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FOREWORD ’

‘This report is one of a continuing series describing the progress
of certain development programs relating to propeliant actuated devices
({PAD) being conducted by Frankford¢ Arsenal, The work covered in-
cludes the design a.d development of specific devices, such as thrusters,
catapults, and initiators; investigations of related subjects, such as pro-
pellants and structural materials; and feasibility studies, aimed at im-
proving the performance of propellant actuated devices and extending
their application.

The programs reported are being conducted by the Research and
Development Grouv at Frankford Arsenal for the following agencies,

Aeronautical Systems Division:

Deputy for Technology
Flight Dynamics Laboratory
Dynamics Branch

Deputy For Systems Engineering

Directorate of Operational Support Engineering
Crew Equipment Division

Escape Section

Deputy For Syctems Engincoering

Directorate of Operational Support Engincering
Crew Equipn:ent Division

Parachiute Branch
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TITLE: Investigation of High Temperature Propellants for Crew
Escape System Rockets

JOB NO,: CI171

PROJECT ENGINEER: H. D. MacDornald, Jr., 1410

AUTHORIZATION: MIPR 33.(657)-3-R&D-116, MIPR AS-4-63

INITIATION DATE: October 1962

ESTIMATED COMPLETION DATE: Cortir:ou:s

OBJECTIVE: To investigate and evaluate propellarts for use in escape
rockets capable of operati~g over the temperature range
of -100° F to 400° F.

PREVIOUS BI-MONTHLY SUMMARY:

The test motor was desigred as a tie rod assembled uni?
instead of a threaded unit. Procurement of the motor was initiated.

AK14 Mod 1 propellant was ordered from the Naval Pro-
pellant Plant (NPP), Indianhead, Marylard.

Modification of the T20 test sta-d was i-itiated.

PROGRESS:

All test motor procureme-.ts were pla:ed with contractors,
Although some parts have been received, the lc-pgest lead times are associa-
ted with the head cap, motor tube, nozzle, ta:l cap, &~d nozzle insert; these
are scheduled for delivery the week of 16 Febr ;ary 1964,

The delivery of the AK14 Mod . grai-.s was evtended and re-
scheduled as follows: 30 ea. during the week of 6 J2 - .ary 1964 a=d the —~ —~
balance on demand. This rescheduling was made t> bring the grein delivery
irto phase with the delivery of the metal parts,

The conditiorizg box for the [ :‘ro . tester was received on
¢7 November 1963,



Modification of the test stand was completed in December
1963. The cold chamber for this test stand is under construction.

NEXT BI-MONTHLY PLAN:

Continue procurement of rocket motor components and
test equipment,

Start set up of test stand in firing site,

Install conditioning box with Instron tester and shake down,




TITLE: Feasibility Study of a Hybrid Rocke* for Crew Escape Capsule
Application,

JOB NO,: G251

PROJECT ENGINEER: J. F. Clark, 1459

AUTHORIZATION: MIPR-33.{657)-3-R&E. 116

INITIATION DATE: February 1961

ESTIMATED COMPLETION DATE: Januar, 1964

OBJECTIVE: To investigate and determi-e the technical feasibility of

a "controllable thrust hybrid rocket' fer crew emergency

escape systems for advanced aerospace vehicles,
PREVIOUS BI-MONTHLY SUMMARY:

Three oxidizers, nitroge:- tetrox.de, red fumi=ng nitric
acid, and chlorine trifluoride were subjected to high temperatur-e storage
testing up to 50¢6° F,

Vented vessel testing to co-.i.rm the hypergoli ity of the
propellart swstems being considered for the sub-scale motor program

was complcted. Design, fabricatior. and pro: .remert for the sub-scale
motor was in progress. '

A mix- g procedure was developed for five-pouad lithium
hydride fuel mixes havi-g a 25% binder level, F .¢l samples from this mix
were pressure molded without difficult,,

s —

PROGRESS:

Films of the verted vessel tes*s listed i~. Tablu ! of the
previous report were reviewed, The purpase »f the tests was to deter-
mine the reactivity of the fuel systems bei-g ~o-aidered for test in the
sub-scale motor program, The films showed thé* chlori-e trifluoride
{C1F3) reacted vigorously with both the castable a-d moldable lithium
hydride (LiH) fuels (‘ests 36 a-d 37) with leas the- 30 milliseconds igni-
tion delay. (The film speed was 32 frames per se :-d 2-d delays were
less than or.e frame.)




The test of C1F 3 with the aluminum/biurea fuel and at-
mespheric pressure in the chamtber (test no. 35) showed a glowing reac-
tion. Tke delay time could not be ascertained. However, with 75 psi
chamber pressure and 150 psi oxidizer pressure {test no, 34) flame was
evident after a delay of two frames or about 1/16 second.

The test of red fuming nitric acid (RFNA) and paramino
phenol/magnesium/aluminum (PAP/Mg/al) fuel (test no, 32) showed a
delay of six frames or about 3/16 seconds. For this test, 75 psi cham-
ber pressure and 150 psi oxidizer pressure were used,

The test of C1F ; with polybutadiene styrene (PBDS) binder
alone (test no. 38) started without delay, but six frames elapsed before a
vigorous flame was noted.

Several formulations were mixed and processed into fuel
grains for the sub-scale motor tests, Two giains were pressure molded
from the 75% LiH mix (X-611-39) previously formulated, The length to
diameter ratio of the fuel charge precluded a single pressing of the pow-
dered mix. Rings of 1/2 inch length were pressure molded and stacked in
the inhibitor tube for final pressing, Figure 1 shows a sample of the mix,
a pressed ring, and a sectioned fuel charge,

To prevent reactioa of the hydride with atmospheric mois-
ture, processing of the LiH c*arge was done in 2 nitrogen atmosphare.
This was accomplished by e..closing the press in a polyethylene shroud
and maintain:ng a slight positive nitrogen pressure during the pressing
operation. A pressure of 24, 000 psi was used to compact the rings, and
the same pressure was 1sed to stack the rings into a single charge. The
resultant fuel charges were tough and somewhat flexible,

Formulations of the 95% aluminum/biurea fuel identical
to mix X-b611-29 previously reported were also processed. Three fuel
charges were pressure molded from this material. The rings were
pressed at 24, 000 psi and were hard a~d tough, A tkin coat of the PBDS
binder was applied to the rings to bond them together, They were then
stacked in the irhibitor tube, pressed at 44, GO0 psi, and the resulting
charge was cured at 200° F for 16 hours.

A PAP/Mg/ Al fuel wth 5% PBDS binder {designation
X-605-38) was also formulated a-d pressed into charges in the same
marner as described in the preceding paragraph., Some difficulty was




encountered with pressure molding of this mix, The rings were rather
fragile and tended to split when ejected from the mold. Acceptable rings
were obtained by first disassembling the split mold, and then removing
the center core. The rings were stacked and pressed at 44, 000 psi to
form the charge which was then cured at 180° F for 16 hours, The
finished fuel chrrge was urittle but appeared ¢» be satisfactory for

static testing,

An attempt was made to cast f.el charges containing 60
percent LiH with PBDS binder (X-611-1). The mix proved too viscous
to pour properly and would rnot flow into the annulus of the mold. An
attempt was also made with a 55% LiH mix (X-611-14) which was kept
at a temperature of 115° F during the mixisg cycle. This mix also was
not castable, and fuel grains could only be praod.ced by hand filling the
molds and tamping. The resulting grains were ot properiy consolidated,
but they were deemed suitable for testing in the sub-scale motor.

Desiga of a sub-scale motor besed on an oxidizer volume
of 50 ml, and a burzning time of one seco-d wes completed, For ClF3
this results in an oxidizer weight rate of flow of approximately 0.2 1b/
second. An eight orifice pattern was arbitreril—selected for the injec-
tor., The streams from the four outer or fi. e+ mpi-ge on the fuel grain
near the head end. The i-~er orifices impings ¢ the fuel juist aft of the
center of the grair., Usi<g the same size orifices for RFNA, the - om-
puted flow is 0.19 lb/secord.

The fuel charge weight was 11> -4 ¢5 provide a~. excess of
fuel at the lowest oxidizer to f.el ratio 5- "~&*+d, The f.el (harge con-
figuration is a right cyli-der 1,0 irches | -'de diame’er, 1.5 irches out-
side diameter, a-d 5 i-ches lo"g. ' is .~ '#{ ed ! . a stee] tube which
also serves to ir hib't the cutaide s.rface, Th- motor ervelope was dicta-
ted by the fuel charge derig-. The motor .- --mbl, is shown in Figure 2.
The gaskets are alumir um, the shear di~. [« (L0 ateel, a-d all other
parts are stai-less s'cel, The sta. less stex1 ozzle is for use with
RFNA; a carbo- -ozzle is .ned whe- C.F j i« tve cxid'zer. The forward
closure of the mctor i« tapped for a pres- e v ¢ tl0, a- oxidizer
fecd line, a-d a= oxidizer flow se-s!7g device, The onidizer is (ed under
nitrogen pressure from a stai-leas atee! ta ' *“roeugh & remotely operated
valve tno the combust,or chamher, The ma,or (ompe-e *s {oxidizer tark,
remote operated soleqcid velve, a d the mo*. : ¢ss2mbly) were fastened
to a steel wall pa~el - *%e fir; g ba,,




Prior to the start of testing, 90 grams of C1F 3 were pur-
posely spilled in the test bay. A vapor cloud formed above the bay and
gradually dissipated. Three minutes after the spill the bay was entered
and the concentration measured was less than three parts per million,
After eight minutes the indication was less than 0,5 parts per million,
Based on the test, safety procedures were established to keep unpro-
tected personnel a minimum of 100 feet from those operations where
up to 90 grams of C1F 3 were being handled. It was also determined that
such operations would only be performed when the atmospheric conditions
were conducive to rapid dissipation of the resulting vapors,

Four firings were attempted utilizing CIF 3 as the oxidizer,
They were conducted after working hours to minimize the hazard to per-
sornel working in the immediate vicinity of the test area. The fuel used
for the four firings was a pressed grain of 75% LiH. The first firing test
(Round no. A-2668) was successful in that hypergolic ignition was achieved
with only a 0,018 second ignition delay. The motor components were in
good condition after the test except for some erosion of the aluminum
oxidizer spray plate gasket, The fuel charge burned in an even taperea
pattern exceot where the oxidizer jets impinged on the forward portion of
the grain, At these poirts a slight amount of erosive burning was indi-
cated,

