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PREFACE

This report was prepared by Raymond Engineering Inc., 217 Smith
Street, Middletown, Connecticut 06457, under Contract F08635-75-
C-0125 for the Air Force Armament Laboratory, Armament Develop-
ment and Test Center, Eglin Air Force Base, Florida. Capt. J.
Williams (DLJF) and Mr. R, Mabry (DLJF) were program managers
for the Armament Laboratory. This effort was conducted during
the period from 14 January 1975 to 30 November 1976.

This technical report has been reviewed and is approved for
publication,
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SECTION I

INTRODUCTION

This final engineering report describes and summarizes the
efforts conducted by Raymond Engineering Inc. to satisfy the
contractual requirements of the Air Force Armament Laboratory
for the Dispenser Safing and Arming Device (DSA),

The objective of this program was to design, fabricate and
test a prototype DSA based on the MAU-116 S&A for existing

MK20 and SUU-54, and future guided and unguided cluster
munitions.




SECTION II

DSA DESCRIPTION

The Dispenser Safing and Arming Device (DSA) illustrated in
Figure 1 is designed to provide primary weapon safety in all
dispenser munitions 10 inches or larger in diameter and equipped
with existing, such as in the FMU-110, or future proximity sen-
sors. Basic sequential operating characteristics for the DSA
employed in free fall and guide or powered munition applications
are illustrated in Figures 2 and 3, respectively.

The DSA is a low=cost hermetically sealed unit, mounting to the

forward dispenser bulkhead, immediately aft of the proximity
fuze,

The DSA arms as a result of three sequenced environments: (1)

physical release from the aircraft (lanyard), (2) air velocity

for a predetermined time interval, and (3) an electrical arming
signal from the proximity fuze's safe separation timer.

Upon release from the aircraft, the lanyard removes a tear strip
in the DSA housing, allowing erection of an air sensing probe
which simultaneously initiates the thermal battery and removes
the physical restriction of the rotor and piston shaft elements.
The thermal battery is employed to provide energy to the elec-
tronic target sensor. In turn the sensor provides a controlled
sequence of electrical signals to the DSA's electromagnetic actu-
ator and explosive detonator.

The deployed probe acting in an airstream channels ram air pres-
sure to one face of a piston subassembly. Lower pressure air is
conducted through the open tear strip area onto the opposite
piston face. Developed environmentally derived differential
pressure of a specific magnitude is employed to discriminate a
minimum threshold (activation) level and to generate arming en-
ergy which moves an explosive interrupter (rotor) from a SAFE
out-of-line (0 degrees) to an ARM in-line (90 degrees) explosive
train condition and an electrical firing circuit from an open to
a closed condition.

The piston must stroke a prescribed distance before rotor re-
lease can be effected. Two individual safe separation features

sequentially control the rotor's travel before it can proceed to
the ARM position.

Interaction with a mechanical timer governs the rate at which the
rotor travels during its initial motion (30 degrees in 1.5 to 2.0
seconds) before 15 degrees of free travel brings the rotor to an
intermediate stop position. Further rotor travel is restricted
by the physical interference of an electromagnetic actuator arm.

e X

S




Top - With Case Installed
Bottom - Case Removed

/ Figure 1. Dispenser Safing and Arming Devices
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Figure 2,

Free Fall Sequential Operations
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Powered Flight Sequential Operation




Rotor release from the intermediate stop allowing snap
movement to the ARM position takes place when an electrical
signal is supplied from the proximity sensor's safe separa-
tion timer to the DSA's electromagnetic actuator. The
rotor is locked in the ARM position by the deenergized
electromagnetic actuator.

The DSA is equipped with a fixed MK71 electrical detonator
and a MK9 lead, installed in the rotor. When an electrical
firing signal from the proximity fuze is conducted through
the closed circuit to initiate the electrical detonator, the
aligned MK9 output ruptures the DSA case to initiate any of
a variety of attached MDF lines for center or tangential,
single or multiple initiation of dispenser opening.

