LA-3759 CIC-12 REPORT CO
, REPRODUCTION "
L% COPY

LOS ALAMOS SCIENTIFIC LABORATORY
of the
University of California

LOS ALAMOS e NEW MEXICO

Fabrication of a Coaxial

Shock-Sensitive Switch

I

\TL. LAB. LIBS.

G

3 9338 00359 0303

|

UNITED STATES
ATOMIC ENERGY COMMISSION
CONTRACT W-7405-ENG. 36




LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission®’ includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.

This report expresses the opinions of the author or
authors and does not necessarily reflect the opinions
or views of the Los Alamos Scientific Laboratory.

Printed in the United States of America. Available from
Clearinghouse for Federal Scientific and Technical Information
National Bureau of Standards, U. S. Department of Commerce
Springfield, Virginia 22151
Price: Printed Copy $3.00; Microfiche $0.65




i

i

il

i

i

il

- 393

4

L.A-3759

UC-37, INSTRUMENTS

TID-4500

LOS ALAMOS SCIENTIFIC LABORATORY
of the
University of California

LOS ALAMOS

® NEW MEXICO

Report written: February 1967

Report distributed: November 16, 1967

Fabrication of a Coaxial

Shock-Sensitive Switch

R. S. Kirby


ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov






FABRICATION OF A COAXIAL SHOCK~-SENSITIVE SWITCH

by

R, S. Kirby

ABSTRACT

A technique was developed for fabricating a coaxial
switeh using metal inner and outer conductors sep-
arated by & CdS insulation which becomes an electrical
conductor on exposure to an explosive shock wave.
Coaxial assemblies of 0.040 and 0,025 in. 0.d. were
fabricaeted using a copper outer conductor and an

1100 Al imnner conductor.

1. INTRODUCTION

This program was initlated by a request for
fabrication of a coaxial switch based on informa=-
tion that CdS, an electrical insulator, becomes an
electrical conductor on exposure to a high velocity
pressure wave, The proposed use of the device was
to study explosive shock wave behavior by placing
the coaxial switches around an exploaive change and,
through the use of high speed recording equipment,
obtaining time-distance profiles of the shock wave.

This report describes the development of a
fabrication procedure for the coaxial switch.

2. MATERIALS AND BQUIPMENT
Materials
Cadmium Sulfide

The CdS powder used in this program was a
chemically pure grade powder of approximately =150
mesh. The material is a standard LASL chemistry-
stock item.

Conductor Materials

The metals used as conductor materials were
standard commercial grades of copper electrical
wire, copper refrigerator tubing, 3003 and 1100 Al

alloys, 304 stainless steel, and T0-30 brass. The
silver wire used as an internal conductor for some
of the work was commercial silver of 99.9% purity.

Binders and Lubricants

Binder-lubricants were mixed with the CdS
powder to reduce friction between the powder and
the inner and outer conductors. Materials used for
this purpose were stearic acid, TFE (Teflon) powder,
and methylcellulose.

A wax-base commercial lubricant (Johnsons wax
No. 151) was used as a drawing lubricant for ail of
the work.

ulipment

Temping Device

The CdS powder was tamped into the starting
tube (outer conductor) using a simple plunger with
a hole up the center (Fig. 1) which centered the
inner conductor in relation to the inside dismeter

of the outer conductor.

Drawing Bench

The coaxial assembly was drawn using a small
12-ft-long, chain driven draw bench of approximately
4000-1b capacity. The draw bench is shown in Fig. 2.
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Fig. 1. Tamping device used for compacting CdS
powder and centering the inner conductor.

Tig. 2. Draw bench used for fabricating the coaxial

switch.

3. PROCEDURE

Very little information was available concern-
ing the nonconductive-to-conductive transformation
behavior of CdS. It was not kmown if the change in
electrical conductivity induced by & high velocity
pressure wave was accompanied by a phase transfor-
mation or if the condition might be induced in some
other manner such as heating. The information which
was available on CdS indicated that 1t waa a toxic
orange powder with the following physical properties:

Crystal structure - hexagonal

Density - 4.82 gfee

Melting point - 1750°C (pressure of
100 atm)

- sublimes at 980°C (N2 at
pregsure of 1 atm)

~ 3 to 3~1/2

Bolling point

mohs hardness

In view of the lack of knowledge about the
effect of heat on CdS properties, a maximum anneal-
ing temperature of 300°C was arbitrarily chosen.
The cholce of this maximum annealing temperature
automatically limited the materials available for
the inner and outer conductors.

