4 Field Period Assembly Processes
4.2  Overall Field Period Assembly Process Outline

This section outlines the processes that are to be performed and procedures required to complete field period assembly.  Figure 4-1 provides a pictorial of the general layout with the NCSX manufacturing facility.  The FPA activities will take place along the North wall and in the South West corner.  The Modular Coil activities take place along the East wall and on the center 102 foot elevation.
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Figure 4-1  FPA Area Layout
Figure 4-2 provides an outline of the overall field period assembly process that will be followed in bringing the components together that make up full stellarator field period.
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Simulation Test Results
< . ]
The control of the concrete block motion was accomplished by using a combination of

the D-site crane, three chain-fall supports mounted to the crane hook (see figure 1) and
- hand manipulation of the block for rotation. One technician controlled the crane and

observed the floor laser, one technician (located between the block and sereen on the .
right side) manipulated the right chain fall and observed the right laser and Mike Viola a8
(located between the block and sereen on the left side) manipulated the left chain falls
and observed the left laser. With Mike barking out the lift instructions the block was
' manipulated to follow the sequential points with an occasional mazimum deviation of
about %" to 17, This amount of deviation should be acceptable for assembling the MC
over the vacuum vessel and with improvements in the crane system set-up some
reduction can be expected.
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Figure 4.2   Field Period Assembly Plan Outline

Three Field Period Assemblies (FPAs) make up the full NCSX stellarator device. The Field Period Assembly area will make use of the crane primarily for picking up major components such as the Vacuum Vessel, Modular Coil, TF Coil and the completed Field Period Assembly. When components arrive from the vendor they will be inspected for damage, lifted off the truck and placed in an area designated for receiving inspection. All necessary documentation will be reviewed and any additional inspection will be performed. When the component has passed the receiving inspection test it will be lifted to the appropriate fixture in the assembly area.

4.3 Summary of Field Period Assembly Stations and Procedures 
Each Field Period procedure will be generated from the approved sequence plan generated to convey the assembly and installation steps envisioned by the designer.   
4.2.1 VVSA Preparation (Station 1)
The Field Period Assembly will begin with the installation of magnetic loops, coolant lines, heating elements and thermocouples on the vacuum vessel. To perform this task the vacuum vessel will be mounted to a vacuum vessel support fixture, shown in Figure 4-2.  The vertical port flanges with interfacing hardware are bolted to a support fixture that allows rotation of the vessel in enhance the installation of surface components.  The following two sections summarize two of the major components installed on the outside surface of the vacuum vessel.


[image: image2]
Figure 4-2  Vacuum Vessel Support

4.3.1 Magnetic loops / saddle coils 

FPA 1 will have 65 flux loops, FPA 2 - 80 flux loops, and FPA 3 - 67 flux loops. There will also be four toroidal voltage loops mounted on the surface of the vessel, 16 flux loops on one of the three vacuum vessel spool pieces, and two flux loops on each of the other two vacuum vessel spool pieces at the symmetry points. Saddle loops will be installed on all three vacuum vessel Field Periods with varying numbers on each. The technique for installing the flux loops is to place a thin copper template that mimics the size and shape of a particular flux loop over the surface of the vacuum vessel. The template will have a number of edge marks that will be used to match up with pre-inscribed marks placed on the surface of the vessel by the Romer or Leica metrology measurement system.  Each copper loop will be pressed down against the vessel to conform to the vessel surface and centered between locating marks with temporary tabs spot welded to the vessel surface to hold the loop in place. Mineral insulated (MI) cable for the sensors will be wrapped around the edge of the template.  Leads from the coils will be routed to the vertical ports and terminated in a junction box on the ports. The MI cable will be held in place by wrapping the cable with thin tabs and spot welded to the vessel. Measurements of the coils will be made using a Faro arm or laser tracker and recorded for future information. The flux loops will be located to within +/-4 mm (0.160") of the design locations, except the loops at the symmetry points, which will be located with +/-0.5 mm (0.020").
4.2.3
Cooling / heating trace lines

A total of 64 cooling/heating flexible trace lines made of SS braided hose (1/4” ID x 48” OD) will be attached to the body of each  vacuum vessel Field Period with 712 studs located at approximately 5” spacing, shown in Figure 4.3.  The braided hoses will be attached to the vessel by stud welding saddle clamps with Grafoil used to improve thermal conductance.  The braided hoses from the body are connected to a 5/16” OD SS tubing weir with “J” clamps located on each vertical port and collected in a manifold at the top of each port.  Prior to installing the SS tubing on each of the vertical ports ½” heat tape retention foil will be installed.