The second test (round ro. A-2735) resulted in overpres-
surization of the motor which caused ejection of the nozzle arnd fucl charge.
Post firing examination showed that the Teflou gasket for the spray plate
rozzle {substituted for the alumicwuin gashet! to ohtain a better neal) was
partially melted, the oxidizer spray plate was censumed, and the oxidizer
passage ir. the forward closure was destroyed, Failure of the Teflon
gasket was believed due to the high velority CIF 3 flow which apparently
ignited the Teflo., -aused 2 loss of sealing, and allowed the oxidizer to
flood the mo*onr chamber, The excessively high rate of oxidizer flow re-
sulted in a higher rate of gas production which overperessurized the cham-
her,

The third aad foarth firing: (round nos. A2755 and 2756)
were conducted with the same fuel grain and two separate oxidizer char-
ge#, For round no, 2755, the motor ret-up was identical to that which
way used for the first firing (round o, A2668), The firing was success-
ful and the expecnded oxidizer tank was replaced with one containing another
charge, The rext firing (round no. 2756) was accomplished 35 minutes
after rourd vo, 27586, 1, too, was su-cessful although 1 delay of 0, 423



seccnds occurred before pressure rise during which time the chamber
pressure was about 15 psig. The chamber pressure traces were also
more erratic thaa for round no. 2755. The two firings served to demon-
strate that the 75% LiH, 258% PBDS fuel ard cklorize trifluoride has re-
start capability,

Post firirg examinatio~ after rc.-d r.o. 2756 revealed
that the alumirum oxidizer spray plate and gasket were consumed during
firing, and that the forward closure and spray plate holder were partially
eroded. The internal components of the pressure transducer in the oxi-
dizer line were also completely consumed by the oxidizer. It is theorized
that the Teflon grease packed in the gage cavity and outlet branch of the
connecting tee fitting burred when in cortz:t with CIF 3 under conditions
of pressure and velocity, Removal of this gage from the oxidizer line
and its installation in the nitrogen pressarizi:g system is plarned for
fiture tirings to correct this conditior.

Action on supplementing the prese-t cortract to provide
for the Phase III program is pending review by Air Force - Frankford
Arsenal Phase II activity,

NEXT BI-MONTHLY PLAN:

a. Revise test set-up to elimi. :te gage failure in oxi-
dizer line,

b. Co ‘inue té¢sting of f.el-onidizer systems ir the sub-
scale motor.

¢, Cortl ué .3 "1act cction tor TMase L. program.




J
81
n
I

=]

1

A

q

X

pt

azxg

$

-]

=]

P

g

113

nU

o)

Y

e

3z

)

9

4|
E]

2-

y

3]

33

E)

.|

¥

3u




I0JO0\ 9[ed8-qng pPlIqAH °z 3andrg

2anso1d vu!&v 4

?3w1g Lvadg uunavx«v ’ 7z

aspioy 93I%1d ».u.v

10




TITLE: Investigation of PAD in Space Environment, {Vacuum Phase)
JOB NC,: C301

PROJECT ENGINEER: G. Miller, 1450

AUTHORIZATION: MIPR AS-4-109

INITIATION DATE: May 1962

ESTIMATED COMPLETION DATE: December 1964

OBJECTIVE: The objective of this program is to investigate and de-
termine the limits of operation of PAD exposed to en-
vironmental conditions which may be expected in a space
mission,

PREVIOUS BI-MONTHLY SUMMARY:
Scrvicing of the vacuum equipment was near completion,
PROGRZISS:

The proposed vacuum-firing chamber was designed and
sketches completed for contractors proposal. Specifications for the con-
struction are being prepared and requests for bids are being initiated,
Figure 1 {Dwg No., 610-8) shows a schematic assembly of the proposed
firing chamber,

Duriag check-out of the entire system following comple-
tion of repairs, two new gauges burned out within a twenty hour service
period. As a result, the existing wiring svstem is being checked for
possible malfunction and various tube specifications will be further in-
vestigated to determine if longer-life part- are available,

NEXT BI-MONTHLY PLAN:

Contract for fabricating firiny chamber should be ready
for award,
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TITLE: Investigation of a Close Tolcrance Delay Element
JOB NO,: C306 —
PROJECT ENGINEER: W, Peterson, 1430

AUTHORIZATION: MIPR AS-4-109

I o

INITIATION DATE: December 1963
ESTIMATED COMPLETION DATE: June 1964

OBJECTIVE: To conduct studies to establish the feasibility of a close
tolerance time delay element which is capable of opera-
tion after exposure to, and under, extremes of tempera-
ture, '

PREVIOUS BI-MONTHLY SUMMARY:
None. Initial Report,
PROGRESS:

This is the first report of the resumption of a program to
develop an improved time delay elemert using a new material, namely,
pyrofuze wire. Feasibility of this type of delay has been established and
the resuits are summarized in F, A, Report R-1693,

The feasibility tests were conducted with bare fuze wire
that was either suspended or wrapped in a thread helix around a mandrel,
Durirg this tvpe of testing, the fuze wire was susceptible to the tempera-
ture charges of the adjacent material; when subjected to very low tempera-
tures the fuze wire would become covered with frost,

To climiaate these problems, braided eight stranded fuze
wire of 0,004 inch diameter was covered with fiberglass tubing and vinyl
shrink tube was used to cover the fiberglass tubing, Three tests were
conducted usinrg 10 inzch lenpths of thic ceovered tuze wire. The burning
time at ambient temperature was 0,802 seconds, at -65° F 0,809 seconds,
and at 20C* F 0,802 seconds, Additional testing using covered fuze wire
will ' be co~ducted,

e . T

13



A wire covering manuvfacturer is now in the process of
fabricating samples of coverings for fuze wire.

NEXT BI-MONTHLY PLAN:

To test and evaluate samples of covered fuze wire; and
design and manufacture prototype delay elemerts,
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TITLE: Evaluation and Qualification of Ancillary-Components for
Escape Systems

JOB NO.: Cl64

PROJECT ENGINEER: E. J. Doebley, 1440 e
AUTHORIZATION: MIPR AS-4-63

INITIATION DATE: July 1956

ESTIMATED COMPLETION DATE: Corti- .ous

OBJECTIVE: To qualify Teflon Hose ard PAD system components,

PREVIOUS BI-MONTHLY SUMMARY:

Reply was made to an irquiry from Tinker Air Force Base,
Oklahoma, concerning a Quick Disconnect, A cop’ of the reply was for-
warded to ASD.

A Frazkford Arsenal represe-tetive attended a conference
on Design of Experimerts in Army Research, Development and Testing,

PROGRESS:

A gas operated quick discor.- et was forwarded by ASD
for evaluation,

The disconnect, which u*ilized shear pins, was dasigned
to separate at 1000 psi after passing sufficiert gas to function a PAD de-
vice (approximately 5G0 psi). The discor.-+:* was integrated into a sys-
tem consisti-g of an M3 iritiator, 13 ft Teflo- hose and a terminal pres-
sure chamber with a volume of 0,062 cubl. - hes (Figure 1).

The system was activated a-d a pressure-time trace ob.
tained (Figure 2a). A =econd firing was conducted using the same system
but the discornect was reversed to allow gas to flow through this disconnect
in the opposite direction, This was done to determire whether the discon.
nect was uni-directional (Figure 2b). .

AL i oy
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On both firings, the disconnect separated at approxi-
mately 2160 psi; however, the maximum pressure attained at the end
of the hose was ouly approximately 330 psi. Data obtained from the
firings are presented in Table 1.

Table 1. Data for Pressure Operated Disconnect

Firing Maximum Pressure (PSI) Time* (MS)
No. P-1 P-2 P-3 T-1 T-2 T.3
1 2120 1940 350 34 34 41
2 2090 1990 310 31 31 37
*T~1 = Time from igrition of system to maximum pressure at P-]
T-2 = Time from ignition of system to maximum pressure at P.2
T-3 = Time from igniticn of system to maximum pressure at P-3

NEXT BI-MONTHLY PLAN:

It is anticipated that additional disconnec:s will be re.
ceived for further evaluation tests,
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TITLE: Development of Mild Detonating Fuze (MDF) Transmission
System

PROJECT NO,: C206
PROJECT ENGINEER: A. E. White, 1450

AUTHORIZATION: MIPR 33-(657)-3-1375A-188
MIPR AS-4-63

INITIATION DATE: October 1962
ESTIMATED COMPLETION DATE: November 1964
OBJECTIVE: 1. Improvement of MDF tre: smicsion system.

2, Conduct qualification tests of the improved MDF
systems,

PREVIOUS BI-MONTHLY SUMMARY:

A qua=ntity of sample lengtks of the new MDF with high
temperature vinyl outer jacket was assembled with FA end booster caps
and newly designed booster end caps. These sample: were subjected
to various er.vironmental corditions and tested.

PROGRESS:

n an attempt to provide a sztisfactory MDF transmission
system with previously designed compor.:nts usi.g the newly developed
MDF confiz.lag structure, samples were assembled and tested under the
same conditions as for samples of the rew MDF assembled with the newly
designed end booster assemblies,

The envirotmental test program consisted of the follow-
ing tests; high temperatur~, low temperatare. ‘emperature-hum.dity
cycling, water spray and immersion. A summary of the tests and re-
sults are presented in Table 1, and a discussior of each test follows.

High Temnerature Test

Part I. Using the rewly developed MDF confining structure,
sample lengths were assembled in three alumi<am cross fittings which had
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been used in a previous test, The assemblies were conditioned at 200* F
for one hour and then detonated, In two assemblies, the two booster caps
positioned 90° from the jnitiating lead failed to initiate, Failure of the
booster caps in these assemblies was attributed to misalignment caused
by the cross fittings' use in previous tests. In the third assembly all
four MDF leads detonated but were blown out of the fittings.

A modification to the assembly procedure was conducted
as follows: 0, 3" of outer plastic jacket was removed from the confining
structure within the brass retaining sleeve and epoxy resin was applied
to the fiberglass braid; additionally, a third crimp was added at the end
of the sleeve for further holding power,

Two previously used aluminum cross fittings were as-
sembled with MDF samples using the above procedure. The assemblies
were conditioned at 200° F for one hour and then detonated. In the first
test, three of the cross fitting arms broke off after detonation; however, -
the MDF leads had not pulled out of the brass rctaining sleeves., The
second test was partially successful in that all leads were retained, One
lead positioned 90° from the initiating line failed to initiate, It was at-
tributed to the misalignment of the lead in the used fitting.

