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PURPOSE

The purpcse of this projeci is te cevelop improved gas generators to
activate zinc-silver oxide batteries employing the Signal Cerps metial-tube
electrolyte-reservoir actiivating system. It is desired to replace the

gas generators presently employed for this task with 2 unit whicn has a

longer shelf life over a wider range of environmental conditlons.

The project consists of three major tasks: (1) design and deveiopment
¢t gas generators, (Z) environmental testing, and (3) reports, conferences,

and snipment of prototype unitis. .




ABSTRACT
This report describes the work ccnducted under Contract DA 36-0539 SC-87362

with the U.S. Signal Supply Agency, <onsisting of a propellant investi-

Pont

gation, gas generator design and deve

N

+»ment, and development angd

envircnoental testing of gas generators.

The results cf the propellant investigafior :ndicated that one commercial
propellant, B.F. Geodrich C-591, and a Unidynamics fcvmulation N-1325B,
exhibited the most satisfactory thermal stakili+y and reproduciktie gas cutpu:
and pressure-vs-time characteristics after conditioning at 300° F for 168
hours. However, N-18253 propellant was selected for use 1n the gas generator
since it is easily furnished with center peiforations and exhirits a low

kY
<

content of hydrochloric acid in 1ts exhaust gases.

During gas generator design and development, sealed matches with delays
of 0, 0.2, and 0.4 seconds were developed which provided outputs sufficicnt
to 1gnite the propellart charge. 1In addition, theoriginal design of the

gas generators was modifiel to incorporate a grain I_ap nozzle and provide
base plug end ignition. A satisfactory test fixture was fakricated for

pressure-vs—-time and output testing.

Testing of the gas generators demonstrated that the hardware de.ign and
propellant formulation were satisfactory for the application. Howeveyr, two
problem areas were encouatered: (1) Ignition of the (.2 and 0.4-second
delay matches was marginal «t -6C° F, and (2) delay burn times exceeded the
specified + five percent over the temperature range -60° F to 1652 F. 1In
addition, extensive development work keyond the scope of this program would
te required to verify the specified + five percent variation .in peax pressur

crey the operating temperature range.




CONFERENCZES

Progres Review Meeting ®o. 1 was held on July 20, 1961 at the U. S. Arrgy
Signal R & D Laboratory f?r the purpose of program planning. Agreement
was reached that Unidynamics would initially concentrate its effort on
the development of 130-cc. 950-cc, and 809C-cc gas generators with 0,

.2, and .4 second delays to cover the 50 cc io 10,000 cc output range and
0-2 second delay time as specified in Signal Corps Technical Requirement

SCL 7564,

Progress Review Meeting No. 2 was held on September 18 and 19, 1661, at
Unidynamics' Chemical Operations, to discuss technical aspects of the
contract. Approval of the test fixture design was received and agreement

was reached for Unidynamics to continue propellant investigations,

Progress Review Meeting No, 3 was held at tnhe U. 5, Army Signal R & D
Laboratory on 8 November 1961 to discuss work accomplishment during ine
first cuarter of the contract. It was mutually agreed that Unidynamics
would: {1) utilize a sealed electric match to obtain front end ignition
of the propelliant grain, (2) continue the propellant investigation with
efforts directed toward developing the grain for the gas generator, and

(3) continue the market survey for a commercially available propellant,

Progres: Review Meeting No. &4 was held at Unidynamics on 6 and 7 February
1962 to discuss work accomplishments during second quarter of the contract

and future plans., 1t was mutually agreed that Unidynamics would:
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attempt to reduce the time-to-peak pressure of propellant
composition N-1825,

rerun tests for the HCl content of N-1825 combustion gases,
commence work\on shock and vibration of N-1825,

determine temperature chaige of propellant grains upon removal
from elevated or reduced temperatures, to determine whether

or not conditioning of the test fixture is required,

record propeilant grain weights for each gas generator

tested, and

test a commercially available propellant,

Progress Review Meeting No. 5 was held at the U. S. Army Signal

R & D Laboratory on L May 1962 to discuss work accomolishments

during third quarter of the contract and future plans. The items

discusced are as follows:

a.

The cause of the erratic test results with respect tc thermal
stability and oressure-vs-time testing of three lots of modified
N-1825 rropellant was determined to be in the mixing procedure,
Unidynamics indicated that a controllad processing orocedure would
corrett the difficulties,

The B. 7. Goodrich oropellant, C-501, vassed all tests to wnich

it had been subjected. However, the HC1l content in the combustion
gases of this cvrovellant was arproximately double that of N-1R25
orovellant,

Th~ test results of a Unidynamics' contract for fabrication and
testing of 1J20C cc gas generators was discussed. These gas
generators utilized an exhaust nozzle ard ignition by a "nidynamics?

Sfa.ed matsr lorated at tne tase tiug of the zas Zenerator,

o




Since the exhaust nozzle allowed the propellant to burn at a constant
pressure, the reproducibility of the time-to-peak pressure was improved.
Unidynamics suggested that the Signal Corps utilize this design. It

was mutually agreed that 50 percent of the gas generators to be tested
during the remainder of the program woculd utilize exhaust nozzles and base
plug ignition, and 50 percent would utilize exhaust end ignition without

a noczzle to allow a direct comparison of results. After reviewing the
test results, the Signal Corps would submit the preferred design to
Unidynamics prior to fabrication of the 240 gas generators of Note 1 of
the contract.

d. The Signal Corps indicated that the desired nominal delay times for the
delay sealed matches were 200 and 400 milliseconds. It was agreed that all
firing tests following other environments would be corducted at -65° P
in the futlure,

e. Unidynamics desired to utilize N-1825 propellant in the gas generators;
however, this would require anproximately two months extension to the
contract. The Signal Corps considered this approach feasible. Should
attempts to stabilize N-1825 propellant prove unsuccessful, the

B. F. Goodrich C-501 propellant would be utilized.

Progress Review Meeting No. 6 was held at Unidynamics' Crab Orchard Operations
on 22 - 23 January 1963, The purpose of this meeting was to enable

M. A. Hack, of Signal Corps tc witness the testing of four 8000 cc and two
950 cc gas generators.

a. Due to the failure of ne 950cc gas genserator to fire, Unidynamics

wncorporated a slight modification to the gas generator ignition
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system (confirmed by Unidynamics TWX, dated 24 January 1963, to
Captain R. Obach, U.S. Army Signal Supply Agency).

Based on the modification and rework of existing units, the following
schedule to complete was submitted:

(1) Complete rework of existing units - 18 February 1963.

(2) Complete environmental and functional testing - 15 March 1963.

(3) Submit draft of final report - 29 March 1963

Progress Review Meeting No. 7 was hald at Unidynamics' Crab Orchard Operations

during May 1963. Concurrently with this meeting, Mr. A. Hack of

Signal Corps witnessed the completion of environmental and functional

testing of tre 36 modified gas generators. It was mutually agreed

between Signal Corps and Unidynamics that:

(1)

(2)

The epoxy change on all units, which resulted frcm the high
temperature soak, was not cause for retest or design rejection.
Leakage of ignition material during vibration was not cause for
retest since sufficient ignition material remained in the units to
assure proper ignition although the end crimp and &«poxy closure

was weak,

Grain traps blowing out of units was not cause for retest since the
grain traps were cleaned and new plastic disks were potted in place
to assure that no orifice holes were plugged.

The removal of the vaive nozzle on the closed bomb test fixture
would eliminate the shock wave shown the pressure-vy-time

cscilloscope traces, thus providing true ignition spike recording.
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PACTUAL DATK

Gererai. Unidyramics cocrnducsted a vendor survey and a literature survey
to determine the feasibility of a high-temperature stabie propellant to
m2et the regquirements of Signai Corps Technical Requirement SCL 7564.
The literature survey indicated five possible propellant formulaticns
which might vieid a product with the requisite characteristics. A

test fixture was designed and fabricated and the five formmlations were
tested uszing praduction gas generators and sealed mztches. Following
completion of developrent and environmental testing, one formulation

designated N-18258 was se2lected because it best met requirements, and

gas generazors were fabricated using that formulation.

Propellant Investigatica. Unidyramics conducted a propellant investi--

gation in two separate areas: {1) a vendor survey; and, (2} a

literature survey. A survey c¢f major producers in the propellant

industry wag conducted to determine whether or not a suitable propellant
was commercially available. A literature survey on propellant constituent
fuel binders, oxidizers, and additives -- was conducted to ascertain which
combinations would cptimally fulfill Signal Corps Technical Requirement
SCIL 7564 -

Vendor Survey. An initial survey of the propellant irdustry was

conducted using Signai Corps Technical Requirement SCi. 7564 as the
procurement specificaticn. The results of this survey showzd that
no prepellant was commercailly available which would meet the thermal
stability reju:rement ,300° F for one week} and exhibit flame tempera-
ture and burn rate claracter:isitcs compatible with battery activation

appliicaticrs




2,11

Subsesuert to the ursuccessfnl initial vendor swvey, Inidymanics

vrepared 3 propellant rrocarerernt srecificztion with the following

reguirenents:

3.

4
[

The oropeilant must e capeble of witkstanding, withopt degradaticnm,
148 nours (7 cays) sterage a2t 30¢° 2.
The Tore raies 40 Teay Traasire most Te reproducible witkin olms

» winus 5% over z tewperatmre ramce of -£5° T to 212° ? ard

The trorellan: mmst give revrccurible rezk cressures and time-

to-veax mressures within oius or misms S% 27ter teing sublected
o 5 cycles of ihermel shock, ezck cycle consisting of 3 hours

Tlowed immediately by 3 homrs at 212° 2,

Tne propeilant musi produce the rated volume of zas clus or

e d > =

niruse 53 after being sudiected to 2oy or all of the temxreratures

to shock of 250 g's witn a rise time of £ ¢to 1) miiiseconds

vrder the same conditions,

Tne treovellant must rroduce a =inizur amount of slag.

The cropellant must have a minimur of 30C cc/zm zas o:tout.
The flame temverature must be ro zreater than 3%0C° 2,

\

(Isobaric‘(TC

The coroosition of the orovellant rust Le suvrlied and certifield,
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1.2.1.2 3. 7. socodrick rad 2 propeliamt [l-501) whick they Zeit wozld meet
tiese recuirenants; Lowever, tieir tif was received after e
13 samrary 1952 cctoff cate. nidyramics faz aireasy teg: woerk o

its five tasic propeiiisis wrem 3. F, Soodrich's Late il arrived.

Unidyranics theredfcre cantinued ins propeilamt develspment. Liso,

W

. 7. Z00dricz's propeilant was ciaseified confidemtial, although
3B - »

it rowed o te sinilar o Unidyrmanics B-id07 propeliant wEih tie

exceticn tzat $-301 comtains no additive.

i.2.2 iiterziure Surve;. ocmourrect WEilh lie vemier survey, Izidyraxics

cangucted ao extexsive _iteralus - survey o determine wiich fuei

birders, axidizers, ad otzer zdditives comic re utilized im tZe
marufacture of & szizalie prepeliant. This survey yisided ths foi-
iowing possilie constitzents Jor such & propsliant:

8. Tuel binders: (I, polytuntadiens-acryiic acid; ard, (Z) polyuretnans
b. Cxidizers: (i, ameorniunz perchiorals

c. zcdizives: {1} coaxice; {2; nitroguzanidine; (3; granidire

picrate; and, (4; carsc black.