[image: image3]
Figure 4.3 Cooling / heating line tracing installed on vacuum vessel

4.3   Modular Coil Half Period Assembly (Station 2)
An adjustable support stand, shown in Figure 4.4, is used to support and construct the modular coil half periods, made up from modular coils Type A, B and C.   The Type-A modular coil segment will be placed first on the support stand fixture and the stand adjusted to provide a horizontal surface for the Type-B modular coil.  Metrology measurements will then be taken to set tree spherical seats (shown in Figure 4.5) that are used to initially support the Type-B modular coil.  The spherical seat positions on all modular coils are pre-adjusted for every Modular Coil winding based on metrology measurements of the winding and manipulation of a field period assembly CAD model prior to the modular coil half period assembly.  Inspection data from each coil will be collected, including the relationship between the winding geometry, flange geometry, and tooling ball monuments.  The location of these features relative to the global machine assembly will be calculated based on the optimum position of each coil in the assembly.  This information must be processed to determine the best fit of the coils in the final assembly, and to size the shims needed for the next step.


[image: image4]
Figure 4.4  Modular Coil Subassembly with fixture

After the Type-B coil is placed metrology measurements will be made to verify that an accurate position was indeed achieved.  Shim stock which has been sized, based on dimensional data taken during the fabrication of the A and B coils and output form the CAD assembly model, will be placed between the flanges and checked for its accuracy. Once the part accuracy is assured the Type-B coil will be secured with insulated bolts that will be matched reamed with the flange holes and bolt and nut assemblies torqued to specifications. The Type-C modular coil will be installed using the same procedure and dimensional inspection data will be taken to verify the location of all coils.  

[image: image5]
Figure 4.5  Spherical Seat Positions 

After one modular coil half period has been assembled it will be lifted from the support stand and rotated into a vertical position and secured to a second support fixture that will allow the assembly of its interfacing half period using a magnetic alignment method, illustrated in Figure 4.6.  Each magnetically aligned module coil will adjusted with six degrees of freedom to allow it to magnetically match its sister coil in the adjacent modular coil half period, that is coil A will match coil A, B will match B and C will magnetically match C.  


Figure 4.6  Construction of Mating MCHP

In a similar manner to the first modular coil half period the magnetically assembled MCHP will have shim stock placed between flanges and secured with insulated nut and bolt assemblies that are matched reamed with the flange holes.   Once completed the two MCHP’s will be separated at the Type-A interfacing flanges and the assemblies stored for used in Station 3.

4.4 Install Modular Coil Half Period over VV (Station 3)

The instillation activity of Station 3 involves manipulating two 24,000 lb MCHP’s over a vacuum vessel field period within a prescribed assembly path.  The motion of the MCHP will be controlled by using a combination of the D-site crane, three chain-fall supports mounted to the crane hook and hand manipulation for rotation control.  To improve on motion control a motor driven mechanical screw system with in-line encoders is being evaluated to replace the chain-fall supports.  Three lasers will be mounted on the MCHP and the path traveled by each laser will be plotted on sheets of velum, mounted on screens that are pre-aligned.  To evaluate the accuracy of the Crane Supported – hand assisted assembly approach a small demonstration effort was undertaken using a 25,000 lb concrete block with three lasers mounted to it (see Figure 4.7).  The simulation was run and the block was manipulated to follow the sequential points with an occasional maximum deviation of about ¾” to 1”, all within our allowed assembly tolerances.