Figures 4 through 8 show the internal mechanism configura-
tions in major operational positions.

Differential pressure corresponding to 150 knots or more
for 1.5 to 2.0 seconds will effect arming; at delivery
velocities of 120 knots or less, the DSA will not arm.
(Note: airspeeds given here are specified design goals.).

If differential pressure associated with air velocity de-
creases below the specified threshold level prior to the
activation of the electromagnetic actuator, the DSA will
reset to the SAFE position. In addition, battery life of
one minute determines the usable life of the device after
actuation under both GG and NO-GO conditions, providing a
high degree of system safety.

Models built and tested during this program made use of
concepts and components developed for the MAU-116 S&A
designed for the FMU-79 Rockeye dispenser which met 150
knots NO=-GO, 180 knots ALL-GO prescribed for that con-
figuration. Since the DSA design contains additional
Return-to-Safe features that were not incorporated in the
MAU-116 design, and which do reduce the net arming forces,
the operational ALL-GO and NO-GO characteristics of the
DSA model are in excess of those of the MAU-116. A comparison
of the respective features of the DSA and the MAU-116 are
shown in Table 1.

The DSA, Raymond Model 2356, shown in Figure 1, is
8.9x5.7x2.4 inches and weighs 2.7 pounds.
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Figure 4.

DSA Forward Face View in Preactuated Position

Figure 5. DSA Top View in Preactuated Position




Figure 6.

Figure 7.

DSA Forward View with Probe Extended

DSA Rear View with Support Plate in
Actuated Position
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Figure 8. DSA Top View in Actuated Position
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Though a new dispenser configuration which could have a forward
bulkhead diameter of 14.000 to 16.000 inches was the principal
design motivator, the S&A configuration did consider interfacing
with the bulkheads of existing munition hardware as illustrated
in Figure 9. In order to accommodate the large positional vari-
ations in explosive initiation points, the S&A's maximum outer
profile is contained within an area scribed by a 5.000-inch
radius having a center point that is free of any S&A structure
that would prevent the installation of a flexible explosive line
between the S&A's explosive output and the dispenser's explosive
input (s).

Detailed evaluations of all potential bulkhead configurations
were not conducted. It is recognized that the rear flat plate
surface of the S&A containing the present three-hole mounting
pattern may not be compatible with all bulkhead surfaces from
which boltheads, valves, ribs, etc., may project and that the
bulkhead's wall thickness in certain areas may restrict or pre-
vent use of fasteners.

The forward flat cover surface of the S&A i1s designed to provide
clearance with an electronic target detection device which will
be mounted to an independent munition support structure.

Basic input and output functions such as probe deployment,
electrical connection, explosive interface and visual status
verification are contained along the S&A's peripheral surface
within the overall depth of 2.130 inches.

Tangentially mounting the S&A to the munition's superstructure
permits:

(a) Effective deployment of the probe into the airstream
(b) Visual verification of the rotor's position or status
(SAFE or ARM).

The modified circular segment S&A profile allows the electrical
and explosive interfaces along the chordal surface to extend to
the munition's electronic sensing device and/or to any electri-
cally powered auxiliary systems or to the explosive initiation
points, Flexible mild detonating fuze line or lines will be
employed to transfer the S&A's explosive output to the specific
munition's explosive interface.

2.1 SUPPORT AND CASE STRUCTURE

Two support structures are employed to establish and sustain .
the relationship of the main S&A elements. Two shallow channel

plates held at a fixed distance by support posts maintain the

probe, piston, rotor, escapement and electromagnet subassemblies

in proper association with each other (see Figures 4, 5 and 6).
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A ribbed support plate is used to provide a locating sub-
structure for the channel plate assembly, battery and case.
The case interfaces with the base of the support plate to

provide facilities for input, output and sealing functions
(see Figure 7).

