Modular Coil Assembly and
Interface Design Issues
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Objectives

* Review chits and open issues from recent modular coil design reviews:
 Bolted joint design, Feb-22
 Coil instrumentation, Jan-24

» Other modular coil and interface issues:
» Bladders
* Bushings
* [nsulation
e Clamps

* Prioritize needs for field period assembly start



Bolted joint design — open issues

» Shear loads with added inboard bolts
« Shim design, incl inboard shims

 Joint assembly and tightening
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Global w/ Bolts (3)

 Load step difference (preload/EM) used to determine alternating bolt load
» Results preliminary, but suggest alternating load is ~8% of preload

Bolt No. Tension LS Diff Shear

(kip) _ (kip) (ki)
76.5 -5.9 7.5
784 -34 4.8
79.1 -2.0 3.2
78.7 -1.7 2.8
83.6 0.7 52
81.2 04 3.1
80.8 0.3 3.0 AA Bolts
81.0 0.0 3.4
82.7 -0.1 4.6
60.0 -04 0.6
60.0 -04 0.6
82.7 -0.1 46
81.0 0.1 3.4
80.9 0.3 3.0
81.2 05 3.1
83.7 0.8 52
78.6 -1.8 2.7
79.0 -2.1 3.0
78.2 -36 45
76.1 -6.3 7.0
78.2 -1.3 46,7
78.2 -08 469

N(R8|3(3|3(a]a[2]a 5|2 ]3]0 |=|~| 0| o]~

Interface A-A




Model Revised to Include (5)
* A-A Inboard Bolts

19 March 2007 MC Joint Analysis
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i Global Model Results, A-A

= Various Contour Plots of A-A Flange Results:
= Bolt Preload [k-lb or Kip]

= Bolt Shear Force Range [k-lb or kip] produced by EM
Load cycle. Non-zero value indicates that the joint is not
completely isolated with preload & design-basis friction
estimation (u=0.3).

= Slippage produced by initial EM Load cycle (—0.3 mm at
iInboard leQ).

= Incremental Position Shift Following EM ON-Off Cycle

19 March 2007 MC Joint Analysis 49



Preload [Kkip] in A-A Flange Bolts
(79 min.<81 Average<85 max.)

ANSYS 10.0A1
ﬂ I MAR 19 2007
i 10:08:38
global251
LINE STRESS

i/ﬂ STEP=1
SUB =4

TIME=1

FXIKIP FXJKIP

/ / . MIN=78.794
i ELEM=314519

MAX =85.278

i ELEM=314553

83.116
/ 5 B
I 84.557

// i W M 85.278

Average Preload 4% higher than 78 kip goal. All below 86 kip limit.

19 March 2007 MC Joint Analysis



+

= The addition of (5)
Inboard A-A bolts is
not sufficient to
Isolate them from
significant shear
loads:

= Four of the five
Inboard bolts carry
shear loads of 12-15
KIp.

19 March 2007

Shear Force Range in A-A Flange Bolts
from EM Loads (u=0.3, 81 kip Preload)

ANSYS 10.0A1
MAR 19 2007
10:16:04
global251
LINE STRESS
STEP=9999
FYZIKIP FYZJKIR
MIN =.006134
ELEM=314553
MAX =15.103
ELEM=314519
.006134
1.684
3.361
5.039
6.716
8.394
10.071
11.749
13.426
15.103

BELORECOEN

MC Joint Analysis
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A-A Bolt Preload & EM-Driven
Shear Load Range

A-A 25-Bolt Pre-Load & EM-Driven Shear Loads
~81 kip Preload, 0.3 Friction Coefficient

Preload Tension, k-lb
Bolt Shear Load from EM, k-Ib

1 5 9 13 17 21 25
Bolt #

19 March 2007 MC Joint Analysis



Contact Slippage [m] at A-A Flange From
EM Loading (u=0.3, 81 kip Preload)

¥

ANSYS 10.0A1
MAR 19 2007
10:26:57
global251
ELEMENT SOL
STEP=9999
CONTSLID (NO
DMX =.454E-03
SMX =.291E-03
0
323E-04
.BA7E-04
.970E-04
129E-03
162E-03
A194E-03
.226E-03
.259E-03
291E-03

BE0OEEOEN

19 March 2007
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Incremental Position Shift
Following EM ON-Off Cycle

Change in Interface Position

Following EM Load Cycle
(LS3 - L81)

MAR 19 2007
22:55:26
global251
ELEMENT SO
STEP=9999
CONTSLID (N
DMX =.188E-0
SMX =.506E-0
0
.563E-05
A13E-04
169E-04
.225E-04
.281E-04
.338E-04
.394E-04
.450E-04
.506E-04

BE0CEDEN.

19 March 2007
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Bolt Shear Load Range History
i & Un-Recovered from EM Cycle

A-A 25-Bolt Shear Loads from EM Off-On-Off Cycle
(~81 kip Preload, 0.3 Friction Coefficient)

——EM On - EM Off
—EM Off - EM On
— —Un-Recovered Load

Bolt Shear Load, k-Ib

1 5 9 13 17 21 25
Bolt #

19 March 2007 MC Joint Analysis



i Observations: Revised A-A

= (25) A-A bolts with 81 kip average preload cannot
produce a no-slip interface.

= (4) of the (5) Inboard Leg bolts carry shear loads of
12.5 to 15 kip when EM loads are applied.

= The shear load in all of the bolts return to pre-EM
load levels when EM forces are released.

= This implies that bolts will likely be exposed to a
high number of bending stress cycles.

= There is a tiny (0-2 mil) incremental position
change from the EM load cycle.

19 March 2007 MC Joint Analysis 56



i Future Work

= A more thorough analysis of the interface still
requires a traditional contact analysis where
flange separation can occur.

