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can be supplied from an X-unit, or other 28-volt DC input supplies such
as rotary choppers and transverters can be used.
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A PROPOSED ZIPPER SYSTEM FOR SMALL WEAPONS

INTRODUCTION

¢ With the realization of the desires for emaller nuclear warhead

syastems, it has become necessary to consider smaller Zipper units. Yo¢
e, N T e ] N
J L(2/

-
—
A Zipper system which shows promise for these»aggl{f

. 0¢
cations 18 described herein. ] ) D
ations_f in. | e

£

_ T The time delay is Included in the system which is
T e
small and rugged; depending upon the power supply and timer unit selected,

the system 1s capable of being relatively radiation-resistant.

' REQUIREMENTS

A sumary of the controlling requirementé fer this system analysis

follows:

Applications

This Zipper is intended for use in 10- to 12-inch-small warheads used
in guided missiles (KIXE AJAX, TERRIER, and possibly air-to-air missiles), a
bellistic missile (LITTLE‘JOHN), a (high-g) rocket-assisted depth boab
(ASRCC), and en atomic demolition munition (C-ADM).

=

5
W

The criteria listed below include present information as to the

extreme requirements which will be imposed on the Zipper by the above
applications. Development of a miniaturized version of the XMC-825 with
choice of power supplies such as a rotary-chopper corverter, transverter

or X-unit voitage supply may prove satisfactory.

* UNCLASSIFTED
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Perfornance Requirements

tlectrical. -- Zipper units should be capable of accepting a 284~
volt DC, l-ampere or less per chkannel power input, or X-unit voltages of

1800 to 2600 volts DC so that it will operate in 4 seconds after applica-

tion of this Béﬁer by triggering from an X-unit or other suitable signel.

} . \Actual neutron

requirements are not firm and will 5;~obtained from the nuclear labora-

tories when they have been definitely determined. | D
' | b

: e

Environmentai. -- The Zipper should be envirommentally compatible

v "th 5CS-7 with the acdition of the ability to withstand the following

criteria,

: -- Operate after the following weapon
b enviromments: - ’
Linear Accelerations - 2000>g's for 0.1 ms,

000 g's for 2 ms,
650 g's for 0.5 sec, ‘

e 500-g shock in any direction,

~-- Operate after the following weapon

' cnvironGentst |

Linear Accelerations - 2000 g's for 0.l ms,
1500 g's for 2 ms,
500-g shock in any direction,

) &T‘f* ) -~ Operate after the

‘Ivllowing“;;apon eﬁvironments:
Linear Accelerations - 75 g's for ‘4.5 sec,

Angular Acceleration - 2000 rad/sec/sec for 0.0l sec,

UNCLASSIFIED
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Angular Velocity - 50 rad/sec for 100 sec,

Altitude - Operation at 90,000 feet altitude is required.

o

Yo

| DD

—

MJifmégfgéié“élffiéﬂiiyﬂzg'ehcbdﬁtéfad 1n‘development due to
the acceleration, radiation insensitivity, and size and weight
requirements, two separaté Zipper developments might best be
considered with less restrictive radiation, weight and size re-

quirements on the high-g unit,

Reliability. -- Failure probability of a eingle-channel system not to
excead 17100, '

Dinensional Re uirements

Size and Shape. -- Dual-channel unit allowable volume appears to.be

approximately 200 cubic inches. Actual size and packaging configuration
shotir be coordinated with the applicable 1200 or 1800 project group, and

appropriate form factors will have to be negotiated as qpsign progresses.

Weipht. -- Because of warhead application requirements, the weight
of o dual-channel Zipper should be limited to 20 pounds including potting,

with a lower weight preferred.

Additional information which may be of aid during the development

stages of the Zipper unit follows:

Time Scales

Weapoun Cnerational Avajlability. --

§mcmesm e i R e rp——— Al R—

October 1959 (Other Applications)

b
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JUReI%5C (Other Applications)

Development Models Required

September 1257 (Other Applicaticns)

Cognicant 1000 Orsanirations

Svstems Iroject
1261 1225
1261 1222
1261 1810
1261 1810
SYSTEMS

Ficure 1

The tasic cystem considered herein is shown in block diagram form in

Figure 1. The pulsed neutron source is the'same small pulsed linear

accelerator which has been developed for other weapon applications. » \)DOT

(%

; iEnergy for these pulses

Y

" is stored in @ capacitor similar to théEZfBETEE—E;;eloped for X-units.
The encrgy is switched to the transformer by a switch which is triggered
by the output of the timzr unit, The timer itself may be electronic or
explosive in nature. The input to the timer may be obtéined from several

points in the weapon cystem as may be fpund most adequate, such as the

TNCLASSIFIED
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X-unit load plate, X-unit capucitor plate, &n X-unit fired detonator or a

crystal signal derived from the exploding HE of the nuclear system.

