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GUIDE FIELD CONLS
O SOLENOID

No. Coils 2
Turns/coil 25
Circuit Series/
Parallel
Current (kA) 100
Capacitor 5.04/20
Bank (mF) /kV
Bank energy 1.01
(MJ)
Pulse 2.6/

duration (ms) 1.2

FLARE Coil System

Specifications & Power

Supplies
(11/5/14)

Equilibrium Guide

Field (EF) Field
(GF)
2 1
syste
m
16 48
Parallel Series
13 40
420/1.4 44/14
0.41 4.3
60 38

Inner Outer
Flux Core Driving Coil Driving
PF Coil TF Coil Coail
2 2 2 2
4x1 4x15 2 2
8x1 8x15 Parallel Parallel
Parallel  parallel
135 62.5 25 25
3.9/20 1.25/20 0.0625/10.2 0.0875/20
0.78 0.25 0.0033 0.018
0.22 0.16 0.04 0.12



Center Stack Design

Center stack housing must be non-metalic.

Center stack must deal with OH-GF EM applied torque (36 K Ft-lbs)
and compression. These values were provided by Peter Titus. The
CS must also deal with weight of the assembly (sag, 3K Ibs).

Tried to use standard tubes to reduce cost and lead time.

— | could not find phenolic tube manufacturers that could make long
(13ft) large diameter tubes (14" -18”).

— Pultrusion was cost prohibitive.

— Standard Fiberglass and PVC tube were found close to our
dimensions, and incorporated in our design.

Must provide a mean to install CS into chamber, and allow end-bell
removal.

UW to provide everything except: OH coils, OH interlocking pieces,
Outer Inconel sleeve, GF electrical clamps (?), GF H20 fittings (?)
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FLARE CENTER STACK

GF CONDUCTOR TUBE BUNDLE s
GF ELECTRICAL CONNECTORS

GF H20 CONNECTORS

OH COIL

CHAMBER CONNECTION
SEALING SURFACE

OH COIL ELECTRICAL FEED
GF CONDUCTOR SUPPORT

TOTAL CS WITH SKEWERS
= 3150 pounds

INCONEL
SLEEVE




INNER FIBERGLASS TUBE

OUTER FIBERGLASS TUBE

INNER PHENOLIC

48 GF TUBES TUBE SPACER

EPOXY FILL HOLES

14 KV/48 TURNS =291V PINS HOLD PVC SPACERS IN PLACE



GF Conductor Cu Tubes

48X %" OD, %4” ID, x 15ft, 101 Cu
WATER COOLED

158 mm2 CROSS-SECTION AREA/TUBE
(MINIMUM PER MK = 120 mm2)

TOTAL WEIGHT OF COPPER =681 LBS

0.04 SHRINK TUBE ON ENDS

TUBE SOLDER JOINT

COPPER TUBE 101

0.004 SHRINK TUBE ENTIRE LENGTH

Weight/Lineal Foot: 0.9484 pounds

T oD 0.75*
Wall 0125°
|« 0D =| [ oS’
Available Sizes Create a Custom Size | Technical Information
Random Length (10%12°) - $19.828 One Fr. (1291 ength $22.02 Two Fr (247 Length - $42.27

Theee Ft. (367 Length - $59.45 Four Ft enqgth - $70.46 Five Ft. (607) Length - $83.68

Six F1. (727 Length - $97.77 Seven F (847 Length - $99.88  © Eight Ft. (967 Length - $110.98



COMSOLSimulation If
GF Conductors are Solid

The case for H20 cooling T=.04 SEC
40KA for 38 msec

.75in dia.
0.442in*2 area

RESIDUAL TEMPERATURE AFTER 3 min SHOT DUTY CYCLE
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GF Inner Leg Stresses The GF Inner legs are modeled

Peter Titus 10/27/15 =S epenint Fop i

Copper Tubes are simplified
to1X1.2cm Rectangles

OH - Inthisanalysis the
OH is modeled asfree
standing

. This isamoment summation about the
FLARE GF coilsare machine axis {y inthis plot) for one GF coil
modeledwith twelve4 (with 4 conductors). It isfor the upper half of

conduckor biedies, with e e e this coil(right sidewhenthe axis is horizontal)
each conductor having

