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FOREWORD

This report was prepared by Aveo Precision Products Division, Richmond,
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tory, Eglin Air Force Base, Florida. The report covers work done during the
period August 1971 through December 1972, Captain Robert V, Slater (DLJF)
was Program Monitor for the Armament Laboratory,
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ABSTRACT [ 4

T e

The objective of this development program was to determine the feasibility

i of a fluidie frao~flight sensor (FFIS) for uso with general purpose and oluster bomb

' fuzes, 'Tho FEFS must ostablish that tho homb has been safely released, the velo-

city of the bomb is 200 teet per second or greater, and that the bomb is in a free-

fall condition for at least two seconds during the first four seconds after lanyard

initintion. These requiremenls were met by designing an seceleration sensor for

sensing &oo [Hght snd 0 mechanic) arming Hokege, both of which are powered by

v alr [rom the bomb stip streain, A ram air pressure regulator was provided

g0 that alr pressure usod to drive the froee-flight sensor and arming linkage

remained constant at all velooities above 200 foet per second. The arming linkage

wns bias londed s0 a ram alr pressure equivalent to 200 feet per second 18 required .
to perform the arming function. One FFFS was fabricated and bench tested by the i
contractor to determine adequacy of the design and two were delivered for captive

flight and drop tosts. The two delivered FFPFS's were each equipped with two

_ pressure switches und one microswitch to monitor regulator output pressure,

' sensor function, and arming function during test, A recorder was provided

. to record tho notion of the three monitoring switches during drop test. Flight teats

and drop tests huve indloated feasibility of the FFFS to determine that the bomb

has been safely dropped from the aircraft and 1s in a free-flight condition.
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SECTION I
INTRODUCTION

The objective of the effort reported herein was to determine feasibility of a
fluidic free=-flight sensor (FFF8) for use with general purpogse and cluster homb
fuzes (Figure 1),

The FFFS is a means whereby the requirements of MIIL~8TD=1316A, para=
graph 4, 3.1 can be met. It provides safe separation and senses a post-launch
environmental condition, which unlocks or arms the interrupted explosive train
using energy obtained from the post-launch environment, Environmental sensoras
used in the past to remove an interrupter were of the arming vane type, These use
external arming wires whioh have failed on several occasions and allowed the fuze
to arm while attached to the airoraft.

The FFFS is designed to fit into the nose of an M117 or similar bomb and is
initlated by a lanyard similar to the one used with the FMU-84A/B Fuze,

A fluidio system was selected to meet the requirements of MII~8TD-1316A
beonuse of the sensitivity of fluidics to very small environmental stimuli encountersd
within a low drag bomb, Friction forces, in a mechanical system, render it too
insensitive to acourately monitor free-fall environment, The requirement that
energy for arming must be obtained from the environment makes & ram air driven
fluldic system very attractive, The FFFS is compatible with the ram air driven
generator which supplies power to electric fuzes and will eliminate stored energy
in bomb fuzes, This advance in bomb fuze technology will reduce the cost and
increase the storage life of the bomb fuzes.
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Figure 1. Fluidic Frec-Flight Sensor for use with Bomb TFuzes
2
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SECTION II
REQUIREMENTS

GENERAL

The fluidic free-flight sensor (FFI'S) shall be composed of a sensor and a
mechanical linkage powered by ram air from the bomb slip stream, To insure a
safe release, the unit shall determine that the bomb is at a velocity of 200 feet per
second or greater and 18 in a free-fall condition for at least two seconds during the
first four seconds after lanyard initiation. If these conditions are met, the mech-
anical linkage shall remove an explosive train interrupter. The FFFS shall be
packaged for installation in the nose fuze well of a general purpose homb., The FFFS
shall be activated by an internal lanyard on release from the aircraft.

DESIGN REQUIREMENTS

The FFFS shall be compatible with both high and low drag bombs, cluster
bombs, and all normal delivery tactics such as level, dive, and toss associated
with these weapons, It shall impose no flight restrictions on the normal flight
envelope and speed range of all aircraft from the A-1E through F-15.

The FFFS shall be capable of performing its function after 10 years of
Btomge| ’

The FFFS shall operate over the temperature range of -65° to 160°F, It
shall be capable of carriage up to Mach 2,5 at up to 60,000 feet (maximum of Mach
1.5 at sea level), It shall be capable of functioning at altitudes of 80, 000 feet.

The FFFS shall not provide an enable-to~arm signal when a bomb {s released
during safe jettison where the fuie has not been initiated, (Reference MIL-STD-331,
Test 208).

The FFFS shall not provide an enable~to-arm signal when a bomb is acci-
dentally released during take-off or landing and the fuze is not initiated on release
(Reference MIL-STD=-331, Test 206).

Instrumentation shall be developed to be used during flight testing to establish
the four-second time interval beginning at bomb release and to record the output of
the fluidioc velocity and free~fall sensor, An instrumentation unit shall be packaged
with each of the FFFS'a for installation in the noge fuze well of a general purpose
bomb. The FFFS and instrumentation package shall be activated by an internal
lanyard on release from the aircraft.

FABRICATION REQUIREMENTS
Upon Government sponsor approval of the design, one prototype sensor shall

be fabricated, It shall be tested to demonstrate the capnbllity of the FFFS to funo-
tion a8 specified in the design requirements above. The test results shall be

3
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analyzed and design chunges shall be made to correct any deficiencies discovered,
These design changes shall be submitted for Government sponsor review and
approval,

Upon Government sponsor approval of the modified design, two FFFS's,
with sujtable wiring for Government furnished telemetering equipment, shall be
fabricated and delivered with bomb mounting hardware for Air Force captive flight
testing and evaluation in gencral purpose bombs.

