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NUMBER OF COILS
TF coILS (COLD-WORKED.,
HIGH-STRENGTH PLATES)
MAGNET COOLING
TF SLIP JOINT
TORQUE ~TRUCTURE
PF coILS
VACUUM VESSEL
NUMBER OF PORTS
WIDTH, M
HEIGHT, M

T

IGNITOR

ConT.
fs/Cu

LN2

NoO
INTERNAL
EXTERNAL

SEGMENTED

12
0.10
0.80

KEY FEATURES OF REF DESIGN

ISP 0424

14
OFHC

LN2
YES
EXTERNAL
INTERNAL

1-PIECE
14

0.44
0.95

LITE

24

OFHC/
BE/CU

H20(LN2)

NO

EXTERNAL

EXTERNAL

SEGMENTED

23

0.22

1.3
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CONFIGURATION AND STRUCTURAL DESIGN OVERVIEW

0 PPPL 0424 DESIGN

o MIT LITE

] IGNITOR 1.01 M REF. DESIGN
1.08 M PRESS CONFIGURATION
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)

PPPL 0424 REF DESIGN
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PPPL 0242 CONFIGURATION

Dewar
g =
SLIDING JOINT Ko
PF Coils — {1
Vocuum :
Vessel ¥ ‘
: ‘ TF Coil
: L5 M ~ @Case
ot Cotl —HTIK ~Jl-

TF, Coil Inner Leg
Assembly
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T

TF COIL SLIDING LAP JOINT

A

LAP JONT
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TF COIL WITH SLIDING JOINT
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-

SLIDING JOINT - WESTINGHOUSE
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T

SLIBING JOINT - ALCATOR TYPE
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TF SHAPE BASED ON “BOW” COIL CONCEPT

{lh !
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ISP 0424 CONCEPT

STRUCTURAL ANALYSIS
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T

AN AVERAGE STRESS CRITERIA IS.ASSUMED:

¢ LOCAL STRESSES WHICH ARE BEYOND YIELD WILL RESULT IN PLASTIC REDISTRIBUTION
TOWARD AN AVERAGE VALUE

® THE AVERAGE STRESS VALUE REPRESENTS THE TRUE LOAD CARRYING CAPACITY OF THE
STRUGTURE

COMBINED STRESS CONDITIONS WILL BE EVALUATED USING THE TRESCA STRESS CRITERION




DESIGN ALLOWABLES
'ConSt"alned coils (externally supported)

<0.85 o
Sall or Y

< 0.70 o=U

< 0.67 o+
call or Y
<0.60 Ir

*Under both support methods limitations of
cyclic stress will be evaluated using physics
o guideline of :

3 x 163 full field shots
1 x 10% half stress shots



e
'

ISP 0424

- Principle Features

Slldlng joint TF coil, with the ma_]orlty of
~ tensile load transferred to an external
 support

Wedged inboard legs, with mincr load taken
in bucking

Use of unalloyed copper

Paiticlly encased coils with snear panel
 to support out-of -plane loads

| Internal PF coils

- Parameters Analyzed

R = 1.62 m B OH ° 4 2 T
A P - 0.532 m
B O * 895 T

’ I P = 7.83 MA




ISP 0424 APPLIED LOADS (8.95 T)

In-planc
—-

8.0 MN

A 14 TF COILS

J 72.5 MAT
w 711 MN VERT. LOAD

—tt— 90 MN 24.1 MN
i ~t= 6.8 MN-M
8.0 MN 42.8 MN

442 MN-M TOTAL Mx

30 MN-M CENTRAL
COLUMN TORQUE

iy




ISP 0424; T = 300°K
STRESS SUMMARY - TF THROAT REGION

s In-Plane Loading (MFPa)

*Avg. Tensile Stress 53
‘Avg. Face Pressure -123
‘Avg. Radial Stress -88

*Out-of -Plane Loading (Startup) (MPa)
*Torsional Shear Stress 17

‘Min. Reqgq’d. Fric. Coef. 0.14




*Combined Sires< (MPa)

Avg. Tresca Stress 183
. — = Q.79
Allowable Stress* 231

«Pealk Tresca Stress (MPa) I83

Joint Area

*Running Load 0.14 MN/m
* Fquivalent Transverse Pressure 21 MPa

» 0.7 TENSILE ULTIMATE CONTROLS USING
COPPER 104, T = 300°K



STRUCTURAL ASSESSMENT - ISP 0424

Demouniable coil favors use of internal -
PF coils which lead to more ?‘easanablg-

handled out-of -p!ane loads for dwertar .
case. e

The TF siiding jeint unloads tension

from the cenier leg leading to « -
reduced size machine using conventional
CoODnEr.

