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Historically What is Available — Aside from a Wealth of
Operating Experience

o http://nstx.pppl.gov/nstx/Engineering/NSTX Eng Site/Technical/Gener
al/Calculations/NSTX Engr Calcs.html

» Coils: Spreadsheet with hoop influence coefficients, Cooling
optimizations, ACOOL,FCOOL,KCOOL

* Vessel: HM Fan did analyses of PF and TF loading and vacuum

 Heat Balance: Art Brooks did extensive bake-out, and operational heat
loads. These were never benchmarked against measured performance
In the machine

 Disruption:

ORNL Design and Analysis, Charlie specified disruption loads, HM Fan
analyzed these and calculated DLF’s (Mostly Less than 1.0) Not clear
If the segmented passive plates were ever modeled as non-toroidally
continuous

~PPPL @=



NSTX CSU Calculation Index October 2009

The list has been recently updated. Latest Listing:

http://nstx-upgrade.pppl.gov/Engineering/WBS_Specific_Info/Design_Basis_Documentation/Calculations/index_Calcs.htm

MSTX-CALC-131-01-00

* Body of Calculation
* OH&PF coil set seometry

131 - Poloidal Field Cuoils W oolley + Poloidal field vectors and poloidal [NSTX CSU Poloidal Fields @6262009) No
fluxes throughout NS5TX given any
user-input set of coil and plasma
CUrrenis
132 - Toroidal Fied Coils Titus NSTX-CALC-132-01-00 Coupled Electromagnetic-Thermal Analysis |
A 1 M4072009)
. Coupled Eleciromagnetic-Thermal Analysis
Titus MNSTX-CALC-132-02-00 @4202009) MNo
Out-Of-Plane (OOP) PFITF Torgques on TF
W oolley MNSTX - CALC-132-03-00 Conducio s in NSTX CSU [
Han NSTX-CALC-132-04-00 Analysis of TF Outer Leg YES|
Han NSTX-CALC-132-05-00 TF Coup led Thermo Electro magnetic YES|
Diffusion Analysis
Willard MNSTX-CALC-132-06-00 TF Flex Joint and TF Bundle Siuh YES|
T itus METX-CALC-132-07-00 Maximum TF Torsional Shear YES
Structural Analysis of the PF1 Coils &
133 - Center Stack M yati MNSTX-CALC-133-01-00 Sup p oris ¥ YES
Avasarala NSTX-CALC-133-02-00 Thermal Stresses on the OH-TF Coils YES|
. Center Stack Casing DisTup tion Induciive 1
Titus MNSTX-CALC-133-03-00 and Halo Current L oads YES
NSTX
PPPL
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Analytic Sources of Lorentz
e Loads ] Loading
— Equilibria —Jon Me¢f” oo
— 10% “Headroom” —
Charlie Neumeyer o]
— Power Supply Maxi = e e = =
and Minima — Charlie

Neumeyer

— Influence Coefficients —
Ron Hatcher, Bob o lediitE st
Woolley &E*Hﬁ&

— Monte Carlo (Worst that /’ |
Power Supplies Can - Il ]
Produce) — Titus ' S

— EXCEL solver — Charlie 00000 -
Neumeyer -

CPE3450C ]
CPE234501 ]

“Monte Carlo” Worst Vertical Loads o
Coils and Coil Combinations in Lbs.
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We are Still Evaluating the Appropriate Loading Design Basis.
Present Analyses based on Worst Case Currents Provide Conservatisms That Will Be
Translated into Cost Savings During the PDR

* Worst Case Power Supply Limits — Loads If “Onerous” Base Qualification on:

Determined for Individual Coils and — 90 Normal Operating Scenarios Which Are

Combined using Excel Solver or Monte Analyzed to Envelope the Normal Stresses.
Carlo. Probabilistic Treatments are

