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Post Production Summary:  64880 PPPL NCSX
Prototype Vacuum Vessel Segment

  The production of the NCSX PVVS provided Major Tool & Machine, Inc. the opportunity to apply our knowledge and experience in engineering and manufacturing to the application of processes required to assure capable production of the NCSX PVVS.  The knowledge and experience gained from this undertaking can be directly applied to the development, planning, and production of the VVSA.
  Following is a summary of key events experienced in the process of planning and producing the NCSX PVVS.  
· 3D Modeling
· Imported and manipulated the PRO/Engineer step file using Catia V5.  This centralized file was used as the basis to establish and maintain key datum features of the complex geometrical shape for the design, production and verification of the multiple forming dies, production fixturing, and inspection gages.  It was also used as the basis for profile inspection verification and reporting the final geometrical shape for evaluation at PPPL.
· Fixture design / manufacture

· Designed and built tooling, fixturing, and inspection gauging capable of producing the desired detail / assembly components.

· Confirmed MTM’s proven tooling and fixturing capabilities.
· Material planning / magnetic permeability control:

· The consideration of magnetic permeability was added to the raw material procurement requirements.  Magnetic permeability inspections were included throughout the PVVS production process.
· Re-developed existing welding procedures to include magnetic permeability requirements as an integral element.
· Forming process development

· Designed and developed the panel blank geometry and necessary trim stock for the five PVVS panel segments.
· Refined the forming / trimming processes for the five PVVS panel segments.
· Applied interim anneal cycles to the forming process.  Refined individual heat-treat cycles to optimize relief of residual stress and reduce material “spring-back” experienced during the forming process.  Confirmed our original plan that a second interim anneal was required on highly shaped panels.
· Panel Inspection gage development

· Developed an economical and reliable method to gauge the individual segmented press formed panels to ensure the complex profile of each panel segment was within a pre-determined “in process” profile tolerance that would support assembly and welding distortion control activities during subsequent fitting and welding operations.

· Welding process / distortion control

· The production of the PVVS provided the opportunity to experiment with multiple methods of distortion control for the complex geometrical shape, including weld joint orientation and weld sequencing techniques.

· Surface finish and Polishing

· It was necessary to employ advanced mechanical polishing methods including equipment, materials, and processes to achieve the necessary surface finish on the highly shaped PVVS interior surfaces.  MTM believes mechanical polishing the interior surface is necessary due to the size and complex shape of the VVSA periods.
· Cleaning process / control of cleanliness

· Though MTM has previous experience with the control of cleanliness, PPPL expressed a heightened concern.  This program required a higher level and wider broadcast of cleanliness awareness and control.  As a result, a specific cleaning / cleanliness control specification was created.  It was applied to each manufacturing process (e.g. forming, welding, handling, etc…)  We continued with the application / development of the process of cleanliness control throughout the production of the PVVS.  
· Vacuum testing

· The vacuum level required for the PVVS was much greater than preceding vessels tested at MTM.  Research and development was required to develop the process, necessary equipment, and preparation required to achieve the specified vacuum level.

· Profile Inspection

· Applied a laser tracker “point cloud” inspection process as it would apply to the complex PVVS profile.  Implemented datum reference targets for accurate and repeatable orientation to the 3D model for measurement verification.

· Developed inspection mapping for repeatable measurement locations to assist in the observation and control of welding distortion.

· Manufacturing, Inspection and Testing, Quality Planning requirements

· MTM’s manufacturing, inspection, and quality assurance planning activity has continually improved over the years.  One of our most recent improvements has come in the way of a supplemental Quality Planning / Quality Documentation software package that functions as an integral part of our ERP system.  The recent creation and implementation of the software provides a seamless system that automatically compiles a comprehensive quality documentation package that is built as each piece of material is planned, ordered, received, and processed.  The production of the PVVS contract highlighted the need to create a streamlined, more “customer-friendly” reporting mechanism.

The result of the activities listed above demonstrates PPPL and Major Tool & Machine, Inc. are capable of designing and producing the complex VVSA using conventional manufacturing processes.
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