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SECTION I 

INTRODUCTION 

*- 

.1 

I* 

i£S 

The aimable cylindrlc warhead (ACW) was developed under Air Force 
contract F08635-71-C-0019 and Is documented in AFATL-TR-74-56 dated 
March 1974. The concept employs a fragmenting cylindrical case surround- 
ing a cylindrical explosive charge as shown in Figure 1.  To obtain the 
directional effects of Figure 2, available with this warhead, a safing 
and arming (S&A) device with four independent explosive outputs is required 
with the outputs radially side firing from the center of the device. The 
S&A explosive outputs must initiate the explosive hydra network without 
Initiating the warhead's main charge. The hydra initiation network and 
associated boosters are detailed in AFATL-TR-74-56. 

The objective of this phase of the aimable warhead safing and arming 
device (AWSAD) development was to determine the design and fabrication 
feasibility of an S&A device that would be compatible with the physical 
and functional requirements of the ACW.  Because no missile system had 
been identified for ACW application, it was necessary to anticipate mis- 
sile acceleration profiles and configure the AWSAD to properly function 
under the anticipated conditions. These conditions included arm during 
boost, arm at boost termination, arm after boost termination, and arm 
upon receipt of an externally generated electrical coranand, provided 
proper motor burn had occurred. 

The AWSAD design selected consists of a spheroid rotor containing 
four Independent detonators which end fire into four independent output 
leads to initiate selected quadrants of the ACW. The rotor Is driven 
into line by a linear setback weight with both the setback weight and 
rotor being retarded by runaway escapements.  The cetback weight mechanism 
is a derivative of that utilized on the prototype AGM-65A safety, arming 
and fuzing unit. This setback mechanism establishes a driving force 
level to the rotor that is proportional to boost acceleration levels and 
Incorporates a feature to allow the weight to be locked back at a variable 
position, thus maintaining the force level on the rotor even after boost 
fall-off. The detonator to be used as specified by the sponsor was the 
miniature precision detonator developed under contract F08635-73-C-0156 
and documented in AFATL-TR-74-101 dated June 1974. This detonator is a 
redesigned USAF Microdetonator, P/N 66A11302, and will function within 10 
microseconds with less than 1 microsecond jitter to provide the precision 
required for ACW arming.  Independent solenoids lock the setback weight 
and rotor in the safe and armed position. 

This document describes the AWSAD design and functional testing. 

-"■RT" 



SECTION II 

TECHNICAL DESCRIPTION 

AWSAD TECHNICAL DESCRIPTION 

General 

The aimable warhead safirg and arming device (AWSAD) is required In 
order to maintain the warhead in a safe condition until a proper sequence 
of dynamic and electrical inputs are sensed, at which time the AWSAD arms 
the warhead and responds to the electrical command Inputs from an external 
fuze signal-processor unit. 

In this program, the AIM-9L air-to-air missile was utilized to develop 
the motor thrust versus time profiles and to determine the warhead speci- 
fications and physical size requirements for the AWSAD engineering proto- 

JTK* <   ^  objective for extending the use of this AWSAD to other missiles 
with similar size and weight requirements, including missiles with a high 
thrust and short-burn mission profile, was also realized. 

The following technical description for the AWSAD Includes an expla- 
nation of the mechanical and electrical functions of the mechanism. 
Figures Illustrating the detail parts with their descriptive function and 
relative position and location are included for further clarification. 

ACW/AWSAD Interface 

The interface between the ACW and AWSAD is shown in Figure 3  The 
AWSAD is inserted Into the S&A liner against the aft plug of the warhead 
aft enclosure. The end bell of the AWSAD is aligned by the guide pin in 
the forward closure. This alignment provides the registry between the 
output leads of the AWSAD and the corresponding input receptors of the 
hydra substrates illustrated in Figure A. Singular or multiple substrates 
can be initiated by the AWSAD to produce the optimum propagation of the 
warhead fragmentation. The crossover charges at either end of the warhead 
provide explosive continuity independent of the direction of propagation. 

AWSAD Functional Characteristics 

The time-based sequence of events internal to the AWSAD is presented 
in Figure 5 for a mission profile which has motor thrust for the complete 
safe-to-arm cycle. This sequence is representative of one of the most 
complex possible but can be simplified dependent upon system parameters. 

.  . Jhe ln^nt-t0-launch signal initiates the sequence and provides motor 
Ignition. The AWSAD latching solenoid is energized, which frees the 
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setback weight  and  arming rotor   (Figure 6).    The resultant  positive 
thrust due to proper motor  ignition causes the  setback weight  to move 
aft  relative to the  latched  position due to  its own  inertia. 

The rate of movement  of the  setback weight  is regulated by the 
damping escapement.     At the  same time,  the return  spring for sensing 
g-level loads is compressed,  the rotor drive spring  is loaded for 
rotational torque   (energized),  and the Interlock rod moves aft.    The 
interlock rod was designed to provide setback weight  position Intelli- 
gence to the electronic package area,  if a specific  application required 
such intelligence. 

The setback weight extension actuates the commit lever which lifts 
the pre-arm lever and releases the arming rotor In conjunction with the 
latching solenoid action. By appropriate selection of stroke, cam rise 
and the setback weight damping escapement, this function corresponds to 
the specified commit timing. The arming rotor can then revolve at a 
rate determined by the torque applied by the timing spring and the regu- 
lation by '"he rotor escapement. 

If missile power allocations are restrictive,  the arming rotor is 
configured to operate an electrical switch which de-energizes the latching 
solenoid and causes the latch to ride on the periphery of the arming rotor. 
Through the mechanical linkage the setback latch lever Is held out of 
engagement with the sawtooth rack of the setback weight.     If power alloca- 
tions permit, the solenoid would remain energized until arming; however 
the arming rotor would prevent setback latching in the case of power 
failure. 