2.1.1 Channel Plate Structure

Two parallel formed plates, maintained at a fixed distance
apart by a series of posts, establish the functional relation-
ships between the probe, piston, rotor, escapement and electro-
magnet subassemblies. This modular construction permits
assembly and test of the major operational components before

the channel plate assembly is fastened to the support plate
structure.

2,1.2 Support Plate Structure

Providing a rigid foundation to which the bhattery, channel plate,
and case are affixed, the support plate structure consists of
two components.

In the initial development models, a formed support plate was
welded to the inside surface of the bottom cover. Three right

angle brackets welded to the cover formed the bulkhead mounting
pattern.

Final models consisted of a contoured flat base plate with three
integral mounting holes welded to the formed support plate.

Self-clinching threaded fasteners were inserted in the support
plate to retain the battery and channel plate assemblies in a
relationship that controls the pre-initiated positions of the
battery striker and the probe. The case is located against two
support plate surfaces and the flat base plate surface to es-
tablish probe deployment, explosive output and sealing features.
Tooled high production design could result in the unification

of the support and base plates and the elimination of the in-
serted threaded fasteners as a minimum and have the added poten-
tial of incorporating the bottom channel plate features.

2.2 CASE

Primarily a covering element that seals and protects the in-
ternal components, the case provides features for the:

(a) Electrical connector

(b) Mounting facilities for the MDF explosive output
(c) Probe deployment

(d) Rotor status (SAFE or ARM) window

(e) Lanyard activation system

(f) Sealing interface

(g) Safety wire.
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2.2.1 Configuration

The case design applied to the initial development test models

is shown in the photographs in Section IV. Two standard stock
aluminum formed covers were mated to form a structure that sealed
the internal mechanism from environmental exposure. The rear
cover, which is welded to the base plate structure, contained

the electrical connector and three leg brackets that secured the
S&A to the bulkhead. The top cover contained the probe deploy-
ment, lanyard activation and rotor status mechanisms.

Configuration of the final case design illustrated in Figure 1
consisted of a single deeper drawn element fastened directly to
a base plate structure. Mounting the S&A subassemblies to a
single rigid base plate allows:

(a) Installation of the explosive detonator and soldering
of its leads to the electrical circuit.

(h) Inspection and testing of fuze functions befor» the case
is applied and a seal is generated between the two members.

2.2,2 Materials

Material selection was based on the mechanical properties, pro-
tective processes, sealing (welding) and cost characteristics.

Employment of both aluminum and stainless steel external case
members was evaluated. Though there was a preference for the
beneficial physical properties of stainless, the development
model cases were constructed from aluminum because of advantages
in limited fabrication and "rip off" strip configuration.

2.2,3 Sealing

In production, the final seal of lO—6 would be generated when
the case is welded to the base plate. The case elements under
this contract were not welded to the base plates in order to
allow disassembly for continual test and evaluation. During
development tests, the case was held in place by screws and seal
surfaces were taped to prevent contamination.

2.2,4 Probe Deployment

Withdrawal of a portion of the case surface removes the re-
striction of a spring-loaded probe and allows it to deploy.

Fracturable materials, "rip off" strips and puncturable membranes
were among tlie alternative seal removal methods evaluated, Re-
moval of the "rip off" strip seal would be by direct pull force.
For fracturable materials or puncturable membranes, the direct
pull force would be transferred to a secondary spring-loaded

13
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device which could act directly or could activate a percussion
initiated explosive device.

Puncturable membranes were most compatible with linear dis-
placement prokes such as those employed in MAU-116 and Harpoon
S&A designs. Incorporation of fracturable materials was con-
sidered to be an expensive process.

The "rip off" strip employing direct pull forces to accomplish
its removal was selected as the most practical and economical
approach for the probe configuration.

2.2.5 Compartmentalization

Whenever a sealed case section is intentionally or accidentally
open to the environment, the internal mechanisms are subject to
potential contamination. Primarily important when the S&A is
being employed on munitions having long extended independent
flight time to target, the S&A's electrical circuitry should be
isolated and protected.