Possible -Then Rely on Machine Protection System
Probability Curves
—OH
35000 —— PFlaU
PF1bU
PFlcU
30000 — PF2U
"o Currents for Sept 8 Design Point (Exclusive of OH)
" —~ PF1AU
25000 PFlal
N PFIbL 20 = PF1BU
§ o] iy < 10 . MW h PF1CU
g rea T O’W gﬂﬁ x’*ﬁ 5 55/4\« atartatts v‘: st | PR2U
i PESL t 'V;q' 26TTT y\‘})(w‘uuu\\xx ialpiint el \ q +PF3U
: 15000 1-.6-11.16121°26:31 36 41 §§1§§§;¢66717 196
e erast G -0 f ﬁi 6 81:86.9 9b+PF4
a i e £ 2 ~ PR
100 ) PF2t0 5 u&l g M WMW — PF1AL
| \\ i = %0 PF1BL
2 "‘i —— CenterStack _40 PFlCL
7 ) s
\M data Number PF2L
LA PF3L
-400000 -300000 -200000 -100000 100000 200000 300000 400000
Jl;:r\:;e,Lbs
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Global Model Is
Used For:

«Selecting Worst
Cases

eScoping Studies
*Cross-Checking
other Models




Criteria — Allowables for Coil Copper Stresses

The TF copper ultimate is 39,000 psi or 270 MPa . The yield is 38ksi
(262 MPa). Sm is 2/3 yleld or 25.3ksi or 173 MPa — for adequate
ductility, which is the case with this copper which has a minimum of
24% elongation. Note that the %2 ultimate is not invoked for the
conductor (It is for other structural materials) . These stresses should
be further reduced to consider the effects of operation at 100C. This

effect is estimated to be 10% so the Sm value is 156 MPa.

« From: 1-4.1.1 Design Tresca Stress Values (Sm),
NSTX DesCrit_|Z 080103.doc

» « (a) For conventional (i.e., non-superconducting) conductor materials,
the design Tresca stress values (Sm) shall be 2/3 of the specified
minimum yield strength at temperature, for materials where sufficient
ductility is demonstrated (see Section 1-4.1.2). *

* Itis expected that the CS would be a similar hardness to the TF so
that it could be wound readily. For the stress gradient in a solenoid, the

bending allowable is used. The bending allowable is 1.5*156 or
233MPa,

~PPPL




Room Temperature Allowables for 316 and 304 SST

Material

Sm

1.5Sm

316 LN
SST

183Mpa
(26.6
Ksl)

275Mpa
(40ksi)

316 LN
SST

weld

160MPa
(23.2ksi)

241MPa
(35ksi)

~PPPL

B5/19/1998 13:52 61747208409
Sheme

ouR orbER 106101 - 01

NEWEMGLANDSTEEL TANK PAGE B3

Avesta Sheffield Plate Inc.

(ertificate of Analpsis and ﬂlesis_

HEAT & PIECE B7893-3B 5/11/98

SHIP 70: NEW ENGLAND sTEEL mawk (_PS! MIC NO. &g

111 BROOK ROAD

SOLD TO: PROCESS SYSTEME INTERNATIONAL
20 WALEKUP DRIVE

WESTBOROUGH MA 01581 SOUTH QUINCY MA 02169
737001-06
YOUR ORDER & DATE =—meeemmmecmeee—————————————————

558635 3/18/98 TAGE PART $VOT7P00L
—— ITEN DESCRIPTION - -—-
HEAT & PIECE (87833 - 38 O34
WEIGHT 1)
FINISH 1
GRADE 304 UNS-530400
DIMERSIONS .625 X 76.000 X 212,000 EXACT

— GPECIFICATIONS -

THE PRODUCTS LISTED ON THIS MILL TEST REPORT GATISFY PREFERENCE CRITERION B
AS DEFINED IN ARTICLE 401 OF THE NORTH AMERICAN FREE TRADE AGREEMENT. CQUNTRY
OF ORIGIN IS USA

ABTH A240-96A ASMESA2Z40-96AD
NO WELD REPAIR ON MATERIAL
ASTM A262-93A PRAC A

ABTH A4B80-96 RABMESA4B80-96AD
MAG PERM <1.05 ASTM A342 (6)
AETM A262-93A PRAC E

PLATES & TEST PCS SOLUTION ANNEALED £ 1950 DEGREES FARENHEIT MINIMUM.
THEN WATER COOLED OR RAPIDLY COOLED BY AIR

ZREE OF MERCURY CONTAMINATION v

HOT ROLLED, ANNEALED & PICKLED {HRAP)