[image: image6]
Figure 4.7  MCHP Assembly Simulation
The design details of the Station 3 assembly fixtures are in progress but the instillation approach can be illustrated in Figure 4.8.  The first step is to set up and properly align the vacuum vessel (Figure 4.8 a).  Using the overhead crane and chain-fall supports the left side module coil half period is rotated about the vacuum vessel to within ½”of its final position.  While supported from the overhead crane a ground support system is rolled beneath the MCHP, interfacing surfaces are elevated to support the load of the modular coil and the unit is then locked in place.  The crane is removed from the left MCHP and then used to rotate the right MCHP over the right side of the vacuum vessel, also moving it to within ½” of its final position.  At this point left side MCHP is moved to its final position using the ground based roller system.  The reason for holding the MCHP off their final position is to eliminate the Type-A wing interference that would occur at the end of the MCHP rotation process.  Once the left side is set the crane will move the right side into its final position, making any positional alignment adjustments.  Once positioned the right side ground support will be rolled beneath the assembly and it will be secured in place.  The interfacing Type-A flanges are then shimmed and bolted together.  The completed Station 2 installation is shown in Figure 4.8 c.

[image: image7]
Figure 4.8  MCHP Assembly Simulation

The vacuum vessel support hardware will then be installed between the vacuum vessel and the shell. A clevis subassembly will be fitted thru access ports in the shell and screwed into bosses that are in the vessel. Threaded rods can be inserted into the clevis from the outside of the shell. Belleville washers and a nut will be attached to the threaded rod and tightened against the shell until the vacuum vessel is snug. The vessel will not be fully supported by this hardware until the ports have been installed and welded to the vessel.

4.5 TF Half Period Assembly (Station 4)
Station 4 involves assembling three TF coils and structure into a three coil half periods with the assembly process summarized in the three sub-figures of Figure 4.8.  The subassembly consists of 3 TF coils with cast top and bottom support structures. This subassembly step is required prior to assembling the TF coils over the modular coil shell.  The TF coils will be positioned slightly offset in the radial direction (~1/4 in) from their final position. This provides clearance during the final machine assembly, when the three Field Periods are installed on the base structure.  However to assure that the TF coils will wedge together at final assembly the coils will be matched positioned and adjusted in the wedged position in Station 4 to match an accurately machined fixture.   The support structure is made form a number of cast pieces that provide toroidal support but allow the coil windings to slide within the plane of the coils. The TF upper and lower structures are eventually supported form the modular coils so temporary structures are needed for the construction process of the TF half period assembly.  

[image: image8]
Figure 4.9  TF Half Period Assembly

4.5
Final Field Period Assembly (Station 5)
Station 5 completes the FPA assembly process bringing together the VV/MCHP assembly, TFHP and attaching VV ports, external trim coils and services.  Since the TF coils will be rotated in a circular arc over the VV/MC assembly greater floor space is needed.  Because of the space available under the TF coils all vacuum ports, except for the three large horizontal ports, can be welded to the vessel shell prior to rotating the TF half period over the VV/MCHP assembly.  After the assembly of the TF coils, the External Trim Coils will be attached to the Field Period Assembly. Some of the External Trim Coils are shown in Figure 4.11.  They consist of three upper, three lower, and two outer coils. The upper and lower coils are attached to the frame of the TF coil support structure. The outer trim coil is mounted on the outside of the TF coil.  At the machine assembly level an additional outer trim coil will be added between each Field Period Assembly.  Before completing the Field Period Assembly, the support hardware that was installed in Station 3 is now tightened until the vessel is barely lifted off the support fixture. The vessel is now free and can move inside the shell assembly. Temporary blocking will be installed between the shell and the vessel during transport from the assembly area to the NCSX test cell. The completed field period assembly is shown in Figure 4-11.  Final metrology measurements will be made to assure that tracked surfaces and fiducials have not changed during the final installation process.


[image: image9]
Figure 4.10  Steps for Final Period Assembly

When a Field Period Assembly is completed it will be lifted from the fixture in the assembly area and set on a truck for shipment as shown in Figure 4-12. The Field Period Assembly will be driven a short distance on site to the NCSX test cell. 