Part II. A new aluminum cross fitting was assembled
with newly designed end fittings, and conditioned at 200°® F for one hour
and then detonated, All con.ponents were retained and transfer of de-
tonation was complete., MDF assembled with the new end booster is
shown schematically in Figure 1.

Lew Temperature Test

An aluminum cross fitting was assembled with the new
type end fitting, con:ditioned at -65° F for one hour and then detonated,
One cross fitting arm broke off. This failure was attributed to weaken-
ing caused by the use of the fitting in a previous test, All components
were retained in their sleeves and detonation was complete, The plas-
tic jacket on all MDF lines shattered but no ruptures occurred in the
braid. This shattering of the jackets at -f5° F was expected and has
been the rule in previous tests under similar conditions,




R e

Temperature -Humidity Cyc lirg

An aluminum cross fitting and tex sample lengths of
MDF lines were assembled with new end fittings as well as ten sample
lengths of MDF with the cld end fittings using the modified procedure.
All units were subjected to two temperature-humid:ty cycles. A cycle
consisted of conditicriag at 200° F a=d 95% relative humidity for nine
hours, then at -65° F for fifteen houre, The samples were then re-
moved and inspected, Lo-gitidi~al ripples in the plastic jacket were
observed on many MDF li.es. The ripples disappeared aiter samples
warmed to room temperature. No other noticeable effect of cycling

wae nheca v-nnrl

wWive VeoLadwv

The cross fitti~g assembly was detona‘ed at room
temperature, All urits were retained - the {Iiti-.g and detonation was
complete. Orne split in the plastic jacket was observed; however, there
was r.> rupturi-.g of the overbraid,

Fo.r sample lengths of MDF li~es wi‘h rew erd fittings
and four with the old e-d fi‘tings were dcto-z‘ed &t room temperature,

All units deto-ated a-d confi~.eme-t was compyplete,

Water Spray Test

Three s2 p e le-gthe of MDF li~z3 assembled with old,
a~.d three with new erd t*t:-gs whizh had beex subjected to temperature-
Famidity cycli-g were pla\_ed under a water shouer for four hours. The
samples were the . removed trom the spra; ¢ d de*o-ated. Detonation
and co-fineme-t were complete . all samples.

Immers o Test

ot L,

The remai-i~g six samples of MDF three each with each
type of ¢-d fitting were immersed in wa‘er 2t {20 psi for four hours,
Upor: removal, tw: of ez. h type had evider ;e of water seepage into the
fiberglass structure of the MDF., After detcration, those lines having
the wet fiberglass had ruptured. The exte-t of rupture appeared to be
dependent upon the ama. * »f water seepage i~t> the fiberglass braiding.
Ir. addition, two of the old axd o e of the ~ew type erd booster had failed
to detonate. Radiograph:: a-alysis prior to testi.g of the MDF line with
the new type end fitt; g revealed tha* the epox, resi- seal was not com-
plete at the MDF e-d of the reta! (- nleeve, 7t is coacluded that water
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seeped into the base charge of the booster cap desensitizing the hooster
charge, It is also concluded that water seepage into the old end fittings
occurred where the booster cap was crimped onto the MDF, Radiographic
analysis did not reveal a defective crimp in the old fittings; however, it
would appear that this was the logical place for such seepage to occur,

Conclusions

A high temperature completely confined mild detonating
fuze and low brisance end fittings capable of staying confined in the
Frankford Arsenal present MDF fittings within the temperature range
-65° F to 200° F appears feasible., In addition, a modification to the
assembly procedure for the original end fittings was made which when
used with the newly developed completely confined MDF, may prove to
be satisfactory for the briginal transmission system,

A project engineers planning sheet has been prepared
and is being processed for the continuation of effort on this program.,

Fabrication of prototype hardware and MDF sample as
semblies for delivery to ASD is nearing completion,

NEXT BI-MONTHLY PLAN:

Survey existing pyrotechnic delay compositions for use
in the development of an in-line time delay for MDF transmission sys-
tems,

Initiate procurement of high temperature, completely

confined MDF, and prepare a test program request tor engineering tests
on comporents for a typical MDF emergency escape system.
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Test

Hi-Temp
Part ]

Part I

Lo-Temp

Temp-Hum.
Cycling
(2 cycles)

Table 1.

Test Time

Test Iitem Corditions (hrs)
2-MDF w/old boos- 200°* F 1
ter & Used Cronss
Fittings
1-MDF w/oid becos- 200° F |
ter & used cross
fittings
1-MDF w/modified 200°* F 1
booster assembly
and used cross fit-
ting
1-MDF w/modified 200°* F 1
booster assembly
ard used <ross fit.
li.’lg
1-MDF w, ewe-d 2Le r 1
1t*0-2 c-d sew L rass
fitti g
1-MDF w' wwe-d -65* 1
{itti-g « d used croas
fite.ng
1-MDF w. & e-d 200°* F a* 9
fitting & -ew cross 95% RH _
fitti-g -65° 15

S

Summary of MDF Teets a:d Results

Results

Two boosters at
90° to irnitiating
lead failed to de-
tonate

All leads detona-
ted, but all leads
blew out of fittings,

All MDF leads re-
tained in sleeve,

but three arms of
cross fitting broke. -

All MDf leads re-
taired in cross fit-
ti~g. One booster
9G*® *3 initiating
lead fajled to de-
tor.ate,

Al, MDF leads re-
tai-ed (= cross fit-

't ge All leadsdes=—~
tonated,

All MDF leads re-
tai~ed, All leads
deto-a‘ed, One
arm of {itting broke,

All MDF leads re-
talried. All leads de-

ty-ated. No rupture
of MDF leads,



Test

Terap-Hum.
Cyciing
(2 cycles)

Water
Spray

Immersion

tonated, No rupture

tonated., No rupture

Table 1. (Cont'd)
Test Time
Test ltem Conditions (hrs} Results
4-Sample MDF 200° F at All samples de-
winew end fittings 95% RH
-65° of MDF leads.
4-Samplie MDF " v
w/old end fittings
(modified assem-
bly)
3-sample MDF 200° F at All samples de-
w/new end fit- 95% RH 9
tings -65° F 15 of MDF leads.
(2 cycles)

3-sample MDF
w/old end fittings
{mod. assembly)

3-sample MDF

w/new and fit.

tings

3-sample MDF
w/old end fittings
{mod. assembly)

Water spray 4

200°* F at
93% RH 9
-65° F 15

(2 cycles)
Immersed in
water under

120 psi 4

tv
J

Wet samples rup-

tured, Booster of

one wet sample did
not detonate

Fiberglass braid
wet in 2 camples,
Wet samples rup-
tured. Boosters of
wet samples did not
detonate,
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TITLE: Improvement of Components for Electrically Initiated Escape
Systems

JOB NO,: C222
PROJECT ENGINEER: A, E. White, 1450

AUTHORIZATION: OMS 5110.22,.01117,20
MIPR AS-4-63

INITIATION DATE: March 1959

ESTIMATED COMPLETION DATE: September 1964

OBJECTIVE: Complete the development and conduct a complete
qualification test program of the XM47 ignition clement,

Provide user system hardware. Provide components

for a typical electrical escape system.
PREVIOUS BI-MONTHLY SUMMARY:

Drawings of the final design assembly of the XM47 igni-
tion element were completed, A procurement package for XM47 ignition
element test hardware was being prepared.

PROGRESS:

Program authority for the FY-64 effort was received.

Due to redirection of effort, all work on the XM47 igni-
tion element has beean stopped.

Review of the final report on previously developed igni-
tion elements and pulse generators was completed.

The technica: data package on the pulse generators was com-
pleted and processed to the Procurement and Production Group.

Preparation of a request for type classification of pulse
enerators and ignition elements is continuing.
g g

The project engineers planning sheet for contirmed effort
on this program has been prepared and i= being processed,




NEXT BI-MONTHLY PLAN:

Continue preparation of the request for standardization
of the pulse generators and ignition elements,

Prepare a schematic diagram of & mock-up T33 airplane
emergency escape system for electrical initiatior.

Start fabricatior. and assembly of components to be used
in the mock-up of the system.




TITLE: Standardization of Co-Axial Catapult
PROJECT NO,: C237
PROJECT ENGINEER: N. Waecker, 1450
AUTHORIZATION: OCMS 4110, 16, 8500,1.12
MIPR 33-(657)-3-1375A-188
MIPR AS-4-63
N DATE: January 1960
ESTIMATED COMPLETION DATE: December 1964
OBJECTIVE: To apply advanced design, material and propellant
manutacturing techniques to rocket catapults to
realize the following:
a. Increased performance ia the form of higher
trajectory as a result of higher catapult velogdity

and additionai rocket propellant.

b. Higher reliability through use of advanced de-
sign concepts,

c. Operation at 200°* F by use of a composite pro-
pellant for both catapult charge and rocket motors.

PREVIOUS REPORT SUMMARY:
Firings were conducted at various temperatures to
check rocket ignition characteristics. The nozzle retainer design with
a 9/16-inch diameter gas operated piston provided reliable swivei action,
PROGRESS:
A, User-Tests at ASD
Four complete rocket catapults were loaded, with HEX-

12 propellant in the rocket motors; two were shipped to ASD for user
tests after the following:




1. All units were hydro-tested to assure nozzle
swivel action. All units were tested to 4000 psi and swivel action
occurred in all instances., In this test, the nozzle and retainer as-
sembly is subjected to a hydro-pressure to simulate rocket pressure,
The test is both structural and functional.

2. One unit was fired o:. a free-flight fixture at Fort
Dix. A 360 lb mass simulating a seat-man combination was lifted ap-
proximately 300 feet in height. The nozzle was directed under the cen-
ter of gravity which caused the mass to rotate backwards at about 45 rps
and a resultant loss in overall height, Otherwise, all aspects of function
were satisfactory.

3. One unit was fired oa the horizontal test fixture at
Bldg 316. High speed photo coverage of nozzle swivel action indicated
complete rotation of 36°:20' occurred in . 002 seconds as planned.

| The tests at ASD origimally scheduled for early Novem-
ber 1963 were postponed until Feb 1964 at ASD's request.