Two approaches for fabricating the coaxial
gwitch were considered.

1. Use of a soft metal (i.e,, copper) for the
outer conductor and a high tensile strength, highly
polished material for the inner conductor. In this
aethod, the inner conductor is not reduced during
reduction of the composite., The theory is that, on
drewing, the CAdS material is compacted as the outer
conductor is reduced in dlameter with the outer
conductor~CdS composite being drawn over the high
strength inner conductor core. A graphic represen-
tation of this setup is shown in Fig. 3.

2. Use of a reasonably soft material (i.e,,
copper) for the outer conductor and an equally soft
or softer material for the inner conductor. In
this method the composite is assembled using a de-
sirable size ratio hetween the dlameters of the
inner and outer conductors and packing Cd8 into the
annulus between the two conductors. The composite
diameter is then reduced by drawing, reducing the
diameters of both the inner and outer conductors
similtaneously. The setup used for this method 1is
similar to that shown in Fig. 3, the only differ-
ences being a slightly larger starting diameter for
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the inner conductor and the elimination of the ten-
sile forces applied to the inner conductor.

The initial work was done using a copper
outer conductor and a music steel spring wire
(AST™ A228) inner conductor of approximately
375,000-psi tensile strength. As the CdS powder
became compacted around the inner conductor, resist~
ance to movement of the copper-CdS over the music
wire increased until the wire finally failed 4in
tension., The addition of TFE and stearic acid lu~
bricants to the CdS powder did not improve the sit-
uation. After a rather extensive investigation
this approach was dropped.

The feasiblility of the second approach was
investigated by first using a copper outer conduc~
tor and leed inner conductor. The composite was
drawn down to 0.040-in., diameter with no problems,
indicating that the use of an inner conductor of
much less tensile strength than the outer conductor
was a satisfactory solution,

The disadvantage of using a leed inner conduc-
tor was one of insufficient strength which resulted
in breaking of the leads during handling of the
In an
attempt to modify the process by using a higher
strength inner conductor, the following metal com-

product and making electrical connections.

binations were used.

Copper Inner Conductor and
T0=30 Brass Outer Conductor

This combination appeared setisfactory when an

annealing temperature greater then Lo0°C was used
between drawing stages.
temperature below the arbitrarily chosen 300°C was

uged, the brass outer conductor split during drawing.

However, when an annealing

— ' .
\' Cds POWDER\ OUTER CONDUCTOR

UNIFORM TENSION

The coaxial switch fabrication setup using & high strength inner conductor.

Copper Inner Conductor and
3003 Al Outer Conductor

This particular combination was not at all

satisfactory. At all annealing temperatures
attempted up to 200°C, the aluminum outer conductor
fajiled in tension during drawing. The strength
ratlo of the inner to outer conductor was apparently
too high.

Copper Inner Conductor and 304
Stainless Steel Outer Conductor

This combination proved unworkable because of

the work hardening rate of the outer conductor.

The 304 stainless steel hardened very rapidly and
would have required an annealing temperature of
about 900°C which was well above the 300°C maximum,

Silver Inner Conductor and
Copper Outer Conductor

These metals were used because both are good
electricel conductors annealable at less than 300°C.
To prevent tensile fallure of the silver wire, the
composite required an annealing temperature of 275
to 300°C, which so weakened the copper that it
fajiled in tension durlng drawing.
used as an inner conductor because both silver wire
and copper tubing were readily available, If a
copper inner conductor and silver outer conductor

The silver was

had been used the results might have been more
satisfactory.

OFHC Copper Inner Conductor

and Copper Outer Conductor

Fabrication using copper for both conductors
showed the benefit of having an inner conductor
which was slightly weaker or might be annealed at a
When
the assemblies were annealed at 200°C, the immer

lower temperature than the outer conductor,




conductor failed in tension; when an annealing tem-
perature of 250°C was used, the outer conductor
failed in tension. It is possible that an assembly
of this type might be fabricated by swaging after
initially drawing to an outside diameter of about
0.100 in.