After completion of the captive flight test, the two FFFS's shall be reassem-~
bled with suitable instrumontation, lanyard assembly, and bomb mounting hardware
for Air Force drop testing and evaluation in general purpose bombs,

FUNCTIONAL SEQUENCE REQUIREMENTS

The FFFS i8 required to prevent fuze arming (actuation of the mechanical
linkage which removes the explosive train interrupter) while the bomb 1z attached
to the alroraft und the lanynrd has been pulled, The FFFS is required to arm
the fuzne within four seconds after the lanyard has heen pulled and ater two seconds
of free flight.
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SECTION IIT
DESIGN

GENERAL

The fluidic free-flight sensor (FFFS) is a fluidic system designed to dis-
tinguish between the environment a bomb experiences while stowed aboard an air-
craft (in captive flight) and that experienced after release from the airoraft (in free
flight). The most significant environment which is present while the bomb is in
captive flight (not present while the bomb is in free flight) is an acceleration perpen-
dicular to the axis of the bomb. This acceleration becomes very small when the
aircraft is in a ateep climb or dive. Therefore, the FFFS must be capable of
distinguishing very amall accelerations,

Bomb fins are designed to give the projectile a small amount of roll and this
environment is in the form of a centrifugal acceleration whish is perpendicular to
the axls of the homb, The FFFS must be deaigned so centrifugal acceleration causes
the same output signal as zero acceleration,

Based on this knowledge, a fluidic accelerometer was selected which will
put out a signal only when it senses a centrifugal acceleration (acceleration along
the accelerometer axis and in a direction toward the bomb center line ) or zero
acoeleration along the accelerometer axis. This accelerometer is shown in
Figure 2, illustrating the free-flight attitude with an output signal and the captive
flight attitude with no output signal.

VENT VENT
- N\
I

-4

RAM AIR OUTPUT RAM AIR _ NO
SIGNAL SIGNAL
\_ + ,
ACCELERATION
FREE FLIGHT CAPTIVE FLIGHT
LOGIC TABLE
ACCELERATION + - 0
OUTPUT SIGNAL NO | YRS | YES

Figure 2, Fluidic Accelerometer
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The sensor is composed of three fluidic accelerometers arranged in a
civculnr pattern avound the bomb center line so that either the environment of a
gpinning homb or a bomb in free flight with no acceleration perpendicular to the
bomb centar line will cause an output signai from all three accelerometers (Figure
3},

The sensitivity of the fluidic accelerometer to aceeleration is a funotion of )

supply air pressure, Therefore, a pressure regulator is provided as part of the i

TFFS, The mechanical linkage is provided to perform the arming function when
i the sonsor senses a free-flight environment. The linkage is driven by air metered ' ;

" through an orifice from the three accelerometers. The actuation time of the mech- i
- anical linkage (arming time) 18 a function of accelerometer output signal pressure, -
: This also requires a constant air pressure supply for accurate arming time., A i

block diagram of the FFFS is shown in Figure 4. :

The FFFS 15 provided with dust covers over the ram air intake in the nose

1 of the honsing and the air vent in the ogive which are removed prior to take~off,

, Internal valves are provided to block the flow of air into and from the FFFS during

i captive flight. A lanyard system is used to open these valves and start the recorder ]

L when the bomb is ejected from the aircraft, The recorder contains three solenoid : r§

i actuated tracers which will register on the recorder chart the time from ejection
until operating pressure (0, 33 pound per square inch gage) in the pressure regu-
lator is reached, all three accelerometers sense free flight, and the mechanical
linkage has completed its function,

DETAIL DESIGN

The major components which make up the FFFS are the ram air intake and
] vent system, air filter, pressure regulator, sensor, mechanical linkage, and
system function monltoring and recording system, The following 18 a description ,
of the design of each of these components: :

AIR INTAKE AND VENT SYSTEM

The air intake and vent system as the bomb is stowed aboard the aircraft is
shown in Figure 5. 'The nozzle seal and vent seal are renmoved prior to take-off.,
With the seals removed during flight, ram air enters the ram air intake passage and .
exits through the vent plug, Providing a circulation of air in this manner during !
flight will prevent the intake from filling with water and becoming plugged with ice, '

When the bomb is dropped, the lanyard pulls the vent plug release shaft and
allows the vent plug to be ejected by spring force. When the vent plug is ejected, ._
thenozzle plug seats against the retainer and closes the opening between the air .
Intake passuge and the vent, forcing air at ram prossure into the air filter entranoe. :

1] Lo

¥
w‘




JOSuSS JYBILI-09a g STpPINL] JO weadei(] JNPWOYOs g oJndig \

ANTTHLINAD
anod

X1ddNs ¥1V 1
NAdO INIA




LANYARD
INITIATION

!

RAM AIR

1

AIF FILTER

|

PRESSURE
REGULATOR

l
AIRAT
0.33 LB |PER IN,

SENSOR
(3 ACCELEROMETERS)

AIR FLOW DURING
CAPTIVE FLIGHT

AIR FLOW
DURING FRFE FLIGHT

MECHANICAL
LINKAGE

EXPILOSIVE TRAIN

INTERRUPTER REMOVED

Figure 4, Fluidic Free-Tlight Sensor Block Diagram
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NOZZLE SEAL

- VENT SEAL-

RAM AIR INTAKE
PASSAGE

VENT PLUG NOZZLE PLUG

& B ez

/ ,
[f(— )

AIR FILTER RETAINER /
ENTRANCE VENT PLUG

RELEASE SHAFT

Figure 5, Air Intake and Vent System
AR FILTER AND PRESSURE REGULATOR i

The air filter and pressure regulator (Figure 8) provide clean air at ram
air pregsure (minus small losses) at velocities up to 200 feet per second indicated
air speed and 0, 33 pound per square inch at velocitica above 200 feet per second
indicated air speed. The filter selected i8 a strip of coarse grade chemical precipi-
tation filter paper attached to a copper mesh soreen to provide rigidity, Since the
FFFS 18 required to function for only four seconds, a water separator was not con-
sidered necessary as the filter with 1,3 square inch surface area will remove all
the water collected during four seconds of operation.