B. Design and Developmenrt

Two complete XM27 catapult urits were loaded with
3-1/4 inch diameter rockets containirg composite propellant, Two
different retainer designs were used:

1. Retainer with baffle o deflect erosive gases from
the exterr.al surface of the nozzle which deteriorates during firing.

2. Retainer without bafile, but fittcd with a nozzle
cut away so that at completion of swivel action. a direct flow-path
exists for travel of rocket exhaust gases,

Both units were fired in the horizontal test tixture and high-speed photo
coverage was used to determine nozzle swivel and erosion characteris-
tics. Test results indicated that neithar desigrn. modification lessened

erosion and that it started approxima*ely . 075 seconds after rocket
ignition,

Several nozzles were fabricated from a refractory
material, Alumina Oxide, AL203., This mate¢rial was also used in
‘ manufacture of covers to be applied in the '“ierior surface of the
retainer which {s exposed to erosion,
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A complete procurement package was prepared, and
procurement of 100 complete items for engineering tests was initiated,
The drawings were product engineered ard because of slight design
and tolerance changes (non-functional), the unit designation was changed
from XM26 to XM30 catapult, No changes were made in performance
and/or installation dimensions, and urti! the XM3C hardware becomes
available, this unit will continue to be reported as the XM26 catapult
development,

C. Development Tesi Summary

The data obtained from all test firings of the XM26 cata-
pult, with the exception of three firings with 3, 25 inch OD motors, has
been reduced, Approximately 100 firings were conducted, with partial
and complete items being evaluated, Sixty-three of these firings were
conducted on the vertical test tower with catapult booster assemblies.
Six firings were conducted on a "g'" loading fixture with catapult booster
assemblies, The remainder were conducted as complete item tests
with the units mounted on the horizontal test fixture,

The data obtained during these tests were reviewed to
determine the capability of thz XM26 catapult to meet the following set
of tentative performance ‘~equirements.

a. acce'eration: 20 g max.

b, rate of acceleration: 250 g/sec max.

c. separation velocity: 35 feet/sec min.

d. total sustainer impualse: 1500 1b sec min,

Based on a review of the results of these firings it can
be stated that the catapult meets the ballistic performance requirements.
This is based on the evaluation of data from 48 booster assembly firings
and 25 firings of complete urits.

A summary of the results of the tower firings are pre-
sented in two tables, Table I presents data obtaized in tests with a
tentatively selected propellant charge. Table 2 is a summary of addi-

tional evaluatior. firings at th» temperature extremes to enlarge the
sample size,
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Table 1.

Temp
°F

70 max,
min,
avg.

No. of firings:

-65 max.
min,
avg.

No. of firings:

200 max,
min,
ave,

No, of firings:

Table II,

Temp
°F

-65 max.
min,
avg.

. of firings:

200 max,
min.
avg,

. of firings:

DATA SUMMARY WITH TENTATIVE CHARGE

Max, Max, rate of
Acceleration Acceleration Vel,
(g) {g/sec) (fps)
12.5 100 40,2
11.4 80 36.3
11.9 90 38.4
5 eca.
9.4 110 38.3
8.2 70 35,7
8.8 90 37,1
5 ea.
15.8 160 42,1
13,6 140 38.9
14.7 155 40,4
5 ea.

DATA SUMMARY OF ADDITIONAL EVALUATION FIRINGS

Max. Max. rate of
Acceleration Acceleration Vel,
(g) (g/sec) (fps)
11.5 170 42,8
8.9 70 38.6
10, 3 120 40,3
16 ea,
'5.8 190 4%.0
11.1 140 38.3
14. 3 170 41.5
17 ea.




The tabulated data for these firings are contaired in Appendix I{a) under
programs Bl, 2, 4 and 11 to 16 incl.

The separation velocities obtained in firings on the ''g"
load fixture were below normal, as anticipated. This was due to the
resistive loading in addition to the mass load. With a 2000 1b resistive
load the velocity was decreased approximately 25%. The 3000 1b re-
sistive load reduced the velocity better thaz 40 percent, However, the
peak accelerations and onset rates recorded were well within the speci-
fied limits., These data are tabulated in Appendix Ia uader Program B6,

The firings with complete u-=its were conducted with
both double base (HEX-12) and composite {Thiokol) propellant rocket
motors. In all of the firings, the total impulse was in excess of the
1500 Ib sec requirement. No unfavorable bur-ing characteristics were
noticeable in any of the firings. The tabulated data from these firings
are in Appendix I(b).

Four tests were conducted with a smaller size propel-
lant motor. These motors were designed-to-deliver a total impulse of
1100 Ib sec and were fired for a special test applization. These data
are contaired in Appendix I{b), under programs B7 and B19,

Generally it can be concluded that the XM26 rocket ,
catapult, with the present catapult and rocket motor configuratiof, =~
dces meet the specified ballistic requirements over the operational
temperature range, At present, there are no recomme=ndations for
the improvement of either the catapult or rocket motor configuration,

NEXT BI-MONTHLY PLAN:

Conduct firing tests at embl~ -t temperature using
AL203 compone-ts in areas exposed to «rosio-. Pending elimination
of excess erosion, co-duct additional fir.-.g &' -65 a=d 200°* F,
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TITLE: Improvement of Time Delay Mechanism
JOB NO,: C238
PROJECT ENGINEER: A, White, 1450

AUTHORIZATION: OMS 5110.22.01117. 24
MIPR 33-(657}-3-1375A-188

INITIATION DA E: November 1962
ESTIMATED COMPLETION DATE: December 1963

OBJECTIVE: To conduct functional a~d e-viroamertal tests and
prepare a final report.

PREVIOUS BI-MONTHLY SUMMARY:

Four each of three time dela mechar.isms were assem-
bled and were undergoing environmental tes*s.

PROGRESS:

Completior of the envirorme-tal tes*s of the time delay
mecharnisms has been delayed due to a breakdow— of the temperature-
altitude chamber. All cther emvironmer*al tes*s ha e bee- completed.
Results will be reported ir the -ex* bi-mon*hly report,

NEXT B:-MONTHLY PLAN:

All tex*s will be comple=d ¢ d a draft of the firnal re-
port will be prepared.

10




ITLE: Dyna-Soar Technical Assistance

JOB NO,: C272

PROJECT ENGINEER: R. Sutter, 1450

AUTHORIZATION: MIPR 33-.(657)-3-R&D-210

INITIATION DATE: March 1962

ESTIMATED COMPLETION DATE: Continuous

OLJECTIVE: To provide technical assistance and liaisun to Dyna-
Soar S, P,O, in the development of the various PAD
used in the Dyna-Soar,

PREVIOUS Bl1-MONTHLY SUMMARY:

Work was suspended pending receipt of additional program
authority,

PROGRESS:

Work was resumed when additional program .cuthority
was 1eceived from ASD, Drawings on both the XM96 and XM97 initiators
were completed, Fifty sets of initiator har« are were ordered for use
in quaiification testirng of the initiators. Dc¢ clopment work or this project

has been stopped due to cancellation of the X20 program,

It is planned to prepare a final summary report covering
the X20 escape system PAD.

NEXT BI-MONTHLY PLAN:

Work will begin on the summary report,
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TITLE: Development and Standardization of XM18 Gas Generator

JOB NO,: C277

PROJECT ENGINEER: R, Sutter, 1450 ~
AUTHORIZATION: ACMS 4110, 16.8500.1,27

MIPR 33-(657)-3-1375A-188
MIPR AS-4-63

INITIATION DATE: November 1962
ESTIMATED COMPLETION DATE: November 1964

OBJECTIVE: To complete development and qualification of a one-man
life raft inflation device and recommend type classifica-
tion in accordance with Air Force-Army regulations,

PREVIOUS BI-MONTHLY SUMMARY:

Design changes were made as suggested by the Escape
and Survival Section at ASD, and ballistic tests were conducted using
double base propellant, Fifteen single perforated grains of slow burn-
ing ammonium nitrate propellant were ordered from Amoco Chemical
Corp.

PROGRESS:

Drawings were completed for the prototype (concentric
chamber design) XM18 gas generator, Fabrication was delayed, how-
ever, pending testing of a floating piston design concept; this design,
when completed, will be submitted to the Eszape and Survival Section
at ASD ifor evaluation by technical person-el.

The advantages of the floaiing piston design over the
present XM18 configuration are censidered sigrnificant and are believed
to justify pursuit of a determination of i*e possible use with the one-man
raft inflation system. The following work has been accomplished towards
tiis determination. Fifteen single perforated grains of ammonium ni-
trate propellant were received from Amocc Chemical Corp, Ballistic
tests were conducted with these uninhibited grains using the floating !
piston 3.man life raft inflator. An alumiram sleeve was used to reduce




the volume in the propellant chambar, In order to measure the amount
of gas produced by the gas generator, the unit was connected to a 2600
cubic inch tank and instrumented with a bourdon-type pressure gauge
(See figure 1), During the tests, pressure readings were taken in both
the propellant and coolant chamber. The pressure in this tank was .
measured fifteen minutes after the gas was generated to allow the gas
to reach ambient temperature. Data from tests conducted indicated
that the ammonium nitrate propellant ignited fast and burned well in
the test generator. Comparisqon tests were conducted using an identi-
cal charge of double base propellant inhibited on the outside diameter.
These tests showed that the double base propellant produced more gas,
believed due to (1), the higher temperature gas produced by this pro-
pellant decomposing more of the coolart and {2}, the lower moisture
content of the gas produced,

NEXT MONTHLY PLAN:

Initiate fabrication of prototype XM18 gas generators
and continue ballistic testing.
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TITLE: Determination and Evaluation of the Performance Character-
istics of Dynamic Seals, Sealing Materials and Sealing
Techniques for PAD

JOB NO,: C279

PROJECT ENGINEER: A, E. Larsen, 1410
AUTHORIZATION: MIPR 33-(657)-3-1375A-188
INITIATION DATE: November 1962
ESTIMATED CCMPLETION DATE: Continuous

OBJECTIVE: To determine by suitable investigations the measurable
sealing characteristics of available dynamic and static
seals; sealing materials, and techniques suitable for
use in PAD over the temperature range of -65° F to

300® F with a goal of -100° F to 500° F,

Also, to determine the effects expected from exposure of
such seals, materials and techniques to nuclear radiation
aad Ozone Concentration.

