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National Compact Stellarator Expetiment

Modular Coil Manufacturing Update

J. H. Chrzanowski for the NCSX Project
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Requirements, Design & Interfaces
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National Compact Stellaralor Expetiment

 Requirements:
— Manufacture 18 modular coils that meet the design requirements
as defined in the GRD and SRD.
« Maintain Stellerator symmetry
« Maintain tight current center tolerances [+/-0.5 mm accuracy]
» Operate at liquid nitrogen temperatures

e Design:
— Design documents are complete
 SRD, Specifications, drawings, manufacturing procedures
e |nterfaces:

— MC interfaces with numerous systems as outlined in SRD

* These interfaces are continuing to evolve as machine assembly is
completed

 Vacuum vessel, TF coils Cryo-systems, FPA, etc.
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Modular Coil Status
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 Progress at last Project Meeting- August 16, 2007 :

— 13 Coils have been Vacuum Pressure Impregnated (VPI) and 14
through the winding process

« Today's Status [April 8, 2008]
— 16 Coils have been VPI'd and 17 are through the winding process

MC ID VPI Date VPI Status Post VPI Post VPI Status
Number Completion Date
A5 9-20-07 Complete Complete Complete
C6 2-14-08 Complete 4-18-08 In progress
B5 2-28-08 Complete 5-9-08 Not started
B6 5-15-08 Bag Mold Prep 6-23-08 Not started
A6 7-15-06 Pre-winding 9-17-08 Not started

« The last modular coil will be VPI'd by July 15, 2008
o All Post VPl work will be completed by September 17, 2008
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Tracking Punch List Items
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National Compact Stellaralor Expetiment

e Majority of punch list items have been completed.

 Remaining items include: Strain gages, additional
thermocouples, flange interface modifications [as req’d]

Final 4 i
Wound/  'Coil Post- “Initial GI’Ol._Ind Clamps ogples Insul Bushing Premeasure Metrology 4 ceind il Grinding
VPIComp VPl Items EIE(_:t' faadl (incl short Ins_talled Installed Fab Metrology (as cast) Laestigny New:tal s e (Overcast) Lgmments
Testing Break Aamoe) (coil area) Clearance)
A-1 X X X X X X X X X X CWF X X FPA
A-2 X X X X X X X X X X CWF X X FPA
A-3 X X X X X X X X X X RWSF X X
A-4 X X X X X X X X RESA X X
A-5 X X X X X X X X X RWSF
A-6 W X X CWF X X
B-1 X X X X X X X X X X CWF X X FPA
B-2 X X X X X X X X X X CWF X X FPA
B-3 X X X X X X X X X RWSF X X
B4 X X % X X X X X X X RESA X ;’;’;:';f’sf‘“
B-5 X CWF
B-6 W X CWF
PRE FPA
C-1 X X X X X X CWF X X X STEPS
Cc-2 X X X X X X RWSF X X X
C-3 X X X X X X X X X X RWSF X X X
Grinding for
c4 X X X X RESA X X e B ﬂtgs
C-5 X X X X X X X X X CWF
C-6 X CWF
~KEY
| x | obone | | P |inProgresq [ w Winding | | ’ Diag box, loops, lock clamps etc. | . Includes hipotto 7.5k |
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Cost and Schedule
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* Modular Coil cost estimate is based upon detail task breakdown and
actual in-field times to complete coils

— Based on: 17 coils wound and 16 VPI'd

 Budget increased for procurement and installation of additional
thermocouples that were added to the design

« Budget increased additional shop hours - unidentified work associated
with modifications of winding forms during fit-up in support of FPA

« Last Modular Coil will be VPI'd by 7/15/08 [target date]
» Post VPI items complete by 9/17/08
* Punch list items complete by 11/6/08
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Schedule
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Job: 1408 - MC Winding Supplies-CHRZANOWSKI
1408-2 Epoxy (existing order) 256 23MAYOTA 02JUNGE | 1,605 19.002.60! 41=25%k :
1408-3 Misc and safety supplies {$Tkimo.) 27" 23MAYOTA 30JuNoE | 1,585 40,476.78 212545k :
1408-4.0 Order Strain Gages 1 140MAROB* 14MAROE 170 0.00]|f |
1408-4.1 Procure Strain Gages 85 17MAROS* 02JUNOE 170 37,260.00( || CJ4a1=385x -
1408-5 Epoxy/glass for mold shell 255 23MAYDTA JOMAY08 1,606 5,430.96 412133k ;
1408-6 VPI clean manifold contract 276 23MAYOTA 30JUNGE | 1,585 4,818.96 41=1038k ;
1408-8 Cutting hardware for flange bolts 276* 2IMAYOTA 30JUNOS 1.585 1,440.72 Ez' =3k
1408-7 Misc tech shop support 276" 23MAYOTA 30JUNOS 1,585 19,609.83 EMTITE =B340 ;