The arming rotor continues to revolve at a rate proportional to the 
g-level load, and is arrested at the pre-arm position by the pre-arm 
lever against the pre-arm stop on the rotor.    The time period from the 
start of rotation to the pre-arm position is equivalent to the specified 
arm time and corresponds to the missile's safe separation distance. 

The arming rotor remains at the pre-arm stop position until an external 
electrical command again actuates the pre-arm solenoid coil.    This command 
can be the output of an electronic timer or a direct output from the mis- 
sile s guidance which could initiate or delay the arming function for a 
prescribed time period.    The withdrawal of the pre-arm latch releases the 
arming rotor a second time and permits it to rotate with a snap action to 
the full arm position.    The snap action of the arming rotor is due to its 
disengagement from the gear teeth of the rotor escapement.    When the arm- 
ing rotor is in the full arm position, it is locked into position by the 
latching solenoid lever, entering the stop position on the rotor and, 
through a mechanical linkage, the setback weight is locked by the latch 
setback lever. 

"•■"Uli 



Until the moment of the snap rotation of arming rotor, the setback 
weight and arming rotor are not latched and any decay In motor thrust 

llZ  a T01^ 8"leVel l0ad Wl11 CaUSe the -tba^ weigh to drive the 
arming ro or back to the original safe position through the setback weight 
extension's contact point with the rotor. weignc 

When the arming rotor is in the full-arm position, all electrical 
eWt^1!^ t0 the fCUr d^^ors  are completed (koseä)      IT 
electrical firing command from the missile's target detecting device to 
d^nnT^w qUadJ

rlfld flrin8 clrcults will initiate the required 
detonator(8) to produce the optimum (aimed) warhead propagation. 

The AWSAD can be recycled from the full-arm position to the safe 

ITM^M  81
lraultrOU8ly ener8izi"8 both solenoid coils.  (The g Ll 

load must be less than that required to cause movement of the setback 
weight from the safe position.) With both solenoid colls energized 

snrCf 8 r0t0r l8,free t0 retUrn t0 the 8afe P08ition ^ue to'the return spring force exerted against the rotor by the setback weight extension 

AWSAD Electrical Characteristic» 

The electrical Input parameters were not defined for the electrical/ 
mechanical interface for this program. Figure 6 illustrates a suggested 

erat^L ^ Tl* ** "*** ** * ba8ellne for ^ fut-e design'con Id- 
flS tn Ul T\le 8fre88ed that a defln^lve interface must be speci- 
re^lrll   ^      elect^al design with the mechanical parameters 

In Figure 6, intent-to-launch command (+28 vdc) is applied to nin F 
of connector PI. Current flows through the normally =10«^!^ SI and 

IVl *, Clil a88erably }a' Thl8 0Perate8 the «°^nold latch mechanic 
which unlocks the arming rotor and the setback weight. This circuit 1^ 
completed to 28 vdc common at pin G. Diode CR1 blocks the current low 
so that coll assembly K2 cannot be energized. 

.-o ^1V^\  <!> powerl_
froni Pin F "n pass through normally closed switch S2 

to an indicator to show that the mechanism is in the safe position  ^hen 
Kl is energized S2 will open and provide a monitoring function at ^1^ 
that the arming function has been initiated. P 

i«^/08^iVe acceleratlon will "use the setback weight to move aft 

ls1r«t«%h ^K ^  ^ timln8 8prln8' and lf t'e acceleratlon'level Is greater than the minimum commit level, the bias spring will also be 
compressed. Simultaneously the Interlock rod causes swUchlng Soles S3 

thf M'V'T8
^* 

SwltCh S3' "^»trated as normally closed*,'o Jens 
IJLÜ ; M  l^ J"?6' deteCt0r lnterl0ck at Pin8 B a"d C. Thfs could 

-l^re^ir^'it!1081"8 fUnCtl0n " the tar8et **^ ^ '*' 

^tip^^im "^■T" >sr 



Switch S4 Is an interlock to the electronic timer. This timer will 
not operate unless the setback weight has moved aft and closed switch SA. 

The setback weight extension cams the commit lever and causes the 
pre-artn lever to unlatch the rotor. The compressed timing spring causes 
the rotor to rotate and transfers switches SI and S5.  The transfer of 
switch SI causes the coil assembly Kl to de-energize and permit the rotor 
latch lever to ride on the periphery of arming rotor preventing the set- 
back lever from engaging the setback weight.  Electrical power from pin F 
can now pass through switches SI and S4 and ererglze the electronic 

Llemilv K2 ^Anl^ f  «witJh^5 closes the circuit from the timer to coil 
assembly K2. An input signal into the electronic timer to vary the arm- 
ing point at pin D can pass through 85 and energize K2.  If K2 is ener- 
gized the pre-arm stop position becomes inoperative and, at the end of 
the safe separation time period, the rotor will Immediately snap to the 

fnd t'^rJ T f^11^ the rot°r "o^d stop at the pre-arm position 
and the electronic timer would complete Its function and energize the coll 
assembly to complete the arming rotor transfer. 

A timer override function at pin E can be provided so that power 
KI      rtl    f  ^^f P"8 throu8h switch S5 and energize coil assembly 
K2. This circuit could also be used if an electronic Elmer is not utilized. 

«jfi cQhe TL'n0"3™ r0!ation of the annin8 rotor clo"8 switches S6, 87. 
aSd switch .lJ; 'T1^68 S.6 t;rOU8h S9 are detonator ci^^ switches * and switch 810 completes each circuit to common or ground return. With 
these switches closed, any combination of detonators can be fired. 

A  I/J" 
A,0f the connector provides an input for recycling the AWSAD 

Applied voltage through CR1 and CR2 will operate the Kl and K2 coll 

«Jwi %8J;U ^?e0USly- With the 8°len°" coils energized, the 
setback weight will return the arming rotor to the safe position. 

