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Machine Assembly

• Requirements
• Test Cell Preparation

• Perform final installation / assembly of stellarator core using the Field Period 
Assemblies (FPAs) delivered from Station 5 and components from other  
WBS elements

• Installation of power and other services from the boundary of the Test Cell 
up to the stellarator core

• Interfaces
• Interfaces included in existing 3D CAD model … includes input from:

• All WBS elements which have items to install
• Safety, operations and maintenance personnel

• Details being adjusted in the model are just those for conventional services 
• Cable and piping runs now being cleaned up
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Machine Assembly Plan

• Design status

• Detailed assembly plan has been developed
• Plan includes specific metrology steps to assure that tolerance goals are met

• Machine Assembly will be performed with detailed procedures
• Procedures will cover safety issues as specific steps

• Installation of platforms to assure safe access to work
• Use of safety watches
• Rotating workers when repetitive motion or awkward position tasks are involved

• Procedures will include specific metrology steps called out in assembly plan
• Procedures will include repeating operations until tolerance goals are met
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Procurements for Machine Assembly

• Procurement Status

• Machine Assembly only includes procurements of routine off-the-shelf items

• All complex or one of a kind procurements are done by other WBS elements 
prior to Machine Assembly
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Cost and Schedule

• The cost and schedule estimates are based on the detailed assembly 
plan
• The mitigation of credible risks is included in the estimates
• Multiple fit-ups/iterations are included in the estimates

• All tooling will be tested before it is needed
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Staffing

• For each task in the assembly plan: 
• Determined crew size based on prior experience performing a similar task

• on the PDX, TFTR, NSTX and NCSX devices
• related to assembly issues and plans form Wendelstein-7
• on the Advanced Toroidal Facility (ATF) stellarator at ORNL

• Determined number of shifts to complete

• Determined the amount of support staff and supervision required for each 
task

• Metrology crew requirements were specified for each task

• Support from the engineers who designed and fabricated each component 
were specified for each task when this support is needed
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Level of Detail in Estimates
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Summary of Costs
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Machine Assembly Schedule
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Machine Assembly

• Machine assembly will be performed with 
detailed procedures 
– Will be based on the detailed assembly plan
– Will include specific metrology steps
– Will assure that tolerance goals are met
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Machine Assembly

• Component preparations

Fig 1a) Period 
support stand

Fig 1b) Spool support 
stand

Fig 1c) FPA 
assembly cart
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Machine Assembly

• Test cell metrology set-up 

• Pre-installation set-up and test
– All tooling will be tested before it is needed

Fig. 2a) Machine base 
support structure 

Fig. 2b) FPA assembly carts 
installed
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Machine Assembly

• Temporary assembly structure used for increased positioning 
accuracy
– Involves assembling field periods on one set of structures that have 

radial motion capability and then transferring to permanent supports
– Positioning will be within 0.030”
– Multiple fit-ups/iterations are included in the costs and schedules

Fig. 2c)  Lower coils positioned 
within the cart rail groves.
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Machine Assembly

Fig. 2d)  FPA cart 
moved to retracted 
position.

Fig. 3a) Laser support base and pole installed.
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Risks and Risk Mitigation

• Risk:  Assembly sled not stiff enough or does not 
have repeatable motion

• Mitigation:  Sled will be designed with adequate 
stiffness and then evaluated with concrete 
blocks in plenty of time to make design 
modifications
– Cost and schedule for this mitigation is in the base plan
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Machine Assembly

• Metrology/assembly testing of each assembly 
sled with a dummy load
– Metrology is 1/3 of the total field work, as has been the experience on 

coil winding and vacuum vessel assembly

• Then testing each FPA on it’s sled prior to final 
assembly
– Per experience of Wendelstein 7-X Concrete 

block 



SC Project Review of NCSX, April 8-10, 2008
E. D. Perry - page 17

Machine Assembly

• Field Period Assembly (FPA) installation and 
assembly test

N
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Risks and Risk Mitigation

• Risk:  Field Period Assembly (FPA) alignment 
not within tolerances

• Testing:  Metrology check of position

• Mitigation:  Use assembly carts to reposition 
FPA
– Cost and schedule for this mitigation is in the base plan
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Machine Assembly

• Spool piece installation test

Spool piece 
support platform

Spool piece mounted to 
support stand

Fig. 5a)  Period 1 
retracted with spool and  
support stand  installed

Fig. 5b)  Period 1 and  spool 
shown at installed position
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Risks and Risk Mitigation