Heasonable margins exisi for in-piane,
cut-of -piane and OH stresses,

ne sliding joini must be developed to
curry the necessary current, and allow
slip despiie the high transverse prﬂssarei
due to out-of -plane loads.
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MIT LITE REF DESIGN
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MIT LITE GENERAL ARRANGEMENT

CORMER FITTING == HORIZONTAL ANT{-TORQUE MEMBER

-~ SHEAR PLATE

DIAGONAL PIPE STRUT

SCREW JACK

=1 RINc SUPPORT COLUMN

QW L‘ UPPER PRE-COMPRESS 10N
‘i . “7 ‘

COOLANT FITTINGS | | e BUNDLE -TO-SUNDLE - WEDGE
(REQ'D ON ALL |~

MACHINE ELEMENTS)

TORQUE TABLE

— MACHINE| SUPPORT:COLUMN

MENGE SUPPORT CLEAT —
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ELEVATION VIEW
OH COIL

+|
‘  Sammoum
4 ///’
+ ,

|_FIRST WALL /
'VACUUM VESSEL

Il
H\TF COIL

PF COIL (TYP)

B + PRECOMPRESSION RING
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TF BUNCH ARRANGEMENT

COOLANT FLOW
DIRECTION

CDA 104

CDA 175

BOND JOINT
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T

VACUUM VESSEL/FIRST WALL SYSTEM

COOLANT FLOW
DIRECTION

LIMITER TILES

N/

N\ N7 7 \\

COOLANT
CHANNELS

I et A B A 8 Tttt < beeo et gt e e e e



MIT LITE ALTERNATE TORQUE STRUCTURE
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MIT LITE STRUCTURAL ANALYSIS



MIT LITE (176 M)

| Principle Features

| sSelf-supported coil against in-plane

- loads

- ‘Wedged TF innner legs

. *Use of Be-Cu alloy in TF in-board legs
. *External torque structure

. *External PF coils

- Parameters Analyzed

R = 176 M
Ap= 055 M
- Bp: 85T
Ip: 7HMA

B = 183 7T
OH
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LITE APPLIED LOADS (8.5T)

In-plane
23; MN o
l
‘ 24 TF COILS
[' 74.8 MAT
| o —“T N 574 MN VERT. LOAD
10.3MN

Oui-of -plane lend of burmn)

4.15 MN/m
24
5.7 MN/m
336 MN-M TOTAL Mx

. 61MN-M CENTRAL

7 COLUMN TORQUE
a

q

-\




| LITE - 85 T; 300 K
STRESS SUMMARY - TF THROAT REGION
o In-Plane Loading (MPa)
Average Tensile Stress 153
Average Face Pressure -198
Average Radial Stress -16

* Out-of -Plane Loading (End of Burrn) (MPa)
Torsional Shear Stress 27 -
Min. Req’d Frwtwn Coef. 014 |

° Combzned Stress (MPa)

Avg. Tresca Stress —— 355
4 . —_— = 0.69
A”‘?W“M? Stress® - 517

. -PEZk"'Tresca‘Str;ess (MPa) 408

- * 0.6 U ltlmate Controls, Uszng
f‘!CoPper 175 T "75300"»K -




STRUCTURAL ASSESSMENT - LITE

» Simple TF structural support of in-plane
loads

» Direct structural relationship to ALCATOR
data base

~ +» Reasonable margins exist for in-plane, out-

- of-plane, and OH stresses

- *Concept depends on material properties of
Be-Cu plate which has a limited data base
for these sizes and thicknesses

* Concept requires careful control of plate

taper, interface to torque structure, and
plate weld detail
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R R T g b et e o o 2 A

IGNITOR 1.01 M REF DESIGN
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REFERENCE DESIGN - ELEVATION VIEW
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REF DESIGN - ISOMETRIC VIEW

llC_Cm‘Pll
/ WEDGE PLATE
‘ TF COIL SHIM

TF COIL MATERTAL

COIL LEAD ACCESS

PORT REGION
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MODIFIED REF DESIGN - 12 TF COILS
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IGNITOR REF DESIGN
STRUCTURAL ANALYSIS




IGNITOR A - JANUARY 1985

Prmczple _Features | !