1.2.2.1 Fuel Zinmaers. Ine luei dinders comsidered for use in a propellant

with the reguisite craraclerisiics were tie polysulfides, polywinyl
chioride, poiyfiuvorocarbons, epcxiss, silicones, acrylamitriles,
acrylates, poiybutadiene-acrylic acid copolymers, ard pelyurethanes.
Polyoutadiene-acryiic acid and polyureihane wers selected for
jurther evaluatiun because of tneir craracteristics as follows:

a. otatility sor extenced periods at 300° F

b. Latisfactory paysicel properties at reduced temperatures

. ho aetectatle s.ag aeposits in the exnaust strean.
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s. awide is z nom-exclosive with (1) excellent therma® stability
(melss at 783° Y, 2 (2) a2 highly endothermic decomvosition.
Tze erdothermic troverty of oxamide results in 2 lowsrrd flame
terperature, oot may 2lsc sxtivguish the burring orovelilant im
cencertrations atove Tive percemi.

b. XNitrogussicdize is ar explosive with (1' fair thermal stability
{melts a2 hi?o 3, (2} over 10CC cubic centireters-ver-gra=

s outoat, and {3} =z low flame texperature. It will sustain

(

cormpusticn iz 3 prosellant in concentrations above L0 vercent.

c. Zuavidire ricrate is an exslosive with (1} good thermal stability
(melts at $31°% 23, {2° =z theoretical gas outrut of over 1000
cabic certimeters-per-gram, and {3) a low flame temverature.
Suanidine vicrate sustazins cozbustion well in a orovellant in
corcentraticrs ur to LC vercent. Desrite the excellent vhysical
oroperties of gusrnidire ricrate, it is not a commercially
available coxoound at vresent, and its use required the vrevara-
tion of 2 manufacturing procedure.

d. Carbor black darkens the propellant grain and results in (1)

irmcroved ignition characteristics, and {2) uniform combustion.

Propellant Formulations, Using various combinations of the binders,

additives, and the ammonium perchlorate oxidizer selected in the
literature survey, Unidynamics prepared five btasic oropellant formu-
lations (See Tatle I), Prelimirary thermal stability tests were
corcucted to determine which formulatiors would meet the minimum

therral requirement of 1A% nours storage at 30C° # with no effect on
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MBIE I
PROPELIANT FORMULA TIONS
Propellant N-1801 (solid polybutadiene-acrylic acid binder)
NHCl0;, 66.50%
Rycar 1000 X 103 1%.,00%
Fitroguanidine 1j;,00%
Carbon Black Ce

100,00

Propeilant N-1811 (1iquid polyurethane binder;

Propellant

Propellant

Propellant

NH,C10;, T1.80%
Estane 5720 X 5 22,00%
1, L-Butanediol 0.18%
Trimethylol Propane O.LL%
Triethanolamine 0.08%
Oxamide 5.00%
Carbon Black 0.
100,00

N-1816 (1iquid polybutadiene-acrylic acid binder)

N, C10;, 80,00%

Hycar 2000 X 131 15,00%

Carbon Black 1,0
100,

N-1817 (1liquid polybutadiene~-acrylic acid binder)

NHhCIOh 65.00%
Hycar 2000 X 131 15,008
Nitroguanidine 15,004
Epon 828 L,00%
Carbon Black 1,00

100,00
N-1825

Ammonium Perchlorate
Hycar 1000 X 103
Guanidine Picrate

Carbon Black _ 045 é
100,0

LUV I Sl vl
G\\.J-’LG)
o owunm
DA VN W
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%a 1.3.1 Constituent Variation. The five basic propellants are discussed in

the following paragraphs:

1.3.1.1 N -1801 was an ammonium perchlorate-polybutadiene-acrylic acid
oropellant containing nitroguanidine as a coolant and carbon black
as an ignition aid and burning rate stabilizer. The btasis for
evaluating this propellart system first was its anticioated satisfactory
thermal stability, high gas cutput, lack of slag formation, and
simplicity and safety of processing. This vrovellart is readily

ignited and burns very evenly.

1.3.1.2 N-1811 was an ammonium verchlorate-polyurethane composition. This
composition w:s prepared for a thermal stability comparison with
the ammonium perchlorate-polybutadiene-acrylic acid system (N-1801).
Also, composition N-1811 was prepared using oxamide coolant in order
to obtain some idea of the percentage of this additive which could
be incorporated without extinguishing the flame or preventing
ignition., Composition N-1811 is ignited with some difficulty and

burns more slowly than composition N-18C1.

1.3.1.3 N-1816 and N-1817 were prevared and tested to determine the relativ:
stability of an ammonium perchlorate-volybutadiene-acrylic acid
propellant with and without nitroguanidine additive. This was
considered necessary due to the known marginal stability of
nitroguanidine at 300° F, 1In order to facilitate ocrocessing, a

liquid-type polybutadiene-acrylic acid was used.




Crovnamcs) -8-

1.3.1.k %-1R25 was orepared to determire whether or rot the use of
guaridine cicrate weel' resmlt in greater thermal stability thar
the X-1801 and K-1935 comoositions contairnding nitrozuanidire, apd
better burring charzcieristics than composition X-1R11 cortaining

-

oxaride.

1.3.2 Preliminary Testing., Thermal stability tests were conducted on the

five vrorellant forxulations selected. Tne vurvose was to determirne
whether deconrosition occurs wher the formulatiuns are stored at

300° 7 for ore week. Test procedure and results follow:

1.3.2.1 Test Procedure and Results. Two of the samples were tested ip

sealed containers to determine (1) whether or not the test

container would be ruptured by pressure, and (2) the effect of
limited atmosvheric oxyzen on decomposition. After testing, it

was found that all of the seaied containers had develored minute

leaks at the seals, thereby allowing weight loss by the escave of
decomposition gases. However, the exclusion of oxygen by the

nearly sealed containers did reduce the decomvosition rate, indicating
that atmospheric oxygen did increase decomvositiorn of the oven test
samples, Table II shows the results of these tes... rhe tests

were conducted according to the followirg procedure:

STEP PROCEDURE

1. Weigh four samples (approximately 2 grams each).

2. Place two samples in ointment tubes and crimo the ends.
3. Place two samples in cven containers.

L. Place all four containers in an oven and let remain

o .
for one week at I0C w,
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TEE II
THERVMAL STMBILIY OF PROFELIANTS
CONDUCTED AT 300°_F FCR 168 ECURS
wt., Loss Wt, Loss
Propellant ¥o, Sar=ples Open Contginers Clogsed Containers™
Open Closed Average (%) Average (%)
N-1801 2 2 3.35 2.0l
1811 2 2 L.55 2.32
E-1816 2 2 5.86 S.Lb
N-1817 2 2 12.47 957
N-1825 2 2 2,98 2,02
* Broken seals noted at end of test,




s. Weigh each of the samples or a Gram-atic balance

and deterzine the percentages of weight loss.

Discussion of Thermal Stability Test Resuits. From the thermal

stability test results of the five basic vrovellant formulations

shown in Table IT, the following data was obtained:

a. After exposure to 300° ? for 168 hours, vrorellants N-18C1 and
H-1825 lost less weight than the other formulations tested.
These formalations are somewhat harder after 168 hours at
300° ?, but examination did not disclose any change in burning
rate or ignition sensitivity. Tnis was determined by visual
comparison of samples burneé in open containers.

b. Propellant formulation K-1811 is flexible and tough oricr to
300° F temperature conditioning, but becomes soft and tears
easily after extended thermal stability testing. The weight
loss data of Table II, ir conjunction with the evidence of
serious deterioraticn of ohysical cvroverties, indicates that
composition N-1811 is not suitable for the Signal Corvs
application.,

c. The weight loss data of Table II shows that the addition of
15 percent nitroguanidine (formulation N-1R17) results in almost.
twice as much weight loss as when no nitroguanidine is used
(formulation N-1816). The thermal stability tests also showed
that liquid rolybutadiene-acrylic acid with Evon 828 curing
agent is not as thermally stable as the solid, higher-mclecuiar-

weight tyoe Hycar 1000 x 103,




1.3.2.3 Based on the above results, it was concluded that further testing
should be limited to the E~1801 and XN-1825 basic orovellant

formulations or variations of these.

1.4 Gas Generator Design and Developmert. Concurrent with the investigation

for a thermally stable propellant, work was ccnrducted on the design and

development of three gas zenerators with outputs of 150 ce, 950 ce, and

80CC cc having the following operational features:

a. Component material, igniter and delays cavable of withstanding
temperatures from -8C° F to 300° P for extended veriods.

b, Tgnition delays of 0, C.2, and 0.4 second.

c. Dual ignition characteristics to assure reliability.

d. Interchangeability of comronents wherever vossible.

In addition to the develooment of the gas generators, a test fixture

was designed; and sealed electric matches having delays of 0, 0.2, and

0.4 second were developed and tested.

1.h.1 Gas Generator Design, The basic design for the three gas generators

is shown in Figure 1.

1.k.1.1 The main features of this design are (1) a base-end ignition
system consisting of two sealed matches, and (2) a orovellant
grain trap. Two sealed matches are emcloyed redundantly to assure
reliable functioning. 1In addition, the flash output of the sealed
match is greatly imorcved over that of the Atlas M-103 Match
curiently used in several gas generators (See ®igure 2). The

proveilant grair *rap serves the dual nurvose of insuring that




- Closure Z2isk

—Case
— *lasn Charge

—Delay Match
Ease Plug
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—Lead Wire

—Potting

—Propellant Grain

—Grain Trao

FIGURE 1, CUTAWAY VIEW OF GAS GENERATOR




UNIDYNAMICS COMMERCIALLY
SEALED MATCH AVAILABLE MATCH

FIGURE 2. COMPARISON OF FLASH OUTPUT OF UMC SEALED MATCH
AND COMMERCIALLY AVAILABLE MATCH.




1.6.1.2

1.4.2

unburned particies will zot e introduced imto the electrolyte
and of maintaining sufficient pressure im tke gas gererater to
inscre stabie turning of the propellant. The tase-end ignitiom
sysiem, logelher wit:r the propelliant grain trap and an ef¥ic]
igniticn powder, assures greater reiiabiiity inm obtainimg repro-

ducible propellant ignition and comhustion.

The ignition powder utilized in this desigs is a wmixture of 39.1
percent zirconium, 47.8 percent bzrium chromate, and 13.1 percent
berosilicate glass. This m_xiure is an easily ignited, fast
vurning, high caiorilic ocutput material with the glass cconstituent

providing ®hot particles" for deep penetration of the propelliant.