AWSAD Mechanical Characterlatlca 

„M,.»,Fi8Ure 7 ^ * det?11 drawln8 of the AW8AD. The detail parts list 

To p5g^er"P    t0  e "^ ^^^  in Fl8Ure 7 l8 8hown ^ the le8end 

The unique feature of the AWSAD is the arming rotor (2) as illus- 
trated in the Figure 7 plan view, Sections A-A, B^B, and E-E  It 

ITJtll*       %8P^!1Cal alu,ninu,» quadrlfId with provisions for four micro- 
detonators. Each detonator has a single brldgewlre with a dual Insulated 

the'lftS "V^ COnfi*u"tion- The leads exit from the eL of 
l^tnl     Vl*  ^ are attached and »oldered to the rotor switch. Two 
rotor switches, one at each end of the rotor shaft, are required to «o- 
vlde the switching circuitry illustrated in Figure 5. The rotor awlfchea 
are held In place on the shaft (26) by retaining ring (107)  The rotor 



Switches and circuit boards were not fabricated since the electrical con- 
siderations were beyond the scope of this program. 

The arming rotor also provides the structural support for the gear 
sector assembly (33) and the gear sector spring (37) which engages the 
rotor escapement assembly (17). The spring acts as gear clutch when the 
gear sector first re-engages the input pinion of the escapement during 
the recycle to the safe position.  In addition, the spacers (59) and (62) 
and pin (60) are supported in the rotor periphery. This pin provides the 
attachment point for the spring guide link (75), spring guide (76), and 
timing springs (85). The spacers act as cam rollers against which the 
setback weight extension (20) bears. 

The center section of the rotor is cut away, similar to a spool, in 
order to provide accessibility for all operating shafts (69), tubes (68), 
and levers (66) and (38), and the mounting for the plate cams (21) and (22) 
The pre-arm lever (66) engages the pre-arm plate cam (21) and the rotor 
latch lever (38) mates and operates in the latch plate (22). 

The rotor frame (3) is the central module of the mechanism. The 
side plates (9) and (90) are mounted to the frame. The plates have 
flanged radial bearings (106) which support the rotor shaft (26). The 
rotor frame also holds the four housing leads (64) which contain the 
explosive propagation element between the detonator and the hydra receptor 
charge of the warhead. The flanged shoulder bushing (84) is pressed into 
the frame and acts as a bearing for the rotor latch tube (68). 

The aft frame (4) mounts to the rotor frame (3) and also supports 
the escapement mounting block (18). The setback damping escapement (42) 
engages a rack (19) that Is attached to the setback weight (1). The 
escapement regulates the rate of setback weight motion. The rotor escape- 
ment (17) engages the gear sector (33) and provides the regulation for the 
arming rotor rotation. The aft frame (4) and rotor frame (3) supports the 
setbtck weight guide rods (28) which support the setback weight (1)  The 
setbfejk latch lever (63) is attached to the shaft (69) and is supported 
by the mounting block (18). 

The setback weight (1) provides a structural component for many 
elements. The guide rod bushings (77) are pressed in the weight to 
provide a relative frictionless slide bearing support. The setback 
weight extension (20) is pressed and staked in place, and supports the 
rotor timing spring system (76), (85), and (75). In addition, the 
bias spring (85). the plunger (67), and retaining screw (88) operate 
within the setback weight structure. The interlock rod (70) which 
passes through the rotor latch tube (68) is attached to the setback 
weight and moves forward Into the electronic module package. The 
commit lever (65) Is attached to the rotor latch tube (68) and is actu- 
ated by a cam rise machined on the setback extension (20). 

mm 



Section D-D Illustrates the method In which a single unltized frame 
(8 P-vides the magnetic path and plunger (39) support for hoth co I 
assemblies (81). A forward pivot plate (6) and an aft pivot plate (7) 
are mounted to the frame (8) and provide bearing supports (71) and 72) 
for the setback weight latch shaft (69) and the rotor latch tube (68 
The appropriate clevises (73) ano (74) are mounted on the shaft and Le 
and coupled to their respective solenoid plungers (39). The plates and 
rame also form a modular structural member connecting the rotor frame 

(3) and the forward frame (5). irame 

wMrh1!;6 ^T^ ^ i5)  ha8 a mounting "vlty for an electronic module 
which may contain the electronic timer or an Interface termination with a 

tZTeTnZe ^Z131'-    AVVacUation ^  («0) is solder-lud t 
I- i ! I ;lan8e- The appropriate connector can be crimped and solder- 
sealed into p ace  The rear flange contains a notch on'its periphery 
for engagement with the warhead forward closure alignment pin  The aft 
end of the forward frame has a sealing groove Into which the AWSID 
housing (82) could be roll-crimped and sealed.  Sections F-F and G-G 

AW^'h W/he 'fe .indiCat0r WlndOWS (89) are solder-seaLd to the 
AWSAD housing.  Section F-F depicts the window viewing the rotor latch 

(1) .ndClt«chC«3,ile;"g™:^!he Vle"ln8 Ulnd0" ^ the S"back "e^ht 

aft C^lL'Tyn    Vr1;:8 (82) l8 '°n-"i°V*' *•<*  «a^ over the 

Optional Configurations/Capabilities 

M,-     fcJ.
(1> For an arm-durln8-boo8t-only application (i.e. AIM-QT ^ 

Z ""Ar*" 8"back uei8ht and UvVLl - "he^^ch™ S; 
(2) For an application not requiring the capability of 

external arming, one solenoid (81), the shaft latch clevis (73). and 
the rod Interlock (70) may be eliminated. 

allow time toL^MW^ " 'J1***'     If the ^"iU  system parameters 
occur.V fh».  ""J1"4 " the a^in8 criteria (provided proper boost 
occurs), the Input pinion rack setback weight (19). the escaoeLnt 
assembly setback weight (A2), the serrations on tie  setback ^t and 

mmmm ■WPR 



lever setback weight (63), the plunger setback weight (67), and associ- 
ated spring may be eliminated. 