19 March 2007 MC Joint Analysis 57



Shim requirements

* Resist loads

* Maintain geometry

* Isolate electrically

« Capable of dissassembly

* Minimal fab/inst cost
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VIEW C-C A-B SHIM-SHEAR PLATES

SCALE .12



VIEW D-D B-C SHIM-SHEAR PLATES

SCALE .12



Individual Shims w/ Custom Shape

Interface B-C




Additional
bolts







COIL-C TO —B INTERFACE
* 7 bolted shims
- 29 x 1.885-dia
* 4 shear pin shims
- 44 x .63-dia




COIL TO COIL INTERFACE A-B

=N\ T y
'l.‘ L ’ 4;7 ”_.
. A
I ) .
\ _._../

_ONs

b

TYPE-B






INBOARD LEG CONCEPT — SHEAR PINS

WELD
STUD BUSHING

STYCAST

G-11




INBOARD LEG CONCEPT — SHEAR PUCKS

INBOARD LEG
BOLTED JOINT SHIMS
SHIMS

TYPE-A TYPE-B



FILLET WELD




FLANGE A-B
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Through Hole
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Inventory of Tapped/Through Holes

No.|Interface| Typ No. Tapped| Total |No. Thru|Total| Total
Holes Tapped| Holes | Thru|Fasteners

1 A-B 5 25 125 1 5
2| Al1-B 1 7 7 19 19
3 B-C 6 29 174 0 0
4 A-A 2 20 40 0 0
51 A1-A 1 6 6 14 14
6 C-C 3 8 24 24 72

Total | 18 376 110 486
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Text Box
We need to show a 12pt nut in this location if we are using a hydrostatic tensioner

mjc
Text Box
Should we coat this with alumina?

mjc
Text Box
If we coat item 4 with alumina can 
we delete this item?

mjc
Text Box
Should we show a alumina coated
shim instead of the g11cr insulation?

mjc
Text Box
I have attached a pdf showing a callout for Dow Corning MolyKote Z. This needs to be applied on the spherical seats. We will need to add this to the parts list.
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move the bolts down a little
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Text Box
On all the threads we need to lubricate with the Molykote Z powder
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Should the bushings be shown at nominal size? If we want to make them offset we need to design for this. What do you think?
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Text Box
Should we specify this dimension?
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Text Box
We need to show some overall dimensions on this dwg. and some center lines for the screws?
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Text Box
We need a note or some assembly instructions that make sure we have a gap between the studs.
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Text Box
Do we need to call out a flatness on this face and a parallelism on the opposite face
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Text Box
1.375-6UNC-3B
Should the thread depth be the same as the casting 1.25?

mjc
Text Box
This is shown as a flat bottom. Don't you think they will drill this? Maybe we should so a drill point.
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Text Box
Do you think we should show a countersink on this thread?

mjc
Line
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Text Box
Do you think we should show a countersink on this thread?
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Text Box
This seems like a pretty big hole. What do you think of using the std normal fit for a cap screw which is .781
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Text Box
What do you think about matching the surface finish to match what we see on the flange? Should we require a 125 surface roughness?
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Text Box
Do you think this and the opposite side should have a countersink so that the first thread will not impact the surface?


Design Review/QA Audit

Review Board

[Coqg Engr/RLM/Chair] Rvw Date Chit/Audit Finding [Originator] Recommendation Project Disposition
Modular Coil Interface Hardware POR 2i22/2007 Consider a "Plan B" for the possible Concur 1. Worst case fitups are being
Williamson/MNelson/Reiersen condition of inadequate fit-up which analyzed. May preclude using
might require additional machining of the constant thickness shims
shims. [Reiersen] everywhere, (Brooks)
2. Production prototype (AL A2)
will determine whether contoured
shims are required. If so, use of
a high friction foil or a spray
application of alumina can be
done post-rmachining.
Modular Cail Interface Hardware PDR 202272007 Identify if any of the existing holes need |Concur Holes should be examined and
Williamson/Melson/Reiersen to be worked on. [Cole] cataloged as to whether any re-
work is required, Bushing OD
could be determined at the same
time.
Modular Coil Interface Hardware POR 272272007 What are tolerance requirement for the Concur Requirements for positioning the
Williamson/Melson/Reiersen half-period assembly? Meed to consciously coil current centers will be
define. MNeeds more attention. [Cole] provided in the Station 2
assembly specification. (Cole)
Input to be provided by Brooks.
Maodular Coil Interface Hardware POR 202272007 Establish criteria for adequate fit-up of Concur 1. FEA analysis indicates that
Williamson/Melson/Reiersen the shims [Cole] rmaximum deflections will be on
the order of 1 mil (Fan)
2, Joint tension tests will measure
deflections upon tensioning the
bolts {Gettelfinger)
3. approach to finalize fit-up
criteria is TBD
Wodular Coil Interface Hardware POR 22252007 Do ultrasonic testing during tension test. |Concur UT will be performed during
Williamson/Melson/Reiersen [Caole] tension test
Modular Coil Interface Hardware POR 272272007 Measure g at LN temperature with Concur Stellalloy and 55316LN have very
Williamson/MNelson/Reiersen Stellalloy, Since Stellalloy seems stronger comparable strength properties.
at LM temperature than standard stainless There are no plans to machine
and since the failure seems to be Stellalloy test pieces out of the
destruction of the 55 surface the prototype casting for friction
maximum p may be higher with Stellalloy. tests,
[Zarnstarff]
Modular Coil Interface Hardware POR 2i22/2007 I recall Gettelfinger getting p = 0.7 in Concur - Friction testing  |Friction testing will be performed
Williamson/Melson/Reiersen one of his tests at very high clamping should be performed over |owver 3 representative range of
shis to increase pressure (~ 7000 PSI7). |2N appropriate range of  |pressures.
Consider understanding shims tao increase |[PrEss4res.
pressure to obtain this high p.
hadular Cail Intafare Hardware POR HEXINNT Tahulate deflartinn and halt chear lnads mancir = KMead ta resnlve 1The nverlnadinn nf the knishinns
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Tabulate deflection and bolt shear loads