Delay Hatch Jesign. The design of the electric matches used in the

generators is based on the standard sealed maiches developsd by

Unidynamics for gas generator ignition. Figure 3 shows a cutaway

view of a sealed eiectric delay match., Each delay match has the

following design features:

Bridgewire activation.
Pyrotechnic delay mix to yield 0.2- or 0O.4-second celays.
Ignition material composed of basic lead styphnate and Flash Charge.

Resistance weld seal.

1.4.2.1 The bridgewire utilized for the delay match is a standard Tophet C

bridgewire with a pressed charge of basic lead styphnate, The basic
lead styphnate ignites unon activation of the bridgewire and transfers
to a quantity of A-1A ignition powder (65 percent zirconium, 25 percent
ferric oxide, and 10 percent Duperfloss), which transfers the flame

front to the delay column,




[SYIEs I VUL VN S L IR & A o T 4 L

9

pr 7
.~..
—
“
§ -:.
h -—
“ —— -
5 -?.
I
L]
-
4
H

*

Tlash Crarge
rterrediate Charge
Aire Yesh Screer
sas’ess Igrition Powder
velay Comnositior

Jelzy Cerrier

>asless ignition “owder
“Wire Mesh Screer

caffle

menxELS

)
)
Q
3

. ]

A YO iRt

E—— e
—
-
E
": -
i -—
] P -
g o3 p—
z A
2 g -
' et
'
LI — .
"
i —
-
I
? -
4 -
-
——

v\\\
>
\

s
W

N
at
a

\V,

Charge Holder Zetainer
cezrinz Tlate

“acer Jisk

32sless “smiticr “owder
Charze ol ier

-griter Thazrge
lectrical *lug

3lass tead

_e2ds

JELAY MATCH




[ T
(% )

E—> :

i.5.2.2 Tme Zdelay mx, composiiicon ((ZE) is a mxture of 75 parcent

5.3

chkrommox, 27 e t tarimm ckromate, acd :J percent roltassiam
perchicrate, comtaized im 3 C.i.imck Siameler columm, and ig-ited
ty i-it igmticn sowder. & speciiic Jdelay time car e ctlained

tr a variaticem iz e delay column lexgiis,

5 The Fiash Charge of toe sealed Zeizy malchk is camposed of basic

iead siyphnate and the zircomimm-tarimm chromate-torosilicate glass
Flasn Charge previcusly discussed. [he Iasic lead styrhmate is
ignited Ty heat transfier from the delay colamm, axd ignites the

Fiash Charge compositicn iz turm,

Delar Match Jesting, Four series of lesis were condacted cm the
delay maiches tc estabiish the folicwing marameters:

The procer w2l settings for accomplishing a hermetic seal;

P

(43
.

The igniter charge weight reguired to obiain a satisfactory
flash outoat;

Toe delay tines specified for the mailches.

(1]
.

1.4.3.1 The first test series consisted of sever Z00-miiiiseccnd delay

ratches which were welded and tested o Jeterxine the proper weld
settings for accomplishing a hermetic seal. Each match was loaded
with an igniter-flash charge of six milligraxs of basic lead

styphnate and 50 milligrams of Flash Charge and with a quantity of
delay mix which wouid theoretically yield a 200-millisecond delay.
Various electirode des.gns and welder settings were used in an

effort to produce a hermetically sealed unit. The final elec‘rode

design and welder settings proved satisfactory ard were used on




TA4.3.2

i.4.3.3

= -7

al. scbsecuent units, After firing, ine weld joints were visually
exanined io celermine wheller or nol any ceteriorztion occurred,

and 3! we:ls reazi=ed irtace.

Tre seccnc Bst series comsisied of 12 wumits {six of each delay

tine;, whicn were storec al 300° F, then fired io ceterxzine the

iter ccarge weigrt recuir=c io oblalrn a satisfactory fiash

{‘,1

cutputl after trerma. concitionming et 3007 . Six units failed to

replure tze botioxz of ine fiash

)
|
O

up Gie 1o an insufficient quantity
of tasic _eac siypimate Igniter, Thereiore, ine crarge weignt of
basic .eac siyprmaie was increased froxz six miilizrams to ten

ailljizrazs 1o insure rupturing of the celay zatch cup.

concurreni WKEin 1he auove Lest series, a third series of 25 deiay
~atcnes was sur jected 10 tirerzai canditioring at various tempera-
iures, iien firec ic deterzine the proper delay =ix load required

to obtain the specified deiay times, Table il siows the conditioning
temperaiure and tre delay time results for each unit. The average
delay time was 179 =millisecands for the 200-millisecond delay

2atcoes ard 371 miiliseconds for the 400-miilisecond delay matches.™
The aelzy times were proven to be reproducible. The .ow values for

eac:. .elay match were attricuted to an insufficient delay charge load.

*The erra.ic delays of 240 miiliseconas and the 460 milliseccnds
respectively for tne 20- and 400-mi:lisecond delay .aatches

storea at 300° ¥ were eliminated from these averages since the
aelay cup of eac:. barely ruptured., It was concluded that the

cups expanded prior tc rupturing and increased the apparent delay
time. Tris protlem is associated witn the insufficient crarge
weignt of oa-ic .ead styphnate discussed in the previous paragraph,




TABLE IIY

DELAY MATCH DATA

Conditioning

Unit Term. TIme Delay Time(2)
XNo. (o F.t (Hrs) (ms)
(26C ms Nominal Delay)
1 -65 — 185
2 65 ——- 170
3 -£5 e 180
L fmbient ——— 185
S 212 ——— 190
5 1) -— 215
7 300 72 170
8 300 120 240
9 300 120 170
10 300 168 1465
(LOO ms Nominal Delay)
1 65 -— 375
2 65 — 355
3 65 -— 370
L Ambient ——— 385
5 Ambient - 365
6 212 —— 370
7 212 -—- 345
8 212 —_— 385
9 1) —— 340
10 1) -— 335
1 1) -—- 350
12 (1) - 3Lko
13 300 T2 355
14 300 120 345
15 300 168 460

(1) Thermal Shock - 5 cycles, each cycle consisting of 3 hours at -80° F
foilowed immediately by 3 hours at 212° F,

(2) All units fired with a 6 V DC source across a 1.3 ohm bridge circuit.
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Telye3ols A fourth test series of fourteen 200-millisecund and fourteen
400-millisecond delay matches was fabricated to test the effects

of the improvements suggested from previcus tests. The charge

weight of the basic lead styphnate igniter was increased to ten

milligrams and thé delay column heights were also lengthened. At
the request of the Signal Corps, all match test firings were
conducted at -65° F, Six each of the 200- and 400-millisecond
delay matches were stored for five to seven days at 200° F prior to
conditioning at -65° F and firing. The results of the testing were
as follows:

a. All 200-millisecond delay matches functioned properly and with
reproducible results as shown in Table IV, However, the long
delay times indicated that the delay cnarge weight was too
sreat and required a reduction in thedelay column height to
obtain the specified 200-millisecond delay.

b. The test results of the 400-millisecond delay matches showed
that the output charge was being ignited by the delay charge in
only 50 percent of the units, Post-mortem analysis revealed
that the delay charge did not sustain btuining. An engineering
evaluation aetermined that either the A-1A delay charge igniter aid
not provide sufficient heat to ignite the delay column or the

delay column diameter (0.082 inch) was too small.

1.4.3.5 A test series consisting of fifteen 400-millisecond delay sealed
matches was fabricated and loaded in three groups, and testing was

conducted to eliminate the causes for failure in the previous
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2CO-MILLISECOND IELAY MATCH DATA

Ail units tested at -65o F after four hours storage.

COXDI TICNING
Unit Temp. Time Delay Time {1;
oo r (Ers,) (ms
1 300 126 2h3.5
2 300 120 2l5.8
3 300 120 20,1
L 300 120 237.6
5 30C 168 2hk.5
6 300 168 2l0.3
7 Anbient —— 20.4
8 Arbient — 210.3
9 Ambient — 22,6
10 Ambient — 2L8.3
11 Ambient —— 228.3
12 Ambient — 229.6
13 Ambient — 232,9
1L Ambient J— 229,8
AVERAGE 239.1
MAXIMIM 2L9.8
MINIMIM 228.3

(1) A1 units fired with & 6 V DC source across a 1.3-ohm bridge circuit.

e




test series. Ail test firings were conducted at -65° F.

a. Five units were fabricated with a 0.082-inch diameter delay
colurn and loaded with 20 milligraxs of 20/80 borcn-calcium
chromate (B/CaCr0y) as the delay column igniter. The purpose
of this group was to determine whether or not a delay ignition
material with a higner calorific ocutput than A-lA wouid suffi-
ciently pre-neat the delay column and allow i% to burn for
500 milliseconds. The advantage of this design »orld be the
use of standard in-stock compcnents and :zading toois. All
units in this group failed to iransfer burcing from the delay
column to the cutput flash charge.

b. Ten units were fabricated with a 0.l-inch diameter delay
column. Five were loaded with 20 milligrams of boron-calcium
chromate as the delay mix igniter, and five were loaded with
20 milligrams of A-1A as the delay mix igniter. The purpose of
these two groups was to determine whether or not the delay
column would burn successfully in a 0.1-inch diameter delay
column using either of the two igniter materials. All units
in these twp groups transferred burning from the delay columm
to the output flash charge. Figure 3 illustrates the orientation

of components in the final design of the delay match.

1.4.4 Test Fixture, ?Prior to conducting the developmental testing, a test

fixture was designed through a joint effort by the Signal €orps and
Unidynamics. The purpose of the test fixturs was to simulate the
conditions of the gas generat~r installed in a battery and to measure
output pressure and time-to-peax pressure of the gas generator and

propellant,




1.k.k.1 The tasic design of the test fixture is shown in Figwre L. This
cesign Zeatures four turst disks whick burst when a sufficient gas
rressure is attained, allowing the gas to enter the uvper chamber,
%hich has a volume equai to the voluxe of electrolyte in ar actuwal
battery. As the éressnre ozilds vp in the wupper chamber, the gas
bleeds througzh exhaust rorts inte another chawber within fixed
volure., The total wvolume of the two charxbers iz egual to the
volume of’gas vroduced by the gas generator, Thas, when the gas
cools to ambient temperature, ihe pressure in both chambers should
b= one atzosphere., The test fixture eliminates the uze of an
electrolyte, but includes exhaust poris to zirmlate the back

pressures enccuniered in the actual battery-activation system.

