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FREFACE

Most of the discussion at the Seminar required no security classification.
Cortain discussions were classified "Confidential." Bach page of these minutes
has been stamped to indicate whether or not it containg "Confidential? infore
mation or is "Unclagsified.®

Further exchange of information on how to prevent explosive accidents is
encouraged. It is suggested that any questions on portiong of discugsions be
directed to the appropriate speakers, or their sponsoring segencies, rather than
to the Armed Services Explosivaes Safety Boards This will expedite answers and
will promote direct exchange of information between principals, which can be

. so effective in promoting safety.

Please advise the Armed Services Explusives Safety Board of any sorrections
o be made in these minutes, and errsta sheebts will be prepared.

The contribubion to the cause of promoting explosives sefety, by ﬁhose who
devobted valuable time and offort to this Seminar, is very much appreciated;

//'I A . HM‘[ILTON
Colonel, OC, USA

Chairman _
Armed Services Explosives Safety Board
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PREFACE

Most of the discussion at the Seminar required no security classification.
Certain diseunsgsions were classified "Confidentlal." Bach page of these minutes
has been stamped to indicate whether or net it contains "Confidentiald inforw
mation or is "Unclassified.®

Purther sxchange of information on how to provent explosive accidents is
encouwragad. It is suggested that any guestions on portions of discussions be
directed to the appropriate speakers, or their sponsoring agencies, rather than
to the Armed Services Explosives Safety Board. This will expedite answers and
will promote direct exchange of information between principals, which can be
go effective in promobting safety.

Please advise the Armed Services Explosives Safety Board of any correctionsg
to be made in these minutes, and ervata sheets will be prepared.

The contribution to the canse of prowmoting explesives safety, by ﬁhose who
devoted valuable time and effort to this Seminar, is very much appraciatedﬁ

‘//“4ﬁﬁ§%é;%fi;iabN

Colonel, 0OC, USA
Chairman _
Apmed Services Explosives Safety Board
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Cols As Wa Hamilton, OC, USA, Chairman, ASESB: General Schomburg, Mre Marsh,
Col, McCloskey and gentiemen, I am Gol. Hamiiton, Chairman of the Armed Services
Explosives Safety Board, the agency which is sponsoring this meeting. I will be
acting as moderator which means that I will be up in front of you every fow
minutes just about like & TV commercial. I promise you that I'll keep the
commercials ss short as possible. Qur hosts for thls conference are the Army
Ordnance Missile Command and the Redstons Arsenal. It's a pleasure t0 present
the Commanding Qfficer of the Redstone Arsenal, Col. McCloskey.

Gols O T, McCloskey, OC, USA, Commanding Officer, Redstone Arsenal: Genilemen,
it'e with pleasure that %'welcoma you to Hadstone Arsenals Xor gome of you this
may be your firat viait, for others it's one of many visits, but to all of you
I'm delighted that you are here. We're privileged 10 be the hosts for the Safety
Seminar on High«Enargy Solid Propellants. We want your visit to be interesting,
pleasant and profitable and we feel that it will be and if at any time during
your stay here, T or any of my ataff can be of agsistance, do not hesitate to
call upon mes Ttva veviewed your agenda, feel that it is extremely important
and informatives Again, welcome to Redgtone Arsensl and at this time it glves
me great pleasure to pressnt to you the Commanding Gensral of the Army Ordnance
Mizaile GCommand, Major General August Schomburg.

Magar Genaral August Schomburgi USA% Commanding Generall US Army Ordnance

sile Commands YOou,. th o to be a le philosophical to
atart off here. You know competition is a fine thing, as a matter of fact it's
the Amarican way of life. dJust recently I've had some discussions here regarding
the way we do our business end the way we contract with industry in the use of
cogt plus fixed fee contracts and firme that do almost all of their business with
the Government and how perhaps some of them loge a 1ittle incentlve when they do
too much of that type of work, so once again I say competition is a fine thing.,
It's probably a fine thing even among the Bervices to a certaln extent. I'm not
sure that the competition beiween say Bomarc and Hercules or Polaris and our own
Pershing, there's seven some goud there. Certainly the competition between Zeus
and our own ICBM's and IRBM's, this is going to help all of these missiles.

They will be better as a result I'm quite sure, But you people ars unigue, I
don't think you have gny room for competition. I'm sure you have many lost-time
accidents and that sort of thing yes, but that's only a yardstick to see how
welre doinge. Bubt the fact that you're all here today I think ls pood proof that
we don't have room for competltion in the explosives safety business. The fact
that you're here on g basis of free interchange of information is ample proof of
that and of courge, thia idea has caught hold, T know you met last year at the
Naval Propellant Plant and bad a fine successful meeting there with & hundred
peopls present. I thiok your mesting this year is almest twice that big so
thers 1s no question about how this has caught hold. Of course the fact that
you are here this yeaer, I think we have to thank owr good friend Henry Marsh.

I understand it was his idea to come here this year, so Henry, at least from me
personally, thank you very much. Back te competition a little wity I was rather
amused yesterday, I was going over part of your schedule, as you know tomorrow
afternoon we wanb to show you sround this place and I see you'rs going o one

of the test sites and I think this will be good. The test site that we blew up
last year, you're going to get all the information about it. You'll be shown
Just how not to build a test stand, in this particular case we were testing 2
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golid propellant motor ard we ended up by laying a ton of conerete on top of

our instrument vane But talking about competitlon again, you're not going to

get quite the whole story. The motor that blsw this one wp is a pet of ours

and welre not going to tell you which one 1t was T wderstand, but wo'il take

& lot of plesaure neverthalass in showing you around the Arsenal here. I'm
certainly pleased that youtre here for that. Your asgenda looks most lmpressive
and of course this is jus? the kind of thing we rneed, a complete interchange of
information so all of ua can do this job better. A most successful meetlng 10 you.

Col. Hemilion: Watll now hear from a gmtlemarn who is very well known t0 most

of you. For many many years bs was thw Manager of the Smokeless Powder Division,
Hercules Powder Co. and he recently served as Deputy Assistant Secrotary of the
Army for logisticae At the present time bhe 1s the Vice President of the American
Ovdnance Association in charge of sll its technical commltlees and 1y s consultant
to the Secretary of the Aroy and to the Armed Services Explosives Safety Board,

M Hﬂnry Marsh.

Mr. Honry Marsh, Vice-Fresident, ADA: Ueneral $chomburg, Col. Hamiliton, it's
elways a pleasure to get together with e bunch of pecple who's primary interest
is improving the safety sitnation. Amy time that we play sround wibth things
that are hazardous and dangerous, we have safety problems. It's nice to hava
all of you hera, it's nice to see su many old friends and I hope maybe I'1l get
better acquainted with more of you before we gebl through. We had our first
ASESE Seminsy st Indian Head last year end there was a question ralasd whether
we should have another one. Thers have been things that have happened and there
has been technclogical progress and 8o there is a good reason for getting ithe
erowd together agein. We are heppy that Redstone was willing to have us down
hare and to make use of these very excellent facilities and we thank them for
timlyr hospltellity in letting us coms. This morning the weather seems to be all
right and we hope that it stays thal way. The blg thing is that we do want sll
of you to exchange safety information early and alert ome another to the possie
blllities of trouble in arder to develop the best practice that may save a life,
May 1 for ths Beard, welcome you to this second meeting, May I urge free and
open discugslon, please do not for company advantage, hold back any evidence or
facts that will improve the overall safety ploture. Durdng the past three months,
one of the first tests in a proposad serdes has raised & most serious question
ke to the efficiency of dividing walls In the prevention of propageticn. While
there 1 #till insufficlent evidencs on which to bagse any firm conclusions, the
results ware sufficlently stertling thet the Board will submit an interim report
88 & warning to ssch of you., Our thanks to all of you for coming to the Seminar
and glving your tims to attend. A glance gt the progrean shows that theres are
l;’oa of Interesiing subjects to diecuss and Redatone hes kindly arrenged &
phant tour.

Cole Hamiltort At this time we!ll have a few worde from Mr. Donsld E. Miller
It eral Counsel's Office, Office, Secratary of the Army.

Mps Do Eo Miller, Office of General Counsel, Office, Secret of the ¢
Thank you Col. Hamilton. 1be ALtorney Jeneral has hald Lhat ROTIvVIAies of
comnd ttees such ag this seminar are subject to the antiwtrust laws and the
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persong participating are not immune from prosscution under suech laws. The
Department of Justice takes the position it retains complete freedom Lo
institute proceedings either civil, criminal or both in event he c¢ongiders
that actions of any committee meetings sre being used to unlawful privaie end.
The dttorney Ueneral has establisled certsin criteria which are attendant to
minimize the pogeibility of violating the antiwtrust laws. These standards
have heen incorporated in DOD regulations snd are being followed todays The
Assistant Secretary of the Army in addition considers this seminer to be of
such great importence, that as an sdditionel safeguard, be has requested that
the Genersl Counsel of the epartment of the Army provide ¢ounsel for these
meetings, I am Assistent to the General Gounsel and have heen designated to
represent the Office of the General Counsgel of the Department of the Army to
provide counsel at this seminer., The agenda has been made sufficlently broad
so that matier related to the topics of ithe seminar under consideration can be
freely discusged. My presence gt this seminar is not intended in any manner
to Limit full and free discussjion of the toples under consideration, but rather
to promote such discuseions My primary purpose in abiending the seminar is to
protect both Government personnel and industry members from inadvertent conw
sideration of any subject which might bring the seminar activities within some
agpect of the anti=trust laws. Contrary to popular belief, everyons thinks
attornies talk all the time, this will be the last thing you'll hear from me
for three days. Thank you. ’

Col, Hamilton: Gentlemen, at this time I'd like to present the assistant
moderator, Mre John We Lowell, Mr, Lowell who from the Weshington end did most
of tha work in putting this seminar together, writing all the letters, preparing
the agenda, etee Mre louls Jozek representing the Depariment of the Army,

Mr. Herbert Roylance, Department of the Navy, Mr. Donald sndsley, Departmént of
the Adr Force and Mr. Henry Dyer, Army Ordnance Missile Command. The first of
ouwr technical dlscussions, the subject is detonability of ammonium perchlorate
and degensitisation of propellant ingredients, such ss light metal hydrides
during processing and storage. Mr. C. James Barr, Manager, Development &
Enginsering Brench, Olin Mathiesen Chemical Corp.

Mp, Go James Barr, Mar, Development & Engineering Br., O0lin Mathieson Chemical
Uorp,s 1 want 1o present two topics for your consideration this morning, both

of which are particularly pertinent for a gathering such as ours. The first of
these, the detonability of ammonium perchlurate and propagation of the detonation,
are most important to our present generation of solid propsllants. The second
tople, dealing with the desensitization of novel energetic propsllant additives

is becoming of more importance and will certainly represent a real problsm in

the next generation of eo0lid propellants. In connaction with sach of these
subjects, specifically, and relative to this seminar as a whole, I would remiad
you that the bulletins of the 16th JANAF meeting, recently concluded in Dallas,
are very definitely recommended reading for all of yous For exempls, the familiar
card gap sensitivity test is discussed by Brandon of Rohm & Haas with emphasis on
relationship between the geometry of the dounor and acceptor charges and card
thicknezs, Another paper suggests approaches to new understanding of the
phenomanon of the transition from deflagration to detonation, using a

combination of data from the closed bomb and strand burner. This work is
described by Wachtell and McKnight of Picatinay Arsenal, &1L of the processing
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pspers pay attention to the safety aspects of their partitular systems. Now,
back to the subject of the detonability of APC, There have been conflicting
opinions in the industry for geveral years on whether ome really had to worry
about this matter. In general, however, the probabllity of detonating ammonium
perchlorate, per se, in the processing of solid composite propellant heg not

bean considered a serious one. Uluring the course of a redesign of a continuous
propellant processing pilot facility at OM, however, we decided to get some
information on problems which we recogniged in methoda of materdal transfer
between ingredient feeders and the continuous mixer. (I will deacribe this
continuous process, the "Flaid Ball" casting process, in soms detall this afternoon
1n connection with enother subject. Brisfly, however, in the Fluld Ball oparation,
wo combine with pracise meterding owr ball powder and & liquid explosive plasticizer
with alumimim and APC in a continuous mix, cast technique.) We were interested
in defining limiting sises for transfor systems o the comblnuous mixer. Accore
dingly, we set up a work outllue to define the effects of a detonablon within
eny one of the bulks of ingredients or mixed propellant on the others. Conw
sldoring only ammonium perciilorate at this time, I can ontline the preliminary
tosts and their resmults which are now available. Work to date has been carried
out using 2 end 3 inch dlameter by L £t cardboard tubes, loaded loosely or
packed with up to L0 pounds of 35-40 APC., The losded tubes were placed in

the horlizontal position in the test area, elther on the ground or on polnt
supports, Up to four sections of tubing wers coupled to achleve s maximum axial
test length of continuous APC of about 200 inches., Variations from this arranges
ment incluwded the use of 909 bendm of both tube material and polyetihylene, open
tubes in which a oma~lnch wide slot was cut along the top length, and intermediate
axial slesves of polyethylene. Detonation of the APC was accomplished through
the initiation of booater charges of 100 and 200 grams with a no. 6 blasting cap.
The f£ir .t tests employed FR«$ as the booster (33% Comp. B, 67% #3 erained AN),
but la‘er tests standardized on 200 gram charges of tatryl. Soms preliminary
conclusicha may be drawn from the deate from these Limited testma. 1 ~ The
critical diameter of tubes confining a static bed of O  ammonlum perchlorate is
something less than 2 inches, OUritical diameter is defined here as that diameter
which muat be employed to give a reasonsble guarantee that e detonation in one
end of the stream will not propegate from the source through the bed of matarial.
In all tests with 3 inch tubes, detonations were satahlished and propagated the
full 200 inch length. Some detonations were esteblished in 2 inch tubes; propa-
gation in this case, however, ceased at about 100 inches. 2 ~ No reliance can

ba plased on 90° bends stopping a detonation in conduits carrying ammonium
perchlorates. In esch test, the detonation wave transferred round the bends and
travelad oo down the tube. It may be that propagation continued in our case
because we are dealing hers with detonation rates which are relatively low
(1800~2200 m/sec}, compared with the ususl high explosive materials with which
guch bends are reportedly sffective (tetryl - 7900 m/séc, HMX - 9300 m/sec).

3 = If eritical dismeters are exceeded, no reliance can be plated on employing
an open or slotted rather than closed tube. There is mimilar reluctence toward
the uss of a non-civeular or U-shape channel of equivalent diameter, although

the latter cross-section has not been studied. 4 - When the critical diameter

is exceeded, a detonation will travel the full length of the tube rogariless of
ita length, S - An intermediate sleeve of 1light blow-out materdal such as
polysthylene is ineffective in halting propagation of & detonation.
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The above conclusions, although drawn from some 20 tests, are causing us to
consider vary carefully the design of owr APC handling system in the continuous
Fluid Ball propellant process, We intend t0 obtain mere data befors finalizing
our designs In addition, we are examining the feed stream which, according to
our process, consists of a blend of the ball powder and the aluminum components,
as well as the liquid stream consisting of the explesive plasticizer. In conw
clusion, I want to emphasize that there is no dovbt ih ocur minds that ammonjum
porchlovate, coated only with 0,24 tricaleimm phosphate and containing no orgenie
fuel impurity, can be detovated. There has bewn some fesling bthat yow bave to
have a fuel lmpurity adwixed in order to have a real haszard at hand, We don't
belisve this 1s true, and have good evidence to support this belief,

Dre Ae M. Ball, Hercules Powder Co.t Have you done sny work on thin layers as
Fou got on a Byntron reeqev:.

Mrs Barrs No sir, only in the extremes of which I gpoke which would dbe yea big
or spread out in a channel maybe yea wide and yea thick, ne thin layers yet.'
How thin did you have ia mind?

Dee Ballt I'm not a Syntron man, this is not a commercial talk, I have seen

on vibrators sarrying & fairly thin £ilm of the stuff down at & preity good
flow rate and LT it should burn out that a thin layer will not propagate whersas
& serew or something else would, that might bs an answar to your problem. Ous
other point, you mentionad your ammonium perchlorate was «2 of 5 per cent of TCP,
that is an appreciable amount of fuel,

Mr. Barr: Not in the category that ome ordinarily thinks of a fuel as being

acarbon o an organic coating, I agree thers are the charscteristics of 2
fuel but T wanted to point out that wa did not heve for example any hydrocsvbon
matorial.

Dre Ball: A number of people have worked in smmoniuvm perchlorate that went with
a Littie bit of organic material end as far as sensitizing ammonium perchlorate,
s little bit of the stff is a whole lot meore than a lobs

Uols Hamilton: Any other éomments from the floor? Mr. Barr.

Mpo Bavr: This is the Confidential portion of my presentation. In the few minutaeg
Teft this morning, I want to remind you of a problem upon which most of us ave
working and to summarize some of the gains belng made in the eres. We are in
the first phase of a propellmnt performancs gap extending over the next six to
eight years. There exist today operational solid propellants at the delivered
specific impulse level of 255 se¢, with a fair density around 0,062 lb/ind,
From now ony in the interim until the availability of the ultimate chemical
golid propeliant system delivering on the order of 300 sec is available, we are
faced with & real performamce gap in solid propellants.  Ona way which appears
to be available to ug to improve present generation golid propellants requires
the use of energetic additives such ag the light metal hydrides in todaytls
binder/oxidizer systems. I would point out here that the ultimate system
referred to is congidered to be a polymer or a combination of polywers in which
the snergetic atoms and groups have been integrally combined, both as fuel and




oxidizer. A major problem in the vase of these high enargy additivea arises
generally by the very reason of their ability to contribute ensrgy. In the

cage of 1ithium aluminum hydride, for example, while we may caleulate impulsa
gainy of 1% to 20 sec, ws usually find Lhat it ia incompatible with the other
componenta of the smystem. The term incompatible hers must be defined to iaclude

a numbar of sensitivities. We are concerned first with the chemlcal compatibilliy
or noneresctivity of the additive with the propellant matrix, oxidizer or other
additives in the raw, uncursd stage. This criterion sgein becomes imporiant

when the tempersture of the raw propellant is raiesd to effect Lta cure. The
resctivity of the additive may lead to anything ranging from the production of
minor volds in the finished grain to a system which deflsgrates iu the mixer.

An sxtension of this requirement for non-resctive additives is into the area of
long term storago at amblent or elsvated temperatures, or under oycling conditions,
A second aspect of haverd which ia partlcularly troublescme to the development of
the Interim incrossed energy propellants is the aensitivity to impact or shock
which these additives confer upon their mixture with other ingrediants of the
propellent. TImpact sensitivities as messured by ths standard Bureaw of Mines
drop welght tester, are very fraquantly at levels pracluding their use or, at

the beat, very merginal with respect to safety in proceasing. Another important
problen ares exemplified by the baryllium-based fuals ia that of toxieity, or
paraonnel health hazerds, To aoma extant we have bean concernad with thia problem
in the devalopment of borane compounds for golld propallants, but ta a markedly
leas dogrea than would be the case for baryllium compounds. In summary, then,

the problem one accepts with the wse of energetic additives to Incroage the
performance of today's propellants is primarily that of preserving the materials
in en unreacted stete prior Lo their programmed combuation. Now, what are we
dolng with the problem? The majority of the epproaches to solution of the problem
gre baved on s physical encapsulation of particles of the additive, To encap-
sulate may dencte a complete smurface coating or only a partial onas  Secendly,

wy can consider the more draatic mtep of utilizing the reactive materisl Iln con-
Junction with & new binder or matrdx which 1y chemically compatible, readily
walletvle sed promlsing of falrly repld development. Thirdly, we wmay consider
alloying techniques sa in the case of lithiun and alumbouwe. In the case of
lithium perchlorate, a new kind of incompatibility ariaes through its extrems
hygroscopledty, Considerable improvement has been obbtalned 1o utilizing the
material as an eutectic with smmonium perchlorate. An additional approach,

again & major departure from one such as simple coating, ls in the combination

of materials chemically with the principal fusl or axidlzer in a manner such

that the resction does not degtroy the energy characteristics of the additiva.
This spproach, which actually is s big atep toward the ultimate chemical propellant
system, iz best represented today by the affort being gpent on Gorane polymers.
For a wepid and moderately up to date review of what ls being done to wtilize
additives such as the light metal hydrides, I would agaln refer you to the
bulletin of the recent JANAF Solid Propellant Group meeting in Dallas. More
detallad summaries of progress among the many contractors mey be found in their
published raports clrculated by BPIA. Running quickly down the list of sume of
the more pertinent effort which has been reporteds Aerojet has been making good
progress in desensitizing L1ALHY and LiBHL, particularly since macrocrystalline
particlea have become available. GCoating agents anployed by Aerojet and othera
have inciuded epoxy resins, polyacrylates, curable liquid pubbers, polyethylens
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and vapor deposited metals. The latter technique has been used to put several
per cent of aluminum on macrocrystalline LialHh. The same technique has been
applied to Mgh2. It should be pointed out here thal there is c¢onsiderable
advantaga, posalbly 8 or 10 seconds, gaimed by using aluminum to encapsulate
rather than a relatively inert coating such a3 an organic resin. Hughes Tool
is doing some interesting work in the utilization of the perfiuncromethacrylstes
as a stabllizing coating for certain hydrides. This work has glven indication
of devaloping beyond the stage of a simple coating into a new castable solid
propellant in which the polyfluoro material becomes the matrixs National
Rasearch Corpe ig reporting a program in which a number of additives are being
eoated with nagnesium as well as aluminem. 3ome success is again reported on
the coating of LiAlM),, LiBH}, hydrazine nitrate and nitronium perchlorate. A
gecond approach at Naticnal Cash Register depends on the in situ polymerdization
of monomeric coatings. Alternately, solutions of the coating polymers in low
boiling solvents are being employed. Still another technique 1is being studied
by Ethyl Corp. Here, an organometallic compound deposited around the particle
is subsequently thermally decomposad to leave a nmetallic coatlng. Melybdenum
hexacrbonyl is one such material, decomposing at 170 to 186°¢ to a thin film of
matal, Various sluminum organometallics have been amployed unsuccessfully., A
technique employed by Rohm & Haas and others depends upon dustin% the particles
with resing such as polyvinylehloride followed by beating to 150%C or so o flow
the melten dust around the particles, Both Minn. Mining & Mg, and Atlantic
Research are studying liguid encapsulation in tiny aluminum containers. The
materials reported include tetranitromethans and nitrogen tetroxide. Thiokol
and others are studying the problem of incorporating ndtronium perchlorate.

The major problem, as with lithium perchlorate, lies in its sensitivity to
moisture. In contrast to lithium perchlorate, however, the nitronium material
decomposes into its parent acids. JPL is pursuing a study of the coating of
rogctive matarials with thin films of silicon, silicon monoxide, magnesium
fluoride and relatively high molecular weight distillable polymers, as well as
the vapor depesition of metals. Thers are many other specific investigations
and investigators than those to which I have referred. Further, there are a
numbar of very pertinent effects on the performance of propellants containing
desensitized energetic additives other than that of increased stability to impact,
moisture, heat, chemical reaction, etc. Not the least of these are effects on
burning rate and physical properties. 4gain, I refer to the great variety of
published classified literature on the general mibject, should you wish a more
complete review of the subjects. What I have presented does, I belleva, indicate
the extent and type of attention being given to problems associated with the
use of novel, energetic additives ‘o increase the present day performance level
of solid propellants.,

Col, Hamilton: Any comments.

Dr. 0. He Johnson, Bureau of Naval Weapons, D/N: We're supporting the ressarch
aspects of some of this material you discussed, Welre very much interested in
3k, and we have our fingers crogseds There is a very severe safety problem that
I wonder if the rocket motor people have thought about, Our Polaris people
thought s6 much about it they say they will not have an encapsulated ingredient
in & Polaris engine. The problem i1s this, you have a capsule of a very reactive
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meterial in a very thin envelope in variocus degrees of fragllity. If during
processing ar in storage, one of these capsules breaske, what c¢an happen. In

the case of ammonium perchlorate, lt's lypergollic with the rest of the ingredients,
you're going to set your motor on fire. In the case of light metal hydrides,

it's not hypergolic mt verioua degrees of reactivity. The degree of reactlvity
which can be hypergolle depends upon your matrix. I wew going 1o ask you whether
a1l of your vwork was done with a nitro-cellulose matrix, On the other hand, the
gain in ISP fa quite substantiel as you pointed out, so 1t eppears that it is

one of these things that perhaps is a long shot that we have to carry thru anyway.
These nitro capsules of aluminum spparently can be sealed so they are alr-tight,
T think soma of our contractors have demonstrated thats They cun put nitronium
perchlorate or tetronitromethane or other things in them bui now they're fragile.
How are you going to process them into propellant. You certainly can't use a
sigma mirer or some of the common things bthat people use, I'm Just wondering if
you pecple have thought about this problem.

Mr. Barrs I will talk a little this afterncon sbout the fluid ball operation
which lends itself to an extremsly low work dispersion of materisls like this.

Dr. Johnsond We certainly would appreclate your commants and guidance becanse
ws have a fair effort in this field and if it's going to be water down the drain,
we'd like to know about 1t, on the otber band, the theoratical gein 19 quite
subatantiale

Mro Barrs I would point that we hed a great big Boron bubble burst in the Liguid
field not two long ago, we think we are on firmer ground in the case of solid
systams either oxidized to the U ar to the N gystems bub T would just offer as

a word of caution that maybe our thermo chemistry will go to pot on lithium
eluminum hydelde amd other things also. However, this is not probable.

Cale. Hamilton: Auy more questions?

s Co Ls Eoapp, BSSOQ Rasearch & Engrs Co.t We're interested In higher energy
syatems that might be put together in such ways and wa have noted this one, that

Lf one coated particle falls, probavly it will have enough energy Yo set the

whole thing off. 8o agide from mechanicel working, you have a statistical problen
that 1t ls exceedingly difficult to put thils gystam together in such a manner that
each one of the particless is completely coatad. But if one recognlzes that
problem he goes along and tries to do it, There's s second one that is interesting,
I'm sure you'rs awares of it, but Ordnance may not be. The reason for using metals
is that they are much more impervious. If you go thru an analysis and experi
mentation with liquids or with anything that has an sppreciable vapor pressure,
you'll find that well before the normel and useful storage life 1s over, enough
vapor will migrate thru slmost any plastic to cause reaction and destroy your
system and that's the reasor 1'm sure most people are now going to metals where
there is en appreciable vapor pressure either of the materisal contained or in

the case of niironium perchlorate which absorbed water vapor from the outside,

you need that impervious barrier to prevent water from coming in from the outside.
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M, Barr: Yas, that's right the migration over a long period of time or diffusion
15 a matter of concern as is the simple statistical Fact that a few particles meay
rupture and initiate a whole mass. I don't have any obher solution tho, to this
performence gap othor than for example metal alloys or good capsulation.

Me. Ko E. Rumbel, Atlantic Research Corp.: I'd like to go back to the Lfirst pard
oF your presentation. lou meniioned TG%, Dra Ball commented on thate. Sometimes
TCP means tryfluocrescen phosphate, sometimes trichrygtal phosphats.

Dr. Ballt One of our operstors calls it triteryphosphate.

Mp, Rumbel: I wondered if you and Dre Ball were meaning the same thing.

Mr. Barps Ttm speaking of caledums

Mre Jo He Atkisson, Jeb Propulsion Labs  In the coating ammonium perchlorate wibh
magnesium vapor proceas we ran inte s pyroforic condition leading to a detonation.

Mpre Barr: We have observed the same thing in our laboratorye. Have you solved
the matter of doing it safely?

Cols Hamilton: Thank you very much Mr. Berr. The next subject, laboratory
operabions - soreening, grinding, mixing, design of remote and shielded operations
and bazards from radicactive propellant components. We have two apeakers, the
first of which will be Mr. Lee T Carleton of AerojeteCeneral Corp.

Mro Le Te Caxrleton, AerojeteGeneral Corp,: 1 want to speak brieflly about two
topice, the discussion of compogition in the first topics will be clagsified
Gonfidential, otherwise the talk is unclassifieds I want to talk first about
the development of g laboratory mixer under the sponsorship of the Navy. Many
golid propellant aystems baged on advanced components are unusually seneitive
during certain phasas of their processing history, For example, propellants
made from nitropolymer binders, ammonium perchlorate oxidizer and coated lithium
aluminun hydride may be congsidered hasardous during mixing and casting becauge
of their shock sensitivity, In order to prepare small test gpecimens of this
propellant, we've developed apparatus for mixing and casting small charges of
these propellants by remote control. At this time, considerable experience with
this apparatus has demongtrated its safety and utility, The equipment and methods
are expected to be applicable to other sensitive propellant systems. Apparstbus
and Faeilities - The assembled apparatug is shown in the figwre. The upper part
ig the mixer, consisting of 2 stainless gleel cylindsr with a motor-driven,
spiral stivrer. There is ample clesrance betwesn stirrer and walls. 4 dispsnser
for golids and a valve leading o a nitrogen supply and to vacuum are attached,
The mixer surmcunts a casting bell, but mixer and bell are separated by an
aluminum diaphragm clasped in g flangg. A cutter is provided to break the
diaphragn after mixing is completed., The capscity of the mixer is L lb., bub

to date it has been used for 100 gram charges. For remote operation, the mixer
i& set on a laboratory bench in an isolated yoom. It iz conbtrollsd from the
adjoining room, being viewed by the operator through two oblique mirrors. A
wall covered on each side by 3/8 in. stesl plates separates the two rooms.
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%ratiou ~ The first steps of loading the mixer may bs performed by direct

ing with no hazard. The operator works behind an ordinary leborstory
shield, The nitropolymer fuel is first welghed in. The oxidizer Is charged
noxt, using a specisl polysthylens dlspenser fitted into the mixer. The wibrator
ig started to sheke in the entire charge, and then the mixer 1o switched on.

To begin the semsitive phase of operations, the operator attaches the speclal
dispenger for powdered LiAll,. Cards are provided for cperatlng the dispanser
and the diaphragm cutter. The operator takes nis positlon in the adloinlng
gontrol room. He watches the mixer through mirrers, and performs the follewing
stepss apply vacuwm to both mixer and casting bell; edd LIATH, while stirring,
and mix for 10 minutes mere; break diaptwagm, and cast propellant into mold or
amall metor; vibrate while casting, to settla propellant and remove bubbles;
blanket with nitrogen and lemve overnight; the casting will cure partially before
removels Evaluation - About 1% mlxes have been performed in the spparatus
demeribed, 10 18 necessary to test a varlety of methods for protecting LiAlt,
in propellant formulations -~ some succsasful and some unsuccessful. One fire
was initiated by frietion, but was successfully controlled. The fire cccurred
in the remote control phase of operatlon, and there wss noe bagard to personnel,
Radionotive materialy in propellant procegaing - At present, the main use of
redivactive materials in propelisnt technology has baen as sources of radiation,
rather than as components of propellant. An exceptlon is the studles of mixing
efficimmey, in which radicsctive tracers have actually been incorporated 1n
propellant mixas. Otherwise, radiation has been used chisfly for radlologlcal
inspection of grains, a9 a curing initietor, and for damage studies, For several
years, Aercjet has studied the applicstlons of high energy radistion to propellant
surdng and damage, under contracte with the Alr Ferces We have gained much
axparience in handling solid propellsants in c¢lose proximlty to radiocacilve
matgrinls. Tt is umeful to revisw the methods used., Facllitles « the source
used most recently for irradiation of yropellant is a Sylindrical cage of rods,
sontalning (originally) 30,000 curies of Cobalt-00. The cylindrical cage is

20 inches high and 5 inchag in dlameter. These dimensions allow the irradiation
of gmall propellant geaing, as wall ag packages of test specimens, inside the
¢ylinders Bpecimens may also be irradlated In selected positions cutslde of

the cylindsr. The current average dose rates are 7 x 102 rep/hr inslde the
eylinder, and 2 x 105 rep/he in the outer positions. The design of the facility
housing this source is based entirely on the principle of protection. Protection
19 achieved by shielding, by providing emsrgency devices; and by regulating
accasgs In plapniung this protection, 1t was necessary to vonsjder both radiation
hazards and the hazards of a violent reastion of propellant, as well as peasible
interactions of the two. Ample sarth-shielding is assured by mounting the Co
source on & platforan in the Jower portion of a well 20 feet deep and 20 inches
in dismeter, A gnug fitting steel casing fits imto the lower halfl of the well,
desipgned to retain radiocsctive Lreagments Prom any violent reaction. The top of
the well la covered by a four inchk thickness of lead. A latersl passage nsar
the top vents the well through a water seal. In an emargency, the platform on
which the source is mounted may be quieckly dropped or serammed, throwgh a
digtance of 30 inches. The mechanism 1s actuated by an electrie signal, @.guy
from s thermocouple or pressuce sensing devices This aetion effectively removes
the gourcs from proximity with the sample being lrradisted, which remains in
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its original position. As a further emergency meassure, the well may be immediately
flooded with water by a high capacity pump. Further safeguards are provided by
controlling access to the facility, OSample containers ave loaded into the well
through openings in the massive 1id by means of a movable hoist. The hoist moves
on rails back to the opsrator's position in a some of low radiation. The cperator
doss hot approach the top of the well, and hence is always shislded by earthe

All of this equipment is enclesed in a frame shelter with a single door. Oubside
of the structure is a chain link fence, which in fturn is surrounded by sarth
embanlments, with only one entraance. Both the shelter and the gate are provided
with locks, and are normally locked, except when operators are working inside.
Control of keys is strictly regulated. The entrance through the earth embankment
is chained off and posted with warning signs. In addition, a burglar alarm is
provided to signal any unauthorized entrance into the tuilding. %ﬁgerience w In
nore than one year's experience of jxradiating solid propellants this facility,
there have been no fires and no sorams. The only emergencies have been dus to
occasional mechanical failures. It has only been necessary to flood the well for
repairs, or for routine tests. Propellant and propellant components have been
rapestedly given readiation doses of more than 107 rep without mishap. This
axperience indicates strongly that solid propellants may be safely processed by
high enargy radiation, or handled in radiation fields. The conventional pre-
cantions for handling propasllant and radiation sources appear to be sufficient.

Dre 8. C. Burket, Asrojet~Jeneral Corpe.t T'd like to dascribe for you some
equipment and some tests which we have made relating to the handling of both
explosive hasards and fire hazards, to describe a shield which we are using in
our laboratories for mixing one pound batches of propellant which is primarily

a fire hazard and alsc to describe some gloves which we are planning to use with
axplogive materials of half a gram or less, May I have the first slide pleass,
The top photo shows the shield right next to the seteup which i inside it. The
setenp includes g spiral laboratory mixer, wiith a capacity of approximately one
pound, set in an oil bath. This is mounied inside the shield as shown. Here is
what the shield looks like when the operator stands in front of it with everything
¢loged, The side sliding doors are pushed aside here to show how it looks when
the operator is making his experimental set-up., The shield was tested using a
cardboard mock-up before it was constructed. The people who have in the past
mixed lab batches without a qualm out in the open laboratory bench actually
asked for these, we have approximately a dozen in eperation now and we have no
problem in getting people to use thems Apparently, therefore, they are practical.
The conter pana hers which provides the direct protection is sbout 18" wide, the
operator can perforn any normal operation inside without mejor difficulty.
Ordinary sefety glass, 1/h" antomobile safety glass is used for the windows, you
can use 88 many panes as you like, maybe two, three or four panes, in general
soparated by 1/L" rubber spacers. The shield is constructed of 1/8" mild stesl,
the doors are 3/16% mild steel, the bearings on which the doors slide are simply
roller skate wheels. The whole thing weighs about 178 pounds and hes cosh us,
for the 12 that we have made, aspproximately two dollars a pounds It would appear
that these are ugeful for mors than simply protection against fire hazard,
therefors we conducted tests Lo see what the limits might be, or what we might

be able to expect in the way of protections The next one shows ihe experimental
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set-up, which was placed on 2" planis to simulate the laboratery bench top.

It was placed at the proper distance away from the wall to simulate the actual
got-up in the laboratory and expleaive charges were placed inside, as shown

here, to simnlate the approximate distance from the shisld wall and the laboratory
walle. You'll see that the mixer used is 2 glass wall mixer, not a stainiess ateel
mixers The blades inside are simply spiral blades similar to those shown by

Mr. Carleton. A serles of teats were made starting with an ordinary 8% gram
tetryl booster and working up thru 50, 100 and 400 grame of Cl mounted in the
positiong shown here. The can ls to simulate an oil bath., The next slide shows
what happened to the three panes of safety glass that were used as protection in
the blast of 100 grams of GE. The 1/8" gteel mesh which comes in front of the
glags prevented any expansion of the panes out so that an operator if he had

been in front would not have been hit. There was some spalling of glass fragments
in the case of the LOO gram charge but the fragments had very low velocltyy &
plywood board held two feet in front of these panes of glass showed no scoring
whataosver. The next slide shows the vondition of the shield after a blast with
40O grame of Ch. Our present plans are 1o use this shield only with small guan-
tities of explosives but we did wish to zee how far it could be tested belore
failure occurred. There is a base plate underneath made of 1/4? steel to prevent
the blast, If a blast occurs, from going under the shield and coming out and
dsmaging the wperator. The top and the back are left free for blast relief.

The shield moves forward with considerabla force when you put as much as LOO grams
of Ch there so that if it were to he uged for explosive protection, it would be
wise to restraln the shield. We have used heavy steel springs, mounted gpproxie
mately centrally, to hold the shield back against the wall., Bven with the LOO
grams the glass bowed but did not completely shatter, it stayed together, there
gimply was aome spalling as mentioned earlier. The next slide shows what happened
in the test of some ploves we were testing for use with quentitles of explosives
of 1/2 grem or lass. A #8 blasting vep was mounted between the gloves in a small
erlenmeyer flasks. The gloves were positloned to simulate the position of hends
gctually helding the cap, a simulated human hend constructed of chicken boneg

snd rubber gloves was placed inside various types of gloves, and they were then
tested in this manner. This shows what happens to heavy asbestos gloves when
tested in thls way, apparently they are not suitable for use to protect againgt

a #8 blasting cap, which corresponds tu aboub 1/2 gram of high explosive. The
next slide shows the original set-up, this represents the actual arrangement

that we plan %o use., The best glove appmars to be leather, specially congtructed
for our purpose, there sre thin leather gloves that pgo directly over the hands,
these are then inserted in the gauntleied gloves shown here and a pad is placed
over the pslm. Undepr thege conditions, there was no penetration of the yubher
gloves inside used to gimulate the hand. Furthermore, there wasg no penetration
of the inner pzir of gloves with a #8 blasting cap. Actually this lg not gs
clumsy as it lovkse It is possible to work much more egsily with these than 1%

is to work with tongs. If you use the heiavy ashestos gloves it's possible to

work with tongs if you keep the exploding object at least 6" away from the gloves.,
Are thers any quastions on thege?

Mry Lo W, Saffian, Picatinny Arsenal: In the first pregentation, Mr. Carleton
spoke of a gteal mixer and your tests apparently run with a glass mixer?
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Drs Burket: That is correct.
Me. Saffian: Did you run similar tests with & steel mixer?

Drs Burkety No, we would not plan to wse a steel mixer Lf we felt that there
was going to be any kind of an explosion hazard, bescauge the missile problem is
much greater. We have made tests with steel missiles and find that with & one
pound charge you just shout have to have an inch of steel to prevent missile
damage. 3/L" doesn't quite give way but it dossn't look vary safe, so for a
one pound metrl mixer wa would want to use 1M steel.

Me. Saffians One more thing, wo found that butesite core lucite was a very
effective window material. I was wondoring whether yon tiried that.

Dre Burkets T was talking to somsone not long ago, I can't recall who, who said
whatever you do, don't use lucite becanse they had conducted some tests in which
the lucite had shattered and sent plastic needles all around ths room penetrating
1" wooden boards and we were just a little leery of trying it. Maybe unjustifiably,
but we have avojded using lucite whore we fell there waa an actual explosion hazards,

Mr, Panl D. Nance, Thiokol, Utah Divez A comment on your gloves, I noticed in one
visit in an axplosives facility where the common practice was to use a butcher's
glove, steel mysh interlaced glove over cotton and thls in thelr experience had
providaed very excellent shlelding, usually worn under a leather glowe, so they
would have a less bulky arrangement, Have you tested that?

Dre Burket: Yes we dids The hole in the steel mesh was considerably lurger than
the hole you saw in the asbestos, This is with a #8 blasting cap, I don't know
with what level of explosives they may bhave used. We were specifically using the
#8 olasting cap as the tost medium and 1t was in direct contast. I don't know
whether they were mounting them in the same way. It was sctually held next

to the glove,

Mr, Nance: What were you wearing under the glove?