Modular Coil Interface Hardware PDR X22007 | 8 Concur - Need to resolve  |The overloading of the bushings
Williamson/Nelson/Reiersen in case without additional inner leg bolts on the A-A flange will be resolved
with ™ no friction on inner leg region. by adding additional bolts,
Consider if this is a mare attractive
solution than added bolt design.
[Zarnstaorff]
Modular Coil Interface Hardware PDR HA2007 | 9 |Shims must protrude beyond flange or Concur - Also beneficial & handling feature for the shims
Williamson/Nelson/Reiersen have a handle for insertion and for reducing peak stresses |will be added.
positioning. [Wiolal in shims.
Madular Coil Interface Hardware PDR 22252007 | 10 |Eliminate spherical washers! Concur -Consider 1. Loss of preload will be tested
Williamson/Melson/Reiersen Unnecessarily costly and potential loss of in bolt tension tests with
preload. [VYiola] spherical washers and flat
washers., Test will also provide
cost data.
2. Design solution may be to use
only where necessary to save
cost. Spherical washers are
needed where stud is not narmal
to spotface.
Maodular Coil Interface Hardware PDR 22272007 | 11 |The concern is do we have a pre fit-up of [Concur - If needed to be |The assembly sequence will be
Williamson/MNelson/Reiersen the MC before the diamond coated shims |determined by worked out on the production
are installed? [Brown] prototyping. protoype (ALAZY
Modular Coil Interface Hardware PDR 22272007 | 12 |Make as many similar parts as possible e, [Concur Plan iz to minimize the number of
Williamzon/Nelson/Reiersen all shifms have same shape. [Violal different parts
Modular Coil Interface Hardware PDR H22007 | 13 |In place of planned " welded threaded Concur 41 adapters to replace through
Williamson/Nelson/Reiersen hole adapters" use A286 nuts and holes with tapped holes will be
washers., Use box wrench to resist replaced with standard nuts
rotation during tightening operations.
[Heitzenroedear]
Madular Coil Interface Hardware PDR 22272007 | 14 |Expedite completion of coil-to-coil Concur Daily meetings are being held at
Williamson/Melson/Reiersen assembly prototyping to resolve issues 3:45 to review daily progress and
that cannot be otherwise addressed. make plans for the following day.
[Reigrsen]
Madular Coil Interface Hardweare POR 272272007 | 15 |Meed to establish acceptable fit up Concur 1. See Chit 4 re fit-up criteria.
YWilliamson/Melson/Reiersen requirements for the shim. Also, 2. Good fit-up around the stud is
determine where the preferred contact seen as important to provide a
area is [Reiersen] good load path for the bolt
preload. The impact of not
having good fit-up in the shell
region will be investigated.
Modular Coil Interface Hardware PDR 22272007 | 16 |Meed to finalize shim area, Fit up favars [Concur See chits 12 and 15,
Williamszon/MNelson/Reiersen a smaller area. Shear is the glass epoxy
favors a larger area. [Reiersen]
bdadilar il Intafara Hardueara PR WEENNT 17 mad wackhar maw hava ta ha r;ndifiad Il talallld Thtarfara with keedranlie
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Maodular Coil Interface Hardware PDR 272272007 | 17 |Load washer may have to be modified to  |Concur Interface with hydraulic
Williamson/Melson/Reiersen accommodate hydraulic tensioners. tensioners will be investigated.
[Reiersen]
Modular Coil Interface Hardware PDR 2/22/2007 | 18 |Resolve issue of what the stress Concur Stress allowagbles will be
Williamson/Melson/Reiersen allowables should be in the G-11 bushing. reviewed and set per the NCSX
[Reiersen] Structural and Cryogenic Design
Criteria.

Modular Coil Interface Hardware PDR 2/22/2007 | 18 |Send analysis results to Fan for checking. |[Concur Analyses will be documented and
Williamson/Melson/Reiersen [Reiersen] provided for proejct review,
Modular Cail Interface Hardware PDR 2/22/2007 | 20 |Finalize location of bolts to resolve peak  [Concur adding more bolts on A-A will be

Williamson/Melson/Reiersen bushing stress concerns especially on A- investigated for reducing peak
& [Reiersen] hushing stresses.
Modular Coil Interface Hardware PDR 272272007 | 21 |Confirm that single shear test setup is Concur Double shear setup is being

Williamson/Melson/Reiersen

Ok, If not, consider setting it up a a
double shear test. [Reiersen]

considered.




Coll instrumentation — open issues

 Fiber optic gage calibration

 Length of leads






COMPOMNENT CABLE LENGTHS
A-Coil Plug-in TiZ #1 65"
A-Coil Plug-in TC #2 48"
A-Coil Surface Mount TC {dual) 12"
A-Coil Strain Set near Hole 64 192"
A-Coil Strain Set near Hole 44 90"
E-Coil Flug-in TiZ #1 B0"
B-Coil Plug-in TC #2 20"
E-Coil Surface Mount TC {dual) s]0
B-Coil Strain Set near Hole 64 120"
_-Coll Plug-in T #1 H4"
C-Coil Plug-in TC #2 42"
_-Coll Surface Mount TC (dual) 12"
C-Coill Strain Set near Hole 68 95"

C-Coil Strain Set near Hole 46

112"




Design Review/QA Audit

[Cog Engr/RLM/Chair] Rvw Date Chit / Audit Finding [Originator]

MWodular Coil Strain Gage FDR 1/24/2007 Strain gages on steel will be fairly each to

Willamson/Melson/Relersen interpret but gages on the composite
conductor and chill plates may yield
readings that are not so easy to interpret
due to the uncertainty of the material.
[Brooks]

Modular Coil Strain Gage FDR 1/£24/2007 Perform accuracy measurement on FBG

WillamsonMelson/Reiersen sensors, [Dong]

MWodular Coil Strain Gage FDR 1/24/2007 sssume that installation and electronics

Willamsaon/Melson/Reiersen costs are in WBS1 as they are not in WBS
E. [Gettelfinger]