• Risk:  Vacuum vessel sectors not in perfect 
position

• Testing:  Measure gap between sectors

• Mitigation:  Final machining of vessel spool 
piece after actual gap is measured
– Cost and schedule for this mitigation is in the base plan
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Machine Assembly

• FPA-2 installation

Personnel lift to 
access flange 
surface

Laser tracker  
head mounted to 
adjacent Type-C 
flange

Fig. 6a)  Type-C flange 
measurement
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Risks and Risk Mitigation

• Risk:  Space between modular coils on adjacent 
FPAs not perfect

• Testing:  Metrology to determine actual gap 
between Type C coils

• Mitigation:  Custom shims
– Cost and schedule for this mitigation is in the base plan
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Machine Assembly

• FPA-3 installation

• Measure remaining Type-C modular coil flanges

• Type-C inboard shim installation check
– Very limited space – platform needed for technician

8.0”

12.7”
22.78”
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Machine Assembly

• Type-C inboard shim check / installation
– Temporarily attach a set of outboard shims (top/bottom) and all 

inboard shims on one Type-C flange of each of the three FPAs
– Move all FPAs to their installed position
– Install studs and supernuts at the shimmed locations; torque to 

50% of final value
– Do a hand “wiggle” test for all shims to make sure they are tight

• If a loose shim is found, back off on sufficient adjacent bolts to allow 
a replacement shim to be inserted – tighten bolts and repeat
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Machine Assembly

• Type-C inboard shim check / installation cont

– Measure a minimum of eight tooling balls on each FPA
• The maximum deviation should be 0.020” or less

– If deviation exceeds 0.020”, “back office” input is needed on which new 
shims should be used

– Loosen hardware, install new shims and repeat
– With successful metrology measurements, remove all hardware and 

return each FPA to its retracted position
– Permanently secure in place all inboard shims.  Retain in place all initial 

alignment outboard shims
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Machine Assembly

• Install remaining TF coils
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Machine Assembly

• Position lower PF4 coil and solenoid support 
• Move all FPAs to installed position
• Install outboard C-C shims and remaining studs, 

bushings and supernuts
• Move each vacuum vessel section to its final 

position and secure
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Machine Assembly

• Position each vacuum vessel spool piece
– Lock in place with clips to vacuum vessel

• Weld all spool pieces to vacuum vessel
– Weld inspections and leak checks on second shift

• Weld on port 4s
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Machine Assembly

• Move TF coils to wedged position

• Install lower PF coils

TF centering disk



SC Project Review of NCSX, April 8-10, 2008
E. D. Perry - page 30

Machine Assembly

• Transfer weight to final machine support 
structure
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Risks and Risk Mitigation

• Risk:  FPA position shifts when load is 
transferred to permanent supports

• Testing:  Metrology determines shift

• Mitigation:  Transfer load back to temporary 
carts, re-set permanent supports to compensate, 
and repeat
– Cost and schedule for this mitigation is in the base plan
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Machine Assembly

• Install vacuum pumping system on period #1

• Pumpdown and leak check vacuum vessel

• Insulation fill in annulus between modular coils 
and vacuum vessel

• Install remaining trim coils and magnet structures

• Install center solenoid and remaining PF coils

• Install and route all magnet leads to temperature 
transition box
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Installations Outside Stellerator Core

• Install LN2 distribution system

• Install I&C cables to stellarator core
– Includes general use cable tray installation

• Install the cryostat

• Connect bakeout system

• Install remaining test cell platforms
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3 D Model of Test Cell
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Tolerance Goals

• Tolerance Goals can be achieved 
– Procedures and tooling, including metrology, are 

being designed to be consistent with tolerance 
requirements of within 0.030”

– Procedures and tooling have been developed for 
Field Period Assembly which can be carried over to 
Final Assembly tasks
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Tolerance Goals cont

• Final machine assembly planning is consistent 
with requirements
– Assembly access for C-C inboard bolted joint has 

been studied using CAD modeling and a physical 
mockup

– Mitigation measures are being budgeted, planned 
and implemented for risks that are still outstanding
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Summary

• The level of detail for the Machine Assembly has increased 
significantly in the last 18 months
– Assembly Sequence Plan was developed 
– Task by task estimates were made 
– Assembly risks were identified
– Mitigation of the risks were developed and incorporated into the base 

plan

• Although designs affecting the assembly are at a conceptual level in 
some cases, conservative estimates which allow for multiple fit-ups, 
along with experience from the assembly of other devices* as well 
as the metrology experience gained from the Field Period Assembly, 
will assure the assembly of NCSX within the tolerance requirements

* (PDX, TFTR, NSTX, NCSX so far, ATF and W-7) 