Figure 8 illustrates the functional capability of the AWSAD when 
utilized in a missile with a high thrust/^hort burn propellant motor. 
The primary difference in this mission profile is that the positive 
acceleration for arming only lasts for a period equivalent to the commit 
time rather than for the complete arming function.  In this mode, the 
setback weight can be latched in the aft position, proportional to the 
thrust level imposed, immediately after the commit time. A decay in 
thrust or motor burnout will not affect the arming function.  All other 
functional operating characteristics are identical. The pre-arm cam 
plate (21) and the rotor switch would require modification to operate 
In this mode. 

Figures 9 through 25 illustrate the detail parts with their relative 
position and location. 
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SECTION III 

TEST PROCEDURES AND RESULTS 

;.^M'. 

The testing efforts on this program Included both acceleration 
tests to simulate a missile's dynamic environment for fuze arming and 
explosive train tests to demonstrate the capability of the AWSAD to 
detonate the ACW through the hydra substrate interface. 

ACCELERATION (CENTRIFUGE) TESTING 

wer. Ü^VVr^f ^V^ centrlfu8e acceleration testing, calculations 
were made to determine the required rotational speeds of the centrifuge 
tor their corresponding values of acceleration. The rotational speed 
revolutions per minute (rpm), determines the acceleration sensed by the 
AWSAD specimen in the centrifuge test fixture. The radius from the center 
of rotation for the centrifuge to the center of mass of the AWSAD setback 

rlf5 I,M3/1nS
a8Ured a8 20'25 lnche8- The applicable formula is g - 

2.842 RN /10^ where R is the radius and N is rpm. Figure 26 lists the 
values of rpm and resultant acceleration calculated for use during this 
test series. 

Figures 27, 28, and 29 show the test fixture and the loaded test 
fixture in the centrifuge for these tests. 

Tables 1 and 2 provide the data obtained on Centrifuge Tests 
No. 1 and No. 2 series. It should be stressed that the AWSAD did not 
pre-ann until a minimum acceleration level of 16g was attained. This 
value of g-load corresponds to a point just beyond the coranit stroke 
level illustrated in Figure 30. 

Since the AWSAD prototype had no electrical circuitry for sensing 
operating functions, an audio sensing setup was devised to determine the 
setback weight movement, escapement activity, etc. A time signal trace 
was initiated on an oscilloscope by a sound pickup (transducer) fixed to 
the frame of the test specimen. 

At levels of 8, 10.5, and 12g, the setback weight had moved aft but 
the g force was not great enough to drive the commit lever up the cam rise 
to release the arming rotor. At 16g, the comit lever was actuated and 
the rotor lock lever released the arming rotor, permitting its rotation 
to the pre-arm position. 

Table 3 gives the numerical spring system characteristics shown in 
graphical form In Figure 30. 

Figures 31 and 32 are acceleration versus time curves plotted for 
the centrifuge test data. Figure 31 Indicates that a three-element, 

% ^^^Jxtim^mW' 



0.050-inch-thlck aluminum pallet  lever  on  the damping escapement  results 
in a commit  time   in  the range of  0.07  to  0.09  second.     The  pre-arm  time 
agrees with the escapement distance  integration curve,  S = l/2at2, 

where S = safe separation distance  in feet 

a « g  level x 32,2 ft/sec/sec 

t  ■= time in seconds 

t 

i 
t 

Refer to Table 1.     Example: 

1st Case:     g-level  is 16.Ig 

Time Is 0.86 second 

S . 16.1 x 32.2 x  (0.86)" m ^^  f 

or approximately 190 feet 

eet 

2nd Case; g-level is 25.4g 

Time is 0.68 second 

S - "■"  ' ^l - (°-68'2 - 189.1 feet 

or approximately 190 feet 

Figure 32 shows the data from the first series of tests plotted on 
logarithmic graphs to illustrate the time span and differential from 
commit time to pre-arm time, using the three-element damping escapement 
and the four-element rotor time escapement. 

The second series of tests were conducted in which the escapements 
were exchanged In the safing and arming mechanism. A four-element, 0.050- 
Inch-thick aluminum pallet lever was used in the damping escapement, and 
the pallet lever In the four-element rotor time escapement was a 0.100- 
Inch-thlck brass configuration. The objective was to determine the effect 
on the timing parameters with no alteration to the spring-mass system of 
the setback weight and arming rotor. 

Table 2 presents test data obtained on the second series of centri- 
fuge runs. The comnlt time and pre-arm time were obtained from one 
oscilloscope trace. Figures 33 and 34 are acceleration-time curves 
plotted to represent the centrlfuge-tlme trace data. Figure 33 indicates 
that a four-element, 0.050-lnch-thlck aluminum pallet lever in the damping 
escapement results In a comnlt time that represents a constant separation 
distance with respect to the setback weight acting as an integrating mass 
sensor. The curve will not be true to the theoretical curve since a small 
amount of energy is dissipated to release the rotor latch and operate the 



The  pre-arm curve using a four-eleL^ ^  ' InaXlmUm 0f  171   feet- 
thick brass pallet  lever also  mu«^^'8'3^^"' Wlth a 0-100-inch- 
trend   indicative of  a recoil n^W^ a  Safe dlStanCe  lnteg"tlng 
tive curves,   it  appears tha    bo ^Jh    Ver.eSCapement-    Fr0m the resp'c- 
their maXimum deflTuon      '2      g    ^ce^ e^ti^^H^f "H