The pressure regulator is a diaphragm actuated valve designed for the flow
and pressure requirement of the FFFS., The diaphragm with regulated pressure
(PF) on one side and ambicnt pressure (P) on the other opens and closes the
valve to maintain a constant pressure differential equivalent to the spring force.
The spring is calibrated to maintain a pressure differential of PR = Py =0, 33
pound per square inch, The valve stem guide diameter was critical for maintaining
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Flgure 6. Fluidic Free-Flight Sensor Section View
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a oonstant Py with wide variation in supply pressure (Pg). If the diameter were
too large, PR increased as Pg increased, and if the diameter were too smull, Py
decreased as Pg increased,

SENSOR

One of the three accelerometers which make up the sensor portion of the
FFFS is shown in Figure 6. Air from the pressure regulator enters each acceler-
ometer via a sensor orifice. This orifice is located so that air jet from the orifice
is tangent to the surface of the ball when it 18 farthest from the sensor vent, The
size of the orifice was diotated by the sensor sensitivity which was identified as a
8~degree lock-in angle (see Section IV on Sensitivity Testing). Look=-in angle is
the angle between the FFFS center line and vertical acoeleration line during bench
tost with full air power causing the pressure to rise in the sensor output manifold
indioating a free-flight attitude, When the acceleration of the floating mass becomes
less than that represented by the 8~degree lock-in angle, the air jet from the sensor
orifice causes the floating mass to move to the vent port and close it causing pres-
sure to rise in the sensor output manifold, :

The two FFFS's delivered to the Air Force were identical except for the
design of the accelerometers which make up the sensor component, One FFFS
used a 0, 376-inch~=dlameter spherical floating mass and the other FFFS used a
0.250~inch-diameter spherical floating mass. The diameter of the cylindrical
cavities containing the floating masses was the only other dimensional difference
between the two FFFS's,

When the FFFS experiences a free-flight environment, all sensor vent ports
will become blocked and pressure in the sensor output manifold will rise and approach
regulator output pressure PR, This pressure enters the chamber containing the
mechanical linkage diaphragm causing the piston to move, compressing the safing
spring. The rate of movement of the piston is controlled by the three sensor
orifices, The size of the piston, the safing spring force, and length of travel are
selected to give a time of two seconds from the time free flight is sensed until
piston travel is completed. Since the vent ports are rather large relative to the
size of the sensor orifices, the piston will return to the safe position very quickly
if the free~flight environment is lost, If the lanyard is pulled while the bomb is
still hanging on the airoraft, the system oould not become armed unless the flight
maneuver were such that the system sensed free-flight continuously for a period of
time equal to the arming time. If the system sensed free~flight for a period of time
less than the arming time the system will return immediately to its safe condition.

MECHANICAL LINKAGE

The mechanical linkage (Figure 8) which will be used to remove the explosive
train interrupter is a spring loaded piston-diaphragm assembly, The safing spring
is designed to prevent actuation at pressure helow 0, 33 pound per square inch (200
feet per second drop velocity), The safing spring also will return the safing and
arming mechanism to the original safe position if the arming aignal is lost during the
arming sequence, 'The diaphragm ls responsive to extremely small pressure changes,
has no mechanical spring gradient, no break-out friction effects, possesses very low
hysteresis qualities,and has a long flex 111{0.
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RECORDER

A recorder (Figure 7) is attached to the FFFS to monitor regulator output
pressure, senscr output signal, and mechanical linkage function, The recorder
was not developed as part of this contract, but was taken from another program.

The recorxder contains threc solenoids with spring loaded styluses which
make a trace on the pressure sensitive recorder paper when the solenoid is not
energized, A typical FFFS performance is recorded on the recorder paper shown
in Figure 7. When the lanyard is pulled at bomb release, the recorder paper starts
to move, producing four traces on the paper. The trace at the bottom of the recorder
paper 18 a continuous trace indicating how far the paper has moved.

The trace with a length of t; is formed by the stylus monitoring the regulator
pressuro, When the proper regulator pregsure is reached, the regulator pressure
switch will close and the solenoid will 1ift the stylus, discontinue the trace and by
the length of the trece, record the time required after the release for the regulator
to reach operating pressure,

The trace with a length of to monitors the sensor output pressure and the
length of the trace records the time after the lanynrd pull at which the sensor indi-
cates a free-flight environment.