----- MECHANICAL & OTHER TEGTS
HARDNESS RB Bl

YTRLD STREWGTH (PeI 45252/ .

ment emawers iin sna . Mill Certs for the 304

BEND

INTERGRANULAR CORROSION (=] 4 -
LR R 63§ Vessel Show a 45 ksi

Yield

NSTX
CSU
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Insulation Shear Stress Allowable

* From Dick Reed Reports/Conversations:

» Shear strength, short-beam-shear, interlaminar

. Without Kapton 65 MPa (TF, PFla,b,c)
. With Kapton 40 MPa (CS)
. Estimated Strength at Copper Bond 65 MPa/2 =32.5 MPa (All Coils)

e From Criteria Document:

e |-5.2.1.3 Shear Stress Allowable

» The shear-stress allowable, Ss, for an insulating material is most
strongly a function of the particular material and processing method
chosen, the loading conditions, the temperature, and the radiation
exposure level. The shear strength of insulating materials depends
strongly on the applied compressive stress. Therefore, the following
conditions must be met for either static or fatigue conditions:

Ss=  [2/31t0]+[c2 x Sc(n)]

2/3 of 32.5 MPa = 21.7 MPa

= WITHOUT

From an

October 27
email from
Dick Reed

/

" Shear Compression Data CTD

101K and BeCu

SHEAR
DATA WiTH &

PRIMER

SHEAR ALLOWABLE
{80 % OF LOWER BOUND)

- 5 d )
5 kS | :34 M Pa / ALL TESTS AT ROOM TEMP.;
DATA INDICATES >30% IMPROVEMENT AT 80 K.

2/3 of this 1s 23 MPa
C2~=.1 (not .3)
g;jPPFl

0

| | ! i |
0 10 20 30 40 50
COMPRESSION-KS|

NSTX
CSU
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NSTX Fatigue Criteria Document:

« NSTX CSU is designed for approximately 3000 full power and 30,000 two-
thirds power pulses.

« A fatigue strength evaluation is required for those NSTX CSU components
with undetectable flaws that are either cycled over 10,000 times or are
exposed to cyclic peak stresses exceeding yield stress.

 Any NSTX component without cyclic tensile loading and loaded only in
compression shall not require a fatigue evaluation.

NSTX GRD:

For engineering purposes, number of NSTX pulses, after implementing the Center
Stack Upgrade, shall be assumed to consist of a total of ~ 60,000 pulses based on
the GRD specified pulse spectrum.

*\We need to reconcile the Criteria and GRD

Definition of the Aged Condition for “Used” Components?

*Because of the increase in loads, Minors Rule and Non-Linearity of Fatigue,
Previous Stress Cycles Will Add Little,

~PPPL
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SU TF InnerTums, Joint, VertBar & Flexes, with OH B-field

TF Inner Flex Joint Qualification

/

— Concept, Initial Analysis -Woolley i iSS

— TF Inner Joint Stress, Contact Pressure
Tom Willard, Bruce Paul Designer

— TF Current Diffusion — Han Zhang, T|tus

— TF Torsional Shear Titus, Woolley

— TF Stress, Insulation Tension Stress Titus,

Han Zhang

=
=]
—]
—]
—
—
—




Relative Out-of-Plane Displacement Across the Flex Joint

Ld Step 14
"Worst 2"

— Center
—— &l Black
Differenc e

L400E-03
.900E-03
.o0014
.oo1g
.00z4
Lo0zg

8

"

Global Model Relative Torsional or Theta Motion At the Upper -. 0016
Flex Joint -. 0011
- . B00E-03
| ooE.03 -.100E-03
~ .400E-03
£ DOE -04 . .900E-03
/ 1 L0014
0.00E +00 +———=" 22 . : : 0019
£ W ) 10 15 20 0024
£ 5.00E-04 \m . Como
= .
E 4 O0E-03 — Corter ’”\,ll
2 L {\w_
E A SOE-03 —— Al Block |
= Difference ]\ ;
-2 00E-03 '| }‘
-2 50E-03 llv
-3.00E-03
Load Step

