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Scope of Center Stack Diagnostics

|. Inside Plasma-Facing Components
1) Thermocouples
2) Mirnov/Pickup Coils
3) Halo Current Rogowski Coils
4) Tile-mounted Langmuir Probes

ll. Around OH Ground Plane

1) Plasma Current Rogowski Coils
2) Flux Loops
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Thermocouple, Mirnov coil, halo current Rogowski coil, and
Langmuir probe locations close to finalized
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Thermocouple Summary

o Status

— Locations

» Specified in detail since August 13, 2009 peer review
— Design

« Unchanged
— Documentation

* Installation procedure needs modification to accommodate new tile
design (channels for cable routing and means for securing to tiles)

— Impact of upgrade on diagnostic
» No temperature issues: Nextel insulation rated to 1375 °C continuous
« No mechanical issues: Wires held in place by tiles
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Mirnov/Pickup Coil Summary

o Status

— Locations
» Specified in detail since August 13, 2009 peer review
— Design
« Essentially unchanged
 Slightly larger tiles may mean mandrels could be enlarged and simplified
for ease of fabrication
— Documentation

« Drawings available from archived NSTX engineering drawings
— Machinist on main campus unavailable for fabrication of 35 mandrels
— Awaiting response from Zenex about interest in bidding for job

« Statement of Work for winding available (Airex Corporation)

« Installation procedure needs modification to accommodate new tile
design (channels for cable routing and means for securing heavier gauge
cables to sensors)
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Mirnov Coil Mandrel Fabrication Drawing
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1D Mirnov Coil Winding Drawing
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Winding Notes:

1) The coil winding shall be a continuous winding with NO SPLICES using part #2 which is an
uninsulated, hard tempered Awg #40 magnet wire. Identify the "Start" and "End" leads; wind
maximum number of turns per layer and ALL ASSEMBLIES PER ORDER MUST HAVE THE
SAME NUMBER OF TURNS. The number of turns shall be documented with the serial number

and data information. Shorted turns shall be avoided using best engineering approach.

2) The self leads should be a minimum of 3" long.

3) DO NOT TWIST WINDING LEADS; SECURE LEADS WITH MYLAR TAPE OR EQUIVALENT.

00000000000000000000000000000000000000000000000)

Mounting Surface

Packaging Notes:

1) Secure winding assembly to a PVC board or equivalent.

2) Package winding bly individually in a plastic enclosure.

3) Secure self leads to the PVC board or equivalent using double sided tape.
Winding direction 4) Label enclosure with part number and serial number as a minimum.
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2D Mirnov Coil Winding Drawing

Uninsulated copper Awg #40 magnet wire
1 layer wound with a pitch of 0.007"+0.001"

Br Coil winding

Mounting Surface

Winding direction

00000000000000000000000000000000000000000000000)

IOO000000000000000000000000000000000000000000000) E

Winding direction

-
00000000000 00000000000000000000000000000000000) ?\
)

Start

[©O000000000000000000000000000000000000000000000 -~

Bz Coil winding
Uninsulated copper Awg #40 magnet wire
1 layer wound with a pitch of 0.007"+0.001"

End

Winding Notes:

1) The coil winding shall be a continuous winding with NO SPLICES using part #2 which is an
uninsulated, hard tempered Awg #40 magnet wire. Identify the "Start" and "End" leads; wind
maximum number of turns per layer and ALL ASSEMBLIES PER ORDER MUST HAVE THE
SAME NUMBER OF TURNS. The number of turns shall be documented with the serial number
and data information. Shorted turns shall be avoided using best engineering approach.
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2) The self leads should be a minimum of 3" long.

3) DO NOT TWIST WINDING LEADS; SECURE LEADS WITH MYLAR TAPE OR EQUIVALENT.

Packaging Notes:

1) Secure winding assembly to a PVC board or equivalent.
2) Package winding assembly individually in a plastic enclosure.