PREVIOUS BI-MONTHLY SUMMARY:

T1tespoase Lo the iavitations for bid there wei v seven-
teen refusals, one interested response, The one company whose technical
proposal showed merit was evaluated, The company was re-~ontacted for
a second proposal, including costs on a fixed-price basis and a firm de-
livery date. Three additional companies manufacturing testing fixtures
for large manufacturers of s=als were also solirited, with no response,

Concurrently, in-house design efforts produced a design
concept which utilizes a modified Frarnkford Arsenal rocket catapult test
finture,

PROGRESS:

Technical evaluation of the Induatry proposal a=d the
Frankford Arsenal in-house proposed deaign, with an alterrate, were
completed and cvaluation of both were considered hefore determining to
procure from Industry,

45




On 15 November, two techr.ical representatives of the
acceptable Industry proposal, the Illinois Institut e of Technology,
visited FA to reconcile questions which arose. A final re-submission
of their proposal resulted in tech-ical accepte- -e and i- the placement
of procurement contract No. DA-36-038-AMC-939A on 13 December
1963, h m—

Techni.al da*a and procureme~t sources of the appropri-
ate alloy steel and alloy alumiz=um tubes were submitted to IIT, upon their
request, in order to expedite fabrication of those portions of the test fix-
ture utilizing these standard parts, pm—————

Subsequertly, on 17 December 1963, the program of
modification and testing of an M9 iritiator charge to operate the PAD
Seals testing fixture (as GFE) was completed. Installation drawings of
this unit have been completed and forwarded.

NEXT BI-MONTHLY PLAN:

Work will proceed at Fra=kisrd Arsenal in executing the
modification and test of the Modified M9 Inlt ator to meet the proposed
specifications of its special testi~g performe-.e, Completion of this
task is scheduled for February 1964,

Close cor*act and cooperatic: with 7T w!ll continue to
be maintained,

46
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TITLE: Improved Propellants and Primers-for PAD Applications

JOB NO,: C280

PROJECT ENGINEER: H, D. MacDonald, Jr., 1410
AUTHORIZATION: MIPR 33-657-3-1375A-188
MIPR AS-4-63

INITIATION DATE: November 1962
ESTIMATED COMPLETION DATE: Continuous

OBJECTIVE: To make available for application to PAD developments
propellants and primers with improved performance
characteristics and extended storage capabilities,

PREVIOUS BI-MONTHLY SUMMARY:
Task 1 - PAD Applications of Experimental Prapellant

Firing of MDB-7 propellant wis made in M3 initiators,
It was cou-~luded that this propellant is more suited to gas gererators be-
cavse of the low burning rate,

Pellets of B-KNO3j were evainated as initjiate: propel.
lant, The low clope of burning rate vs, pressure makes the mat-rial
desirablc for initiators, Tts low impetus limits the peak pressures in
the system to about 10,000 psi, Increase of loading density creates po-

tential post firing streapth problems with cadmium plated steel because
of high temperatare,

Task & - Apphecation of High Density Trapnlve Propellast ta
Rocket Catapulte

A_propellant formulation.was-developed in 2mimall «strands
which appears to fultill the requirements of a rocket for persorael es-
' ‘l‘)(".

Twenty-tive motor tahes were shipped to NOTS,

Chinag Hake, i oy



Task 3 - PAD Application of Percussion Primers with High
Temperatures Stabilit.

The fixtare required for droo ‘¢-"I-2 primers at ele-.—— =
vated temperatures was ;- the protess of bei g ma-afactured,

G-16 primers assembled - 7, 62mm cases with alumi-
num disc were subjected to temperature stab’lity tests at 550* F, Results
show that the primers decrease In sessitivisy daring storage, The all-
fire height of the primers exceeded the specification limit after 4 hours.

PROGRESS:
Task 1 - PAD Applicatis-s of Exverime« -2l Prcpellant
The . 020 dia, » 0.0990 lor 2 HEN12 propellant (125 grams)
was received from Pica*i~. .y Arscsal. B'zs w- - received on the ex-

perimental throw-away initiator body. Tech [:al evaluation was made
18 December 1963 or the basis of bid subm’~<"5 s.

Discussions were held v *h pe: - -el at Picatinny Arsenal
on advanced propellants for gas generators with temperature resistart
characteristics, Some s*ra-d samples w;': he ohtii-ed ¢y test i~ devices.

A fixture has heer. desig-ed uhl h wiil serve as a thrust
mount for the M9 initiator, The prese~t charge i+ the M9 i-"tiator will
be modified with a suitable experime:-ta! propella * & d will alse cor-
sist of a substantial i~crease i the prese 't harge welgk', No cha-ges
to the metal parts are a-*!.pated, It Is ple od to ase this Ixitiator for
the purpose of suppl,” g the operati- g g2-¢« -~ th gea’s test) g fixture
being procured o (¢ tract tor Job No, Ci7,

Task 2 - Appli.zior of High De < ‘mpulse Propelia-t to

Ro ket Catapualts N

Fit: go vere made (08 5.0 htes? metor of the formuala-

tion reported last mo-th, The desired ! rease © mp.ls= was ohraired,
A detailed report will he pubiished o der separe ¢ cover,

AT s




Task 3 - PAD Application of Percussion Primers with High
Temperature Stability

The fixture required for drop testing primers at ele-
vated temperatures has been manufactured,

G-16 primers assembled in 7. 62mm cases using a . 010
inch thick aluminum disc were subjected to temperature stability tests
at 500 F. The primed cases were preheated to 450° for 30 minutes
and then placed in an oven at 500°, Samples were withdrawn at 2 hour
intervals. A run down drop test (dropping 25/height) was performed
on these samples using a 4 ounce ball, Table I gives the results of
these tests,

TABLE 1
Storage Time " j Ha4 30
Hours inches inches inches
0 9, 08 1. 34 13,20
2 9, 32 1.41 13,55
4 9. 02 1. 36 13,10
& 9. 68 1. 37 13,79
8 9.62 1. 31 13.55
10 9, 60 1. 20 13.20
12 10.18 1. 09 13,45
14 10. 00 1.08 13,24
16 10, 04 1. 19 13,61
18 10. 10 1. 39 i4. 79
20 10.78 1. 48 15,22
22 10, 82 1. 29 14, 69
24 11,22 1.43 15,51

There was no apparent change in impact sensitivity of the
primers during the first 16 hours of storage. The H and all-fire height
tend to increase slightly as the storage time increases from 1o to 24
hours.,
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For additional studies at elevzted temperatures new
lots of G-16 and G-11 primers have been max :factured.

NEXT BI-MONTHLY PLAN:
Task 1 - PAD Applications of Exper.mental Propellant
Complete procureniert ection on initiator test bodies.
Place experimertal order with Picatinny Arsenal,

Task 2 - Application of High Der ¢’ - Impulse Propellant to
Rocket Catapults

Prepare to cast 25 RAPEC t,pe motors using the high
density formulation.

Task 3 - PAD Application of Per. .--"> Primers with High
Temperature Stabiiity

Calibrate fixtures used for drop testi-~g primers at ele-
vated temperatures. Continue temperat .re 3tabli’"y tests on G-11
primers at 500° F,




TITLE: Investigation at Recently Developed Materials and Manufac-
turing Techniques for Application to PAD

JOB NO,: C281
PROJECT ENGINEER: A. M. Halstead, 1410

AUTHORIZATION: MIPR 33-(657)-3-1375A-188
MIPR AS-4-63

INITIATION DATE: November 1962
ESTIMATED COMPLETION DATE: Continuous

OBJECTIVE: To investigate recently developed materials and manu-
facturing techniques ind apply those to PAD which will
result in imnproved performance characteristics and/or
reliability, as well as significant reductions in weight
and/or costs,

PREVIOUS BI-MONTHLY SUMMARY:

Major effort was placed on obtaining erosion-resistant
materials for rocket nozzles on Job C237. Silver-infiltrated tungsten
inserts apparent.y did rot erode during firing, but this material experi-
ences a sintering sh.inkage. Nozzles machined from centrifugally
cast 851 -15M0 refractory alloy suffered no apparent erosion, hut all
three fired cracked at the lug holes. One was returned to the supplier
for examination.

In an effort to contain the decomposition products of the
coolant material used on Job C277, special O-rings were selected for
evaluation and ordered.

PROGRESS:

Information was received from the supplier ot the silver-
infiltrated tungsten, confirming that this material shrinks wher subjected
to temperatures of about 2000* C. A dimensional change »f 1% is not
unusual under these conditions, and care must be taken when designing
these parts to aliow for this,




A report was received from the supplier of the 85W-
15MO0 alloy rozzles which did not erode but crarked during firing. The
results of their analysis indicate that the most probable reason for
cracking was exceeding the ultimate strength of the alloy. Thermal
stresses probably did r.ot erter into i-itlzl crz. kiv g but would cause
crack propagation on rozzle coolirg. it was r¢:ommended that modi-
fications be made to improve the physical chz -actezistics of the assem-
bly in an effort to preclude excessive stres:c:.

Four sample nozzles were received from a supplier of
a lightweight ceramic which is 94% alumina (Al;03). The properties
of this material as reported by the produ.er are presented in Table I.
This material shrinks about 17% during ths £ -al firing (heatizg) in a
kiln, Although this was considered in mexi- 3 these n>zzles, the round
lug holes became oval, Three nozzles have ber~ returned, to have
these holes drilled through to the inner surface. Sample inserts for
the nozzle retainer, made from the same ceramic, have also been re-
ceived,

Rocket rnozzle inserts made o *he TZM refractory alloy
previously reported were designed and are tr° 2 maz-F'red.

Tersion specimens of 18 NI C~ M. t307) maragir.g steel
have beer. tested at elevated temperat.res so 5 1,000° F (i.e., four
hours each at 200, 400, 600, 8C0 and 1,0)0°® F) ard the results are be-
ing correlated.

TABLE i. Typical Properties ¢t M% Alimi & {Al;03)

Property Value
True Specific Gravity 3.88
Bulk Specific Gravity 3.73
Weight {Ib/ia}) 0.135
Water Absorption (%) None
Linear Coef, Expa-. {x 10"®)25° _10.¢ C 3. 60
2 - 40v° C 6. 11

50
5¢ - 760° C 7.29

tv
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TABLE 1. (Cont'd)

Property _y_al_ue;
Compressive Strength (psi) 425, 00v
Flexural Strength (psi) 55, 000
Charpy Impact (in/lbs) 7
Mohs Hardness 9

NEXT BI-MONTHLY PLAN:

Continue investigation of erosion-resistant materials
for rocket nozzles and/or inserts.