Job: 1451 - Mod Coil Winding-CHRZANOWSKI

Station 2-Winding, Instl Chill Plates, Tubing,Bag
P3.080 Instl Chill Plates, Tubing,Bag BS 3% [1 |20DECcOTA  |20FEBOB | 216 8,048.62[]=pme =7ps Last VPI
P3-161 Wind coil B& w1 0INOVOTA 20FEBOS 149 12,169.27 [gj EMITE =1308

EMTITS =52 | 4

Station 3-Casting Prep & Winding
P1-151 Receive A, Prep& Instl Cladding 97 [15 |DINOVOTA 2TMAROE 93 30'205'03.3533?;-2'?:?5 EMTITE =124 -
P1-161 Wind coil AS 75 |1 |28MAR08 27MA Y08 93 121,692.77 || | [gEMITE 71208

EMT/TE =32 |;

P14ATO Instl Chill Plates, Tubing,Bag A& 4“4 M 28MAY08 29JUL08 93 57,490.16 CHemims =3

Station 4-Winding, Instl Chill Plates, Tubing,Bag
P3470 | [insti Chill Plates, Tubing,Bag B | & [t [suavosa  Jozuunos | 149 | 57,490.16 EMVITH 2728

Station 5-VPI
P2051V VP (Station 5) C& 17 |1 | 31JANOBA 15FEB08 | 193 /34.425.58 JEVVITE b e EMATE 2227
P2ATHV VPI (Station 5) BS 19 |1 21FEBOB 18MAROE 216 47,514.31 DEM-'.'TB =pB1hr EM2TB =277 |;

EMT/TE 218 |-
P3ATIV VPl [Station 5) B6 19 |1 wﬁ__ 2LILNGE 14 47,514.31 EMITE =28(inr ; EM2TE =277 |:
{ ) Oevmracis -
P1-AT1V VPl (Station 5) A6 19 Q 30JULDE 254AUG08 93 47,514.31 [EMVTE 228 1h s EM2TB =277
D EMTITE £18 | ;

P3-1T1VM 2 COMPLETE WPI OF 18th MOD COIL 0 1 2AALIGOS 93 0.00 v

Pppl SC Project Review of NCSX April 8-10, 2008
PRINCETON mnSTnc::v J.H. Chrzanowski- page 6