Dr, Buprket: There were twe gloves, & relatively thin leather glove under the
heavy welder type glove with a leather patech in front. We'd bs vexy glad to
furnish details to anyone who is interested, of either the laboratory shleld or
the gloves. The gloves that we are going to use are being made on special order.
Wa'd be very glad to provide the specifications to anyone who might be interested.

Mr. Harmon, NASA: I hope my question won't prove embarrassing. Was any of your
equipment involved in your accident earlier this yesr?

Dre Bupket: I would say that most of this imvestigation was stimulated by our
actident sarly this year.
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Mre R4 Do Yox, Dow Chemical Co.d We're interested in the remote bandling and
processing of‘very axperimental motors of & half pomnd to ome pound seale aod
we were wondering if anyons had any idess or any particular gimmicks they were
saploying for the transporting and the handling of the cured grain after 1t has
been cured in its mold, bow the mald 1s disassenblsd and the motor is prepared
for firing on the thrust stand in & remote manner such that the technieisn or
psrsonnal are aot exposed in any wey to thw accidental lgnition of this wery
sxperimental grain.

Dr. Burket: Ws haven't gotten to this point owrmelves with the hawiling of
materinis that we regard as that ssnsitive, but we are planning to set up &
laboratory in which such propellants are tested., Thickol I kmow bas & master-
slave set-up thet they wight want to comment on, I don't know. We are setiing
up & siuilar facility curselves,

Mr. Jezek, 0COt Do I understend that you conducted your experiments only with
high explosives on this particular shield, is that correct?

Dr, Burket: We were using Cl.

Me. Jazek: Were there any materials used that would produce & fire basaxd?

What I Dave in mind 1s that you aay that the top and back of this thing is open,

in the svent that you should hgve s fire in this particular barrier, how far .
would the man be protected from the flame coming around ths ands or from tiw

top and hitting the ceiling and coming down?

Dete Burket:s We tried a simulated fire, l.e., loading the aixer with one of owr
ni¥ropoiyurethane propellants and igniting it and there was no travel of flsme
outgide the shield at all. In other words, the man was complately protected,
As long a8 the sliding doors are ¢losed, thare ls no exposure whatsosver.

Mr, Juzek: Another question, why do you have f{o have glass on this barrdier,
does & man observe the operation?

Dr. Burkets This is probably just a sore point with wost expsrimenters, they
Just want to ses what's going on and then too when you're setiing it up, it's
avfully hard to set it up if you can't see what's golng on. If you can set

things up mo that he can see what ha 1s dolng and ba protected, then I think
this is desirable,
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(ol. Hamilton: Any other questions or commants? Thank you very much Drs Burket.

The next ltem is 'new test method for hazerd evalpation for processing cant double
base propellants.t  Me. Re He Richardson, Hercules Powder Co., Allagany Ballistics
Laboratory .

Mr. B» Ha Richardson, Herculas Powder Co., Allezany Balllstics Lab: Bafore we
begin, I would like o note that the title given in the agendn of this meeting
nay ba misleading. The primary purpose of this talk is o present & method of
detecting and aliminating process hazarda vefors an ingredient or new process ls
utilized in the menufacture of cast double base propellant. Such an approach was
conaldared mn essential part of the reamearch, design, development and productlon
of solid propellants since it 1s necesaary to ensure the safety of these products
during manufacture, handling, snd storage. The need to know how to safely manuw
facturs combuatible materials ia obvious in terms of huwwan life and plent investment,
This is particularly true st ABL since we are congltantly confronted with new ln-
gredients, md propellant processing techniques for which there is lLittle or ne
information availabla. Prior to 1958, ABL employed what we shall call the
relative method of establishing if new materials would constitute s hazard.

The relative method as used at ABL conalsted of two requirements, tests and process
experience, The tests used for this method were impact, friction, electroatatic
diacharge and shock. The test components end samples were standardized for com-
parison purposes. The test data were obtained under exacting procedures to ensure
reproductibility and were usually reported in terms of the S0% probability level,
The end result of these tests was the divect comparlson of the data to estimate
tho relative sensitivity of ome material to another material. Obwviously, the
comparison of results wowld not be meanlngful without process experience with the
materials used as the basis for comparison. Therefore, with this method any
glvan process has to be Initially operated without the benefit of knowledge of
the satety of the operatlon because no prior experience is avallable., Thus the
relative method could only be considered adequate after experience is gained; if
no changes in the process occur and if new materials are not relatively more
soensitives This method became inadequate at ABL in 1958 when new materials
exhibited a lower relative gensitivity than past materials; which put us in a
position whers we had no process exparience using materials at this level of
senaitivity. Also we had to congider the fact that this method could not
determine 1f the new materials were near or below the initiation threshold since
the data were in abstract numbers obtained under comditlons that in many cases
did not exigt in the process. With these problems in mind, wa considered a
different approach to hazsrds assessment. Tha purpose of thls new method was

to be able to divectly apply test data to the process. The application mathod
haa two requirements; the asssessment of the procnss and tests., The purpose of
the assesammnt of the process 1s to establish what the potential hasards are,
where they oocur, the conditlons wler which the hazards cccur and where applicable
establish the potential energy, power, and force. The assassment of the process
will also point out what tests are necessary to simulate the potential hazards.

As the tasts themselves must in turn simulate provess conditions, the test data
must be in terms applicable to the process snd establish the zero inltiation
level since we must know the leval where initiation will not occur. The and
result of this work would be a series of curves. An example is shown in Figure I,
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For example if the process survey showed some phase of the handling of ammonium
perchlorate to have a polential impact energy of 10 fi-lbs. delivered over 0.0¢
in.2, this point would fall above the shaded zero initiation region and would be
considered a hazardous operation. Subsequent steps would then be taken to reduce
the ensrgy or increase the area to below the initiation point. 1In utilizing the
application method, we first considered the ideal approach of eliminating the
initiation of combustion and thersby eliminating the possibility of explosion
and detonation ocourring as a result of the initiation of combustions However,
from a practical viewpoint such an approach would be very time consuming to be
congidared for initial use. In addition, if we consider the human factor 1ln

the process it is diffieult 4if not impossible to positively eliminate the
initiation of combustion. With this in mind, we have uUsed sn approach which
incorporates the obvioug advantage of eliminating combustion whenever possible,
ot does not have to initially rely on the elimination of combustion as the only
means of eliminating poasible hazards. The program ubilizing this approach is
shown in Table I.

Table 1
Hazards Assessment Program

1. Taveatigation of the effects of flame initiation (sustained burning, explosion
or detonation) and the elimination of the resultant hasards.

2+  Batablishment of the requirements for explosion and/or detonation other than
flame imitiation (eir blasst, shovrk, fragment impact) where indicated by
phase 1 above.

3. Devalopment of the nacessary tests (impact, friction, elestrostatic dischargs,
and low order shock) and the determination of the energy, power, force, atc.
and conditions necassary 0 causs initiation.

he Establishmant of the potential energy in terms of impact, friction, electro=
gtatic discharga, and low order shock (drop) in the variocus phases of the
Process.

S»  Application of results (phasss 1, 2, and 3 above) to the process to establish
and maintain safe manufacturing procedures and squipment design.

The firat phase of this program is the investigation of the effects of flame
inltiation and the elimination of the resultant hazards. Emphasis was placed on
this investigation since transition from buraing to explosion and/or detonation
was considered the major hazard confronting the process because eir blast, shock
and fragment impact could exist in the process only if some degree of transition
had occurred ag the result of the initiation of combustion. I the observed
explosion or detonation hazards could be eliminated as a result of this testing
or some modifications to the lngredient or process, s burning hazard could be
handlad since tha process was adequately covered by sprinkler and delugs systems.
Of course in the preseuce of the burning hazard, psrsonnel must be adecquately
protected for example by remote operaticons. However, If the potentlal explesion
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or detonation hezard could not be eliminated then it would be necessary to
establish the result of these hazards in relaticen to the materials in the
immediste or adjoining processing areas. From such an investlgation, 1t would

be possible to determine what measures such as remote oparation, barricades,
separation, or new procass design would be necessary to enswre the safety of

the process. The primary purpose of phases 3 and b is to eliminate the initlatien
af combustion for the purposes we have previcusly discugsed. Wwe mast also conglder
the fact that the first two phases of the program may not provide a reasonable
maans of eliminating the obgerved hasards, thus meking the elimination of com-
bustion a move gttractive means, It 18 alsgo necessary to know what the reaction
of materials will be to such forms of indtiation sy impact, friction, electro-
static discharge or low order shock; such as, dropping & container of material
gince it ia a possibility that s small amount of some materisl may initially
explode or detonate when subjected to this type of initlation. The fifth phase
of this program would ¢bviously be carried out whenever and wherever possible.

ke g reault of this program, we utllize seven tests that are applicable to the
cast propellant process. Thege are the impact, friction, electrostatic, drop,
deflagration to detenatlon transition, critical dismeter for detonation, and
shock fragment tests. If the data from these tests ara to be applicable to the
process, we have found that we nust consider such factors as the time and area
over uwhich the energy is deliivered, the condition of the meterial in the procesa,
the materiala used as the test components, temperature and sample confinement.
Also when using small scale versions of the fransition and shock frapgment tests
the critical diameter for detonation and the effect of diameter of the test
material on the critical height to explosion or detonation must be considered.
With twe possible exceptions, the principsl test equipment is similar to that
used by many of you here today. These two exceptions are the friction and shock
fragment tests. We initially used a small pendulum friction machine shown in
Figure 24, but as a result of this program, it was found that this machine was
not a valid.-method of obtaining comparative frictional sensitivity date nor could
the frictional energy necessary o establish the zero initlation level ba
deternined using this machine. As a result of these findings, a sliding friction
machine hes been designed and fabricated at ABL (see Pigurs 2B). The cperating
principle of this machine ia awh that a sample is placed on a movable sliding
block to which pressure is applied hy a stationary wheal attached to @ hydraullc
ram. A welghted pendulum is dropped from s predetermined height and strikes the
block with sufficient energy to slide tha block. The block slides in a direction
perpendicular to the vertical vector of normal force applied by the stationary
wheol., The distence f slide can be regulated by an adjustable positive stop.

The investigation of the sliding friction machine has ahown that it can provide
force data for compardison or application purposes. The_machine ¢an also provide
the coefficient of friction under varying degrees of valocity and force and the
sliding distance values necessary to caleulate the frictional energy. Typical
data obtained with the sliding friction machine sre shown in Table IX. As
previously mentioned, the shock and fragmemt test is intended for those process
materials for which the transiticn hazard cannot be eliminated. Figure 3 shows

a typical giiall-gcale shock amd Pragment test apperatus, %he basic concept of
the test is such that an applicable donor is used to provide alr blast and/ocr
shock of the magnitude that could be expsrisnced in the process. Then by moving
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"A® « ABL Pendulum Friction Machine
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FIGURE 2
ABL Friction Machines
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TABLE II
SLIDING FRICTION MACHINE DATA

Zero Initiation Level

Coefficient  Force Energy

Test Sample of Friction (lbs.)  (ft.~ibs.)
Ingredients

Nitroceliulose 0.14 36 0,42

Ammonium Perchlorate 0.16 <2 <003

Casting Powder

Single~Base 0,08 343 2.30
Double~Base 0.07 268 1.60

Compesite-Modified
Double-Base 0.15 157 2.00

Cast Propellant

Double~Base 0,08 583 3.90
Composite~Modified
Double-Base 0,08 364 2,40
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the test sample, known as the acceptor varisus distances from the donor the
critical separation for detonation, explosion and/or deflagration of the asceptor
can be determined, The effect of fragments on the acceptor resuliing from exe
plesions or detonation can be obtained by inhibiting the donor, The affect of
fragments can be studied in the presance or sbsence of air blast and shock by
moving the acceptor to a distance where air blaszt and shock are ejitner effective
or nonweffective. The results of fragments are usually reportsd in terms of

their effect, and the attenuation necessary to eliminate the observed haszard.
Fortunately, it has not been necessary for ABL: to use this test in relation to’
the pregsent cast propallant process sinee rvesulis from the other tagts have been
sufficient to maintain the safety of the process, The test has however, been
used 28 & small-scale propagation test for finlshed propellants and bas shown

that detonation fragments are the greatest hazard ag the propellants must be

one diameter or closer to the donor to be detonated by shock. So much for the
test themselves. I would like Yo discuss at this peint the first investigation

at ABL employing phases of the application method which I think will demonstrate
the application of some of the teats and allow the presentation of sume information
of general interest. Specifically, we will deal with ammonium perchlorate and

ite influence on the mixing phase of casting powder menufacture which is 2 part

of the cast propellant process. As can be seen in Part A of Table IIT, ammonium
porchlorate is more friction sensitive than other associated ingredients. In
addition, it was determined that the handling of dryy AP ecould generate an eleciro-
static volbage which may ignite the volatile scolvents in the mixer if poured in
dry. Part B of Table IIY further demcnstrates the possible friction haszard of
ammonium perchlorate in that a mixtore of smmonium perchlorate snd nitrocellulose
i3 more sensitive than either single ingredient. It was determined that wetting
ammonium perchlorate with the volatile solvents used in the manufacture of casbing
powder wonld significantly reduce the friction and electrostatic genersting hazard
associated with bandling dry ammenium perchlorate. These data are shown in

Part C of Table ITI. The resulting increase in impact and electrostatic discharge
gengitivity of ths AP/solvent mixture was not considered hazardous based on the
surveys of the potential energy available in this phase of the process. Since

the wetness of AP could not be ensured in the vicinity of the mixer shafi glands,
metal bushings were replaced with Teflon bushings to reduce the friction hazard.
Since ammonium perchlorate had to be initially handled dry prior to wetting with
solvents, the trensition hazard was alse investigated to estaeblish the material
handling conditions (see Table IV). From this investigation, we concluded that
dry ammonium perchlorate could be considered a fire hazard if the containers in
which the ammoninm perchlorate is handled are equal to or greater than l inches in
diameter and £illed to a height of 2k inches or less. Transition work with solvent
wet ammonium perchlorate showed that at solvent concentrations of approximately
10%, ammondum perchlorate would trensit to detonation at applicable heights

(Table IV). However, it was determined thet this adverse effect could be elimw
inated by adding the ammonium peprchloraie te the solvent to ensure the solvent
phase of the mixture is always above 20%. It is interesting te note that the
ahock sensitivity also follows the same pabisrn as the transition characteristics
whan AP is wetled with volatile solvent in the range of 0-204 (Teble IV). This
offect of volatile solvent on the transition characteristicys of ammoenium perchlorate
wag of particular interest sinee it indicstad that if casting powder mixes cons
taining ammonium perchlorate were made using the normal gize mixers and mix
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TABLE IH
SEMSITIVITY TEST DATA

Zero Initiation Energy

Sample Electrastatic 5% Probability b Electrostatic

Test Ipact @ Discharge Friction Potential

Sample Condition  {ft.~lbs.) (joules) {emy (volts/1bs.)
Ap Dry > 17.5 > 5.0 16 100
NC/Aleohol 70/30 5,0 0.0 > 53 0
NG 100% 4.0 ™ 3.0 > 53 0
Al Dry > 17.5 1.25 > 53 J
NC Dry 6.0 0,01 22 -
AP/NC Dry 50/50 5.0 1,25 6 -
Ap/Al Dry 50/50 >17.5 1.25 35 -
NC/AI Dry 50/50 > 17.5 0.25 40 -
AP/Acetone 80/20 6.0 0,001 © 40 0
1 Ap/Alechol 80/20 6.0 0.075 © 40 0

a Data obtained using a constant impact area (0.2 in*z) and tested in an unconfined state.
b Data obtained using pendulum friction machine.,
¢ Testing resulted in a joule level considerably higher than given here, but it is assumed

that these mixtures could at some point above the mixture be ignited at the same
energy level as the individual solvents,

25
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SENSITIVITY TEST DATA

TABLE I¥

Sample  Criticsl Dismeter {1.D,)

Test Confined Uncontined

Sample  Condition (inches) {inches)
AP Dry < 2.0 < 4.0
AP/Acetone 95/5 « 2.0 < 4.0
90/10 < 2.0 < 4.0
80/15 < 2.0 < 4.0
/20 <« 2.0 < 4.0
AP/Alcchal 90710 < 2.0 < 4.0
8/15 < 2.0 < 4,0
80720 < 2.0 < 4.0

Deflagration to Detenation Transition 2

Critical Height

Explosion Detonation

{inches} {inches}
12 > 24

< 24 > 24

< i 11

> 12 > %

> 12 > 24

< 3§ 5

< § 3

< 24 > 24

Minimum B Detonation
Cap Size Velocity
For Detonation {m/s)
H 3,400
8 -
& -
> -2 4,500
B -
E -
> J-2 4,200

# All tests were carried out confined using 2 inch schedule 40 pipe. The DDT tests were carried out with one end capped and

ignited at the closed and.

b This cap size represents the cap size below which defonation of the fest material will not occur.
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heights in nse at that time, that transgition to explosion or detonation could
onour as a result of flame initliation. Subsequent testing of various mixes
containing amonium perchlorate and using the normal solvent system, showsd that,
these mixes would tranasit to detonation as the result of flame injtiation at
diameters and mix heights used in casting powder manufacture. The results of a
typical mix can be sesn by referring to Green Mix Nos I in Table V. It is cbwious
from this data that trsnsition to detonation can occur when the ammonium psrchleorate
is added to the mix and that mining time does not affect the transition hazard.
During the course of this work, it wss noted that a portion of the ammonium
paerchlorate was not incorpopated within the nitrocelluloge, Tt was also obgerved
that during the initial transition period the unincorporated ammoniuvm perchlorate
as the only material being consumed by the induced deflagration. Therefore, we
goncluded that ammonium perchlorate must be incorporated within the nitroceilulose
in such a mamer as to take advautage of most of the available solvent. It also
appears reasonable that the incorporation of the AP wmust be rapid since the pericd
immediately after the addition of AF is the most likely time of initiation.
Subsequent investigetions, showsd that the prior slurrying of the ammonium
perchlorate with not less than 20% acetone and by uging an scetons rich golvent
for casting powder manufaciure, the previocusly observed detonation hazerd conld
be veduced to an exploeion hamard for a given height and diameter (see Table YV,
Green Mix No. II}. The next step was to establish the critical heéight o explosion
v§ charge diamster relationship (Tabls VI). These data were then used to establish
the safe mix heighbs (no explosion) for the verious size mixers in use at ABL.
& similar approsch has been uged at ABL to lnvestigate other emergetic materials
ad their combinations throughout the cast propellant process. The applicability
of this approach hss been further demonstrated in the case of mixer fires. ABL
has experienced. initlation in the mixer as the result of foreign material and
nixer shaft malalignment on five different occagiong and 21l resuited in fires
which were subsequently extinguished by deluge snd sprinkiler systems, with no
damage to the facilities. These mixes wsre made in sccordance with data ebtainsd
from a hazard evaluation using the same tests and approach as discussed here today.
On the basis of our experience with the hazards assessment program to date, we
have concluded that: the application method of hazards sssessment is more rsalistic,
reliable and applicable than the previously used relative method. Impact, friction,
elactrostatic discharge, low order shock, eritical diamster, deflagration to
detonation transition, and shoack and fragment tests, singularily or in verious
combinationa, are applicable methods &f psrforming a valid hazards assessment
of the cast propellant procass. Of these tests, the low order shock, critical
diameter, deflagration to detonation transibion, and shock fragment tests are
spplicable as hazerd clasgification tests for [inished cast propellants. When
employing these tesats, 1t is necessgary to obtain the data undeyr conditions
duplicating those in the process or to establish the effsct of such factors as
the time and ares over whiclh the energy is delivered, particle size and thickness
of the test sample, materials of construction, temperature and sample confinement
80 the test data can be directly applied to the process. The investigation of
the introduction of ammonium perchlorate and other ensrgetic materials has
resulted in the establishment of galer manufaecturing methods for composite«
modified double base propellants which represent some of the most energetic solid
propellants now in use. Furthermore, this program igs in part responsible for ABLYs
gxcellent safety record in producimg solid propellsnt products.
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TABLE ¥

CASTING POWDER MIX SENSITIVITY DATA

Deflagration to Deto-3
nation Transition Data

Critical Height Critical

Sample Dstonation
Test Explosion Dstonation Diameter  Velocity
Sample Condition {inches) {inches) {inches) {m/s}
Graen Mix No. I NC/NG/Salv. < 24 > 24 <2.0 2,750
( 22% Valatile Solvent Y] NC/NG/Salv. <24 > 24 < 2.0 -
Alc./Ace./ 65/35 ) NC/NG /AL/AP/Salv.
1/2 min, after AP add < 5 5 £2.0 3,400
40 min, after AP add < 5 5 <2.0 3,400
End of mix <5 5 <2.0 3,400
Grean Mix No. II? NC/NG /Solv. <24 >24 <2.0 z, 750
23% Volatile Solvent \| NC/NG/Al/Solv. <H > 24 <2.0 -
(Mc.fAco ./ 40760 ) NC/NG/AL/AR/Solv.
1/2 min, after AP add <24 > 2 <2.0 3,400
&G min. after AP add <24 > 24 <2.0 3,400
End of mix <24 >24 <2.0 3,400

3 All test were carried out confined using 2 inch schedule 40 pipe. The DDT tesis were carried out
with one end capped and ignited at the closed end.

b Final composition same a5 Green Mix No, I .
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TABLE VI
EFFECT OF DIAMETER ON CRITICAL

HEIGHT @

Critical Height for

Explosion Detonation
No Container  Container
Diameter Damage Damage
{inches) (inches) {inches) (inches)
Sample B

Green Mix No, TILP 2 0 5 17
2% Volatile Solv, 4 2 9 > 2%
Alcohol /Acetone, 40/60 8 14 16 > 24
1/2 min, After AP Add 12 18 > > 24

@ All tests were performed in & confinedstate using schedule 40 pipe with one

erd capped and fgnited at the clased end,

b Final composition same as Green Mix No I,
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Mrs Fox: First of g1l I wented to get your opinion of the reliability and re-
producibility of this frietion machine you have showed us today snd along with
that, I would like to ask & few questions aboul its design. What are the
materizls and construction of the block and the wheel and what surface finish
do you have on both the wheel and the block?

Mre Bichardson: Itl) flrst answer this question by sayleg thiay, that in the
process we have considerable surfaces and comsiderable hardnegs in finish to
contend with and w do, where applicable, employ such surfaces and hardness in
finish, The test machiney you saw today and for normal general wse if for matal
purposes, we use s B52 herdness which is commen for stainless steels uged in our
process, also tha finish is about &} microinch which is comparable to & machine
finishe I might add that thsre 1 & report oubt cu that in which we gv thru thds
in considarable detail explaloing to you why we use these different materiala

aryd which one we dacided to ves initially because it was equal %0 or approximated
most of the conditions in the provesss The rellabllity of the machine is quite
good with the seme oparator, sic., and ay far as the rellability, you probably
reakize that the 1elisbility ls built In the operators It's his knack to detarmine
the shoek and the faillwre which glves you your reliabillty. Along this line,
waire also working on & method by which we can detect this thra gaseous phase.

In other words, measuring your thermo conductivity of the gas or function of air
in the room at the same time. It looks quite promising and eliminates the
operator problem that a lot of people do bave in this field.

Dre napps L was very impressed by your friction tester; we have one samawhat
similar lo principls bub not near as elaborate and probably not as reliable.

The one thing that astonished me was the extremely high sensitivity of amonium
perchloratas Does that agree with the general experisnce of ammoniwn perchlorate,
it wouldn't in my lknowledge, but I don't really imow much about 1t7

Mr. Richsrdson: This data you saw was done at 6 fi. per sec. or greater. Actually
7105 It, pet 8ece, you'll get about the seme answer since the effsctive velocity
on eoafficisnt of friction is about Linear, practically horizontal at this point
and then it starts to curve up as you lesve zero to 2 amd even in this case, I
think our flgures up 4o approximately closs to zero are sbout 60 to 0 pounds
force will atill Initiate AP. Again, you bave to conalder sample thickness or,
there are a lot of paople that will use & much larger particle size or some common
particle size which you have to watch. You should uvse what you bave in the process
sl this AP size I think is 15 « 20 micron and is a monolayer ss best we can
approach its We tried to spread {1 out as thin as possibls because this really
does approach what you have in the process if you spill the material ar you have

a mixer clearance or gland clsaranca in the mixer cell,

re Enepp: Have you had ammonium perchlarate ignite by itself apparently by
riction when nothing slse was present?

Mr, Richardson: OCh yes.

X
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Mro Nances A coupls of points, I noticed in one of your curves that your material
seemed 1o be more gengitive to detonation, it was oms of yowr critical heights
using schedule L0, you ran 10 to 20% acetone and then it tappered off again, is
this your general experience?

Mr. Richardson: That's right.

Mr, Mance: In other words about 0% perchlorate you f£ind could be much more
sensitive?

Mr, Richardsont Thatts right, Possibly some relisuce of the Qo balance but we
heven't gone into this part of it.

Mr, Nance: We have generally the same thing in our propellants. My other comment,
all of your tests were apparently made using the same boogter coufigurations Do
you pun any tests on the minimum booster, does the booster affect bthis critical
height?

Mr, Richardson: Do you mean =~

M, Nance: The detonating charge.

Mr. Richardson: In transition work, it is not a detonating charge, it is a squib.

Mr, Nances You have no explosive assoclated with your squib in the bottom of
yowr pipa?t

Mr, Richardson: No sir.
Mr. Nance: And have you run any tests at all with the detonator?
Mr, Richardson: Oh yes, quite a few

Mes Napnce: T was wondering if this affected one, the oritical diameter and the
eritical bheight, if you used a bigger booster and donor charge on the end of the
perchlorate?

Mr. Richardson: We don't actually determine the oritical height if you use 2
donor because if it will detonate and you're over critical diameter, its height
partioularly for porous materisls, is probably a fraction of an inch before it
starts to detonate and then it's linear, it will detonate at a constant rate.

Mre Nance: I observed you went to some fairly great heights on some of yow
tests before you got detonation.

Me, Richardson: That was with 2 squib, a flame indtiation, there was ne detonator
involved whatsoever.

Mre Nancat How much detonator work have you done?

it
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Mr, Richardgson: I would say about two years work.

Mo Nancet: Well, that's subject for another conference,

M, Le Jo Wllion, AFMIC, Patrick AFBs I realize that the main part of your telk
was on processing but you did get into the ares of finlshed products and you made
mention of the fact that only crackpots put donors on these thingss I'm afraid
that at all the £light test centers whera we fly these things for the first tims,
wo put destruct charges of wp to 1, b, 5, 6, sometimes 10 lbs. of high explosives
and I'm afrald owr experience has been, you peopie claim they're class 2, that
they actually detonate or gomething similsr that is giving us the same amount of
damage aod T wonder if you peopls are considering, all of the propellant manu=
facturers in this problem area with respect to yowr finished propellant, that we
do stick to explosive charges on these things to destruct them and we aren't
crackpots for doing it X dontt think.

Mr. Richardson: We weren't referring to mybody in the room, we're talking about
a process problem whore we don't really want to conslder this fact, If we do, I
think you'll find thet every material that we handle and, I think most everybody
alse, can be detonated if enough shock ls present or the critical diameter is
excoadad. As far as thei goes, again we're talking about process end if we telk
about hazerd clessification ltself, it'a written into all the rules and regulations
that you start to use and you do use primarily boosters. Again these phople must
consider this becauss they have to consider ssbotage and crackpots, crackpots who
might like %o see 4 big Lth before the hth of July. I mean somaons thatls really
off nis rocker, but not the people involved in the testing decause thay have to
consider this fact and people in 100 have o consider thde alsc. As far as the
propellant itself, we cartainly do congider this and I think that everybody in
the field will bave to consider the more energetic these become, they're going

to be easier to detonate and the critical dilameters mre golng to be quite smaller,
md that watre going to have to learn to lve with it, I don't know that we'll
be able to find an easy aclution to it, although there is work godng on at the
Ballistics Laboratory along this line,

Col. Bumilvons The naxt item on the sgenda s g report of comparative testa of
barricude materinls by Dy Knappe

%._fxnﬁgs Obgervation windows and blagt mata were exposed to test explogions

sh design data for a facllity for reasarch work on high energy propellantas.
Limited comparative {eats were made on ateel plate and gand barricades. Teszts
were run to determine the sbility of the materials to wlthstand a detonation in
which metal fragments wore generated, since such an explegion represants the most
severs accident that might occur with a propsllants. It was found that polymethyl,
methacrylate (plexiglas) is superior to bullet-proof glass for windows. Also,
covering the sdges of windows merkedly increagea strength, A window mads of two
4" thick panes of plexiglas withstood an explogion of 10 lbs. of C~i explesive
contained in a steel pipe to furnish fragments. Blast nats were found to be less
affective than steel plate on a pound for pound basis; two layeras of blast mats
made of 5/8% gtesl ceble gave borderline protection against an axplosion of 2 ibs,
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of Culy explosives A barricade of sand 36" thick retained by 3" plank walls
gbsorbed the blast and all fragments from an explosion of 20 lbs. of Cel conw
tained in a heavy steel pipe. In connection with an ARPA contract to develop
high energy solid rocket propellants, Esso Research & Engineering Co, designed
preparation and test facilities for the handliing of propellants in quantities

up to an amount having an energy release equivalent to about 20 lbg, of Cul
explosive, At this level, it is clearly feasible to furnish barricades sufficient
to ¢ompletely retain the worst possible accident, which would be a high order
detonation, Because of the experimental nature of the work, laboratories were
designed for mazimum flexibility of operation. It seamed important to be able

to directly obsarve reactions and processes wherever posgible, thereby making

the use of adequate viewing windows iwmportant, In the test firing of small
rocket motors, it was necessary to reduce the noise problem as much as possible
bacanse of the nearby location of other experimental work not connected with
propellants. For the chemlcal synthesis of new propellant ingredients, and the
proparation of small motor grains, a building wes designed to conbain five test
colla built with 16" double reinforced conerete walls and ceiling, Three cells
will be ten feot wide by 13% feet Long, with an 8% foot ceilings two will have

8 celling at 16 ft. to allow room for special pilot plant equipment. AlL corners
will be constructed with a fillet for added strength. The end of esch cell will
be open, facing a three foot thick vertical earth barricade, fifteen feet high,
retained by wooden plank wallss Fach cell will have three observation windows.
To gttain high strength, congiderable thickness is needed, The transmission of
cracks through the window is a souwrce of weakness, »0 separate layers have an
adveatage. An affective window design, which was developed from the tests
reported in this paper, is illustrated in the first attached figure., It consists
of two L thick panes of plexiglas, 18" x 24" in area, separated by 3" of air
spacee A steel cover plate overlaps the edges 3" on each side, to protect the
relatively weak edges from chipping, Test firing of small rocket motors will be
done within an 18! steel sphere mads of #% steel plate. The walls of the sphere
will be protected from projectiles from possible explosions of tezt motors Ly
two layers of blast wat woven from 5/8" steel cables Test motors will be fired .
in a vartical position, with the nozzle peinting wward. The nozzles will be
held in position by a shear ring that iz designed to allow the nozule to be
expellad before a pressure build-up could burst the motor case. Two thicknesses
of 1¥ steael plate will be placed at the top of the sphere to prevent expelled
nozeles from damaging the laner surface of the spherss Btorage of propellant
components will be In a sories of containers set in the ground; each container
will be approximately 181 wide and 231 deep, and will be separated from adjacent
containers by 8¢ of garth. The layout of the entire faciliby is shown in the
gacond attached figure, The conerete test cell structure was desigued on the
basiz of information contained in "The Fundsmentals of Protective Design", a
Confidential report published by the Army Corps of Engineers. The sphere shell
thickness was calenlated a formula developed by Mr. Fo A Loving of the
DuPont Cos (T.B.Ce L9, LThh (1987))e No corresponding sowrces of information
were found for blast mats or obssrvation windows, end for this reason tests on
these materials were run as described in the followling section of this paper.

A few tegts were also made on gteel plate and on a sandbag-filled wall. Specimens
and test conditions were chosen to represent the worst hazard in propellant work,
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which ia & high arder detonation in a heavy-walled container that bursts to give
large fragments traveling at high velocliiy. Such sn accident could occur in a
mixer, or in test-firing a motor. To give high order detonations, a highly
brisant military demolition explosive, Composition Cll was used. The explosive
was packad into scheduls 80 steal pipe to give the desired fragmenis. ALl test
ssmples were centerad on a line perpendicular to the sample face and to the
canter of the pipe contsining the axplosive, so that a maximwum mmber of "
Frogmenta would hit the teat sample Irom a 90° angle of approach. Test windows
wers mounted in a 3% armor plate wall in a test area that ia operated by the
Explogive & Propellant Lsborstories of Picatinny Arsenal. Explosive charges .
ware mounted on a woodan poat five feet from the window, and other bharricede
materials guch ags steal plate and blast mats wore wreranged in a circle around
tha charge 80 as to test several materials with each explosion. Initial tests
were run on wirndows with no edge protection. Later taste wore with frames that
geve edge protection; one design used two L' thiek panes separated by a 3% gap,
in another an §" window wag built up of ome 4" snd four 1" layers. The first
window test was of an uncased L” plexiglss window backed by a 3" gheet of
plexiglas spaced 2" awsy. Fragments from a 1 Ib. Cel tmst shot gouged the face
and cracked the window but no materlal was spalled from the fate opposite from
the explosion. The most severe damage was at the edges. The effect of covering
the edges is shown by comparing ihe attached figures 3 end L from comparsble
teat shots: figure L is from the followlng series of test shots in which all
window edges were protectads. The 1 1be test of the uncased window wes followsd
by a 2 lbe explosion againgt the sume window. Where new lragments hit aress .
¢loge 10 those hit in the first test, the window wes broken and pieces spalled
from the back snd broke the 3t back-up pane. New fragments that hit an ares
Erevioualy untouchad only gouged the face. Colng up to a 5 lbe Ceh shot, a new
* ploxiglas window was ashattersd, and fragments penetrated it completely. The
window experiments wers then set up in steel frames and several tests made aa
shown in the following table:

Size of C-h Explosive Sample

Windows (Packed in steel pipe)
Two 4" plexiglas layers 3" separation, 2 Ibe, 10 1b., 20 1b.
edges of front window covered,
As above, but 4" bullet-proof glass 2 1b.

replacing plexigles in the window
toward the axplosion.

Eight inch plexiglas window, of one 20 1b.
4" plus four 1 lgyers.

The tests clesrly showed the superiority of plexiglas over bullete-proof glass.

Two succesgive 2 1b, test shots only cracked and gouged the face of the 4"
plexiglas window; no material was spalled from the back side of this window and
of course the backeup window was umtouched. On removal from the frame, the
window was still intact, By contrast, the 4" ullet~proof glass window was
shattered by a 2 1b. test shot. Most of the back lamivation was spallad off in
sharp fragments, The back-up plexiglas window was scarred by the glass particles,

@
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but did not spall or crack. The comparison of plexiglas and glass windows is
showt in the attached figures U and 5¢ The top limit of the assembly of two

4" plexiglas windows is about 10 lb. of C=L or equivalent. The explosion of

10 1be of C=h did not break the exposed window, although it was gouged on the

face and was cracked (figure 6). At 20 lb. of Cwh, Iragments penstrated both
windows (Figure 7). A similar result was obtained at 20 lbe with the 8" laminated
plexiglas window. OSince the separate 4" windows allowe greater flexibility in
repairs, etc., the failure of the 8" window to show any marked advantage in
strength eliminated it from consideration. Blast mat samples were 3 ft. square,
woven from 5/8% steel cable. In the tests, two thicknesses of mat were hung in

& support frame and placed &' from the test explosion. The mats were much less
effecidve than was expected in view of their widespread use for blast and fragment
protection. Even in a test with 1 1b. of Cel, some fragmenis passed through the
two mats (Figure 8), However, the fragmente that passed through had lost prace
tically all of their energy and failed to penetrate a 1/16" backeup plate. At

2 lb. and 5 lbs, penetration was about the same as with the 1 lb. test; in these
experiments, run earlier, no back-up plate was used to measure the energy of the
fragments that had penstrated the mats, In a test with 20 1b. of C«l, the blast
mats were badly cut up, by fragments as large as 3% in dismeter thaet passed come
pletely through both mats and & 1/16" backeup plate {Figure 9). I{ was concluded
that the blast mats could be used to protect the walls of the rocket motor test
sphere only with tests using propellants in amounts up to 2 lbg, With higher
amounts of propellant, additional barricade materizl would be needed, prefergbly
steel plate, On a 1b./lb. basis, the barcier formed by two blast mats made of
5/8% cable should be equivalent to a steel plate about 0.8" thick, A4s a com=
parison of data in this section with the following section will show, the blagh
mat is less eifective than steel plate, even at equivalent weipht per square foot.
Accordingly, blast mat is chiefly of use where flexibility is important, or where
the ability to dissipate gases after a blast iz of interest, Penetraticn of the
blast mat by small particles from relatively small test shots is almost certainly
due o local variations in thickness that are a necessary result of the woven

cons truction, Coldwrolled steel plate was tested in 1" and 2" thiclmess. Che
resultes of the tests show & regular pattern of increased depih of penetration

. with ineressed size of explosion; however, the reguired steel thickness dees not
increase linearly with the size of the explosion. Data are shown in the following
tables

Resistance of Bteel Plate to Fragments from Explosions
Pounds Explosive Max. Depth of Gouges in Steel Plate

1 1/L"

2 1/2n

5 3/ur
10 an

To simulate the barricads designed for blast retention at the back end of the
tost cells, a best well segmnent four faet squars was made of two 3" layers of
plank separated by s 36" gap filled with sandbags. This wae tested only at the
20 1be Ol Jevels The front face of the wall was broken, and the sandbags torn
up to a lsrgs degree, but the back wall was intact and ne fragments reached

| 5
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ABILITY OF MATERTAIS TO WITESTAND EXPLOSIONS (1)
(Presence of Metal Fragments)

Quantity of r-b Explogive - Schedule 80 Pipe Size (2)

1 Lhe C-h - 2 1b, Culp 5 Ibe O=b = 20 Ib. C«k =« 20 Ib. Cub «
Material 2,5" Pipe L" Pipe 6" Pipe 8" pipe 8" Pipe
129 x 18" x h" Crecked and Shatterad Fenetrated e <o
Plexiglas,Uhcased gouged. 1/4"  where hit by avd shattered.
back-up pane 1 lb. shot.
intect. Beld where hit
in new spot.
Doble 4% Pleyi- -———- Front pone manm Frent, pane Both penes
glos steel-pased eracked, No eracked. Ro penetrated.
3" spacing spalling. gpalling.
8 Laminsted - ——— . e Penetrated
Plexiglas, four and shattered.
1" panes, one &
pane, steel~cased
L* Leminated no- Shattered but ———- ——— ——-
plate glass, not penetrated.
atieelecased Entire resr layer
gpalled Into
sharp fragments.
2 bleat mats Fragroents Mats damoged Mete demsged Moderately Targe fragmente
of 5/8" steal plerced bath  slightly. slightly. severe penetreted mates
ashle, 3' aquare, mats, but Aamage . and 1/16" beck-
1" apaprt could not then - up plate,
pierce 116"
sheet, steel.
Steel plete /4" gouges.  1/2" gouges.  3/h gouges._  3/h" gouges,  Cut through
1" thick o hulges. Bulged.. Crecked., (racks, wvhert hit
bulges., hardest,
Steel, plate /4" gouges.  1/2" govges.  3/b govges. 34" to 1° -
2" thick QOUgES o
Sandhag wall mo o veeun e o Front plauks
3" thick, faced smashed. Begs
with 3" planks scattered,
Rear pilanks
intact. Ne
penetration.

(1) 5-6 feat betwemn center of explosion snd test piece.

(8) Largest frogments ca. 4 oz., avg. 1-2 oz.