3) Secure self leads to the PVC board or equivalent using double sided tape.
4) Label enclosure with part number and serial number as a minimum.
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Mirnov/Pickup Coil Summary (continued)

« Status (continued)

— Impact of upgrade on diagnostic

* No temperature issues:

— Bare copper wire melts at 1083 °C
— Wound on MACOR mandrel rated at 800 °C continuous
— “Potted” with Fortafix high temperature adhesive with maximum rating of 850 °C

* No mechanical issues: Sensors and wires held in place by tiles
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Halo Current Rogowski Coil Summary

¢ Summary

— Locations
« Specified in detail since August 13, 2009 peer review
* Includes additional coils in “horizontal” sections of divertor regions
— Design
« Essentially unchanged for “vertical sections”
« May need to change width for “horizontal” sections (depending on tile
thickness)

— Documentation
« Drawings available from archived NSTX engineering drawings
« Statement of Work for winding available (Airex Corporation)

* Installation procedure needs modification to accommodate new tile
design (channels for cable routing and means for securing heavier gauge
cables to sensors)
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Halo Current Rogowski Mandrel Drawing
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Halo Current Rogowski Mandrel Drawing

NO. REVISION BY | CH | SUR| APPROVED | DATE
1 [CR067 P R 31699
i .
1 |
> LENGTH ! .
( Not to scale ) !
1 | —| |-— 0.275" thick
| I [ (ref)
0.75"
width
(ref)
Adhesive bonding
01 68" +2"/-0" interfaces
( See Notes #2 & #3)
U " "
02 48" +2"/-0 3 lengths
03 60" +2"/-0"
04 90" +2"/-0"

. AR | AR | AR | AR 2 _|Fortafix Fiborclad Hi-temp Adh'sive Cem'nt This Dwg See Note #2
Notes: AR | AR | AR | AR | 1 [Cotronics Thermeez-HT tape #3975 This Dwg | See Note #1
1) The mandrel material is a woven tape from Cotronics Corp, Brooklyn, NY, part number #397S. It is their This Dwg

Thermeez Woven Ceramic Tape in a 1/8" thick x 3/4" wide x 100 length roll. o 0] | o NO'T NOMENCLATURE OR DESCRIPTION DRAWING NO. MATERIAL
2) The adhesive is Fortafix Fiborclad High Temperature( 850°C ) Adhesive Cement from Microtherm Inc, c%«;gf:‘\emn- ENTRAL FILES: PLASMA PHYSICS LABORATORY

Maryville, TN. MANUAL CHANGES | _ UNLESS OTHERWISE PRINCETON UNIVERSITY
3) The adhesive should be brushed on both mating sides at 1" intervals along the length; the width of the ; s NSTX

adhesive at each interval shall be nominally 1/4* wide. Cure the assembly at room temperature for DO NOT SCALE X gL Halo & Em“,;,"’,",::m"&," i Loop

eight( 8 ) hours under a moderate pressure. Remove excess adhesive from the sides after curing. NoT S -

SCALE = N.T.S. TOLERANCES NON-CUM [DIV: Diag ATE: 8/20/98 CADD FILE: 1B9D1017.MAC
NEXT ASSEMBLY | DECIMAL [ FRACTIONS |ENG: B.McCommack
100 [ 0%12° /1] ( B-9D1017
XX ggso 712217220 m; DWN: B.McComack| N
ANGL'R 0°-150VER 120 1/2 {CHK: H. KUOO‘M]CWSU 4 ‘SHEET10F 1 }REVI

12

NSTX

NSTX Center Stack Upgrade Peer Review

April 29, 2009



Halo Current Rogowski Winding

Drawing

B SR

Both self leads | i
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of the loop; ! (Ref) | LENGTH
end of the main winding; 1 i )
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. (Not o scale ) of the return winding;
Winding Notes: spot bond per note #6.
1) The wire Is an Awg #30 gauge, Kulgrid, nickel clad round copper, high temperature, ceramic insulated Magnet Wire.
2) Instali the Awg #30 gauge magnet wire "Return” winding along the edge of the entire mandrel length; Instali "spot” locations of | )
Omegabond 700 Cement at approximately 1/2" to 1" increments. Aliow to alr dry for 18 to 24 hours. Insure that a 2' to 4' service loop
exists at the start of the return winding and shall be protected from damage. Refer to Section "A"-"A". —| |t— 0.275"(ref)
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4) Splices are itted. Section "A" — "A"
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spot bond the ceramic insulated
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Halo Current Rogowski Coil Summary (continued)

« Status (continued)

— Remaining space allocation task

» Halo current Rogowski coil requested on center stack midplane
— Does not exist on present center stack
— Planned space is 1" x 0.25" deep

» Need to determine if coil can be reduced from present thickness of 0.275”
for mandrel plus wire and “potting”