~PPPL D=
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Current Diffusion Model was Used to
Qualify CuCrZn Flag Extensions and
Allow Stronger Inserts and Bolts

Current Vec

TF=129.7,0H=24, PF=716, 84,164/ /280, 280/ /225, 225//0,0/,/0,0,plasm,

AN

TF=129.7KA

NSTX-CSU Coupled Transient Electromagnetic-Thermal Analysis — With
a Structural Pass — Used to Provide TF Field at the Strap, Inductively
Driven Current Densities and Temperatures (H. Zhang)

EM Model

Lrero Toroidal field estimation.
SUB =12

:I;E'NE 1ee Outer arch Top 36

ELEM=2093% degrees

MIN=_201941
MAX=. T34E+07

Mid right

Mid let
v LD38%11
TV =-.99802{
2V =-.005220 |nner arch
DIST=.411159
XF =.420154
YF  =.0058%81
ZF 2,666
A-Z5=-5353.412
Z-BUFFER
EDGE
L 201941
| EESEAEE
B gssEi0
ER 245840
B szeEs0
| LADBE+0Q
Lt%s LABIEFOT
, LE71E40"
Bl ss2E400
B 507

Thermal De-Wedged
Region - Through

Thickness Insulation
TensiQn Stress

o

NODAL SOLUTICN
STEP=20

SUE =1
TIME=9.512
TEMP {AVG)
R5YS=1
PowerGraphica

EFACET=1
AVRES=Mat
DMY =.01292%

SMN =285.156 ot

MY =411.689 =
[ ]
XV =.541502 =
¥V =-.825755 ]
IV =-.052373 =
DIST=.374649 — B
HF =,428875 [ St
¥F  =.005118
F  =2.653
) 25=-94.708%

E=BUFFER

Deformations from
Structural Pass

397.612
411.669

N [RAL

Shrr

PRINCETON PLASIA
PHYSILS LEEDRAETORY
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Outer Leg Reinforcement (H.zhang)

In-Plane and Out-of-Plane Loads Increase by a factor
of 3.5

From previous analysis, with the worst case PF
currents, the umbrella structure will have a very high
stress of >1GPa (145 ksi).

An evolution of reinforcements were tried:

* Ring (to Support In-Plane TF Bursting Loads)

» Beam Strongback (Both in-Plane and OOP Loads)
e Ladder Truss

e Diamond Truss

 Tangential Radius Rods (OOP Only)

Many port bays could not accommodate the diamond
trusses

Preferred Solution: Ring + Tangential Radius Rods

=PPPL

Diamond Truss Concept
Analyzed with Missing Truss
Components Where
Interferences Could not be
Fixed.

14



Quter TF, Vessel, Umbrella Structure, Reinforcements

=PPPL

Tangential Radius Rod
3” high ribs welded to Concept Supports OOP

reinforce double arch on

upper and lower umbrella LOadS, UseS Territory

structures

Radius rods That is Already Used By
suport the TF Support Truss,
NB port area and A”OWS Rad|al
reintoreed Growth During Bake-Out

________________________________________

radius rod concept (top view)

1
]
: Vacuum vessel
]
1

Radius rod supt Radius rod

15



Coil Bending Stress
Asymmetric PF
currents, H.Zhang

Analysis of C.
Neumeyer's “Worst
Asymmetric
Currents”

1
.
|
|
.
|
|
|
./

Global Model

Upper Outer TF
TE Copper _ = . Charlies “Worst” Leg SI
%353*5'?; = ) \ The Global model

‘\ contains an error that

over-estimates the TF leg
bending stress by the ratio
of section modulus or 237
| MPa*(4.5/6)"3 = 100
MPa which is closer to
the stress reported by Han

L NSTX
zn 4an &0 an 100 C‘qt'-
10 30 50 7 90

Bending Stress
=~ 100 MPa

=PPPL
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Vessel Stresses With Tangential Radius Rods