36
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NEW PROPELLANT RESEARCH FACILITY

FIGURE 2
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FIGURE 3

Test of Uncased 4" Plexiglas
Windows3 1 1be G-l Bxplosive
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FIGURE L

Teat of L4 Plexiglas Windows 2 lb.
Ol Bxplosive
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FIGURE

Test of L' Bulleteproof Glass
Window; 2 lb,. Cel Explosive
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FIGURE 6

Tagt of W' Plexiglas Window;
10 1b, O« Bxplosive
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FIQURE 7

Teat, of I Plexiglas Window
20 lbs of Cmly Explosive
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FIGURE 8

Tast of Hlaat Mata Meda of 5/8"
Cable; 1 1b. C-l Explosive
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FIGURE @

Tegt of Blast Mats Made of 5/8
Cables 20 1b. Cek Explosive
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its surface. Conclusions -~ The Limited number of tests reported in this paper
claarly do not rigldly define the cepability of the test materlals to withstand
explosions. Howsver, several pointe were clearly established and gave the needed
information for design of the new facility, 1) plexiglas is superior to glass for
observation windows. A window essembled from two 4" thick plexiglas panes, with
3% spacing between panes, atopped fragments from an explesion of 10 lbs. of Cely
explosive. AL higher levels, the window should be completely covered with ateel
plate, 2) covering tha edges of windows with steel plate markedly incresses the
window strength in explosions with blast fragments. 3) blast met 1g less effec~
tive than steel plate on & pound-for-pound basis. Tuo layers of blagt mat made
from 6/8* cables absorb most of the energy from fragments originated by a detona-~
tion 5 1b. of Celi explosive, The double layer of mat Is thus considered suitable
for protecting adjacent structures for explosions equivalent to up to 2 lbs. of
Cwliy but wonld not ba adequate for protection of persommel. With quentitles abtove
2 1be Ceh equivalent, the blast mat should be backed by steel plate. 4) damage
o the test semples and to the armor plete wall was voxy much greater at points
where projectilss hit from a 90 spproach angle. This meles it possible to have
a safety factor for windows, for example, by locating any posslble smource of
axploaion in a position such that a line from this spot to the window makes as
Llage an angle 2s poesible with & line perpendicular to the windows. A4 dutalled
summaxy 1a sattached.

Mes Do E, Endsley, Hq USAF: 1 wae wondering what the distance the donor was in
the mal teat?

Dr. Knappt Five leat,
Irs Balls Were these mats back to back o was thers amy spacing between them?
By Enapps A foot botwesn them, hanging free.

Col. Hamiltons OQuv next subject is toxic hazards assoclated with solid propellants,

ﬁ:u 53311:.3, Im Chemical Center.

Dre R, No Duguid, Scientific Director, USAEHL, Army Chemical Center, Md.: When
one beging to examine Lhe subjett of toxic health hazards associsted with the
manufacturing, handling and use of rocket propellants, whether they be lLiguids
or #0lide, one is inclined to assume that because the term rocket propellant
connotes the unvsual, the bazards must also be unusuals A term gometimes heand
in referring to these materials is "exoide." In some cases this sgsumption
proves to be correct. More often, perhaps, as one procesds carefully and cb-
Joctively to pursue the subject, the less exotic many of these materials and

thewr toxic health hazards in reality become., With the liquid fusls and oxidizers,

for example, in retrospect,it is rather clear that their toxic properties in many
cages either were well known before they wers applied to the missile {leld, or

that their toxiclity could be determined reasonebly well without great difficuliy.
Furthermore, it has been demonstrated with the liguid propellants that the health
of the persons producing and handling these chemicals bas not been jeopardized to
ay groat extent. This good safety record can be attributed principally to three
factors - first, recognition of the physical, chemicsl and toxie properties of

L6
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these agonty when getting up standing operating proceduresy second, designation

of specific protective measures and equipment with due regard for these properties;
and third, education and supervision of workers. It is a fundamental industrial
hygiene principle that some knowledge of the conditions of manufacture, handliug
and use of a toxic chemical must be acquired if the health hazards are to be
intelligently svaluatad. Thus the industrial hygienist and the physician must
approach the question of toxic hazard asseciated with exposure to thess fuels not
only with an undsrstanding of the toxicologic propertiss of the chemicals, but
also with goms idea of their chemical and physical properties and the production
methods, even though these be highly complex in nature. From this point of view
therafore, the ¢lasgification of aclid rocket propellants that recognizes double
hass propellants and composite propellants serwes a very useful purposs. 4 typical
double base propellant, as you well know, containg mostly nitrocellulose and
nitroglycerine, with relatively small amounts of othar chemical additives. Here
the chemical of principal concern from the viewpoint of toxic healil hazard is
ultroglycerine, about which much has been learned from experience in the chemical
and munitions industries. Nitroglycerine is not only absorbed through the lungs
if contaminated air iz breathed, but it is readily absorbed through the intact
skine It will pass through certain fypes of so-called impermsable materials
comonly wsed in proteetive gloves and clothing and thus coms in contact with

the skin. It iz also absorbed through the dipestive tract even in mimute amounts,
Mitroglycerine if taken into the bedy in sufficient amount is a systemic poison
and causes marked diletation of the blood vesgsels which leads to z fall in blood
pragaura. Because of this property it is used in small doges therapeutically in
cortain types of heart disease. Nitroglycerine characteristically causes severe
headache, but if the exposure is continuous a tolerance develops so that the
headache disappears. It is common knowledge smong nitroglycerine workers that
they Jose theiy tolerance over weskends when they are away from work and that

the headache returns on Monday morning upon return to work. This hag lead to

the common prastices in past years, particularly among dynamite workers, of rubbing
some of the chemical in the hatband thereby assuring that soms offeduty absorption
of nitroglycerine would take place and the tolerance would not be lost. Now the
worker could return on Monday morming and remsin headzche«free., Unfortunately,

in a few instances, after prolonged exposure of this sort, serious consequences
developed. The headache of the worker is explained on the basis of the dilating
action of the chemical on blood vessels in the brain. Continued exposure, if
long encugh in sufficlent amounts, may produce progressive lowering of the bleod
pressure and finally collapse of the ¢irculatory system. This suggests one of
the means of prevention, not as a substitute for other controls, but as a gupple«
ment; namely, periodic measurement of bloed pressure of nitroglycerine workers
with a careful investigation into the conditions of the work environment, ine
eluding the work habits of the individual concernsd, In the event a sustained
downward tread in blood presgure is detected on successive examinations. Among
gomg of the other manifestationa of nitroglycerine exposure are central nervous
system symptoms and skin exuptions. This brief resume of the toxie manifestations
asgociated with nitroglycerine exposure iz baszed on knowledge that hag been
available for many yearsg, Yet there ig a tendency, particularly with chemicalg
whoge application is largely military, for this type of knowledge to he forgotten
or overlookeds For example, a recently published book on wolid recket propellants
containg a single stabement, relating to toxicity, that nitroglycerine is a skin
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irritant having an MAC™of 0.5 ppm. It is suggested that in the 1ntarasjt of

health protection, the following statement might well have baen added: " Nitro-
glycerine ia alao a systemic poison which enters the body by lnhalation,

ingestion or skin abgorption. Minute smounts produce toxic effscts! BRriefly,
pravention of nitroglycerine intoxicablon depends upon woll deslgned and proparly
snginsored oporations with ventiletion sufficient to meintyin hygienic airj
houaskssping and parsonal protective messures directed toward the prevention

of skin contact and accidental ingestion of the materiasl; periodic industrial
hyglens swrveys; madlical surveillance over the health of the workers; health
education; and careful supsrvision of all oparations in which actual exposure

to thls chemical is possiblo. The composite propellants comprise a great

variety of chemicals, both among those surrently belng mamfaciured and those
showing promise for the future. Those currently belng used are chiefly resiuous
fual biladers, either plastics or synthetic rubbers, to which are added inorganic
crystelline exidisers, such as mmonium perchlovate, and small amounts of chemical
additives. In goneral, the togxic propsetiss of those fuels, their axidizing
apents and the chemical additives are perhaps of secondary importance when viewsd
along with the fire and exploasion hazards. In this regard, it is fortunate that
the care which must be exercised and the procedures employed to prevent accildantal
ignition of these materials in many inatances accomplish, at the same time, control
of the toxic hazard. This is, howsver, not always true. Both the fuel binders
and the chemical additives are not without certain toxitc propertiss. ¥For sxample,
among the plastic fuel binders, skin contact with the wncured apoxy resins is
noted for producing dermatitis as well am othar skin damage. Alse the mmines used
in their cure are skla irritants. The cured epoxy realns, if free from residual
monomers and smines, ars inert. The scids or amines wsed in curing the phenolic
resing ave also skin lrritants and preseat handling problems. Styrene moenomer
which iz found in many of the polyatyrens fuela is an irritating and moderately
toxic matarial. It bas an MAC of 200 ppm and must therelore be hendlad with
adaqua te vantllation und under hygienie conditions. The lsocyanate uged with
polyweathane fusl has a relatively high toxicity and 1ts use also requires adeguate
ventilation and the employmont of sultehle procaviionary wmessures to prevent
personnal exposure. The cwring catalysts and other chemical additdves used with
the polysulfide rubbers posssss irritest and toxic properties and must be handled
accordingly. These, briefly, are a few of the chemicals which are currently being
used in the composite solid propellants themselves and which may produce adverse
health affects. Possibly as important as the health hazards from the handling of
thase chemlcals, and perhaps more wo, are the relatively conventional industrial
haalth hazards which are associated with febrlcation and processing of a solid
propellant motors The more imporiant of these are Listed in Teble I along wlth
tha exposures incident to sach, the principal health intereat, and the controls.
The followlng atides deplct vaprfous steps in the fabrication of a golid rocket
motor; each of which involves one or more health hazards: hot degreasming, blast
cleaning of a rocket case, lining a motor cass, transfer of cxidizer to mixar,
removal of propellant from mixer, caamting facility, radiographing of finished
motors Regardisg the ioxlc properties of the newer chemlczls which may find
application in the solid propellant fleld in the future,sn important gensralization

¥Maximum Allowsble Concentration in air for an S-howr daily exposure.
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can be made., Namely, in mozt instances the information developed relative to

the toxic propertiss of new agents is that which comes from animal experimen=
tation. However, caution must always be used in applying this type of lmowledge
to humens. A noted example of this is beryllium which has certain attractive
propertiss to the s0lid propellant technologists, Some of you may know that

in 1943, this chemical was identified by compotent investigators in a widely
distributed publication as esgentially without toxle properties on the basia of
review of the literature up to that time, supplemented by animal experimentation.
Simnltansously workers in the fluorescent lamp industry where a beryllium phosphor
was used were developing chronic beryllium dizease of the lungs, a mogt serious,
mysterious, and often fatal process. A great deal of investigative work relating
to the toxicity of beryllium has been done sinte that time. As a result, this
material iz looked upon as perhaps the most toxic of the metals and extrame
caution is necessary to assure health hazard control whenever it is used ov
handled. ©Of importance here, is the fact that to the present time investigators
have been unable to reproduce in animals the identical chroenic lung dissase which
is so dangerous in humans. The toxicologic information developed through enimal
exparimentation is of course extremely useful providing its limitations sre not
forgotten, Among the newer chemicals are the light metals including boron,
berylliom, lithinm, aluminum and magnesium in varicus forms including the powdered
metal, opgancmetallic compounds and hydrides. Of these metals, the toxicity of
the boron and beryllium compounds are the most important. The gaseous diborane
exorts its effect primarily on the lungs but the higher hydrides and the orguns
boron compounds affect the central nervous system leading in severe cagses %o
mugele gpasms end convulsionse Damape 0 the liver and kidney aluo may occur,
These materials are absorbed through the lungs, skin and digestive tract.
Beryllium, as alrsady mentioned, produces serious chronde lung disease. It also
producss an acute type of lung dissase, and has been shown 1o possess certain
systomlc toxic propertles. Further, it produces an wiausual type of skin lesion.
Lithiwm, magnesiwn and aluminum are other metals which may be mentioned. Hone

of these, however, is particulasrly noteworihy as regards toxicity. A wvery
importent question in any discussion of fexic health hazards from solid rocket
propellants concerns the products of combustion and their peesible toxie effects
on humans if they are bregthed. With respect to this it can be stated that the
chomical nature of the combustion preducts of s0lid propeilants is influenced

by the chemical composition of the propellant and by the conditions of combustion,
for axample, combustion and reaction temperatures, and oxidutive conditions.

It 1z therefore difficult to obtain & complete and exact chemical analysis of

the combustion products of any propellant sysiem. However, the major constituents
of the combustion products of & propellant system can be predicted with a reasonable
degrea of accurscy if one has sufficient data regsrding the chemical composition
of the propsllant. Accordingly, from the torbustion of a hydrocarbon propellant,
one would expect to find carbon monoxide noted for its abillity to deprive tissues
of oxygen. If the propellant containsg nitrogen, the oxides of nitrogen, inc¢luding
the very toxic nitrogen dioxide, will be produced. The latter if breathed in
sufficient amounts produces the characteristic and oftentimes fatal, edema of

the lungs. A gulfurwcontaining propellant when combusted will produce toxic and
irritant gases, ineluding sulfur dioxide, sulfur trioxide and hydrogen sulfide.
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OPERATION

Arc and scetylens welding

Blasi clasning

Cold dsgreasing

Hot dogressing

Grinding of axidiser

Case lining
Spray painting

Radiographing of
finished motor

EXPOSURE
{Figures show are MAC Values)

Matsl and fux fumes, oxides of

- nitrogen {5 ppem), carbon
monexide {3100 ppm), Ainfrared
sad witraviclat rediation

Matallies and shresive dusts
Mothylsne chloride {500 ppm)

Teichicoroethylene {200 ppm)

Oxidizar dusts

Voletils soivent
Paint nists - thimer vspors

Tonizing radiztion

TABIE I

PRINRCIFAL
HEALTH INTEREST

inngs, Ryes

Iangs

Langs, Skin

lungs, 3kin

Iangs, Skin

Whole body

GONTRCLS

Welding heimsts, axthaust
-or general ventilation,
respirators, shislds

Enciosed blssting cabinets,
protective clothing,
respirators

Exhaust or genersl venii-
lation, respirsiors

Properly eagineered de—
greasers with condsnsing
mechenisn, ventilation
and respirators if reguired

Isclated room - remote
control, respirators

Ganersl ventilation

Yentileted spray booth,
regpirators

Protective barriers,
personnal mordtoriag

CAHSSYIONN
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SOLID ROCKET PUELS CONTATMING METALS

POSSIBIE CONSTITUENTS

METAL OXIDE HALIDES EYBROXIDE KIIEIDE FREE METAL
Boren Bp03  BCl, - BH B
Toxicity - H - - -
Beryllium  Bel  BeFp Ba(0H)7 Bo3lz Be
Toxicity H 2pg/n3 H - 2pg/m3
Aluminum Alp03 41C1, Al(cH)5 AIR A1
Toxicity L 1 - - L
Magnesium  Mg0  MgBry, Mg{0H}, Mg, Mg
Toxicity L - L - M
Iithium Lizd IiF Li0H LisN Li
Toxicity -~ H M - L
legend: L - Low M - Medium H -~ High rg - microgram

TABIE IX
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If the propellant conbaing chlorine, the cowbustion products will conbaln hydro-
chloric acid and chlorine, both of which are capable of producing adverse health
effecto. In the case of propellants containing metallic atoms, the combustion
products will conteln the matal in the forms ghown in Table IT, In conclusion,
the vardety of chemicals and procesges ngad in the solid rocket propellant field
requires alertnesa on the part of all concerned not only to the hazards resulting
from the physical properties of these chemicals and processes, bub also the toxie
health hazards., Health protection samong those concerned with the development,
manufacture and use of these propellants calls for the application of the three
Ets of sccident preveuntion - namely, engineering, education and enforcement. In
addition to these well known areas of pravention it is important that periodie
indugtriel hyplene surveys of the work snviromment be made to determine if the
concentration of the chemicals in the alr, and skin contact, are adequately con-
trolled. Many of the toxic chemicals produce their harmful effects only aftar
prolonged and repeated exposurss to low conCentrations or small amounts of the
naterials, Therefore, the absems of toxic symptoms &t aay one time camnot be
accepted as proof that a harmful exposure does nobt exlsts Such chronic exposures
can be evaluated only by adequate industrisl hygiene survays of the work environe
ment and periodic medical swvelllance of the health of the individuals working
with these materials,

Dre Johnsons: Concernlng the texicity of beryllium, I think you're all aware of
the study now underway at Atlantic Ressarch, I think the fate of beryllium as
far as the Navy is concerped wlll ride oy fall on this study. At the moment we
take a dim view of it, it's an Alr Porce gponsored thing monitored by the Aero-
medical Leboratory at Wright Fleld, The one that concerns us at the moment is
the ARPA contractor and some of our service labs like the Robm & Hsas lLab right
here at Redstone, Esso, Dow, Rocketdyne, ete., on N5 chemistry are fluorene
bonded to oxygan or sulphur, There has heen s preliminary stady of the toxicity
of difliuvorourea at Dow on an Air Foproce contract and it's poisonous as the very
dickens, The vapors will blind rabbits in jJust g fow minmutes, I think this
field which is ons of the wost promising fieldas for propellant ingredients for
the 196570 area 13 going to have to be watohed very closely by the safety pecple.

I, Dug_u%: I might just mention in comnection with this effort that you first
mantionsd, I think they are getiing some guidance from the people who have done
the original work on beryllium up at M.I.T. That would tend to give you a little
sssurarce that they won't go off half cocked.

Mes Ko B, Bumbel, Atlantic Research Corp: We're carrying out this program that
has Geen mentioned herds Ihe program 1is sponsored by ARFA and the Air Force
Jointly and is administered by Edwerds AFB with the medical aspects of the program
baing monitored by Wright Fisld medical people. We have Dr. Harry Hervey of M.I.7T.
a8 & congultant on the project with respect to beryllium toxicity, The program

1s sory of a two part program with respect to, first the evaluation of propulsive
capabllities of beryllium as a propellant lngredient wnd secondly, actual animal
exposures in a cloged teating tunnel 1o determine the behavior of animalg -
rabbite md dogs « when expoged to actual combustion products from beryllium
containing propellants. Exposures have been made, the asgessment of results is
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far from complete, two groups of exposed rabbits are currently being followed
carefully, much clinical work will have to be done yet before they assess results.
In passing I might add one of the early results is a clear indication that the
hydrochloric acid content of the combustion product iz causing the rabbits as
much trouble as anything alse right now.

(o). Hamilton: Any other comments? Thank you very much Dre Dugnid. The nexbt
item ig determination of propellants and safety design criteria fdr manufacturs
and storage., Mre Saffian from Picatinny Arssnal.

Mo L We Saffian, Picatinuy Avsenal: At last year's explogives safety seminar
condueted at the Naval Fropellant Plant, a paper was presented outlining the
various phases of Pleatinny Arsenalts safety desipgn criteria program. This work
deald with a consideration of prapagation of detonation by blast effects and by
fragment effects. Tt was possible on the basis of experimental and accident data
amasgad over the years to astablish a distance bsyond which propagation would not
oceur, asguming no effective migailes were produced by the donor explogion. It
was also possible, on the basis of & good deal of experimental work done in

Gragt Britain and in this country, to establish a basis on which we conld calculate
the gross mass detonability characteristics of explosive systems (i,e., the possi-
bility of mass detonatlon due to fragment impact occurring in cases of adjacent
explosiva systems made up of explosive~containing items). In the large majority
of the actual cases calculated, predictions as to mass detonability coincided
with recommendations for handling given in the Ordnance Safety Manual, these
recommandations being based on experience or incidents which have occurred in
manufacturing or loading plants, and storage depots. Up to this peoint the studies
relating to detonztion by fragment impact were concerned primarily with develepment
of what may be thought of as an initial screening procedure for determining
whether or not a poasibility of propagation ¢f explosion due 10 fragment impact
existe, For this purpose the severest conditions werse assumed, @.ge, no cone
sideration was given to the effects of distance of separation Detween the acceptor
and denor nor to shielding other than that which the acceptor supplies by virtue
of its own minimum casing thickness. &ince the general relationships involved
were outlined in some detail at the last safety seminar, I will review them only
briefly at this time. (Slide 1) Equation 1 permits us to calculate the initial
volooity of fragments a5 a function of explosive oulpub and charge teo casing
welght ratio, Equation 2 gives ug the mumber of fragments larger than mass (m)

ag a function of (m}, donor casing weight, thickness and inside dismeter, and an
explogive comstant (B). Equation 2a gives us the mass of the largest fragment
produced by the donor detonation as a function of donor casing weight, thickness
and lnside diameter, and explosive constant. Eguatlon 3 gives us the boundary
veleoclty, or atriking velocity below which no datonation in the acceptor will
accur, as a function of acceptor casing thickness, fragment mass and acceptor
axplosive sensitivity constant (Kg)s Floally equation 3a gives us the minimum
boundary velooity required for detonation of given acceptor by fragment from a
given donor ss a function of explusive sensitivity constant (K¢), acceptor casing
thickness and the mass of the largest fragment produced Ly the explosion of a
given donor. The ratio of Vo/Vb%i {Slide 13} serves as a criterion for
predicting the gross mass delonal J.iity characteristics of explosive systems.
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IT this ratic is smaller than 1, then the detonation by fragment lmpact will

not occurs On the othar hand If this retic of initial veloclly to Loundary
veloclty 1s equal to or larger than 1, then there is a pogsibility of datonation
by rragment lmpact. It ds the intent of this presantatlon to go further into a
primary objective of our studies, which 1s %o develop relationsbips to permit

the calenlation of safe distances In terms of probabllity of high order detonatlien
occurrencs or risk of propagation of detonation by fragment impact at thage
distances. Having calculated auch probability factors (s.g. steiking probability
of fragments) we could then establish design distances depending on the degree
of risk, if any, that can be tolerated, as well as acceptor casing and/or supple~-
mentary shielding., For the sake of ajimplicity and convenience a graphical repra-
sentation of these relationships was set up, which ia shown schematically on the
noxt serdes of sildes. The plot presented on Slide 2 is based on equation L.

It relates fragment striking wvelocity {Vs;) with fragment masa {m) at amy distance
from the detonation source (d) {conetant distance lines ~ d, being limiting
digtance at which detonation will ocour}, Each plot is made for a aingle value
of initiel velocity of donor fragmenta (Vo). A series of plots like the one
pregented on Slide 2 can be propared for differant walues of (Vo). The constant
(k) is a funciion of the preasented area to fragmend mama ratlio, dengity of air,
and air drag coefficient. Although it was found sxperimentally that the (k)
value ls somewhat higher for thin cased items than for heavier cased onss (the
differance baing about 204),1 the varistions within each ona of thegse genaral
categoriaa are compacatively small.? While Slide 2 indicates the velocity of

the fragments at any particular distance from the dener, Slide 3 is a schematle
repragentation of equetion 3 which tells us what minfmum velocity a fragment
muat have in order to detonate a glven acceptor separated from the donor by that
diatance. This plot relstes the boundery welocity (minimum atriking velocity

at which a high order detonation will ocour) with fragment mams (m) and acceptor
caslng thickness (tg) and/or thickness of shielding in front of acceptor charge.
The graph im plotted for a single explosive senaitivity (expressed in terms of
the senaitivity constant (Kp), discussed previously)e When we combine the ploth
from $lides 2 and 3 as shown on Slide 4 we obtain useful relationships. Slide b
relates striking velecity (or boundary velecity) of a fragment with fragment mase
at various distances (d) and acceptor casing thickness (ty)e If we now equate
the boundsry velooity of a fragment to 1lts striking welocity, it becomes possible
to £ind the minimum effective mass of a fragment produced by the donor explosive
that will canas & high order detonation in the acceptor charge at any distance
from the donor {(d) and/or shlelding of the acceptor (t). Thersfore, according

t0 equation 2 we can calculate the number of auch effectiiva fragments producad

at any distence from the donor charge. It is of intarest to note the Limiting
case which is sbown by equation ha on Slide 4e This indicates ths maximum
distance (dy) at which propagation by fragment impact can ocour for a given

donor ~ asceptor situation. This ia the distance at which the largest fragment
(Mmgy) produced by the donor striles the acceptor at the minimun WlocitYWbm)

L BRL Rpt No. L68s L.H. Thomas; Computing the Effeck of Distance on Danage

by Fragments.
2 BRL Rpt Nos 472% K.S. Jones; Vulnerability of Simulated Missile Warhsads.
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required for detonation. It should be noted further that in temms of probshility
of seceptor detonation this is a boundary situation representing aminimum probge
bility of acceptor detonation occurvenca, i.e., maximam digtance, minimum boundary
veloeity, and minimum number of effective fragments (the single largest donor
fragmnts. At greater distances end/or lower velocities, the probabiliby of
asceptor detonation is therefore presumed to be zero, We can now consider the
general case of reducing design distances from the limiting distance value {as
sxpregsed by equation La) and/or shielding thickness by accepting a certain risk
or probability of the possibility of high order detonation occurrence. The
probable number of effective hita (l.es, hits which upon striking the acceptor
chargs will cause high order datonations by impacting Iregments may be expressed
by aquations 5 and 5a, Slids 53. As can be sesn from this equation, ths probas
bility per unit area ls dependent upon the number of effective fragments (M)
(obtained from equation 2 previously discussed) and the distance betwesn the donor
and acceptor charges. Inoluded in the equation is a constant (g), which depends
on the spacial angelar distribution of fragments. For most of our purposes a
single value of (g) may be used without serious errors The plot ahown on Slide §
relatas the distance betwsen the donmor and acceptor charges (&), shielding (t),
and probability (E) of high order detonation oscurrence for a single explosive
systems A zero probability curve (E,) indicates a relationship petween the
distance (d) and shielding (1) bayond which no high order detonation is possible.
This Lline represents the limiting case mentioned earlier. The higher the
probability level that conld be tolerated, the lowsr the distence-shielding com-
bination nscegsary. This relationship permits us, with a fairly reasonsble degree
of aceuracy, to predict the necessary separation and/or shielding between two
axploaive systems ab any degree of probability of high order detonation occurrence.
To compoge such a relationship (as presented on Slide 5) all that would be
necessary is knowledge of the geometry of the system and the previously discussed
explosive properties relating to sensitivity end output. The relationships which
have been ontlined permit one to predict the potential propagation characteristics
of explosive systems, as well as to esteblish a design basis for prevention of
propagations A detalled presenmtation of the relationships involved and the cale
culation procedura, a8 well as illustrative examples, are contained in a forthe
coming technical report,d  Relationships are outlined which psrmit the calou-
lation of sefe distances for prevention of propagation of detonation due to
fragment impact between adjacent, potentlelly mass detonabing systems, for sny
asgumad degree of risk snd degree of accephor shielding. These relationships
permit prediction of probability of propagation in an existing situation, as

well as calcuwlation of necegsary changes in acceptor shielding and/or separation
dlgbances for any other degree of tolerabls risk. ALl that is necessary to
develop the specific relationship for a given situation is knowledge of
properties of the explosives involved and geometries of the explosive systems.

4 gimple method for graphically representing the relationships has been presented.

3 Ry T. Mott: A Theory of Fragmentation ACR Group Memo 113 {British)

h r.M. Rindner and §. Wachtell; Bstablishment of Ssfety Deslgn OCriteria for Uge
in Enginserine of Explosive Facilities and Operations - Kpt., No, 33 Safe
Distances and Shielding for Prevention of Propagation of IDetonation by
Fpapment Impact (to be published}.
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SLIDE 1 & la
SCHEMATIC ENTATION OF DONOR-AZCEPTOR RELATTONSHIPS GOVERNING
FROPAGATION BY FRAGVENT IMPACT
DONOR d ACCEFTOR

R

\
o} taha ~fta |a

Vou £ (BDIEI/C) « w = m - - = (1) Vo £ (pME)(m) - - - e - s (3)
Yo ™ initial fragment velocity Vi = boundary velocity or fragment
E' = axplosivs cutput conatant striking velocity of maas, m,
‘B/C » axplosives/casing weight below which high order detona-
ratio tlon of the acceptor will not
ceCyr.
By » £ (BIO) ) {ag)(m) = = « = (2) Ky = exploaive sensitivity conatant

1y ¥ acceptor casing thickness
Ny » numbsr of fragments greater

than waas {m) ?b';nf (Kety ) mpuy? = ~ = = = (32)
» o omaes of Tragment produced

donor detmftton . " Voyan ™ Minimom houndary veloclty
B = aonstant depending on donor required for detonation of

exploaive and casing materis) given scceptor by fragment
C = donor casing welight from given donor,

t3 ¥ doner casing thickness
dy * inside dlamster of donor
SAning

maax = £ (BN tgMdy) - - - - (20)
Paay = masy of largest {ragment produced by donor datonation,

It Yo 1i detonation by fragment impact will not oceur,

Yomin

£ 4 ;RE 1; powsibility of detonation by fragment impact exists.
Pmin
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STRIKING YELOCITY OF A FRAGMENT A3 A FUNCTION OF FRAGMENT KASS AND
DISTANGE

DONOR d ACCEFTOR

b S

(¥y) » constant dy > dp D> dy

6/

d = £ (K} (Vo/Vg)(m)m = w = = e e = e - - ()

d = distance from the donor charge

k = congtant depending on fragment gize,
shape, alr dengity and drag coefficient

Ve striking velocity of fragment at a
digtance d
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08 3
BOUNDARY VELOCITY OF A FRAGMENT AS A FURCTION OF FRAGMENT MASS AND
ACCEPTOR SHIRLDING
DONOR 4 ACCEPTOR

(Xp) = constany

a3 o a2 D> Yy
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MINIMUM EFFECTIVE FRAGMENT MASS AND CORRESPONDING VELOCITY AS A FUNOTION
OF DISTANCE AND SHIBLDING

DOROR ACCEPIOR

e o

(Lp) = conatant
(vo) = aimatant

dn = £ (K)(Vo/Vp)pin(mngy) == == = = = = = @ o m o = = - (g )

Where dm = maximum distance from given donor charge at which detonation
of given acceptor is possible.
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SLIDE §

PROBARILITY OF DRTONATION OCCURRENCE AS A_FUNGTION OF
DISTANCE AND SHIRLDING

$ By > B By

E, ~ Zeros probability curve

o

ta
B/A = N (g) = - - - - - - - - (5)
Bw f(P) o v e e v e e o (5a)

P/A = Probable rumber of effective hits ver unit area,

By = Total nuwber of sffective fragments.

4 = Diatante betawen dovor and acceptor charge.

¢ * Factor governing the distribution of fragmants.

B « Probability of high order detonation cecurrence in
the soceptor.
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Mre Se Wachtell, Piastingy Arsenal: A quantitative approach to the classification
of high enargy propellants and explosivesaccording to their susceptibility to
underge transition to detonation has shown promising results. Many of the
materials tested thus far show ¢ eriticel pressure above which this transition
can occurs The method involves the burning of largs solid cylindars of the
materisl under consideration, in a closed bomb at high pressures A} a pressure
which is characteristic for each composition and condition, the burning rate vs
ressure curve obtained shows a marked deviation from the resulis predicted from
strand burning tests. This deviation is indimative of a pre-detonstion reaction
which takes place in the explosive which could proceed into detonstion if
sufficient material were availables The pressure at which this deviation begins
snd the rate at which it occurs can be used as the basis for classification of
detonability. In the firing of large missile motora, a property of the propellant
of serious concarn is the posgibility of transition from normel burning to
detonation. While every effort is made to asswre the qualitly of each motor
manufactured, the possibility exlsts that some condition may have developed in
manufacture handling or gtorage which could lead to high pressures and initiation
of transitions As the energy content of formulations are incraeased, the pogsie
bility of transition cccurring becomes more likely, Existing sensitiviiy tests
are highly inadequate Lor measuring this property. Impact sensitivity, for
example, indicates that some polysulfide-perchlorate composite propellants are

in the same range of sensitivity as tetryl, while on the wthedr hand, it is
genarally impossible to datonate them even with large contact explosive charges.
Card gap tests and boomier sensitivity tests come a 1little closer 0 realism in
that they give information on shock sensitivity and critical diameters. None

of the existing techniques gives any informstion about the susceptibility to
transition from deflagration to detonation. The techniques we are presenting here
we believe are capable of quantitatively measuring the susceptibility of a solid
propellant to undergo transition o detonation. It is generally agreed that for
transition to take place in a hwrning explotive the formation of a shock frent

is netesasrys snd that a shock front will form in a deflagration sxplosive if

the pressure surges resulting from deflegration are exponential. These conditions
bhave been obtalned experimentally by a number of workers in the field by using
ground or shradded composite stocks. Hyndman (of Rolm & Hass) was sble to show
transformation to detonation by burning ground propellant, packed in a tubs and
acontalned in a closed bomb. Cibson (at the Buresu of Mines) claims to have
obteined transition to detenation from shredded composite pressed into heavy
walled steel tubes. It both of these cagses the mechanism of DDT proposed by

Dr. Kistiakowsky applisd. Thisz mechanism consists of: 1) local ignition followed
by the flow of products of combustion through the bed, 2) formation of a shock
wave and subgequent intensification by rising preasure and temperaturs wuntil it
is gtrong enpough to inltizte burning as a result of its passage, 3) further
intensification by products of combustion until the shock wave reaches the

gtable velocity of detonation of the bed. The transition is consldered to be
essentially a physical process in which the velocity of the shock fromt incresses
smoothly from its first appesrance wniil it reachss stable detonation velocity.
However, while the linear burning rate of the bed of burning material increases
to a rate of several thousand meters per second, the burming rate at which the
individual particles are consumed jg only in the range of several hundred inches
per second. While this mechanism was gpplied to granular material, why shonld
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it not apply as well to composite or homogeneous propellants, if the prowth of
the shock front is accompanied by an increasing break-up of the surface of the
propellants In the light of some experience with certain cannon propellant in
closed bomb tests, in which unpredictably high rates of change of pressure were
encountered, it was considered poasible that this technique could be extended
to the atudy of explosives and high energy rocket propellants. It had besn
oogerved in previous cases of high bomb pressurss, that the deviation of the
propallant from its normal burning action started at a specific pressure. This
pregaure appesred to be typical of a specific lot of propellant and could ba
reproduced for each lot of material teateds Since the burning rate laws have
been shown to hold for these propellants a (reasonable) explanation for this
apparent increase in burming rate is that it resulted from surface cracking of
the gralns under the pressure and thermsl stress of the reactlon. 1f this is
the initial step in the iransition from deflagration to detonation, and it must
occur if the surface bwrning theory is valid, then the rate at which the surface
aren increages can be meagurad in the closad bomb. The measuwrement of llnesr
burning rate in s c¢losed bomb has baen standard procedure for many years
{reforences 6 and 7). From a considaration of the original geomebtry of a grain
of material and e knowledge of rate of chanpge of pressure in the bomb when the
grain is burned, the linear burning rate at any particular pressure c¢an be
caleulateds This calealatlon asgumes that the grain ig tgnltad uniformly over
ite entire surface and always burng normal to that surface. Hewever, if surface
eracking or erazing of g grain should oceyr with a resulting inerease in burning
surface, the calculated linear burning rate of the material from the c¢losed bomb
test will be far in axcess of the value expected and the increase in surface
arsa can be calculated from this apparent increase in linear burning rate. To
determine whother thls method would throw any light on the burning of high
explogives, cylinders of TNT were prepared with diameters of 1" or more and
lengths of from M* to 3. These cylinders were machinad from solid blocks of
INT which had been carefully cast to maka certain that thay contalned no volids
or porosity. ALL the cylinders were machined from the mame block and were .
congldered to have approximately the same crystalline structure. These cylinders
were placed In a standard 200ce closed bomb with a reinforced cylinder wall and
ignited with a small amount of black powder and MIAL squibb. Tracings of typical
ogcillograma resulting from the firings are shown in Slide L. These represent a
serles of firings made with cylinders of TNT at variows loading densities. In
axamining these traclngs it must be born in mind that the standard closed bomb
instrumentation produces an cscillogram of DP/DT vs P and that the horizontal
exis represents P and the vertical sxis represents rate of change of P. The
scale is varied to have the trace fill the oscillogram. The calculated scales
of P and DP/DT are added to the tracings. It will be noted that a proncunced
change in directlon ocours in every case in the range of F » 6,000 «~ 8,000 PSI.
Calenlatad {apparant) linesr buming rates va pressure for each firing are shown
in Slide 2« An aversge line is drawm for burning rate vs pressure. At low
pressures, the error in the clogaed bomb measurement iz falirly large especislly
for high loading densities. Therefore, fairly wide scatter of the printe balow
8,000 psi is axpectads In order to establish the true burning rate for INT,
atrands L/8" x 1/8" x 7% long ware prepared by cutting them from a block of INT
similar to the one used previously (to eliminate the possibility of porosity)
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and burned in a strand burner using the standard technigue ab pressures of from
1,000 psi to 20,000 psi« These results show that the cloged bomb rate of burning
approximately coincides with the strand burner result up to about 6,000 psi and
then curves sharply upward. This apparsent increase in burning rate is consistent
with the assumption of an increase in buming surface which oceenrs on the ¢ylinder
due to surface crasing or cracking. Slide 3 shows a graph of the expected surfuce
area v pressure duve to consumption of the TNI in the bomb {(assuming normeal
burning of the grain) and the actual surface area of the crazed T calculated
from the DP/DT of the bomb test and the actual linear burning rate of the INT,
This shows for INT an inorease in surface ares of as much a8 close to 20 timese
It was noted that at higher pressures, the slope of the c¢losed bomb burning rate
curve starts to level off. This leveling off seems to be inversely proportional
to the loading density of the TNT uvsads In order to probe this high presgure
area better, without incurring the danger of too mmch high explosive in the bomb,
a technique was devised whereby a quantity of thin sheets of very fast burning
propellant were loaded into the bomb and ignited baefore the INT cylinders. This
gives a high pressure to the bomb in very short time and the sheet propellant
completes burndng befors any appreciable part of the TNT cylinder burns. This
technique permits a larger mass of INT to be present at higher pressure,
Moasurements using this fechnique showed an increase in the slope of the upper
part of the closed bowb curve but did nob change the location of the middle part
of the curve. This indicates that there 13 possibly some minimum mass of explosive
necossary Lo maintain the formation of increasing burning surfane., Further work
will be done to invastigate this. Cylinders of Compogition B which had baen
propared in & mamer similar to the TNT were then burned in the bomb at varying
Loading densities. In order to obtaln adequate ignition of the Comp. B it was
necosgary to use a small amount of sheet propellant as igniters This masked

that part of the curve below about 5,000 pei. However, strands cat from the same
block of Compe B us the cylinders were burned in the strand burner to ovbtein the
normal burning rate ve pressure curve. Slide L shows that the breask in the

Comps B curve cccuxrs about 4,000 - 5,000 psi. The slope of the cloged bomb curve
past the trensition may be even greater than that obtained for TNT. The surface
area ve pressure curves for calculated normal burning vs actual closed bomb
burning of a sample of Comp. B are given in Slide 5. In order to establish the
applicability of this technigue to high energy propellants, a sample of ARP
propellant was subjected to this closed bomb test. $lide 6 shows the results

of & seriss with increasing loading dengities up to about 43 with and without
praloading, At W43 loading density, when preloaded with sheet propellant, e
change io slops oceurred at about 35,000 - 40,000 psi similer to those which
warg obtainsd for INT and Comp. Be This was accompanied by & disintegration of
oo of the seals in the bomb due to the extremely high heat and DB/DT,
Mnfortunately, each time condltions were used in which the transition was exe
pactad to show, the rate of pressure rise was 50 great that some part of the

bomb seal was destroyed and the trace lest., 4 bomb ig being designed in which
we hope to hold the pregsures produced and measure transition preossures similar
to those obtained for INT and Comp. Be This slide shows a plot of Linear burning
rate vs prossure caleulated from tha available data for the ARP propellant with
and without prelcadings The linear burning rates obtained with the strand burner
ave almost coincident with those caleulatad from the closed bhomb at pressures
above 10,000 psi. Additional data has been obtalned for a speclally prepared
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bateh of sxperimental bigh energy propallant. Slide 7 shows data which has been
obtained for this material. This sample shows a definite transition pressure et
about 16,000 pasi. Also the slope of the transition curve is quite stesp, indi-
cating a marked increase in surface avea. Nobe, however, that the siope of this
curve levels off near the top for some of the test runs. This we bellave to be
& mags effect, When charges of different dismeter were burned, we calculated
that this leveling off takes place at the same diamater slihough in higher loading
dengity tmats this occurs at higher pressure. For this sample the minimum
dismeter nocessary to sustain this pre-~detonation reaction appesrs to be asboutb

1 inchs In the present stage of development our equipment san test those
materials which have transition pressures below 35,000 psi. With equipment
capable of holding higher pressures, we hope to extend this limit much higher.
Tois will permit us to clagsify most of the existing propellants. It would
sppear from results of these tests that for each of the materials studied, there
is a eritical pressure above which the transition from deflsgration to detonation
can oeeur. This is the result of a suweface cracking or erasing which increages
the burning surface to a point whers a shock front can form. The existence of
this condition ia considered necessary for DDT to occeurs If sulficient explosive
material were available, the shock front could reach sufficient intensity to
sstablish a atable dotonation front in the explosive. The application of this
test to explosives and propellants will give uvs a basis for a quantitative
evaluation of these materials in terms of the critical transition pressure and
the slope of the transition curve., By establishing thege parameters for each
oxplogive o prepellant it will be possible to clagsify these wmuterials as 1o

the severity of the conditions to which they can be subjected before the danger
of DDT will existes It will also make possible & stuly of the effects temperature,
poroslity, particle size, crystal gize and other physical veriables on the detona-
bility of existing propellants as well as for new materisle as they are developed
hefore going Iinto large scale manufacture. The applicatien of this technique o
the development of new propellants will alsco make it comparatively simple to
atudy the affects of formulation modifications on the detonability of high energy
materialy, &nd moeke possible the development of safer solid propellant motors.
Thia program is being continued with the broad objective of establishing on a
fimm baais the applications stated. To achleve this the immediate specific
objectives are as followst: 1) Improvement of bomb design and instrumentation

so that exiating and newly developed high energy propellants can he evalnated.
Thig will require pressures in the order of h00,000 psi. The sensitivity of the
tranaducer will be improved to more accurately sense the extremely high DP/DT
vglues which must be measured. 2) Existing explosives and propellant will be
subjected to this test and a classification of sensitivity mede, The effects

of temperature and physical conditlon on its senaitivity to DDT will be determined
83 part of the evalustion of each propellant or explosive,
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Col, Hamilton: Thank you Mr. Wachtell, Apparently I got some wrong information,
Mr, Wachtell'z telk is actuslly more closely related to a talk that comes up
tomorrow than it was to Mr. Saffian’s talk, We're going to have a discussiocn
tomorrow morning on the transition from deflagration to detonation. It's quite
possibla that the questions raised at this time may be answered in the talk
tomorrow so 4f everyone is wllling, letts bold off the question peried on

Mr. Wachiellts talk untdl Dr. Noonan of the Naval Ordnamce Laboratory makes hia
talk tomorrow morning and then we can get all these guestions on this one subject
taken care of at the same time. Me. Saffien, we misged cut on a questlon perioed
on your talk, Are there any questions? Thank you Mr. Saffian. Closely related
to Mr. Baffiants talk is something that the ASESB has gotten into recently as a
result of some tests that were conducted by the Ordnance Corps of the Army. I
like Lo assk Mr, Herman of the ASESE Staff to giva you g brisfing on a test program
that we have on at the present time.