Continue study of elevated temperature properties of
high strength (maraging) steels,
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TITLE: Improveme~t of PAD to Eliminate Tox' - Propellant Gases
JOB NO,: C284

PROJECT ENGINEER: A. M, Halstead, 1410

AUTHORIZATION: MIPR 33-{657)-3-1375A-i88

INITIATION DATE: March 1963

ESTIMATED COMPLETION DATE: March 1964

OBJECTIVE: To determine means of elimirz:.~g or minimizing the
toxic constituernts of PAD propellia-t gases which will
be applicable to the developme-t of replacement charges
for the M80, XM87, XMS8S8 a-d4 XM89 iritiators.

PREVIOUS BI-MONTHLY SUMMARY::

Gas acalysis results were reported for HES 6573 and
1>-1 propellaats that had been fired previously, Experimental results
were also given for studies i» which the effect ¢t certain coolants on the
product gas compositior. was i-vestigated, '* aas f>u-d that ro subslantial
increase in CO corte-t occurred as a res.lt ¢f replacirg approximately
20% of the charge with coosla.t, Tests of pell-:ized P.1 propellant indi-
cated that charges with h'’gher mass burai-g ra‘es wo.ld be reguired.
Altho.gh the CO corte s of the product gas. s from these tirings was
zero, the NO «orte “awas « .ite high, rargi p-trem 7 to 10%. It was

also fou-d that 2D {g ":r ma‘erial prod. -~ ¢é-~c< v rai-ing from 35
to 40% carbo- mo-axide. F &', ad.: .~s3 wis prese ted describiag
the comp .*er program wh (! [~ be! g re2a’-a’ order to carry out per-
torms v calen i ter e a a'da*e prepei’e - malatiors,

i i
PROGRESS:

order "0 evalia‘e a propet’s * . harge in which the ig-
satoer constitites a substa-clally smalier perv. *ape of the tstal charge
tha~ that used with the M27 i-tiator, Mt9 ca-*‘ridges were loaded with
1.6 ad 8 grams, respe.tively, of HES SR08 prop~tla-t a=d 0,7 grams
o type Cig-"ter {(41% zircor i im - 59% barium ‘*rate), These have
ot vt bee- fired,

£ -, ’ :‘4
Y e i P
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In view of the fairly high amounts of nitric oxide (NO)
present in the product gases produced by the P-1 propellant, it was
decided to compare the known toxic effects of this gas with that of CO,
according to authoritative sources. The following effects have been
published:

1. According to Sax! "A concentration of 400 to 500
ppm in the air can be inhaled for one hour without appreciabie effect.
An hour's exposure to 600 to 700 ppm will cause barely appreciable
effects and an exposure to 1, 000 to 1, 200 ppm is dangerous; concen-
trations of 4, 000 ppm and over are fatal in less than an hour." Siniilar
data are reported by Henderson and Haggardz.

2. Apparently NO is more toxic than CO. Sax states
that concentrations of 60 to 100 ppm of this gas can result in seriocus
physiological effects, Exposure to 200 to 700 ppm may be fatal, after
even very short periods of time,

In the system used under this project to collect the
product gases for analyses, atmospheric air is present in relatively
small quantiiies, Consequently, NO remains as such ir the gas samp-
ling bulb, However, if NO is released into the air, nitrogen dioxide
{NO,) is formed which converts to nitrogen tetroxide (N2O4) to some
degree, depending on the arabient temperature. The NO, and the N,0O4
react with oxygen and moisture to form nitrous and nitric acid which are
the actual irritants, According to Henderson and Haggard, the nitrogen
oxide fumes are the most insidious of all irritant gases, bLecause of 4
delayed recaction. A peculiarity of these fumes is that their irritant ----
{cont'd on next page).

1. N, Irving Sax, "Dangerous Properties of Materials', Second Edition,
Rheinhold Publishing Corp., New York, 1963,

2. Y. Henderson and H. W, Haggard, '"Noxious Gases, ard the Princi-
ples of Respiration Influencing Their Action. American Chemical
Society, Monograph Series No. 35, The Chemical Catalog Company,
Inc., New York, 1927,




effect occurs deep in the respiratory system while they are only slightly
‘rritating to the mucous membranes of the upper respiratory tract,

heir warning power, therefore, is low so that the victim can breathe
::zngerous quantities before any discomfort is r zticed, It is well known
chat carbon monoxide, bei~g colorless a-d ordorless, offers a special
hazard., Care must be taker to mo- ‘tor t*& NO cc-ce-*ratio=s in the
product gases since elimiratior of NO is s ‘mporta-t as the elimina-
tion of CO, Consequerntly, the pelletted P-1 propellart, which pro-
duces from seven to ten per cern’ NO and .0 CO, appears to be a par-
ticularly poor candidate for a non-toxic propella=nt system.

Examination of the expe:"me-tzl results obtaired to date
indicates that the HES 5808 compositior w! .k 2 tains 84% ammonium
perchlorate (AP) and 16% cellulose acetate b. der a-d plasticizer pro-
duces less than one mole per cent of CO NO percentage negligible). The
HES 6573, on the other hand, which contains 84%potassium perchlorate
(KP) and also 16% orgaric binder, {in this : ase Hy:ar rubber) produces
up to five mole percent CO. At first it was believed that this difference
was mainly attributable to the extra oxyge - the acetate binder. Cal-
culations, however, indicate that the 84% AP . .~r~3po-ds to 17% more
oxygen thar the 84% KP which has a higher mrie .'ar welght, Further-
more, calculation of the product gas comr:-"""~ lass.ming complete
oxidation to CO;) ird.cates that the AP i\ rmn.i-*"> prod.ces 0,038 moles
of gas per gram of propella-* while the KP{ -m_.la?" > produ. €= oaly
0.018 moles of gas per gram of propeila.*. (KCl is zsrumed to he in a
cordensed phase). A-y CO produced as & r :.! ot the prese-.~ of 16%
organic material ir the compositio s wo . wma. "t'-d " *he KP for-
mulation whe~ reported o- a mole per « * be-is,

Preiimi-ary i formsa*.. “«-'et received about a series
of new catalysts whi h may help to co-trol the CO conte-t of PAD pro-
pellant gases, Pract ally all avallable piopel’a ts (o-tain C, O ard H,
ard the following water-gas eqiilibrim ev'<*< ° the product gas:

H, - CO, H,0 - CO

it has beer. reported that these catalys*s sh»t 1"« e, . likrl am awey from
the H,O and CO side toward the H, a~d CO, «'re '1o~ Efforts are be-
g made to obtains more deta led date o “hene matera ‘s,




NEXT BI-MONTHLY PLAN:

The M69 cartridge loaded with HES 5808 propellant and
small percentages of igniter will be test fired and the product gas will
be analyzed. The data obtained under this project will be summarized
and correlated, conclusions and recommendations will be made and a
final report will be initiated,




TITLE: Medium Performance Mi-ia*.re V- “iztor
JOB NO,: C287

PROJECT ENGINEER: E, j. Doeble,. .13,
AUTHORIZATION: MiPR AS 4-63

INITIATION DATE: November 1963

ESTIMATED COMPLETION DATE: November 1964

OBJECTIVE: To develop a.d gualifv a car'ridge for redacing the
pressure output ol the M27 i:itictor,

INTRODUCTION:

Tke M27 i itiator was de=", d o produce sufficient
pressure {approximately 1000 psi) at the e-d ¢! i85 feet of rubber hose
to actaate a~other PAD, Currently, this "'¢* r is bel-g installed in
more «omplex escape systems and the boy~e 1 1ths employed are con-
siderzbly shorter. Also, a more efficie ¢ ¥~ {Teflo-) has been s:b-
stituted for the rubber hose. As a res.l ¢f *“ese ha ges. excessive
pressiares have bee developed, 72 some * =!- -5 hose fallure has
occurred.

A-ea cartridge s be’ gadaveioped tor the M27 ., (tiator,
This cartr.dge will pradace 2 mi-imum 2f 1030 p-7 at the e-d of 8 feet of
size fo:r Teflo hose 2 d W™l stex --d our prl abs ased with six
. Jhes of the hase,

PROGRESS:

Charge developme * 07 - <o " lated. Tlree differ-

-

e-t gra- detiys of Potassiam Nitrate "y "'~ ara’~s swere selevted,

Thece are: 2K gra .des fspkrt7cal) b7 (- L17 le size rar iui-g be-
twee= ¢ and 57 mesh (U, S, sta darvd s./¢ 27 ' 1 mpLscd of potas-
c.im Citrate, boro- a d *fira “trocarbosel 7 matel, ble-ded; 2D

gra Jdes {(,li drical wo'™ (¢ vex e det han’ (0 w0 hdiameler a-d

0. 130 3- hoverall th ¢vk-rss ard composed o p <27 om - itrate a d

borc . | timately ble ded with ioml a. a~ & %» der; 2R gra .les whi » are
ide *7 al in compasitiv a-d shape to the 2D ure 1-s hat have 0,125 1=ch
diameter & d 0,1 «hooerall 1t [k wss,
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For the initial firings approximately 2, 5 grams of each
type of granulation were loaded into M91 cartridge cases. Six firings
were conducted with each granulation, three with six inches of size four
Teflon hose and three with 8 feet of size four Teflon hose. A pressure
chamber with a volume of 0. 06 cubic inches was used. Data obtained is
shown in Table I; typical curves are shown in Figures 1 and 2,

The results of the preliminary firings indicated that the
degired performance could be obtained with the ignition granules,

To ascertain t.. amount of propellant required, a charge
development program was conducted, Charge weights of 1.75, 2.0 and
2,25 grams for both the 2D and 2R grain size were selected, Three
firings of each combination were conducted using eight feet of Teflon
hose and the 0, 06 cubic inch pressure chamber, The data obtained are
presented in Table II,

The data obtained for both the 2D and 2R granulation are
presented graphically in Figure 3, The pressure is a linear function of
the charge weight as expected. From this graph a charge weight and
granulation will be selected and tests will be conducted at the tempera-
ture extremes.