The trace with a length of t3 monitors the movement of the mechanical link=-
age, When the movement of the mechanical linkage has been completed, it closes a
microswitch which causes the solenoid to raise and discontinue the trace, indicating
the time aftor lanyard pull at which the arming function was completed. The recor~
der paper has o running time of approximately seven seconds at a rate of 0, 87=inch
per second,

Figure 8 is a wiring diagram for the recorder, Transducers No, 1 and

No. 2 are the regulator switch and sensor pressure switch, respectively, which
actuate solenoids #1 and #2 to record times t1 and t2 as shown on Figure 7, The
2N4403 transistors Q1 and Q2 were required as thie pressure switches did not have "
enough capacity to carry the solenold current, The timer microswitch closes when j
the mechanical linkage completes its arming funotion and actuates solenoid #3

recording time t3, as shown in Figure 7. The recorder has one fixed soribe which :
recovds a continuous line on the recorder papor to indicate that the drum did rotate !
the proper amount,

i

The rocorder electrical circuit was provided with two leads to the battery
charger terminals as shown in Figure 8,
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Figure 7, Fluidie Free=1light Sensor Recorder with Record Sumple
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Figure 8, Fluidio Free=Flight Sensor Recorder Wiring Diagram
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SECTION 1V
CONTRACTOR TESTING

TEST SUMMARY

One prototype of the FFIS was fabricated and tested in the laboratory to
determine feaslbility\before fabricating test unics for bomb drop tests, The follow~
ing tests were condudted:

1, Pressure Regulator Acouracy

2. Free~-Flight Sensitivity,ilysteresis, and Fluidic Timer Acouracy

3. Vibration Sensitivity J

4, Foroced Ejection Compatibility

B. High Altitude Operation

i High Drag Compatibility

7. Nozzle a:id Nose Cone Vent Efficiency

Captive flight tests and bomb drop test results will be reported in a future
ADTC technical report.

PRESSURE REGULATOR ACCURACY TEST

The performance of the FFFS in a near-zero-g environment, and the acouracy
of the fluidic timer are both directly dependent upon the accuracy of the pressure
regulator, Consequently, the acouracy of the regulator must be determined before
the overall system performance and acouracy can be predicted, The purpose of
this test is to determine this acouracy.

The accuracy of the regulator is a measure of its ability to regulate the
desired pressure level regardless of the supply or ram air pressure available,
For supply pressures below the desired regulating level, the accuracy is measured
with respect to the actual supply pressure. For supply pressures equal to or above
the desired level, the accuracy is measured with respect to the desired level, The
two equations describing the accuracy in these supply pressure zones are:

< < -
Pressure Zone 1 O < Pgy <P, Accuraoy PR/ gy
(P = Pp)
Pressure Zone 2 P 2 P Accuracy = 1 - ~RO__R
S1 RO PRO
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qu—- actuel supply pressure, PSIG

P

R actual regulated pressure, PSIG

PRG desired regulated pressure, PSIG ‘

Supply alr was provided at the alr intake port of the FFFS and pressure taps
waore made in the regulator at the following three pointa:

BT

10 Psl

2. P512 = gupply chamber downatream of the filter,

= gupply chumber upstream of the filter,

3. PR = regulating chamber pressure,

An air line was installed betwepn one of the sensor ports and u meter to
measure mass flow as a function of the varying supply pressure Psz.

Table 118 a tabulation of the results of the tests and a curve of regulator
pressura versus supply pressure {8 shown in Figure 9,
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REGULATOR ACCURACY TEST
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Figure 9, Curve of Regulator Pressure Versus Supply Pressure
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FREE-FLIGHT SENSITIVITY, HYSTERESIS, AND TIMER
ACCURACY TEST

GENERAL

The fluidic free~flight sensor is required to sense that a weapon has heen
released from the aircraft and is in a near-zero-g free«flight environment for a
given period of time. In order to prediot the sensor conformance with this require=-
ment, a simulated free-flight test is required,

The aerodynamic and mechanical drag forces acting along the longitudinal

‘ axis of the weapon limits the senaor to monitoring the free-flight environment in the
) : plane perpendicular to this axis. Consequently, the sensor is susceptible to erron=
. eous free-flight signals during some captive flight maneuvers, The design consider-
' ution hus been to minimize this susceptibility while also allowing proper operation

: in an actual free~flight environment.

This test was designed to measure the cone half-angle in which the sensor
mass was susceptible to an erroneous free-flight signal, Meesurements were also
made of the hysteresis of the system, as well as the accuracy of the fluidic timer.

TEST PROCEDURE

The free~flight sensor module containing the regulator, filter, sensor gub=
assembly, and timer was connected to a regulated air supply. Pressure taps were
made in the regulator in the supply chamber, Pgi, and in the regulating chamber,
Pp: These taps were connected to manometers. Pressure tap Pgy was used to
accurately control the supply pressure. Pressure tap PR sorved fwo purposes.
First, it indicated when all three masses had sensed the simulated free-flight
environment, Secondly, it indicated when the fluldie timer had timed out. This
was accomplished by noting changes in pressure Py associated with sudden changes
in the mass flow through the system caused by the above events,

The angle at which all three masses first sensed a simulated free~flight
environment was identified as the ''lock-in'' angle. This lock-in angle was also the
half~angle of a cone which describes the sensor orientation susceptible to erroneous
signals, The angle at which at least one mass sensed a loss of the free-flight
environment was identified as the 'lock-out'angle. The difference between the
lock=in and the lock=out angles is a measure of the hysieresis of the system. The
angles were determined by placing the sensor module on a tilt table graduated to
mensure orientation with respeot to vertical, With the supply air on and the sensor
in & non-free~flight condition, the table wns then tilted untll lock-in occurred, The
table was then tilted to vertical and maintained there until the timer completed its
funotion, The process was reversed to locate the lock-out angle, This process
was repeated ten times ta determine repeatability. The entire test was then
repeated at three different supply pressures with the 3/8-inch-diameter spherical
mass (Table II) and at one pressure (5 psig) with the 1/4-inch~diameter spherical
mass (Table IIT),
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: TABLE I, FREE-FLIGHT SENSITIVITY, HYSTERESIS,AND RC TIMER ACCURACY
) TEST RESULTS (3/8~INCH-DIAMETER SPHERICAL MASSES)