Mrs Ro C. Howman, ASESH: Until recently very little thought hasg been given to

the wse of dividing walls for amything other than prevention of mass detenatdon.
In other words, to separate your two quantities so that you would not have 4
simultaneous detonation of the two guantlties at ons time. Because of construction
and the items that we are dealing with, ete., it was decided that it was necegsary
to look into this more deeply to determine what quantitiss the dividing walls
could stand up under te prevent a mass detonstion &s well a8 a communicatlon at
gry time interval afterward. In comnection with this a test was conducted
recently In a former pelleting building which is a standard Army Ordnance building
that had a 12" reinforced concrete well on three aides, the roof was of light
construction and the fowrth wall was a light blowwout {ype of panel. There was
sppraximately 2,000 lbss of explosives placed ingide of this cubicis and on the
three sides outside of the concrete walls, accepior charges were placed and
separated from each other by sandbags to determine tha affects After the primary
charge was detonated, there was a simultaneocus communicatlon o acceptor charges
on two sides of this wall within & period of approximately & to 10 milliseconds.
This of course was somewhat of a ghock because we bad always anticipated that a
12" reinforesd concrete wall was good for 5,000 pounds baged on earller tesis
which had been conducted., Of course this immediately caused & great deal of
concern, It wag anticipnted at that time that additiopal tests would be run
involving 1500 pounds. However, the cubicle which was met aside for thls purpose
was a lititle too close and became damaged o a point where they felt it would

not give trug resulis and it was decided not te conduct it. I understand, however,
that this test is t¢ be conducted probably in Septamber repeating thie originel
test only waing 1500 pounds within the cubicle. At the same time the Alr Force
has lustituted a progrem to determine the maximum number of explesive weapons
which may be stored in single cubicles of multi~cubicle magezines with reasonable
asgurance that an accidental explosion within that cublcele will not propagate

to adjoining. cubicles. T understand that construction is progressing on this

and that the first calibration test is gebeduled for somtime this woeek and the
actual tests are due to get underway in September and will proesed probably on

the basis of one {test per mooth or something on {his order. In sddition to this
the bBoard has attempted to extend this program by a series of tests utilizing
varicus quantitles ol explosives ranging frem 500 to 5000 pounds with different
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geparation distances of these quantities from the walls and also with different
wall thicknesses to try to bracket an area to find out just how good the walls
ares These bests will be repeated, two tests will be conducted with items with
low fragmentation and two additionsgl tests, exact duplicates, with high fragmene
tation items, The preliminary plamning on the third phase has Just begun, one
of the big problems of course iz money and we don't know just how far we can
carry this program but we do hope to be able to carry it to a conclusion so that
wa will bave some excellent data upon which to base recommendations for sepas
retions using dividing walls.

Mp. Baxy: Would you repeat the relative locations of these agceptor charges?

Mr, Herman: These charges were located outgside of the concrete wglls and spaced
with spproximstely three feet of air space between them and the well. These
acceptor charges were placed outside of each wall and then each acceptor charge
was soparated from the next adjacent charge by a barricade s0 in event you had
one detonate you wouldntt propagate to the entire bunch, There is one poing in
connection with this test that T might bring ovt, There was a little concern
af'ter the test was conducted becanse a standard dividing wall is supposed to have
the reinforcing rods staggered on opposite faces, In this particular case after
the test it was found that during construction the rods were not staggered, they
were plaved exactly opposite each other, However, we falt that the damage was
so great, the destruction so great, that this didn't reglly materially affect
the results of the test.

Dr. Ball: In setting up further work, have you considered at all the possibility
of having double walls se that while youtre sacrificing the first wall you have
a gsecond wall to catch the pisces.

Mro Hermant There is thought being given to this and I believe there is antici~,
pated perhaps some small scale work to determine fillers of some type that may

be uged in gandwich well congtruetion that may assist in the seme job of stopping
fragments from the first wall and things like this, absorbing some of the energy.

Mr, Endsley: In respect to Dr. Ballls cquestion, there will be some data available
Trom the %&r Force test inasmuch as they have parallel walls in series and they
have some staggeraed on opposite sides of 18" and 36" concrete divider wall, There
should be gome velushble data from the Alr Force tests.

Mr, Richapdgon:s What ig the time limit when you don't consider it any morve of a
problem of propagation? My resson for this question is if you're just talking
about detonstion or the fragments that result from detonation; you also have to
congider that we might have some materials that will be initiated initially by
flame and later transit to detonation.

M¥re Hormans I think primaridy in this case the pressure {races only showed ong
pedak and we decided that this could be consjdered as a simultanecus detonation.
Whare this would break off, whether it would be 15 miiliseconds or more, it would
depend somewhat upon what your charge was, how long the rise time was on it.
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Me, Do I. Crahsm, Jr,, Redstone Arsenals I was wondering, did you have a2 monow
Llithically poured fleor all the way thru from one charge to another?

M, Hermens No, the donor charges were not on a floor, these were outside of
the building.

M. Graham: They were not on concrete?
Mr. Hexrman: They were on dirt outside of the huilding.
Col. Hamilton: Thank you Mr. Herman. The next item is 'evalumatlon of processing

hagard and poeunetic conveying of hazardous materials' by Mr. Settles, Herculas
Powdar Co,

Mre Jo Eo Settles, Hercules Powder Co.: Thers is a pronounced trend ia American
induatry %o do things automatically in order to decrease the man-hours of pro-
duction labor required per pound of product and thereby lower the cost. In the
explogivas Industry, of which the manufzacture of solid propellants ls a part,
sutomation should yield the same sort of savings in man-hours of production
labor per pound of product, and as g bonus, savings of man-hours per pound in
exposure to bazardous conditions; provided that the cost in dollars or hours
lost by personal injury during the production of & pound of product is not
inereased by the automation. It is this proviso, in particular, that has delayed
the introduction of continuous processes and that keeps safety engineers in
business e valuating the probable added hazards of process improvements. In the
manufacture of smokelesy powder by the solvent extrusion process, and alse in
the loading of molds in the cast double base process, there are intra~plant
transportation steps, resulting from the separation of operating buildings,

that require=a sequence loading of containers, frucking of loaded containers
from here to there and unloading of the containers, Tha possitility of using
pneumatic conveying to replace or minimize this ssquence of operation in the
moving of sensitive materials was recogniced as early as 19hh snd pneumatic
conveyors have been used without sigificant incident at Anniston Ordnance Works,
Blue (rass Ordnance Works, Ravenna Arsenal, Letterkenny, Neval Propellant Plant,
Indisn Head, Alabama Ordrance Works and Indiane Ovdnance Works to move smokeless
powdar, INT and other sensitlve materials. Fires have been reported but in no
instsnce propazationg and it is interesting to note none of the fires were attri-
buted to malbanctioning of the basic equipment. Several fires were reported in
an operation involving demilitarization of small armms ammmition at Anniston
Ordnence Workss &ome of these fires cccurred within 3 feet of the charging
hopper and there was & continuous flow of propellant from the point of the fire
inte the hopper. On the precautionary side, it should be stated thet critical
design and operating detalls were not obtalned for the systems that have been
useds It i knotn thet safs and satisfactory operation of a puewmatic conveying
gyston must meet speclfic requirements on Waintenance of ‘minimum air velocities
and on elimination of electro-static potentials in the systen, Precautions
should also be fteken to guard against the possibility of foreign material being
introducsd in the system. I am going to discuss some of.the factors affecting
each of these requirements. The discussion will deal principally with gun
propellants and granulated casting powders which are used in cast double~base
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rockets, However, I bellave the principles behind many of the conmtrolling
facbors may be applied to the conveying of other sensitive materials. There
are three general types of pneumatic conveyors, namely (1) low velocity air
conveyors, (2} high velocity air conveyors, and (3) pneumaticetube conveyors.
Mry-conveying systems of both low and high velocity types include the
following elementg: an air mover which may be a form of exhaungter, compressor,
or blowers a conveying plpes a feeding device or suctlion nozzle; and a dige
chorge device where the meterial is separated from the conveying air. The
dlscharge may be an open end of pipe, a soreened bin, & cyclone separator, or
a rotary valve or air locks, The pneumatic«tube conveyer is a conveyor of
small items encloged in a container which is btuilt to fit the tube closely and
which is forced through the conveyor tube by air pressure, Materials can be
conveyed equally well by a suction or a pressure system since the conveying
effect is due te the alpr weloclity or the carrying powsr of aiy in motion. In
a pneumatic conveying system the air weloelty is controlled by pressure drop
and the laws of fluid flow represented in bernoulli's Theorem; and if a
density factor is applied to pounds per minute the resultant 3¢ cubic feet per
minute, Material flow is controlled by the feed rate in pounds per minutes
therefore it is possible to determine the pounds of materiszl per pound of sir e
ar better, the cublc feet of ailr, The point should nod be missed that the
materials do not arrive at the end of a system in the same air in which they
gstarted, If the materisl wveloclity were to equal the velocity of the conveylng
alr the material would drop to the botiom of the conveying tube, The material
is kept in suspension by the differential velocity, For every subgtance that
cen be pneumatically conveyed, there is a miniwum velocity of alx that must

be maintained Just to move the material, Daperience has demonstrated thal with
a low velociby system (3,000 to 7,500 f.p.m.) the cuble feeb of air recuived
to convey a pound of maberizl vardes from approximately LO cubic feet per
pound of material for compact materdals to 90 cuble feel per pound of iight,
fleffy material, By trial and ermror, it wae determined most propellant
granylations will require minimum air streem velocities of 3,000 to 3,500 f.p.m.
to satisfactorily move the material, An explosion in a powder blending
operation at Radford Arsenal seversl years ago resulted in a preliminary stundy
which indicated much lass personnel exposure in a hasardous operatiom would
result if prneumatic conveylng were uwtilised; and there wag also & potentisl for
operating economics, These same advanbages also seemed to be possible at
Allegany Ballistics Laboratory and at Herewles Powder Company's Bacchus Works
in the movement of casting powders from the shipping container to mold

loading operations, All of these requirements made mandatory careful sssesow
ment of the hazards of pneumstic conveying, which was done concurvenily sb
Radford and A.B.L. with complate coordination of the programs, 0F major
concern in considering the pneumatic converling of sensibive materials is to
determine the conditions that wlll result in a fire and to define those
condibions as exactly as possible. It has been found two principal precautions
are necessary. Accumulation of electrostatic potentials are a continual
hazard in & pnoumatic conveying system and must be minimized in every possible
way. Torelgn materdial ig & conbinval source of hazard in any propellant
manvfacturing process and it is equally undesirable in a pneumatic conveying
systen. Leb us consider first the elimination of electrostatic potentials,

It has been found the amount of static electricify that will be generated in

8 pneumatic conveying system is affected by: (1) the formula of the propellant
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being conveyed; (2) the effectivensss of the aystem groundingy (3) the
relotive humidity of the conveying atmespheve; (L) the veloclty of the air
in the conveying systems and (S) the pounds of propellant per cubic foot of
volume in the conveying system, We will give more detailed consideration to
each of these five factors; however, let us first review some baaic consideraw
tions. OStatis electricity is generated when an insulator experiences
friction with another material, either an insulator or conductor, The static
charge regides on the surface of the insulator, FPropellant granules are
insulators and will develop an electirostatic charge from frictlon with the
conveying tube or from friction with the conveying air, "0f these two the
friction with the alr 1s probably the more important and I have data on this
effect which I will present a little later, The effect of the propellant
formulation on electrostatic conditions is a function of the nitrocellulose
contend, the content of a powdered metal, such as aluminum, and the graphite
cosbting on the granules, The minimiging of elsctrostatic generation in a
pneumatic conveylng system is adversely affecied by increasing the nltro-
celiulose content of the propellant being conveyed. An investigation by the
Process Research Group ab Allegany Ballistics Laboratory developed data
indicating that for one get of test conditions (i.e.: for a specific
sombination of conditions for air wveloclty, propellant welocity, conveyling
distance, humidity conditions and system grounding) that a 30% nitrocellulose
content reaulted in a 250 volt generation of static electricity at the lower
ond of a plotted curve and en 85% nitrocellulose content resulted in an 860
volt level of atatic at the upper end of & plotted curve. I% was observed
that the intervening curve was almost linear. It should ba neted that the
actual voltage of static that will be generated will be strongly affected by
changes in the combination of conditions that exiat in the conveying system,
However, the effect of varying the nitrocellulose content in the formula may
be sumnarized with the following generality: A three-fold increase in that
rtion of the static charge that is attributable to the nitrocellulose in
%e formula, This effect appears to be walid only to the 85% nitrocellulose
level, #bove that level there is Llittle additlonal e ffect from s increased
percentage, The aluminum content of a powder formula and graphite coating
on propellant granules have a very desirable effect on minimizing electro
static scouwmilations. The slumirum and the grephite make the powder conductive
snd the static charge leaks off at each contact with the grounded dube, An
investigation by the Productlion Englineering Group st Radford Arsenal wes
summarized ss follows: "The electrostatic iavestigation revealed that no
detectable sccumulation of siatic electricity was developed by propellants
which had received a coating of graphite or by high energy propellsnta which
contained at least 10¥ powdered alumirum,” The above statement was found to
be true for several double and tripla~base formulas with air stream velocilies
ranging fram 6000 £,.p.m, to 9500 f,p,m,, propellant faed rates that vardisd
from 5 pounds to LO pounds per mimuite mnd relative mmmldity conditions in the
conveying system that varied from 30f to L0Z. The effect of a propellant
formuls on electrostatic generation may be clarified with this thought:
Ingulators may plek up a positive charge or a negative charge when subjected
to friction, The frdction doesn't creste the charge; it facilitates the
transfer of free electrons, Materisls have been arranged in an slechrostatic
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potential geries, known ag the triboelectric series, snd greatest charges

result when friction is spplied to materials with the greatest difference in
pogition in the geries; in other words, if two insulators with the same olectro=
static potential are rubbed little or no charge will be generated, Considering
propellant granules in a conveying air stream, the nitrocellulose and the air

are widely different in electrostatic potential. The potential difference is
decreased by plasticizers, such as nitroglycerin, which is the reason why doublee
base formulas develop smaller electrostatic charges than single-base Formulas.
The second factor that stromgly affecis the generation of electrostatic potentials
in a pneumatic conveying system is the adequacy of the grounding. The Production
Engineering Growp at Radford Apsenel investigated the effects of grouwnding and
the results of thelr studies are summarized as follows: The highest level of
static electricity was generated when the conveying system was insulated and

whan conveying single«base casting powder (containing more than 85% nitrocelluw
lose). A 1,000 volt level was reachoed with the system insulated, Ths same
propellant with the same feed rate and air velocity generated spproximately
11,500 wolte with the system grounded. It was concluded from these and otber
date that grounding a system will reduce acoumulation of static electricity but
will not elimingte it It should be noted that the resistance to ground in the
Redford systom was determined to be 4,000 ohms. Dats from a study wmade &t
Indiang Arsenal were more optimistic concerning results obtainable from gystem
grounding. The Indisna gtudy reported as follows: ™o statie charge could be
datacted with an adequately grounded conveying system; however, with sn inadsquats
ground or no ground, dangerous static charges were produced by pneumatic conveying
finished propellant graing." Ii cannot be expected that grounding will be come
pletely effective 4f the propellant is insulated or If the propellant gcts as an
imsulator. In any case, it ls certain that if the conveying tubs is not grounded
it will develop an electrostatic potentials Than if operating personnel inade-
vertently ground it the potential will be discharged with a possibility the
rasulbs will be gerious. The third factor that should be congidered in atiempts
to nminimize electroptatic potentials in a conveying system is the effect of in-
creasing the relative humidity. Studies conducted at Radford Arsenal indicate
static acoumulations on propellant belng conveyed can be effectively disgipated
by maintaining the relative hamidity of the atmosphere ingide the conveying
gystem sbove 80%. The high level of relative humidity was maintained during the
investigational work by steam injections ILaboratory analyses of propellants
subjected to this high lavel of relative humidity indicate the dwell time in

the system was sufficiently short to prevent the level of total volatiles in

the propellants incressing beyond gpecifications. It is, of course, academic
that the dwell time in the system i3 s varizble; and 1t is 2 function of length
of system, conveying air velocity, propellant granule size and rate of loading.
The Radford pilot plant gystem is 100 feet long and dwell times measured varied
from 750 milliseconds to 3 seconds. For propellant formulas that are very
sengivive to igh humidity atmospheres more sophisticated mathods, such as
jondination of the air stream, may be useds It is known that ionization is
effactive, however, at this time I have no date on such systems. Now leb us
consider gbatic charges s a function of air welocity in the conveying system.
Investigations at Allegany Balllstics Laboratory revealed that increases in the
valocity of the conveying air stream would result in sn sppreciable inerease in
the olectyostatic potentisl of the aimosphere in the receptacle that receives
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the powder &t the end of the conveying system. The effect was most noticeable
during the conveying of .powder formulasz with & high nitrocellulose content,

A digest of the data showed that a 3000 L.p.me dncrease in alr velocity regulted
in an electrostatic iucrease of 1000 wolte when conveying single<bagse propellant
{bigh nitrocellulose content)s An electrostatic accumalation of less than 500
volts was experienced when double«bage propellants were being conveyed. There

was a much smaller increase in the elsctrogtatic potential on the propellant In
the receiving container than in the atmospbere over .the propellant. A 3,000
fapote dncrease in air stream velocity resulted in a voltage increase on the
propollant of approximately 500 volts for a single-base formuls, The date almo
revesled a very limear relationship between length of the conveying syatem and
the slectrostatic potentials devaloped in the powder recelving contalnsr. Again,
the largest potentisl was developed in the atmosphere over the propellant in the
recolving container. Grephic presentation of the stmosphere voltage plotted

1600 volts at & distence of 25 feet snd 8700 volts at a distance of 250 feets
Intervaning points resulied in almost 8 sirelght line graph. A level of 250

volts was plotied at the 25 foot distance for the effect on the propellant in

the recelving container; and 3750 volts was plotied st the 250 foot distance.
Intervaning points were quite linear. And the Pifth factor to be congldered is
the sffaect on electrostatic accumulations as a result of varying the emount of
propellant per cubie foot of volume in conveying system. The electrostatic
potantial in the astmosphere of the powder recelving container is appreciably
affected by the amount of powdsy being conveyed per umit of time =- or the pounds .
of powder existing in the conveying system per cubie volume of the system. For

a condition where one«tenth of a pound of powder waes belng conveyed per cubjic
foot of comveying aystem voltage leveis between 5000 snd 5500 velts were recorded.
An increase in leading to fourtenths of & pound per cubic foot resulied in a
decrosse to 4200 volts. Loading ot six~tenths of & pound per cubie foot reduced
the potentisl to 2400 volts. Similar decreases were recorded for thres separate
trials. The electrostatic potentlsl in the powder bed of the receiving container
was also affected by the loading on the aystem, however, to a much smaller degree.
The total effact on the static voltage leval in the er bad for an increase

of fivestenths of & pound per cublc foot of conveying volume was 600 to 700 volts
decrease. We have given conslderable attention to micimizing electromtatic hazards
in pneumatic conveying. Let us congider briefly the hazard of foreign material.
Operating personnsl should thoroughly understand that while energy In the form of
rapidly moving air is being applied to a system, foreign material can be comeitbed
with no chance of recovery, in a very short time. The foreign material may
inciude nuts, bolis, road gravel, dirt, grease, identification badges, personal
clothing, 1lds from powder boxes, tools, etc. These extraneous items may result
in hazardaous conditions that jespardize safely by creating unacceptable levels of y
friction and impast; or they may cause a functional, unbalance of the system that
resulie In unnecessary malntenance and work stoppage. The deslign englnears can
egslat with the forelgy material problem by providing sealper scresns over the
fead hoppers, metal detectors at a point in the operation that will prevent
metallic ftems getting into the conveying air stresm, and by careful desipgn of
pick-up nosales. Operating supervisors can further mitipate the problem by
careful training of operating personnel and continual rachecking of the day-to-day
work practices of their persomnel. This aleritess on the part of the operating
supervisor 1s emphasized becauge if all othar problems involved in pneumsatic .
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conveying of sensitive materisls are completely solved, it may be expscted the
hazad of Foreign material will always be present to some degres. We may do
everything humanly possible to prevent fires occurring in a pneumatic conveying
syatem but the question still must be answered of what will happen should a

fire ooccurs What will be the extent of the fire and cen a system be designed

so that fire will not propagate? Investigatjons have proved that if a certsin
minimum differential is maintained between the velocity at which the air is
moving through the system and the velocity at which the propellant moves through
the system the flame on any pre-ignited granuwles of propellant will be Ysnuffed
oub™ upon antering the system and it is not possible tou propagate a combustion
theaughont the system. The minirum differential that must be maintained betwesn
the wvelocity of the air stream and the velocity of the propellant was developed
from pllot scale investigabions at Radford Arsenal. Studies of flame propagation
within a pneumatic conveying system revealed the Ignition of a propellant stream
{8 not possible with the flame from a 2000°F. oxyacetylene welding torch when a
minimum air stream velocity of 6000 f.p«ms is maintained. These tests were conm
ducted in a 3% inch horizontal steel conduit using the following procedure:
Approximately one pound of propellant wags introduced into the horizontal steel
conduit at the minimum conveying velocitys The propellant passed through the
flame of an oxyacetylene welding torch located 1l feet downstream from the point
of propellant introduction. This procedure was repeasted and the velocity of the
air stream was increased until the propellant could not be ignited by the flame
of the oxyacatylens torch. The investigation covered twelve different granus
lations of single, double and triple~base formulas. Since ignitability variss
with propellant formula, it should be considered a possibility that more sensitive
formulas will require higher sir stream-propellant differential velocitias to
aggwre ne propagations It may be of interest to review quickly some of the
actual dabta which was developed for specifie formulas and granulation sizes.

I have prepared a slide presenting mest of the data. You will notice the doublew
base casting pewder formula, in a granule size approximately .035" in diemeter
by .035"* in length required a minimum conveying velocity of 3500 f,p.m, Under
this condition, the airepropellant velocity differential was 1600 fepem. and
jenition was accomplished with upstream propagation of the flame. With an air
strean veloclty of about 5000 fep.m. and a velocity differential of 2100 fapems
ignition wes accomplished, followed by M"sruff-out? of the flame. With an air
stream veloclty of 5500 f.p.me and & velocity differential of 2250 fepems, it
was not possible t¢ ignite the propellant stream. The single-base casting powder
formula, with a granule size approximately the same as double-baze, was also
ignited and upstream flame propagation resulied when the conveying veloclty was
3500 fopeme, and the velocity differential was 1600 f.p.m. However, when the
conveying velocity was increased %o LOOO f.pum. and the velocity differential
was 3%00 fopema, it was not possible to ignite the single~base powder. The
highest velocity differential was necessary for a casting powder formula copw
taining LOF nitrocelluloss, 302 ammonium perchlorate, 29% aluminum and 1¢ NDPA.
This formula burned and upstresm propagetion cucurred at a velocity differential
of 2300 fepeme At a differential of 2660 f.p.ms an ignition occurrad but it was
followed by a "spuff-out.® The conveying velovity was 5000 f.peme when the
Panulf-out? differential was obtained. The conditions existing at "snuff-outh
nay be further clarified by considering powder burning in a pneumatic conveying
gsystem as being the same ag powder burning in unconfined wind with a velocity
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squal to the differentisl velocity existing in the conveying system. Therefore,
the differential velocity is importent in three ways: (1) It keeps the powder in
suspension in the comveying system; (2) It extinguishes a fire, showld one oceur;
and (3) It also generates static electricity. It should be noted the data just
discussed required sn air stream velocity of no greater than 5500 fepm. to
obtain "sruff~out.® In designing a comveying system for the formulas mentioned
it would be considered advisable to inject a safety factor of at least 500 f.pem.,
which would mean uvtilization of a minimum conveying velocity of 6000 f.pems There
18 another factor to be considered. We have been discussing a condition where a
stream of propellant that is being conveyed by an alr styeam moving at 6000 f.p.m.
ig subjected to a 2000 F. [lame. I the heat source were applied at the down-
stream end of the pneumstic system where the propellsnt ls at rest, a fire of
explosive pwoportions is certain to ovcwrs In attempting to conjecture what the
reagults would be of sush a fire or explosion it becomes obvious some sort of
sefety back-up precautions are highly desirable. Visualize the conditions that
dgvelop a8 a result of a fire at the downstream end of a pnewmatic ¢onveying
system: There is an air stream traveling at a nminimum of 6000 f.p.m. moving
through the system, However, a fire or explosion at the dounstream end would
create counter~forcss that would move at some wiknown velecity, If this counters
force wera moving at s subsonic velocity of only 50 meters per second, that would
bs 9840 Lepa.me, which would far exceed the velocity of the conveying air. The
minimum geverity would probably be upstream propagation of the five throuph the
propellant atreams. The maximum severity would be wrecking of the conveyor system
and under this condition the limits of propagation would be in the hands of fate.
The approsch which has been tsken at Radfoed Argenal to control a conditlon of
minimum severity snd prevent upstream propagation of such a flre, ig wtilization
of an intermittent feeding technique. The Radford application will be production
scale equipment and installation will be completed within the next 60 days in &
mold loading building in their Cash Propellant Area. The intermittent feoding
will be accomplished by means of two pairs of peristalic valves located in s
draw-threugh, or vacuum, conveying system. The valves are simply two rubber

bags located ebout 1§ inches apart in a 6 inch diameter pipe. The bags can he
extended by air pressure to £ill the pipe and block any movemsnt of material in
the pipes When pressure is released, the bags deflate and the pipe is open.

The bags open and close in gequence in response to conbrolled timing at 4 rate

of ten cyclea per minute. In the Radford application, when the upstream valve
opens, double~base casting powder will flow by gravity from a feed hopper into
the space betwsen the two valves. The upstream valve will then close and in
proper sequence the downstream valve will open, permitting the casting powder

to feed Lato the pneumatic conveying system. The system 18 70 feet long and the
convaying air will be maintained above a minimum veloeity of 7000 f.p.me It has
bean determined esch slug of powder will clear the system within 3 secouds. The
powder is removed from the pneumatic comveying system by means of a tangential
separator. A second set of peristalic valves will be located benesth the sepa~
rator to permit removal of the casting powder. By steam injection, Lhe relative
humidity in the conveying aystem will be maintained sbove 80% 10 minimize electro-
static hazards, It is believed neither upstream nor downstream propagation of
flame will be possible in the Hadford system when double-base casting powder is
being conveyed, short of an explosion that would have sufficient force to wrack
the system. We believe a pneumatic conveying system which incorporates all the
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features I have described will be a safe and eafficient system for conveying a
number of single, double and triple«base formulss and for comveying casting
powder of single or doyble~base formulas and formulas containing aluminum and
ammonium perchlorata, The system will include: 1) Scelper screens and a metal
detection device; 2) Adequate grounding; 3) Humidity control of the atmosphere
ingide the comveyor; L) A minimum comveying air velocity of 6000 fepnte}

5} Feeding rates that will minimize elsctrostatic accumulations; and 6) Peristalic
interruption of the feed stresm. I would like to c¢lose with a comment that
reflects a personal opinion. The efforts of too many of cur safety engineers are
being monopelized by routine inspection assignments. I hasten to emphssizse I am
not, balittling safety inspections. Buch inapections sre a vital part of any well
rounded safely program. However, the inspection routines can be adequately
handled by alert, intelligent technicians. Any safety man who is capable of
handling complicated engineering problems can find literally thousands of
challenging questions in safety work that are in pressing need of answers. The
whole industry loses when the safety engineers do not devebte their time to
engineering worke

Col. Hamilton: We'tll begin this morning with a subject carried over from
yesterday afGernoon 'combining energetic and hazardous ingredients in the
development and application of the "WFluid Ball" process to conventional and
conposite double base propellants' by Mr. Bsrr, Olin Mathiseson.

Mo Barrs Olin Mathieson, in its development of the "Fluld Ball® propellant
provess over the past geveral years, has succeeded in combining a number of
rather energetic and sensitive materials inlo a castable, case«bondable propellant
aceording to elther batch or continuons technigues. In our current operakions,
we sre loading formulations containing primarily nitrocellulose (N}, ammonium
perchlorate (APC), aluminum, and an explosive plasticizer such ss taiethylenaglycol
dinitrate (TEGDN) or nitroglycerin (NG). The nitrocellulose is added in the form
of our fine diameter "Ball Powder" in the nominal gize range of 0,001-0,010 in.
diameter. This material, hy itself, is aot particularly hazardous in that it
requirea something on the order of one joule for electrostatic type ignition,

i8 stable in storage over & period of seversal years and shows excellant perfop
mance in the usual heat stability and acceleratad aging tests, When NG is
employed as the explosive plagticizer, it is commonly diluted with about 204 of

2 non-axplosive diluent, such as ome of the phithalates or sdipates, and in thig
form ig setisfactorily insensitive to shocks 4 second explosive plagsticizer,
less desirable from the density standpoint and pot 1ife of the propellant, is
TEGDN.  Systems based on TEGDN provide equivalent specific impulse, however,

and the maberial is quite insensitive to shock in its pure fomm. The powdered
aluminum is considered to offer ne more problem than that of dealing with any
finely subedivided combustible material. The dusting tendencies of the raw
material are eliminated through the uge of a fractional per cent coating of
dioctyl phthalate. In our Fluid Ball process, we normally combine into a pre=-
blend the Ball Powder which hag been gimilarly dust proofed, and the aluminum.
The gensitivity and handling characteristics of 20 to L0 micron ammonivm pere
chlorate are well known to you, and I touched on one aspeet of these yesterday,
that of its detonability. The Fluid Ball propellant process ls extremely simple

81




in installation and operation, For the benefit of those of you who are not
familiar with this rather well~known procass for loading either double base or
composite double base rocket motors, I shall describe briefly the elements of

the technique. Let us cohsider first the semi-contimous operation such ss we
are now using. lLater, I will go through the complstely continuous mixing and
casting version with which we are currently concerned relative to a pilot plaent
redesign. In & semi~continuous or bateh type version, the ingredisnts mentioned
above are combined and dispersed in & flald system of 7,000 to 10,000 centipoises
with the ald of a simple planetary mixers The order of addition degerves comment
hera, Tha casting aolution, consisting of TEGDN or diluted nitroglycerin, plus
their stabilizers, are added first to the changs can type mixing bowl which is
utilized with this types of mixer. Asmonium perchlorate is next added to the

can and mixing initlated vemotely for a few minutes, at first glow and then
Lagter rates, The last addition to the mixer iz the blend of Ball Powder and
aluminum. After 20 or 30 minutes of dispersion, we have achieved a fluid raw
propellant containing 4O to 50% solids, which is quite stable with respect to
vigcoasity changas or settling tendenciegs. A pot life of several hours ias
available fo move tlw can about from mixer to cagting aress, effect deaeration
and to Joad the motor cage. The casiing operatlions are conducted on a continuous
beais, depending only upon the continuous supply of il change cans from the
mixing grea. In the continuous operation of the Fluid Ball propellant process,
we add three metering stations for feeding contibnously 1o a emall mixer the
casting solution, ammonium perchlorate, and Ball Powder/aluminum blends The
mixer hes a hold-up of only a few pounds of mixing propellant ingrediente and
discharges in response to aimple level controls into the contimuous deaeration
and casting phase. What ave the characteristics, then, of this propellant which
is eo sinply processed? First of all, it delivers up to 255 1bF/sec/LbM specific
impulse upm combustion of the energetdc ingredients which have been combined
ad taned Into a compatible systems Iis burning rate ls controllable betwesn
D30 and 100 in/sec (1000 psl), temperature senasitivity is about 0.25%/°F, and
lts other physical and ballistic characteristics are gocd. The thermal and shock
stabilitles of Fluid Ball composite double base are quite satiafsctory for most
applicationg, Typical sensitivity data follows These tests will be most
Pamiliar to the double base propellant pevple here. German tast (120°0) = 8P,
255 min; R¥, 500+ and Defl. S00+; Autolgnition = 5500F, (S sec); Two-inch cube
eracking test (BOOC) = 63 days; Teliani (J100C) = 11 mm AP and s slope of 0,12
ab 100 mindtes, 23 ma and again 0,12 at 200 minutes; Brittle point » -200F;
Impact tast (2 kg) = Lhe18 eme Our exparience with the Flwid Ball propellant
proceas now covers the loading of some 30,000 1b of composite double bage,
including 2=750 1b Nike Ajax, L=~1000 b 1/2wscale Nike Zeus and one 7000 1b
full~gcals Zaus motors. Tn addition, we have processed sbout 12,000 1b of double
bage, ARP type, by this method of manulacture, including 1) Nike Ajex and 25
JATO motors. Swwmarizing, then, the Fluid Ball propellant process is an
excellent mathod for producing a higheimpulse cagsteinetase solid propellant

with eese and safety. With particular attention to the safety aspects of the
process, note thats 1) ihis is simple slurry mixing with quite low order work
input; 2) there is essentielly no degradation of solid pavrticles, or grinding
action; 3) the raw propellant is easily deasrsted to yield void-free, relatively
less hezardous castings; h) no volatile, flammable solvambs are utilized, with



their attendant fire hazard; 5) curdng is acconmplished below 1000F; 6) encapw
sulated additives mey be dispersed quickly and thoroughly with a minimum of
disturbance of their coatings; 7) in continuous operation, only a few pounds of
ingredients are held in the mixer. Thus, the Fluld Ball process leads to s way
to incorporate with maximum safety old and new energetic fuels and oxidizers,
such ag the light mebtal hydrides, into eolid propellants. No operational process,
particularly not the conventionsl composite or other composite doukle bage
processes, offers the simplicity and safety inberent in the Fluid Ball process.

Meo B. He Minndch, Rocketdynes About whet is the temperature sensitivity of
this propellant?

Mr, Bapr: According to the formulations, we must say that this varies between
0,2 and 0u28. This is not as good as we'd like to have it of course,

Mr. M. T, Stuckey, Thiokolt Didn't you have an incident with this last year,
was thig the same procegs?

Mra Barrs Yes we dide Thiz ineident, which has since been reported, imvolved
the first pilot operation we had set up. This was the one utilizing the three
matering gtations that T mentioned. As nearly as we can determive, the shock
initiated in this little mixer and very probably as a reasult of an underfeed of
the liguld metering station or an overfeed of the perchlorate systems This of
course resulied in an overly dry material in the mixer.

Meo Stuckeys The thing I'm interested in ig did this thing spread from e
mixer to include other materialg?

Mre Barr: Yes, everything except the blend of powder and aluminum and theve
were traces of that which was even wnburned oddly enough,

Mr. Jozeks What type of tuildings do you cure your propellant in?

Mr, Barr: At present we use the conventional tall bays, twice the gize of the
Targest wnit wo might expect 40 be curing, thess are bot air heated, however,

we use them primarily for our straight composites for our gas generator propellant,
gince as T pointed out, these cure very close to room temperatiunre.