wr

Schedule-continued

Station 1 Post VPI
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P2-051C Final Clamps & Warm Test (Station1) C6 43 18FEBOG 164PR08 193 24,006.88 EIEM.'-'TEI =_2?E
_ . _— Post VP
P34ATAC Final Clamps & Warm Test (Station1) B5 16 17APROS 084 YO8 195 24,006.38' I ]
P2ATIC Final Clamps & Warm Test (Station1) 66 6 SON0E 220108 _| 749 24,006.88 ; Iitems comp lete
P1ATAC Final Clamps & Warm Test (Station1) A6 16 26ALIG 17SEPOS (1) 24,006.88 IE 2re |
EMTTE =32 ;
LOE Oversight & Supervision
145X SPRV-2 Winding Engineering oversight and supervigion 314* 0IMAYOTA 31JULO8 1,563 74,971.74 Raftopolobs=70Rrsino.
145XSPRV-3 Winding Engineering oversight and supervision 356% OIMAYOTA 3J0SEFOE 1,521 84,886.56 Languish=70 hrsie,
145XSPRV-A Winding Engineering oversight and supervision 185 JINCVOTA 3JULO8 1,563 189,776.65 Chrzanoiwskic 1 20hFime -Meighan=120 hreime.
Job: 1459 - Mod Coil Fabr.Punch List-CHRZANOWSKI
Punchlist Tech shop/RESA
PLTS-C3 Grinding & Drill Holes -C3 102 010CTO7A 03IMARDS 187 8,339.23 0[] eniTe =340 -
PLTS-C4 Grinding & Drill Holes -C4 5 O010CTOTA 10MAROSE 214 17,815.63 P enuims =240hr |
PLTS-C5 Grinding & Drill Holes -C& 5 010CTOTA 170MAROS | 1,659 18,763.27 PH] epime =pachr -
PLTS-B5 Grinding B5 5 JanAYos 150MA YO8 195 3,869.53 |EMETE =shr -
PLTS-A6 Grinding -AG 5 O010CTOTA 198EF0G 93 270.87 ENUTE =40k ;
PLTS-B6 Grinding -B6 5 23JUL0G 29JUL08 149 3,869.53 lEmims =4chr;
PLTS-C6 Grinding & Drill Holes -C6 20 17APROS 14MAYDS 193 18,952.80 [EMATE =2400: :
PLTS-GRIND Coll to coll fitup modiications (grinding/cp] 3 01DECOTA  |31JUL08 | 1,563 69,177. 72| S l=mis | ~aron - Punch list
Punchlisi- Coil Technicians L Ite ms CO m p ete
PLCT-A3 Insul,measure, TC, other punch list-A3 17 O5JULOTA 14FEBOG 174 2,854, 7T WllesaiTs =241hr -
PLCT-A4 Insul,measure, TC, other punch list-A4 17 06JULOTA 03MAROE 174 11,990.02 ¥ ]=miTs =241hr | /
PLCT-B3 Insul,measure, TC, other punch list-B3 14 MOCTOTA 20MAROSE 174 2,114.82p evire =pognr -
PLCTC3 Ingul,measure, TC, other punch ligt-C3 18 M1OCTOTA O7APROS 174 10,431.15 4@1;;
PLCTB4 Insul,measure, TC, other punch list-B4 14 01OCTOTA 2 APROS 174 1,464.10 TTE l=208hr
PLCT-C4 Insul,measure, TC, other punch list-C4 14 25JULOTA 02044 Y08 184 10,461 EMITE 2378he
PLCT-AS Ingul,measure, TC, other punch list-A5 14 30JULOTA 120MA Y08 184 45302.29 EMATE =208h
PLCT-AG Ingul,measure, TC,SG other punch list-A8 14 010CTOTA 090CT08 93 13,895.54 EMUTB =208hr |
PLCT-BS Insul,measure, TC, other punch list-B5 14 G‘JOCTO?;-‘-‘«/W 14,288.80 TErTE =208hr ;
PLCT-CE Insul,measure, TC, other punch list-C5 18 0OCTORE 06NOVOE 447517 =l EMIITE =258hr
PLCT-B& Ingul,measure, TC,SG other punch lizt-B6 14 010CTOTA 18ALG08 149 13,502.29 EMITS =205hr ;
PLCT-CB Insul,measure,TC,SG other punch list-Cé 14 010CTOTA OdUINDE 193 13,436.75 B =205hr |
PLCT-CEM COMPLETE MODULAR COIL FABRICATION 0 O4JUINDE 193 D.Oﬂl
PLCT-CRANE Crane support 27 01DECOTA 305EF0E 1,521 31,310.03 EMITE  =450hr |:
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Manpower Down Sizing Plan

NCSY¥=
« MC Manpower Plan:
— Presently working single shift x 5 days a week

— We have a plan for the orderly down sizing of modular coil
manufacturing team

— Size of production team will vary as required to complete modular
coils [Peak 18 technicians » today 8 technicians]
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Manufacturing Area
NCSY=

National Compact Stellarator Expetiment

 We have begun transferring real estate to FPA teams as MC stations
are shut down.

o Station 2 winding station was transferred to FPA on 3/1/08

By 7/31/08 all areas except for Station 4 and the autoclave will be
transferred to FPA
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Uncertainty of Estimate
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NCSX June 2007 ETC
TABLE IV - Uncertainty of Estimate and Residual Risk Assessment

WBS Number: 142

WBS Title: Windings and Assembly

Job Numbers: 1408, 1451, & 1459

Job Title: Modular Coil Winding Supplies (1408)
Job Title: Modular Coil Winding Operations (1451)
Job Title: Modular Coil Punch List ltems (1459)
Job Manager: Jim Chrzanowski

Uncertainty of the Estimate

Uncertainty
High Medium Low Range (%) Comments/Other Considerations

Job 1408 -5%4+10%

Design Maturity X Mostly off-the-shelf items

Design Complexity X Mostly off-the-shelf items
Job 1451 A0%+15%

Design Maturity X Known and proven procedures and processes

Design Complexity X Have built & Test 14 coils and have proven processes even with tight metrology and tolerances.
Job 1459 A0%+15%

Design Maturity X Still uncertainty on number of field changes (e.g., number of holes, etc.)