Arch Regions
Needing
Reinforcement

Positions of
radius rod
support (stress
~139MPa (20ksi)

17
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Insulation Shear Allowable=
Outer Leg Turn to Turn Bond Shear D ot 305 Wb = 91 9 VP

TF Outer Leg Bending Shear

YZ_2 averaged 236753 YZ Shear
_3 averaged 40554 XZ Shear at Bond Plane
roses) (Only First 40 Scenarios)
6250
5X7_ 3 5000
SXZ 4
SYZ 5 3750
2500
1250
! 0
-1250
-2500
-3750 /\/
-5000
-6250
0 10 2( 0 40
5 15 25 35
averaged 40573 XZ Shear = TIME
averaged 40573 YZ Shear

Vector Sum = (370"2+5"2)".a = 6.23 MPa

PRINCETON PLASIA 18
PHYSILS LEEDRAETORY —
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Bob Woolley’s
Moment Sum

08

0.6

OH

;\\-_— -

L
0.2

Tu‘;;ue Deneity (per poloidal cycle) at max TF from current range in

x 10

Normal Operating TF Inner Leg Torsional

NODAL SOLUTION

STEF=Z21
SUB =1
TIME=Z21

’

Vo

afw i#lllﬂ 7

N

FW

|

rfv——Vﬁ

Shear

From the “worst” Currents, the worst torsional
shear is 20.4 MPa with an allowable of 21.7 MPa

HEEL

Torsional Shear Stress (MPa)

Torsional Shear Stress (MF'aj

1z00

2400

-4300

-5600

4500
4000
3500
3000
2500

(x10**3)
2000
1500

1000

500

(x10%*3)

-300

3200

4000

SYZ 3

sYZ_4

SYZ 5

Load Step

20 30 40

25 35

SV7_8
5YZ_9
SY% 10
SYa 11
sSy@ 12

Z

Load Step
1] 3

25 35
-~

0 40

19



Support Leg-Vessel Intersection Stress
120MPa

(x10**5)
1250 316 SST /
— 1.5Sm
File Help 1000 275Mpa
Hx®EE )
Variable L 875 (40ksi)
Name
TIME 750

SINT_12
SINT 13

Wit 3
%nmmnn PLASHIA 20
FHVSICS LREDRETORY —



Net Load on Vessel
(Global Model Load Files)

PFlc,2U&L
Real Constants
7,8,9,28,29,30

Normal Operating

2 Load of 300000 Lbs

— 19 Split over 4 Stitch

/s Welded Columns.

e Fach Column has at

= Jeast 7 2 inch long
3/8 fillet welds.

-.300000/(4*7*2*3/8

S *.707) = 20ksi
M7 (more welds will be
/5 needed)

§:27
26

Load in Lk

v

NetLoad vessel -Exclusive of PF3-5 Support

400000
300000
200000
100000

o -
-1aoooo
-200000
-300000
-400000
-500000

Structure in Lbs

Load Step HNumber

Load in LI

250000

200000

150000

100000

50000

0 -

-50000

-1aoooao

MNetLoad on Center StackinLbs

Load Step Humber
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.163E+08 L242E+09 .320E+09

IE+08

L202E+08 .281E+08 .359E+08

L124E+08

Influence of
PF1A on the OH
Coll
(A. Zolfaghari)

OH Coil at 1=24 kA, PF1A
at full current of 12.2 kA:

The full current in PF1A
coil causes stresses
beyond yield (233 MPa) in
the copper.

This led to a Limit on the

OH swing from -24kA to
+13KA

NSTX
csU

22



OH Coil Tresca OH Coil Self

SXY MIT _
SMN =-.726E+! i Stress in the Hoop Stress
SMX =.804E+0 5 COpper =157MPa at
5 conductors at
5 1=24 kA are below =24 KkA:
# yield (i.e. 233
: % MPa).
OH Coil at
SHEE 1=24 KA, with -
reduced TF Tie Bolts and
e PRLA current Pedistal OK for 150
sz gfh4'2 KA. kip Upward Load. 16
= Strgg;es - 16 mm bolts - Maybe
H the 3/8” bolts — Needs
—hEo insulation NECKINg
orH are below 22
= MPa
o allowable.
T
e
o e