Various alternatives for sealing the deployed probe from the re-
maining S&A mechanism were evaluated but each presented some
unique constructional or operational problem.

As a minimum, the proposed design can isolate the rotor's elec-
trical firing circuit and the electrical detonator by providing
a sealed cover that interfaces with the upper channel plate.

2,2.6 Safety Wire

To facilitate continual evaluation of the internal mechanism,
the present design employs a safety wire arrangement that
violates the hermetic seal concept by passing through the base

plate and case to intercept the probe structure and prevent its
deployment,

For sealed units, a rigid member secured between the threshold
bracket and the lanyard cable would be intercepted by a safety
pin which would transfer the lanyard tension through a bracket
to the case instead of imposing it upon the threshold shear pin
(Figure 10).

2.3 ACTUATION MODES

The proposed S&A is adaptable for use with several types of dis-
penser weapon system missions:

(a) Unguided free fall
(b) Guided glide
(c) Guided power.
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In the unguided free fall mode, the S&A would be activated by a
lanyard system after launch from the aircraft. For guided glide
or power flight, the lanyard system will remove the seal strip
but the activation of the S&A will be delayed for a period of
time by a secondary electrically activated release system which
will allow the munition to fly within range of the target before
initiating the short life thermal battery.

2.3.1 Secondary Actuation Mode

Two lanyards may be employed for the total munition. The second
lanyard will be used to complete an electronic sensor by-pass :
circuit that will allow munition initiation at whatever time the
rotor snaps into the arm position. Though this switch feature
was not incorporated into the present S&A design, its eventual
location can be within the present S&A structure or as an in-
dividual switch component external to the S&A. Similar to the
MAU-116 device in function, the withdrawal of only the primary
arming wire will command the munition to initiate upon receipt

of signals from the electronic sensor. Withdrawal of both arming
wires will create an electronic sensor by-pass circuit and muni-
tion initiation will occur whenever the mechanical arming process
has moved the rotor to the ARM position.

2+.3.2 Electrical Activation

Delay in S&A activation is required to conserve limited thermal
battery power whenever a long term independent munition flight
profile is introduced. A secondary electrically activated re-
lease mechanism will be field installed and mounted to the
standard S&A configuration. After the lanyard system has removed
the primary restriction by withdrawing the seal case section, the
secondary release mechanism will intercept the probe to prevent
its deployment and the battery's initiation. This secondary actu-
ation system which shall not be capable of overriding the mechani-
cal lanyard activation system, will remove its restriction of the
probe upon receipt of an electrical signal from the munition
system,

Figure 11 illustrates a concept that employs a threaded plug that
remains in place when a free fall flight is scheduled. A modi-
fied threaded plug with a translating rod is substituted when the
externally mounted electrical secondary activation device is
installed.

Figure 12 illustrates an internal secondary electrical activation
concept that would utilize the electrical arm electromagnet to
remove the restricticn of the rotor and release the spring loaded
probe whenever an externally generated electrical signal is applied.
Deenergizing the electromagnet will allow the spring loaded arm to
displace back to a position that would intercept the rotating
rotor's profile at the intermediate or electrical arm stop position.
A second electrical pulse will remove the intermediate stop re-
striction allowing the rotor to snap into the ARM position,
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Subsequent electromagnet deenergization wouid lock the rotor
in the ARM position.

This system would not be field installable and could only be |
used with munition systems that have an independent external 1
electrical signal source available at S&A activation. '

2.3.3 Lanyard Activation
The DSA lanyard system consists of:

(a) Safety wire

(b) Lanyard cable

(c) Threshold mechanism

(d) Flexible link

(e) "Rip cff" seal bracket.

After the DSA is secured to the munition bulkhead, the end of
the lanyard cable is passed through the munition's stop bracket
and assembled into the MAU-162 lanyard adjustment mechanism.