8
 

SPrin8S reached 

equal  to that  at  25.4g.    Apollcaflnn nf  lu    ^      obtained at  30.4g was 
tlon    S - l/?at-2  "    8      APPlication of  the distance integration equa- 
te"'.^re^t ion I  t0 a nUmber 0f POintS bel0W 25« "-^ m a saUsfac- 

t 

S25.37g ' 1/2 * 25-3' * 32.2 a.60)2 - 1,044 (eet 

S20.12g " in " 20-12 « 32.2 (1.76)2 - 1,003 feet 

S16.63g " 1/2 x 16-63 x 32.2  a.84)2 -     906 feet 

"»e to' U-^AZ^JAly^Z'l.U.  diff«e""al  f- -„U 

second to 1.8 eeconds, a factor of 2 ,1   ?    u      . "'* alt"ed from 0-8() 

decteaamg ^ll^uTL^Vr  c^C^^^g ^f'8^ ^ 

the test setup.     ,,e«rM'- r1«"« 35 preaents the rationale for 

functton-f^^^n"'^'^ th'1
U""1 ™ ^" *»' the co™.lt 

An ordlnate of 21 £ 1^ n^ed V« '''"lval"'t •»•^•sa point of each curve. 

0.085 aecond and ^ f'ur^ien "a rM:aec„eJhreC;k
ele,"en; l8 ^  " 
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The Irteral results for the pre-arm times indicated a greater devia- 
tion from the curve for the axial runs. The four-element, 0.062-inch- 
thick lever escapement obtained a time of 0.81 second compared to the 
curve reading of 0.72 second. 

The four-element 0.100-inch-thick brass lever escapement obtained 
a time of 2.1 seconds compared to the curve reading of 1.69 seconds. 

The greater deviation of the pre-arm lateral runs can be attributed 
to the fact that the arming rotor of the prototype unit was not dynamically 
balanced. The lateral force produces a side load and couple on the bearing 
supports because of this Imbalance. 

j 

Ik 
IK 

k i 
■* 
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The test equipment used during the acceleration time tests is listed 
in Figure 36. Photographs were taken of the oscilloscope trace obtained 
from the transducer pickup of the escapement operation.  Figures 37 and 
38 illustrate the typical trace obtained. Figure 37 reflects the use 
of a 0.02 second per centimeter sweep rate for the oscilloscope. The 
commit time is read from the beginning of the trace at point A to the 
start of the decay of the first amplitude level at point B. The solenoid 
energization of the setback weight latch starts the trace. The broad 
amplitude section of the trace is the hard driving audio sound of the 
damping escapement as the setback weight moves aft. The commit lever 
then is cammed up by the cam rise on the setback weight extension and 
the damping escapement amplitude drops off as the setback weight comes to 
rest. Actuation of the commit lever lifts the rotor latch and permits 
the arming rotor to rotate. The timing springs provide the torque and 
the gear sector drives the rotor time escapement. Figure 38 illustrates 
the pre-arm time from point A at the start of the trace to point C at the 
end of the trace. The commit time is also indicated at point B. The 
sweep rate of the oscilloscope is 0.10 second per centlmenter in order 
to encompass the full pre-arm time interval. 

These tests illustrate the flexibility of the basic design to provide 
the capability of adapting the AVTSAD to any missile mission profile require- 
ment . 

EXPLOSIVE TRAIN TESTS 

These tests were relevant to the explosive components Included in 
the AWSAD design and the propagation of the explosive output through the 
warhead interface. 

These tests provide a baseline configuration for design proof of a 
future number of explosive train tests to establish confidence in the 
safety and performance reliability of the AWSAD. 
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The explosive components consisted of: 

(1) Microdetonator - This Item was specified by the procuring 
agency. A complete AWSAD requires four mfcrodetonators. One microdeton- 
ator was used in each of the tests. 

, .       (2)  Case Lead - The case lead, when aligned with the micro- 
detonator, provides an explosive output from the AWSAD to the warhead. 
The case leads are retained in a fixed position in the housing. 

L  J
(3)  Hydra A8Semblies - Hydra assemblies are incorporated into 

the warhead with four inputs that align with the AWSAD outputs for quad- 
rant selected Irltlatlon of the warhead. 

In addition to the explosive components, hardware items were used to 
simulate the air gaps, barriers and dimensional Interfaces. 

39. 
The test equipment utilized for these tests is Illustrated in Figure 

TEST CONFIGURATION-TEST NO.   1 

A dent block test was conducted to provide visible evidence of the 
microdetonator and case lead explosive effects. The test configuration 
Is shown In Figure 40 with a dent block. 

Test Results 

Mn.i,Ho8?/rdeV^PUt !0r the microdetonator and lead was evident.    Dent 
block evidence indicated a marginal condition with respect to the ability 
of the output to initiate the warhead hydra.    No comparison dent block 
values were available for more detail analysis. 

TEST CONFIGURATION-TEST NO.   2 

The test configuration is shown in Figure 41 with a hydra assembly. 

Test Results 

Output from the microdetonator and lead was Inadequate to initiate 
the hydra assembly.    Explosive material In the V-shaped receptor area of 
the hydra was blasted out by the lead output with metal particles from 
the housing and liner simulators. 

TEST CONFIGURATION-TEST NO.   3 

,MunJ^!^0nfi*Ura!l0n ^ ?h0Wn ln Fi8ure 42-    The »icrodetonator was 
Se ewe iHd    * aCt the AWSAD h0U8in8 8linulator. eliminating 
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Test Results 

High order detonation of the hydra input was evident. Propagation 
to the right leg of the hydra was uniform. Propagation of the left leg 
diminished as the detonation progressed to the left, indicating a possi- 
ble inconsistency in hydra explosive density. 

TEST CONFIGURATION-TEST NO. A 

Test No. 4 was a repeat of Test No. 2 to establish a second indica- 
tion of the insufficient lead output in the event that a marginal condi- 
tion existed. Figure A3 shows the test configuration. 

Test Results 

Results of this test were Identical to Test No. 2. 