* No mechanical issues: Sensors and wires held in place by tiles

— Impact of upgrade on diagnostic
* No temperature issues:
— Bare copper wire melts at 1083 °C
— Wound on Cotronics ceramic woven tape mandrel rated at 1650 °C
— “Potted” with Fortafix high temperature adhesive with maximum rating of 850 °C

* No mechanical issues: Sensors and wires held in place by tiles

@ NsTX NSTX Center Stack Upgrade Peer Review April 29, 2009
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Langmuir Probe Summary

¢ Summary

— Locations
» Specified in detail since August 13, 2009 peer review
— Design
« Unchanged
« Keeping present center stack arrangement of one sensor per tile

— Documentation
* Probe tip fabrication drawings available
« Standard tile drawings need modification to accommodate probe tips

* Installation procedure needs modification to accommodate new tile
design (channels for cable routing and means for securing heavier gauge
cables to sensors)
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Langmuir Probe Tip Drawing
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Langmuir Probe Summary (continued)

« Status (continued)

— Impact of upgrade on diagnostic

* No temperature issues:
— Carbon components similar to tile material
— MACOR components rated at 800 °C continuous

* No mechanical issues: Sensors and wires held in place by tiles
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Plasma Current Rogowski Coil Summary

o Status

— Locations

« Similar to placement on existing center stack

« Consider increasing number from two to three for additional redundancy
— Design

« Essentially unchanged

* Need to determine if “radial build” of larger center stack can
accommodate thicker Rogowski coil for ease of mandrel fabrication

— Documentation
« Drawings available from archived NSTX engineering drawings
« Statement of Work for winding available (Airex Corporation)
* |nstallation procedure available
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Plasma Current Rogowski Coil Mandrel Drawing

39' +/- 1' length
npe ‘

L "p" 110"
(Not to scale ) width
Notes: Five( 5 ) pleces of B-9D1003 (ref)

required for mandrel assembly.

e T
g - _Y.

i 1
| 2.00"
) (ref)

Apply adhesive in this :

Adhesive Notes: | area per notes. .
1) gldAhaslvo is 3M Scotch-Weld Epoxy Adhesive #2216 y ’ 1-140.
2) Apply adhesive per 3M application data. Apply d - { width
adhesive to the 2" machined "blased" surfaces; there , 45 deg(2 pls)( ref ) (ref)
are four interface joints per assembly. Z 1
3) Piace adhesive section in holding fixture and oven
cure at 200 degrees F for minimum of 45 minutes. Not to scale
1/32" rad

(ref)
prior to
assembly
machining

1.10"
width

(ref) 0.012" wide by 0. 022" +0

deep, radius depth of sl
full lenght of mandrel ( "Machine slot on the inside curvature If present )

-0000‘

It
[
—»-| la—0.049-*0:000" ( Achieve thickness reduction by machining 0.006"/0.007" per side )

-0.002"
Section "D" - "D"
(Not to scale )
REV X BY ORB XXX EON X000 :
. A DIV NSTX Diagnostics PROVED PLASMA PHYSICS LABORATORY
COMPUTER GENERATED CADDFILE ; s ENG. B, McCo g%z é Pnlma&u%«)czsnsn'v I
DRAWING - MANUAL CHANGES NUVBER . 2 DR BEM GH. NSTX RogowskiLoop - -
NOT PERMITTED 0BOD1002.MAC P 1 -BEM CH___ Mandrel Assembly SH NA
mﬁ_—&ém_&&%m—ﬁw = & Final Machining —
NSTX NSTX Center Stack Upgrade Peer Review April 29, 2009 19



Plasma Current Rogowski Coil Winding Drawing
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Plasma Current Rogowski Coil Summary (continued)

« Status (continued)

— Impact of upgrade on diagnostic
* No temperature issues:
— To be protected by “microtherm” insulation as on present center stack

* No mechanical issues:
— Coils to be held in place with Teflon tape as on present center stack
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Flux Loop Summary

o Status

Locations
« Similar to placement on existing center stack

Design

« Two enamel-coated wires at each location for redundancy as on existing

center stack
Documentation
 Installation procedure available

Impact of upgrade on diagnostic
* No temperature issues:

— To be protected by “microtherm” insulation as on present center stack

* No mechanical issues:

— Coils to be held in place with Kapton tape as on present center stack
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