Col. Hamilton: Any other questions or comments? Thank you very much Me, Barr.
nex m is 'problems encountered in continuous mixing solid propellantsgt
by Mes Crawford, Thiockol Chemical Corps, Longhorn Ordnance Works. :

Mry Jo Re Crawford, Thiokol Chéamical Gggg.g Lon%iorn Orduance Works: The mixing
0 a8l compositions and oxidizers to ob s0l1d propeilants naturally results
in certain hazardous conditions. %These hazards are quite similsr regardlsss of
the type mixing that is useds This paper will present a few of the safety
problems and some of the solutions derived for use by Thiokel Chemical Gorp.,

operating contractor at Longhorn Ordnance Works., I am sure all of you are quite
familiar with many of these problems; however, by a discussion of these problems,
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wo may provide some help 1o someare in an other agency in solving a problem that
they are having; so if you are famiiiar with this subject, plasse bear with ne
a3 I discuse the batch method of mixing propellants. One of the prime gafety
problems that exists is the provision of adequate protection to the operating
personnel from a potential initiation of the total quantity of materials being
mixed, Ws, at Longhorn, have accomplished this by utilizing the remote operation
technique for the mixers, We locats our personnel intraline dlistance from the
mixing operatiom in a control house protected by an earthen barricade or by a
barricade constructed of sandbags. The operation is set up and the procedures
s0 written that no operating personnel are permitted within the mixer building
or in the immediate vicinity during oxidizer addition and while the mixer is
ranning, To provide the ayas neceszaary for observation of the operation, we
utilize a vcloged eircuit TV gystem. Another common probiem is the elimination,
or at leaast minimizing, of the formatinn of dust clouds and static electiricliy
while adding the oxldizer to the mixer. The answer to this iz a continuous
akectrical path to ground, We also utilize an exhauvat hood positiomsd over the
mixer to remove any stray oxidizer that will tend to farm a dust clond. This
exhaust alr dg then filtered through a wet type collection system to remove gny
oxidizer from the alr prior to discharge to atmogphere, The next problem 1ls one
that iz pregent in any mixing oparation - the prevention of extraneous or tramp
matarials from entering the mixar; and whan you consider all the materials that
are gdded topether in g mixer to make a propellant, this presents a rather tedlous
problem, We hava attempted to solve this problem Ly instituting a very critical
survaillance program on every ingredient that goons into the mixer. Our fuel
mixturse is mersanad at colloidizing and after sach proceasing atep where e
trangous material might enter, and finally ia filtered threngh a fine nesh screen
as 1t is lotroduced into the mixer bowl, The oxldizer is carefully screened and
cantrelled ab classifying amd at make-up into bateh lots, and the oxidizer and
additlve feel system at the mixer is algo fitted with a mesh scereen gimilar to
that on the fuel mix addition equipment. So0lld additives are inspocted and
packaged in mix size batches, then goaled and X-raysd prior to addition to the
mixers All tools used around the mixer ame checked and accounted for prior to
the mixer being rune A8 a Final precautdon, a cover is provided over the nixer
during the mix cycles Thera is also some hazurd attendant with allowing oxidizer
parcentage to axceed certaln prescribed limits, In order to keep the percentage
of oxldizer below the prescribed limits, we utilize o forward mixing technique,
whereby the oxidizer is added to the fuel which is already progsent in the mixer.
He add the oxidiver at a controlled feed rate so theb at no time do wa have a
high percentage of oxidizer in the propellant mix. We start with & very low
percentage of oxidizer and work up to the proper percemtage required for the
propellent mix. This we feel gives us a waximun safety factor. It should be
pointed out further that all equipment for use in and around the mixer is
deaigned so that weldments are used whenever possible. When 1t is impossibla

to use a weldment, and we must use a fastener of one type or another, we provide
safety wiring so that in the event the fastener shovld fall, the safety wire
will hold the broken part and preclude its eutry into the mixer. We also use
this sefaty wiring technigue on o1l pleces or equipment that come in the area
around the mixer whether they be pieces of equipmont designed by Thiokol or
standard items purchased from outside suppliers. As an example, if we utilize

a heist over the mixer, gll potential failure points on the hoist which could
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come off dus to fallure, are safety wired so that, in the avent there is a
fallure, they cannot fall and enter the mixer, The next problem is one that

is also ever present when mixings This is the possibility of the mixer blades
contacting the mixer bowl and initiating an incident. In order to minimize this
danger we use a preventive maintenance approach. For example, the clearances
between mixer blsdes and mixer bowl are checked at leaat once every 2L hours,

and in the event the clearance readings are improper, the mixer is not operated
until it has been checked and certilied to¢ be in proper operating shaps, All
new mixers or mixer components are inspected for any pogsible type of blade
damage, fracture, or other imperfection prior to installation. We are currently
ingtitoting a system whereby the mixer blades and all pertinent mixer components
are inspected periodically to give assursnce that they are in proper working
conditions The techniques used for these chacks sre X-ray, dye penetrant, and
magnaflux where possible, ALl of these methods are pointed toward finding eny
imperfections that might exist which could possibly cause the mixer blade to
fracture during a mixing cycle poszibly cansing asn incident, Our theory is that
if we can locate this trouble source early enough we can preclude, or at least
certainly mindmize, the poasibility of this type of incident ooourring. We also
photograph the mixer blades and bowl, and in the event of an impident, comparison
is made with previous photographs to determine if there was contact between the
blade and the bowl. Another problem that always exists in this type of operation
is the removal of toxic and flgmhable vapors, gases, fumes or dust-from the
mixing building or bays, We provide a powered sxhaust gystem over the mizer bowl
to carry awsy these fumes, gases, or vapors and discharge them to the atmosphere.
In the svent any of these fumed need 10 be removed from the air prior to dis-
charge 1o atmosphere, we provide a sorubber type unit to remove the objectional
materials, In order to ventilate the remainder of the building so that any of
the materials that might have escaped owr powered exhaust system can be disw
charged, we provide a powerad exhaust system and a large ventilating area for

the main portion of the building itself. After we have inspected owr raw
materials, placed them in the mixer, mixed the propellants, and poured the
propellant out of the mixer, the mixer must be cleaned. This presents some

small problems of its own. There is, of course, propellant remaining in the
mixer, and we need to get it out without causing a fire hazard. We accomplish
this b'y utilizing a slurry of water, detergent, and sawdust for cleaning the
mlxer. Wo do not at any time use any type flammable solvent in this clsaning
operation end, of course, onse the mixer has been completely cleaned, it is

given a thorough visual ingpection prior to further uge. We, of course, have

the game problems that everyone else does in the Lline of fire protection and
fire econtrol, and for these we utilize the ususl fire protection and autonatic
fivefighting devices that are common to our indnstry, deluge systems and sprinkler
systems. These systems are equipped with fire debecting eyes, rate of temperature
rise gensing devices and manusl conbrols, any one of which ¢an actuate the gystem.
Wo also have interlocks built into this system that will stop the mixer in the
svent of a firve or, if the {ire protection system iz inoperative, to prevent

the mixer from being started. Wo have done this go that we do not fold under
ignited propellant if 4t is on the top of the mix. We feel it is better to keep
the fire on top of the mix and by use of this interlock system we can do just
thate This gerves another purpose, in thaet if there is an incident and the
mixer is allowed to continmue to run, it would keep throwing or sluffing propellant |
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out into the surrounding area creating a large number of smaller firess The
next two problems that we will discuss are safely problems which are unique

to the bateh mixing techniques One, is the prevention of sparking ss a result
of uaing scraping devices to claan parta of the mixer. In order to preclude

an incident of this typs we utilize the nonegsparking or spark-resistant materials
such as aluminum or brass for this type tool. The other problem unique to the
batch mathod of mixing is the contamination of mixey bearing packing with
propellant, To minimjze this typs of hasard we maintain a record of mixer
running time as well aa a record of the number of mixes that have been made and
when eithap of these factors spprosch a pre-determined limit we inatall new
packing. The old packing igs examined for extent of contamination. By experle
mantation with packing materials, jute, scaked in Thiokel ligquid polymer, has
been found to provide longest asrvice without contamirmmtion. Now, 1o operations
carried out by the use of contimuous mixing techniques. For anyone who might
not kmow what is involved in continuous processing, it might be stated that tiwe
squipment utilized is made up of a U stage mixer/extruder which is supplied the
propeilant ingredienta in proper proportions from lose-in-weight feedera which
ares controlled by maintaining the continual balance of hoppers against g
constantly moving poise on a scale bsam. In gctual physical layout the extruder
is in one bay, the feed hoppers are in another, the casting operations are in a
third, and 8 remote control conscle is located in a fourth bay. In discussing
the contimnous process, lets follow the asame gensral outline we followed for
bateh mixing. The first problem is the provision of adequate protection for
operating personnel from an initiation of ithe total quantity of material heing
mixed. Here again we utilize remote operaztion techniques, that is, we operate
from snother bay, separated from the mimer by at least a double concrete wall
instead of the barricade or bunker type operation centsr. Again no operating
personnsl are permitted in the mixing bay while the axtruder is being run.
Observation Is by tbe closed circuit TV systeme This, as you see, represents
no great difference cver the batch method. However, there is one point that
should be atreased, that ls, when mixing in a 200 gallon mixer you may have up
o 2900 pounds of a class 9 material present in the mizer while in an extruder
of comparable production capacity, you have only 30 pounds present at any one
particular moment. This then indicates there is considersbly less hazard using
the contiowous method. Froblem number two if you recsll was the minimizing of
the formation of dust or static slectricity during oxidiser sdditions. This is
accomplisbed in the continuous method by enclosing the feed system completely

to prevent the escape of any oxidizer dust. For grounding of the system, the
game continuous electrical path to ground is provided. Here again there is
great similarity of problems and solutions betwesn the batch and the continuous
methods For the solution of problsm number tihree, that is the preventing of
extranecus mwaterials from entering the mixer, we utilize 2 system similar to

the batch method with a alight variation. In the continuous method, all materials
are either {iltered or screened before being placed in feed hoppers or tanks.
The oxidizer passes through a magnetic screen that is located betwsen the hopper
and the mixer fead. The continuous mixer is so constructed as to eliminate the
possibility of teols, etc. falling into it. Even s¢, a tool check is regularly
performed a8 an extra precautionary measurs. On problem number four, which is
the danger of the mixer blades contacting the mixing bowl wall, wo have a similar
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hazard in the continucus method except it would be the extruder screw contacting
the bore wallse If the feed screw could deflect io such a degree that contact
with the extruder bore could oceur, the situstion would be identical to the
mixer blade contacting the bowl wall. Several things could cause this type of
dseformation, for example, unieven feed of solids, To preclude this possibility,

a differential feed interlock has been esbablished to stop the mixer if an une
balance occurs betwesn any of the feeders. A plugging of the extruder could

also cause deflection of the scraw., We protect againgt this pessibility with

a motor overload interlock device. We also make a periodic inspection of the
gerew diaweter, serew runout, and bore alignment. These are held to extremely
closa tolerances. It might be well at this point to go a bit further and
explain thal we alse have sn override and alarm circuit which will shut down

the entire system in the event any hazardous condition occurs. This system is

g0 designed that if the feed rate is above or below a given range it will simt
off. If there is a loss of cooling or heating water to the exiruder, again it
will be turned off. In the event there is a loss of vacuum or a high propellant
lovel in the deaeration port, each of these things will activate the alarm circuit,
override the entire system, and shut it off to prevent any type of an incident;
and 48 & last precaution, in the event all these safeguards fajl, and an incident
results in the mixer bay, & remotely opsrated guillotine activates to slice off
the propellant feed hoses and close off the bay thus confining the incident to
that one particular bay. In the continuous mothod we remove toxic or flammable
vapors, gases, fumes, and dust by making the system completely a closed unit,

A vacuam is maintained on the final stage, primarily for deaeration, but it does
gerve to remove flammable or toxle vapors, gases, fumes, or dust from the system.
This in essence is very similar to the batch method solution. It has merely baen
adspted to the design of the equipment used in the contimuong method of mivinge
Problem number six, reduction of fire hazard during mixer cleaning, is handled
in the contimmous process as it is in the bateh operation. We wtilize an inert
80lid plus detergent slurry followed by a plain detergent solution, all remotely
irnjected into, and run through the mixer. We never at any time use a flammable
solvent of any type in the clesaning operations Fire protection for the continmuous
procegs i3 identical -to that for the batch method, that is automatic deluge
systems equipped with fire detection or temperature rise sgensing devices and
manval controls, any one of which can actuste the system. We agaln tae the sanme
interlocks which stop the continuovs mixer iIf the deluge system is activated or
will not permit starting of the contimuous mixer if the flre protection system is
inoperative for any resson. The last problem we discussed was a mixing hagzard
cauged by the percentage of oxidizer going beyond & certain prescribed 1limdt,

In the continuous method, we atart the fuel feed first and run witil sufficient
fuel, i in the extruder t¢ eliminate this condition on start up., Daring mixing,
interlocks are provided to stop operations if tte fuel feed stops. An oxidizer
rich mixbture i3 still possible in localiged sreas of the strew. It should be
noted, howsver, that this is a very small quantity of the total mixture and
tamperature and prassure interlocks minimize the possibility of an incident.

It might be well to note here that this is a very small percentags of & very
small number, that ls s small percentage of a maximum of 30 pounds, and that the
construction of the extruder itself provides some protection in the event of an
incident, through the providing of a bloweout ring. Up to this point we have
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discussed similar problems that exist bstween the contdnuous and the batch

mixing type of oparations. Thera are two problems that bave arisen in the
continuous mixlng system that we have nobt previously sncountered in batch

mixingy In continuous mixing, 2 positive pressure ig placed on the propsllant
during the wixing cycle primarily becauge of the gerew construction involved.

This presents some hazard bacauge propellsnts do burn fagter when they sre under
presgure. In order to guard against the posaibllity of an incldent, three
pregsure and three temperature monitoring points have besn insorporated into the
mixer. Timse sansing devices are interlocked intc the system to provide an
automatic shutdown in the event of excaessive pressure oy pressure rise, If

thege devices should fail, it should ba noted that the sxtruder dia ls held in
place by e blow-out ring which will allow reliaf of pressure 1f neteasary.
Cbviously, this then would create a missile hazard, bul please romember that

there are no persomnel in this bay at the time the mixer 1s in operation and

that there are two substantial concrete walls between the operating console and
the mixer itselfs Another problem that is peculiar to vur continuous mixer, is
the possibility of a five caused by trace quantities of propellant, 1 not raemoved
durdng tha cleming operationa, belng pinched when vemoving the serew. To provide
maximum safety of personnel while thls operation lp being performed, the screw is
removed remotely, and if an incident should occury the oparating perscnnel are
protected in the control room. It muat bs pointed ocut at this time that this is
not intended to be a complete liet of hazards sncountered in mixing of gsolid
propellants, nor do we claim that the solubiocna presented are the only ones
possible, or even for that matter the best ones poasible. Our only intent ia to
pregent some of the problams we have encountered, with the present solutions
ubilized by Thiokol Chemicel Corp. at Lobghorn Ordnance Works, In addltion to
these techniques, as stated earller, we utlllze all the gtandard safety devices
which ara common throughout the industry in mixing arees such as goft wall con-
sltruction, blow-out panels in roomsg of some of owr bulldiags, wwl substantial
dividing wall techaiques whers applicable. The most important point, I think

is that, while we have attempted to deslign our equipment and buildings to perform
operationg wo thel an Incident would he minimized, we have alsv recognized the
mcagalty for, and provided, maximum protection for cur personnel., As a resnlt

of thiz concentrated effort by all concerned, the Ordnance forces, the operating
and maintenance pargonnel, the administrative and clerical staff, thw professional,
technicel, and gervice functions, and last, bui certainly not Lleast, the safety
department, Thiokol Longhorn was abla Yo compile the record of mors than 4,500,000
man hours worked without a lost tlme accldents Gentlemen, I appreciats your time.
Thank you wery much,

Mr, Morris Nicheles, Ralph Parsons Co.: Yon mentioned something about removing
& screw automatleally, how do you do that?

Mro Crawford: We utllize a plece of aquipment which is called a screw extractors
screw extractor is bolted onte tho outlet end of the continuous extruder

and 1y hocked onto a »ing in the end of the screw and then is powered remotely

to simply pull it out of the extruder bore. [kes this answer yowr quesiion?

Mro Nichsless No, it doesn't. You say it is remotely controlled from the
contral room,
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Mr. Crawford: Ihat's correct. The power supplied to the extractor is supplied
Trom the centrol rooi.

Mr, Nicheles: Do you nge a2 trelley or a conveyor or somsthing?

Mr, Crawfords That's right, the extractor itself has incorporated into it a
Troiley and the screw is pulled ¢ut into a bed on the extrachor which receives it.

Cdre Jo Be Dodgen, NPP Indian Head, Mde: I believe at ons tims you were using
revarse mixing in your composite work, what was your experience in this method?

Mro Crawford: We had rather unfortunate expsrience with that, in the form of an
incident or two which caused us to feel that it would be better if we went to the
forward mixing whereby we would not have at any one time a large concentration
of the oxidizer present in the mixer. Thig occurred since the first of the year,
we have gone to the forward mixing. If you recall, yesterday when the gentleman
was gpeaking about the incident which ocourved lers, T believe he indicated they
wore nbilizing the farward mixing teshaique.

dr. Dodgen: The other question has to do with the clearances in your continuous
Mixers %w talk about tolerances, what kind of tolerances ars you speaking of?

Mr. Crawford: Unfortunately I am unable to give you that pisce of information
oot of my head, T have a brochure here 1n another folder that I think will indicate
that and T will look it up and tell you,

Cdrs Dodgen: What type mixer is it?

Mr, Crawford: It is a plastics exteuder, that ig the only desoription that is
g'{vsn Tt thds brochure, it consists of a bere in which is working an extruder
gerew.  This extruder screw is constructed in three parts, it actually hasg what
I call fouwr stages, a feed stage, a mix stage, 2 dealriation stage and a pumping
gtage., I have some pletures of that also if you would like o see them.

Mro Fo M. Bishoff, 0CO, D/At This is not in the form of a question, it's rather
acusy protection that we are providing personnel imvolved in mixing
operations. I think as sach of our incidents veour we have t0 again rewsvaluate

the protaction that we are providing. In the case of the Longhorn Ineident, it
was quite fortunate thal operating persomnel and safety personnel had decided
that the mixing personnel. should be located interline distance. After that
incident all of the Ordnance Corps installations end all of the contractors
operating under Ordnance contracts were asked to check their mixing operations

to gee if the mixing operation personnel were protected either by operational
shield, if small quanbities were contained in the mixer, or at iniraline distance
if an operational shield would not be sufficient. 1 think the incident at
Redstone hers this waek should make us re=-evaluate our protection to personnel
during RED or pilot ling wmixing, T balisve that there were three emply bays
betweer, the personnel and the mixer, yet the construction of the building was
such that the flame went down the corridor around the wall and Lurned some of the
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individuala. So if any of you are doing R&D type mixing or pilot line mixing,
the suggestion is that you make surs that flames cannot reach your personnel
oven tho your operstional shield will protect them from blast or from migsiles.

Mr. Crawford: T might indicate an additional piece of information that might
be of interest t0 you that even in our standardization work which ia amall ‘scale
perhaps comparable to the operstion which wes taeking place yanterday at the tiwe
of the initiation, are carried out remctely., Even in our small 50 gallon mixer,
wo operate remotely and further I might indlicate that the physical layout o
facilities which we use are composed of actuslly a steel tenk located intraline
distance from the building and barricaded with gandbags provided of course with
8 vemote W and the controls, 8o even in cur small standardization operstions,
we have gons completely remote for the hazardous portion.

Dr. Balls Two things for you and one for Mr. Bishoff. Have you given any conw
gidaration In your shutdown procedures when you have indication that there is
trouble in the screw, not shubiing down the whole operation, but just shubtlng
off the oxidizer feed so that you could purge the screw with fuel and thersby
having the screw containing nothing bui something that won't bural

Mr, Crawford: That sounds like a very good idea to me, if we hed not investi-
gated 1t in the process group, It'd sey we certsinly should.

Dr, Ballt Mr. Bishoff, it's wmy firm conviction that we're going 1o save more
peopie if we quit barricading these operations and gtart barricading the control
console. It'm convineed thbat a barricadad control conmole can bes located closer
in than Intraline distance if it ia properly constructed., Moreover, itts much
sasiay to bharricads the contrel consols incliding the roof and thereby stop any
fragments that may have been spending the last live minmutes up in tbe air, the
people can be vory much better protected by that kind of vonstruction.

Mr. Bishoff: Dre Ball, I don't think you've had a chance yet to resd Ordnance
Manual. 7-—530, & copy of which we geave yom yesterdsy. That permits location of
the control panel at less than interline distance if the protective construction
is mufficlant, '

Hre Orawford: I might further indicate something that I should have told you
during the talk, i.e., that we hgve provided what smouuts to a headache rack
over the control console from which control takes pluce, whea there is a cone
tinuous process, It is conatructed of structural stewel and steel greting and
since we utllized an existing facility in which t¢ install the continuovs mixer,
we had what amounted to a transite roof over the contyol bay and to minimisze
the possibility of what Dr. Ball 1a talking about a missils coming over sod
back down thra to your personnel, we have installed this headache rack or this
stesl grating overbssd,

Me. K, Es Miller, Roclta%%m: I have a quesilon concerming posaible tests you
may bave run on propagation of a fire or explosion down s pipelins of propellant.
Have you run any tests of this type at all?
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Mes Crawford: I'm sure we have but I'm certainly nol the authority on that, I
believe that in one of the talks yesterday there was congiderable discussion of
thie typa of teasts Am T correct in that?

Meo Miller: 1 was concerned primarily with the type of propellant that you are
mixing, L dontt believe we hal & paper on that yesterday.

Me. Crawford: They were talking dn terms of powder and high explosive,
Mr, Miller: That's right.

Mis Orawford: We have not ourselves run any I dou't believe of any particular
significance.

Mro Miller: Another question, have you had any experience with line plugging
batween your continuwous mixer and your cagting oparation?

Mrs Crawford: No sir.
Mp, Millers How do you clean the line between your mixer and yowr casting?

Mre Crawford: These are fire hose type lines and generally they're of small
consequance and we tlirow them away.

Mr. Milleps Just one more gquestion. Is your casting operation conducted remotely?

Mr. Crawford: In the conbinmuoua process youlre speaking of?
Wy Millar: Yes,

Mr. Crawford:s It is subject to being carried on remotely, as I indicated in the

s W& have the four components of the contimuous mix gystem separated inte
gsoparate bays one of which ls the casting technique or the custing operation,
and if T am not mistaken, we currently have persomnsl in that casting location
i required. 0Of course, thers should e no particular trick to make that remote,
using level controls and things of this nature,

Mr, Miller: Are you casting directly from the mixer or are you casting by means
of & cast can?

Mr, Crawford: We have done both,

Mo Miller: In the case of whera you cast from the mixer %0 the motor direct,
then you would be remote in that case, ls that right?

Mo Crawford: I wowld gay, it would be possible,. but what T said was that T

belisve we have had personnel in thers doing the casting operation, but it could
be remoto.
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M. W, F, Haite, Thiokol: Some yoars ogo a leng length of casting line was
tasted in this mamner, ten feet and some in excess of ten fest, with the
inttiatdon taking place at a sealed blind flangs and also from the open end and
in all their tests they got burning such a9 an end burder and had some conglders
ably long burning times, a matter of minutes and this was in line with testing
put the rupture section in the plpm, so that if pressure should develop a weak
gection would bresk. Bub thay did not get anything other than normal burning
with those propellanta they're working withs

Mre Crawford: Ab very slow rates.

Mr, Haite: That's right. They wera initiated with squibs, I don't remember if
They uged & cap on it or not. It ia reported in some of thelr early work, I
can't recall the year now, bubt longhorn personnel would know that.

Mr. Nance: Along this seme line we ran aome very recent tests at the Utah Div.
whers we were concerned with continuous processing. Ws ignited long tubes of
fire hose of propeilant with squibs and we had some guiilotlnes along the line
and by sensing the fire and activating this guillotine, it was actually possible
to chop the 1ine in two and atop the propagation of fire. 8o 1t is ons of the
advantages of continuouws procegsing of this type of propellant that 1t doesn't
apparsntly saem to transist from deflagration to detonation. 1It's a rather slow
burning process and 1t ¢an be simply terminated if you falrly accurate sensing
squipment . ,

Cols Hamiltont The next talk will be by Dr. Burket of Aerojet=General, ‘procassing
propellants containing nitrocellulose or other nitro compounds.?

Dre Burkets I was more then a little appalled to find myself talking on the
subject of nitrocsllulose propellants in front of e group widch containg I don't
know how many people who are moye familiar with nitrocellulvee propellants than
the Asrojet-General Corp. However, on the basis that we are mutually interested
in the precautions that we are taking with the particular types of hazurdous
materiels that we work with, I am going to go abead and describe what we are
actually doing in the way of taking safety precsutions with nitrocelluloge
propellants, which wo do work with to a small extent, and propellants containing
nitroe compounds, which we do work with to a falrly layrge extent, and which are
relatively unique in the industry. The first slide shows 2 typleal composition
for a nitro-plasticized polyurethane propellant, The chemical namea sre all I
think self-explanatorys This doesn't actuglly present any spscisl problems by
comparlaon with normal compogite propallant processing, however, the two nitro-
plasticlzers incorporated heres are different compounds from those that we are
normelly working with, We'll go thru some of the precautions thet are used with
a nitro componnds The nitro-plaaticisers in gemeral can be initisted under
sufficiently rigorous initlation such as with a tetryl booster, they are tregted
therelor as explosives. load limita are strictly enforced in the laboratoriss
and storage rooms. Large quantities are stored at about L0®, the materials

that are ln process are stored at higher temperatures, 70° to 1100, Polyethylene
contalnars are used in general as with most explosive materiels. The pure
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material in normal operation is never heated above 110%, This doss not mean

that it can't be heated above this temperature bub this is a good working maximum.
After the nitro-plasticizers are dispensed they ars not carried around pure, they
are immediately mixed with the inert ingredienits. The fuel preparation is shown
hers in considerable detail, the blending eof the materials you'll see ig done
manually. ALl the other oparations are remote, one pound mixes of these materials
are prepared behind a shield that 1 showed you yesterday. When ws get to lavgs
batches such ag one gallon, we operate completely remotely. None of our propels
lantes mixed in batehss as large as one gallon are mixed any way except remotely.
The oue pound hatehes may be mixed non-remotely if we are sufficiently familiar
with the materizls., I they contaln nitro or nitrats compounds thay are mixed
behind a shiald, or if preliminavy five gram batehes of the propellant have shown
excessively low impact stabilities, then they may be mixed in one of the pint
Baker Perkinsg mixers which we have set up for remobe opsrations. The blending

of the fuel is dene in a Cowles dissolver. This is done remotely also. There
have been no asccidents of any type. The nifrce-plagticized polyurethane propellants
have been made in 2,000 pound batches and the normal batch process withont incident
o without expectations of an incident based on the tests thal we have conductad
30 fare The next sllde shows the mix procedure that is followed, you!ll notice
that it i1 definitely the forward mix cycle. The transfer of propellant in
general in all our operations is conducted remotely; in other words, if there ig
ary shoar, even the Lype of shear that exists in flowing thru the line, there are
not personnel present in the room. I'm going to run thra these things as rapidly
&8 possible. Of propellant formulations containing nitrocellulose, we have worked
with both the nitrasel type and the c¢ross linked polyurethans type, somewhat
gimilar to the work that is being done at Wyandotte and BRL. This shows the type
of compogition, you'll note the nitrocellulose cross link materisl doss have
nitroglycerin in it. We have run inte no gpeclal problems. In the processing

of the plastisol gresde nitrocellulose, these are the opsrations that must be
performeds. The plastisol grads nitrocelluloge itself is far less sensitive than
the linters aitrocelluloss, When ignited it dues not resct the way the linters
nitrocelluless dees, nor does it dust as badly as ths linters nitrocelluloge,
howevery, we follow in general very nearly the same precautions with the plastisol
grade o8 we do with the linters, such as daily washdown of the room in which it

is processed, ete. A1) operations sgain are remote where there is power being
supplied to the nitrocellulose, either in the screening or the desgglomerating
with a Cowles disgolver. In the linters mitrocellulose preocessing we have
followed a somswhat different procedure, we uge what is called a one-pot process.
The nitrocellulose is nob handled dry separately at any time. Mixed a8 received,
mixed with hexane, this is placed in a pot, either a mixer, or in a Binks pot,
stirred with & desengitized nitroglycerinsathyl centralite and the santicizer 4l
and is dryed in the pote It ig never removed from the pot, or handled dry., The
safety testa which have been conducted on the polyurethane snd the nitroplasticized
polyurethane are swmmarized here to show the relative senszltivities of the
propellant products. The nitroplasticized polyurethane of the compoaltion shown
in the £irst slide has the same ICC ¢lasgification and & somewhat higher autom
ignition temperaturs than the standard polyurethane; I don't know how to explain
the latter, but it has been observed many times with a variety of formulations,
Neither can be initiated with the size tetryl booster that we have used, up to
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35 grams, whea tested uaing a 3" diameter grain, 3" to 6" in a 1/L4" steel sleava.
It can not be initiated at 709 or 00 F.; at mwinng 7%, it can be detonated, The
witness plate on which it is mounted is definitely damaged. The impact stability
is somewhat lower than that fop the standard polyurethane propellants, but not
axcegpivaly so, and we have not found It necessary to use speclal precautions

with this type of propellant. Thia glide shows the results of our tests on the
nitrasol and the crosa-linked type. Cther people have worked with these and have
not arrived at the & clessificetions I don't know how entirely to sccount for this,
but I do know that on occasion we have sent samples back to the Bureau of Explosives
which we have labled A and they have reclassified them B, which may be the explan~
ation hersa, perhaps wa've bean & little mure conservative then the Bureaw of
Bxplosivas, We have not tried explogsive indtiation tests with the ¢ross linked
nltrocelluloge as yot but I would gather from the resulis that have been obtadined
elsowhere that these also will probahly not be detonable at T0. At zers It'm not
o sure. T bolieve that's al) the slidas. Any questions?

Drre Ball: Would you tell us which auto-ignition temperature you're reporting hare.

Dre Burket: This la in the copper block, I think the heating rate is something
Tike 200 F« por minute.

lee Ball: Instantanecus in other worda. T think most of you are aware that some
ary specifications also call for auto-ignition tests at temperatures for one
hour expogure and elght hour exposures so it needs a little more definition.

Drs Burkets We have trisd tests of thls type, not with these particular materials,
but we have conducted such testa, We put a thermo~coupls in the propsliant block,
end for all practical purposes we say it 1s going to auto-ignite if the temperature
recorded by the thermo-couple begins to rise above the temperature of the oven,
These are, in general, of vourse, much lower for the svarage ammonium perchlorata
propellant, for ezamgle, this happens at gbout 360% F, in long term atorage, The
avtoeignition of 500 ig misleading if 1t is going Yo be exposed to the tempsraturs
for a long paricd of time.

Mro Ullian, Petyick AFB: T think 1% was on the next to the last wlide whare you
snowed polyurethane propellant that was cless Bs Is this the one used in
Minubeman that wa've got to detonute with 100 pounds of TNT?

Dr. Burket: Ysg.

Mro Ulliant I have a comment on this nitrasol. You know that by adding I think
1t7s somewhtere between 5% more alumimum with one composition, trinitresol, it
makes a real good underwater explosive.

Mro W, G, Quéen, OCO: 1 noticed that you bad minus 75° at the temperature at
whigh you got detdnation with a tetryl booster I presume. Is this a gritical
temperature, what happens at minus 60 or a spec temperaturs?

o
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Dr. Burket: No, we test simply at ambient, zero and minus 75« In partienlar
propellants, we bave surveyad the region all the way down and in general we do
not get detonation at minus 4O or 50, I can't recall just where it sets in, but
not at minus 50&

Mr. Queen: One further question, the quantity of tetryl on the booster?

Dre Burket: 8% grams.

M. He M, Roylance, Buwbgga Dst In the storage of your nitro compounds, I
noticed that you speciried polyethylene containers. Do you have any information

on their susceptibility to initiation or ignition by sparks or something like that?
What I*m getting at is that we normally store in a conductive conbtainer.

Dr, Burket: I don't see any apari data listed here. One of the problems of

course in transferring materisls from any container is, no matter how conductive

the container itself is, tremendous charges can be hulit up simply as it pours

oute I think the NOIS China Lake, has made tests with pouring ammonium perchlorate.
For example, they have measured very high potentials in pouring ammomium perchlorate
from grounded containers, I'm not just sure that the use of grounded containers

in the pouring process should be regarded as a real safeguard,

Col, Hamiltont Any othsr questions or comments? Thank you very much Dr, Burket.
next talk will be 'Fire Detection and Control for Solid Propellantst by
Mro Co ¥, Averill, Grimnell Corp.

Mre Cy Fo Avaprill, Griumell Gorp.: The advent of solid propellants has created
some new and challenging fire protection problems, The burning chavacteristics

of these fuels are such thet new techniques are needed to adequately cope with

the hazard. The potential damage to expensive and hard to replace equipment from
& propallant fire during manufacturing operations is obvious, and the inadvertent
firing of a solid propsllant motor in storage or assemblad on a missile can be a
serions and disastrous occurence. Rapid detection of trouble is the key to
préeventing serious damages The Us 3. Navy Bureau of Ships recognized their special
problem several years ago. I a missile in storage in a magazine sboard ship
becane ignited by enemy fire or by accident, there is the Likelihood of adjacent
missiles becoming invelved, which could result in the logs of the ship. To meet
this problem, the Buresy, in conjunction with the Applied Fhysics Labwratory of
Johns Hopkins University, developed a fire protection system to control the burning
of the propellant grain and, thereby, prevent ignition of adjacent missiles.

Since the hazard involved in this case was a completed missile, the first usable
axternal evidence of fire in the grain is the emission of preseure wavea from

the nozzle of the missile. Therefore, a pressurs sensing device was used as the
detector. Operation of the detector complsted a circuii to a primer operated
release on the water control valve which, when opened, allowed a high velocity
water stream to penetrate the grain perforations fo control the burning. The
detector, valve, and nozzle were designed into a single compact unit, which is
permanently mounted close to the nogzle of each rocket as it is mounted in the
missile magazine. FPower to fire the primer is supplied by small storage batteries
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which are contalned in a battery compartment on the side of the devices After

the basi¢ resmarch work was done on this device by the Applied Physics Lab,,

the Grionell Co. wes swarded a contract to develop and produce the first prow
dnction models of the unite Thesa are now aboard ships The problem of solld
propellant fire protection seems to be divided into two cetegories., One involves
firas in completed motors or missiles, as just described. The segond covers fires
that may occour during propellant menufacturing operations. The basic difference,
from a [ire protection viewpoint in these two categories, is that in a completed
motor the grain ls confined, whereas, in most manufacturing operations it im not.
This quastion of confinemeat is important bescauwse it effects the burning charac-
teristice of the propellant, as well as the first usable external evidenca of fire.
In the case of a confined grain the problems involved in attempting to awrvey the
interior with a light sensing fire detector are so nunerocuz it seems that pressure
sanaing is more adaptable, With an unconfined grain good surveillance is more
aasily achisved and light sensing devices are preferable, Many tests by sevoral
arganizations hava shown that water is the moat succesaful snd practical axtin-
guishing agent for propellant fires. Whila the complets wechaniam of sxtingulshment
is not fully underatood, it 1s generally agreed that cooling ia the principal
factor bacavas 1t prevents fead back of sufficlent haat snargy to maintain com-
bustion. It La desirable to get the water to the actual burning sueface. It is
not enough to wet & part of the surface only, as the fire will barrow Into the
propallant and continue to burn, being shlelded from the water by the outer layer
of watar soaked material, Thia makes it essemtial to apply the water rapidly
boafore the burrowing can occur. Another factor which makes rapld operation sagenw
tial 16 that the water must reach the burning surface before the pressure of the
combuy tion gases is sufficiently hipgh to prevent the water from reaching the
sowrce of the fire, This means we are talking about system vperation in milli-
socondse  There has Leen s need for an effective and dependable fire protection
system in the propsllant manufacturing industry for some time, as the many firss
have shown. Many attempts have been made to £ill this need, but the systems now
avalluble have many drawbacks. Racognlzing this need, the Grinnell Corp. haa
developad new squlpment which we feel cen be incorporated into systems to meet
many o the problems preseated by solid propellant fires. Urimnell was fortunste
in being able to enlist the services md talents ¢f the Amarican Districlt Telegraph
Company, the world leaders in fire detection equipment and knowledge, to develop
the high spead detection portions of the system. What I am presenting here is
more in the form of & progress report rataer than the presentation of a new
system, Thare Iz gatill a groat dead of developmant work to be done hafore all

tha poggibilities have been explored. This development work, for the present,

hag besen directed toward providing protection for the various propellant manu-
facturing opsrationsa; such as mixing, casting, core popping, cutwback, and atorage,
All these operations have not, as yet, been thoroughly iavestipated, However,
enough work bas baen done to indicate that the principles of detection and ex-
tingnishment uged and the baslec devices and gystem involved can be applied to

these operations, as well as others. It was appsrent very early in the program
that, in mamufacturing operations, the first usable evidance of fire would be
light, and since axtrema gpesd way desired, the uge of Light detectors was firagt
nvestigateds A photogsensitive cell was gelected for Lts simplicity, dependability,
and infra-red responses The smignal from these cells is carried to an amplifier
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made up of transistors and solid state devices. No moving parts or relays are
used. This equipment was also selected for its simplicity and dependability.

The photo cellz themzelves can be given various angles of view by providing
movement within a sleeve, The field of view can thus be controlled which helpa
in preveniing extranecns sources of Light from hitting the cell amd causing

false operation, Mlgo various types of light filters can be applied to narrow
the band of response. This givas control over the wavelengths of light which
will operate the system and helps prevent false operation. In order to further
increase reliability and fresdom from false alarms, "duvality" has been introduced
in a gate circuit such that operation will result only if all specified detecting
elemsnts receive the fire signal simnltaneously. If only one or a part of the
group of detectors is energized there is no operation. There is a gain control
built into the amplifier, go that the sensitivity of the system can be controlled;
another feature that helpz overcome false operation. The amplifier transmits a
signal of sufficient strength to the operating mechanism at the water control
valve to operate the valve, A special valve was developed for this application.
Keeping in mind the need for spesd, simpliciity and dependability only two moving
parts are ugseds, The body is that of a gtandard globe vealwe. The water seal is
achisved by a pilston entering the throal of the valve body. An "O" ring inserted
in the same manner as a piston ring makes the piston water tight. A stem
attached to the piston sextends through the top of the valve. A swinging latch
contacting this stem holds the valve in the closed position. The yoke supporting
the latch has been designed to sccommodate a primer so positioned that when the
primar detonatez the latch ig forced off the stem and the water pressure wunder
the piston opens the valve, Since all piping from the valve to the capped digw
charge nozzles lsg preeprimed with water, pressure ls immediately transmitted to
tha nowzles foreing the caps off and water dischurges from the system, This
yoke can also carry awddliary switcbeg which are opsrated by movement of tha latch
to initiate an alarm, shut down equipment, etc, The combination of the photocell
detectors, the primac valve, and the pre-primed piping are the principal factorg
in the extreme speed of operation. The Thiokol Chemical Co. expressed interest
in such a gystem for their cuteback operations Thersfore, a mock-up of their
cubwback maching was made ab ouwr fire test field in Providence, K. I., and
propellant shavings which came from actual cut-backs, were furnished us by
Thiokol and used in the test work. The most difficulb situation seemed to be

the case where the cubting had progressed toa point where there was an actum-
lation of shavings several inches degp above the cubtting blade and a fire was
gtarted at the blade level by its coming In contact with a foreign material.

The question was whether a concealed fire such as this could be dotected in time
to prevent involvement of the solid, uncut grain. Had all the shavings been
consumed and no ignition of the grain vccurred, we would have been gabtislied.
However, we were mope than gratified when repeated tests showed that the fire

was extinguished with only swurface ignition of the grain and aboutl oue~third of
tha shavings remained unburned. The propellants uged were of the PDAA, Poly
sulphide, and Poly Urathane types. Indications are we will Le as successful
with other types, and we hops to have the opportunity to try them. Dwring ouwr
gtudy of the cut-back operation, Thickel completed installation of a new 150
gallon vertical mixer at thedr Elkton, Mi. plant and asked if the protection
squipment could be adapted to that machine. Therefore, a mockwup of the wixer
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blades and top plate was made at our test field and the adaptation worked out,
The inatallation of this aysbens is now being complated, While there has been

no fire test run on the mix, there is little doubt that the machine will be
protected from damage in the event of a fixre. The simplicity and compactness

of thw system lends jtseif to some rather interssting possibilities. One of
these is a portable or mobile system. 3ince the syatem is fast acting, a
retatively smill voiume of water may be all that is requlred. Therefors, such

& syaten could be attached to the doliy or transporting cart which moves the
grain from operation to opsration, if it is fall that there is need for such
protection. A seif-contained power supply would be uged as a power source and
nltrogen would be used to pressurize the waler tank. Teats to date on solia
propailants show that nomial water pressures, i.e., under L00 psi are adequake.
However, there may be cases such as with & confined grain where, in spite of tks
rapid detection, higher water pressures may be required to apesd up initial
water flow, Our thinking has, of course, gome beyond our test work. One of cur
prime objectives has been to design equipment thet ls versatile s¢ that, with
little or no modification, it can be sdapted to various job conditlons. The
wvater control valve will be available in different sizes to accommodate the
differing volumes of water from one applicatlion to anothar. We have over 100
varieties of water discharge nozzles to select from 1o give the proper volume
and drop characteristic for any given applications With this versatllity of
equipment, e feel that, with a little applied englneerdng, an sdequale aystem
can be designed for wmany of the solid propellant hazards that are now wlthoub
fire protaction. You will be interssted to know that provision has been made to
properly test the aystem 50 the operater koows It is in good working order.

Some systema will be in service only when a manufacturing operation is being
carried oub, while othera may bs in service 2L hours & day. With an intermittent
in gervice requirement, it is egpecially important to be able 0 test the agystem
before starting the process. Special test butions on the control unit light
small incandescent Lawps mounted on the detectors to gimlate Lire and producs o
visual response on the control unit. In ilids fashion the optical surfaces of
each group of detectors and the condition of the sssociated electronic circuits
can be chacked. Another test bubtton is provided to check the continuity of the
primer circuit. This test equipment is separate from the basic system components
and, therefare, can be provided or not, as the customer chooses, However, we
can visualize very few situations where the test equipment should not be conw
asidered an e ssential component of the system, and we strongly recommend its use.
This gives you & general ldez of what we have been working on and what our thoughts
are for future development. We have not been working with, or for, any government
agency. However, if you feel that this sguipment would be ugmaful to you and would
help solve stme of your fire protection problems, we would be happy to cooperate
with any Govermment agency or private conceyn in working out the details for sny
given installation. I hope you have lound this information of interest, and I
wish to thank you for your kind sttention.

Mre Settless If you mentioned 1%, I falled to cateh it. What speed of response
do yon sgtimate you get with this system?
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Mre &verill: We're estimabing willisecond operation. Actually we don't have

at the pressnt time any actusl timing tests other than visuel. The installation
that is now being completed jn Elkton will be filmed with a Fastax camers. For
that matter, the test was run yesterday. If you're not all familiar with that
type of equipment, this igs & camera where the film passes the lens at the rate

of gbout 3,000 fremes per second. Dy counting the number of frames, from the
evidence of light to the operation of water, you can get the time of system
operation, Until that £ilm bas been developed and we can make the count, we
don't have any specific number of milliseconds we can quote to you. Bub several
people have witnessed the test setwup that we made of the gystem and it's so fast
the eye has difficulty detecting any delay in time from fire to discharge of water.

Mr. Settles: So it's probably not in the nature of several hundred milliseconds,
moybe qown in the nature of L0, 50 or &0 millissconds.

Mo, Averill: That would he my estimate, I've been asked to wake a guess on Jush
what speed of operation we would get and I've been thinking in my own mind in
the order of 50 milliseconds.

M, Settles: I heartily coneur in the direction ymi're going with your investiw
gation and I think we need this very fast response in our power detection and
extinguishing systems. However, as you get into these fast responsss, bthere's
always the problem of the speed of the water getting from the nouule to the fire.
If youtre down in the neighborhood of 30 to L0 milliseconds on your response, it
is entirely possible that gome folks might have a condition arise where the time
it takes the water to get from the nozzle to the fire is greaater than your speed
of regponse. This is just an additional precaution that might be taken.

