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Summary 

The Mirror Fusion Tost Facility (KFTF) injection 
ays ten consists of twenty 20 keV start-up, and 
twenty-four 80 KeV sustaining neutral bean source 
modules. The neutral bean modules are mounted in 
Tour clusters equally spaced around the waist of the 
vacuum vessel which contains the superoo I iducting 
magnets. A module is defined here as an assembly 
consisting of a beam source and the interfacing 
components between that beam source and the vaouum 
chamber. Six major interfacing components are the 
subject of this paper. They are the magnetic shield, 
the neutralize duct, the isolation valve, mounting 
gimbals, aiming bellows and actuators. 

Installation 

Fig. I illustrates the installation of the 
neutral beam sources on the vacuum vessel. Flexible 
mounting and vacuum sealing features permit 

Fig. I Neutral Beam Module Installation 

individual aiming of each module + 4° about two 
orthogonal axes perpendicular to a radial line 
passing through the plasaa center* Cables, air and 
water lines are omitted for clarity. The enlarged 
view of twelve modules indicates the close grouping 
which was required to meet the physics criteria for 
beam power through the openings in the magnet set. 
Several iterations of module spacing were studied 
using three-dimensional computer graphics, and the 
finalized spacing was also demonstrated on a scale 
model magnet set with a central target and laser beam. 

The «odule-to-vessel interface is a bolting 
flange serrated on two edges. The serrated-edge 

flanges were necessitated by the fact that adjacent 
straight-edged flangeu overlapped jeeause of the 
close module center-to-center distance. 

Each of the neutral beam modules, less the beam 
source, will be a pre-assembled and tested unit 
installed with customized handling equipment. The 
beam sources will be installed as a final step. 

Neutral Beam Module 

External features of some of the major components 
are seen in more detail in a view of a single module 
in Fig. II. The rectangular cross-seotion tapered 
box is the outer member of the magnetic shield. 
This thick-walled vacuum box is the principal 
structure to which all of the other beam module 
components are 

Fig. II Neutral Beam Module 

assembled. Additionally, the magnetic shield 
supports the ion dump, which is the rectangular 
copper plate shown at the lert side. The magnetic 
shield outer box is pivotally supported by the 
tapered-beam rectangular frame Cgimbal ring"), 
which, in turn is pinned to the serrated-edged flange 
plate structure that is the gimbal base. The 
ion-dump end of the module projects into the fusion 
chamber, and the gimbal base is O-Ring sealed and 
bolted to a chamber flange. 

The bellows is a Viton sinfH-convolution 
flexible member with aluminum flanges which provides 
the vacuum seal between the chamber and the magnetic. 
shield outer box and permits relative motion of the 
two. In Fig. II, it appears sandwiched between the 
Kimbal members. 

Two mutually perpendicular aiming actuators are 
shown attached to the gimbal members and to the 
magnetic shield outer box. The actuators are 
aerewthread devices that are driven by electric 
motors. 

The key accomplishment in the design of the 
neutral beam modules, their components, and the 
fusion chamber interfaces was the design and 
development of a magnetic-shielding assembly within 
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the physical space criteria imposed. The magnetic 
shield design meets the physics criteria for less 
than 1.5 G inside the shield with an outside field 
varying from 1,000 G to itOO G. 

Hagnetlo Shield 

Pig. Ill shows cross-sections through the 
neutral beam module. The outer magnetic shield 
member is a thiak-walled (2.12 inch and 1.62 inch) 
AISI 1008 steel vacuum box lined with two concentric 
Inner layers of Allegheny Ladlua 1730 steel which 
is a UBS nickel alloy. Liners a.-e 0,100 inches 
thick. The low permeability AISI 1008 3teel was 

Six 1/loth Scale Magnetic 
Shield Models 

•I A 
s ix , 1/10 scale magnetic ahield models arrayed at a 
45° angle. Fig. VI excerpted from UCRL-52821 shows 
the calculated inner magnetic f ie ld versus center l ine 
coordinates. Test r e su l t s show close agreement. 