Modular Coil Strain Gage FDR 1/24/2007 Consider monitoring the coolant tube inlet

Willamson/Melson/Relersen and outlet temperatures., Useful
diagnostic for monitoring will cooldown,
[Reiersen]

hlodular Coil Strain Gage FOR 1/24,2007 rManitor caoil resistance to infer coll

Willamson/Melzon/Reiersen temperature. Reduce number of TC's,
600 looks to be an excessive number fold
into coil protection. [Peiersen]

Modular Coil Strain Gage FDR 1/24/2007 Yerify that problems with displacement

Willamson/Melson/Relersen gage were due to condensation could be
done at PPPL. Also consider installing on
machine, [Reiersen]

Moaodular Coil Strain Gage FDR 1/24/2007 Inwvestigate the calibration of FRG's so

Willamson/Melson/Relersen they hawve the same issues as Fabry Perot
gages. [Reiersen]

Modular Coil Strain Gage FDR 12472007 wWe need to use calibrated gages if they

WillamsonMelson/Reiersen

are used to validate the structures
models. Require the use of weldable
gages. [Reiersen]




Bladder — open issues

» Drawing of standard shape

* Prototyping — AB, BC, or CC



Inventory of wing surfaces:

No. | Coil Type | Interface | Location | Area (in2)
1 A A-B outboard 84
2 B A-B inboard 233
3 A A-B inboard 211
4 B B-C outboard 10
5 B B-C inboard ~0
6 C B-C inboard 433
7 B B-C inboard 293
8 A A-A inboard 301
9 C C-C inboard 408

10 C C-C outboard 131
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NOTES
| DRAWING PREPARED IN ACCORDANCE WITH ASME Y14, 100-2004.
'I 2. INTERPRET DIMENSTONS AND TOLERANCES PER ASME Y14 . 5M-1994.
3. DIMENSTONS ARE IN INCHES
41 BAG TO BE FABRICATED FROM 5 MIL THICK CLEAR FEP SHEET
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o SCALE .00
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- FIBERGLASS FILL PORT
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AFTER FILLING 4
RE.00
D> 12 MINIMUM SEAL EDGE
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WING BLADDER BETWEEN A-B _‘
A COIL -REF NUMBER 3

SCALE .50 ‘

WING BLADDER BETWEEN A-B ‘

B COIL -REF NUMBER 2 E

SCALE .50 ‘
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WING BLADDER BETWEEN C-C B ‘
C COIL REF NUMBER 9
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SCALE .50
Oak Ridge National Laboratory ‘
ursarrene Cul R
NATIONAL COMPACT STELLARATOR EXPERIMENT ‘
WING SUPPORT BLADDER A‘
VERSITON NO. PLANT BLDG FL SHT OF | TYPE |CLASS
RSS EEEEEEEEE ORNL 5700 3 2 2 S RlElV
WP SE140-050 0 ‘

. 4 0o g ‘ N - - | 1



| IHD-U2 |I-"I'G-:'.JFE-' materials 1ar 181 FHA LONAARL £1 AT ULAFHU T |
Bladder Tests
1421-3002 Test plan, Setup test fixt. Order matl O7JANOTA 35 JTJANGTA 19JANOT
1421-3004 R struct analyses Verfy perf of Teflon Hadde MFEBOT* 5 OFFEBOT 26JANOT
1421-3006 Perform Testz to develop epoxy filling technig 29JANOTA 13* 14FEBOT 02FEBOT
1421-3019 Determ if "one size fits all"&bladder dwgs 22JANOTA 18 14FEBOT 02FEBOT
1421-3011 Test 142" bag with CTD, Stycast 2350 Z3JANOTA 1 FTJANGTA OEFEBOT
1421-3012 Fill &Test Tefion bladder to determine progert 29JANOTA 4% 15FEBOT 15MAROT
1421-2016 Procureffab prototype bladder for C-C installat 16FEBDT 15 oaMARDT 05APROT
1421-3021 Conduct FOR of bladder design TEMARDT i 16MARDT 13APROT
1421-3023 Resclve FOR issues, release proc dwgs for fal TAROT 5 2IMAROT 20APROT
1421-3025 Procurs bladders for first FPA (2 2a) 2EMAROT 20 20APROT 18MANYTT
1421-3028 Bladders available for FPA d Z0APROT 18MAYDT
IH2-030.01 Finalize Requirements MDECOEA 3y ZZJANOTA | Z2JANOTA (0701
IH2-030.02 Procure Samples MDECOEA 15* 22DEC0EA | 22DECOSA (D701
IH2-030.03 Epaoxy Fill Equipment MDECOEA i5* 22DECO Z2DECOEA (0701
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Bushings — open issues

» Drawing for “perfect” bushing
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NOTES

| DRAWING PREPARED [N ACCORDANCE WITH ASME Y14, 100-2004.

2. INTERPRET DIMENSTONS AND TOLERANCES PER ASME YI4.oM-1994.
3. DIMENSTONS ARE IN [INCHES

- | | D375 D1.903
-10 |@1.375 D190
@375 @1 889
D1.375 D 1.881
D1.375 D 1.885

9
8
]
6 D 1.000 D1.905
-5 @1.000 D1 .903
4
3
2
|

A A
L[ )

@ 1.000 @D1.90]
D 1.000 D 1.889
D 1.000 D 1.881
@1.000 @1 885

0

PART DIM DIM
NO A B
ISOMETRIC VIEW
SCALE 2.00
|30
SECTION A-A
SCALE 2.000
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AR - 10
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AR -8
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AR -5
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AR - | CI>
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Bushing Test