PPPL



SEQV (AVGE)

DMX =.001001
CS Structural/Ema o = ea7ron o oM Sl B
g ) TF, OH Self EM
Modeling o
A. Zolfaghari No
currents,
TF Flag Cold TF,
«— Cold OH
~— SS Spacer o
BV Washe Bellville o+
“ stack, 18 m o
o=
—G10 — - mm o
preload I
_ : and 2.5e7 =<
«—OHColl N/m ZR
spring
constant
TF OH Launch Peak OH
Temp. [Temp. |TF Current |OH Current |Force |Peak OH Stress |Peak TF Stress [Displacement |Lifted? |Case # |Notes
COLD |COLD |OFF OFF OFF 7-14 MPA 7-14 MPA 0.6 mm TF NO 00000 [Bellville staff force only
HOT |COLD [ON OFF OFF 102-115 MPA 38-51 MPA 8.8 mm TF NO 10100 |TF grows pushing OH laterally
COLD |HOT OFF OFF OFF 10-19 MPA 19-29 MPA 4.6 mm OH NO 01000
TF was off and OH current
was turned on with hoop stress
COLD |HOT OFF ON OFF 125-140 MPA 16-31 MPA 1.6 mm OH NO 01010 |only
TF was off and OH current
was turned on with hoop stress
COLD [HOT OFF ON ON 123-138 MPA 16-31 MPA 1.9mm OH NO 01011 [and launch force.
Just in case, OH getting
HOT |COLD [ON ON ON 117-132 MPA 15-29 MPA 8.2mm TF NO 10111 [current before heating up
HOT HOT ON ON ON 110-134 MPA 15-19 MPA 8.3mm NO 11111

=PPPL

NSTX
csU
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Net Load on CS
Real Constants
1,2,3,4,5,6,31,32

0 -4

-50000

-1000o00

Net Load on CenterStack for Global Model Load
Files Two Load Cases Given to Han
— by Charlie with and without Ip
1000000 |
800000 TT
500000 Worst Load Case
% T~ Given to Ali
2 9901 t0 9970 /
g 400000 - From Titus
=
S ionon Monte Carlo
d
3 0 ,'MMM h”‘v","‘ﬂh‘h\;ﬁuﬂvﬂ hh_w Loy
Tyl s 1 ST
-200000 5
-400000
Load Step Number —9961-9970 with
Plasma
NetLoad on Center StackinlLbs
250000
200000
150000
g 100000
E s0000

a

Load Step Number

W asU -



Center Stack

CS Coolant Hole Optimization, CFX, FCOOL —

(Ali Zolfaghari, Fred Dahlgren))

Optimizing the coolant channel diameter:

— Started from 0.188 in. diameter in existing NSTX OH coil.
Analysis shows that increasing this diameter leads to coil temp
above 100° C for I=24 kA and Tesw=0.8 s and higher.

— Decreasing the coolant channel diameter allows higher Tesw at
the expense of cooling time.

— A diameter of 0.175 in. allows a Tesw of 0.85 sec. (I=24 kA) in
the coil without exceeding 100° C.

Conclusions:

— 0.175 in. coolant channel diameter is optimal. This value keeps
the maximum conductor temperature below 100° C for =24 kA

B
and Tesw=0.85 s allowing scenarios with OH double swing. F

— Using 0.175 in. coolant channel diameter, an effective pressure

drop of 500 PSI is needed to keep the coil cooling time below 20 =|

minutes.

20 =

%FHII‘I(ETDI‘I PLASHA
PHYSILS LEEDRAETORY

Title
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Winding the OH
on the TF

Hot TF Cold OH
Produces
Acceptable
Hoop Stresses

BOCCNEEEN :

=PPPL

54327

.1Z25E+08
.Z249E+08
.373E+08
LA97E+083
.G21E+08
.7T45E+08
.869E+08
.083E+08
L112E+09

But Frictional /

Shear Along
the height of
the interface
Produces:

Unacceptable

Axial (Vertical)™—

Tension in the
OH

45]

XY

| EEDEnEER

.211E+08
L172E+083
.133E+08
.930E+07
.DA0E+07
—-.158E+07
. 231E+07
. 621E+07
.101E+08
.140E+03

|
|
|
!