Design Complexity X Standard field work.

Note: High/Medium/Low uncertainty assessment from Job Manager. Uncertainty range based on AACEI recommended practice 18R-97 as amended for NCSX

High level of confidence in estimate
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Residual Impact
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Residual Impacts

Job Risk Description of Occurring Mitigation Plan

1451 Failure of major piece of winding equipment (e.g.,

1451 Insulation on modular coil fails during initial cooldown and NC C1 tested at full current at

1451 Damage or loss of modular coil during VPI or testing

NCSX June 2007 ETC
TABLE IV - Uncertainty of Estimate and Residual Risk Assessment

Cost Impact

Likelihood

Basis of estimate Low

2-3 month impact on
project schedule [If coil
18 had to be replaced]

edule Impact

High

u Continue to use same

rigorous process used fol
first 12 coils during whicl
there were no fabrication

~$35K in materials; ~$380K in
labor. 7.5 months to do work
with the potential for a 2

meonth impact on the critical

+$400  +$450 +0.00

requiring the conductor to be stripped off and re-
wound (Please see Assumptions)

pare components are ~$5K for repair costs +55 +§10 +0.00
motor, gear box, etc.) resulting in extended downtime
in a winding station

igh impact-low probability

testing requiring stellarator core disassembly cryogenic temperature. All eV ot covered by
modular coils will be tested at  continge
RT at elevated (50% higher)
voltage for faults to ground.

In addition, routine field tests will
be performed on each assembly
station to ensure that the
electrical

+2.00 RR#6 16 of 12 coils successfully
wound.Remaining 2 ceils in winding
process.

+0.00 RR#7 Future risk, has not occurred yet - N/A

RR#17 16 of 18 coils successfully
wound. ining 2 coils in
process.

Notes:

[1

Low cost and schedule impacts are idered the mi (0-percentile) impacts should the event occur. Use three remaining winding
High cost and schedule impacts are considered the maximum (100-percentile) impacts should the event occur

[2] Costimpacts should be entered as man-hours {by demographic) and M&S direct cost under basis of estimate.
Cost impacts should NOT include standing army costs which are separately calculated from the schedule impact
Project control is reponsible for quantifying the low and high cost impacts based on the labor hours and M&$ identified
[8] The schedule impacts should be entered as the min and max impacts on the critical path.
If there is no critical path impact then the schedule entries should be zero.
[4] Likelihood of occurrence should be entered consistent with our risk classification methodology, i.e.
VL= Very Likely (P>80%), L=Likely {30%>P>40%), U=Unlikley [40%>P>10%), VU=Very Unlikely (P<10%]), NC=Non-credible (P<1%)
lAssumptions
Cost: Would need ~$4.5K of Expoxy +~$3K of insulation + $1.5K of shell + ~§5K of other misc components/materials + cost of new lead
blocks of ~$15K => round off to ~535K. Labor ~$380K assuming ~4.5 months to rework and redo coil.
Schedule: To redo the coil: Need 138 shifts x 3 men/shift x 8 hours/shift => 3 months + To rework of ~65 shifts x 3 men/shift x 8
hours/shift => 1.5 months. Need an additional ~3 months to order lead blocks if needed. Anticipate ~3 months to re-order and obtain
new lead blocks. If Type B coil is the one to fail, could add 1-2 months to critcal path at an added “standing army" cost of
~$260K/months or ~$520K.
Pl SC Project Review of NCSX April 8-10, 2008
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Results in highest
impact [7.5 months to
replace coil]

[14 coils have been
electrically tested]



In Summary....
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e 17 modular coils have been wound and 16 VPI'd

« Have begun down sizing of coil manufacturing team from peak
level of 18 technicians to today’s level of 8 technicians

« Have begun transferring manufacturing real estate to FPA teams

» Successfully addressed all of the technological challenges.

« Safety continues to be in the forefront of all planning and
performance of field activities

« The NCSX Project is committed to completing the manufacturing of
the Modular coils by September 2008. (inc. final electrical tests)
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