1421-2054 Schemes for tight fit bushing Prepars sketches. OTJANOTA 5 OBJANGTA 26JANOT
1421-2096 Procure bushing materials for fests. Fabricate O090ANOTA 15 THJANOTA 16FEBOT
1421-2099 Procure tools&materials requirsd §f bushing assy TEJANOTA 15 22JANGTA 16FEBOT
1421-3102 Trial bushing installations on a producfion coi 23JANOTA fa JTJANGTA 02MAROT
1421-2104 Doc. test resuliz. Select bushing config. Peerr OBMARDT 5 T4MAROT D9MAROT
1421-2106 Proc bushing matls for azsy operations. Fab bush TEMARDT 30 25APROT 208PROT
1421-2109 Bushings availakle for FPA operations a 25APROT 208PROT

—

o




Thermal insulation — open issues

 Prototyping

e Callout on drawing



5 ’ 4 3 2 NEXT ASS Y: 1F\NAL ASS Y ‘
NOTES
| DRAWING PREPARED IN ACCORDANCE WITH ASME YI14.100-2000.
‘ﬂ 2. INTERPRET DIMENSTONS AND TOLERANCES PER ANSIT YI4.5M
S \\ 3. DIMENSIONS ARE IN INCHES
g ' 4 < 4 DIMENSTONS APPLY AT ROOM TEMPERATURE. OPERATING TEMP 80 K.
1 b
O. | LEADS AREA SHALL Bt COVERED OR SPRAYED WITH AN INSULATING
@ MATERTAL TO PREVENT DEBRIS FROM CAUSING AN ELECTRICAL SHORT
DURING OPERATION.
o. | OPTIONAL BLANKET [NSULATION ASSEMBLY, F/N 18, NOT SHOWN.
SEE DRAWING SE122-009 FOR INSTALLATION.
) SEE LATEST REVISION OF PROCEDURE D-NCSX-MCF-00]
FOR ADDITIONAL REQUIREMENTS .
.| WeELDING SHALL Bt PERFORMED |IN ACCORDANCE WITH THE
REQUIREMENTS OF PPPL PROCEDURE NO. ENG-037. VISUAL
B WELD INSPECTION SHALL Bt PERFORMED [N ACCORDANCE
WITH THE ACCEPTANCE CRITERIA OF AWS DI .o,
- 91 VENDOR  INFORMAT[ON: TRULY TUBULAR FITTING CORP
PO BOX 1160
> MT VERNON, NY 10550
914-064-8680 OR WWW. TRULYTUBULAR . COM
10| VENDOR INFORMAT ITON: SO FIBER OPTICS
L, 000 ST. JEAN BAPTISTE AVE  SUITE 195
QUEBEC QC, GZt SR CANADA
— 118-06838-8060 OR WWW. F[SO.COM
o “
° 5 1 VENDOR INFORMAT TON; OMEGA ENGINEERING CORP
— ONE OMEGA DRIVE
STAMFORD, CT 0690/
32 800-848-4286  OR WWW.OMEGA . COM
|21 SOME PARTS IN THIS ASSEMBLY ARE GRAPHIC REPRESENTATIONS OF
- _\//\/(/ ACTUAL PARTS/ASSEMBLIES. PART [DENTIFICATION NUMBERS REFER TO
‘ ).\/iﬁﬁ'( ACTUAL PARTS. FOR FULL MODELED ASSEMBLY SEE SET40-107-
E \\\b /./ . /.\-\‘\‘\!\ . I I .
/.».\,Q -“/l,\ = 31 TYPE "A" COIL: REMOVE NOTED STUDS AFTER CLAMP AND [INSULATITON
4~\\=/=\= _—’/’\\7’ A A 2
‘ — L - <7 SLANKETS ARE ASSEMBLED (POST VPI).
6 T 72
|
‘ -34 WASHER SS 3lel
4 -33 3/8 - [T6UNC HEX NUT S8 316l
mp | 7 SET472C-0114 LINED INSULATING SLEEVE 33
‘ ? SE142C-015 J"ASXIZ2" FLUX LOOP BOX 37
| () AR SE142C-013 FISO FIBER OPTIC STRAIN SENSOR 3
? SS-810-1-8 BLEED VALVE 30
‘ SCALE  0.13 N ? TEMP-THERMOCOUPLER | THERMO COUPLER 29
0 SEI85T-1710 BALL ALITGNMENT ASSEMBLY 28
|3 SE141-204 FLANGE BUSHINGS 2
‘D TRULY TUBULAR FITTING BRAZETYTE 26
AR SET42C-011 TUBE CLAMP 25
? SET42A-025 POL BR CONNECTOR ASSEMBLY 24
? 90FF-4 TRULY TUBULAR /4 ELBOW BRAZETYTE 23
‘ J ? |OFF -4 TRULY TUBULAR /4 UNION BRAZETYTE 27
6 AR SEI272-009 WINDING FORM [INSULATION ASSY 2|
AR SET42A-010 CLAMP ASSEMBLY 20
’7 AR SET42A-248 SIDE B COOLING TUBES 1 9
| SET42A-246-4 SIDE "B" CHILL PLATES (SIDE) | 8
| SETA2A-246-3 SIDE "B" UPPER CHILL PLATES (TOP) | ]
‘ AR SET42A-243 SIDE "B" GROUNDWRAP |6
| SET42A-24] SIDE "B" WINDING ASSEMBLY |5
| SEN42A-244-4 SIDE "B"  LOWER CLADDING (BASE) | 4
|C | SEVTAZ2A-244-3 SIDE "B" UPPER CLADDING (SEPTUM) | 3
AR SET42A-258 SIDE A COOLING TUBES | 7
| SET42A-256-4 SIDE A LOWER CHILL PLATES (SIDE) ||
| | SET42A-256-3 SIDE A UPPER CHILL PLATES (TOP) | 0
AR SET42A-253 SIDE-A WP GROUNDWRAP 9
| SET42A-251 SIDE "A" WINDINGS ASSEMBLY 3
| SET42A-254-4 SIDE "A" LOWER CLADDING (BASE) |
L | SEN42A-254-3 SIDE "A" UPPER CLADDING (SEPTUM) 9
| SET4Z2A-080 TYPE "A" LEADS ASSEMBLY 5
| SE142C-050 TYPE "A" TERMINAL ASSEMBLY 4
| SET4]-12] STUDS (SEE SHT 2) 3 g
| SET41-10] MOD COIL WINDING FORM ASSEMBLY TYPE-A ? —
| - | MCWEF -TYPE A ASM | CI>
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f 8 7 6 5 ' 4 3 2 NEXT ASS’'Y: 1 FINAL ASS Y: ‘
13| REMOVE STUDS (SIDE "B")
||_| SETWEEN HOLE LOCATIONS 28 AND 43 H‘
@ 3| REMOVE STUDS (SIDE "A")
| SETWEEN HOLE LOCS 32 AND 38.
SUGGESTED LOCATION FOR CONCENTRATED STRAIN SENSORS 3| REMOVE STUDS (51D "B7) @
ALIGN SENSORS ON WINDING LAW PLANE AS SHOWN @ . 27 AT HOLE LOCATIONS 25 AND ?26.
}— N DETAIL X o ﬁ
©
o 12 3| REMOVE STUDS (SIDE "A")
| o = ® SETWEEN HOLE LOCS 24 AND 27,
£ N 0 '@
‘f QAN
| 13 + 3 3 & © 7. \
G d 43 35 29 < o 3| REMOVE STUDS (SIDE "B" ) g G
45
3] REMOVE STUDS (SIDE "A") 0 47 37 27 < : SETIERNROEES U ARD 22
| SETWEEN HOLE LOC 43 AND 67 49 39 25 3 .
® 3| REMOVE STUDS (SIDE "A"_
D ol 23 HOLE LOCS BETWEEN |7 AND 22,
- 53 22 -
S 55