Mr. Averill: What you say ls very true, and that factor has to ba taken into
consideration in the asppilied engineering and designing of the system. Cbviously
the time it takes for the water to reach the seat of the fire after it leaves

the nozzle is pretty much a function of the distance over which it hag to travel.
Therefore, of course, it is desirable to get your discharge nozzles as close to
the source of fire as is physically possible. In some operations they can be
very tlose. In other operations, due to the interference that the piping may
have to operations in the area, this may not ve as possible. Here, esgaln, it

is something that has to be worked out to the hest advantage for each particular
installation.

Dro Knspps T can't yecall who 1t wes, but it seems to me that lagt year at this
meeting at Indian Head someone nentioned and showed us pictures in which they
had successfully put out confined motors. They deliberatsly ignited them snd put
the fire out,

Gole Hamilton: 1 believe that's on the agenda later on, we'll get to thal one.

M, Averdill: T believe that was Dahlgren rather than Indisn Head althe T know
they have several Instsllations at Indian Hsad which work on the rate of rise
principle.
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Dry Knappt I mean it was discussed at the ASESE meeting last year at Indisn Head,
Gole Hamiltons The tests that are going to be discussed later were run at Dahlgren,

Meo Udlians Posselbly my question should be deferred oo, bub have you done any
work on systems of confined motors? If you hawve, what alze are these systems?
Are they small enough that they could be used in a missile assembly bullding whers
there sare pergonnel and various operations going on on an assembled missile?

Mr. Averill: You've asked a two part question there really. We haven't done any
Tent work with this psrticular system. We bave with other systoms which will ve
described tomorrow on completed missiles, but this new adaptation using the photo-
eye and translstorized amplifier bas not been applied to the completed missils as
yots We hope to do that. Answering your second guestion as to the size of the
aquipment, whether it would cause intarference 1o oparatlons, here again this
deperxis on the physical errangement of the particular seteup. The detectors
themselves are sbhoub the size of yowr little finger, l.e., the complete dotector.
Tha photo-sermitive element is Just a wafer about like your 1ittls fingernsil.

The mounting equipment of that mskes this a cylinder sbout the size of your

little finger. The discharge nozzles themeelves are sbout 13" in length and
meybe 3/L" in diameter. On most of the gpplications we visualize, so far, we
don't anticipate anything larger than a 2% pipe for protection for a given plece
of equipment. Of course, if you have geveral pleces of eguipment and you wish

to protect the whole area or something like that, the supply piping could get as
high as 6", but as far as the piping immediately around the object being protected
is concerned, that would bs 13" or 137, 2% at the most so that 1t doesnit really
ogeupy & lot of space. There are provlems of supporting the pipe and banging it.
Ag was mentioned earlier, these come In where you want to get the discharge
nozzles as close to the object as possible. Hanging problams have to be worked
out and there is congidarable applied engineering that has to be dona for each
installation. As I have asald we have bsen trying to get a family of versatile
components that can be put together into a system that will vary from installation
to installation, but with this versatile equipment it can be adapted to the
varying conditions that you'll find from even the game vperation. Lat's take
cut~tack, for example. Within the same comparny, like Thiokol, the conditions

&t Elkton would be differont than they are in Utah and different than at Longhorn.
Herculest physical seteup would be different sgain so that you have to have this
versatility in order to be able to adapt the equipment to these various conditions.

Mre W. We Buxton, Aervjat-General Corp.: Havae you done any development work for
datecting or sensing decomposltlon o propellant grains in storage or conditdoning
bixes where you want to know of this before you actually have a fire? In other
words, your light sensing device would not give you any indication yet that
enything is wrong, but there 1s some temperature rise and possibly smoking.

Mp. Averill: No, we have done nothing along that line.

Yr. Stuckey: We are the ones you're talking about on this system und we have
made some tests on it in the mixers Ws have put propellant in the mixer and
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ignited it with the lgniter buried so that the sensing devices cun not ses the
propellant until it's broken out in prebty good shape. It puts a propellant
out rather easily. Normally, I'd say, it burns about half the propellant before
we gt 1be T think one of the problems that we bave here, aml what I really
want to say something about is whether or not these units actwally should go
inside the mixer. We put them in the mixer, Welre going to try it oub becanse
we don't belisve we can get water from outside the mixer and ever do any good
with a mixer fire. We're not sure that we can do anything in the mixer, but

I figurs it is the one chance we have of putting a fire out, if we can get to
it fast enoughs One of the reasons we put this checking system in is we wand
to know, with the viscous material mixing around in the mixer, that these syes
can swe. I think maybe by the next meeting we'll be able to give you a pretiy
good report on thise I'm pretty sure we can get this from siting the fire to
water on the fire. My guees is quibte a bit under 50 milliseconds. I don't see
any reason why it shouldn't be this fast. We have a very bad problem at Elkton
in the fact that our water pressure is only LO pounds, If you had highsr
presgures, I think you could get even faster reaction.

Cols Hamilton: Thank you My. Averill. The next subject is 'transition from
deflagration 1o detonation; gap sensitivity and calivration of gap sensitivity
tostt by Dr. Noonan of NOL.

Dre Es Co Noonan, NOL White Oak, Silver Spring, Mi.: For several years a small
geoup at the Naval Ordnance Laboratory have been engaged in investigating the
bagic agpects of the sensitivity of high explosives and propellants. It is the
purpese of this paper to outline briefly some of ths work accomplished and in
progress and to review the results obtained to date. At this point it should he
pointed out that high explosives and propellants are not substentially different
from a chemical viewpoint; the difference is in their applications Much of our
work was done with high explosives but the work is equally applicable to propels-
lantg. We have lsarned much about desensitizing explosives from the techniques
of prapellant manufacture. In studying sensitivity, one must realize that the
various tests employed rarely measure any basic quantity. The impact machine is
a good example, Very frequently the potential energy, in foote-pounds or kilogram
centimeters, is reported for the 50% point of an explosive. This has little
meaning, for most of this encrgy never reaches the explosive sample. It appears
ag potential energy in the rebound of the weight and a large fraction is scabtered
i dissipative processes. The pressure developed at the piston-anvil interface
and its duration has a good deal more to do with the sensitivity measurement,

and this depends on the velocity, demsity and configuration of the welght. The
test developed by Mres Saffian at Plcationy will be discussed shortly. 1t is
another example of a useful test which does not necesssrily measure suny basic
guantity. The wode of initiation may vary from one explosive to another. Some
are more sengitive to a given type of initiation then others. Desaired nitro~
glycerine is quite insensitive on the gap test, bub it is sensitive in the impact
machine. The safety record on handling leads us to raespect the impact machine
results. Brittle crystals tend to be gensitive to shear or to grits imbedded in
them; less sensitive to the adiabatic compressicn of included gas bubbles. It

is impoertant for us to realize that there is no single test for senslitivity.
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Rather, the tendency of the informed explosive worker is to gather as much in~
formation as he can by a variety of tests and then to assess the hazard of the
explosive in question by comparison with older ones on which handling experience
has accumvlated. Although the impact machine leaves much to be desired as a
quantitative tast, impact results are always cbtained on new explosives hefore
even gram quantitles are prepared. And until he learns more about the material,
the worker is very careful to respect the impact machine Ffindings. Thinly -
gectioned double bsse propellant can be made to fire at B cm on the Bureau of
Mines machine. Yet 1t is not particularly sensltive to shock in more massive
seotions and need not be handled with the precautions taken with PEN which
appears & littls less sensitive on the impact machine, The intent of our
gensitivity lovestigation is to get at the basic mechanisms of initiation; to
agsegs the meaning of existling tests and to develop new ones of greater signifi-
cance if this provea to be feasible. Wo have accumilated a great deal of data

on both liquid and solid explosives or propellants using two "standardized®
versions of the gap test. The gap test for solids has been described before this
group on esrlier occasions. Figure L illustrates the essential featurss of the
epparatusy More details will be found in NavOrd 5788 (Refs 1}s The explosive

or propellant to be tested is ¢onfined im & cold rolled steel tube 3.55 cm (LU3I7")
wido diameter, L.77 om (1.575%) outside diameter and 13.95 ¢m {5.5") long. A mild
steel witness plate rests on top of the assembly. Shock loading is applied by
detonating a column of two pressed tetryl pellets, density 1.63 g/cc. They are
508 em (2%) in dlameter, 2,54 om (1m) in thickness snd weigh about 78 grams.

The shock i3 attenuated with a stack of celluloss acetate cards, sach one is .
0,025 em (0.01") thick. Cards are added or subtracted from the stack until
detonation (apsessed bty a hole punched in the witness plate) occurs 508 of the
time. In most cases the SO% point is very sharp. Removing one or two cards
always results in detonation, restoring them resulta ln fallure. It 18 necessary
to condition the samples at the same temperature and to use reproducible donor
pellets to obtain reliable results. The tetryl pellets do not reach full
detonation veloelity under these conditions but we find that we do get reproducible
results from them and that only a reasonable amount of explosive is required.

The gep test as "standardized" was conceived as a screaning test for eolid
propellants. Those which failed to detonate in direct contact with tetryl pre-
sumably had failure diameters greater than 2 inches, Those that did detonate
ronld be claspified as to sensitivity. There is nothing magic or sscred about

the tast configwsation. It was selected stedrding to our own concelts, or what

we think i3 informed opinion, as providing the most useful amount of information
with @ reagsonsble size test sample. As far as initistion goes, we are interested
in the impulse delivered to the explosive sample. Wa can determine the pressure
with some degres of relliebllity; measurement of the duration of loading and inte-
grating to get the energy required is still being investigated. To fimnd the )
pressure we mMads use of the finding that a solid plece of Lucite plastic could

be gubstituted for an equal thitknass of cellulose acetate cards in the gap teat.
The equation of sbate of Lucite has been quite thoroughly investigated both here
md abroade We may writs this as Pm pUu where P ig pressure, i9 density and

U and 1 are shock and particle velocities respectively. It may gﬂlp 1f we recast
this eguation in another form, HRemembering that demnsity 1s m/V, where m is mass
and V i3 volume, we van write PV » mUu ~ mpd = Energy where p is a velocity squared.
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Note the similarity to the ideal gas law: PV = nRT. Plots of the particle
velocdty in Lucite versus the shock veloeity have besn compiled by others,

although it was necessary to add a point or two in the region of low particle
velocity in our own laboratory. Figure 2 shows such a plots The problem then
resolves into measuring the shock welocity as a function of distance in a Lucite
rod shock loaded by the detonation of two tetryl pellets. The configuration is,

of course, comparable to the donor section of our gap iest. Figure 3 shows the
charge assembly used by Mr. Jaffe and Dr. Amster for the experiments. Two totryl
pellets were placed above the Lucite rod, together with a shield to reduce smoke

in the cbservation fleld. Flat faces were polished on either gide of the rod,.
Holes were drilled at intervals along the rod and probas inserted which collapse

at a given pressure and complete electrical circuitss The end of the Iucite rod
was immersed in a tank of water, Since the equation of state of water iz well
knowr, progress of the shock in water can be related to the pressure at the Lucita~
water interface. A spark fired across a gap served as a fiducial mark to syne
chronize the records. Progress of the shock wave was observed by lighting the

rear of the rod with an exploding wire and observation with a smear camera.
Progress of the pressure wave was observed with the pressure probes which operated
two oscilloscope cireults) one of these was a high resolution, raster-sweep clrcuils.
The fiducial mark from the spark appearsd on 2ll three seis of records. For the
firat few centimeters of travel the probe and smear cemera records coincided; .
later the prassure wave appaared to lag behind the shock dus to the finite action
tima of the pregsure probs switches. From the camera wecord the shock veloeity

a8 4 function of distance the wave had travelled was determined. The corresponding
particle velocity wag read from Figure 2 and the pressure computed from the
rolation P « pllu, The results are shown in Figureg 4 and 5. Figure L ghows that
the pregssure’is atitenuated logarithmically as a function of distance. Figure %
shows the actusl pressure as a function of distance in the Lucite rod. Remembering
that the golid rod is squivalent to the card gtack in the gap test, we have marked
the pressures ab which various exploslves initiate 50% of the time in our gep test
configuration, Tetryl initiates at about 15 kilobars (about 15,000 atm or

220,000 psi)e Comp. B requires a higher pressure while cast TNT needs about 35
kilobars under thesa conditions (confinement and duration). You will note that

we atill have no information on the duration of the pressure pulse and theoretical
congiderations to tell us that this can be quite critical. Moreover there are
Impedance effects as the shock is transmitted from the card stack to the explosive.
Two explosives may have a 50% point at exactly the same card value and still have
different sensitivities becauss a different amount of energy may be transmitied

to the different explosives because of a difference in impedance., Ureater energy
appears to bae transmitied through a mismatch in impedance. The gap test itself
still doas not measure a basic quentity. But we feel it wlll be useful in pre-
dicting the behavior of propellanis due to bullet impact, to fragment impact as

in Mr, Saffian's computations, or to impact by a flying metal plate. It should
also be waeful in interpreting handling characteristics, What we do not have

at the present time iz ioformation on the effect of lovading rates. PFartly in
answer to the last quagtion we are conducting a theorstical ifnvestigation. This
18 a purely mathematical approach which at once i highly sophisticated in some
ragpocts and naive in others. The model for the investigation belng payformed

by Mr. Eoig is shown in Figure 6, Here we have a semi-infinite layer of inert
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material (the gap) in contact with an explosive material. Both of these materials
are given the same equation of state. The difference is that the explosive
material decomposes by first order kinetica when heated and releases heat in the
process. The explosive material is backed by a rigid wall at the right, while

the inert materisl is compressed by rigid plston going from laft to right. For
the first computation the piston ig assumed to move at constant velocity., The
caleulation is sophisticated in that a fine mesh iv used in the lavolved differ~
encing schema and in the fact that the affects of viscosity and heat conductlon
are taken into avcount. It is strictly one dimensional. No account is taken of
metion in a radisl direction although there is no a priori reason why this cannod
be done. It will take a great deal more mathine time and wo prafer to investigate
the one dimensional case first. In the actual gap test there is lateral pressure
relief which gllows rarefsction waves to coma in From the sides and attenuate the
compression wave. Figure 7 shows four "frames" fyom what might ba a motion plcture
of the sequence of events. The firgt plot ghows the preasure as a function of
digtance goma shoprt time after the plston is get in motiom. %he ordinate shows
tho pressure, and it may be seen that a shotk wave Has been formed in the inert
material and 1z progrossing toward the boundary. The next plot shows the shock
wave entering the explosive at some later time, A very small amount of chemical
reaction has produced a small hump in the pressure just before the sharp drop in
pressure at the shock front. The next frame, still later in time shows the abrupt
maeet of chemical reaction (detonatlon}e A very steep shock forms. The final
frame shows the detonation wave prograssing to the right and a shock wave Lorming
and going in the opposite direction back into the inert material. If the initial
valocity of the piston is reduced the shock wave will progress some distance into
the explosive before snough beating ccours to initiats the chemical resciion,
Breakout of the detonation appears some distance to the right of the inert-
explosive boundary. This situation has been observed experimentally; Sultsnoff's
pictures teken at Aberdeen Proving Ground are excellent exampless. If the welecity
of the piston is decrsased still further the detonation does not ocour at all or
is produced when the weak ahock reflects from the rigid wall., The machine program
has been written in a versatile form so that we can sdd complications as we becoms
more experienced. For exsmple, the piston can enter at & constant velocity and
then stop. A rarefection wave follows the compression shock and the guestion is
whether it will overtake the shock in time to quench the chemical reaction. A
step further, the piston can enfer at a congtant deceleration, or we can make 1t
an elastic piston of metal with a finite thicknesy and wateh the vibrations snd
their effects as it hits the inert material. Eveniually we hope to add the gecond
dimension and make the mathematical wodel simulate the real gap test, We may glse
explore variations in the chemical reaction rate, Aeronubtronics has done some
work along thesa lines prior to our own effort. We have also investipgated the
transition from deflagration to detonation both experimemtally and theoretically,
Figure B shows a typicel experimental setup and plots of results. Explosive is
cast Into & thick walled steel tube and lgnited Ly an electrically heated nichrome
wire passing. through an end plug, Two types of instrumentation are used to record
the eventss Ionization probes anter the tubs at various points. This indicates
the passage of a "flame® front. A continuous nichromo wire is used to record

the position of the detonation front. The front is highly conductive and connects
the resistance wire with the case. Knowing the resistance of the wire as s
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funetion of Jength we can follow the progress of the front as more and more of

the wire is shorted out of the cireuits. The resiusbence record is shown as a
function of time in the lower right hand plots The progress of the “flame' ang
dgtonation front ias ghown in the upper right hand ploty Note that a low velocity
regime oceurs first. It s 1L/2 to 1/3 as Ffast as detonation and much faster than
ordinary deflagration. Over a & microsecond interval there is a sharp change o
detonation. More highly resolved records of the transjition have been made, and
they indicate quite clearly the very sudden transitions Dr,. Macek hag a theory
which reproduses the experimental findings, Hls model gtarts with a finite cavity
abt a pressure Pp. The pressure increases, due to combustion gases, at a rate
approximatad by P = P, ek, yhere k is a constent and t ls time. The exponentially
inoreasing pressure aends a series of acouetic waves into the unburned exploaives,
gventually these coaleace to a steep shock front some distance shead of the burning
front and detonation developss The situation is quite similar to the theorstical
calenlations of Mr. Enig, where the rigid piston is replaced by gassous combustion
productsg. We are doing similar hydrodynsmic caleulationz on this problem, The
important thing to remember is that some "run' is necessary before detonation
broaks out and if the propellant thickness is less than this run, detonation is
unlikely. Also, there must be sufficient confinsment so that an exponentially
in¢reasing pressure c¢an be developed; something of the order of 40,000 psi in L0
microsecondss The confinement may he either inertizl or by a strong case, In
most rockats the confinsment is inadequate for this kind of event unless the web
ls veary massive. Porous materials arve quite different. Here the bwrning rate can
increase vary fast due to the enormous surface aress, the forces produced tend io
break up more particles and produce still more swrface. Transition to detonation
in porous or powdered materials can therefore ccour with only a short "run,
Casting powdaer is dangerous from this standpoint, or even a small volume of
porosity in a finished rocket graine One of the things to which we have not paid
anough attention is the phenomenon of break-up descrived by Mr. Wachtell. There
is a great deal ¢of evidence in the explosive fiecld that this is an important
mechanism in initiation, Whitbread and Holden, in Englend, shocked a single RDX
crysbal with an explosive donore The shock wave travelled the entire length of
the crystal. Detopnation inltiated at the far end when the material spalled off,
Cachia and Whitbread (Proc. Roy. Soc., A2L6, 268 (1958) found that this kind of
initiation occurred when the ges surrounding the material was at a low pressure;
it seemed unlikely that gas heated by shock was regponsible for igniting the
particlas. Dr. Winnlog at duPont has photographs of an exploding detonator
immgrsed in a beaksr of degassed nitroglycerine. Photographing the sequence

shows that no explosion occurs until the shock reaches the edge of the beaker and
the glags beging to break up. This 1s an exceedingly interesting Iieid and one
worthy of furtuer investigation, particularly in regard to solid propellants as
Mre Wachtell showed in his presentation. Unforturately a theoretical attack on
this problem is difficult becauwse we don't have good metheds of simulating microe
scople discontinmitios. Theoretical troatments are imvariably based on honmogeneous
materialss Tt s owr conviction that continued basic ressareb on mechanisms of
initiation and growth of explosions will lead to bebtter wnderstanding and contirol
of thege phenomenas. It is really essential 1o the field of high energy propellants.
In the affort to produce higher impuise there is an increasing tendency to try to
utilize materials that are not even high explosives, bub meore nearly primaries.
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Whila these compounds mey prove feasibls to use in combinations with other
compounda, it is obvious that we must learn a great deal more about the field
of exploaive sensitivity in general in order to utilize these compounds with
confidence.

Mr. Jezek: Does the form of the explosive make any difference; i.e., whether it
is cast or pressed?

Dr. Noonsnt Yes. Pressed explosives contsin more voids and are more sensltive
Than cast explosives on the gap test. Transition to detonation is also easier.

Mo. Nanca: Have you tested any actual éomposita armonium perchlorate propelianis?

Dre Noonant Yes; we have data on 2 great many of thems Compozites of the inert
binder Eype {polyurethane, polysulfide rubber, plastisol binders) are quite in-
sengilive as long as they are homogenous. XL they bave wolds in them they hecoms
highly sengitive.

Mr, Nance: Have you obtained detonation in some of them?

Dr. Noonans We have never cbtained a detomabion, nsing the gap test confinement
and configuration, with a homogeneous composite employing an inert binder., Others
claim they have, weive never been able to do it,

Mr, Nance: With your teat series, what would you predict the effect of diameter
on the charge would be; are you going to have to scale up your diameters?

Dr, Noonans You ave probably familiar with the fact that a large scale gap tesis
sexrfes was done in conjunction with BOTS and Aerojet & couple of years ago. The
charges wera Polaris propellants, 19 inches in dlametey and 60 inches longs The
booster was aboat 750 pounds of Comp. B snd the propellant weight was more than
1300 pounds. The case and witness plates were comparabls in scale to the laboratory
gap test. HNo detoustions were observed in twelwve shots.

Mre Nance: What type of preossure cell are you ugsing to mpasura the ahock wave
progress; is it something you are making or buying?

Dr« Noonan: We buy these from thw Preclslon Tube Co., a concern who makes thermo-
coupless 1Tomy consist of a coaxial copper tube and wirej the insulaticn is
stripped at one point so that the tube can collapse against the wire at a pro-
determined pressures They are essentlally tiny pressure switches.

Mr. Nenca: When we get all these pressures required to detonste given explogives,

h:w gan we relate these to prectical gpplications; to predict storage protection,
STy

Dre Noonan: I'm gorry to say that I don't know how to estimate the pressure
ereated whon a jagged fragment hits a case conmtaining propellant. A good
machanical engineer mizbt be able to do i%, in theory it depends on many things.

UNCLASSIFIED
206



UNCLASSIFIED

But once you have information of the type that Mr. Saffian has developed fox one
oxplogive it ghould be possible to compare it with another explosive if both have
been gap tested. 1 think this is the way you have to look ab it.

My Natticer Tt appears this way and it alao appears that mest polywethans
propellants or composites sre going to be extremely insensitive as far as
pregsure initiation is concerned.

re Noonan: Yes.

Dr. Xnapps Talking about the basics of the ignition problem it is interesting to
apecuﬁgo on what happens microgcopically in the propellant as it is ignited. It
soems to me that an awful lot of types of ignitions come down to either touching
& mateh to ity you heat it up or you put a spark on it or something, or you
distort the crystal by mechanical means by shock, by friction or something,s To
the extent this is true, you ocught 10 be abvle to perhaps induction heat a very tiny
ball besring, or something like that, burded in the propellant as one way
initiating its And you ghould be able to measure some physical pr {erty of the
materdal itgelf in shear and by those two properties pretty much tell what it should
do in a wide variety of types of initiation and we've had some ideas of some experiw
Eggs we might run and I'd like your comments on what you think about this general

: ]

Dre Noonans The ball beardng idea bas been suggested before; the difficulty with

at 1t 1o troublesoms to get & sowrce of elsctromagnetic energy with a short
enough wave length so that the ball bearing can plek up enough energy in a short
time. This s en intereshbing proposal but actually one ¢an get at the sams infor-
mation by some gross experiments on propellants and use of the Frank~Kamenetsky
equation.

Dre Kna%gz On the other question I wasn't talking so much about the experiment, I'm
not particularly fond of the experiment, but rather do you think there are very
restricted numbers of ways that microscopically the propellant does get ignited
and is it perhsps first heating and second sheer perhaps or something like that?

Drs Noonan: Yes, I am sure there are a restricted muber of ways. One of the
Things about senaitivity that leads to confusion is that explosives respond
differently to different methods of energy input. Liquids sre readily sensitized
by gas bubbles., A liquid tested in an impact machine with a cavity striker way
appear much more gensitive than if the cavity is absent and the heating is Ly
vigeous shear. Britile crystals are more responsive to shear than o included
gas bubblass In the case of rubbery propellants the impact mechine probably
measures their easge of ignition rather than the combination of eame of ignition
and transilt to detonations By shaving double base propellant sufficiently thin
it will go at 8 om on the Bureau of Mines machine; this is the range of nitro-
glycerine amd more sensitive than pure PEIN. Yet the handling record of {inished
double base propellant rockets is very goods
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Col. Hamilbons Thank you, Di'. Noonan, Testerday you!ll recall Mr. Wachtell
alao diacusesd the transition from deflagratlon to detonation and we hald
off the question period because of the possibility that some of the questiona
might be answered by Dr. Noonen, Are there wny questlons that any of you
would 1ike %o ralse in comnection with Mr, Wachtell's talk on the sams
subjact? Apparently nuot. The last item before we go on the tour will bhe

'R, F, as related to mccldental ignition of electrical squiba by induced
gurrent’, My, Plameckl from the Jat Propulsion Laboratory.

Mr. L. R, Plmsecki, JPL+ (Confidential) The work represented by this pspsy
war done ¥ Mr. Stevens of the antennh group, we felt that this
was primarily a commndcation problem. Mr, Stevens is continuing this work
and is now Section Chief of the Commumnications Section and will be fssuing a
final meport., We hope this report can be downgraded and it will be avallable
shortly. The paper I'm golng to present 1s a look at three particular
problems that the JPL had in this area, the Sergeant mizsile, the RIV vehicle
which later became the upper atages of the June I and IT wvehlcle and the
on-lab B&D operations at the laboratory and the approamch which we Hook to
solve these problems. The two equibg particularly which I will be referring
to and I would 1ike to state the ocharactaristics of now are the Dupont X201A
which 18 8 24 ohm 2 amp mimimum firding current 10th of a watt firing power
300the of a joule mintwum firing energy and the Dupont X201E which 4w a
lower resistance higher winimum firing current .6 of an ohm, ,7 amp ,3 watb
bt again 300ths of a joule mlinimum firing energy. The X200A and T20LE are
representative of mediom power electrieal squibs, various other types in
common usage range from 300ths to & half a watt minimux ignitdion power,

The significance of minlmom energy and minimm power for lpmltion mey be
i1lultrated by conaldering the squid ignition temperature. Since a certain
minimom temperature of the filament ls required for igndtlon of the charge
the fixed amount of electricel energy which 1s converted to heat energy in
the filament 19 required for ignition. If the rate of mupply of energy is
too slow the fllament will never reach the required temperature, since 1t

is cocled by Lts surroundings, Thuz there iz 2 minimm rete of eneryy

Plow as well ag a mindwm total energy required to ignite the squib, These
congiderations show that when pulse energy typlcal of radar causes ignitlon
the average power must be considered rather than the pesk power unless

thers is sufficlent energy introduced in one long pulse to canse ignition,
In the case of a very long pulsz the peslk power should be conasidered, The
¥20)a are very sensitive dovlces and 1t has been demonstrated that it

makes no essential difference if energy is supplied frow a direct current or
radio frequency source. The conversion of electrical energy to heat energy
can be Just as efficient. This fact has been experimentally demonstrated
many times in the specific case of electyrie squibg. A reasonably controlled
get of experiments was run at JPL. A squib was fed fram a radio frequency
source via a transmission line. '"The amount of power flowlng into the squib
could be accurstely measured, The results of the test ab several fre-
quencies showed the squibs ignited at approximately the power required for
direct current ignitlon, HRadio frequency energy can be supplied to 8 aquib
from & firing harness which actas sa an antenna, 7To estimate the maxrimm of
power which a receiving aerlal can extract from the electromagnetic wave

116




of energy N an effective area of the area csn be caleulated using this
equation, It can be shown that a thin wire of the type shown in the shaded
section here will affectively couple with & field surrounding it of a
distance of the wave length over § and therefore the effective capture area
of the wire is the length of the wire In the fMeld times the wave langth
over 4. The upper equation then says that the maximum possible received
power 18 the ares timea the fleld strength, This has been verlified and is
the formmla for the receiving capacity of a dipole in the field., The field
strength of the transmitter is equal to the radiant power where R 1s the
distance to the source from the location of the receiver, in this case the
igniter leads, and this ls the power of the transaitter 1f its operating
igotropically, Most tranmmitters will use an antenna which will direct this
field and therefore the maximm power, they will have 2 galin factor here

of the transmitter and this equation then gives the field strength that can
be generated by a tranmmitter of power, you have a directional sntenna and
gives the field strength of the antenna oriented in the direction of the
receiver, Combining these two simple equations, we have then the maximm
powsr which can be received in the harness is equal to the power radiated
by the t ransmitter and the isotropic divided by this capture area over for
W, This then gives 18 & maximum power that we might reasonsbly expect
and first thing was to say that if we conld Limit the operation such that
this wonld not exceed the power necessary to initiate, then we would have a
perfectly safe operation., We tried this first with Sergeant, the Sergeant
is a solld propellant missile which in early flight test used the X20l1A
which iz the low minimm firing current squib that I mentioned earlier. The
hazard of an accidental pre-ignition of the early rounds was reduced by
initially imposing the following aafety requirements at White Sands Proving
Ground., These regulations were based on calenlation above assuming that the
harpess capture ares is eguivalent to the harness length times the quarber
wave length as shown in the equation. HRoad blocks were set up at maln
access roads and road sweeps were made Lo maintain gsilence for all mobile
transmitiers at any frequency within a two-wile radins of the missile
lavncher, No stationary transmitters were allowad to operate at any
frequency within six miles of the missile launch pad. No trangmitier between
100 kilocyeles and 1 megacycle capable of an effective rediated power in
sxcess of 1,000 watts in the dirsction of the launch site and within a
25-mile radiug of the missile launch waz allowed %o operate, No transmitter
between 1 megacycle and 100 megacycles capable of radiating power in excess
of 10,000 watts in the direction of the blockhouse or launcher within 25
miles of the missile launcher was allowed to operate, Transmitters located
farther than 25 miles of the launch site were not controlled, I think it's
pretty cbhviong to all of you swho have had experience in fleld operations that
the White Sande Migsile Range was not happy and understandsbly so, The
requirements wera very restrictive., We then attempted to imply & quickw
switeh to this thing, we lmmediately switched to the Y201E which gw you can
tell increassd our allowable power rating somewhat. To bring these require~
mants down to some reasonable limlits that we could operate with for Sergeant,
we then modified the squib assembly by switching to the X201E squib which
has the higher minimum firing current allowance and in addition we put

2 watt 10 olm resisters in line with the squid, This then raised our powar




vaquirement significantly to fire these, This enabled uz then to reducs

the RF silence requirements from two miles to & mile on the moblle trans
mliters, to reducs the RF silence regulirements for stationary transmitters
from & milea to 1k miles and to teminate sl) RF silence requirements on any
transmittar beyond & flve-mile radins of the leunch nlte, This of course
should be recognived, was a hoge thing which enabled the missile rangs to
oparate during the R&D phages of the Sergeant, it was recognized that these
would be @ deterrent position on s tacticel missile system Like Sergeant and
so we went back and I'm sure there are plenty of people with Fleld Artillery
exparience bere that will be happy to hesr this, we went back to the firing
pin, This asgembly then im the Inltiator assembly for the Sergeant as it
will go to the field, It has a pyrogen ignition syatem developad by Thiokol,
the initistor which 1s of interest 1s a standerd artillery primer which is
fired by & firing pin. The firing pin is actuated by a solenovid, This
onbbled us then to put on the solencld say power requirementsa which we

would 11w and mo we established now that you need to have BB0 watts to fire
the Sepgeant, This then foy the Sergesnt solwed oupr problem, It should be
racognised of couxsa that this 1a a specific flx for & spacific miamile, Vo
found 1t wem not Intolerable, it dld eadd some weight to the wmleslles, thai
the Sergesut im not significantly weight limited and therefors it was an
acceptable fir and thias In the way the Sergeant is going Yo the field., The
second lnatance that we looked at was for the RTV cluster, thia ia the stage
2 of 11 motora, stage 3 of 3 motors, stage 1 of & motors, which went on the
JUNO I wehicle which leunched Explorer I and JUNO IT wehicle 1a stdll flying
this cluster sasentially unchaged. We attempted there to apply the =zsme
formila and found thet it was rether restrictive even for our operations in
an RBAD type operation which of course 1s the wey we conduct the X firing as
of satellites and probes, We therafore ran a serles of experiments, it

came out incidentally that the most critical stage in the cluster way the
stage 2 and the reason for this wan that becauss of the large cross-secblomal
srea which the haress exposed, 1t was the governing factor end so we made

& replica of the stage 2 complete in every detail, the stage 2 firing
harness assenbly which ls a palr of conductors comlng up from the booster,

& olrcular harness and then 11 individual wires going to each of the L)
indlvidual digniters In the assembly, A replica of this wag made and o series
of tests were run, The harness was 1lluminated at wvardows radio frequencles,
The hamess was shielded and grounded, from the purposes of RF it sppears
that, grounding of the shielding should be done in as wany places as possible,
Unfortunately, on most of these wehicles there exists a poaosibility for
large voltege differences in the vehicle snd therefore from the standpoint
of EG excitation of the harmeds itself, the requirement was that we would
ground the shielding at one place, This, therefore, eliminated the
possibllity for circulating current from potential differences in the
asgenbly, To reduce the data from the serlies of tests and to put them in
the form of a shlelding effectivenesgs s Beveral assumptions had to be made,

In the first place, the power density incident on & harneas waa estimated

by combining a meagsurewsnt of the radlo frequency source power output and
agsumed gadn for the particular radiating antemna inwolved and a caleulabion
based on the power densily varying inversely as the square of the distance
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between the radisting antemna and the particular portion of the harvess
which was being atrongly eliminated. Alse since the measurements were a
practicel necessity made in the near zone field of the entire harness, a
capture area for the harness was chosen to represent a reasonable value
considering the particular test frequency and the dimensiong involved, The
reason for setiing up the experiment in such & manner which made the
determinations of shielding effoctiveness subject to so many ssswupbions js
88 follows: Primarily 1% is desired to achieve ignition of a squib in the
experiment which would then provide & feirly concrete data point, Since
the ignition of 2 squib even in the case of a sulficient evergy density over
the harness area is essentially & statistical matter in the complex circuits
involved, it was concluded that all measurements possible in the time
allowed should be made under conditions which would provide the greatest
chance of igniting the squib, It was planned that if repeatzble Ignitiocn of
the squibe could be cbtained at close range with the higher powers available,
then experiments at greater distances would be conducted, In fact, however,
no squib ienition was cbserved during any of the expsriments with the
harness although the termistric indication indicated sufficient power was
available in the circuit, The thermister incidentally is » device which is
about 50 ohms impedence compared to the 1 ohm or so which the squibs have
which allews you to meagure the power irmput by the rise in btemperature of s
bridge cireudit similar to the squib bridge itself, This should not lmmly
any donbt that a squib can be ignited by RF energy power of a level
egsentlally the same 28 19 required at IC for this fact has been repeatedly
demonsbrated in controlled experiments. And I am sure you are aware of
some experiments which were run about ten years sgo at the Universiby of
Alsbama, I don't have the dirsct reference here, bud it has been demonstrahed
that this can be done. As no ignition of the squib ocourred during the
series of tests, it was necessary to accept the thermister release readings
as an indication of the power svailable to the igniters in the circuit., In
certain of the tests there was a themmister indication of sufficlent power
avallable to result in an ignition, yet as stated previously, none occurred.
This should be interpreted as a lack of proper impedence transformation
betweesn the source and the low impedence igniter, Again it would be
expected that two RF the cabling herness which is essentlally a low DO
resiatance system would have significant impedence of the order of perhaps
100 olms and could be expected to couple bebter with a 50 ohm themister
than it could with a 1 ohm or that order of megnitude squib. This table
merely gives the measured frequency, the measured radiated power that we
could expect out of the transmitters which we use, the anterma gain mwber
and bhen with the thermister, from these formmlae we determine therefore
what maximum power we might encounter, From the thermizter we determine

the sbselute power that we actually got and by dividing these two, then we
geb 8 shielding effectiveness in the last column which as you can see has a
tendency to vary as the function of the frequency in the manmer which might
be expected because the circuit could be expected to be tuned better at one
frequency than another perhaps. From this table and from the last colunmn
there, we concluded that a 20If) or a factor of 100 gain, i.e., a factor of
100 decrement in the receiving capability as the antenna was achieved, As
you can see, there is only one case where the shlelding effsctivencss is
less than 200D, And in all other cases it is greater than 20DD or a factor
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of 100, We therefore decided to use this factor of 100 as a safety factor.
The requirement that wes set wp for the AMR, Cape Cansveral, was that the
field strength of 125 milliwatts per meter squared could be allowed, Since
the capture area of the harneas in stage 2 is approximately & meter, this
then says that we would ellow field strength just great encugh so that 1f we
had maximum coupling, we would have a probability of firing the squib, This
decrement of 100 was used as our safety pattern in this srea. The regula-
tions which resulted from this requiremont are as follows., Daring cperations
involving ~ let me digress for a bit here - again, not only waa the stoge 2
found to be from theorstical coneiderations the most hazardous assembly, but
the igniters are shlpped in brass tubes completely shislded, This gives us
8 gain over & bare igniter not shielded of sbout 50DD, Thet is a pretiy big
nomber. And so that the only time where we were required to impose RP
allence was the time the igpiters were moved from the shipping contalper
which formed sn effective shield and geave us a Large comfortedle pad, until
they were installed in the motor., The motor then was equipped with a
soldered copper dlaphragm, this was done again deliberately so thet once the
igniter was inatalled, we had about a 300D pad, in terms of the ability o
recelve power from the lgniter itself, OvVer the case whare we were waving
the igniter arownd prior to installing it in the motor. And so the crdtical
time that resulted here, there ware two critical times, the mest eritical
resulted during insertion as the ipniter when we had to remove the shielding
of it, The second was critleal time and this we regarded incidentally as
moat because thers were personnel around at that time which was snother
factor to be considered, of course, The second most critical time 1s when
the igniter fa inntalled and connected to the firing harness to effect 1t
antenns, It was found that this was approximately 100D safsyr, balieve it
or not, contiected bo the antenna than it was when 1t was weving around in
the wlr. The requirementsa then during igniter commection ard subspequent

of the igniter harnmess were as follows: =&t transmitters able to
radiste gremtor than L mwegawstts wers required to be off at dlstances of
5 kilometers or less, LOO kilowatts to U megawatta, 1,6 kilometers, LO
klowatts to 40O idlowatts, ¥ Idlometer, hLO kilowatts, 150 meters, and Du;
idlowatts, 100 meters, This wes found to be a reassonable requirement, we
establish thia at Cape Canaveral, we have lived with It and we will probably
contdme to Live with 14, In »3di%lon 16 should be recognized that there
are aome other possible ways of generating magnetic fields other than the
tranamission, the RF, Whenever as you probably know, whenever you have a
Large disruption in D¢ or very low, frequency AC power, you have a
collapsing or bulldlng up fleld, 1,e., during the transient, I believe we
ran gome calculations on this, From the calenlations it comes out that if
you have a conductoxr carrying 100 amps at a distance of a mater from the
receiving wire and you dlspapt this surface such that it takes 100ths of &
second to decay, you will generate a shield cepable of producing 1,000th of
& Joule. 'This 1s sufficlent or barely sufficient to ignite some of the
leswar enorgy items we are talking about here, In addition to that the same
phenomenon occurs with lightning storms. If we assume that a lightning
discharge carrent of 20,000 amps occurs and that this occurs in about 1000th
of a second, then we find that at a distance of 10 kilometers, we have sbout
the same order of magnitnde of field., Our requirements then in addition to
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the RFR requirements for the RTV vehicle are that the pantey elevator and
other high power switching circuitry would not be operated during this
hazardous time, In addition, no lightning storms would be allowed within
10 kKiiometers., Now, unlike some other people, we found it difficult to
leglslate on Lighitning storms and sp the requirement obvionsly was that we
would stop since we couldn't stop the lightning. So operations were
required to see if lightning stems approached to within 10 kilometers of
the operation, This then is two of the first problems and the approsch
which we took, We have conbinued these studies by looking st the R&D
operations around the JPL. These studies are sti1l in a period of evolution,
we do not at this time have all of the answers as to what requirements are
neceszary to be safe. The primary resson why this becomes a much more
difficult problem is that in the case of the two missile systems we had a
gpecific restrained physicsl condition, an electrical condition which we
could study in detail. In R&D operatioms we have a myriad of devices of
varions power levels, we are connecting these to essentially random circuits
for the purposes of study like this and to establish a set of rules that
would prevent ignition fellowing these kinds of ground rules would essens
tially grind all of our operations to a halt, I'm afraid that we must take
2 mich more critical look at these ldnds of operations, So they are in a
period of evolution, the regulations which we hope to establish at the JPL
for our R&D operations, We have established some regulations which, the
first one, the slide shows a plot on the left of minimum distence in meters,
below effective radiated power in ldlowabis, We have found that in our
operations we could atill follow the rigorous very conservative maximum
limits in terms of radlated power and sc we have established this as a
ground rule, it is part of the safety requirements, you are not allowed to
txain eny antenna of significant gain or significant power in the directions
where these operations are baking place, In addition we hawve stated that
the storage area for all electric squibs and incidentally the kinds of
devices we'rs talking about and the uge we make for these things now is very
myriad, We use them for wmuch more things than indtiating explosives, I
belleve in the next spase craft which we'vre going to develop we have 19
squibs which we use for unfolding and erechting an antenna and these squibs
are of considersbly different characteristics than those which we normally
consider, A1) of these types of squibs then are shielded against radiation,
they are kept in considerably shielded storage cabinets., When we transport
them to the test area, they are transported in a conbaimer, the containers
gre according %o this recommendation, should be of copper, brass or
alumimm of continuous soldered, brazed, or welded construction, the lids
should have a bare metal overlap of one inch or be provided with continuous
fingar stock brazed contact, We are actually constyructing these things of
aluminum and using them as per this configuration, In addition, we are
requiring twisting and shielding of all of our leads sgain, as probebly &ll
of you know who have been to California, we can get large ground pobenbial
differences in an area that is gsemi-arid as the JPL s located, And so
sgain we recommend that the shielding be grounded at one spot to prevent
groond loops and currents being carried in the shielding., As T say these
regulations are in a period of evolution, I hope that at the next meebing
we will have more to report and be able to make some more definitive
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recommendations, There appears to be no doubt bub that sguibe will be with
us for & long time to come, and that these in many cases will of necesaity
be very senaltive devices, The main use for squibs is to provide a large
output of energy for the smell input. It ls essentlally sn smplifier and so
therefore, in many space applications which of course is the present large
migsion of the laboratory, we Iind that we are severely limited in the
amount of welght that we can carey and that we are having Yo perform complex
functions such an T say the large number of squibs bo werely uwnfold and
erect 2 solar panel. These things have to be kept lively. We can not go %o
gome of thase other approsches which people are using to be 100% safe, we can
not go to an approach es we did on the Sergeant. #nd so these problems will
be with us for a long time to come and many applications, 1 was discussing
the bridge wire, these kinds of things do appear to be safer but they do end
up requiring in meny cases more weight. Perhaps not in the Initiator itself
but 4n the power supply for it. So we are gtill conducting experiments, we
are trying to determine how we cen most effectively shleld theme things,
vwhat reasonsble requirements are. Thank you very much. If there sre any
quegtions I'llL try and answer them,

Mr. Nance: Do you have any instances of actual fallure in the fleld?