TEST CONFIGURATION-TEST NO. 5 

Test No. 5 was conducted using a hydra assembly as shown in Figure 
AA, except that the 0.100-inch-dlameter end of the output lead was 
reversed to interface with the AWSAD housing simulator. 

Test Results 

Hardware used In Test No. 5 and the results of the detonation of the 
microdetonator and explosive train are shown in Figure AA. High order 
detonation of all explosive components was evident with uniform propaga- 
tion of both legs of the hydra. Input to the hydra in this test is con- 
sidered more violent and broader In penetration than desired and could 
cause warhead detonation at the Interface. 

TEST CONFIGURATION-TEST NO. 6 

Components were assembled as shown In Figure A5 with a 0.062-inch- 
dlameter case lead bore diameter with a 0.100-inch-diameter receptor end. 

Test Results 

As shown In Figure 45, high order uniform propagation of the explosive 
components was evident. The case lead bushing split In half causing a 
distortion of the output and a greater disruption at the hydra intetface 
than desired. 

TEST CONFIGURATION-TEST NO. 7 

Test No. 7 was the same configuration as Test No. 6 except for the 
lead where a lead bore diameter of 0.052 inch was used. Figure A6 shows 
the test configuration. 
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Test Results 

As shown In Figure 46, propagation of all explosive- occurred  The 
lead bushing remained intact and produced a well-defined outnut in^n ^ 
hydra with a minimum of distortion. High order detonation of thfhi 
was evident. The end of the left leg wa's eviden Jo  oC d n tty ol 
contained^ void causing the propagation to terminate prior L the' L 

for tL'1^!1811""011 1S COnSldered t0 be Cl08e to - OP^- design 

TEST CONFIGURATION-TEST NO. 8 

strata the^efJeftfofth^ " fT ^ Fi8Ure ^ "**  a8«^led to demon- Ho 7 i  effect8 0f the explosive configuration established in Test 

conäitfoT UTt1^  Wlthin the ^^ «P1-^. To simulate tJi 

MrT^^F^e^^r3 t0 ab80rb det0natl0n — -^-toThe 
Test Results 

Fiouru1!? 0rJe' detonation °f all explosives was evident as shown in 
.HIA \ nt8 Were evident ln the mU ho"«ing where the ZTa of 
^lälntVrT^Tu^f the h0rln8- A bul8e ln the housing "a ^ 
t^p^st^r IT.Ifu '^^  0f the hOU8in8 due t0 -«pressfon of 

the e^ect'of the"^«118^8 ^^i^ t0  PrOVlde a wlndow to e^^ 
IT. AA  < I        1.    y a, A8 would be «Pected, the plaster of paris 
Mra    ^   CaU8in8 a tUnnel effect on the fo1' *U* of tie 

outpuroM^0" Were ^^ effeCtiVe ln COntainln« the 8i-la^d 



SECTION IV 

CONCLUSIONS 

Based on the AWSAD design developed during this effort and the 
results of the preliminary testing performed, the following r-onclusions 
are made: 

1. A safety and arming device which Is compatible with the physical 
and functional characteristics of the aimable cyllndric warhead is feas- 
ible. 

2. The safety and arming device can be adapted to arm either during 
boost, at boost fall termination, after boost, or upon electrical command, 

3. The safety and arming dsvice can be simplified if the device is 
optimized for a particular missile acceleration profile. 

4. The S&A to warhead explosive train interface is the greatest 
risk area In any future development. 
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FOUR 90-DEG TARGET-DETECTOR 
SCANNING SECTORS.    TARGET IN 
SECTOR I. 

PEAK 
ENERGY 
VECTOR 

TARGET 

CENTRAL 
WAVE 

SHAPER 

DUAL-LINE ASYMMETRICAL 
INITIATION AT DETONATORS 3 
AND4. 

TARGET DETECTED SIMULTANEOUS 
TARGET DETECTED SIMULTANEOUSLY 
IN SECTORS I AND IV. 

PEAK 
ENERGY 
VECTOR 

SINGLE-LINE ASYMMETRICAL 
INITIATION AT DETONATOR 3. 

Figure 2. Comparison of Dual and Single Detonator Initiation 
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Figure 6. Mechanical and Electrical Functional Diagram 
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LEGEND (Figure 7) 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Weight, Setback 

Rotor, Arming 

Frame, Rotor 

Frame, Aft 

Frame, Forward 

Plate, Pivot-Forward 

Plate, Pivot-Aft 

Frame, Solenoid 

Plate, Side-Rotor Frame 

Plate, Rotor Escapement-Top 

Plate, Rotor Escapement- 
Bottom 

Gear, Spur - Intermediate 

Gear, Pinion - Intermediate 

Gear & Pinion - Intermediate 

Lever Assembly 

Lamina, Pallet Lever 

Escapement Assembly, Rotor 

Block - Escapement Mounting, 
Aft Frame 

Rack - Input Pinion, Setback 
Weight 

Extension, Setback Vtelght 

Plate Cam, Pre-Am 

Plate, Latch 

Gear Sector 

Pillar No. 2, Escapement 

Pillar No. 1, Escapement 

Shaft, Rotor Arming 

Spacer, Rotor Arming 

Guide Rod, Setback Weight 

Shim, Rotor Arming 
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30 Standoff, Gear Sector 