1.4.h.2 Testing in the test fixture showed that it leaked at the welded
joint which secured the exhaust plate. As 2 result, the welded
joint was replaced with "0O" rings around both edges of the exhaust
plate. The improved test fixture was tested for leakage by filling
the 1lower chamber with water and cressurizing the upper chamber

with air at 150 psi. No leaks were detected.

l.h.li.3 A series of standard 950 cc gas generators was tested to establish
and characterize the test fixture pressure-versus-time data, N-5
propellant was used for this test series to provide a standard for
comparison with the Unidynamics-developed propellant formlations.
The testing was conducted at ambient temperature, and ignition was
provided by a six-volt D.C. source. Table V shows the results of

vhis testing, It was concluded that an average peak pressure of
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TABLE V

PREoSURE-VS-TIME FOR TeST FIXTURE oVALUATION

USING STANDARD GAS GoNERATOR

Ignition Peak Pressure Time-to-reak Peak Pressure Time-to-Peak

Unit Time (L) Chamoer I Chamber I Chamber II Chamber II

No. _(suseec,) (psi) (ms) (psi) (ms)
. 300 (1) (1) 50(2) 1600
2 340 1140 33 140 800
3 300 1120 82 95 800
4 500 1190 34 110 950
5 400 1200 29 110 800
6 300 1230 27 130 750
7 220 1300 28 (1) (1)
8 (1) 1330 26 (3) (3)
9 760 1175 22 70 1100
10, 780 8710 22 140 120

Average L33 1173 34 101 969

Scope did not trigger
Test Fixture leaked
Wrong sweep speed on scope
. All units fired with a 6 V DC source across a 1,3 ohm bridge
circuit.
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: average time-to-veak of 850 milliseconds is required
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inslicate the standard gas g serators in the test [ixture.

Pewgloument Testirg. Urnidyramics conducted develovmental testing on

2he propeilant formulations and gas generators develoved under this

contract “n the following three areas: (1) gas outout of the

vropellants; {2) thermal stability of the propellants; and (3) vressure-

versus~~ime characteristics of ithe vrorellants when loaded into the

zas generatcrs. N-5 oroveliant was also subjected to these tests to

provide a comparison with standard oropellants currently being used for
atiery activa*ion aorlication. In addition, this same testing was

reyformed on a commercially available crocellant, B. F. Goodrich's

C-501, to compare its thermal and output characteristics with the

Unidynamics-developed vroveilants.

5,1 7as Output Testing. 7GFas output tests were conducted to determine the

volume of gas produced by each oropellant measured in cubic centimeters-~
per-gram of rropvellant. The tests were conducted using the orocedure

given in Appendix A.

1.5.1.1 The first test series consisted of the twe oropellant formulations,

3

N-1801 MOD A and N-1825, which yielded satisfactory results in the
oreliminary thermal stability testing, and N-5 provellant, included
to provide a basis for comparison with standard rrovellants. The
results of this test series, shown in Table VI, demonstrated ‘that
ither N-1R01 MCD A or N-1825 rropellant formulation can be

utilized :n battery activation gas generator aprlications.
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TABLE VI

GAS QUTPUT OF N-5, N-1801 MOD A, AND N-1825

Sample N-5 Gas Output N.-1801 MOD A N-1825
Number (cc/gm) Gas Output Gas Output
(cc/gm ce
1 627 673 546
2 658 729 535
3 652 728 41
AVERAGE 646 710 Skl

A second series of gas output testing was conducted on three
formulations based on N-1825 propellant., These formulations were
designated N-1825A, N.1825B, and N-1825¢ (cf. p. 51). The gas
output of these formulations closely approximated the 646 cubic
centimeters-per-gram gas output of standard N-5 propellant. The

results of this testing are shown in Table VI1I,

TABLE VII
GAS OUTPUT OF N-1825A, N-1825B, AND N-1825C

Sample N-1825A N-1825B N-1825C
Number Gas Output Gas Output Gas Output
(co/gm) (cc/gm) (ce/mm)
1 641 605 662
2 633 628 658
3 647 617 662

AVERAGE 640 617 661
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1.5.1.3 A third series of gas output testing was conducted to deterzine the
effect of varving the percentage coxzpesition of the az=oniun perchisrate
oxidizer and guanidine picrate additive by plus or minus one percent.
The formulations in this test series were X-1825D and K-1825E, two
variations on N-1825B and differing only in a plus or =minus cne
percent of oxidizer and additive, as well as N-18258-3, which was
a c¢ifferent batch prepared using the same formulation as N-1825B,
The results indicated little effect from the ingredient variation
and demonstrated that all three formulations have gas output
characteristics similar to standard N-5 propellant, Table VIII

shows the results of this test series.

TABLE VIII

GAS OUTPUT OF N-1825B, N-1825D, AND N-1825E

N-1825B N-1825D N-1825%
Sample Gas Output Gas Ouiput Gas Output
Number (cc/gm) ce/gm) (cc/gm)
1 617 638 612
2 601 632 622
3 617 633 610
AVERAGE 612 634 615

1.5.2 Thermal Stability Testing, Thermal stability testing was conducted

to determine: (1) the pressure of gases evolved during elevated
.emperature storage for seven days; (2) the weight loss incurred
during elevate” temperature storage for seven days 1n sealed units;

.

and (3) the changes in physical characteristics after elevated




o
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emperzlure Storege for seven Zays. After tne Inilial testling, the

pressure gagss wers rendered inogerzlive due 1o overexgosmre o the

exirene envircrmefnizl conditions. Therefore, mo =ifort w=s mzle to
compare daila on the pressars of (he zZases eveived in any series of

therzal stability testling. Testing was comducied inm actordznee with

e procedure given In Appendix 3,

1,5.2,1 The first series of therzal stability testing was conducted using

the N-1801 ¥0D & and K-1825 forzulat:ons which proved satisfactory

stability characteristics of the Cnidynaxzics-developed forzuiations
with a standard propellant. The results of this test series deron-
strated that the N-1825 propellant formulation lost considerably

less weight than either N-5 or ¥N-1801 MOD A. The test results are

shown in Tzble IX,

TABLE IX

THERMAL STABILITY OF N-5, N-1801 MOD A AND N-1825%

(300° ¥ Storage for 168 Hours)

N5 N-1601 MOD A N-1825
Sample weight Loss‘l) Weight Loss Weight Loss
Number (%) (% (%)
1 3.37 16.86 0.48
2 .57 18,04 0,2
AVERAGE 3.47 17.45 0.51

(1) Temperature storage limited toc 200° F,




-

1.5.2.2 In corjunctiocn with the progellant therma. stability tests, tests

1.5.2.3

were conducted on milled, ground, and unground ammoniux perchlorste
to determine their individual thermal stability. These tests were
conducted Ty storing samples of the axwoniux perchlorate in open
contaizers in 300° ¥ envircmment for i68 hours and recording percent
weignt loss daily. Figure 5 shows the results of this testing. Fro=
‘s testing it was ccncluded that the use of ground azmoniux
perchlorate (particle size - 10 + 5 =:crons) would improve the thermal
stability of the propeliants. Conseguently ail propeilant formulations
subsecuent to X-18254 utilized ground am=monium perchlorate. Similar
testing was conducted on propellants 5-1825A, B, and C. The results

of this testing are shown in Figure 6.

The second propellant thermal stability test series consisted of
three variations of the N-1825 propellant formulation, N-1825&, N-1825B,
and N-1825C. The results of this test series demonstrated that either
N-1825A or N-1825B nas sufficient tnermal stability to withstand con-
ditioning at 300° F for extended pericds without deleterious effects,
The results of this test series are shown in Table X,

TABLE X

THERMAL STABILITY OF N-1825A, E-1825B-1, and N-1825C
(300° F Storage for 168 hours)

Sample N-18254 N-1825B-1 N-1825C(l)
Number Weight Loss (%) Weight Loss (%)  Weight Loss (%)
1 0.15 0.17 6.35
2 0.15 0.19 0.02
AVERAGE 0.15 0.18 c———

(1) Variation attributed to weighing errors. No retest was conducted since
this formulation did not perform satisfactorily in subsequent pressure-
versus-time testing and was discarded as a possible candidats.
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1.5.2.4 The third group of propellant forxulatiomns tested for thermal
stability were the N-1825 forzulation and two variaticns, N-1829D
and N-1825E, which differed fro= K-1823B by a variation in content
of armonium perchlorate oxidizer and guanidine picrate additive by
plus cr minus cre percert., The results are shoun in Table XI and
dexonstrate that the one percent variatioa in oxidiser and additive

had no appreciable effec. on the weight loss of either formulation,

TABLE X1

THERMAL STABILITY OF N-18298-3, N-1825D AND N-1825E

N-1825B-3 N-1825D ¥-1625E
Sample Weight Loss Weight Loss Weight Loss
Number (%) (%) (%)
x 0.36 0.40 0.37

2 0,40 (1) (1)

AVERAGE 0.38 - “—- ——

(1) One sample tested,

1,5.3 Initial Pressure-Versus-Time Testing, Pressure-versus-time testing

was conducted tc determine: (1) the effect of temperature variation
on peak pressure, (2) time-to-peak pressure, and (3) ignition time,
This testing required the use of the test fixture previously qualified,
The gas generators used for the testing were 950 cc models, ignited

by one Unidyramics instantaneous sealed match,

1,5.3.1 The first series of i1nitial pressure-versus-time fests were con-
ducted using 66 gas generators, one-third containing N-5 propellant,

one-third containing formulation N-1801 MOD A, and one-third contaiiing




¥

1.5.3.2

UNIDYNAMICS A

formulation ¥-1825. The ignition =material used was standard 666
comoosition (egzal parts by weizat of si_icon, lead cicxide, cupruous
oxide). Table XII shows ihe variation of tnze three propeilant compo-
siticns over the tezperature range and Tables XIIi, aIV, and X¥
present the results cf the testing,

TABLE XII

PERCENT DEVIATION FROY MEAN

Teaparature Peak Pressure Time-tc-Peak
Ccmposition Ranze {%) Pressure (%)
N-5 -65 to 200° F 3.7 39.0
N-1801 MOD A{}) 65 to 300° F 16.3 22,6
N-1825 -65 to 00° F 30.4 14,1

(1) Results do not include 3C0° F temperature storage,

The followinz is a discussion of the pressure-versus-time test

results:

a, Observations of the units during the testing indicated that all
units containing compnsitions N-5 and -1825 functioned normally,
while the units containing composition N-1801 MOD A functioned
praperly except for those stored at 300° F,

b, The two units containing N-1801 ~0D A, which were stored for
72 hours at 300° F, blew out the base plugs. One unit was fired
after 120 hours at 300° F with the bace plug ph.sically con-
tained, but the leadwires were blown rom tnis unit, thus allowing

leakage, During each of theve tests. the pressure ahead of the
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burst diaphragms was in excess of 3,500 psi. Consequently, the
three remaining gas generators which had been stored a: 300° F
were not fired because the test fixture was not designed to
withstand such high pressures,

c. In summary, the pressure-versus-time results for N-5, N-1801 MOD A,

and ¥-1825 show that:

{1) Composition N-1825 gives more reproducible results with

respect to pressure-versus-time than composition X-5;

Composition N-1801 MOD A is unsuitable for 300° F appli-

il
N
S

caticns;
(3) Time-to-peak pressure is an average 719 milliseconds fer

X-1825 compared with an average 531 milliseconds for X -5,

The second series of initial pressure-versus-time testing was con-
ducted to determine: (1) whether or not ihe time-to-peak pressure

of formulztion N-1825 could be reduced to a value similar to that

f X-5 by reducing the average oxidizer particle size, and (2) the
effect of varying the percentages of the ammonium perchlorate
oxidizer and the guanidine picrate additive, Three 5000~grim taticnes
of propeilant Wwere prepared, and the percentage composition of =ac..