P Lock-in RC Lock-out Timer
S1 Angle Time Angle Hysteresis Acouracy
| (Psig) (degrees) (seconds) | (degrees) (degrees) (percent)
: 0.33 6.0 2.0 10,5 4.5 100
0.33 6.0 2.0 10,5 4,5 100 .
3 0.33 5.6 2,0 11,0 5.5 100 {
- 0.33 6,0 2.0 10.5 4.5 100
00 33 5. 5 2. 0 , 11. 0 5. 5 100 . ‘1",'
0.33 Be b 2.0 10.5 5.0 100 i
s 0,33 beb 2,0 10,5 5,0 100 "
0.33 6.0 2,0 10,6 4.6 100 i
0.33 8.0 2,0 10,5 4,5 100 g
5.00 8.5 2.0 12,0 5.6 100
5,00 6.0 2,0 12,0 6.0 100
5. 00 Be b 2.0 12,0 6.5 100
5.00 6.0 2.0 11.5 5.5 100
5.00 6.0 2.0 11.6 5.5 100
5. 00 6.0 2,0 11,5 5.5 100
5.00 5.5 2,0 11,0 5.5 100
5,00 8.5 2,0 12,0 5.6 100
5. 00 6,0 2,0 11,56 5.6 100
5,00 8.5 2,0 11,6 5.0 100
10,00 6.0 2,0 11.0 5.0 10C
10,00 B4 B 2,0 11,0 5.6 100
10, 00 6.0 2,0 11,0 6.0 100
10,00 6.0 2.0 11,0 5.0 100
10,00 6.0 2,0 11,0 6.0 100
10.00 8.0 2.0 11,0 5.0 100
10,00 8.0 2,0 11,0 5.0 100
10.00 8.0 2.0 11.0 5.0 100
10,00 6.0 2.0 11,0 5.0 100
10,00 6.0 2.0 11,90 5,0 100
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o TABLE III, FREE-FLIGHT SENSITIVITY, HYSTERESTS,AND RC TIMER ACCURACY
TEST RESULTS (1/4-INCH-DIAMETER SPHERICAL MASSES)

p Lock-in RC Lock-out Timer _

S1 Angle Time Angle Hystereais Accuracy 4

SPsig) | (degrees) | (seconds) (degrees) (degrees) Spercentz ‘

; 5.0 13 2,0t 31 18 100 |
v 5.0 12 2,0 30 18 100
v 5.0 11 2.0 81 20 100 P
= 5,0 12 2.0 31 19 100 o
Lo 540 12 2,0 30 18 100 o
o 5.0 12 2,0 31 19 100
R 5.0 12 2,0 30 18 100
; 5.0 12 2,0 30 18 100 i
2 1
g Note: 1. Timor piston stroke ndjusted prior to test to obtain desired time, -?
: Stroke adjustment required because of the increase in spring 3

force to prevent arming below 200 feet per second.
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VIBRATION SENSITIVITY TEST
GENERAL

The fluldie free~-flight sensor is required to be compatible with both general
purpose and dispenser bombs throughout their normal operating envelopes. Conse-
guently, the sensor must he capuable of operuating properly in a mild vibration
environment experienced by the weapon during its free~flight condition.

The purpose of this teat 18 to determine the operating limits of the sensor
under various vibration environments in an effort to predict the sensor's perfor-
mance in the weapon, However, since the actual weapon's vibration environment
has not been determined, the conclusions from this test are only assumptions. .

TEST PROCEDURE

The free~flight sensor module containing the regulator, filter, sensor sub-
agsembly, and timer was mounted vertically on a vibration table. The vibration
table was turned on, adjusted,and stalilized before the supply alr was allowed to
enter the regulator, After a simulated free=flight signal was recetved, the vibration
was increased until the signal was losf, This procedure was repeated to obtain
data in a variety of vibration envirompents (Tables TV through VII),




TABLE IV,

Discrete G-Levels, Vérying Frequency

VIBRATION SENSITIVITY TEST RESULTS
(3/8-INCH~-DIAMETER SPHERICATL MASS)

o "
i e Ve e MR IAT ek A

Direction
fensor G-Level Frequency of
Orientation (G's) (Cps) . Vibration Remarks
Vertical 0.6 5=2000 Vertical ﬁienﬁuned in free
' t
Vertical 2,6 5-530 Vertical Sv»?ltched out of
(F'ast Sweep) free flight
Vertical 2,6 §~600 Vertioal Remained i{n free
(Slow Sweep) flight
Vertical 2,6 5-600 Vertioal Remained in free
(Normal Sweep) flight
Vertical 8.0 5-436 Vertioal Switched out of
1 free flight
Horizontal 2.5 5-2000 Vertical Remained out of
1 free flight
Horizontal 10.0 5=-2000 Vertical Remained out of
1 free flight
Vertical 0.5 100-21 Horizontal Switched out of
1 (Decr. frequency) free flight
Vertical 1,0 1000-81 Horizontal Switched out of
1 free flight
Vertloal 2,0 1000-800 Horizontal Switched out of
1 free flight
Vertical 3.0 1000-600 Horizontal Switched out of
1 free flight
Vertical 5.0 1000-600 Horizontal Switched out of
1 free flight
Vertical 5,0 250-650 Horizontal Initially out of
(Incr, frequency) free flight,In at
320, out at 390,
in at 500, out at
510, in at 650
Note: 1., One pill box in-line with direction of vibration
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TABLE V, VIBRATION SENSITIVITY TEST RESULTS
(3/8=-INCH-DIAMETER SPHERICAL MASS)