>

J

A

BICOREDEN =

-.162E+08
—.264E+07
.110E+08
.246E+08
.382E+08
.918E+08
. 004E+08
. 789E+08
.925E+408
.106E+09
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Max and Min Hoop Stress

1.40E+02

1.20E+02

1.00E+02 7 B hoopmax
@ hoopmin

Stresin M

4.00E+01
2.00E+01 -+

0.00E+00 -
oS

Q?

-2.00E+01

-4.00E+01

In all but the OH, the
hoop stresses are small.
Hoop strains are small
allowing “non-flexible
supports to resist the
vertical loads

=PPPL

Worstl , data set #3,1T

| ©

PF Hoop Stress

JAaN 21 200%
22:35:35

NODAL SOLUTION
STEF=5

3UB =1

TIME=5
/EXPRNDED

3Y (BAVGE)
R3Y3=12
PowerGraphics
EFACET=1
AVRES=Mat

DM =.019838
SMN =—-_.877E+08
SME =.509E+08

Aty =1
T =1
AT =5
DIST=2.701
YF  =.00813
“—BUFFER

L _B7TE408
Bl o505
I
O 14sr+0s
0 ooerto7
B osrtos
C0 ssop+0s
L1 _ssep+o0s
L0 73zp+08
Bl 5055408

NSTX
csU
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PF 3,4,5,U&L Support
Cage — 6 Support Points
. —— Global Model Results are
- oK.

Worst Loading is not.

PF3,4,5 USL Cage Loads

all Cembination

Monts Garlo “Power Swpply Worst Current 316 SST
Amnalysis
....... 1.5Sm
Stresses in PF 3,4,5U&L Support Cage e 2 7 5 M p a
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&
&
S
=

ioo

100
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Upper Flex Plate/Diaphragm Replaces the Gear Tooth
Connection

Hot Central Column, Cold Vessel
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Upper Flex Plate/Diaphragm Replaces the Gear Tooth
Connection

AUG 10 ZOO9
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NODAL SOLUTION
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NSTX Disruption Analysis
Mid-Plane
2MA Ip Disruption

Axisymmetric
Opera Vector
Potential
Solution
Imposed on
ANSYS EM
Analysis

ProE Model

ANSYS EM Loads

g/llzzrslﬁ:d In Passed to ANSYS
ANSYS Stress Analysis
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Vessel Disruption Stresses

(We apologize for the tilted vessel It just artistic license — It is not falling over)

Static Analysis Resulls

Dynamic
Analysis Resulls
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2410 MPa firom the

Static Analysis
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Passive Plate/Vessel Disruption Analysis

Conclusions:

 The Dynamic Load Factors are found to
less than 0.25

* The stresses are under acceptable limit.

* Macros developed here have been used for
other models to simulate disruption
stresses.

» This method (of imposing Vector Potentials)
circumvents the modeling of air and other
complexities involving complex 3-D
geometry.

» The disruption scenario studied here is just
the Outboard Diverter disruption. The other
two scenarios : Primary Passive Plate and
Secondary Passive Plate will be studied.

 All the high stress modes of vibration might
not have been picked up by the dynamic
analysis because of memory limitations of
PC

 CAD model of the Passive Plates is yet to
be obtained and integrated into the model.
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NSTX Disruption Analysis of the HHFW
Antenna using ANSYS (by H.Zhang)

External B: Antenna

B Z:O AT Strap Faraday

Bioroiga=0-4T Eddy Shield
Currents Stresses
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Center Stack Casing
Disruption Results

Halo Loads
Based on GRD
Table

700kA Central
Region Entry
and Exit

Halo Loads
calculated
outside ANSYS

Cosine
Distribution,
Peaking
Factor of 2

=Pl. .