1100 Al Inner Conductor;
Copper Outer Conductor

Approximately 50 £t of 0.040-in.~o0.d. and 30 ft
of 0.025~in.=0.d. coax was drawn using this combi-
nation of materials. The outside diameter was first
reduced from 0.250-in.-0.d. to 0.090-in.~o.d. in
0.010-in., increments with a 200°C anneal after each
drawing stage. The coax was then drawn in 0.005-in.
increments to 0.0T0-in.-o.d. with a 200°C anneal
after the 0.080-in,~-0.4. and 0,070-in.-o.d. stages.
The coaxdal assembly was subsequently swaged from
0.070-in,~0.d. to 0.045-in.-0.d. in two 0.010-in.
and one 0.005-in. reduction with a 200°C anneal
after each reduction. The 0.040-in.-0.d. coax was
made by making one additional drawing reduction of
0.005-in. The 0,025-in.-0.d. assembly was made by
continuing the drawing in steps of 0.002 to 0.003-
in. with a 200°C anneal after each 0.005- to 0.006-
in. reduction in diameter.

Lk, DISCUSSION

From the results deseribed under Procedure, it
appears that the most feasible approach to the prob-
lem is to use an outer conductor material of slight-
1y higher tensile strength than the inner conductor
material and to draw or swage the composite assembly
%o the desired diameter. Because of the 300°C max-
imm annealing temperature which was arbitrarily
selected, the only successful assemblles maede were
camposed of a copper outer conductor and 1100 Al in-
ner conductor. It is entirely possible that anneal-
ing temperatures in excess of 300°C would have had
no detrimental effect on the properties of the CdS
insulator. However, no information was available
on this, and no tests have been run at LASL on
assemblies heated over 250°C. If a higher annealing
temperature could be used, the choice of inner and
outer conductor materials would be much greater and
a higher strength inner conductor might be used.

The 1100 Al inner conductor was not completely
satisfactory because it was so soft that the Cds
particles were imbedded in the aluminum during

drawing thereby causing an irregular cross section
and weakening the immer conductor. Figure 4 pre-
sents cross sections of 0.040-in.-o.d. and 0.025~
in.-o0.d. assemblies showing the particles imbedded
4in the inner conductor and the irregular outside

(A) 0.025-in.-o0.d. assembly at 100X

(B) 0.040-in.-o0.d. assembly at 100X

FMg. 4. Cross sections showlng the irregular shape
of the inner conductors and the irregularities in
the inside wall of the outer conductor.




dismeter of the inner conductor and inside diameter
of the outer conductor., The 0.040-in,-o.d. assembly
had a nominal 0.009~in. wall with a nominal 0,007~
in, inner conductor diameter. The 0.025~in.-o0.d.
assembly had a nominal 0.005-in. wall and a nominal
0.004-in. inner conductor diemeter. The starting
material in both cases was 0.250-in,~0.d. copper
tubing with a 0.035-in. wall and a 0.031-in,~diam
inner conductor.

Figure 5 shows the relationship of the assembly
outside diameter to the nominal wall thickness and
the nominal inner conductor diameter during drawing.
After the assembly outside diameter was reduced
from 0.250 to 0.160 in., the CdS insulator material
apparently reached a state of compaction which
enabled the assembly components to be reduced as a
true composite. Measurement of the outer conductor
outside diameter and well thickness and inner con-
ductor diameter during drawing indicated that the
components were reduced more or less uniformly
after sufficient compaction of the CdS was achieved.

A comparison of the handbook properties of
1100 Al and commercially pure copper is shown in
Teble I. The table shows that the ratio of the
yield strength of annealed copper to that of an-
nealed 1100 Al is approximately 2:1. The data also
indicate that the annealing temperature of both ma-
terials is in the 250 to 300°C range. Apparently,
the 200°C annealing temperature used for the coaxial
agsemblies did not fully anneal either component
but constituted more of a stress relleving

treatment.
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Fig. 5. The relationship between outer conductor
wall thickness and inner conductor diameter as a
function of the outer conductor diameter.

TABLE I

PROPERTTES OF COPPER AND 1100 Al

Copper 1100 Al
Tensile strength 30,000 13,000
(annealed), psi
Yield strength 10,000 5,000
(annealed 2% offset), psi
Recrystallizetion temp 225-250 250-290

(~ TO% red), °C
Elongation annealed 50 4s
(2-in. gage length), %

The data have shown that to fully anneal the
copper outer conductor results in tensile failure
of the point during drawing.
lem might be avoided by swaging; however, no inves-
tigation was done along these lines.

This particular prob-

5. CONCLUSIONS

1. A pressure-sensitive coaxial switch may be
fabricated using an 1100 Al inner conductor, a
copper outer conductor, and a CdS insulator material
by assembling a large diameter composite and reduc-
ing the diameter by drawing and swaging.

2. The inner conductor should be made of a
lower yleld strength material than the outer
conductor,

3. The recrystalliization temperature of the
inner conductor should be approximately the same or
lower than that of the outer conductor.
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