Discrete Frequency,. Varying G-Levels

gty

Direction
Sensor G-Level Frequency of
Orientation Q's) (Cps) Vibration =lwm;;l.c:==={
e e e
Vertical 0.56-10 260 Vertical ?uon;:lned in free
Vertioal 0.6-5.0 500 Vertical Swgtohed out of
free flight -
Vertioal 0.5-5.7 1000 Vertical Switched out of
free flight
Vertical 0.,6-10 2000 Vertical Remained in
free flight
Horizontal 0,56-10 250 Vertical Remained out of
free fight
Horizontal 0.56-10 500 Vertioal Remained out of
free flight
Horizontal 0.5-10 1000 Vertical Remained out of
free flight
Horizontal 0.5-10 2000 Vertionl Remained out of
free flight
Vertical 0.12-0.37 5 Horizontal Switched out of
free flight
Vertioal 0,12-0,48 10 Horizontal Switched out of
free flight
Vertical 0.12-0,50 20 Horizontal Switched out of
Iree flight
Vertical 0.12-0, 72 50 Horizontal Switched out of
free flight
Vertical 0.12-1,0 100 Horizontal Switohed out of
free flight
Vertical 0.12-2,6 260 Horizontal Switched out of
free flight
Vertical 0.,12-2.8 500 Horizontnl Switched out of
free flight
Vertical 0.12-7,8 1000 Horizontal Switched out of
free flight
24
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TABLE VI, VIBRATION SENSITIVITY TEST RESULTS
(1/4=-INCH-DIAMETER SPHERICAL MASS)

Digorete G-Levels, Varying Frequency

o Direction
. Sensor G-level Frequency of
. Orientation @G's) (Cps) Vibration Remarks
b Vertlonll 0,8 100-6 Horizontal Remained in free
L (Deox. frequency) flight down to
: ‘ minimum frequency
L of vibration table
o Vertical 1.0 100-260° | Horizontal Switched out of
‘ free flight
260-166 Switched back
3 into free flight
165-56 Switched and
remained out of
free flight
Vertical 2,0 1000-300 Horizontal Switched out of
free flight
Vertical 3.0 1000-380 | Horizontal Switched out of
: free flight
Vertical 8.0 1000-580 Horizontal Switched out of
free flight
Vertlocal Bs0 1000-960 Horizontal Switched out of
(repeated) free flight
960-910 Switched back
into free flight
910~-600 Switched and
remained out of
free flight
Vertical 5.0 260~1000 Initially out of
(Inor, frequgncy) free Mght. in at
750, out at 970,
in at 1000,
Notes: 1. One pill box in-~line with direction of vibration
2. Result of "tuned timer"
3. Result of increased air jet strength

e o it s T 2 R T e ey © e 4 e -
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TABLE VII, VIBRATION SENSITIVITY TEST RESULTS
(1/4~INCH-DIAMETER SPHERICAL MASS)

Discrete Frequency, Varying G-Levels

cm Fnhos

Direction
Sensor G-level Frequency of
Orientation (G's) (Cps) Vibrgggn Remarks
Vertical 0.10-0,70 5 Horizontal Remained in free
‘ flight up to maxi-
mum g-level of
vibration table at
5 opa
Vertioal 0.10-1,1 10 Horizontal Switched out of
free flight
Vertical 0,10-1,1 10 Horizontal Switched out of
, (Repeated) free flight
Vertioal 0.10-0,98 20 Horizontal Switched out of
free flight
Vertical 0, 10-0,92 20 Horizontal Switched out of
(Repeated) free flight
Vertical 0.10-1,0 50 Horizontal Switched out of
free flight
Vertioul 0.70-1,0 50 Horizontal Switched out of
(Repeated) free flight
Vertical 0,12-1.4 100 Hor{zontal Switched out of
free flight
Vertical 0.80~1,1 100 Horizontal Switched out of
(Repeated) free flight
Vertical 0.60-1,1 100 Horizontal Switched out of
(Repeated) free flight
Vertical 0.10-1.35 260 Horizontal Switched cut of
free flight
Vertical 0.10-4.0 500 Horizontal Switched out of
free flight
Vertical 0.10-6,0 1000 Horizontal Switched out of
free flight
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FORCED EJECTION COMPATIBILITY TEST
GENERATL

The Floidle free-light sengor is cocuired o opevale In weapons which have
haen forcefully aieoted from he alraealfl pelon. Tharefore, the neealeration asgoci~
ated with tho epretion wnsd nol Induce nsciliciony In the apherfeal masses which do -
not dwapen out vapldly anough ko atlow propev gsensor Lunetion. The purpose of this
test 18 to verity thal the froo-rlight sensor will opernie within the allowable time
limits when gubjacted (o 1 simdated toread ojootion environment.

TEST PROCEDURY

The Froew-flight wongor modole contndning the roguhtor, tlter, yongor sub-
wisembly, nad ier was swepeuded on a pendulum.  Vhe axls of the module was
oriented in line with the pendulum arm. A solid plate was positionad such that the
module would steile 1t whon the pondulivm orm was in the vertioal posilon, The
plate was lined with rubber enorgy absorbing puds to produce o decoleration impulse
simulating the actua! ejeciion. The reloase angle of the pendulum was alaso adjusted
to provide a deceluration anplitude simulating the weturl euviromment, The plate
nlso contuined o feabuve lor catohing the moduls on fi tal Linpacet to preciudo rebound-
[BATEN

The test way conducted by positioning the module nt the prescribod angle
and Mwasn tovoleg on tho oie supply.  The ovientatlon of the module was such that the
gendor wus Bot fo o sivuted frea-tlpht condition,  The module was then relensed
nrel nllowed tovsbrike tha plitte, The Bme from bopacet to completion of tlwer oper-
nulon wag tocorod, Uher Lol was vepanted tan tmes Lo obbiin repantabIlity data
(T'alle V).

i
PTABLE VIR, VORCED WIECHION COMPATIRILITY TEST RESOTTS
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FORCED EJECTION COMPATIBILITY 'PEST
GENERAL

The Floidie bree-Tlight. sengor is eostquired t opeeale It weapons which have
haen forcalully ajected from the atraenlt peion. ‘therciore, the necelerntion associ -
nted with tho eptien mnsd aol (nduee nsciliaiiony In the aphertend masses which do -
not, dwnpen out vapldly anough ko allow proper sensor linetion. ‘The purpose of thie
test ty to verify that the froe-Might sepsor will operale within the allowable tima’
limite when subjected io u simulated foveed ojootion environment.