Inductive Currents
from Sri’s
Procedure

Inductive
Forces from Sri’s
Procedure



ANSYS 12.0.1
AlUG 7 2009
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Based on existing CS/Divertor/Passive Plate Thermal

cooling provisions Analysis (A.Brooks)

(much of whichis « Concerns

In-active), the CSU  — Need to limit max temperature and thermal
temperatures would gradients in CS casing

* Need to provide protection of CS Coils and O-
Rings at joints

» Desirable to avoid boiling of coolant

» Potential Thermal Stress Issue

wemx 14w — Desirable to limit cooling capacity demands
single mull by thermally buffering heat loads

e Mitigations
I 57 e T _Increase effective cooling from Cooling tubes
i on CSas, IBDvs and IBDhs
P Sl | — Limit heat transfer from CS Tiles to CS
= Casing

» Tile and Casing coupled via radiation only
* Rely more on radiation to PP, OD and VV

=PPPL )




CS Coils and O-Ring Locations
for Temperature Considerations

Heat Load to Coohng Systems

{x10**1)

spacing ,

tcase%
ttile
INRRNRANARRNRRNNRRARRARRRAR RN NRRRARENA]

CS & IBD
Cooling Tube
Locations

1200- | I | Average
- NSTX 1|4 MW |s le Null with CS emis=0.3 l ?gifit)’ = Added/Increased
g i RS  Lamesaze Effective
— 0 ! 1 = .
= o %"*‘%’M L " Convection
& ol K] SO AAAMAAAAAAL, OD & VV of 300 w/m2-C
; MWMW/I,WM/I/V v Fromcooling Wb
o ._ | along red surfaces
g WM/\/W/\MMM/ BD
| LR VIRV IR VALY AT VAR RV VIRV .
=2800 (x10**1)
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Summary « Enhanced Cooling and Radiation
Only Coupled Tiles-Casing Effective

at addressing Concerns

* Protection of CS Coils and O-Rings at joints
appears adequate

T 14 0 Sirale KLl o With re_asonable back pressure, water boiling can
with CS emis=0.3 be avoided

» Thermal Stresses have yet to be evaluated but
temperatures and gradients are lowered

» Cooling capacity demands are reasonable - heat
loads have been thermally buffered

4 1623 262
2430

o / « Expected Tile Temperatures may
Influence choice of Graphite
— o ATJ appears adequate, but current operational
292.173 Limit is only 1200C
| | « Detailed thermal stress of actual tile geometry is
P s T 13 being done. At the 2400C temp they are at their

flexural stress limit.
%}JPPF[  We are checking operating history QD) ==
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Inner PF Supports

PFla,b,U/L
Assembly

(Len Myatt)

Axisymmetric EMag Model

B,

N

Infinite Domain

Near Free-Spac

(Smeared OH)

ANSYS 11.0SP1
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ANSYS 11.0SP1
AUG 12 2009
13:36:28
innerpfcoils3ds11

Inner PF Analysis Results — Improvements to Meet Normal
Operating Loads
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Conclusions

Design basis loading is evolving because of GRD guidance on Worst Case vs
Normal +Machine Protection System. Cost savings are likely as we remove
extreme load scenarios via inclusion in MPS.

TF Inner Joint Field and displacement boundary conditions have been passed to a
detailed model of the joint (T. Willard’s talk)

TF reinforcements for in-plane and out-of plane loads have been designed to
Worst Case loads and remain in the territory currently used by the present TF
supports — Loosening or disassembly is not required for bake-out. Reinforcements
of the umbrella structure are needed.

Centerstack TF and OH assembly meets normal operational loads, Belleville
support system maintains OH coil contact at lower support to eliminate motion at
leads and coolant connections.

As of the CDR no modifications of the vessel or passive plates are needed for
disruption loads. More disruption cases are being run, and more detailed models
of the passive plate support hardware are being modeled.

Active cooling being incorporated into the new centerstack divertor areas has
been sized. Tile surface temperatures for long pulse full power operation are high
and require further evaluation.

Inner PF’s and structure are undergoing improvements as a part of the normal
design process to meet Normal and Halo loads.

Analysis work continues to complete treatment of all details of the design and
optimize and economize the design concepts.
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