| 18 iz

57

® 16 ®
| 59 14
F ® 12 F
| SUGGESTED STRIN SENSOR PLACEMENT LOCATION [/ ot 10
ON WINDING LAW PLANE BETWEEN HOLE 7 63
LOCATIONS 61-65. 4 08
| 05 06,2757/
Y
— 67 04 -
| 3| REMOVE STUDS (SIDE "A™) 69 g
SETWEEN HOLE LOCS 68 AND 75. A
> 73 94 ’

‘ 88 02 4, 27

75 86 90 o o
E 77 82 WA E
‘ 80 84 2 o

@ .
‘ :2&3 A ®, o n A @ 7 7 & «D
28
‘_, o - -
27
‘ 131 REMOVE STUDS (SIDE "A"™) |31 REMOVE STUDS (SIDE "B")
oy oy SETWEEN HOLE LOCATIONS 56 AND 89
S|DE A V|EW BETWEEN HOLE LOCS 86 AND 9/ S'DE B V|EW

‘D SCALE 0.125 SCALE  0.125 D‘

CLAMP / HOLE NUMBER LOCATIONS

CLAMP / HOLE NUMBER LOCATIONS

W | SE140-101

SCALE 0.500 Oak Ridge National Laboratory
d for the DEPARTMENT OF ENERGY under

manaqe
UT-BATTELLE u.s GOVERNMENT controct DE-AC05-000R22725
see

UT-BATTELLE, LLC.  Oak Ridge, Tennes
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| SCALE  0.250
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NOTES:
[ DRAWING PREPARED [N ACCORDANCE WITH ASME Y14, 100-2000.

2. INTERPRET DIMENSTONS AND TOLERANCES PER ANST Y14, oM
3. DIMENSTONS ARE N [NCHES

HOLE LOCATIONS 63 - 73 TO HAVE 4 DIMENSTONS APPLY AT ROOM TEMPERATURE. OPERATING TEMP 80 K.
WELD STUDS IN PLACE OF BOLT

HOLES FOR CLAMP MOUNTING

5. | LEADS AREA SHALL BE COVERED OR SPRAYED WITH AN INSULATING

MATERTAL TO PReVENT DeBrIS FROM CAUSING AN ELECTRICAL SHORT
DURTING OPERATITON.

0. | OPTTONAL BLANKE T INSULATION ASSEMBLY, F/N 18, NOI SHOWN.
Srt DRAWING Sel122-009 FOR INSTALLATITON.

Fo)See LATEST ReEVISTON OF PROCEDURE D-NCSX-MCr-00
FOR ADDITTONAL REQUIREMENTS.

.| WeLDING SHALL Bt PERFORMED [N ACCORDANCE WITH THEt

REQUIREMENTS OF PPPL PROCEDURE NO. ENG-037. VISUAL
WELD [INSPECTION SHALL Bt PERFORMED [N ACCORDANCE
WITH THE ACCEPTANCE CRITERTA OF AWS DI.6.

91 VENDOR  INFORMATION: TrRULY TUBULAR FITTING CORP

O B8OX 160
MT VERNON, NY 10550
914-664-8680 Or WWW. TRULYTUBULAR . COM

10| VENDOR INFORMATION: F1SO FIBER OPTICS
CUT-AWAY VIEW SHOWING WINDING 500 ST. JEAN BAPTISTE AVE SUITE 195
INSTALLATION SEQUENCE (SIDE A) QUEBEC QC. G2E 5R CANADA
SCALE 0.250 418-688-8065 OR WWW . FI1SO.COM
|| VENDOR INFORMATION: OMEGA ENGINEERING CORP
ONE OMEGA DRIVE
TUBING AT POLOIDAL BREAK STAMFORD, CT 06907
SLALE 0,250 800-848-4286 OR WWW.OMEGA . COM
121 SOME PARTS IN THIS ASSEMBLY ARE GRAPHIC REPRESENTATIONS OF
‘ ACTUAL PARTS/ASSEMBLIES. PART IDENTIFICATION NUMBERS REFER TO