Power to charge the energy storage capacitor may be chosen for each
specific application as desired, but the primary requirement is that the
energy storage capacitgr be charged to from 1800 to 2600 volts DC. In-
vestigations will Lte carried out to determine if the 18GO-volt minimum 1is
realistic if its occurrence is small. Since the clectronic timer delay
circuit can be made so that thé time delay is a function of the input
voltage, there are several advantages to using voltages equal to that on
the X-unit capacitor for the Zipper-cpereting voltage. In the case of an
explosive timer, this advantage is small, and where an electronic timer
with & crystal input is used, the advantages and disadvantages are not

clear.

Three possible circuits for the Zipper system are shown in Figures
2, 3, and 4, The similarity of each of these circuits is that the energy
storage, pulse transformer for accelerating potentials, and the neutvron
source tube ere identical. The timers and high-voltage switch are dif-
ferent., Both the circuits in Figure 2 and Figure 3 are capeble of
several tests with no appreciable degradation to the system, The circuit
in Figure 4 is a one-shot device, but special laboratory equipment can be
devised which would permit the pulsed neutron portion of the unit to be
tested. This unit is probably the most reliable circuit shown because it

essentially precludes auny field tests which might degradaz its operationm,

Figura 2

The time delay unit shown in Figure 2 uses an electronic timer. The
time delay circuit input signal is derived from the X-unit capacitor

[;1ntc,
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(RVARN
yoe Ry
Figure 3 - '
With a separate tube at the input of the tirmer circuit, it is prac-
tical to trigpger the timer frcm a BaTiO. or PZT crystal which is glued to
9
the HE of the nuclear system or to the face of a 1El5 or similar detonator.
/4/\‘ ) ——
e
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The electronic timers developed to date of Zipper applica-
tions have exhibited timing variations as a function of (a) input B+
voitage, (b) trigger signal shepe, (¢) temperature, and (d) selection of
civrcuit perereters. These variations have ac;ounted for about *0.2 micro-
second in laboratory and early prototype timing circuits. The temperature

effects are, of course, not random. In addition, it is believed that

UNCLASSIFIED
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unless considerable circuit complexity is incorporated with possikle
reliability losses such timers would, in production, be somewhat less
accurate, pa:rhaps 20.4 to 0.5 microsecond total variationc. It is de-
sirable not to make a timer wore cemplex than the proposed circuit so
-the-neutron pulee-should-be wide cnough to -account -for-10+5 microsecond .. ..

timer varietions.
Figure 5 illustrates neutron pulse requirements for a Zipper system.

The tbree circuits showm should exhibit similer reliabilities in the
pulsed neutron portion of the unit, However, the rsmaining parts are dif-
ferent and can be analyzed on a "guess" basis,and a comparative reliebility

should be indicated,

For the circuit in Figure 2, the nﬁmbcr of parts used is 17, The
circuit in Figure 3 uses 22. The circuit in.Figure &4 uses only 9 parts.
Assuming equal failure rates in the various parts, this iﬁdicates.that
the unit using explosive time delay techniques is advantageous from the
reliability standpoint, Whatever powver supply is used would Le again
cormon for this cbmparison and only reflects in the actual reljability

aralysis.

By suitable development, the average part reliability should be so
that failures occur at a 1 in 2000 rate or less, From this approximation,
the best system, not including the power'supply, should fail about 1 in
200 times or less and the poorest system about 1 in 98 or less. This
compares favorably with the XMC-757 early analyéis of al in 50 to 70
failure rate where a large number of transistors used lowers the reli-
ability considersbly. One can conclude that the reliability iﬂ;a dual .
system of any one of the three circuits, if used with an.x-ﬁnit;éQwef'
rource, should exhibit failure rates not in excess of 10-5 és.ié-reﬁﬁ{red

in these systems,
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TIMING AND NEUTRON REQUIREMENTS
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Peckoge

Prcliminary unit layouts for possible appiications in ll- and 12-

inch-diameter wecpons are shown in Figures 6 and 7.

e e

In order to accommodate for a gas- ‘

'Mboosting bottle, a hole about & inches OD was provided in the package.