is given in Table XVI,
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TABLE XVI

PERCENTAGE COMPOSITION OF N-1825-1, N-1825-2, and N-1825-3

N-1825-1 N.1825-2 N-1825-3

Ingredient (# Composition) (% Composdtion) ﬁ!ﬁComposition)
Ammonium Perchlorate, 33.95 40.95 26.95
Unground (Note)
Ammonium Perchlorate, 14,55 17.55 11,55
Ground

(10-20 micron size)
Bycar 1000 x 103 15.G0 15.00 15,00
Guanidine Picrate 36.00 26.00 46,00
Carbon Black 0.5C 0.50 0.50

Note: OSubsequent testing proved that ground ammonium jerchlorate
is more stable than unground (cf. paragraph 1.5.2.2, p. 29).
However, these formulations were prepared before the thermal
stability test results were known.
Eight gas generators were loaded from each of three batches of
propellant, using standard 666 ignition material and propellant
grains with the same configuration as those previously tested. Pour
of the eight units from each propellant batch were test: fired at
ambient conditions in the test fixture, and the remaining 12 units
were stored at 300o F for 168 nours and then fired in the test fix-
ture., The results are shown in Tables XVII, XVIII, and XIX, and
discussed :n the following paragraphs:
a. The relatively large percentage we.ght loss during thermal
stability testing demonstrated by these formulations (1.6-4.1

percent) and the erratic results from the test firings shown

in Tables XVII, XVIII, and XIX were attributed to a change in
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the processing of the 5000-gram batches from previous preparations
rather than to the propellant formulations. Several changes in
the preparation procedure were made during the blending and drying
of these batches. These changes include: (1) a scale-up of the
mix size from 400 to 5000 grams; (2) the use of tt five-gallon
mixer in place of a one-quart mixer; (3) the use of mew lots of
Hycar 1000 x 193 rubber, ammonium perchlorate, and guanidine
picrate; and, (4) the elimination of the drying and granulating
portion of the mixing cycle since the aspirator could not produce
a sufficient vacuum with the larger fiveigallon mixer. In
considering the relative importance of éach of these changes,

the conclusions reached were based primarily on past experiewss
with the propellant type to which N-1825 belongs. In additionm,
the manner in which the properties of the propellant changed
provide an indication of the causes of change. The performance
changes which occurred were: (1) erratic pressure-vs-time
functioning after 300° F storage for 168 hours, and (2) excessive
weight loss in secaled pressure capsules after 300° F storage for
168 hours,

The scale-up of the mix size should have had no effect on the
properties of the propellant. Past experience with extruded
polybutadiene-acrylic acid has shown that thls propellant type

may be mixed in quantities from 1 to 50 pounds with reprcducible
results. As stated earlier, new lots of ammonium perchlorate,
guanidine picrate, and Hycar 1000 x 103 were used, However,

the ammonium perchlorate and Hycar 100G x 103 were certified

oy the manufacturers to meet the standards of purity required.
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by Urnidynamics for this applicaticn. The guanidine picrate

was prepared internally and conformed to Unidynamics
Specifications.

The elimination of the drying and granulating pcrtion of the
mixing cycle did ccnstitute a major change in the mixing pro-
cedure and was considered to be the source of the erratic
results obtained with these prcpellant formulations. It is
during the time that the solvent is drawn out of the propellant
that much of the blending action occurs. As the solvent 1is
removea, the binder becomes stiff, and considerable friction

is produced by the action of the mixer blades. The shearing
action which takes place is a very c¢ritical step in the incor-
poration of the solid ingredients into the rubber binder matrix.
During this time the propellant is broken up into an extrudable
granular form while the uniformity of the mixture i.s maintained.
The elimination of this step in the mixing cycle was necessitated
by the inability of the aspirator to produce a suitable vacuum.
As a result, the propellant was removed from the mixer in a gum-
my form, cut into small cubes while still wet, and dried at

160° F. Through analysis of the product indicated that as

the hexane evapcrated from the propellant, the distribution

of its solid constituents was altered, and, without further
blending tc maintain the proper distribution, the constituent

distribution remained altered in the grains extruded for testing.




UNIDYNAMICS - 4 -

d. This series of tests confirmed the necessity of vacuum mixing
for this type of propellant, since favorable time-to-peak
pressures were not obtained for these batches which were
not mixed under a vacuum. Therefore, all subsequent batc o=
of N-1825 propellant were made in 400-gram ba.ches to facilitate

usage of equipment with vacuum milling capabilities.

1.5.4 Evaluation of C-501 Propellant. Based on the results of the previous
testing and the availability of a commercial propellant which would
theoretically meet the thermal stability and performance requirements
for the Signal Corps gas generator, Unidynamics procured C-501
propellant from B, F. Goodrich Aero-°pace end Defense Products for
comparison with the Unidynamics-developed propellants as described

in the following paragraphs.

1.5.4.1 A moisture analysis was conducted on propellant C-501 to. determine
the percentage of moisture contained in the propellant as received,
The tests were conducted in duplicate using approximately l-gram
samples. The samples were weighed and then plac:d in a 160° oven
for three hours; the loss in weight from this storage was recorded
as moisture. (160° F was used in order to duplicate conditions
previously uti.ized on other propellant tests)., The results of
the analysis showed the absorbed moisture to be 0.03 and zero

percent by weight in two lots.

1.5.4.2 Rated gas output tests were conducted on propellant C-501 to
determine the volume of gas produced in cubic centimeters. These

tests were conducted in triplicate with approximately .3-gram




1.5.4.3

sammles of the oropellant in accordance with the procedure given

in Appendix A. The results of this testing were as follows:

Sample No, 1 Samole No, 2 Sample No, 3 Average

(cc/gm) (ce/gm) {cc/gm) (cc/gm)
692 700 715 702.3

Thermal stability tests were conducted on propellant C-501 to
determine:
1, the oressure of gases evolved during elevated temperature
storage for 168 hours,
2, the amount of weight loss in sealed units during elevated
temperature storage for 168 hours, and
3. the changes in the propellant's physical characteristics,
Testing was conducted in accordance with the procedure given in
Appendix B, Two pressure capsules containing the C-501 propel-
lant were placed in a 300° F oven and pressure readings were
taken after one hour and then after each 24 hours for 168 hours,
No pressure readings were obtained on the pressure gages. At the
end of 168-~hour storage at elevated tempsrature, the pressure
capsules were post-mortemed to determine the physical changes of
the propellant samples witl. 1'espect to dimensions and weight.
Tabls XX shows the physical parametsrs of the C-501 propellant
samples befors and after temperature storage, The percent weight
less of C-501 after 168 hours at 300° F was not greater than
1.2 percent, and indicated that C-501 propellant exhibits little

tendency to aecompose, rxamination of the grains showed that




PHYSICAL DATA ON C-501 PROPELLANT SAMPLES

UNIDYNAMICS

TABLE XX

BEFCRE AND AFTER 300° F STORAGE FOR 168 HOURS

Capsule Capsule

No. 1 No, 2
Grain Diameter Before (in.) 375 375
Grain Diameter After (in,) .38k 389
Grain Length Before (in,) 2,19 2,024
Grain Length After  (in.) 2,020 2,010
Weight Before (ems.) 5.3153 5.3152
Weight After (ems.) 543060 5.2515
Weight Loas (gms.) «0093 <0637
Percent Weight Loss (D) <18 1.2
Apparent Density (gms/cc) 1,67 1,66




the propellant retained some of its flexibility and was apparently
not detrimentally affected physically.

1.5.4.4 Pressure-versus-time testz were conducted on C-5C1 propellant to
determine the effect of conditioning temperature variation on
peak-pressure, time-to-peak pressure, and ignition time. Twenty-
two 950 cc gas generators, ignited by one Unidynamics instantaneous
sealed match, were fabricated utilizing standard 666 composition
as the ignition material. The units were tested in the test fix-
ture and Table XXI shows the percent variation from the mean of the
peak-pressure and time-to-peak pressure on propellant C-501. The
test conditions and pressure-versus-time test results are presen-
ted in Table XXII, In addition, the results from previous

testing with N-5 and N-1825 are included for comparison.

TABLE XXI

COMPARATIVE PERCENT VARIATION FROM MEAN FOR N-5, N-1825, AND C-50%

Peak Pressure Time.To-Peak Fressure

Composition Temperature Range (%) (%)
N-5 -65 to 200° F 32 3y
N-1825 -65 to 300° F 30 , 17
C-501 -65 to 300° F 29 22

1.5.4.5 Upon completion of the evaluatjon testing of C-3501 prcpellant, the
following conclusions were reached jointly Ly the Signal Corps
and Unidynamics:
a. Prcpellant C-501 had performed satisfactorily in ail testing

to whicn it was subjected, but the exhaust gasas contained

TABLe XXII
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3’. .. ... twice the amount of hydrochloric acid as N-1825 propellant.

b, Propellant C-501 is a cast propellant and cannot bs furnished
with center perforations

c, N-1825 is an extrudable propellant and can be furnished in any
configuration for which a die can be made.

d. The basic N-1825 formulation could be stabilized, and better

reproducibility could be obtained.

1.5.5 F P =V =T Testing. Based on the above conclusions, a
propellant study was initiated to formulate a propellant incorporating

the basic N-1825 constituents that would have the following character-
istics: (1) lot-to-lot reproducibility, (2) thermal stability at 300° F

for 168 hours, and (3) a time-to-peak pressure less than 531 milliseconds,

¥

1,5.5.1 The first pressure-versus-time test series of this study consisted
of ten 950 cc gas generators loaded with one Unidynamics instan-
taneous sealed match, standard 666 ignition material, and a
propellant formulation designated N-1825A.* Five units were tested
after ambient stcrage, and five were tested after storage at 300° F
for 168 hours. Table XXIII shows the results of this testing,
The average time-to-peak pressure was 548 milliseconds with a
range cf plus 198 and minus 148 milliseconds. The percentage com-
position of N-1825A is shown in Table XXIV, and was formulated

to reproduce the performance of batch N-1825-8 prqviously tested,

:1though two matches are required in the end item to provide redundant
ignition, only one match was utilized in this test series in the interest
of economy. Should a failure to ignite have occurred, the match could have

5& been replaced with minimum lost time,




iapue XXIIT

riusoobntic=V i lo=01en onTA

PROPoLLANT 1i-18254

Firing Temperature - ..nbien’.
NOTZ: A1l units fired with a 6 Volt DC source across a 1l.3-ohm bridge circuit.

otorage Peak Pressure Time-To-Peak
Unit Temp. Time Chamber II Pressure

o, (°7; (brs.j (psi) (as)

1 300 168 400 400
2 300 168 340 600
3 300 168 L10 - 400
L 30U 168 360 570
5 300 168 (1) (1)
6 Ambient -— 330 750
7 Ambient — 280 560
8 Ambient. — 300 610
9 Ambient -— 400 4,80
10 Aabient —— 400 560
AVEaaGr 358 548
viaA LU 410 750
wIB LU 280 400

(1) Bag Film
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TABLE XXIV

e . - PERCENTAGE CQMPOSITION OF N-1829A
N-1825A
edient {% Composition)

Armonium Perchlorate, {nground 41,65
(See Note, Table ¥¥i, p. 38)

Ammoniws Perchicraie, Ground

(mean particle size of 13 microns) 17.85
Guanidine Picrate 25.00
Hycar 1000 x 103 15.00
Carbon Black 0.50

1.5.5.2 The second test series in the propellant study was conducted on
propellant formulations N-1825B and N-1825C to determine which of
the two exhibited a time-to-peak pressure similar to that of N-5,
These two propellant formulations utilized the conclusions of the
thermal stability testing of the ammonium perchlorate oxidizer and
incorporated all ground ammonium perchlorate to provide greater
thermal stability for the propellants. The percentage composition
of the two propellants is shown in Table XXV, and differs only
in the percent of ammonium perchlorate oxidizer and guanidine
picrate additive.