ACTUAL PARTS. FOR FULL MODELED ASSEMBLY Stk SE140-107-

7\
'ﬂ%l | 31 TYPE "B" COIL: REMOVE NOTED STUDS AFTER CLAMP AND [INSULATITON
SLANKETS ARE ASSEMBLED (POST VPI).
O
© 4 3/8 -16 UNC HEX NUT 316 SST ASTM B18.2.2 | 34
© AR SE142B-030 WIRE CLAMP 33
0 2 SE142C-014 INSULATING SLEEVE 37
N A : SE142C-015 3" X 8" X 12" FLUX LOOP BOX 3
N © 5 FOS-N-BA-CI-FI-M2-R3-ST |STRAIN SENSOR 30
\ ® ? 5S-810-1-8 BLEED VALVE 29
‘ N 2 NCS¥-PRL-003 THERMOCOUPLE INCONEL 718 28
\ ® 6 SE1851-170 BALL AL IGNMENT ASSEMBLY 27
" 3 SE141-204 FLANGE BUSHINGS 26
\\ AR SE142C-01 TUBE CLAMP 25
\ ‘ S 2 SE142B-020 POL BR CONNECTOR ASSEMBLY 24
NN : 6 {'EI’ 6 5FF-5-4 /4" X 5/16" REDUCER UNION BRAZETYTE 23
N N\ \ ® 9 . 90FF -4 /4" ELBOW BRAZETYTE 22
\\ ) 2 OFF-4 /4" UNION BRAZETYTE 2|
E\( - AR SE142B-010 CLAMP ASSEMBLY 20
' ; I SE142B-248 SIDE "B" COOLING TUBES 9
\ // - | SE142A-246-4 SIDE "B" CHILL PLATES (SIDE) 8
| SE142A-246-3 SIDE "B" UPPER CHILL PLATES (TOP) 7
- ? AR SE142A-243 SIDE "B" GROUNDWRAP 6
\\\ // | SE142A-24 SIDE "B" WINDING ASSEMBLY 5
@ | SE142A-244-4 SIDE "B" LOWER CLADDING (BASE) 4
—— [T o | SE142B-244-3 SIDE "B" UPPER CLADDING (SEPTUM) 3
///t v ) o AR SE142B-258 SIDE A COOLING TUBES 1
, | SE142B-256-4 SIDE A LOWER CHILL PLATES (SIDE) |
\e | SE142B-256-3 SIDE A UPPER CHILL PLATES (TOP) 0
//// © AR SE142B-253 SIDE-A WP GROUNDWRAP 9
| SE142B-25 SIDE "A" WINDINGS ASSEMBLY 8
@ - | SEI142B-254-4 SIDE "A" LOWER CLADDING (BASE) ]
@:’ | SE142B-254-3 SIDE "A" UPPER CLADDING (SEPTUM) 6
: @) | SE142B-080 TYPE "B" LEADS ASSEMBLY 5
© — @:} | SE142B-050 TYPE "B" TERMINAL ASSEMBLY N
© © i o
© 6 | SE142B-STUDS STUDS 3
. | SE141-102 MOD COIL WINDING FORM ASSEMBLY TYPE-B >
© © © AR - | MCWF-TYPE "B" ASM | E?
= | _ gégg IDENPTAIRFTY IONRG NO ogoggggk?;ﬁgn MATERIAL SPECIFICATION Frlqgo -
|| PARTS LIST e
B
-1 MCWF TYPE-B ASM
SCALE 0.125
DES D WILL I AMSON]| 11706 Oak Ridge National Laborator
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UNLESS OTHERWISE cik M COLE 11706 UT-BATTELLE, LLC. Oak Ridge, Tennessee
SPECIFIED SECT - A PROJECT NAME
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NEXT ASS"Y: FINAL ASSY:

REMOVE STUDS
POST VP

HOLE LOCATIONS 37 THRU 94

o

N\

CUT-AWAY VIEW SHOWING WINDING
INSTALLATION SEQUENCE (SIDE B|

SCALE 0.500

REMOVE STUDS
HOLE LOCATIONS 22 THRU 295

(POST VPI)

3

REMOVE STUDS (POST VPI)

20

SEE DETAIL A

21

EXTT COIL WITH COOL ING TUBES.

DETAIL A

| 8
COLOR CODE OR IDENTIFY CABLE WITH
HOLE NUMBER ASSOCIATED AND LOCATION.
BUNDLE FIBER OPTIC STRAIN SENSOR CABLE
AND SECURE WITH CLAMP, F/N ?2?2, AS REQUIRED.
QO 0O
= o
® ®
®
C -
@ /—‘31/33 m.
29
¢
Q .
"KEEP" STUDS FROM HOLE LOCATIONS 8&-27
REMOVE ALL OTHER STUDS (SIDE B) POST VP C». 7
74
©) )
5
@ / CLAMP / HOLE LOCATIONS /56
Y = l13
. 58.
@
. 1
/ A4S
Q lg 60’ [
FROM HOLE LOCATIONS 4 THRU 15 Q) . /
o M o
5 65
0O @ .
] 69,
2, 84, 86, 88 .
. A 75‘7/
(9) Vs, .

@O

NORMAL TO THE WINDING LAW
BETWEEN HOLE LOCATIONS 63 -
Stt DETAIL "A"

f LOCATE STRAIN SENSORS AND LABLE AS SHOWN

| EACH ON TOP OF TEE ( 64 T-TOP)
¢/ EACH ON SIDE OF CHILL PLATES
SIDE A ( 64-B-A)
SIDE B ( 64-B-B)
¢ EACH ALONG FORM BELOW VP GROOVE
SIDE A 64-V-A)
SIDE B ( 64-V-B)

SUGGESTED STRESS SENSOR LOCATION
HIGH STRESS REGION ON PLANE

| SE140-102

Oak Ridge National Laboratory

ed for the DEPARTMENT OF ENERGY under

mana
UT-BATTELLE u.s. GOVERNMENT controct DE-AC05-000R22725

UT-BATTELLE, LLC. Oak Ridge, Tennessee

PROJECT NAME

NATIONAL COMPACT STELLARATOR EXPERIMENT

SIDE_"B" VIEW
MCWF TYPE "B A
FULL COIL ASSEMBLY
VERSITON NO. PLANT BLDG FL SHT OF |TYPE |CLASS
|6 X-10 2100 3 2 218 RlElv
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W(SE140-103