- , * • I 

Fig. Ill 80 KV Neutral Beam Module 

selected for its high saturation valu«, whereas the 
4750 steel has Intermediate permeability and 
saturation characteristics. The design and 
development of this shielding spanned an 18 month 
period and included computer code analysis (GFUN and 
TRIM), and a 1/10 scale-model test program. 
UCRL-52B241 describes this program and the results 
in detail. Fig. IV shows the coil array used to 
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Fig. VI Inner Magnetic Field vs. 
Centerline Coordinates 

Fig. IV Coil Array To Simulate 
MFTF Magnetic Field 

produce the magnetic test field, and Fig. V shows 

Neutralizer Duct 

The neutralizer duct is shown in Fig. Ill mounted 
and vacuum sealed at the inner end Of the magnetic 
shield outer box. The duct is *\ vacuum-tight, 
watercooled stainless steel structure which provides 
a cantilever support for the isolation valve. Two 
prototypes of different cross-section size have been 
built for testing on the Livermore High Voltage Test 
Stand. Evaluation of heating effects will be made 
during source testing. 

Isolation Valve 

Conventional vacuum gate valves cannot be 
installed in the closely grouped MFTF array of bean 
•odules. The internally situated rotary vacuum valve 
shown in Fig. Ill is mounted to, and seals the 
entrance end of the neutralizer duct when it ia 
necessary to isolate the beam source from the vessel 
vacuum. An air cylinder actuator mounted at the 
source end of the module operates the valve via a 
push rod, rack and pinion. During valve operation. 
90 degrees of rotation occurs with the valve rotor 
held off the seat by a spring loaded rocker arm 
assembly. At the end of rotation, continued actuator 



oov&nent tilts the rotor against the seat to 
establish a vacuum seal. The rotor end disc3 are 
water cooled. Fig. VII is a view of the valve in the 
open position shown mounted on a test fixture. 

Fig. VII Isolation Valve on a Test Fixture 

Bellows 

The bellows is 3hown in cross-sectinri In Fig. 
I I I . li: cros3-3ectlon, the length of bellows 
material i s such that it. folds or unfolds during 
movement of the module, with no s t re tching required 
in the rubber. Three-quarter inch thick aluminum 
flange pla tes are vulcanized to a one-quarter inch 
thick, s ingle convolution Viton bellows. p e e l t e s t 
specimens demonstrate fa i lu re in the rubber rather 
than the metal-to-rubber bond. The flanges are 
O-Ring sealed to the girabal base and to a flange on 
the outer magnetic sh ie ld . Test specimens of the 
Viton material have been exposed to radia t ion fluence 
equivalent to 10 years of MFTF use with no 
s ignif icant de ter iora t ion of p roper t i e s . 

Gimbals 

The girabal base and rectangular girabal frame are 
the structural members that pivotally mount the outer 
magnetic shield to permit the required + t° of 
movement about either axis. Significant loads are 
the vacuumAP across the vessel opening, the module 
weight and MC r t loading, and She magnetic attractive 
force on the steel shielding member. The girabal 
material is austenitic stainless steel. Space 
limitations necessitated a take-apart frame design 
for assembly around the magnetic shield. The bolted 
corner joints are additionally rigidized by 
rectangular keys. Stress analysis of the gitnbal 
frame was based on forces and moments determined from 
static, two-dimensional finite element analysis using 
the SAP IV code. 

Actuators 

Two linear actuator.* are required for each module 
as indicated on Figs. 1 and II- Two prototypes have 
been designed and fabricated. Features include a 12 
volt D.C. motor drive with planetary reduction 
gearing, a screw drive, raagnetic shielding, and limit 
switches. The linear stroke is 3 inches, rate of 
travel is 1 inch per minute, and the working force is 
2,000 pounds. 
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