A summary of the field period component weights is shown in Table 4-1.
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Figure 4-11 Field Period Assembly 
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Figure 4-12 TFTR Loading Station

Table 4-1 Field Period Component Weights
	Description
	Weight

	Vacuum Vessel
	  7,200 lbs

	 Modular Coils (6)
	45,600 lbs

	 TF Coils (6)
	26,200 lbs

	Field Period Assembly
	79,400 lbs

	
	


Material Receipt





Procedure No.        


NCSX-PROC- FPA -002





Type-A Coil





Station No. 5


Final Field Period Assembly





Station No. 3


Install MCHP over VV





Station No. 2


MCHP Assembly





Procedure No.        


NCSX-PROC- FPA -001





Station No. 4


TF HP Assembly





4,0	TF HP Assembly


Assemble two 3 TF coil sets








Send to NCSX Test Cell





One-quarter inch circles were used to define the required laser positions along the curve path. 





b)  Completed magnetic alignment mating MCHP





Final Field Period Assembly 


Align and Weld Ports 


Install TF 3 Coil Assemblies 


Install Trim Coils 


Perform Final Measurements


Install transportation supports


Load on truck








MCHP Assembly


Align and assembly 3 MC sets


Magnetically align 3 coil sets.

















Station No. 1 


VVSA loops and tubes





Material Receipt


VVSA receipt & inspection 


Cooling Tubes receipt & inspection


Misc. hardware inspection guidelines





a)  Type-A modular coil magnetic alignment





c) TF upper structure assembly





Magnetically aligned MCHP





Procedure No.        


NCSX-PROC- FPA -003





b) TF winding installation





a) TF support structure assembly





c)  Completed Station 3 Installation





b)  MCHP rotated over VV





Install MCHP Assembly over VV


Align and Install VVSA


Install first 3 MC sets


Install Second 3 MC sets


Align and bolt together





Procedure No.        


NCSX-PROC- FPA -002





Type-C assembly being lowed in place





Machine Tol 





-.000 





+.002 





Female side spherical seat. 





Adjustable male spherical seat 





Support Stand Assembled MCHP





Magnetically aligned Type-A module coil





Procedure No.        


NCSX-PROC- FPA -QA





Completed MCHP





Procedure No.        


