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SILVER URAZING METHODS TOR JOINING THE OM AND ST FILLD COIL TURNS
FOR TUE PLT MACIINE
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Summar

This paper describes the techniques, materials,
and cquipment used to silver-braze the OH and SF
ficld coils in-place in the PLT machine,

Introduction

The PLT §s o large Tokamak device now uidergoing
flnal power test at Princeton. The PLT design
approach utilizes and extends the technelogy develop-
cd for the ATC device, completed in 1972.

The IF coils are conventionally wound double
pancake, cpoxy-cast coils. The poloidal coils are
located in the bore of the TF coils, and as a con-
seguence, were fabricated in place. The in-place
fubrication necessitated numerous silver-brazed
juints. A typical brazing set-up is shown in Fig. 1.
Fig. 2 shows the arrangement of the poloidal coils
in relation to the TF coils and the vacuum chamber.
Unlike the ATC, which utilized flexible watercooled
cable and straps in the poloidal coils, the PLT

windings are made of rigid extruded copper conductors,

The SF and OH systems together consist of 348
turns. The conductor sizes range from 1/2" x 1/2"
to 7/8" x 1-1/4", All have a centrally located 1/4"
diameter hole for water cooling.

In-place Fabrication Methods

the desipgn details of the SF and Oll coll systems

were descelbed in a previous paper.l Basically,
insulated conductors are wound into coils; 2ach of
the turns are cut into two or three segments to
permit inscrtion into the bore of the TF coils
through the gaps between them. The segment ends are
scarfad on a 30° angle and counter-bored for a copper
slecve ior continuation of the water passage when
the scgments are silver-brazed together in the
rmachine. After all the scgments of a coil group are
prepared us outlined above, they are fitted together
at a mock~up area and codified for easy identifica-
tion prior to delivery at the PLT assembly site.

Each of the segments are sequentially "snaked”
into the bore of the TF coils, silver-brazed with
induction hecating, cleaned up, pressure tested, and
Insulated where the lpnsulation was removed
(approximately 12" on either side cf the joint). As
coll groups were completed, woter flow and electrical
tests were performad.

1 total, 1200 brazes were required to fabricate
the poloidal coils in-place. A water lecak in any
joint would have serious consequences. The success
of the brazing methods was therefore of considerable
importance to the success of the in-place poloidal
coil fabrication. Considerable effort was expended
on this task to assure that reliable, repeatable
brazes could be made nn an efficient basis.

The in-place Cabrication phase of the PLT was
completed over a period of nine months; during much
of this perind, crews worked around the clock., Only
twe Lirazes had te be re-made hecause of the mal-
funct ions of the automatic inlra-red temperature
contrnller Incorporatred into our brazing system.
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Development Tests

The copper cleaning techniques, brazing alloy,
work coil, fixture design, and induction equipmenc
were chosen after analyzing several hundred sampie
The sawples were tensile tested, pressure
tested, and sectioned. Typical test specimens arc
shown in Figs, 3 and 4. Non-destructive testing
techniques, namecly ultrasonic testing and X-ray
photography were attompted, but without much success
because of the nature of the scarf joint. Brazes
were also made under non-optimum conditions to duter=
mine the critical factors in successful bLrazing.

Proper copper cleaning, joinc alignment and fixtu-lng,

and correct control of the rime-temperature cycle
were found to have the most significant effects.
Initial plans called for pull-testing each brozed
joint; however, preliminary tests of samples brazed,
using the methods chosen, and pull-testing of the
first joints in the machine increased confidence to
the point of omitting such further testing.

Brazing by :nduction heating was chosen over
other methods for several reasons. <+his method was
used very successfully to braze the copper conductors
in the PLT TF coil, and can be nerformed in counfined
areas because of the small size of the work ceil
(heating ccil). The heating cycle can be closely
controlled.