TES] PROCEDURY

The frea-tight densor module contuloing the rogulrtor, tlter, yongur sub-
qagembly, nnd tinee wea swpended on a pendulum. The mxly of the module was
oriented (n Une with the pendulum arm. A solid plate wes positioned such that the
module would strike 1t whon the pondulum urm was in the vertionl pogition, The
plate was lned with rubber anergy absorhing puds to produce n decoleration impulse
simulating the nctual ejeciion. The relvase angle of the pendulum was also adjusted
to provide a decelarntion amplittde simulating the nctual cuviromnent, The plate
ulao conbuined o Fenbuvi Tor eatohing the modals on B eet linpeot to preciude rebound-
;.ﬂgo

The tesl was condueted by posilioning the module nt the preseribod angle
soknge on tho oir supply.  The utiantutdon of the module was such that the
t 1o o sivwdated Brea-(lpght comdition,  The modulo was then relensed
ond allowed t\pbrike tha plitte,  The Bme from bapoet to complelion of thnor oper-
nilon was cororNod, ‘U'hr Losl wos veponted ton tlmes be obhitin repantubility data
(Table V1.

TARPL ¥ lﬁ. l"Ul'ﬂ'-ﬁ‘.D EIFCUTION COMPATIRILITY TES1 REBUT.TS

S wpact ] T
[ 7 Kl ) Duration Thine
it {witliseeonda (roenimds)
I AT T e R L EEL R e eeie e TENLET Dl TR WS
[ i {. 1 3. 2b
4 K] = 2. 80
145 3 2.90
15 H] 3.00
1% i 2 US
20 o 2,90
20 U 2. 80
40 1 .00
20 ! ! 410
PO i 3 2. 95
Noten: 1. ‘P bean doidfal upoet o anees complotian,
2. Betsor boeborl w0 @low Sondicon e vent et open imbiadty),
.. - . .3 . . . . L w e e e s somaseme nasl
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HIGH ALTITUDE OPERATION TEST -: k.
GENERAL

| The fluidic free=flight sensor is required to operate properly when the

: weapon has been released at altitudes up to 60,000 feet above sea level. At this

I altitude, the atmosphere approaches a vacuum with the static pressure and demsity
i only approximately 1/14 and 1/10 of sen level, respectively, Consequently, at the
minlmum release speed of 200 feet per second indicated air speed, the mass flow
F. through the system is somewhat less and the pressure losses somewhat greater

i than at ambient. A simulated high altitude test is therefore necessary to verify

'1 sensor conformance with this requirement.

TEST PROCEDURE \

The free=-flight sensor module containing the regulator, filter, sensor sub=
asgsembly, and timer was placed in a vacuum chamber which had been mounted on the
tiit table used in the free-flight sensitivity hysteresis and RC timer acouracy test
8s shown in Figure 10, The high altitude was simulated by evacuating the chamber
to 1,04 pounds per square inch, Ambient air was allowed to bleed through a valve
and into the regulator at 0. 33-pound per square inch, establishing the desired flow.
Theb{nodule was then tosted using the procedures described in the free=flight test
(Table IX). '
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TABLE IX. HIGH ALTITUDE OPERATION TEST RESULTS
Look-in RC Lock-out Timer
PR Angle Timer Angle Hysteresis Accuracy
(Psig) (Degrees) Becond) (Degrees) (Degrees) (Percent)
"""" —
0.33 6.0 1.0 10.0 4,0 50
(Approx)
0.33 8.0 . 11,0 5.0 B0
(Approx)
0.33 6.0 1.0 10,0 4,0 80
(Approx )
0.33 6.0 1.0 10,6 4,0 50
(Approx )
0. 33 6.0 1,0 10,0 4,0 50
(Approx )
0,33 6.0 10 10,5 4.6 50
(Approx)
0.33 8.0 1.0 10,0 4,0 50
- (Approx )
0,33 6.0 1.0 10,5 4,6 50
(Approx )
0,33 8.0 1,0 10,5 4,5 80
(Approx )
0,83 6,0 . 10,5 4,6 80
(Approx )
0.33 6.0 1,0 10,5 4,8 50
(Approx )
Notes:
1, Vacuum chamber pressure set at 1.04 psi (equivalent to 60,000 feet altitude),
2. Supply pressure Pgj set at approximately 0.4 pound per square inch,
3. Alr density at 60,000 feet altitude caused timer to run fast,
4, The mensgor was tested at Flow Condition 2 (one vent port open initially),
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HIGH DRAG COMPATIBILITY TEST
GENERAL

The fluidic free=flight sensor is required to operate properly when the
weapon has been released in the high drag mode., The relatively high deceleration
along the longitudinal axis caused by the deceleration device will tend to degrade the
gensitivity of the free~flight sensor, Conacquently, tests under a simulated high
drag environment are required to vorify that the system will function as desired.