TABLE XXV

PERCENT COMPOSITION OF N-1825B and N-1825C
N-1825B N-1825C
Ingredient (% Composition) (% Composition)
Ammonium Perchl( =aie, Ground 56.5 59.5
Hycar 1000 x 103 16.0 16.0
Guanidine Picrate 27.0 24,0
Carbon Black 0.5 0.5

100.0 100.0

ar vrakianiters w M
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1.5.5.3

1.5.5.4

s

Tive units were loaded with each formulation, utilizing one

Dnidynamice instantaneous sealed match and standard 666 ignition

material. All units were tested at ambient conditions in the

test fixture, Tables XAVI and XXVII show the pressure-versus-time

data for propellants N-1825B «nd N-1825C, and Table IXVIII shows a

comparison of the pressur.-versus-time results for propellants

N-1825B, N-1825C, and standerd N.-S. An analysis of the data

obtained from this series of testing led to the following

conclusions:

a. N-1825B has turn time characteristics similar to those
exhib.. «¢ by N-5 propellant;

b. Delay problems in pressure buildup in Chamber II of the test
fixture were n~-valent and could be attrituted to: (1) the
666 ignition material or (2) the rupturing of the burst dier
which would allow the pressure to drop at a high rate to

less tisn 100 psi.

As a result of the above conclusions, ignition tests were conducted
to determine whether the large variation in time-to-peak pressure
was the result of poor ignition by the 666 ignition material or

the result of the sudden reduction in pressure when the burst

" disks ruptured, The first test series utilized N-1825B propellant

and consisted of six units. The ignition material in the first
three was a zirconium/barium chromate mixture incorporating
ground glass. The second three units contained silicon/lead

dioxide as the ignition material, These units were tested in the
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TABLt XXV

FoauaoSURE-VERSUS~TIME DATA

PROPo.LANT N-1825B

Storage Temperature - i.abient
Firing Temperature -~ Ambient

Fea - Pressure Time-~-To-Peak

Unit Ignition Che ~ter I1 Pressure

No. iaterial (psi, (ms)

1 666" 350 380
%ﬁ 2 66¢t 370 470

3 666 300 520

IN 606 360 450

5 666 390 600

AVERAGE 37 L84

MAXIMUM 390 600

MINIMUM 300 380

*Equal parts of cuprous oxide, lead dioxide, and silicon.

:JTE: All units fired with a 6 V DC source across a 1.3-ohm bridge
circuit.
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ABLy AXVIL

Prroolnn=VesoUs~1 1l DATA

PrlsPuliniT N=1825C

Storage Teamperature - Ambient
Firin, Temperature - a.dient

Peak Pressure Time-Tow-rvak
Unit Ignition chamber II Pressure

No. taterial (psi) (ms)

1, 666" 410 320

2. 666 260 350

3. 666 33C 330

4. 666 L20 270

5. 666 339 _480

AVERAGE 350 350

s TMUM 4,20 4,80

INIMUS 260 270

*iqual parts of cuprous oxide, lead dioxide, and silicoen,

NOTE: All units fired with a 6 V DC source acvoss a 1.3~ohm bridge
circuit.
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TAbLis 2aVILI
viurizanlols UF PR&SuUdL«VﬁdSUS-ELg§,ﬁdSUlEu Fort
PROPuLLARTL N-18250B, K-1825C, ahb N-5
7iring Temperature - A.bient
Item N-18250  N-1825¢  N=5
Average Time-io-Peak (ms) L&, 350 531
Kaximum Time-To-Peak (ms) 60V 480 730
Minimum Time-To-Peak (ms; 380 270 320
f” Average Peak Pressure (si) 37 350 224
Maximum Peak Pressure (psi) 390 4,20 370
Minimum Peak Pressura (psi) 300 260 140

NOTE: A1l units fired with a 6 V D source across a 1,3-ohm bridge
circuit.
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S5ignal Corps Test Fixture. The results of this testing are shown
in Table XXIX. The prassasurc.versus-time traces on these tests
show! that the zirconium/glass/bariux chromate‘;dx?ure provicded
more uniform ignition characteristics, and a)so showed that the
ignition material wasz not the entire cause of ignition delays,
Subsequent to these tests.‘five additional units were loaded using
N-1825B propellant with a zirconium/glass/barium chromate mixture
as the ignition material. These units were tested in the Signal
Corps Test Fixture with a noztle between the gas generator and the
first burst disk, The purpose of this nozzle was to maintain a
pressure in the gas generator which would be sufficiently high

to insure stable burning, The results of this testing as shown
in Table XXX led to trhe folluwing conclusions:

a. N-1825B propellant had reproducible burning characteristics;
b. N-1825B could be tailored to meet most Signal Corps requirements;
¢. A nozzle would bs required on the gas generatcr to maintain

internal pressures sufficiently high to insure stable burning

of the propellant grain,

A third series of pressure-versus-time testing was conducted using
three add;tional propellant batches to determine: (1) manufac-
turing reoroducibility of N-1825 and (2) manuf:cturing tolerances
cn percentage composition of oxidizer and coolant additive, The
formulations were designated N-1825B-3, N-1825D, and N-1825E;

Table XXXI shows the percentage compositione of the three baiches,
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TABLE XXIZ

PRESSURE-VERSUS-TIME DATA

PROPELLANT N-1825B

Storage Temperature - Ambient
Firing Temperature - Ambient

Peak Pressure Tize-~-To-Peak
Unit I¢nition Chamber II Pressure
No. Material (psi) (ms)
1 (1) 350 570
2 (1) 380 660
3 (1) 320 530
L (2) 290 680
§ 5 (2) 4,30 440
6 (2) 340 500
AVERAGE UNITS 1 TO 3 350 587
AVERAGE UNITS 4 - 5 353 540
(1)Zirconium 29,1%
Barium Chromate 47.8%

Borosilicate Glass 13.1%

(Z}Silicon 15%

Lead Dioxide 85%

NOTE: All units fired with a 6 V DC source across a l.3-ohm bridge circuit.

Ah,
¥ ¥




TABLE XXX

PRESSURE-VERSUS~-TIME DATA

PROPELLANT N-1825B

Stcrage Temperature - Ambient
Firing Temperature - Ambient

One-tenth-inch diameter nozzle between gas generator and burst disk No. 1

Peak Pressure Time~To~Peak
Unit Ignition Chamber II Pressure
No. Material (psi) (ms)
1 (2) 440 250
2 (2) 370 240
3 (2) 330 300
I (2) (1) (1)
5 (2) (1) (1
AVERAGE 380 263
MAXIMUM &40 300
MINIMUM 330 240

(:) Transducer orifice elogged

(2)24 reonivm 39, 1%
Barium Chromate L7.8%
Borosilicate Glass 13.1%

NOTE: All units fired with a § V DC source

across a 1,3-ohm hridge circuit,




TABLE XXX

PRESSURE-VERSUS-TIME DATA

PROPELLANT N-1825B

Stcrage Temperature - Ambient
Firing Temperature - Ambient
One~tenth-inch diameter nozzle betwsen gas generator and burst disk No. 1

Peaak Pressure Time-~-To-Peak
Unit Ignition Chamber II Pressure
No. Material (psi) (ms)
1 (2) 540 250
2 (2) 370 24,0
3 (2) 330 300
L (2) (1) (1)
5 (2) S0 S0
AVERAGE 380 263
MAXIMUM &40 300
MINIMUM 330 24,0

()rransducer orifice elogged

(2)24 reonium 39,1%
Barium Chromate L7.8%
Borosilicate Glass 13.1%

NOTE: All units fired with a- 6 V DC source across a 1,3-0hm bridge circuit.
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TABLE XXXI

PERCENTAGr COMPOSITION OF N-1825Be3e N-1825D, AND N-1825F

N-1825B-3(1) N-1825D N-1825E
redient (% Composition) (% Composition) (% Composition)
Ammonium Perchlorate, 56.5 57.5 55.5
Ground

Guanidine Picrate 27.0 26.0 28,0
Hycar 1000 x 1-3 16.0 16.0 16.0
Carbon Black 0.5 0.5 0.5

100,0 100,0 100.0

(1) Identical formulation as N-1825B prepared previously.

Tweive units were loaded with the N-1825§;? propelliant, eight
units loaded with N-1825D, and eight unit- loaded with N-1825E,
Alil units utilized one Unidynamics instantaneous seaied match and
the zirconium/glass/barium chromate mixture as the ignition material.
The units were tested in the test fixture with a one~tenth-inch
diameter nozzle bstweem the gas generatcr and the first burst
213k, The pressure-versus-time data obtained from firing the
units is presented in Tables XXXII, XXXIII, and XXXIV. It was
concluded from the results of this test series that:
a. N-1825B propellant yields batch-to-batch reproducibility;
b. variations of plus or minus one percent in either the oxidizer
or the coolant additive has little effect on the pressure-

versus-time characteristics.