Mr, Plagecki: In all of the operations which the JPL has had, we have never
an acclidental ignition of & squib by RF, Thare are well documented cases
where other psople have had these problems,

Mr, Nance: Will your reports have reference to this documentation, I'm
some difficuliy in finding it?

Me, Plageckl: Tt's hard to get., I think the main resson for this and I
Think that many of the people in the audience will bear this out is that
although the probebility 1s high in some of these fallures that the cause
wag RF, it's not conclusive., There are other things that conld have
happened, a spark or something and a0 it is hard to get. We will make mn
attempt to try and get as much of this 88 we can in the report,

Mr, Ullian: Itd like to comment since & lot of what you've talked about we
have been involved in along with you and for the information of the people
involved, I'm sure you know aboub it. As you gtated in the flrad paxrt of
your talk, thls is a resl problem with a rangs such as White Sanda, Cape
Canaveral, BMR, Point Mugu on this RF problem becsnge as you so well pointed
out, when we have to cut off all our HF sources for 2 or 3 or L miles around
ond create a sllence perlod during this ordnance hookeup and ingtellation,
we have a mumercus smount of other teste going on at the same time on other
programs and there's only 2L hours in each day and we work around tha clock
as it 13, Bo that every time we have to cub off opa of our radiating
sources, we noxmally knock ocul another ftest and this msans we lose thia many
man hours and work hours that conld be waluably nged 0 complete tests., I
also means in many ceses that some of the data that we want to get back
from the tests that we're actually protecting we can not get becase we have
had to cut off our telemetry equipment and various dets receiving and supply
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and sovrces. So this RF problem, although it may seem a sidelight in some
cases, the ranges involved and the people trying to get the data is probably
one of the biggest headaches presently on the ranges, One comment I would
Like to make that we at the Center feel should be approached and has not
been looked into ag much ag 1t should have been is the possibility of wsing
logs gensitive squibs, I you take a look ab our sourses, IT¥m thinking
pardiculariy of the Cape, of radiabion, in many cases if we go Trom a squib
with a max no-fire of maybe .S wp to one of no-fire of 2 amps or 1 amp, we
got away from this RF problem. We can leave our sources on and not have to
worry about them, even the sources on the birds themselves, the antennas
cloged in teats we run on the birds, And this I don't think really increases
our weight in any degree of megtlivude except possibly in our space probes
and there ave many applications ag you've pointed out that I think we can go
to bridege wire eircuits and also use less sensitive squiba, It seems that
the programmers look around and find the most sensitive squib that they can
posaibly gat and try to use these and I sometimes wonder why.

Mr. Plageckis T think T can perhaps answer why. The development program
involved dn the use of these things somebtimes spans a period of years and we
are recommending for all new applications that they go to a squib with ne
fire current as an amp or greater. I agree with you wholehsartedly that
where these are available at the beginning of a development in the proper
configuration, they are being used. Unfortunately there are a few of these
around bub not enough high winimum firing current items to answer all of the
requirements and $o some of the developments which have to be started earlier
gbarted using the components which were on the shelf and I think that you
will see a definite trend in the future in this direction.

Mr, Gus Eeonemy, OOAMA, Hill AFB: We are abbempling bo establish a project
now with the Air Pavce of investigating RF hazards through electrieally
initiated items, We have run into some similar problems as you have, we
have found out definitely one thing, that go no-go tests are not very
reliable, We found oub that after you put the squib or the igniter ina
tactical configuration, then the migsile becomes an antenma itself, We also
find oub that the Mk, 1 squib on a 2.75" rocket is very sensitive and we have
put a limitation of approximately 100 feet to the, I forget which radar set
it ig, bubt there is & restriction on it. The Navy is conducting tests om 1t
in Project Hero and they!re makitg very good progress in i,

Mr. Piagecki: The real problem is that this is a statistical thing, thers's
1o question bub that in many things which are flying today the antenna gain
ig guffPicient and these things are placed in s field sufficient so that

power 1z available in the firing circuit to fire the squib, The only thing
that caves ue ag we shated is the fact that you have a pretty lousy impedence
between the antenna and the squib device itself, And this tends to be a

kind of statistical problem. To these RF frequencies fopr instance, you can
tune, and we have done this at the Cape incidentally, you can tune and
increase the smount of power which the harness receives by a factor of D,
Merely by approaching it with your hand, without even touching it and
touching it or moving it in any way, changes the antenna, therefore it changes
the possibility of an impedence ooupling. It's a real siticky problem.
There's no question about that,




Capt. Kroshay, ARGMA: In your experiments have you been able to determine
what band of 8 Trequency spectim ia poasibly cousing us the most trouble?

Mr, Plesecki: No, I don't think we have looked at this ab all, It would
appear thal the high frequency could cause you more trouble from one stend
point becange of the leaks, you could tell from the equation though the low
frequencies have the larger effective capture area, "There is something that
saveg you in that it is a very high frequency where it 1s very difficult to
shield. We're having trouble requiring high tranmmitting power levels, so
the answer is no,

Capt, Kroshay: Heve youyr shields thab yon have been utilizlng with the
Sergeant, baen effective throughout the spectrm band?

Mr, Plazecki: Tt's been ef'fective Lo the axtent that we have never had 8
mishap a3 1 stated earlier, but this doesn't really prove anything.

Me, P. V., King, Aberdeen Proving Ground: We had a litile experdence with
thig problem, 1 guess about ten years ago and in answer to the questlon that
was ralsed bafore, in our own field experience we had a condition where
firing Lines in the field gobt g0 kot a8 Lo cause burns on the fingers of
people connschting them up, This was In spite of a stremious cawpaign of
publicity as o this as a source of hazard and the conditlon was a resuli of
the use by & field group of & 50 watt mobile btransmlitter mounted on a Jeep,
38 megacycle band I believe and when they broke radio silence to announce
to people at various locatlions that they were about Lo fire, they induced
enough current in the firdng line to ceuse them %o overheat and actually
cauge minor burms. This is one that was reported to us 80 we had a very
near thing. We wade a few rough tests with this gort of set.up and it
developed that between 50 snd 150 yards with the jeep roaming around
aimlasely, we could geoerate these currenta, We had done a lot of work
before this and developed nomographs which considered frequency ag well as
radiated power becavdss as you mentioned caleulations fox example with a
broadeagt band, radio station, for example WBAL Baltimore is dangerous
theoretically for seven wmilea, So frequency la a conaideration, I just
wanbed to add this, that you should not owverlook your little mobile transe
mitters becanaz these can canse you trouble.

Mr, Plaseckl: We placed a gevere limitation at White Sands on the mobile
trmﬂmittemo

Dr, Johnson:  Ave you familier with the work that the AEC has dome in thia
tleld?

Mr. Plasecki: No I'm sorxy I have not.

Drx, dohnson: This has beea of prime consideration with them and they've
had a big program on it, T suggest you get in touch with Dr., John Currey
at Livemore as a point of contact, but you'll need S-RD clearance,
Secondly, do you have contact with the peopls in the Navy on Project Here?

Mr. Piagecki: Yes, I've read one or two of thelr reports and hava the
rest, on request.
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Dr. Johnson: I think in the back literature of that project the aceidents

are documented, I know of one personally that I was near when it haopensd.

A Jot of this originates with the fuze people of course, A man doing fuze

resegrch had one go off in his hand and it was found to be induced current

from the Llourescent Light fixtures in the ceiling about six feet away. It
wag an ND2L detonator.

Mp, Coahame: T'm gled this gentleman added some of those exumples because I
have @ whole file fmll of them in case this gentleman from Thiokol would like
to look at them sometime. I might slse indicate that as a lot of you have
known that have been interested in this particular problem for some time,
there have been numerable examples of photoflash bulbe including two
wapehouges full of them going off by radar. Bud to philosophize for a
moment, I'm just wondering, all of wa tend to go along and geb amazed by the
latest technological developments such a8 electronics, T frankly think the
next thing we're going to do is trangistorize some of these squibs if we can,
But why can't we go back to a good mechanical type of ignition system which
you are tending to approach in the Sergeant bui of course you had a squid or
igniter in there too. I think you had one, didn't you?

My, Piasecki: No, the fingl protobype Sergeant will be purely mechanicgl
with a big 550 wabt solenoid, there are no squibs,

Mpr, Graham: It will be but I think the one yon had on the screen had an
igniter in it didn't it? In any event if you picture something just to make
the point of like an alamm clock and mel it and when the alarm clock goes
off, the hammer comes down and strikes a maich or something of some similar
ridiculous point, bubt it would be purely mechanicsl., The only thing I'tm
afradd of is that somebody in turn would promptly put acother fgniter or
squib in that chain someplace. But I think the resl answer to this is to
gtop trying to make all these systems so very very faney and go back maybe
20 years and put & nice mechanical type ignition gystem in these thingsa,

Mr, Piagecki: This approach in many cases I think would be a good one, I
think a3 we all recognize in the space program now and for some time to
come till we heve very large launch vehicles, weight is going to be premium
and it's hard to viswalize an initiating device that could compete in
welght with some of these very small squibs which reguire very low power
and go they're very attractive,

Mp, Graham: May T call your attention to the fact that they 8196 have an
alarm cLock in wrist watchea?

Mr, L, J, Chelko, NASA: I don't know whether youtre aware of the fact that
we have cne section that is doing some work on ignition of =olid propellants
with hypergolic fiuid, This is being dere at altitude copditione as well,

Mr, Piasecki: I wasn't aware that you were doing the work, it has been
proposed before. Thers you have a little of a problem that they talked
sbout yesterday incapsulating materials = - = = « »
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Col Hamilton: Any other comments? Thank you Mr. Plaseckl., The next item
18 a tour briefing by Mr, Heary Dyer of the Army Ordnance Missile Command,

Mr. H, C, Dyey, DAMC: I'wm sorry we're nob going to get to make our tour as
broad ns we had planmed but duwe to the length of some dlscuszlons we had

to knock out part of 1%, That part 1a the touwr of the Thiokol ares. We do
appreclate though the invitation by Thlokel to tour thelr facllities. We
are going to tour safety and propellant operations, Arter we see thls we
will load the buses and go to the NASA test area, the Marshal Flight Center,
to see a Satumm engine cluster with the 8 engines, They're all supposed to
be in place this afterncon, They will not do a test Piring., After this we
will go to Range 5 snd at this range we will see where we had one of our
blg explosions on the arsensl last September, We had & work horse motor
blow up and hera the guides will show you one just exactly like the one that
blew up and what's left of it now, While we're in these areas 1'd appreciate
it if you would all sbay topether snd there will be a gulde supplled by the
Marshal Flight Center and Range 5 persomnel to answer your questions and to
brief you on thelr operations, Since time is going to be limited and we
have & long distence to travel, 1t would also be sppreclated if you would
keep your guestions down to the mbaolute minimum unless you absolutely have
& nead-to~know or ynu mbgolutely have to have the information yourself
because we could get tied up all afternoon in one place. We don't plan to
come back here thia afterncon, Since the Marshal Flight Center ls a
different security organization than the Armmy, I will give you & tablet and
I'd appreciate 1t if you wonld sign your name and the organization you are
with, Also you can'i take matches or llghtera oul when you depart from

the bus, 60 wlll you leave them with the bus driver, or in your geat in the
bus., Just please stay together and T think the tour wlll go off very

successfully. Mr. Jack Niel of Thiokol wounld like to say a word or two
sbout the £1lm,

My, Jack Niel, Thiokol Chemicsl Corp: Thank you Mr. Dyer, Gentlemen, we
are sorry that you'lre not going to be able to towr our Facllitiey this
afternoon, Some of you have not had the opportunity to be with ws, I hope
the next time that you're here you will come over and see us and we'l) glve
you the personal tour rather than the S50-cent bus tour that we had planned
for you this aftermoon. I think somewhere we've gotbten our wires crossed
sgaln, Mr, Dper, this is not & safety flm. This is a £ilm thet has been
made for the Corporation called "Packaging Rocket Power." It's an overall
corporate flim and doos not deal primarily with the Redstone Division,
Hedstone Dlvn., as most of you kmow started here in 1949 with 33 people in
3 bulldings, it now encompasses 900 acres, 234 buildings, well, 233 after
yosterday, and we have more than 1600 employees, I'm not going into any
more of the operation becanse I think the f£ilm will be far wore interesbing
and you are pressed for time, I'd like to repeat the invitation, the next
time you are down in this ares, we'd llke to have you call on us,

Col, Hamilton: Good worning. As a caryyover from yesterday, the first

ltem on the agenda will be ffiring test cell design and hlgh temperature
tﬁ!sting' by . Burket,
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Dre Burket: Gentlemen, the subject I'm talking about today is one that's
more or less unique, It describes how we met the problem of testing solid
propelliants in the range of 300 %o SOOOF.; conducting storege tests,
mechanical property measurements and firing of motors at temperatures from
300 to 500°F. This moves prepellants up into & degree of hazard which is
somewhat larger than that which we nomally consider when desling with sclid
composite propellants, Approximately 1,000 samples were tested and 100
notora fired in this temperature range without any damage to test facilities
that we didn't expect to be damaged, and with no personnel injuries whatsow
gver, I'd like to start oub with a presentation of the facility that we
used for our test, a concrete block facility, with four bays, two on each
side with a working space in between. The first slide please - each of the
two bays contains two relatively inexpenszive circotherm ovensy in between

in the work area are the controls for the ovens and also the Temperature
recorders. The next slide shows the comer of the wark area; the window
leads directly into the tegt bay so it ig posgible to obgerve what is going
oh, The recorders are 16 polot recorders, recording every 2% seconds, 80
that & continuous record of the temperature was maintained for stowage tests,
The procedure before conducting any mechanical property measurement tests

on propellants st these hiph temperatures wae to stow one~inch cubes for 6
hours at 300°F. TP the propellant withstood this without too much
difficulty, theu the testing was carried further with twoeinch cubes and
finally with three-inch diameter graina, If the propellant passed this test
with no gignificant welght loss, that is to say, lees than 1% weight loss in
6 hours with no significant visual damage, then mechanical property testing
and mobor firing followed., Samples were placed in the oven by hand, and
when the time came o take the samples oub, the oven door was opened remotely,
the electricity was turned off, and when the thermo-couple which was imbedded
in the propellant sample registered 175° or 200°F., it was judged safe to go
around and remove the cubes. The next slide shows the oven open with the
stowsge samples in place, a maximm of eight one-inch cubas was permitted in
the oven at one time. They were placed in these cans, which are certainly
familiar to those of you who have conducted surveillance tests with double
base propellant, You see the thermo«couple leadg going back out of the oven
leading to the recorder, The latches on the doors were set in the usual way
to open with light pressure, 5 ounces was the pressure determined. Tn some
instances when a blow occurred, the oven doors failed to open and in that
instance the gandbags around the edge absorbed the damage and there was ab
no time any danger to persornel. The next slide shows the oven with one of
the large threee-inch grains in positiony these were wrapped, incidentally,
in aluminum foil to simulate mobor conditions, It had been found in the
past that semples which are stored withoub gome kind of wrapping or sealing
do not show the zame aging properties as mamples which are carefully wrapped
g0 a8 Lo prevent access by air. Thus when we are attempting to zimulate
motor aging, or motor storage conditions, we do wrap the samples carefully
T exelude air. Only one of these was permitled in an oven at & vime. The
next slide shows the Instron set-up; this iz the high temperature condiw
tioning box for the Inmstron machine, which was used to measure the mechanical
properties of the propellants at high temperature. This is & model ™ instron
tester, The asbestos plug here was institubed as a safety feature in place
of the normally heavy plug which is locabed in this position, Because of the
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gereaning which was conducted on the propellants befare testing on the Instron
mactine, therae were no malfunctions of any kind during mechanlcal property testinga
All malfunctions which did take place occurrsd in the atowage test or in the motor
{iring teats In the next slide, wo sse the control arwa for the Instron mechine;
this area iz separated from the machine itsell by a simple partition. Since the
ingtron samples are not very large and slnce they wers encased in the comiitioning
aven, it was not expected that thers would be any major problem if there should

be a malfunction. The operator remains in the control aresa during the testing of
the specimen and no one is in the Instron machine area while the test specimen is
at the elevated temperatare. The next slide shows the interior of the conditioning
oven, you gsee the test sample in position, here ls the asbestos cloth plug, it's
actually 8 very simple arrangement. The test samples were removed when the tem-
parature dropped Yo 2100 F, ¢ lower. In penersl this was regerded, with the types
of materisls we wers working with, as not an unsafe tempersture, Tha next slide
shows the close=-uyp of the mirror which wea used Lo obeserve lte. The operator was
not permitted to enter the test bay when the specimen was above 210°, manugl
loading and wnloading of the specimen holders is accomplished only when the
propellant la 2100 or below. The operator wears s face flame shield;, s Llameproof
laboratory coat, ashestos protective glovas and wses long tongs for removal of the
specimen. Approximately 1,000 aamplea have besn testad in thils with no malfunction
whatsoaver. The next showa the high temparature motor test facilitiss; thla is the
thruat stand, you see it 1s a flexure typa stand, the thrust ¢ell here, the controls
runt about 50 feet through this earthen émbankment to the control romme. You can
goe the typlcal Sacramanto gold taillinga. In the early atages of the testing when
tesla were baing conductad at only 300 to LOO° F., there was no other protection
than shown here. When tests were made at higher temperatures, s cage was intro=
duced which we will see later on. Thls motor which 1s shown in position here
contains about 15 lbs. of propellant. The stand was alsc adapted to accommodate

a somewhat larger motor as shown on the next allde. This is a Falcon sige motor,
algo fired at the high temperatures. Thls motor wag fired for pressure only;
however, othar motors were fired with measurement of thrust., The stesl wire
cabley shown here to fasbten the motor down were included as an extra gafety
faatura. The motor 1s shown in the oven, The motor was brought to temperature

in a clamahell type oven, witich 18 shown in the noxt slide, closed. This is the
oven. The ends sre sealed with glass clothe The motor is brought to temperature
bafore firlng, lea., 1t is brought to a propellant temperature, whatevar the test
tonmperature might be. The oven is capable of reaching temperatures as high as

T0° ¥, In the inltial tests there was no shisld betwesen the calrod unit and

tha motor; snd the 7009 tempersture reached by the calrod units turned oul to

be a Little high, After a premature ignition we Introduced a steel shield botween
the motor and the calrod unit, The next alide shows a LS~pound motor positioned
ingide the oven after a premature ignition. You see the relatively small damage
that s dons to these ovens; they are really quite inexpenasive and very assy to
uge, end svem t0 be quite effectlve. The blast cage, which we see in the next
slide, was used to prevent tha throwing of shrapnel in higher temperaturs firings.
Hore it is shown after a blow; you gee how the cags bulges on the atde. You ses
the remaina of the oven here. This was not a simple premature ignition, this
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was an actual blow. The blast cage 1s constructed by simply spot welding
gtandard wire mesh carbon ateel with a channel iven frame; it's satiew
actory for a low order detonation, but certainly not for a high order
detonation, Lavrge places of shrapnel don't go through bub are contained by
the cage. This completes the description of the test facility. Are there

ay auestions?

Me. Kings In your testing of these 'propellants, you mentioned temperabupros
ﬂﬁup to B00°F, How close was this to your auto-ignition temperature
 of the mix, have you any ldea?

Dr, Burkels Well, when you start talking sbout anto-ignition temperatures,
of course, the one that is usually quoted is the instantanesus suto-ignition
temperature, The motors that were fired at H0O°F, were potassium perchlorate
propellant, the autowignition temperature would be somewhere around 700°F,
Ammonium perchlorate motors have been fired, however, at temperatures as
high as JOO°F,, which is within about 100° of the amto-ignition temperature
a3 normally measured. Ammonium perchlorate propeilants in general, unless
the armonium perchlorate heas been stabilized in some way, will smuto~ignite
on long tem storage at sbout 360°F,, so that a LOO® £i iz really above
the safe temperature for long term storsge, :

Dr. Barr: Did you &lso condition your 1gnitar?

Dy, Burlket: We developed a special igniter for this which was tested at
Temperatures up to » Since the personnel are not permitted out in the
firing bay during the perlod of conditioming, the igniter must have been
conditioned,

Dr, Barrs Is this being reported?

Dr, Burket: %Yee, it is reported under an Alr Force contract sponsored by
The Alr Force Flight Test Center.

' Col, Hamilton: Thank you, Tr. Purket. The next item on the agenda, *water
injection to extinguish solid propellant fires.! This will be presented by
Mr, S, H, MeElroy of the NWL Dehlgren instesd of Mr, Casclo who waz originally
acheduled,
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Mre 8¢ Ho- Naval W Laborato Ya.: Woter Iinjection
gystems are now being ed aboard the Navy's misa ships to extinguish
golid propellent fires -~ fires in the Torwm of accldental missile motor lgni-
tions. The purpose of this paper is to review the merits of these systems

and discuss the current developmentsl status. Defore discusaing waber ln-
Jection, however, I would like to wention that the Nevy's primery develop-
mental afforts with water injection are now centered at ‘the Neval Waspons
Leboratory. The Naval Weapons laboratory, which wes forwerly known 8 the
Baval Proving Ground, is a Navy, Bureeu of Weapon's field activity. It ia
located on tha Virginisa banks of the Potomac River, sabout 55 miles south-

sast of Washington, D. ¢. One of the current functions of the Neval Weapons
Laboratory is to evaluate the equipment and procedures used in handling and
stowing missiles aboard ships to determine if potential barards axist to
personnel. or ship's structure and equipment. In sddition, Nuevel Wespons
Iaborstory 1s expected to develop snd evaluste safety systems for the conmbrol
of putential hezards. Of primary concern, to date, has been the problen of
accidental motor ifgoition during misslile stowage and handling prior Lo launch,
e prinary hagerd presexted by accldental motor lgadtion ln a magazine is

that propeliscts and sxplosive components of the affected wisaile and of
adjacent missiles are in Jeopardy. "Chain® dgoitions of these components could
result in loss of life snd the ship. Yor convenience, sccldemtal igonitions of
motors huve bean dlvided into two grovps: a. "Non-rupbure” ignitions -~ These
sre characterized by the fact that the motor case remming lntact during bvarning
and the axhanst geses vent through designed (nozzle and igniter) vent cpenings.
Burning wey be propulsive or non-propulaive, depending upon the make-up of the
missile (1.e., propulsive noymally if the lgniter is seb to remain in the case
during burning and von-propulsive 1L the fgniter is free Lo Wlow out and thus
allow gusns to vent through the igniter opening ms well ax the noxzle, Motor
preasure for s given misslle, of course, is normally lower during non-propulsive
burnings than during propulsive). Some foreseeshle causes of non-rupture igni-
tions are firing of the igniter, perhsps by electromsgnetic radgiation or during
& checke-gut or wera-up period, flame lmpingenent on the grain frowm s fire
sxternal to the motor, and vibration of a cracked gmain, b. "Rupture”
igaitions « Thess ave charvacterized by & rupture of the motor case permitting
the propellant to burn aither in the case at a substantially reduced pressure,
or outside of the normal case confines. Little of the exhmust gases after
rupture are vented through nozsls or igniter openings. Rupture ignitions have
been s0 termed because 1t is felt that impact of the motor by a fregment would
be the probable cause of the ignitiom and the cass ruptuve; however, it is
concaivable that case fallure could also ocowr with other causes of ignition
(insdvertent eleckrical ignition of a motor having a dsfective cage or & cracked
grain, cockw-off of a motor grain by heat transfer through tha case, ebe.)
Selety systems have been developed, or ere being developed, to effectively
contral either nou~rupture or rupture ignitions in & magazine and thus prevent
chaln ignitions. Water injection is one of thesa. Bystems showing promise fox
nou~rupbure ignitions are: Plenum chambers with ducting, to carry off exhaust
gesns; sprinkler systems and veabing to reduce enviroumental tespersture and
pressure; sl balfling, nomale closures and igniter covers to shield sensitive
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components from Plame impingement. These various syctems sre represented
schemstically in the following slide. (Slide No. 1). Systems showing promise
for rupture ignitione include the systems for electrical ignitions plus waber
injection. These are also represented in the slide. It shouid be mentioned
that water injection is aleo of value for nonwmupture igoitions where motors

are stowed nonepropulsively. Water injection, under current concept, is a
means of epplying water to the burning propellanmt of a motor, through the nozzle
opening of the motor. Purnlag is diminished, or extinguished, through cocling
of the propellant, rather than Wy smothering, or ¢xcluding oxygen. Relatively
large quantities of water are needed to be effective, particularly in view of
the inefficiencies in applying water to the entlre burning ares of the grain.

A water injection system ghould meet the following requirements: (1) the
supply of weter must be adequate, (2) initial applicstion of the water must

be In terns of williseconds, (3) the waber must be injected ab pressures higher
then the prevailing motor pressure (Pfor this reagon, water injeckion 1s not
practical. Lor non-rupture ignitions), snd (h) the system must be compatible with
the grain configawretion, the magszine and the motor hardware. Such factors

a8 the number, size and spacing of grain perforstions, the characteristics of
senls in the motor nozzle, the dlemeter of the motor nozule, bthe response

time and capacity of the wabter supply system snd the anticipsted wobor pressure
Guring burning must all be considered. FHow exbensive ls the employment of water
Injection? Water injection has been considered by the Navy for the Tartar,
Terrier, Talos and Polaris missiles. Tests have been performed at NWL with

the Tarter, Terrier snd Talos missiles. Water ection jg congidered
practical for the Tarter motor (booster-sustainer) end the Terrier booster and
systemns for these are instelled or are being instelled abomrd missile ships.
Water injection of Tartar only will be comsidered in the remainder of this
peper, primerily because of recent developments in the Tarter injection program.
Early Tertar system efforts were conducted on open stands with the double

base, dual thrust booster-sustainer grain manufactured by Allegheny Ballistics
laboratory, Various injection pressures, flow rates, and injection deley times
vere tried until it was determined that 180 gallons of water per minute, ine
Jected at & pressure renmge of TO psi to 200 psi, represented suitsble conditions
for a shipboard system. In addition to estublishing the valuea for s Tartar
system, these tests indicated that the btime required to control burning could
be reduced if the water could be eycled, that is turned off for short periods
of time on a wepetitive, programmed basis., Tests indicated cycles of 30 seconds
water on and 5 seconds of water off to be advantageous. On the basis of these
testes cycling equipment waa developed. One possible explanation for the benefit
of eyeling is the “leafing" theory. FPropenents of this theory belleve that

the burning of propellent, under spplication of water, mey progress in a marmer
that pemits small pockets or appendages of burning ares (similar to leaves)

to develop, es shown in the following elide (Slide No. 2). The wabter~off time
during cycling permits these pockets to burn through to the main area af the
burning, whereupon water will be effective during the next on period. Thie is
algo indiceted in the slide. Waler injection is now belng evaluated in a simuw
loted shipboard magazine for the Mk 1l Tartar system. It will soon be eveluated
in & simalated maguzine for a second system, the Mk 13 Tartar system, These
Tartar systens are to be installed in DD} and DLG destroyer classs ships. The
Mt 11l system megazine may be seen in the Pollowing slide (Slide No. 3).

131




The magazine containg cells for the verbical stowage of L2 Tortar missiles.

The missiles are loaded into and removed from the cells from above by mesns

oF & chain bholst.  Sefety systems in the moagazine include an overhead sprinkler
gyoten, magazine vanhs, s plenum chamber end a water injection system. Although
the inJection system la nob shown in this elide, provislen for the system nay
be peen. The ME 13 systes mogazine 1s similar In sppesrsoce to the Mk 11,
however 40 misalles sre gtoved in a cell structure that rotebes within the
nognzine. The same safety aystems are employed. In both mepszines misailes
are stowed in a propulsive condition. They are complete with sll propellant
and explosive components including warheads. Approximmtely one«half of the
magazine in each system is exposed above the ship's deck structure, consequently
mlssiles in the megazine oxe somewvhat vvlnersble to penetration by fragment
from enemy asction. However, it Ls foreseesble that motor ignitlons could result
from fires in the machinery compartment of the magazine, hydraulic fires in

the cells, mechanical punctures of the motor cases (sa for example by a broken
hoist chain) and fires in compartments adjacent to the magazine. The current
coneept of 8 water injection system for the Mk Ll shd Mk 13 aywtem magezine ia
shown in the next elide (8lide No. k). This system wan developed jJointly by
the Buresu of Weapons, the Applied Phyalcs laboratory of Johns Hopkins University
and the Naval Wespona Laboratory. The system conaistes of a water supply source
(firve main from the sbip's pumps}, a check valve, an sccumlator tenk contained
a predaurized volume of water, o manifold aystem terminabing in riper pipes
through the plenum chamber, and a detector wnder easch mobor nozzile. The function
of the accumlator tenk Ls to supply water during panp response and fire malin
delay (inartia) timen. Tt hap been caleulated that combined response and delsy
times to reach maximun flow are in order of 2 geconds for the ING-2 fire main
systen, The other components shown in the system in this slide, i.e. the pressure
regulating valve, the flow meter, pressure gauges and alignwert fixbtures were
installed tor test purposes only. Note that the current concept does not
include cyeling squipment, During the course of megazine tests, it was deter-
mlned that the sdventages of cycling, in terms of the reduction in time to
contrel the burning, did not offwset the complexity and aoticipated expense

of cycling control squipment. The hesrt of the water injection system 1s

the detector. It is in detector design that some recent davelopments have
coourred. Tha debector must be selective to the extent that it will respond
ouly to the lgnition of ite respective motor. I% must be relatively insensi-
tive to mechanical shock, be une€fected by salt solutions and meet mmerous
other requirements. Four detectlon principles bave been considered: Infra-
red response, intervuption ©f & printed circult on the lmmer face of the motor
cape, ahock wave vesponse snd blast wave (gas flow) response. Although con-
siderable data have heen collected spplicable to infra-red detection an infram
red detector, as such, has not been evalusted. It was foresssn that such a
systen would be rather complex for service use. The printed—cireuit-within-
the-uotor concept was uwever persued sericusly because of foreseeable development
difficultles, and because such a clircult per se might offer potential imnition
harards. Schock sensitive detectors were dsveloped by APL/JEU end the Geingell
Corporastion. They smployed a dlaphragn shock sensing elemant. Squibe wers
employed to sctuate the valve unlocking linkeges, These detectors operuted
satisfactorily but were somewhat more complex than required for Taxtar showage.
In addition, the explosive squib presented certain hasmrds and maintensnce was
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required for the babtery supplics they conteined. The dstector which has

been selected for the Mk 1) and Mk 13 systems is blast actuated and wuter
pressure powered. It was developed by NWL and serves & Three~fold purpose:

(1) it senses that a mobor has ignited, (2) it acts as a valve to permit water
fiow, and (3) it acts as a nozzle to direct the water into the motor through

the motor nozzle. An agsembled view of this detector is shown in the following
elide {Slide No. 5). Note the compactness of this detector and the fact that

it screws into the riser pipe. A cross-sectiion iz shown in the following slide
(8lide No. 6). It operates ag follows: After the detector is installed, water
pressure ig applied to the closure piston. Oe-rings seal the joint between

the piston and the throst of the nozzie. The pressure causes the closure platon,
in turn, to press each of the lock balls between the closure plston and its ree
cess in the nozele throat, The tapering surfaces of the recesges direct the
lock bells in towerd the center, but the lower end of the actuation piston
prevents motion iu this direction. When the actuabion piston soves down under
the force of the hlast the lock balls are no longer restraived from moving
inward. As the closure pigton is forced upward by wabter preapure, the lock
balls are cemned toward the cenber. This action relessesz the closure piston,
the lock balls, apd the actuation piston, all of which are expelled with the
water. An exploded view of the detector is shown in the next slide (S1lide No. T).
The wormal response time for this detector is 3 to b milliseconds, This detector
will sctuate on bhlast prassures of 11 pei or sbove sd water pressures of 200
pei. This detector is currently being production engineered by Puget Sound
Naval Shipyerd. To what extent has waber injection for Tartar proven effective?
Approximetely b of the tests conducted to date in the simmlated msgazine are
indicative of the effechiveness of waber injection. Tests were condusted with
the origioal ARL double base graln end with the owrrent Aerojet Corporation
amnonium perchlorate/polyurethane propelleant, In sach test one motor was ine
tentionally ignited by firing & mm projectile indo the motor 4o produse rupbure
lgnition. A passive misslile was poslitioned iun sn adjacent cell. The lmpacted
snd passive misglles were essembled with simulated warheads. OF the 6 tests

in which wvater injection was not employed, chain ignition of the passive motor
occurred in one test, and cook-off temperatures in one or two warheads developed
in 5 tests. Only negliglble quentities of the propellant of the sctive motor
were recovered after each test. Of the 8 tests with water injectilon, no chain
ignitions of the passive motor occurred. Aversge propellant recovery was 5%

A warhesd cookwoff tempersture developed in ouly one test. This ocourrence

was traceable to an iwmproper manufacturing technique of a small mmber of cases
produced. Iuproved wanufacturing techniques hsve subsequently eliminated the
warhend hazard., The follo £idms show, Lo & dagree, the difference between
an sceidental motor ignition (rupbure) in s magazine not equipped with water
injection and in one equipped with a gystem. In the firsi £ilm, note the
sympathetic ignition of the second motor as evidenced by an incresse in flame
and smoke, Beay in mind that had live warhesds heen present, these would have
detonsted and destroyed the magazine and perbaps the ahip, The second film

is teken from an angle that shows the top of the magazine only., In this best
burning of the impacted motoxr only oecurs, Note how water injection condrole
the burnlag as evidenced by the limited flame and amoke, Nedther warhead in
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this test was influenced adversaly, Current efforts wibth the Tartar system
are directed toward noting effects on mon-rupture igrdted propulslve motors.
Although waber injection is not expacted to be beneficial For propulsive non-
rupture lgnitions, at the same time it must not heve sdverse efiecis. The
injection riser and detector mast not appreclably impede the flow of pases into
the magazine plenum chamber. While water injectlon, in itself, is not a cure-
ell for all shipboard missile stowage hazards, still it must be recognized
that water injection, together with other appropriate safely systems will do
much toward making potentially dangerous condiiions coneldersbly safer. The
employment of water injection with other relsted systems, represents another
step in the evolutionary process of meking miaspiles safer for our own persomnel ’
to employ while at the game time retaining their potency toward an enemy.

Mr, ndaley: Can you identify the report or document which gives your study
and testd and analysia of this work?

Mr. MoElray: Thers have been quite a few, I can send you the 1iat of reports.
This ia & combtinulng program end there heve been reports put out over & perlod
of two or three years om this work. Normally we group about three or four
tests in one report.

Me, Endsley: 1 have enother question. Do you propoae to follow this technique
in your prepackaged liguid engines?

Mr. McElray: 1 don't think water injection hes been consldered for peckaged .
iquid engines. We have consldered a baffling, wagazine venting, magazine

pprinkiing, it might be that we will have to go to water injection. Wabter

injection 18 not as & rule proposed unless other things faeil because it does

involve plping and 1t mesns that missiles have to be fixed or atowed in definite
positions, etc.

Mr. Bndsley: One other question. Thie relates to your failure of holding this
particular miselle in place. Bave you advapced any theories as to the voluwe of
graln burned in this case that might have caused this fallure?

Mr. McElvows The only theory we have on this, ve for these tests, don't fire

flight service for flight ready missiles. We fire rejected misalles znd we

think there wos a pogeibllity that we had an lusulator failure, the throat

Inswlator falled, and the thrvet insulebtor blocked the nouzle, caused a high

motor pressure and thet in twn cansed the motor to mppture and since the

throet insulator was probably out of place, it eroded around the base of the

misglle apd ag soon a@ the base of the missile came off, for a moment we had .
four or five times the normal thrust develop. We had what we considered four

sdequate gystems for holding the missile, we were holding by shoes, by the

lower shows; by the upper shoes, we also had two bends around the wiesile that

we thought would glice imto the missile 1f 1t tried to get away and caused the i
motor to rupture, bub they didn't work thet way. We were also relying on the
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top of the magazine ag a last resort to hold the missile but what happened wasg
that we got & directlonsl blast right up on the loading cover on the top of
the wagazine and thet ceused the loading cover to come off and then we had
nothing efter that to hold the missile, It's interesting to note that the two
vents ou e side of the neghzine that were set for 10 psi didn't open dwring
this test, even though we developed on the loading cover ag high as 22 psi,

Mr, Endaley: Have you estinated ab what veloeity this valve comes out from that
water source there? Do you have & problem of getting a detonation by the
risaile that you are throwing into the motor grain?

Mr. MoElroy: This little actustion piston ls falrly small, 1% s alumdroum,

wa are congidoring parhapg in the futuore, plastic. I do nob believe it impedes
the flow of gases out of the nozzle. However, that was the purpose of this
tegt, to find out, end as of right now, I cannot say. Bub we do not believe
that this is any more se¢ricus than the normal nozzle closzure moisture sesl
vhich 1s shipped with the missile.

Mr. Buxton: I bave two questicns. You mentioned the four systems of restraine
ing that you hed applied there and you sald we had learned s lot about restraln-
ing in this malfunction. My first question is, what additional restraining

are you uging now? My second question is, is this waler injection systen to

be applied to the Polaris?

Mp. MeElroy: T would like to take your second queshion Lirat. 1 do not kuow
thut T bave the information to answer that., I heve heard that weber injestion
was consldared for the Polaris. I do not know whether water injection is bteing
used curvenbly on Polayis or not. I have heerd that soneone has developed a
water injection system for the Polaris lgniter only, I do not know whether
that is true or not. The Polaris 1s not cousidered to be as vulnerable to
fragment impact as Terter missiles would be becauge Tariar is stored partly
abovedeck whereas your Polaris would be sghielded from fragmente. And I think
they consider that electricsl fzmition or dgnidion by the leniter would be +vhe
only hezard and that is why, I hear, they have developed the waler injection
system. I do not know whether 46's true or not, for the igniter. Tn answer to
your first qeustion, we are not going to rely on the shoes only. The shoes
for the most part are designed to take only the normal thrust of the motor,
but in this case we developed we estimate &t least four times the normal thrust.
Thig cen only he done for test purposes, however, we are going to put whet we
call a strong-back which is a brace thal runs right through the center of the
misalle, right under the B sectlon, betwaen the B section and the warhead, and
then that brace will be tied in to the cell structure of the magazine., This
brace will sllow the missile to move about 2" before the brace teakes wp the
go;i:a we m:‘b the missile to move 4" g0 we can gee vhether the shoes wonld have
-3 O Not.