Description of Lhe Inductlion Krazing
and_Conzrol System

The induction brazing system uscd on PLT con-
sists of a static high-frequency (10 kHz) power
supply with a rating of 50 kW and a mobile heat
station containing a transformer and capacitors to
tune the circuit, This system is illustrated in
Figs. 5 and 6. The system was supplied by the
Taylor-Winfield Corporation. The static type of
supply was selected in preference to the more common
motor-generator type for the following reasons. The
primary advantage of the static supply is its vari-
able output frequency. This both controls the power
level through the frequency characteristics of the
circuit and permits tuning over a wider range of bar
sizes without changing the transformev ratio or
amount of capacitance. By varying the frequency of
the power supply output, morc or less power is
available at the work coil. Other advantages of the
static-type supply 3~ smaller size and less wcight, _
rilent "operation when idiing, and ease of operation
since the unit is electronically protected apainst
most malfunctions. The physical considerations were
important because of the location of the supply on
the PLT platferm.

The infra-red temperature controller was
rupplied by the Ircon Corporation, Interfacing with
the power supply was ‘accomplished by adding a small
circuit board and making a few connections. The
infra-red sensor is aimed at the joint being Lrazed;
the temperature of the har is indicated by a meter
on the remotely located control unit. An output
signal from the control unit 1s fed to the tempera-~
ture control circuit hoacd, which in turn varies
the ontput Frequency. Very 1ittle temserature overs
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The Induction Heating Coil

The basle requlrements of the work ceil were
that it be capuble of uniformly heating all of the
copper bar slzes wsed In the LT pulofidal colls
in 150 seconds or less and be compact enough to fit
in the limited fabrication space available. Many
variations of work colls were investigated. The
final work coil, shown in Fig. 7, is a compromise
of the designs studied. It met all of the design
requirements and has given excellent results. The
coil was made of 0,287" square ETP copper with a
round 0,161" I.D. hole. The flow rate through the
work coil 1s 0.75 gpm with a pressure drop of 30
psi and results in a temperature rise of 100°F during
maximum ypower conditions. It is capable of brazing
copper bars from 1/2" square to 7/8" x 1-1/4" with-
out any manual retuning of the power supply.

Joint Details

The parts necessary and the joint make-up are
shown In Fig. 8. The joints are scarfed on -30°
angles. The copper sleeves are 0.002" to 0.004"
undursized to the diameter of the counterbore. The
pre-formed rings of silver are used to seal the
cnds of the slceve. Silver wafers and hairpins
are used to scal the joints.

'Sil-Fos'was chosen as the braze filler metal
because it produces a strong joint without the use
of fluxes, which could become entrapped. The
5%ZP in Sil-Fos is adequate as a wetting agent.

Joint Cleaning

The joint surfaces and components arxe polished
with 'Scotchbrite' pads and cleaned with a 1:4
solution of 'cunthone Enplatc' #AD-482 and water. A
properiy cleaned joint will exhibit a uniformly
werted surface. The cleaved surfaces are protected
{rom contamination until used; handling is done with
gloves or tweczers.

Joint Fixturing

The support table of the brazing fixture and
alienment 4ies are shown in Fies. 9 and 10. After
Ihe bar ls properly atigned and clamped, the clamp
arm containing the work coil is placed over joint
and thc pivor pin is inserted. A lava klock is
placed between the clamp arm and joint, and the
clamp is tightened. This keeps the joint halves
from over-riding, allows for expansion to close the
joint. Excess expansion slips under the clamps.

Joint Brazing

1he 'Ircon' infra-red detcctor with a stainless
steel mirror at 45° is attached to the support table.
The induction work coil is encrgized and the brazing
cycle is automatically controlled. The bar is
heated to the presct temperature limit of 1250°F,
soaked for 2-6 seconds, and shut off. At the con-
clusion of the braze, the clamp with work coil is
removed, and the work is allowed to cool. The work
is unclamped, the joint inspected, filed, cleaned,
pressure-tested and reinspected.
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