1.6 Environmental Testing. .Unidynamics conducted an extensive environ-

mental test program on the gas generators and N-1825B propeilant




TABLE XIXII

PRESCURE-ViiSUS-TIMe DATA

PRCPELIANT N-18<3B-3

One-tenth-inch nozzle between s generator and burst disk No. 1
Ignition material: Zr, 39.1% - BaCrOh, 47.8% - Borosilicate Glass,

13.1 &
STORAGE Peak Pressure Times-To-Peak

Unit Temp, Time Chamber II Chamber II

No. (°F) (hrs,) (psi) (ms)

1 Ambient — 340 270

2 Ambient -— 325 310

3 Ambient — 375 270

N Ambient — 325 270

5 Ambient — 320 270

6 Ambient — 390 280

7 300 168 360 220

8 300 168 350 230

9 300 168 350 2,0
10 300 168 380 260
11 Ambient — 340 270
12 Ambient — 330 250
AVERAGE 349 262
AAX UM 390 310
AINDIUM 320 220

NOTE: All units fired with a 6 V DC source across a 1.3-ohm bridge circuit.
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TABLE XXXIII

PRESSURE-VERSUS-TIME DATA

PR )PELLANT N-1825D

One~tenth-inch nozzle bDetween gas generator and burst disk ko. 1
Ignition material: Zr, 39.1% - BaCr0, , 47.8% - Borcsilicate Glass, 13.1%

STORAGE Peak Pressure Time-To~Peak
Unit Teap. Time Chamber II1 Chaxber 11
No. (°rF) {(hrs.) (psi) (ms i
1 300 168 460 260
2 300 168 550 210
3 300 168 380 2i0
4 300 158 330 290
5 Ambient — 360 290
6 Ambient -— 350 230
7 Ambient — 370 270
8 Ambient — 350 290
AVERAGE 38i 256
HAXIMUM L60 290
MINIMUM 330 210

NOTE: All units fired with a 6 V DC source across a 1,3-ohm bridge circuit.
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TABLE OXXIV

PREOSSURE-Vo-ASWS-TDin DATA

PrOPELIANT N-1825E

One-tenth-inch nozzle between gas generator and burst disk Xo. 1
Ignition material: Zr, 39.1% - Baﬁrﬂh, {7.8% - Borcsilicate Glass,

3.1 %
Storage ‘ Peak Prussure Tims-To-Peak
Unit Temp. Time Chamber II Chamber I1
No. {°F) (hrs. ) {psij {ms)
1 300 168 380 290
2 350 168 370 20
3 300 168 380 280
4 300 168 380 220
5 Ambient — 340 250
6 Ambient — 350 0
7 Ambient — 320 250
8 Ambient — 360 230
AVERAGE 364 253
ANXIMIM 390 290
MINIMUM 320 220

NOTE: Al) units fired with a 6§ ¥ DC source across a 1,3-ohe bridge circuit.




4

(GHOVNAMICS 3 - 63 -

developed under this con:iraci to determine: (1) the advantage of
either locating the se=i»d matchs: at the base plug or at the exhaust
end of the gas gener:lsr. aad (7 whetkar < not propellant N.-1825B
would withstand thr zmsispement:’ conditioning specified in Signal

Corps Technical Rezni:.amnt 0L . 756k,

1.6.1 In the first ezvirommental 45t series, 24 gas generators were fab-
ricated which would theoretically produce 950 cc of gas. Twelve of
thess units utilized base plug ignition, while the remaining twelve
units utilized exhaust end ignition. Each of these units contained
two sealed matches, 300 milligrams of zirconium/barium chromate/
ground glass ignition material, and a noszzle with three exhaust ports,
The diameter of these ports resulted in appraxizately the sams
effective cross-sectional area as the single 0.1-inch diameter nozzle
in the test fixture. The same cross-sectional area was utilized in
an attespt to maintain the time-to.peak established during the

propellant study.

1.6.1.1 The gas gensrators were corditioned under various environmental
conditions and test fired in the Signal Corps Test Fixture. Table
IXXV shows the environmental conditioning of each unit and the
test results of each unit with exhaust end ignition. Table XXXVI
shows the environmental conditioning and test firing results from
the units utilizing base plug ignition. From the test results it
is concluded that:
(1) Locating the sealed matches at the base plug end of the Gas

Generator is relatively easier to manufacture than the exhaust
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end ignition design, and the base plug end design offers
higher average circuit resistance after firing; and

{2) MH-1825B propelilant will successfully withstarnd the environ-
mental conditions outlined in Signal Corps Technical
Requirement SCL-756%.

1.6.1.2 The gas volume produced by the generztors was calculated using
the actual pressure and temperature of tit gas one minute after
firing. Ths caloulation was made in accordance with the follow-
ing equation:

Y = PZ Tl Vi
P T2

Where: V = Finzi volume of gas
P, = Pressure one minute after firing psig
P1 = Standard pressure 15 psi
T} = Standard Temperature 273° K
T = Temperature of gas one minute after firing °K
Vs = Initial volume of closed bomb = 1015 ce
Based on the zas volume data showm in Iables XXXIV and XXXV, the

amount of propellant utiiized in the 950 cc delay gas generators

will be reduced to: 1140 cc - 999 cc
1.88 gu X gms

X =1,57 gms, weight of
propellant




1.6.2 The second environmental test series consisted of the evaluation of 36

Am’

gas generators utilizing base plug erd ignition. Twelve of these units_
were fo theoretically produce 950 cc of gas with an ignition deiay of
200 milliseconds. The remaining 24 units were to theoretically produce
8000 cc of gas with 12 units each having instantaneous and 400

milliseconjle delay ignition elements,

1.6.2.1 During evaluaticn of the first group of gas generators, it was deter-
- mined thatnthe gas generator dslay ignition elements were deiicient
in that the ignitor material was not being reliably contained on the
bridgevire causing occasional firing failures, In considaration of
this deficiency, Unidynamics discontinued the evaluation of this
group of gas generatcrs, incorporated a minor modification to correct
9} the deficiency and manufactured a second group of gas generators for
evaluation. The nodification consisted of incorporating a positive
support, independent of component tolerance stack-up, to the paper disk
retaining the iganitor charge.
1.6.2.2 The gas generators were subjected to various environmental conditicns
and test fired in the closed bomb. The test plan for these units,
including the environmental conditioring sequence, is included as
Appendix C., The test results are presented in Table XXXVII.
1.6.2.3 Several difficulties were encountered during th? environmental condi-
tioring and testing. These problems are discussed in the following
paragraphs.
a. The first difficulty encountered was the failure of the end
potting, 100 PBW Eccobond LV45, and 150 PBW No, 15 LV catalyst,
!ﬁ to withstand 300° F for 168 hours. The potting hr-: melted and

run, tnus lending itself ineffective for the remai..dei- of the
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environmental conditioning. The units vere rewsried oy removing
the potting and closare disgs, imserting now clossre disks, zmd
potting Witk a mixture cof IdC PZW Stycas: ¥o. 2851 ard £ P
No. 11 catalyst.

A second diffic. ity was encountersd dgging erwirormental testimg.

Vitraticn of the anits at 272° ¥ introduced sm3il woids in *me

end potting of 10 units ailcanng 1Ze leakage of smail ancunts of

iy

ignition powder. The lza¥age of t1Ze :gmitiom powder apparently

led to the ignition of one 3005 cc %30 miiiisecond delar wmot

during vibration. After voide in the peiling were regsaired, the
envirommentai conditioning seguence was condinued, Simce omiy

a szail porticm of igniticr powder was lost from any uni:, oo

additicnal ignition ccwder was added to compensate for the loss,

Two undesirabie e’fects were noticed o the ouiput end of the

gas generators during the test firings,

(1) First, the grain trap was expeiled from the ~ase on Scme
units, It was felt tha: this effect was due to excessive
orerating pressures inside the case or marginai hslding
capabilities of the end crimp. The excessive operating
pressure possibility was investigated bty recaiculating the
theoretical operzting pressure and evaluating the ocutput end
of the units for possible restriction.., 7ire recalculation
showed that the theoretical operating pressure was at a

desirable level, but the evaluatiocn of the cutput end

indicated that the end potting could possibly be offering




¥

4,

erosZe resistance Lo ircregse tne initia Tating TTesscre.
To elimiraze this vossitilicy, the ootiirr (Stycast No. XTI
a rigis vottirg} amd closcre &isks @ere rempred and the bholes
cf the grair trav were vismally eyamired io Insre mo cl-
structicn, £ pew closure &Esk was clzced over the srain traT,
sl 4ne rerichery only wes Totled with Silastic 2T Fo. 730

silicore rotber, It is Tele thay the 2TV silicome roiber

]

azrlied 4o cxly the perithery of <the clgsmre disk czzsed

Altkougn e cacse Tor Tossitle eycess?
elrmizngted; the zrzir wras was aypeiled Trom erzl w=its
during the remainder of the lest Zirirgs, Sased goor
firdirzs, it is Zelt thzet the Roidimr casability of the end
el is margirat and mmet be imcrored.

4

The seccrnd uniesirs e effect or the omirut end ¢ ke umizs

m -

st

was that the orificirs areq of the zrainm tras ircreased durire

tne firing cf the units, The heatl and cressure wrodueed By

the orovellzrt was in excess ol the carzability of the zium-mom
grain tram, whiz was only 1/-inch thick in the area of the
orifices, The grain trap shovlc be redesizned Zor succeedirng
TTocurement s,

& fourth rroblem was exoerierced with the test fixture, It will

bte noted in Tatle XIZVI that most % the in

(¥
N
pebs

al firings exhivited
extrerely hizh teak rressures in tre hizh cressure chamber. Sased

on ar eng:ineerirg evaluation, the nozzle ir the test Tixture




tetween the nRigh and low pressure chanders was removed. iIn

-

reviewing the reasons for incorzorating the test fixture

nozzle, it was determined that the orig:inal test fixture

v

des:gn Ci€ Ot comta:in the mozzie and thar it was iater

adfed o 1msure an goperating pressure high enongh to stabilize
turning of the propellant. Bowever, simce 2 grain trad was
agded to the gas cenerator for the turphses of containing

“he prorellant within the case ang stabilizinmg the Turming

of the propellant, the test fixture nozzle 1s no longer

recuired.

Tws 950cc gas generators failed fo fire at -60° P. The

-

n eacx of the gas genera*ors

(WS

resistance of both circuits
was checked after firing and founcé to be greater thamn

50,0606 ohz=s. The 200-miliiseconcd delay matches were removed
and exanined. It was determined that the delay matches had
not functioned completely. Thne Gelay matches were then
sectionecd andé the internal coxponents were examined.
Exarination showed that the kase igniticn charge (cne
milligram of basic lead styphnate)} ignited but failed to
ignite the <ransfer charge {five milligrams of A-1A). The
function of the transfer charge is to ign.te the delay
element. Based on an engineering analysis, 1t was concluded
that the transfer charge in the delay matches failed to
ignite for one or both of the following reasons:

a. First, the one milligram kase ignition charge was considered
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to be mrimel for igziiirg tie trazsfer ciarge at -60° F.
b. Secxé, tte sppesrarce of the trazsfer chargs in the falied

delsy matcies Ixdicatel the possitliity of excessive mcisicre

in the powder.
To precizde toe recurrexce of faliure czused ty eltker cf the
ascve cn foizre mrocuremsis, it is recommscded -ihat an igrnition
aarzinaiity test be comducisd for the delay match and that extirs
.Mmmumwm—.tmmmm
ept dry.