7 6 5 ' 4 3 2 NEXT ASS Y: 1F\NAL ASS Y ‘
NOTES -
| DRAWING PREPARED IN ACCORDANCE WITH ASME Y14.100-2000.
> INTERPRET DIMENSIONS AND TOLERANCES PER ANSI Y14, 5M
.
g 3. DIMENSIONS ARE IN INCHES
© i
° O * 4. DIMENSIONS APPLY AT ROOM TEMPERATURE. OPERATING TEMP 80 K.
O 41 1] |
‘ \@ 5. | LEADS AREA SHALL BE COVERED OR SPRAYED WITH AN INSULATING
® \ MATERTAL TO PREVENT DEBRIS FROM CAUSING AN ELECTRICAL SHORT
N o DURING OPERATION .
A\
TN \ 6. OPTIONAL BLANKET INSULATION ASSEMBLY, F/N 18, NOT SHOWN.
' A S © SEE DRAWING SEI22-009 FOR INSTALLATION.
SN\ X°* ©
| o 7.1 SEE LATEST REVISION OF PROCEDURE D-NCSX-MCF-00
\ NN TOR ADDITIONAL REQUIREMENTS.
) ‘ S 8 | WELDING SHALL BE PERFORMED IN ACCORDANCE WITH THE
| \ 2\e Wi - L AN REQUIREMENTS OF PPPL PROCEDURE NO. ENG-037. VISUAL
G ‘ S\ ° I ——— | 2 WELD INSPECTION SHALL BE PERFORMED IN ACCORDANCE
' O ilgm::; WITH THE ACCEPTANCE CRITERIA OF AWS DI .6
| & o !T-,,..\.,,.».N.L:!::,;._;ﬁ,!i e 9| VENDOR INFORMATION: TRULY TUBULAR FITTING CORP
) [© ' i< = 3 o0 BOX 1160
|| MT VERNON, NY 10550
741 914-664-8686 OR WWW . TRULYTUBULAR.COM
L Q \ ® il 16 10| VENDOR INFORMATION: F1SO FIBER OPTICS
f 500 ST. JEAN BAPTISTE AVE SUITE 195
- OUEBEC QC, G2FE SR CANADA
| Q , 418-688-8065 OR WWW . F1SO.COM
S\ 1| VENDOR INFORMATION: OMEGA ENGINEERING CORP
. , ONE OMEGA DRIVE
| : % o STAMFORD, CT 06907
pe 800-848-4286  OR WWW.OMEGA . COM
F @ . O a O
o Z 12| SOME PARTS IN THIS ASSEMBLY ARE GRAPHIC REPRESENTATIONS OF
| © Z, e ortarl A ACTUAL PARTS/ASSEMBLIES. PART IDENTIFICATION NUMBERS REFER TO
O = ° ACTUAL PARTS. FOR FULL MODELED ASSEMBLY SEE SEI140-102-
o 3| TYPE "C" COIL: REMOVE ALL STUDS AFTER CLAMP AND INSULATION
| © . | BLANKETS ARE ASSEMBLED (POST VPI).
: o ‘
° '
— ‘
0 (o) |
| o ‘
//
E @ TYPE-C MODULAR COIL ASSEMBLY
‘ SCALE: 0.125
‘ 24
- 29 4 - 34 3/8-16 UNC HEX NUT STAINLESS 34
‘ 12 SEL142C-014 INSULATING SLEEVE NEMA GRADE G-11CR| 33
19 D SE142C-015 38" x 12" FLUX LOOP BOX 37
10 AR SE142C-013 TIBER OPTIC STRAIN GAGE 3
[ D SS-810-1-8 BLEED VALVE 30
‘ \ || D SEL142C-016 THERMO COUPLER INCONEL 718 29
_@ .-@ 6 SE1851-170 BALL ALIGNMENT ASSEMBLY 28
D K SE141-204 FLANGE BUSHINGS 27
—\
‘ 6 5FF-5-4 TRULY TUBULAR BRAZETYTE BRAZETYTE 26
AR SE142C-011 TUBE CLAMP 25
D SE142C-020 POL BR CONNECTOR ASSEMBLY 24
‘ ‘ 9 3 90FF -4 TRULY TUBULAR 1/4 ELBOW BRAZETYTE 23
g D | OFF - 4 TRULY TUBULAR 1/4 UNION BRAZETYTE ¥,
; AR SE122-009 WINDING FORM INSULATION ASSY 2|
’7 AR SEL142C-010 CLAMP ASSEMBLY 20
K AR SE142C-248 SIDE B COOLING TUBES 9
| SE142C-488 SIDE "B" CHILL PLATES (SIDE) 18
| SE142C-486 SIDE "B" UPPER CHILL PLATES (TOP) 17
‘ AR SE142C-243 SIDE "B" GROUNDWRAP 6
| SE142C-24] SIDE "B" WINDING ASSEMBLY 5
| SE142C-484 SIDE "B" LOWER CLADDING (BASE) 4
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Clamps — open issues

» Clamps to remove or modify
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Top A-to-B Fit-up 0.162" clearance
Type-B

Hole # 59

SIMPLED REF: Acl

T S b N Hole # 60

These clamps have an interference

_ Clamps on A and B where there is
Section Cut interference or close contact is
Looking Inboard indicated. Clamp measured needed.



Hole
# 63

Ignoring the clamps their
appears to be no winding
interferences.

AN

Hole 61...1 think!

Type-C Clamp 61 and
clamp hardware
interferes with the Type-B
winding and local cable.

B-to-C Fit-up



L
TYPE-C CLAMPS TO BE REMOVED
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