;':{,:Precompresszon of TF coil inner leg through
f?_}use of a multi-element external frame

i_ﬁs_e of 155 silver bearing copper TF coils

OH solenoid used as bucking cylinder

lfOut-of' -plane load carned through the

PF coils external to the TF, internal to
_;..the external structure

Parameters Analyzed

R - 1.0 m BOH= 25T
AP = 0.39 m
By = 125T

10.0 MA

Iy
™
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IGNITOR APPLIED LOADS (125 T)

In-plane

S ———

f—

24 TF COILS
63.3 MAT

1.25 MN 6.8 MN 4.6 MN

Out-of -plane (end-of -burn)

%
g 5 MN/m 10.4 MN/m

134 MN-M TOTAL Mx .

9 MN-M CENTRAL .
COLUMN TORQUE

394 MN VERT. LOAD



IGNITOR A - l25 Ts 77° K
STRESS SUMMARY TF THROAT REGION

-In-Plane Loadzng (MPa)

°Avg. Tensile Stress 49
°Avg. Face Pressure - 172
| *Avg. Radzal Stress -121
- *Out-of -Plane Loading
°Torswnal Shear Stress 28
*Min. Req’d. Fric. Coef. 0.16
cCombtned Stress
. Avq. Tresca Stress 228 = 0.65
Allowable Stress 352 .
oPeak Tresca Stress 232 |

.7 U ltimate Controls, Using Copper 155,
T 77° K
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REF IGNITOR PRELOAD + TF EMF FORCES
‘ 90 mv

L
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Use of preload an external frame, and a
'}bucked deszgn result in a more compact
permissible design than either of the
other approaches

° "‘fThe fully trapped TF coil meets the
- structural crileria for in- plane loads
and mid-range temperature rises, provided

the assembly tolerances are properly
controlled

’ the OH solenoid, against which the TF

- is bucked, represents an active bucking

i post dependent on the level of excita-
tion and temperature changes




STRUCTURAL ASSESSMENT - IGNITOR A;
(CONTINUED)

The balance belween bucklng and
wedging must be cortrolled to be
between:

* Partial wedging necessary to assure
support of out-of -plane twist in
the inner legs and

* Full wedging which would result in
excessive face pressure

The TF inner legs musl remain bondéd or

be adequately wedged, to prevent buckllng
under preload
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-IGNITOR 1.08 M PRESS CONFIGURATION
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EXTERNAL PRESS CONCEPT

o BEAM ‘ » HYDRAULIC
"fL' %éi//,-.STRUCTURE | CYLINDER
1/ LIRL]

% 4

POSSIBLE

CeLL WAL

REACTOR _ M0

g

NN, |
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IGNITOR REACTOR MODULE

ANTI*TORQUE STRUCTURE
A /]
e /i
VACUUM N RN i .
VESSEL
/
.;/
THERMAL COMPRESSION SUPPORT
INSULATION STRUCTURE

.STRUCTURE
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IGNITOR REACTOR MODULE - EXPLODED VIEW

THERMAL INSUL.
s F(—STRUCTURE

OUTBD EF COIL

EF SHAPING COILS

TF/VV MODULE ,
COMPRESSION SUPPORT STRUCT
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HYDRAULIC CYLINDER

CELL WALL

PLAN VIEW |
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PLAN VIEW (MID-SECTION)
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—

POTENTIAL REACTOR MODULE/FACILITY INTERFACE

o N— MAINTENANCE CELL




@D FUSION ENGINEERING DESIGN CENTER

IGNITOR PRESS CONCEPT

STRUCTURAL ANALYSIS
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