40kA.
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"ormaws 800
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This cut-of-plane force plot
is generated by
differencing the load files
for |GF+PF) —|GF Only)

m = 3349.8 ft-lbs

ually = 36,058 f

StressesareinMPa

EnE
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45 MPa = 6,526 PSI

Re: Calculations for FLARE Center Stack
Peter Titus <plitus@ppplgov>

Tue 1927/2018 328 4
Mchos Kaleh
John P Welace

A clusification: If the shear stress in the G-10 tube is cut by the reinfoecing cloth and the tube is really a tape wound high pressure luminate form with a G-10 like glass density then
the torsional shear allowable would be 6° the tension allowable. Below, the tensile strength is ~400 Mpa or 58 ksi foc good material at RT. 50 the shear allowable would be 583° 6=
116ksi The Tresca allowable for the combined stresses would be 5873519 7 ksi

Insulsting Material Strengts
a: an @292 degk
Comp Strength Neemal to
Fiber
10CR 79 3 320 Mpa Ref]7)
[G-11CR 776 799 361 MPa Red]7]
ensile Surength (Warp)
10CR 525 315 MPa Rell7]
[G-1ICR 512 027 369 MPa Ref]7]
ensile Strengsh (Fill)
-10CR 456 459 257 MPa Ref]7]
[G-11CR 553 <80 320 MPa Ref] 7]

On Tue, Oct 27, 2015 at 3:37 PM. Michael Kalish <mkalish @pepl gov> wrote
Hi John,

On a related topic we were concerned here about the adbesion of the epoxy to the inner PVC tube. When you get to the part where you're sourcing that fube please explore the
possibility of using G10 or another material that would provide better adhesion. If 's not cost probibitive we should consider the G10_.. Also note that I'm out on Jury duty
tomorrow 5o the weekly meeting is moved to Thursday (I've got my excuses all ined up 5o hopefully | won't be chosen for a case)

Thasks,
Mike



Outer Fiberglass Tube Torque Analysis

Assume GF conductors are securely glued to this tube, and thus this tube takes the torque. Because SW does not model non-isotropi
materials, we model it as isotropic non-fill-epoxy (weakest link), 18” ID, 18.82” OD. Epoxy properties used are from SW library, and a
weaker than typical industry, this is only the outer tube
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+.35] SolidWorks DIN Materials Properties | Appearance | CrossHatch | Custom | Application Data | Favorites factor of safety(FOS) found
& é_g SolidWaorks Materials il eropeiits in your design is 1.39447
Sustainability Extras Materials in the default library can not be edited. You must first copy the material
+. 3 sustainability Extras to a custom library to edit it. | .
=33 custom Materials Use these controls to view
5 B Pastic ModelType:  [Linear Elastic sotropic - {| the animation.
3= G-10 Phenolic Units: [Engiish ges) -
3= Phenolic-L

Plasti
§: Alumina mod Category: a3

3= Epoxy, Unfilled jpw
3= silicon Rubber

i E Play animation
g Stop animation

ENDS FIXED

Yield = Tensile = 4 Kpsi

+-33) GLASS
3 custom Mterils TORQUE APPLIED AT CENTER [ .
source: @ Done viewing results
Sustainability:  EPOXy, Unfilled in SolidWorks Materi: ‘ Select... l
Property Value Units
Elastic Modulus 350266.14 psi E Bad( E Start over
Poisson’s Ratio 035 N/A
Shear Modulus psi
Mass Density 0.03974 1b/in*3
Tensile Strength 4061.06 psi
ive Strength S psi
Yield Strength Sﬁm 4061.06 D) psi
Thermal ion Coef — FF
Thermal C i 2.51445e-006 Btu/(in-sec:F)
Specific Heat Btu/(Ib-°F)
Material Damping Ratio N/A

For reference PVC tensile =7.4Kpsi




Outer Fiberglass Tube Load Analysis

Assume GF conductors are securely glued to this tube, and thus this tube takes the torque. Because SW does not model non-isotropic
naterials, we model it as isotropic non-fill-epoxy (weakest link), 18” ID, 18.82” OD. Epoxy properties used are from SW library, and are
weaker than typical industry, this is only the outer tube
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CENTER STACK HALF SKEWER
SUPPORT DESIGN

Skewersare =000 s
aluminum and
removable

G-10 INNER SKEWER MOUNT PLATE, ID
THREADED, STAYS WITH CS

G-10 OUTER SKEWER MOUNT PLATE, ID
CLEARANCE, MOUNT PLATE, STAYS WITH CS
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