly, as necessary to enhance epoxy flow.

5.1.10 Continue impregnation process until epoxy flows from top (exhaust) sprus.   Valve off epoxy when coil is fully impregnated.

5.1.11 Vent autoclave with 40 degree C air to 0 psig.

5.1.12 Initiate heating system and heat at a rate not greater than 5 degree centigrade per hour to a temperature of 110 C.

5.1.13 Hold at 110 degree C for 5 hours.

5.1.14 Raise temperature to 125 degree C.  Hold for 16 hours.

5.1.15 Turn off heating, allow to cool.

6.0 Quality Assurance provisions
6.1.1 Manufacturing, Inspection, and Test (MIT) and Quality Assurance (QA) Plans - The Job Manager shall provide an MIT plan to identify processes and materials and show their integrated flow into end items. The plan shall also identify critical manufacturing operations and inspections and tests. Procedures and/or protocols for contaminant control and cleanliness shall be included with the MIT.  Preparing the Plan may include developing a flow chart and generating Process Sheets/Shop Travelers, etc. The Quality Assurance Plan shall describe the specific quality assurance and quality control procedures and practices to meet relevant PPPL and NCSX QA requirements and those of associated specifications. If the requirements of the QA Plan are addressed in the MIT Plan, then a separate QA Plan is not required.

6.1.2 Inspection and Test Procedures - Inspections and tests shall be performed in accordance with written procedures referencing criteria for acceptance or rejection.  Actual data and accept/reject status for each inspection and test shall be documented.

6.1.3 Document Traceability and Records - The Job Manager shall maintain a system of documentation whereby objective evidence of required operations, inspections, examinations, and tests is systematically compiled, indexed and stored.  Such objective evidence may include "travelers"; and material test, certification, inspection, examination, test and nonconformance reports; which shall be complete, legible, and validated by responsible personnel and shall be traceable to subject items.

6.1.4 Equipment/Material Identification and Status - Material and equipment identification shall be maintained throughout the program and be traceable to records. Status of acceptability shall be readily discernible through the Job Manager’s use of tags, stamps, serial numbers or other positive means. 

6.1.5 Calibration of Test and Measuring Equipment - Inspections and tests shall be performed using properly calibrated measuring and test equipment. The Job manager shall have in his/her possession the necessary equipment to perform the required inspections and tests. Calibration standards shall be traceable to the National Institute for Standards and Technology (NIST) or equivalent and shall not be used for shop inspections, but instead be protected against damage or degradation.

6.1.6 Control of Special Processes - The Job Manager shall use trained and qualified personnel and qualified written procedures in accordance with specified requirements for the performance of certain special processes, including but not limited to, welding, dimensional inspection, heat treatment, nondestructive examination, etc.