31 Plate Assembly, Rotor 
Escapement - Bottom 

32 Plate Assembly, Rotor 
Escapement - Top 

33 Gear Sector Assembly 

34 Gear, Escape - Rotor 

35 Pinion, Escape - Rotor 

36 Gear Escapement Assembly - 
Rotor 

37 Spring, Gear Sector 

38 Lever, Rotor Latch 

39 Plunger, Solenoid 

40 Bobbin, Solenoid 

41 Pole, Solenoid 

42 Escapement Assembly - 
Setback Weight 

43 Lever Assembly 

44 Gear & Pinion Assembly - 
Input 

45 Gear & Pinion Assembly - 
Setback Weight 

46 Pillar, Escapement - End 

47 Pillar, Escapement - Center 

48 Plate, Escapement - Top 

49 Plate, Escapement - Bottom 

50 Shaft, Lever 

51 Lever 

52 Spacer, Lever 

53 Pallet, Lever 

54 Gear, Pinion - Input 

55 Gear, Spur - Input 

56 Gear, Escapement 
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LEGEND (Figure 7)  (Concluded) 

Gear, Pinion - Setback 

Shim, Escapement 

Spacer, Rotor Pin-Plate 

Pin 

Insulator, Coil 

Spacer, Rotor Pin 

Lever, Setback Latch 

Housing, Lead 

Lever, Commi»: 

Lever, Rotor, Pre-Arm 

Plunger, Setback Weight 

Tube, Rotor Latch 

Shaft, Setback Weight Latch 

Rod, Interlock 

Bushing, Large Pivot Plate 

Bushing, Small Pivot Plate 

Clevis Shaft, Latch 

Clevis Shaft, Rotor 

Link, Guide Spring 

Guide, Spring 

Bushing, Setback Weight 

Bushing, Escapement Mounting 
Block 

Cap, Pin - Aft Frame 

Tube, Evacuator 

Coil Assembly 

Housing 

Clevis Spacer Flanged Bushing 

Bushing, Shoulder, Frame 
Rotor 

Spring Comprasslon 

Pin, Rotor Shaft 
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104 
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Pin, Alignment, Housing 

Screw, Plunger, Setback 

Frame, Window 

Plate - Side, Rotor Stop 

Spring, Clevis, Rotor 

Spring, Clevis, Latch 

//1-72 UNF x 1/8 Fil Hd Scr 

#1-72 UNF x 3/16 Fil Hd Scr 

#2-56 UNC x 3/16 Pan Hd 
Slot Scr 

,< #2-56 UNC x 5/16 Pan Hd 
Slot Scr 

#4-40 UNC x 3/16 Pan Hd 
Slot Scr 

#4-40 UNC x 1/4 Pan Hd Slot 
Scr 

#2-56 UNC x 3/16 Fl Hd Slot 
Scr 

#0-80 UNF x 1/8 Fl Hd Slot 
Scr 

#4-40 UNC x 1/4 Soc Hd Cap 
Scr 

#2 -56 UNC x 1/8 Soc Set 
Cup Pt 

#4-40 UNC x 1/8 Soc Cup Pt 

1/16 Dia x 1/4 Lg Pin, 
Spring, Tub SI 

3/32 Dia x 1/4 lg Pin, 
Spring Tub SI 

Radial Retainer Flanged 
Open Bearing 

External Series Retaining 
Ring 

28 

^ ^•'■jfrrnrfe'jülii 



K:.i* - * ■ ■ ■ zmoM mwivwwrriiF 

mt-KUM   TIHt 

.■■:-invt 

-Lk-fi-   I.. '■U.ti-Ab   bi    IMi- 

UNlAJ^KiU   AN1-' 
MVtj   AIT 

Kt.Ull.ArLU   oi 
^trUAi-K   WI-K.HT 

t.^i.Af'LMtN'J 

■kT^KS*   «ft : .HT 
KXTf:?J,,I'j:J   AvTKAU- 

-    ■MMIT   LtVl.f»   ArtU 
..1FT.S   HW-AkH 

Li.Vi h   P.   Ktl^ASl 

MA 

Wkl.:-.^   Mb   Ait-LUo 
TvkwUt.   r-, koT h 

AH    1 
-LNLKN:   ■; 

,iThA   c 
IN   MA/iMlJM 

v.- ITi-,N   b*.' 

i/l AIK (>., ■ 

r   iw.- AXM 

^.A AI i ■N 

\.b   hi   K IT • 

A>KMitn 

, , At tMi,'. 

.^THACX   INTEIILOLR 
KUU UPtHATti 

bLLcTftlLW.   SWTTCHBS 

tUECtROItlC!. 

THNUST OKA«  NCXIUl 
HETUM SITMCK WICHT 

TO BATE MtlTION 
HtHTTlIK MM1NC Km» 

uiuiw sruNC 
LUtl»IKSS«S OUI 

TO THMIST VICTO« 

t-LEvT^Wl. 11M1NI. 
»AJULtj IMIlArt- 
WITH TUU   ^Vl.kHlL,t 

^. Al* ABILITY 

\ 



ML   SETM.K   LATCH   BILLS 
^^W^A^i -N>   jF     »1- 

.flCAt-K   LAr.H   LtVLf 

Ä1C*KT   IN   NAJCINUM 
AFT   fUtolTIUN  Dfc- 

rtHUtm    JH   THR'JST   U-Vtl 

Hv.lTok   kOTATtb   PkU« 
SATl   TO  PHJt-Ah» 

iTOP   UXATION 

L^v A^CNCNT 

tKt-AWI   oT if 

*MJ   KKU.A.SES 

ARMINE  R-ffOJ« 

;^ 'tHt.Hi,:it ■ 

i.,:. Ahn 

CLfCTKONK. TINIW. 
HOüUUb INITIATC» 
MXTH TW ÜVKRJUL*' 

OK  AKOkT 
CAfAMlLITV 

Anmr«; «OTO* 
UIStNOAGEl:   ROTOR 

iNA^i   TO  rtLL 
AWt  POMTIUN 

ft)^;,S.,   MwT-> 
UJCJö...  ;M PJL.   AMM 

► «.!■■: i  «1   ANü 

HICRü-ÜETONATORS 
AND   LEADS 

IGNITtD tLECTRKALLV 
11t   TDD 

(Xn-PUT 
"♦ TO 

UAMXAD 

ürtUCK «ICMT 
hLATCHSfi AM) 
CANNOr  MTUM 

TO  äAK  KtttTUM 
UNLCS6 TOO OVtMlllCS 

SIMULTANtOUSLV   ENtBüUATION  OF  SETBACK   LATCH  AHD 
PM-AHU  SÜLEMOIDfa   PEWITS   SETBACK  WLIGHT   RTTUIW 
ÜPHINGS   TO ORiVE   THE  ENTIRl  HECHANISM TO TW  SAFE 
iOSITION   IT  MOTOR THRUST  HAa  TEWUHATED. 