TABLE 1,
Maximum
Firing Grain Hose Pressure
No. Size Length (psi) Fime pas)*
1 2K 8 ft. 5430 7
7 2K 8 ft. 5770 8
4 2K 6 in, o090 -
10 2K 6 in, 8700 ~%2
3 2R 8 ft. 3550 22
9 2R 8 f1. 3500 20
6 2R 6 in, 6670 23
12 2R 6 in, 6570 23
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TABLE 1. (Cont'a)

Maximum
Firing Grain Hose Press:re
No. Size Length fps) Time {ms)*
2 2D 8 ft. 3240 35
8 2D 8 ft. 2870 33
5 2D 6 in. 6040 30
11 2D 6 in, 5660 30

*Time from initial rise to maximum pre:s .re in the pressare chamter,

**Hose ruptured,

NOTE: All firings conducted at 70° F,

Charge
Firing Weight
No. (gms)

.
-~

OO O W
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TABLE 1il.
Maximum
Pressure Time
{ps‘) (ms)

2R Grair Size

2060 28
NR NR
1232 2

REEN 23
RERN 23
230 20
200 23
219 25
2Q36 23
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TABLE II. (Cont'd)

Charge Maximum
Firing Weight Pressure Time
No. _igms) {psi) {ms)

2D Grain Size

6 1.75 1780 38
12 1.75 1760 33
18 1,75 1640 40

4 2,00 2110 38
10 2,00 2910 28
16 2,00 2070 30

2 2,25 2530 38

8 2,25 2620 38
14 2,25 2560 35

NR - No Record,

NEXT BI-MONTHLY PLAN:

Development firings will continue. Firings will be con-
ducted at the temperature extremes of -65° F and 200®* F. Various hose
iengths will be used,
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No. 1., Pressure-~-Time Trace for 2K Granules
—-and 8 Feet of Teflon Hose
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No. 2, Pressure-Time Trace for 2R Granules
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Figure 1. Typioal P-T Traces for 2K and 2R Granules

and Teflon Hose (3 Rds)
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Figure 2. Pressure-Time Trace Obtained from Firing of Gas Operated
Disconneot
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TITLE: Improvement of PAD to Eliminate or Minimize Toxic Propellant
Gases

PROJECT NO,: C288

PROJECT ENGINEER: J. F, Clark, 1450
AUTHORIZATIO!? MIPR AS-4-64
INITIATION DATE: December 1963
COMPLETION DATE: January 1964

OBJECTIVE: a. To determine means of eliminating or minimizing
the toxic constitutents of PAD propellant gases
which will be applicable to the development of re-
placement charges for the M80, XM88 and XM89
initiators,

b. To improve the design of XM87, XM88, XM89 and
XM80 initiators and conduct a qualification program
for each, using improwed low toxic propellant de-
veloped under job no. C284,

c. Conduct system tests to verify performance and de-
termine concentration of propellant gases in escape
capenle,

PREVIOUS P1-MONTHLY SUMMARY:
Nor.e. New Project,
INTRODUCTION:

In the initial development of the emergency escape capsule
for the B58 aircraft, "off-the-shelf' PAD were utilized, These standard
PAD were not completely leakproof items. Since the products of combus-
tion arc dispersed in an unlimited atmosphere in the usual escape installa-
tion, gas tight designs are not a normal PAD requircment,

n the B58 system, however, a number of PAD initiators
are contained within the pressurized capsule. Here leakage definitely pre-

sents a toxic hazard to personnel because it contaminates the very limited
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volume of air within the capsule durirg the ejection and recovery phases.
Additional seals were incorporated in the sta-dard urits to improve this
condition,

Ar other problem ercourtered dur’ g the capsule develop-
ment program was leakage ard rap*.re of hoses, tubi-g and fittings in
the propellant gas transmission system. Replacemer.t of the composite
propellant in the miniature initiators wi** s.-zle base M10 propellant
greatly reduced transmiss.on line fallures a=d attendant leakage.

With these design changes, toxic gas leakage was re-
duced to an acceptable level. The meas.r-- tzke- to improve the leakage
conditions, i,e,, additiosal seals a-d propeliz. * replacement iz standard
initiators, 'were interim szlutiors di te*ed b, ““c tight delivery require-
ments and “'crash' nature of the capsule devclopment program.

Since completion of the zp-.l: aevelopment, the B58
Systems Project Ofiice has authorized Fre k. rd Arse-al to develop pro-
pellant systems whkick mi .imize or €lim] &* ‘*he *2lc coastituterts in
PAD propellant gases, The utilizatio® .7~ * crcp-lla‘‘s in the B58
capsule initiators is the immediate progr:m ...sctive. This task, Job
C284, "Improveme=t of PAD to Elim! 7t or MI-imize Toxic Propellant
Gases, ' is now in progress.

PROGRESS:

It is pla «d uider the pri riucdes.ribed hereis to re-
view present B58 initiator a. d cartridge desi1grs, a-d where fearsible to
incorporate design cha- ges which impruv- *%- r sealing characteristics.
The propella-t systems of reduced ton! ° . ¢ < 2blished .-der job C284
will be used in the developme t of the beé -~ - <items fer these devices,

Upoe complet a2 of *he dose oine *, 2ystem tests will be
conducted in B58 caps .ies te verify pert "m. 2 3 Jde‘erm’-- corcen-
tratiors of toni. gas.

Qualliiiat o~ ot tlatc-- - ala e the M8”, XM87,
XMB8 and XM89 iritiators w.ll b ace »mr Isb-a  less *he redesigr is of
such magritude that hardware costs bevome pro%'bitive, o this event,

a reduction in the ramber o . "t~ ket .2 be o .-'"t"ed may be -ecessary.
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Program planning was completed upon receipt of an ap-
proved work statement from the Aeronautical Systems Division, and
work commenced in December 1963,

A review of the sealing characteristics of the present
initiator designs is in progress.

Test program requirements (TPR) are being established,
and procurement of hardware for ballistic charge development has been
initiated,

Ir itial contact has been made with General Dynamics
and the Denver Air Procurement District to obtain two B58 capsule:z for
program use,

NEXT BI-MONTHLY PLAN:

Complete arrangements for obtaining capsules.

Complete TPR and hardware procurement for ballistic
charge development,

Start charge development when a non-toxic propellant is
selected from Job C284,




TITLE: Development ot Ballistic Reel

JOB NO,: €290

PROJECT ENGINEER: C. Miller, 1450
AUTHORIZATION: MIPR AS-4-63

INITIATION DATE: December 1963

ESTIMATED COMPLETION DATE: December 1964

OBJECTIVE: To design and develop a prcepella=t actuated device to
wind ir the harness belt on the (~crtia reel.

INTRODUCTION:

In a military aircraft seat sy-‘em the inertia reel is at-
tached tu the haraes: of the seat occupant. It (s designed to permit normal
free movement, ard locking under sudderly apolied loads, The lock is
mechanically released after the "'g" loads s.bsde. However, prior to
ejection, the occupant must be properly positis «d irrespective of "g"
loading, i.e.. the reel must be completely r=trzcted by an independent
power system. There are severzl satisfectory : =r%ia reels used and
it is the objective of this preject to develop a propeliart gas opersted
positio~.ing feature whi.h (2 be added to & &« cp*zble (nertia reel.
Specifically, this power feati1e will be added '~ 2 Pa. (il spool type

(Model No. 0101 series’ har ess reel. The -9 ro*”. of this power fea-
ture could be seque «wed | ‘o the reg.lar « ¢.17. svstem,
PROGRESS:

Feaslb ity s*udles bayv bee - "a'ed to develop svstems
whereby a power . "t co.d be aaded td>a . :t v reci. The kigh 'g” loads

plus the mi ..mum spat:~l tactor «id compics *, "o the sol:tion of a com-
patible desig~. Several s *a* (e ders - epproaches are curretly being
evahiated,

NEXT BI-MONTHLY PLAN:

A.alytival studies &-d vl ~w Hanstae 1a resolu-

tion ot & worhable gas powered opereted  ert L1l




TITLE: Gun lLaunched Rocket

JOB NC,: C2n

PROJECT ENGINEER: £, Pisano, 1462
AUTHORIZATION: MIPR AS-4-63
INITIATION DATE: December 1963
COMPLETION DATE: November 1964

OBJECTIVE: [Iavestigate and determine technical feasibility of a gun-
launched rocket seat ejector for personnel emergercy
escape systems,

PREVIOUS BI-MONTHLY SUMMARY:
None, New project.
INTRODUCTION:

A catap.it or rocket catapult is employed in personnel
emergency escape system t~ cjert the seat-man from the aircratt, The
rocket catapult is the preferred ballistic svstem because it has a longer
operating time period a-d he-~¢ greater seat-man altitude is attained,
This devive coctlairs 1o balliste 33 steins, catapult propellant and its
ignition systema d a ro. ke gra; & d °s lgnition system, This device
is operated by fir. g the catapait prtio~ ard subsequently the ro. ket
motor,

The [ ogral baliirr]  ~.stems comprise a » omplicated
device from both mc he-i-al a d mirctect. ic considerations, [@he de-
sired guali*ies o1 *h's s vram ate 1 ger operating time period 2 d the
additional imp:lsc =upp! ed by the 19 ket portion.

As~.om. g tha* portyrmar-ce characteristics of the device
can be very ncarly duplicated Ly o ~orting the rocket motor 1ato a gun
tube, the desigs woald he < "tD as iy simplified mechanically a~d ballis-
tically., This< desig adv.  « wo hl Llso eftectively increase the fasc-
tional reliability,




PROGRESS:

Plans and a work stateme:.i have been finalized.
NEXT BI-MONTHLY PLAN:

Desigr st.dies will be ir.tla'ed for determination of
ideal physical characteristics of the gun,




TITLE: Rocket Altitude Sensing arnd Thrust Direction Control
JOB NO,: C292

PROJECT ENGINEER: G. Meranshian, 1450
AUTHORIZATION: MIPR ASD 1 63

INITIATION DATE: November 1963

ESTIMATED COMPLETION DATE: November 1964

OBJECTIVE: To conduct a study fcr a fully automated emergency
escape system using a computer in corjunction with
the aircraft navigationzl system.