Unit voluwes are:

Figure 6 110 cubic inches
Figure 7 124 cubic inches
(XW-35 only)

Unit weights are:
Figure 6 10,5 pounds
Figure 7 13 pounds

If the explosive timer is used in eilther case, the volumes reduce to
Figure 6 100 cubic inches
Figure 7 90 cubic inches

and the weights drop accordingly. (Figure 5 to 9.5 pounds.)

An all-encapsulated package is proposed. The package could probecbly
be reduced to a thickn2ss of 2-3/8 inches and a diameter of 1l inches
with two bumps 3-1/2. inches OD protruding only 1 inch from the nominal
2-3/8-inch thickness, This could best be done with two units in & single

peckage, but other techniques need to be investigated to determine what

minimum package 48 possible.

“ UNCLASSIFIED
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STATUS OF DEVELOPMENT

Neutron Source Tube N

_— . ;*fmhey_arealzl/é inchﬁ!,QD__.__.~._-m

e .

1= 3/4 inchns lon5 and 1 iunch OD and 1-3/4 inches long. Research on size'
. requirexents is teinpg studied at UCRL (Berkeley) and at GEXR, The

General Electric X- Ray Department 1is required to furnish. breadboatd units

in April 1957, and will develop & suitable tube snd uait for these bppli-

cations.

A PIG is not desirable and efforts will be directed to removing it
from the tube. The initial tube models do not use PIG's. ‘

One transformer of the size required for these -applications has been |

tested in oil. Considerable development of this-part iS'necesSary.

The timer circuit shown in Figure 2 has been built in breadboard form
and has bteen tested. Preliminary dnta from HE exp°rts kave been found

indicating that thke probable gccuxacy of the HE timer is acceptable.

A modified SA-519 capacitor is planned for use as the energy -storage
capacitor. Power supplies for use ét 28 volts DC are beirg developed in

Divisions 1469 and 1472.

A high-current, low rrigger voltage cold-csthode tube is being
developed in 1450, The tube is also being‘:uggedized to withstand high
accelerations. )b 3

LS
POSSIBLE FUTURE SYSTEMS

On a considerably longer time scale, a systca which does not require

¢ separate pover su.ply may be practical. Possible systems are shown in

, UNCLASSIFIED
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Figure 8. Here again a pulsed neutron snurce tube 18 used but energy and
time delay arc obtained from high explorives. Energy is transduced to

usable voltage and currents by BaT103
materials. The system operation is initisted by either an X-unit deto-

or P2ZT crystals and ferroelectric

~mnator or -the exploaive~1n~the~HE~specemchamberu-mAlsonpossihlermbutmmoteW“”-""“wm@_m‘f
in the future, would be a system in which the HE shown in Figure 8 is the
kS 7'“____’/—\‘_7

HE in the nuclear system. ) DOE‘ECQ

. They should be qdiie small, perhaps so .
swmall as 20 cubic inches for a unit. In addition, increased reliability
due to decreased complexity might permit the use of a single unit in the

weapons.

CONCLUS IONS

Since the time scales involved in systems such as XW-35, etc,, are
short, it 1s necessary that existing technology be capitalized upon to éé
great an extent as possible. Any of the systems proposed in some detail
in this report recquire some development but the system shown’in Figure 2
perhaps changes the developed art the least amount ahd presents at least
reagsonably small size and sufficiently high reliability possibilities.

On the other hand, if radiation problems ruin the diodes in the proposed
clectronic timers, the explosive time delay system in Figure &4 may be the
only usable solution. 1Its advantages make its use desirable but thié
system requires more development than the two systems usiug electronic
timers. Subsequént to a good understanding for the radiation ptoblem, it
appears advisable to exert considerable effort on the explosive time de-

lay system as & backup to an electronic timer.

The size of Zipper units shall be further decreased, but the pro-
posed sizes look promising for use in near-future applications--ll- to

12-inch weapons.

JTNCT A QQIRTRED
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.‘ Tbe major problems 1

o —————
size will be relatcd to cielectric strength of materjals to protect the

circuits from veltage bLreakdown since the tube should be developed toward

a one-ghot capability,

This would lower the tritium in the tube to am =~

extremely sunall amount so that the PIG msy not bz necessary. Tube effi-

ciency should also be -increased by lowering secondary emission from the

tavget.
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