Figure 8.    AWSAD Functional Flow Chart - Short Burn Motor 
(Moior Thrust for Comnit Time Period Mode) 

29 
(The reveree of thie page is blank) 





































CENTERLINE 
OF 

FIXTURE 

Mi 

SETBACK 
WEIGHT 

G's - 2.842 M 
105 

Mhere R - 20.25 

Then G - 0.0005755N4 

19". 

20.25" 

N G's 

118 8.00 
135 10.50 
145 12.10 
160 14.70 
165 15.67 
167 16.05 
170 16.63 
187 20.10 
210 25.37 
230 30.44 
230 @ 45° 21.52 

CENTERLINE 
OF 

CENTRIFUGE 

Figure 26. Acceleration Values Versus RFM for Centrifuge Tests 
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CENTERLINI OF 
CENTRIFUGE 

CENTERLINI 
OF FIXTURE 

1.0 Given: 

.-%' 

* u 

^.5- • 

•*'- mm 

0 ■ 45° Angle Setting of Fixture 
b - 19 Inch 
a »1.25 Inch 

Determine: Radius C and Angle B 

C2 ■ a2 + b2 - 2 ab cos C 

Sin B  Sin C 
Sin B » b sin C 

c 

Sin B » 19 x .70711 
19.9 

Sin B - .676 
,     . Angle B - 42.5° 

« (1.25H + (19)2 - 2 x 1.25 x 9 x (-.70711) 
C « (396.16) 1/2 
C - 19.9 Inches 

2.0   Determine Force Vectors 

Fc# F^  and Fa 

G - 2.842 x 10"5 R N2 

R • c ■ 19.9 Inches 
N • 230 RPM 

S " 2:84!oXci
0'5^ i9-9 <230>2 " 29.9  G's - Fc - Centrifugal Force 

Fj- sin 42.SO x 29.9 - 6.76 x 29.9 - 20.2 G's - Lateral Force 
Fa- cos 42.5° x 29.9 - .737 x 29.9 - 22.0 G's - Axial Force 

Figure 35. Force Vectors at 45° Lateral 
Centrifuge Test 
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Mt 

I« 
1 ♦* 

1 
2 
3 
4 
5 
6 
7 

Harrison Model 809A Power Supply. 
Hewlett-Packard Mod 523 DR Frequency Counter. 

Transducer, Piezoelectric for Sound Pickup. 
Hi-Gain/Hi-Input Impedance Pre-Anp. 
Tektronix 564B Storage Oscilloscope. 
Genisco Centrifuge. 
S&A Mechanism. 

Figure 36. Acceleration Test Equipment Setup 
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FIRE 7- SAFE 

n 
i J 

SAFETY FIRING SWITCH 

2 3 

C 

REGULATED 
POWER 
SUPPLY 

28 VDC 

ALLIGATOR CLIP 
TERMINAL SCREW 
DETONATOR LEAD 

MICRODETONATOR 
ROTOR 
OUTPUT LEAD 
FRAME, S&A 
HOUSING, S&A 
LINER, WARHEAD 

CLAMP 

DENT BLOCK 

HYDRA-SUBSTRATE 
(LOADED) 

Pigur« 39. Explosive Train Test Setup 
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TABLE  1.     AWSAD CENTRIFUGE TEST NO.   1 RESULTS 

G-Level 

8.0 

10.5 

12J 

16.1 

RPM 

20.1 187 

25.4 210 

30.4 230 

16.63 170 

20.12 187 

20.12 

30.44 

30.44 

21.52 LAT 

21.52 LAT 

118 

135 

145 

167 

Commit Time   (Sec) 

187 

230 

230 

230 § 45* 

230 @ 45° 

0.070 

0.090 

0.070 

No Data 
Recorded 

0.090 

.0.090 

0.080 

0.075 

No Data 
Recorded 

0.090 

0.085 

0.080 

0.080 

0.065 

Pre-Arm Time (Sec) 

No Pre-Arm 

No Pre-Arm 

No Pre-Arm 

0.86 

0.74 

0.68 

0.66 

0.88 

0.76 

No Data Recorded 

No Data Recorded 

0.C8 

0.81 

No Data Recorded 

NOTE: The three-element damping escapement lever was 0.050- 
Inch-thlck aluminum and the four-element arming rotor 
escapement lever was 0.062-lnch-thick aluminum. 

^mtieäiämm 
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TABLK 2.  AWSAD CENTRIFUGE TEST NO. 2 RESULTS 

n-T.evel RPM 

16.63 170 

18.65 180 

20.12 187 

25.37 210 

30.44 230 

25,37 210 

21.52 LAT 230 @ 45 

30,44 230 

30,44 230 

25,37 210 

Commit Time (Sec) 

0.80 

0.72 

0.72 

0.60 

0.50 

0.55 

0.60 

0.52 

0.52 

0,55 

Pre-Arm Time (Sec) 

= 1,84 

= 1.82 

= 1.76 

= 1.60 

= 1.60 

= 1.80 

= 2.10 

= 1,60 

= 1.60 

» 2,00 

KOTE: The four-element damping escapement lever was 0.050- 
inch-tbick aluminum and the four-element arming rotor 
escapement lever was 0,100-lnuh-thlck brass. 
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