PREVIOUS MONTHLY SUMMARY:
Nore. New Project.
INTRODUCTION:

With the advent ot higher speed mauned airc.aft whose
tactical m:ssions .avolve increasirely hazardous flight profiles. the
need for completely automated eje tion nvstems becomes essertial. It
is the purpose of this project todetine a-d theoreticall: resolve the
problems of successidh impieme G- g such a system. It v, il be the
intent to mon.tor th.s system «-d 1o tailor the design ot th s:stem
comporents fer u:iver:al apphdatio o Also maximum ccensideration
will e given to retroniting features tor carrent system: whose per-
formance mav now or eventualh dema-d such flight safery,

PROGRESS:

A mecti g was beld with Republic personrel or the
possible use ot the F105 aircratt us 1 rescerch tool tor the st iy, Re-
public personrel stated a pyrotechr i e ayvro 1s avarlable weighicg one
pound. about the s1z¢ ot a sotthall. Tre L ro would req are « 20wms
time delay prior to operatior a.d would be accurate for cae m,rate,
Theretore this gvro would be adquate tor . personnel escape svstem.
Repubnic will i-vestigate the price oo d oy alebility of this ayro. A
power source would be reguired to impi 1y the gyro sigral. There are




many types of batteries available which are suitable for this system,
that can be charged from the main power source prior to use. The
battery package would weigh approximately one pound, A direct cur-
rent ser-'o system would be required for operation of the linkage for
nozzle orientation. This unit would weigh about one pound. A linkage
would be required to rotate the nozzle. The rozzle should be designed
to rotate in two planes (pitch and roll) ia order to orient the seat in
the proper escape trajectory. Republic suggested other alternate
methods, i.e., stabilizing the seat by havirg two thrust jets at the
seat extremities, (propellant gas would be supplied by a generator

to accomplish the required impulse for the thrust jets)! and proper
nozzle angle accon.plished by a digital computer from input informa-
tion of the gyro signal,

NEXT BI-MONTHLY PLAN:
1. To contact ASD for gaidar.e,

2. To continue survey of components for this study.




TITLE: Developmer:t of Twenty-Ma~ Life Raft Inflator
JOB NO,: €293
PROJECT ENGINEER: R. Sutter, 1450

AUTHORIZATION: ACMS 4110,16,.8500,1, 69
ACMS 4110, 16,8500. 1. 50
MIPR AS-4-63

INITTATION DATE: March 1963
ESTIMATED COMPLETION DATE: March 1964

OBJECTIVE: To design, fabricate and perform engineering develop-
mert tests on a cool gas ger.erator capable of inflating
the Air Force twenty-ma-. life ratt,

PREVIOUS REPORT: R
None. New project,

INTRODUCTION: ‘

The feasibility of i-fla*i-g life rafts using chemically
cooled propellant gas has been prove- with the developmert of the XM18
gas gercrator for irflating the one-mar. life raft, Preliminary studies
indicate that a cool gas generator for - fla*i-~g the twenty-man life raft is
feasible a-.d would we (gh about 5 lbs l«ss a-d i-flate the raft ir less time
thar. the CO3 s, stem ~ow used,

PROGRESS:

Dee g~ st.dies were !-tlated for a test generator that -
would be s'.table for 2 charge developme:-t program for inflating the
20-mar life raft, Of the several deaig~ co- “epts studied, one was the
concertric chamber desig- as useda fo: *“e o~a-mar life raft, Pre-
liminary calculatio=s have indicated that a weight saving of approxi-

matelv 15% over prese-t systems could be realized with this design.

Another design concept a-der consideration was a single
cylinder or tube device with a floati~g piston between the propellant
chamber a~.d the coola-* chamber, The propcllant gas is bled through
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a control orifice located in the piston, gas pressure on this piston in
turn places the coolant under compression and prevents channeling of
the coolant, A weight saving of approximately 30% over present CQ2
system could be realized using this design,

Feasibility of this type design has been established on
project C431, "Development of 3-Man Life Raft Inflator'..

NEXT MONTH'S PLAN:

Complete design studies and review the design with
ASD personnel,




DEPUTY FOR SYSTEMS ENGINEERING
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TITLE: Development of 2 Heavy-Duty Pyrotechaic Delay Reefing
Line Cutter

JOB MO.,: G230

PROJECT ENGINEER: L. Triscol:. 144y
AUTHORIZATION: USAF P,0O. {33-6060! 59-197
INITIATION DATE: September 1959

ESTIMATED COMPLETION DATE: Not Determined

SBJECTIVE: To redesign and develop delay cartridges ans a
hesvy-duty reefing li- ¢ catter.

PREVIOUS BI-MONTHLY SUMMARTY:

The ability of the M% Reefira Line Cutter to resist
high "g'" forces {to 300 g) was demons*rated.

PROGRESS:

Foar hicdred a~d {itreer 415 N129 cartridges {2 sec
delay) have been assemblec. Fifteern of thi- gzroup were fired ir M9
Reefing Line Cutters for lot acceptarce tests, Results arc showr in the
foliowirg table.

TABi.E .. MI26 CARIR D.:E F R.NGS

ot " aA-X
Delay Time
Round Ser. Irmpor. tare Secd
1 P33 P i.988
2 i 1,940
3 ]i 1. 750
H na 1.940

a 125 2,073




TABLE 1. (Cont'd)

Delay Time

Round Ser. Temperature (Sec)
6 59 -65° F 2,101
7 70 " 2.229
8 122 " 2,304
- 123 " 2,337
16 129 ° 2.122
11 56 70° F 2,063
12 87 . 1.9¢9
13 66 " i.814
14 117 " 1.680
15 55 " 1.960

This data shows that the delay time of 2 sec. *20% was
met over the extreme temperature range of -65° F to 160° F. It is also
noted that one firing (test #14) failed to meet the required limit of 2 sec.
+10% in the temperature range of 20° F to 120° F, Present state of the
art of manufacturing pyrotechnic delayvs makes dev-ations of this mag-
nitude unavoidable.

T-vo hundred each of these M129 cartridges have been
shipped to WPAFB Attn: Mr. Varble; two hundred each have alca hoen
shipped to Natick l.aboratories Atin: Mr., Barnicle,

NEXT BI-MONTH'.Y PLAN:

Assembie and ship 100 ca. MI29 and 300 ca, AN133
Cartr:dges to WPAFB,

Assemble and ship 300 ea. Mir29 Cartridges to
Matick Laboratories,




AIR FORCE WEAPONS LABORATORY

KIRTLAND AIR FORCE BASE
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TITLE: Development of a Bomb Ejector Cartridge for MAU-12/A
Bomb Rack

JNOB NO.: C294

PROJECT ENGINEER: G. P, Catrambone, 1430
AUTHORIZATION: Project Order - AF(29-601}-64-PO-5
INITIATION DATE: November 1963

ESTIMATED COMPLETION DATE: No.ember 1964

OBJECTIVE: To develop an electroexplosive bomb ejector car-
tridge for operation of the MAU-12/A universal
bomb rack.

PREVIOUS BI-MONTHLY SUMMARY:
None., Initial report.
INTRODUCTION:

In bomb rack design, several means mav be employed
to unlatch the store carrying hooks. Primary among these methods s
the use of solenoids. springs, and electroexplosive cartridges. An
electraexplasive cartridge was cejected for the MAU-}2/A bomb rack
because a cartridge ca=n provide the energy for the functions ot relecase
and forc d ejection. It also affords a higher degrec of simnlicity and
will optimize reliability and nuclear safety. In addition. a cartridge
operated eyection svstem was considered mandatory due to the very
high ejection forces anticipa‘ed for tuture systems,

In 1950 Frankford Arsenal began a laboratory imvesti.
gation on the nature and harards ot propeliant exposerd to high tempera-
tures. In the earlh phases of this program. 1t was found that degrada-
tion ot propellant occurs~ in two danger sones, A\ propellant study was
undertaken with ~everal sclected objectives.

The high temperature propeliant work accomph<hed
under this program vas related to various small grain geometr,. Tt
was cond luded that the PAD (Propellant Actuated Devices} denonstrated
therr ability to perform satistactorihh after being exposed to 400* F for
four (4) hours.

Ta




Cther propellant studi=s r.ow under way relate to
improving the performance of existi-.g PAD throagh the use of new
propellants and to investigation of the use of high density propellants.

PROGRESS:

Ir. November 1963 the A, F. Special Weapons Com-
mand (AFSWC) assigned Frankford Arse- <l the project of developing
an electroexplosive cartridge for use in the MAU-12/A bomb rack.
This initial report covers the effort directcd toward the development
ot this cartridge.

A plan for the project wés prepared and approved.
Inquiries were made on a rew tech-.igue {ur sealizg a cartridge. This
new process of Ultra-sonic weldirng is ks :w- as "Ring-Seal". This
technique appears to have many adva-tages over other methods pres-
ently used, and since this process would b partic.larly applicable to
this cartridge, it is intended to investigzte ‘s technique further,

An iwnatial design study - be.-g corducted. The phy-
sical size and locza*.o~ of the ignitior. eleme t hés -2t as yet been es-
tablished. Upor receiving this inform.*.c trom Kirtlanrd AFB (KAFB),
a prelimirary assemuly drawi=g of the ¢le.treexplosive cartridge will
be preparea.

A propeliaat survey :s bair, conducted regarding the
selzctior of a high temperat.re prope!lc * havl 2z reletively cleaw
burairg and rencorrastie character’st i ~,  The erosior shali -ot ex-

veed that roe It g trom se of the ARD-44¢ . cartridge.

S-veral firigs were v o ¢ Cted to determiane the hgh
pressure stabihtv & d pressure vari- e with loadiag density for
B-KNOj - 2D peilts, A miniature type . 1! -"or was utilized for thesc
tests because of the e:sein haadh- 2« 1 11 ~maller volume which re-
quired less propelia * pertest, At a le di wde <t of 7.4 gma,'m*
the maximum pres~sure rocorded was 139 nair -t thys pressure the
chamber bulged and ¢, olly a p1m. <1. ¢ hole acveloped,  As a result of
the himited number of firargs (& d.cted f < determuned that the RBe-
KNOj; pellets were stable at 10,000 n~ . Tho rolo-~ditioned mnitiators
appear to have a uneful test press .re r- .« ot zpproximateiy 10 000
psi wher using B-KNOj: theretore 1o st< wo» th s type of 1-.ter wall

be cordacted with the actial Woordw, re -0 o o 1 e o e,




NEXT BI-MONTHLY PLAN:
t. Continue propellant survey,

2, Prepare preliminary design,
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