2.1 Toe rescits of the develomment ard evalusticn testing performed
daring tiis procram cemoastrated tzat Caidyramics' propellant
E-18755 will soccessfzlly withstand the saovirommental conditions
outlined in SCL 756%. Ik additiom, ¥-1805E exhibited satisfactory
batch-to-Zateh remroduzibi . ity, with more reproducible pressure-
versus-time resclts than stadard ¥-5 propeilant, Preliminary tests
indicate thaat an alilermate crorellant, B.7. SGoodrich C-501, would
be satisfactory fcr the envirommental conditioning outlined ix
SCL 756k, iowever, the percentae of acidic gases in C-501 propellant
was aporeximately twice that of E.18258,

2,2 Unidysamics® standard WE-203 sealed match (instentanecus) wiil
successfu:ly witastand the onviromment2i conditions outlined in
SCL 7564. Xo further develomment work is reguired on the standard
WEH-10) sealed match for use in gas gencrator: requiring instan-
taneous ignition. Eowever, two prolie=s ucre encountered with the
delay match:
2. Ignition of tic celay match is marginal ai -600 F,
b, Delay times exc:eded the specified ¢ five percent at temperatures

ranging from -60° F to 160° F,

2.2.1 hiditional development workx should be conducted on \he delay
matches to insure reliatle isnition at -60° F and to cetermine
the feasivility of deiay times within the specified + five

percent,




7.

= 2.3 The basic gas gamerstor design utilised throughcut the development
and testing program proved satisfactory for the application after
two design improvements were incorporated: (1) positioning the

matches on the tase plug end and (2) the addition of a propeiiant grain

trap. These desig: isprovemsnts resulted in higher circuit resistance

after firirg and increased reliability.

2.3.1

2.3.2

2.3.2

The addition of a propeliant grair trap, as explained on page 56,
maintains internai pressure inside the gas gerwerator sufficiently high
%0 maintain stable burning of the propellant grain irrespsctive of
the pressure intc vhich the generator gases are flowing. A proper
ratic of trap exhaust area to grain busn area, commonly designated

as Kn, is peculiar to any ome propellant formmlatios amd is a methbd
of controlling the pressure and rate at which the propellant will

burn.

Exceilent resistance after firing performance wis obtained with
bass-end ignition as can be seen in Tablezr XIXV and XXXVI, pages
64 and 65. ¥ith the matches located in the base plug, 2 minisum of
exhaust gas residue is deposited on the match eyclet between the
circuit pins, thereby eliminating the possibility of making an

electrical path after the bridgewire has been consumed.

The capability of the unit to meet the requirement for no greater
than + five percent varistion in peak pressure ofer the operailing
temperature range was not estublished during tae test program.
Additional testing, beyond the scope of this program, would be
required to verify this parauotcr,'as well as to assura that all

materials used will withstand the operating tesperatures and pressure,
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.% The closed bomb firing test iixture designed and fabriczted during
the development prograr jroved basically satisfactory for use i tne
test program. However, .t is lelt tnat the tes: fixture nozile
restricted tre pressure and stock ispuises, resuiting iz high peak
gressure readings i~ prassure Chaxber %o, 1. In addition, the test
fixt.re nozile was unnecessary after the rozilirg feature was

incorporated iu the gas generators.




3.

3.1

3.2

3.3

RECOLENDATIONS

Based on the results octained during the psrformance of this pro-
gram and the reguirements of SCL 7504, Unidynamics recomasnds that
No. K-18258 be utiiized in further development work or: gas gensrators
directed toward fulfilling the requirements of SCi 7564. This
propeliant yields more reproducible pressure-versus-time results than
standard -5 propellsant, and is capable of withstanding the environ-
aental conditions outlined in SCL 756%.

Unidynamics recommends that the IKH-1036 sealed match {instantanecus)
be incorporated on all gas generators requiring instantaneous
ignition. To eliminste the problaams associated with the delay match
(marginal ignition at -60° F and delay time variations in excess

of the + five percent), Unidynamics recommends that additional
development work te conducted to insure reliable ignition at ~60° F
and to determine the feasibility of delay times within the specified:

+ five percent at temperatures ranging from -60° F to 165° F.

Unidynamies recommsnds additional development work on the gas
gensrator design to insure that all materials used will withstand
the opsrating temperatures and pressures, In addition, work directed
toward achieving peak pressures and time to peak jressures within

+ five percent will be required, The base plug end ignition and
grain trap features shoulc be continued on future units since they
provide greater reliability in ignition of the propellant, more
reproducibility in shot-to-shot performance, and greater circuit

resistance after firing,
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GAS T _TEST PROCEDURE

Equipwent

1.
2.
3.
b
De
6.

Gram-atic Analytical Balance

Igpnition wire {or Parr. peroxide bomb calorimster
Modified Parr peraxide calorimeter bamb

Holdin: fixture or vise

Special wrench for tightening octagonal screw cap
Beaker (2000 ml) of boiling water

Materials

1.

1.

2.

3.

4.

5

7.
8.

Propellant samples weighing Q,25 to 0.35 grams each

Procedure

Cut tiree propellant samples weighing 0,25 to 0,35 grams each from the
lot of material to be tested.

Using & Gram-atic Anzlytical Balance, accurately weigh each sample to
within 0.0001 gram,

Attach one end of the ignition wire to one .terminal on the head of the
gas evolution bomb (modified Parr peroxide bomb).

Wrap the wire around the first propellant sample several times; then
attach the free end of the wire to the second terminal on the head of
the bomb,

Place the cover of the bomb on the body and attach it sécursly by weéans
of the screw cap., Place the bomb in the holding fixture or a vise and
tighten the screw cap with the special wrench designed for that purpose,

Flace the bomb behind a shield and attach the leadwires from the Farr
ignition unit to the firing terminals,

Fire the sample,

Immerse the bomb in boiling water and allow it to stabilize in pressure.
Record the pressure reading.
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9. Calculate the gas output frem the following equation:

V=232P - 8,5 where V = gas output, cc/gram
W F = pressure, psig
W = sample weight, grams 2,32 and
8.5 are constants for the bomb

10, Repeat the test with the second and third samples, and determine the
average gas output,
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APPENDIX B

THoRMAL STABILITY TuST PROCEDURE
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TEEEMLY, STASE L ST TSSF PROC=UU

W

Aquipamt

. Sram-atic inmaljytiical Ealarce
<. Two aluxinus weighing dishes
3. Oven

Yaterials

1. Two each one-inch long strands of 3/8-incr-dieaseter extruded propeilant.

Procedure
1. Cut two one-inch lmg straxis of 3/8-inch diazeter extruied prcpeilant.

2., Using a Gram-atic analytical balance, accurately weigh each strand to
within 0.0007 gram and record the weights,

3. Place each strand in an aluminum weighing iisn and identify the dishes
as #1 and #2.

4. Place the dishes in an oven heated to 300 £ 5° F and allow them to
remain for 168 hours (one week).

5. Remove the dishes and aliow the propellant strands to ccol to room
temparature,

6. Using the Gram-atic analytical balance, weigh each strand.

7. Subtract these weights from the original weights to obtain the actual
weight loss caused by the 300° F exposure.

8. Divide each weight loss by the original weight to obtain the percentage
woaight loss,

9. Calculate the average percent weight loss for the two samples,
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TEST FilE
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1. Imtrodiction

Tzis docoment cutlinmes a propcsed test plam fcr the evaluatice of
Zas geoerators undes Sigmal Corpes Comtract Bo. I&-35-039 SC57362.
Tweive gemerators of each of tiree types will be tested, mpkimg a
total of 36 gemerators. The cmits will be subjected to exvirommentis
ad fired as cailimed in paragraph 1.3, All tests are descrided in
paragrasts 2.1 tZrozgh 2.9.

1.1 Zgvironmentzl Tests
All amits {1Z of each type) will be sthiected to the following en-
vironments and testis in the order iisted,

1. Eridgewire Fesistance {Paragragh Z.1)
2. Radiograshic Imspection (paragrash 2.2)
3. High Tewp. Storage (parzgrazh 2.3)
&, Low Tesp. Storage {paragrach 2.%)
5. Thermal Skock (paragrazk 2.5
6. High Temp. Mechanical Sheck {paragrash 2.6)
7. Low Temp, Mechanica)® Shock (paragraph 2.6)
8. High Temp. Vitration (paragrash 2.7)
. Low Temp. Vibratican (paragrash 2.7)
15, Mateh Semsitivity (paragraph 2 8)
11. Pridgewire Resistance (paragrash 2.1)
12. Radiographic Inspection {paragraph 2.2}
*13. Firing (paragraph 2.9) -

*Six units of each size will be fired at -60° F and six units of each size
will be fired at 165° ¥




2.0

2.5

2.3

2.4

2.5

2.6

EESCEIPTICR CF T-SIS

sridieuire Zesistarce
Tre tricgewire resistarce of toth zmatcies Im eack gensratcr will be

AWASTTOE I rescrced,

Sasiograshic Imspectics
Zact mnit Gl be Zcayes and exaxined for proper iocatioe of ail

CAMDOEATLS ,

Lccaleratec Tamperatzre Storage

Toe uwnits wili be szdbjected to 300 I 5° 7, mmidity wnconmtrolled,
for 168 hoours.

iow Texperaturs Stcrage

The unirs wili be subjected to -80 I 5° ¥, umidity uncontroiled,

for 72 nours.

Toexrmai Shock Storage

The wnits wiil De subjected o {ive cycles of thermal shoek, each
cycle camsisting of three nours starage at -80 ¥ 5OF followsd by
three hours storage at 212 = 5%7. Tne transient time from -809F to

212°F wiil bte less than five minutes.

Jechanical Shoek

The units will be mounted in the holding fixtures and the fixtures
aounted on the shock machine. The units and fixtures will be
stabilized at temperature (either -BO°F or +212°F), The units will

then be submitted to a shock of 250 X 25g with a rise time of 6 to
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il miliiseconds along the leagitudina]l axis with the leaddire end up.

N&*

2.7 Vibration
The units will be mounted in the holding fixtares and the fixtcres
rocnted on the vibtratiom tabic. The units and fixtures will be
stabiiized at temperature {either -80° ¥ or 4+212° F). The mnits will
be subjected to a 50g viTration, thirty.mirmulz sweer duration from 58

mzwﬂcpsalmgtbelmgitudimlax?s.

2.8 Matck Sensitivity <
Both bridgewires of tkhe units being tested will be subjected to 10,002
electrical impalises of 50 milliamperes intensity and ome second
duraticn. The units will be ailowed to cool 5.5 seconds between pulses,

3 2.9 Firing Test
The units will be fired using the firing circuit of Figure 2, For

all generators, the enlire bosmd with the germerator in piace, may be
stabilized at either -60° 7 or 166° F 23 zalled out in Paragraph 1.1.

The bomb will then be rescved from ithe tempsrature chaamber and fired

as soon as praciicai.
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from elsctrical pulse to propellant 1gnition of 0 -.4 seconds, with

opsratlng temperaturos from 65° F to 212° F and storage temperatures
from ~80° F to 300° F.
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Qualified requesters may obtain copies
of thie report from DDC.
This report has been reieased to CFSTI,

Disclaimer

The findings in this report are not to
be construed as an official Department

of the Army position, unless sc designated
by other authorized documents,

The citation of trade names and names
of manufscturers in this report is not
to bs construed as official Government
indorsenent or approval of commercial
products or services referenced.