TEST PROCEDURE

The frec=flight sensor module contaihing the regulator, filter, modified
sensor subassembly, and timer was tested using the same procedure ostablished
for the free-flight test, However, the sensor subassembly was modified by replac-
ing the carbon steel spherical masses with tungsten masses. Since the density of
tungsten is approximately 2,680 times that of steel, a 2, 6g environment along the
axis of the system could be simulated,

The test results must be converted to the lateranl acceleration to determine
the effect of incrensed drag to the sensitivity of the FFFS to free-flight environment,
The lock-in angle with the tungston floating mass was approximately 3 degrees while
it was approximately 8 degrees with the ateel floating masa (Table X),

Lateral acceleration = 33,2 x 2.6 x sln 3 degrees = 4.4 feet per second per
second for 2.6g drag and = 32,2 x sin 6 degrées = 3,4 feet per second per second
for one g drag. Due to the variation from test to test, these reasults do not appear
to reflect a significant difference due to variation in drag.
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TABLE X, HIGH DRAG COMPATIBILITY TEST RESULTS
p Lock~in RC Lock-out Timer
81 Argle | Time Angle Hysteresis Accuracy
(Psig) (Degreoes) (Seconds) | (Dogrees) (Degrees) (Percent)
0.33 2,0 2,0 6.5 4,5 100
0.33 1.6 2,0 Bsb 4,0 100
0.33 1.5 2,0 5.0 3.5 100
0.33 1,6 2,0 6.5 4,0 100
0.33 2,0 2,0 4.0 2.5 100
0.33 1.6 2,0 5.0 3,5 100
0,33 1,5 2,0 5,0 3.5 100
0.33 1.6 2,0 6.5 4,0 100
0.33 1,5 2,0 B.,b 4.0 100
0.33 2,0 2,0 5.0 3.0 100
5.00 2.6 2,0 6.0 3,6 100
5.00 3.0 2,0 6,0 3.0 100
£.00 3,0 2.0 8.0 3.0 100
5,00 3.0 2,0 B.5 2,5 100
3.00 3.0 2.0 6.0 3,0 100
5.00 3,0 2,0 8,0 3.0 100
5.00 3.0 2,0 6.0 3.0 100
5.00 3,0 2,0 6.5 2.8 100
5.00 3.0 2,0 6.0 3.0 100
5.00 2,6 2,0 6.0 3.6 100
10.00 2,5 2,0 5.5 3.0 100
10,00 3,0 2,0 6,0 3.0 100
10,00 2.5 2,0 8,0 3.0 100
10,00 3.0 2,0 B.5 2.6 100
10,00 3.0 2,0 6.0 3.0 100
10,00 3.0 2.0 6.5 2.5 100
10,00 2,5 2,0 6.0 3.6 100
10,00 3.0 2.0 6.0 3.0 100
10,00 2,6 2,0 5,6 3.0 100
10,00 3.0 2,0 8.5 2.6 100
32
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NOZZLE AND NOSE CONE VENT EFFICIENCY TEST
GENERAL

The fluidic free-flight sensor is designed to operate at flight speeds of 200
feet per second and greater, To assure sensor subassembly and timer accuracy,
the ram air pressure is regulated to the minimum pressure available throughout
this speed range. This pressure is 0, 33 pound per square inch which corresponds
to 200 feet per second, Therefore, the nozzle must not cause a significant pressure
drop so that 0.33 pound per square inch reaches the regulator at a 200 feet per
second reloase speed. Also, the nose cone vent port must be located so that a 0, 33
pound per square inch pressure drop exists across the sensor subassembly and the
fluidiec timer., Tests are required to determine these efficiencies,

TEST PROCEDURE

'The nose cone assembly was subjected to a ram alr environment using an
open jet blower, Pressure readings were made at the nozzle entrance, regulator
entrance, and nose cone vont port, The regulated pressure was determined for
each supply pressure using the data collected in the free-flight test (Table XI). Data
collected from these taps will be used to calculate the efficiencies using the follow-
ing equations:

P P.-P
- 81 - By
nN = 'ﬁ'N- a-nd "V -T:%T
where
My ~ nozzle efficiency

n, = vent efficienoy

PSl = regulator entrance pressure
PR =  regulated pressure

= vyent prossure .

PN = nozzle eni{rance pressure
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TABLE X1, NOZZLE AND NOSx CONE VENT EFFICIENCY TEST RESULTS

¢ Pgy Velocity Py Pp P, N Ne
(Palg) (F'ps) (Psig) (Psig) (Psig) {Percent) | (Percent)
0,325 199 0.3z | 0.310 | -0.080 100 118
0,340 206 0.3403 | 0,810 -0,080 100 118
B 0,428 231 0, 4282 0. 315 -0,105 100 127
3 0,596 272 0,596, | 0,328 ~0,140 100 141
" 1,015 366 1, 0153 0. 330 ~0, 230 100 170
0. 326 199 0.325 4 0. 310 -0, 080 100 121
' 0.325 199 0. 3255 0,310 -0,020 100 100
‘ 0.326 199 0,325 0, 310 -0.140 100 138
Notes:
1. Jet exit plane 4.0 inches in diameter. ‘ .
2, Model entrance nozzle located 4. 50 inches aft of jet exit plane and

0,85 inch right of jet center lne,

3. Model entrance nozzle located 2.00 inches aft of jet exit.plane and
0, 85 inch right of jet center line.

4. Model entrance nozzle located 4,60 inches aft of jet exit plane and
1, 85 inches right of jet center line,

5. Model entrance nozzle located 4. 50 inchey aft of jet exit plane and
0.15 inch left of jet center line,
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