NCSX-PROC- FPA -004





Support Stand Assembled MCHP





a)  VV Set-up





VVSA Preparation


Locate diagnostic loops


Install templates


Install Diagnostic Loops


Locate cooling tubes


Install tube clamp studs


Perform measurements





Adjustable support stand














VV Ports





c)  Completed TF assembly





b)  Ports welded to VV





b) TF rotated over MC








4

_1201602051.pdf
413 6 7 8 9 10 | | 312 | 13 | | 4 | 5
NO . REVISION BY CH SUP APPROVED DATE
A
CRANE TRAVEL - MAIN HOOK A
(SEE NOTES)
CRANE TRAVEL- AUX. HOOK
(SEE NOTES)
5 / 5
7 ya 7
C —y— —rr— C
FoLD)| T
LOWBOY
0 0 TRAILER
_ STAGE 5 B
STAGE 1 STAGE 1
Q
D I D
_ — ] | = _
L1 C ] | <:>
- - .
AUTOCLAVE sg i il
FURNACE O 5
Y4
c Q4 1 l_:| 5
Q OQ |:_I L
=z
& 5 / /J = = 4 4
\\\\:>>> N~ — (ii//// Z{ffi////
: )
TF WINDING ROOM F
20' X 45'
i
G /_Qn 7 - E g G
- | 9 3 —. hq
LIMIT OF < ._.g
CRANE TRAVEL ij 8c':
=¥z
P
HALF PERIOD ASSY AREA 1 | (3 ] E;E
— L — MOD COIL
I RING MOUNTING
H FLECTRIC POWER ~— 18’-3 " —— H
L—T CARTS LIMIT OF
| CRANE TRAVEL
STAGE 3
\\
FoLD)| N o
|
\ =
i
3
7
— CRANE TRAVEL-MAIN HOOK g
(SEE NOTES) 1%
=
PLAN VIEW - MODULAR COIL WINDING FACILITY NOTES:
J
FIELD PERIOD ASSEMBLY STAGES | AUXILIARY HOOK CAPACITY IS RATED AT 25 TONS. MAX, ’
HOOK ELEV. ABOVE FLOOR (EL. 100"-0") IS EL. I46°-9",
PHASE I 2. MAIN HOOK CAPACITY IS RATED AT 110 TONS. MAX. HOOK
ELEV. ABOVE FLOOR (EL. 100°-0") IS EL. 143°-0".
COMPUTER GENERATED ceyrpai FiLEs; PRINCETON PLASMA PHYSICS LABORATORY
MANUDALAWC|HNAGNGES PRINCETON UNIVERSITY
NOT PERMITTED  |UNLEss oTHERWISE sPeciFiEp|  NATIONAL COMPACT STELLARATOR EXPERIMENT
WE IGHT oo E DIMENSIONS ARE IN INCHES MODULAR COIL WINDING FACILITY
MACH INE_SURFACES'Y VACUUM VESSEL ASSEMBLY, FIELD PERIOD ASSEMBLY
K %0 N1 SCALING DRAWING ' | BREAK SHARP EDGES .005/.020 AND TF COIL ASSEMBLY STAGES K
MODEL NAME TOLERANCES NON-CUMULATIVE | DSN:B.PAUL DRAWING NO:
NEXT ASSEMBLY DECIMAL-INCH| FRACTIONS | cHk:
RELEASE LEVEL: WIP —— P EHGATHI et SE144-150
DWG VERSION NO: O+ ENG INEER aouLARer 13- | oveR z0mes1re] SUPV SHEET | OF 2 REV] 0

I~
FOL

9 | 10

FOLD
™o

| 3

| | 4

NCSX_PART_FORMAT_E






oLD
Ox
D
—
o
O

FOLD
™o

| 3

| | 4 | |5

NO.

REVISION

BY CH SUP APPROVED DATE

A
A
B B
C C
“FOLD| g [FoLD
STAGE 5
B STAGE 1 ] _
:. ] N
STAGE 3
D D
_ n _
1
i
E E E
Ll
_ & N Z/ _
l__
l__
£ o ==y
Gt
[ Il
G ?._ | 4[T G
L
HALF PERIOD ASSY AREA L 1 [ ]
L | —
H H
STAGE 2
“FOLD| [FoLD
|
O
©
.
~
PLAN VIEW - MODULAR COIL WINDING FACILITY -
FIELD PERIOD ASSEMBLY STAGES %
=
J J
FOR NOTES SEE SHEET |
MNPM&&ﬁngMTD(IMMLFHB: PRINCETON PLASMA PHYSICS LABORATORY
wanin N e s PRINCETON UNIVERSITY
NOT PERMITTED  |UNLEss oTHERWISE sPeciFiEp|  NATIONAL COMPACT STELLARATOR EXPERIMENT
WE IGHT oo E DIMENSIONS ARE IN INCHES MODULAR COIL WINDING FACILITY
MACHINE_SURFACES'Y/ VACUUM VESSEL ASSEMBLY, FIELD PERIOD ASSEMBLY
s " 'BY SCALING DRAWING | BREAK SHARP EDGES .005/.020 AND TF COIL ASSEMBLY STAGES A
MODEL NAME TOLERANCES NON-CUMULATIVE | DSN: L. MORRIS DRAWING NO:
NEXT ASSEMBLY DECIMAL-INCH| FRACTIONS | cHk -
RELEASE LEVEL: WIP —— e o SE144-150
DWG VERSION NO: O ENG INEER AGULARe/ 157 | 0VER 120°+/-1/2 | SUPV: SHEET 2 OF 2 REV | 0
41z S 6 1 3 9 | 1 0 | S 12 | 3 | | 4 NCSX_PART _FORMAT _E