To minimize captive flight airstream effects, the lanyard's path
from the munition guide channel to the threshold mechanism will
be parallel to the munition's longitudinal axis. Along this
initial line of action (zero degrees), the lanyard will originate
at the MAU-162, pass through the munition's stop bracket and
terminate at the threshold bracket. The lanyard's path is
predetermined to cross over the removahble secal areca with sufficient

tension and in such a way that failure of the seal section prior
to intentional activation will intercept the probe as it begins
to deploy and will prevent its exposure to the direct airstream.

The closed loop end of the lanyard cable is secured around a
calibrated shear pin that is rigidly supported within the
threshold bracket welded to the case structure. Applied along
this initial line of action (zero degrees), a 50-pound lanyard
pull force will react against the threshold or weak-link pin,
causing it to shear.

Coupled to the lanyard cable's closed loop end is one closed
loop end of the flexible link cable. A tension-free section

of lanyard, the flexible link provides a connection between the
lanyard cable end retained at the threshold mechanism and the
bracket mounted directly to the removable seal.

To protect the flexible link from effects of a captive flight
airstream, a plate is extended from the face of the forward |
case to shield the area between the two brackets.

Secured to the "rip off" seal is a bracket that provides a

moment arm to effect seal section removal whenever a pull force
of 55 pounds maximum is introduced to the flexible link. The .
seal bracket is designed to: f
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(a) Have minimum projection above the munition profile

(b) Prevent excessive exposure of the flexible link to
airstream cross flow during captive flight

(c) Provide optimum angle of pull for effective seal
removal at the selected pull force magnitude.

To effect a hermetic seal prior to intentional munition release
and to remove that seal with its obstruction to probe deploy-
ment after munition release, a "rip off" section having a 4.450
by 0.75 inch rectangular profile with a 0.010 inch material
thickness within a 0.032-inch wide groove was incorporated.

At launch, the lanyard cable tension resulting from munition
separation from the aircraft will first react against the
threshold mechanism to provide initial release characteristics
before transfer of the tension to the flexible link to remove
the case's seal section. Transfer of tension to the flexible
link changes the lanyard system's line of action at the muni-
tion's stop bracket from a maximum of 30 degrees as seal re-
moval is completed (see Figures 13 and 14).

When lanyard tension exceeds the 86 pounds minimum and prior to
reaching the 125 pounds maximum actuation limit of the MAU-162
lanyard adjuster, the MAU-162 will release the munition from
the aircraft. To provide this tension level a lanyard stop
bracket, which will be capable of withstanding the shock load
developed as the mechanical restriction in the lanyard cable

interacts with it, will be provided on the munition's super-
structure.

To provide a more efficient angular pull relationship between
the seal strip bracket and the stop mechanism, a rigid or flex-
ible extension pivoting from a place along the munition skin,
as shown in Option II of Figure 14, could provide an improved
force vector,

2.4 PROBE

Delivery of the ram (maximum) air pressure associated with the
munition's flight profile to the DSA's sensor is accomplished

by projecting a probe into the free airstream. Withdrawal of

the case's rectangular sealed section removes the restriction

to the probe's deployment and provides an aspiration (minimum)
air pressure source.

Two kinds of probe designs were investigated:

(1) Linear deployment
(2) Radial deployment.

The linear type was similar to that employed in Harpoon (gas
generator activated) and in the MAU-116 (spring energy).
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Linear displacement probes have the advantage of having only to
rupture a relatively small circular disc seal. However, to pro-
vide adequate deployment height, a suhstantial mechanical spring

or gas generator mechanism must be employed to shear the seal
and deploy the proke.

Radial deployment similar to that used in Walleye units requires

the exposure of a larger area in order to effectively deploy a
pivoting probe.

Minimum probe extension beyond the munition skin is dependent
upon the air flow characteristics generated under all possible
munition free flight attitudes. Based on information from simi-
lar applications, an cstimated projected height of 2.625 inches minimum

was established.

A radial pivoting probe concept was selected as h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>