Mr. Buxton: Is this Just for test or is this an operational thing?
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Mr. McElroy: This 1s Just for test. As far as operstionel condltions are
concerned, I thiok you could get what you saw here.

Col. Hamilton: Thank you very much Mr. McElroy. The next item will be by
Mr. Gus Bconomy of the Ogden Air Materiel Area and he would llke to egk some
questions of the group rather than make a preaeatation.

Mr, GQus Kconomy, OOAMA: We have trled the epon resins, we have trled a
compound celled Deadcon which i 50% metal but still has a plastic bese to
1t. Our present solution and not a very satisfactory sclution ss fer as

high temperatures are concerned afier the actual firing is the plain old GI
eloth back Lape. It seems to hold the thermocouple on in intimate coutact
with the motor case st least thru the burning period where the case itgel!
regiasters temperatures no higher than 250°, above that of course, apparently
the adhesive on the tape ignites and the tape goes to pot. We have had some
thermocouples regiater up to 40O degrees before they dropped off the motor
casinge. But this tape is very sticky and about h or 5 layers of it will
hold the thermocouple on for a good pariod of time, It doas work very satig-
factorily in temperature conditioning tests from minus 65 to § 140 if applied
under smbient conditions. The tempersture conditioning can vary from 5 or

6 nours depending om actusl mass of the unlt up to 3 or 4 days and we have
uped this procedure T bellieve for accelerated aging tests.

Mr, Piagecki: We have used a condenger discharge mathod to tack weld thermo- .
couples to 060 aluminum {n the case of lokl and to 022 in the case of the

gealed Bergeant, these ave 022 gteel cnges. These toack welds we have gotten

avey with and have never had an inclident, we have always done this with the

motor restrained in the pit. The current method which we use is to do & good

Job of welding of tha cases prdor to loading snd we can get away with this of

courae bacaunge we ingtall and load In our facilities. This is an sdvantage

wa have. The tack wvelding operation glves you a good contact for the ather

delicate installation that has to be very carefully protected asgalnst any
Xind of physjcal handling.

Dr, Johnson: We have & amall company up in Westcheater, Pa. that s doing
»egenrch Tor us on encapsulation of exotlic ingredients in aluminum capsules
and they weld these shut with ultrasonie vibration which involves o heating
whatigoaver, They can weld aluminum, copper and several obher metals this way
very nicely, It fnvolves belng able to get at both front snd back sides of the
metal, Thig would probably require you to weld these on before the motor's
loaded, I do not know. If you ever have to do sny welding that involves no
heating, this 1s the way to do 1t.

Col. Hamiltont The next ltem on the agenda will be "Storege snd Handling
Problemg &t Cape Canaveral” by Mr. Ulllan.

My, L. Js Ullian: The Ady Force Mispile Test Center, as part of the Alr
Research and Development Command, has the mesponsibility for flight testing
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wost of the large military missile systems snd weny of this country's space
programs. As & result of this rvesponsibility, most of the large aolid propellsnt
aystems undergo thelr first £ligbt testing in near operaticnal environmeukts at
thig Center. In many instances, no advence hagard classificabion or handiiog
procedures have been obtained from elbher testing or experiepce. Many of the
wegpons programs develop hendling procsdures simulteneously with £light testing
at AMR. The Center supportsa & mixture of prograns, &1l of which hold high
priovity in this country's nilitary or spece programs. Por this resson, it is
neceasary to lasure adequate protection for all of these programg, even above theb
which would normally be sfforded in an srea where ouly one program was being
developed. A list of the various programs supported at AFMIC moy be &ppro«
priate to show the range and variety of hendling problems and hezapds involved
in £light testing these different misaile systems. In the liquid propellaut
field, the Center supports Atlag, Titan, Thor, Jupiter and Redstone missile
programs plus many space booster adaptetions of these missiles. In the solid
propellant field the Center supporte the Minuteman, Hebs « 6094, Pershing,
Polaris, and used many upper stege solid propellant space motors. ILooking

to the futuwre, space launches will include requirements imposed by Seturn and
Nova ligquid type boosters and possibly multi-~million pound solid propellant
space hoosbers. Backgrownd. In the past, the types of hazards present in
haadling sod launching of missiles at the Coape were those of fire fron liquid
propellont missiles with some chance of detonstion hezards If o liguid oxygen
gel had time to form. Most of the solid propellants used in varlous programs
were relatively insengitive rubber bese composlite propellents lncapable of
sustaining & detonabion under any but the most extreme clroumstances. Some

of the propellants such as those used in Polaris are of the composite type
while others such as the Metador boosber were asst double base propellants of
relatively low sensitivity. The past 48 pobt with us Loday. AL the present
time ome program is vaing new high energy solid propellants and, in the near
future, most, if not 8ll, of the large solid propellent missile systems at the
Cape will 1ncorporate high energy solid propellants in their progrems. Minube-
msn, Polaris, Hets, snd Pershing gystems all have present or future plans

to uge high energy propellants. The minubeman missile will use & third

sbage Clags 9 propellant that can be debonated by as libttle as 8 quarter
pound of THI and the second stage has ylelded 1009 TWT equivalents in donor
acceptor teats wsing 100f blocks of TNI. The Pirst stage has not yet been tested
but 21l indleetions podot bo & mass detoneblng sensibivity that is in the

seme rarge as that of the second stage. The Poluris missiles may utilize &
wodified dovhle buse composite in ite second stage in the near future. It

is sinilay to the Minutensn third stege which hes already been classified as a
Cleas 9 propellast. The Hets missile iz presently using two high energy double
base motors with over 0% by weight of NG  NC, both of which have been
detonated by & i- to 1 1b TN range sefebty destruct aystem. It can be geen
thet the era of Insenslitive non-detonable propellant is past sud that in the
future, the solld propellants that we use will be more nearly like milibaxy
high explosgives with regard to the sensitivity apd gbhility to detonste. Thuis
will poge, for AFMIC and other azencies concerned with the handling and use of
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propellents, some new and wprecedented handling and sefety problems for which
there are no established precedants. Some of these problems will incresse the
peed for sdequate snd acourate sensitivity tests, realistic hazard classification,
and studies of specific handling problems that occur in the use of large solid
propellent motors. Problems. At this point I would like to present a movie
vhich illustrates one type of hazard that 18 present during flight testing of
nigsiles et the Center. This is a Juno II amd this one really went haywire.
This thing a8 you can see i starting to wobble now and dance sll over the aky.
This 18 & problen. The thing 1s coming right back down at us, toward the
blockhouse., Now can you imagine 1f we had o detooatlon if destruct action was
taken on that migsile vhen 1t was about 20 ft. off the ground. In this cage,
since 1t wae 4 liquid the mein thing we got wag fire, very llttle gel of the
LOX und RP which we have to have before we get a detonation. Because of the
mechanism involved, it takes time to form this gel, when the bird is in the air
and you rupture the tank which is what we do with a liquid bird when we take
destruct action. In this ome you will not be able to see the bird rise too
well, Row you can see a Juplter wobbling all over the sky. Ve take destruct
right here, there's the destruct action belng takxen. Now I'm afruid, the
cameraman followed the firebell up instend of the tankdge down. In the next
acene you will see wheat heppens when LOX ond RP get a chance te gel and you
see coming across frowm left to right a real pretty shock wave when part of
this tankage off this miselle comes back down and hite over in thls corney,
What has happencd evidently, 1s the 1OX and RP in the tankage has had a chance
to gel. Tt's the same mlesile, you cau see 1t gyrating. Tankage will come
down and detonate and we'll get a real pretiy shock from it. This was a small
amnt and ve did get & good sized crater sbout 4 ft. in dia. vhich was about
12" thick, This ie the flret time this move has been shown in the whole fomm
outeide Cape Conaveral. This Atlas Able didn't pexrform the way it was supposed
o We had about 20,000 b, TND equivalent in thie one and put owur lawnch
atand out of commission on this one for about § mewrths. This we Ald get s
read blagt from, one of the security police was stonding cuteide the launch
danger ares gbout 3500 £t., and he was ploked yp snd thrown 10 M. vack by the
shoek wave, That plece of metal you eee Tlying welghed about s ton and landed
about 1,000 4. away. The lauach pad which was 12" thick was completely caved
in « the incident completely demolished our test stand., We d4id for wome remson,
probably because it's a drag type structure and not a solid frout, leave most
of our erector stand and umbilical standing. This {s ancther Titan where
destruct action was inadvertently taken hecauvse of vibyration. Here we gob aomew
where in the neighborbood of 5,000 lba. TNI equivalent, at the most, probably
less. There are no sollde in these missiles. We've bhad Polerls do some real
odd things, we used to ssy when one of them takes off, everybody run for the
hilles because we weren't oure where 1t was going., I dom't mean this as
derogatory to the Navy because T was in the Navy, but they have pretty well
ironed out thedr problems with Palarls and are getting real good shots with

it now. Bub like every program in which there isn't any experience, when
aomecne says 1t cannot happen, the missile provea that it cen. Hera's ancther
Titan, same bird, different picture. I think this movie gives you some idea

of some of the problems we have down thers. We do hoye succesgful launches,
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You may wonder how these cameres get such good pictures vhen they're

80 overexposed. These camsyaz are explosion-set and they reduce the apere
ture, ete. so that {they can take these pilctures. We zot about 5,000
equivelent on this one. Thisz updraft ersates such a vacuum down here that

we blow open grest big steel doors and buckle them. For example, these

heavy doors that you put on hlgh volbtage control rooms and generstor mooms,

we buckle these, teer them off thelr hinges and everything else, Jjust from

a strajght fire. This is an Atlas night shot and you'll see ancther of

our problems. This thing goes up and is headed right back for the blocke
heuse when they teake desbtrucet action, Here we got a detonation too, LOX-RP.
Agein somewhere between 5,000 and 10,000 lbs., probably. TYou mey ask

except for the one shot vhere we did a tremendous smount of damage, normally
our pads from this type of ilncldent are not out of commission more than

3 or b months usvally. This reason for this is, if we can take destruct
sotion wWhile the migalle is in the air « now this ong you onn see coming on
over towards the Ylookhouse « but you'll find that the higher off the pad

we take destruct action, the less damage we do o our conerete. 0Of course

we do do damage to some of our light fixtures once in awhile., On the

obher aide we knocked all our telephone poles downs On this one you can

see destruct action ripplag open the bankage there, bath the IOX and RP

tanks, so we geb burning which ig what we're trying to do. We're trying to

do two things, we're trying to neutralize thrust immedistely and we're also
trying to burn up propellant and oxidizer. This one is going to sit here and
burn awhile. This is when we really have trouble with owr liguids, if they
get a chance t0 ait here and bwun., The interface between the LOX and RP

tanks is ruptured by pressure or fire and we get a chance to mix the FP and
10X end get & gel, then we're in trouble. In this particular one, evidently
the fire was down at the base. We dldn't ervode evidently too quickly becsuse
we Aidn't get the same type of TNT equivalent that we got on the one you saw
on the Atles Able, where we did erode guite quickly beceuse the flames

were up in this aree. We have blast guges placed around thege pads to get
blest infoxrmation and any of you that have a need-to<know and an interest

in blast gage information on ligquid and solid prepellant blirds we way be able to
help you cut. As you have seen in the movie the incidents shown are

drametic, to say the least, bub It should be remembered that the type of
misggiles shown in these films all uwse liguid propellants. When destruct action
is taken with & llouid propellant nissile, the first otcurrance iz five and no
fetonation will occur unless the oxidizer and fuel are given sufficient time
10 mix and form & gel. DBeecause of the mechanism involved and the time thet must
elapse, the meximmm INT equivalent that could nommally be expected is in the
range of 10-20% of the total propellant weight available. Since most of the
Alquid propellent missiles £light tested at the Cape have approvimately 250,000
pounds of propellant dboard, at time of lawnch, the maximum of 20% TNT' equivalent
1g equal fo shout 50,000 pounds of high explogives. You must remember that
this is a maxloun and that in none of the ineidents shown was this fligure ob~
tained. In an average incident the THY equivalent rmns somewhere in the
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nelghborbood of 10415,000 pounds. You will motice that there are no pictures
of s0lid propellant missiles in this movie. This is not to say thst we have not
had our Incidents with solid propellsat missilss, b eince in the past the
propellants involved wers relatively insensitive, the incidents were not as spectac-
wlar as those involving liquid propellant missiles., I am afraid this will not
be the case with the new high energy propellmots. For example, the Mlnute«
man nigsile has some 56,000 1lus. of propellsnt available at the time of launch
for detomation. Roughly calenlated, there willl be something in the nelghbore
hood of 1.2 seconds of norwal first stage burning time during which the Cape
will be exposed to the Minutenasz misslle, Only 1000 to 800 lhs. of propeliant
wvill be burped wp during this portion of the £ight so that something cover
50,000 1bs. of propellant will still be avallable for detonation. As was
gtatead previously, the third stage of thla missile reacts violently, in fact,
detonates when s € 1b, high explosive chisrge is used ss a donor. The destruet
chargs as presently conceived 1a a 1 1b. charge of high explosives, You may
also remesber that in a test of the second sbage engine, s 100 1b. Wlock set
on top of the motor detonsted this motor. If we teke destract actlon on the
third shage, there 1s a good chance that the detonmation will be transmitted
Lo second stage snd possibly the first stage. I we don™ take degtruct setion
and let the miesile impact, there are indications that we still may effect &
detongtion., This ie one of the majtor prodlems facing the Cenber at the present
time and T wed Minuteman only as an example. A1l of our major solid propellant
migailes an they utillze high ensrgy propellaats will cause us gimilay headaches.
We wust protect other missile programa, facilities, and persormel froem hiast
and et all times protect inhabited land masses ocutaide the Cape proper.
The problem is how best to accomplish thie end still achieve our objeetives
st the Center. Ancther problem thet develops from the same cousideration 1s that
of ap insdvertent propulsive flight of a solid propellsst missile that has been
ignited by flre, blast or fregments from another missile that has just been
destroysd. In our siting and facilities design, we must now look into the
problems associated with s detonation of & large wissile at some helght about
the ground. In the past, the liquid propellant misailes that were destroyed
while in £light normally did not detonate, but with the high energy solid
propellent missiles, the indicatilons poimt to some type of detonation, at
lesst as Trequeatly as fire. You may wonder why we dom't do away with our
destruat systems, 1f we did this, we would then subject land masses outalde
the Cape to lmpacts and this we cannot tolerate., [Fven if we did not take
dmptruct action, some sbudles have indicated that on lmpact we may produce a
low order debonetion which cen cause as much demage as one of high order. To
give you an ides of some of our other problems, I would briefly like to mention
thense -- the fact that & solid propellsnt missile is af all times fueled.
and capable of propulsive £light crestes meay problems in handling, transporte-
tion and facilitlies design. We must at all times try to prevesmt insdvertent
propulsive flight since we don't want these misailes taking off like a TUNAWEY
steam boller., The problem of live ordoance guch as igniters and destruct
chargeg on the missile at all times is becoming wore acute -~ thisg is analogoun
to 8 fuzed bomb with only a safety pin to keep it from srming. Ae you ail
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know, in handiing smmunition and explosives we try to stay swiy Lfrom this
concept, a5 much as posgible by separating and segregating our high explosives
and igniting sud fuzing devices. 1 em afreid that in the missile £ield, particu-
larly the solid field, some people hawe forgotten this concept of explosive
safety, Many of the new solid propellant missiles are designed to incorporate
the igniter and associated ordnance on the motor at the time of manufacture.

A definite problem is thet of quantity distance radius involving solid prom
pellents. With the liquid propellant missile, all we had wes & stove pipe
with & lot of black boxes unbtil late in the count, approximetely one howr
before Jleunch, at which time fuel and oxidizer were pumped abosrd. The solid
propellant missiles ave handled differently in that they are sluays fusled and
loxed end while they are sitting on an exposed launch stand or in a bullding,

8 potentisl hazerd is always present. Therefore, the matter of appropriste
siting of other launch pads becomes & major problem since there is only so
mach real estate available. This resl estete problem iz becoming cribical
with the many additional missile programns that are being supported at the Cape.
Another problem thet we encounter during the Jaunch countdowm is that of
electrical checkout of the ordunsnce ifems on the solid propellent missile,
Again, with the liquid propellant missile, all ordnance checkout is done before
fueling and loxing. Solid propellant missiles still use the same ordnance

and atill require the same electyical checkout of fuzes and igniters to

acguire reliabllity but instesd of an dsolsted incident if the ibem goes

off while being checked out, we may have & major catasbtrophe in the form of &
detonation or inadverteat flight of solid propellunt missiles. The R«F problem
at the Cape lg acute. Most programs seem determined to find the wost sensitive
squibs avallable and put these in thelr wisggiles., With the vast amounts of

ReF rediebing equipment at the (ape, the R«F gengitivity problem causes s
considersbie amount of interference with tests and also congiderable R-F hazards.
Solld propellant wissiles of the high energy veriety definitely possess some
real problems and csab sowe real hazards on obher programs st the Cenber.

Since in meny ceseg the problems are complex and hard to define the solutions
are also complex. One ares that is the basiz of meny problems is that of
realistic havard classification of solid propellsst motors, and, in our case,
partioularly in the R&D phase. These clussifications must not be made for
political expediency, reduction of costs or to sell a product, thereby lulling
persommel into & false sense of security or developing an unwarranted fear.

A false classification does not help any one bub I am afraid that this has been
done in the past. Solubtions. In general, the gsolutions to our problems are

at best those of reducing the hazards involved to an acceptable level, As
with any other ordnance work, there is always & certsin smount of risk that
cannot be excluded, The Center must consider two things with regard 4o the taking
of destruet action on a missile. First, we must protect inbabited land masses
outeide the Cape and, second, we must try to protect all the other lsunch
facilities and support aress on the Cape. To achieve the first, we must take
destruct action and also have stringent tracking controls and finite impact
prediction. Po accomplish the second tesk, we are presently engaged in a
gtudy to determine under what conditions ve can take destruet action while
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the migsile is over the Cape and without endangering persommel and Tacilities.
This inclides setting wp parsmeters for helght, altitude, aaimah, and locabion
versus peak over presgsure and reflected pressuve. From this study, we hope

to set up control guldes and dsetruct aress where we may destructh the missile
without endengering personnel and facilities at the Cape in case of a detonmtion,
With regard to other wisaile systems we may regulire Tragnmentatlon mats o
protect other s0lid and liguid propellant missiles from flying fragwents or
burning chunks of propellant from degtruct action on sdsalles that way debonate.
The problem of Inadvertent propulsive £ilight with an incident iluvolving a
80lid propellant misslle can best be handled by one of two methods, either a
hold down devire that i1s designed o withstend the tobal thrust produced by s
particulay engine or a thiust neutralizing device, There are dlsadvanteges to
both systems. The hold down gysten 18 by pabure very large and bulky sud not
easily transferred fron one area to the other -~ in fact, normally it 1s Lixed
within & missile assembly bullding or on & pad snd caamot economically be
moved from one area to anobher apd mist be considered a fixed lnstallaticn.
Thrust neutralizers heve been developed in meny forms. Some motors use blast
bands, other utilize the igniter well, while others have developed a ripper

or cesn opemer Tlxture that cuts the motor open st firat movememt. These
methods of newtrallzing thrust have pome disadvantages, particularly the can
opener. The can opeosr principle may cause a deflagretion or low order
detonation of the motor and if this beppens in & building this mey he dig-
astroug to personnel and eguipment. The problem of heving live ordnssce ihe
stalled on the missiles st all times ls ome thet the designers must solve.

Cur golutlon st the Cape has been to reduce the number of solid propellastt
misailes thal arrive at COMTA with Llive ordpance aboard by impounding these
missiles wntll such tlme that the oxdnance 1s taken off. We realize theti

In some cases the comcept of live ordnance ie¢ telng developed to prove out an
opervational procedurs, bhut we do not feel that a test center that bas the
nusber of progrems that the Cape has should be exposed to this sdditionsl
hazerd, particularly eince most of the progrems involved are in the ewrly
development phase and no experience or precedent is avellable to judge the
hazarda lovolved, The mebter of slting of the Llaunch facilities is one
problem we have not golved yet. One solublon 4o this problem is realistic
gchaduling of missile launches which would protect missiles and personnel bub
would not necegsarily protect facilities. To protect facilities with the
extsting reul estute availsble, it wmay Lecome necessary to wse other than
inhabited building distances in some ceses and replace these distances by
using poteqtial TRT equivalents with the resultant pressure characteristics
versus digtances. The problem of checkout of ordnsnce Atems on u solid
propellent misgile is similer to electrical checkout of fuzed conventional
ordpance and must be handled similarly, in remcte areas with adequate personuel
protection and, in cage of solid propellant motors, with adequate hold downs

or thrust neutrslizers to prevent inadvertent propwlsive £light, The solubion
to the R-F problem cen take many foyrms., One is to shut down the sources of
the radtation, but this csuses inmtolersble inmberference with other tests. A
simple and poaitive method would seem to be requiring the use of less sensitive
aquibs.Where welght la no problem sn ideal solution may be found i EBW sysbems.



Supmayry. In summery, Gentlemen, I would just like to say that although the
new high energy solid propellant missiles jmpose sefety and handling problems
to the industry and Government, wa feel, aft the Cape, that these hazerds

can he reduced to sceeptable levels consistent with the lawnch operations.

We do feel that industry must cooperste in trying to develop realistice
approaches to the problems at hand.

Mr., Endsley: First I'd like to pose a medified questlon and incorporate a
pleae Some time ago we had considerable Aifficulby in gebting the other
Services to support us jn getting blast data st the Cape. You can see how
vitael 1% iz Bo our program because you have facilities st this base, you have
a 1ot of prioxity on some of thease aysteme and asking people who are in the
buginess i¥ they can support their Service in getting as much instrumentation
at these pads so we'll know what the blast redil is going to be becanae
we're golng to have %o compress to the minimum. We may have to modify
struetures, beel up the pei load, but we need some assistance from the other
Services in recognizing that thias is a joint effort and give us some help in
pressure readings. I wanted {0 agk, are the other Bervices forwarding you
blast readings now?

Me, Ullians The Center through BMD hag seh wp the blast gage program and
blast research program 1f you went to call it this, actually it's & facte
Pinding program at the Cape. 'The other Services and missile contrachtors sre
belping us to the extent of giving & spot to it the instrumentation in and
aLB0 camera coverage, power sources, ebe., but as far as the instruwentation
iteelf with reepect to the blast gages, the Center is furnishing thie with BMD
funds. I would like to memtion that if there are any gentlemen hers that have
2 need to know, we do have a considerable smount of informstion, some of it

in the older work and in the oldsy explogions we Jon't know how valid it is,
bub on our later oneds sey the last year, we have some prebiy good dets. If
you contact our office down there, the Missile Sefety PBreuch of the Range
Safety Division, AFMIC, we'd be glad to help you in any way. We alsgo have
fairly comprehensive reports on all of our incidents and sceidents down there.
We do send & copy to the ASESB and if there’s anyone else that can use and hes
g valld need to imow, we'd be glad to send you copies of these.

Mre Le M. Lineberry, PAA: We have been following this blast data for about

a year and when you develop your rockets or youwr plens to pub these in
different progremsg snd if you do any blast date at the site and static testing,
gbes, we'd very muchk like to have this prior to sending these rockets or
component parts to the Cape if at all possible. You can send this to Mr.
Uilian a2t AFMIC and we in tuwrn will get it. It would help us in our plaming
for setting out blast geges and blest instrumentation around the different
COMPLERES.

Mr. Carleton: I would be interested to hear something about the reliability
of thege destruct systems. Have you any instances of failure to destruct.
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Mr, Ulllans Yes, we have but I'm afraid in most cases, it's been humen error,
We Aid have o ingbence of o degtruct system on a Jupiter, in fact, It's one
of the ones you gaw. On the destruct system, on these ten cent items, through
vibration, it was the same thing that sctually caused a missile to go out of
control on & nozzle control unit. The same item, at the same time in the
destruct system through vibration, vibreted right out of its socket., Again

it wag a partially human error in thet It waa not safely tied and the destruct
systenm dld not go. We had 2 Snerk misslle one time on which the deatruct
pysten climbed with the bird, they pushed the button 3 oy I times, the bird
wag heading for West Palm or somewhere, and it did't go and landed about a
nile off shore in the waber, luckily. Three people that were in a position o
Imow, supposedly, stated in the resulbent lovestigstion that they had all seen
the “"go" switch on the destruct system in the hlockhouse in the on positicn
snd also that the "go" switch in the system in the bird wes in the "go" posi-
tion, which means, in other words, thet it wes sctlvated. The divera about
aix monthe later pulled out the dsstruct system and sure enough the gwitch
wag tled in the off position. 8o, other than that, our destruct systems have
been pretty reliable. There was one incldent on this Titen missile where

at Lift-off the destruct action was indbisted, This was rellabilivy in the
wrong seuse I'm afreid in that it destroyed the migsile in what may have been
8 good flight, They traced this again to & vibration problem in one of the
componexts in the destruct system, All in all I think our destruct systems
have saved, st least at the Cape, a Jot of lives. We had one other Incident
here last week of s Titan heading for Complex 3% which is our Baturn complex
and 1f they hadn't taken destruct actiom, I think we would bhave lost an awful
lot of consbruction workers. ‘The missile waas 1b bordisoutal position 100 £%,
of L the ground hesded right for the complex,

Dre. Ball: I have & couple of comments. One of them is that op thrust termina«
tion, those devices come to you mated to the motor and that's part of the
system design. Inasmuch ss destruct may be also an important part of this
thing, I would suggest that the pecple who gpecify the system should have

this brought to their attention and that a8 major destruct system should be
mandatory an anybhing that gete down to you.

Mr. Ullien: I sgree wholeheartedly. If we can develop destruwet systems
thet don™t inedverbently tend to detonate our missiles ve're in a lot bebter
shape.

Dr, Ball: T don't think you should have the responsgibility of trying to
develop a mated destruct system. You don't bave the time %o do it, That
should have been done and tested before the thing ever gets to you.

Mr., Ullian: We don't develop the destruct systems Dr. Ball, these are dsveloped
company. Usually it's a combined effort between the sssociate motor
contractor and the sir frame or priwe coutrasctor. But as I seid, the area

of destruct systens sould be something thet would be resl nice if we could

UNCLASSIFIED
ey



UNCLASSIFIED

live without, and so in spome instances I'm afraid possibly the design effort
has not goxe lubo them that should have.

Dr, Ball: Another thing thet oceurs to me ig that if you talk to somebody who's
in the business of tactical terminal ballistics, he'll tell you the best way to
kill people is to have sn alr burst. Tt is quite concejvable that your range
safety officers should talk to some of these folks in the other business here,
i¥ they haven't slready, and get propexr lnstructions on when to use a destruch
and when not to, a8 I'm sure there are occasions when & destruct could do

more damage if pulled in the alr than allowing the missile to hit the ground.

Mr, Ullian: Very definitely, as part of my speech, I mentioned thet we are
in the process right now of studying this very problem, whether it's safer
aad will do less damegs to let the wisalle impact and teke the possibvility
of deflagration or the possibility of lower detonstion pressure rupture or
this type of thing than to maybe 100 f£t. off the ground take destruct action
when we know ‘theve's maybe a 50«50 chance of getting high order detonation
from the whole works. This is very definitely soumething that we are
gbudying end trying to come up with some definite policy and guidelines and
definite criteria to glve our renge safety officera so that thay either do
take destruct sction or they let it go.

Mr, Harmon, NASA: TYou mentioned towards the end of your talk one system was
consldering spplication of ERW for destruct. Could you tell us more about
that .

Mr, Ulllan: Yes, Polaris is considering, in fact they have already cowe ip
with & proposal to the offilce for an EBW destruct system on thelr secopd
stage. This Is the new gecond stage and it looks like a veal fine systen.
Weightwige, they're saving some weight, the gystem looks like it is at leagt
a8 foolproof ssg the old mechanical electrical systems and it Is e much more
simplified systeu.

Mry Hermon: Do you kuow when that will be phased int

Mp, Ullians From the looks of it wight now, It will be in the A2 series
which 18 probably six months %o & year off I would guess.

Mr. Richardson: 1'd like to inject one thing. You talk abeut your destruct
systems and thrust termingtion. In wogt wauite you'll find that this is quite
& large chunk of HE In some cases. We would like to dnject people thinking
abhout linesr shaped cherge. We found it quite reliamble, the only problem

you have 1 you have to protect it If its on the skin of the unli siunce it
will degrade in £light if subjected to the flight temperatures going out

of the sbmosphere, thet's particularly for space probes. BEnsign Blakford is
working on 1t end they hope o come up with an answer very shortly. You

have 4o worry sboud this because it might thrust terminste somewhere you didnt't

UNCLASSIFIED

15




INCLASSirieD

want it to, and the other thing is that even if this thing went off inedvertenily,
the charge iz s0 amall that people could be in the immedlste vicinity and
pothing coudl happen to them,

Mr. Ulljan: We would sure spprecinte hearing sbout 1t. We talked to some of
your people sbout gome S&A mechanisme snd we sppreciate hearing sbout it or
1€ anybody else that s working on I3Cs or any type of destrut systems that
we can get gome mort of assurance thab we won't get a detonation to pet them
off, - ’

My, Richardson: This is particulariy true in your new propellants because
the critical diameters are gebtting quite smell and with experience so far,
aven this mmterisl when penstrating the propellast does not burn it. You
don't have o flame problem either st this poliat. What vill happen in the
fabure L8 beyond our knowledge at this poinmt. But the eritical diasmeter
wendld bave o be sxtremely amall for this thing to detonate.

Mr. Bishoff: You ptated that at tlioes there was & 5,000 or a 10,000 lb. THT
equivalency, would you care to comment on why the test stand 1s not destroyed?

¥r., Ullisn: It's oot from the standpoint of degtroyed, let's put it thia

wey, in every case we can rebulld it, 1n other words, we Just don't take a
tlldozer and cover vp the old test 89 & hole in the ground, The test ptands
are vary aubstantlally built and of course they're bullt to withstand various
overpressures depending at the time of the desipgn criteris, subaitted to

the Corps ar vhoever is going to bulld 1t, depending om some rough caleutatlons
and theoretical cealculstions on Just what goert of TNT equivalence we can expect.
We are tending to probect pur leunch facilities from this type of ineldent. For
Instance, on our Atlss pads aor ramps, and undernesth, ouwr lawncher is either

a drag type structure or thet which ig srefractory Lype struchure, and is usually
anyvhere from 18 inches %o 3 or 4 feeb of concrete. Because of this on this ons
pod vhere we 4id in effect complete 16 off the test stend on pad 12, we just
punched evearything owt., We had the sides of the pad left gtanding ut that was
all, the whole top, which wes in scowe cases 3 f£t. thick, was jJust puabed directly
into the earth, in some cases § or 6 £%. into the earth, and this was from a
height of X £'%., e hollow sbructure. In this cage as I said the minsile waw
Just sbout on the deck when 1% wext off. These movies are guite decelving as to
hov high these missiles are aboveground. First of all they're standing st least
a8 high as that Saturn you saw yesterday above the ground. They're anyvhere from
20 Yo 25 £, aboveground. Second, nommally they have lifted aome amount off

the ground, in other words, maybe s misslle length, half a missile lepgth,

two misglle lengths. Alge, where the destruct metion is teken and where the
detonatlion of the gel occurs, it may occwr qulte & ways up In the miasile, so
that in effect you may be 200 to 300 L. sbove the ground at the poiat of

detonation and of course this helps too because of the decrease in the presgure
waves that is radisnt in this area.

Col. Hamilton: Thank you Mr. Ullisp. fThe next item, 'tests to dstermine hazerd
clegsification of motors larger then 17" in dlameter’ by Mr. 8. #. Welch
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Mr. S. H. Welch, OOAMA: Gentlemen and lady. The problem I want to talk

to you about is one that we at Ogden Air Materiel Area have encountered in
establishing the explosive hazard classificatiocn of solid propellant rocket
motors larger then 17 inches in diameter. I intend %o present the problem to
you and then invite your discussion on the subject. Before going into the
problem, perbeps some of you are wondering where the limitation of 17 inches
in dismeter ceme from. In talking with Mr. Weyne Ursenbach of the Explosives
Research Group at the University of Utah, who has wmade some studies oun this
subject, and in reviewlng some of the studies that have been made, there
appeers o be 8 transition in the explosive characteristics of solid propellants.
The diameter of motor at whtich this transition occurs varies greatly and is
meinly determined by the propellant composition and the matimum web thickness.
However, there seems to be o concentraiion of motors conbalning various
propellants in which a change in explosive characteristics ocours between 1T
and 19 inches in diemeter. Another factor which probably hss some relationship
to the 17 inch limitation is the fact that motors larger then this sre a new
commodity £or which there is limited best data avallable. The problem §

wish to talk about today may best be presented by asking three questlons.
Fivst, what are the minimus test criteria for determining the hazard clasai.
Pication of large solid propellant rocket mobors? Second, are dats obtained
from sub~scale motors valid? Third, what should the dimensions of the sub~
gcale motors be to provide valid data? I believe there is information avajle
gble that would provide answers to these guestions. The Department of Defense
published a bulletin which outlines the minimum test eriteris to assure wniform
agsignment of hezard classification to a given item by all agencies in each

of the services. This bulletin is & coordinsted publication and is identified
as the Department of the Army Technical Bulletin 700-2, the Department of the
Navy NAVORD Imsbruction 8020.8, or the Department of the Alr Force Technical
Ovder 11A-L~47. The test criterie outlined in this bulletin for determining
hezard classification of rocket motors, shows that for motors smaller than 17
inches in Alameter a total of eight full seale samples are needed. For motors
larger then 17 inches in diameter the same criteris may be used except that
scaled propellant grains may be used. Due to the high ¢ost that would result
it eight full size motors were used in the case of the lurge rocket motors,

it becomes necessary to use sctled propellant grains provided the data obe
tained sre veliable. On the basls of these considerations, the 270%th Alrw
munitions Wing at Ogden Alr Materlel Ares has undertaken a project to determine
the minimum test criteris for solid propellant rocket wmotors larger then 17
inches in dismeter and to determine whether or not 1t will be possible to

ugse scaled motors and what size the scaled motors should be. 'The information
obtained from this project will be presented for inclusion in the technical
bulletin I referred fo earlier. OCur plan of attack on the problem will be 4o
first review all the available dabta on this type of test and then if necessary
conduct zome tests on large rocket motors and on scaled samples. In the
review of available data we would appreciate it if those of you who know of
any repords on tests of this nature would give us informetion concerning how
we can get copies of them. Also, suy date on tests in which scaled samples
were used may be of valuge in our evaluation. We have conducted explosive
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hagard clagsificstion tests on three large rocket motors. These were the
X001 aud X226A-3 booster rocket motors for the Snark and the XM=51

booster rocket motor for the Bomarc. The dlameter of the X202D-) is 22 7/8
inches, the X226A.3 is 26 ?/8 inches, snd the XM-5] Is 35 inches. In the
tests conlucted on the Brnark boogters ouly full scale motors were used,

A tatal of six X02D-1 and four X226A«3 motora were used. The tests that
wers conduwcted included the detonation of & Soark warhead when essembled o
the tactical configuration, detonation of & 2§ pound chargs of composition
C-3 placed against the greln of one of two rocket motors apeced 18 inches
apart, detopation of % pound chavge of composition C-3 placed sgainst the
grain of one of two motors spaced as thay are on the tactical missile,
detonation of one pound of composition C-3 placed against the outsids of the
motors case, impect sensitivity of the motor to 20MN projectile, and the
effect of fire on the misgile under tactical conditions. From the results of
the tests the hooster motors were asslgned (awss 2 for storage and handling
and when apsenbled on the tacticel missile., The tests on the booster for
the Bomaxe utilized one full scela rockst motor and four sealed motors. The
disensions of the scaled motors were ag follove: A dlameter equal to the
dlemeter of o full sixed motor snd lengbth equal to the diameter. The rocket
nokor ltaself bad previously besn clsanified Class 2 so our tasts were {0
detarmine the classification of the motor when mssembled to s tactiocal missile.
Thres of the scaled motors and the full scele motor were tested by detoneting
the warbasd with the motor and warhead mssembled ir the tactical configurs-
tion. 9The fourth sealed motor with a swarhead sasembled in the tactical
configuration was tested to determine the effects of fire on a missile. The
offects of & warbead dstowstion on the three scaled motors were the same as on
the full size motor. From out tests the motor sssembled in the tectical
configuration ves sasigned Class 2. We know that other tests have been run
using gcaled motors which ussd different ratios Detween the size of the full
alze and posled units. Results of thess tests will be helpful Jn owr
avaluation. If, after we review all the avallable duta, we determine that
additional tests are required, we will conduct tests on both Dull size acd
scalad motors. We will ves sealed motors of verious scale factors to deter-
mine what scaled alre motore provide the most reliable data. For thess
tasta, we propose Lo use motors which have been rejected due to dafective
bardwere or miner defects in the propellant grain., We plan to conduct our
tests using the procedurw outlined in the Department of Defense bulletin for
rocket motors less than 17 inches in diameter. fThese tests include detonatlon
of X grums of tetryl egeinst the graln of both confined and wnconfinad
motors and the effect of fire on the motors. We will vary the amount of tetryl
to determine what amount should be uged, The resulitm of these tests wil)
determine whether or not other types of teats mre required, This concludes
wy discusaion apd I suggest that we use eny time that may be remaining for
any comments and discussion you maey heve. Thank you.

Mr, Hormant Mr. Welch, we will attempt to get into some of these problems

that you rajged here in a pressntation vhich I will glve shortly, however,
I would 1ike to point out that ¥ think it is & coincidence thet this work
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which the University of Ukeh is dodng points up the fact that there is some
change in the propellent when you get to these large motors. I will give
during my presentation the reason that the 17" is given in this directive
which you have. We can appreciate very much the problem on use of scale
motord. Everyone is gquite concernsd with this and 1t is an ares which we
have been unable 4o find very much basic work being done on it., We would
also be extremely interested in any problems of this type.

Mr., Welch: This 18 very good and I can appreciate from having heen the
project engineer for the tests on the Bomare that we conducted oub there,

the need among the Services for a wniform procedure for testing rocket wotors
becauge ag I mentioned, when we tested this, this bulletin hadn't been oub

and it means that everybody that runs hagzard classification had to have their
own proceduves, I feel thet in solving Mr. Ullian's problem thet he presented,
the best way to do it is for the Services and anybody else in industry who ls
Tnvolved in hezard classificabion of motors and propellants, 4o wge unifomm
procedure so that whether we do it, or the Ay or Navy, or one of the cone
tractors, we'll all come up with the game classification on a given motor.

Mr. A, Gaylowd, Aerojet.Geperal Coxp.: This problem of explosive classification
of rocket motors is & very difficult and cowplex program. You mention uaing

a small seale motor. We don't know what the correlation of amallegeale test to
large~gcale tests are apnd this could lead to an wrealistlce skd perhaps uvne
valid results. We have been engaged in proposing explosive clasgificstion
prograns but we see thet it is very difficult end we believe that what the
approach should be is to perform tests specifieally for the end items insteed
of having & standard test which you would spply to all migsile sgystems., I
think that what you would have to 4o is €0 evaluabe the hazexds to the specific
systews. For lnstence, Polarlis may bave different hezards and reguirements
than Minuteman or Hawk or Bomarc or the other missilea.

My, Welch: I certainly agree with you that we don't know how velid the data
will be for auvbescale motors and before we ever approved & procedure that would
be fncorporated in hezard classifying motors using sub-scale motors we will
certainly eveluste all the dabte we can get from subwscale motors and if it is
valid then we'll inelude it, if not we'll ingist on using the full-scale
motoxrs. Thie problem of eritical dismeter is one that has a lot of answers
to be obbtained on yet, I'm aure,

Mr. Jevek: 1'd like to make & comment on this 30 grams of tebryl, it haa
bean our experience that if you can't knock it off at ¥ grams of tetryl, then
it's not HE, because 30 grams of tebtryl or any other HE is enough booster to
kick it off.

Mr, Welch: That's my understendlog £rom the present technical bulletin, if
0 grems won't set it off it fsn't high enough explosive to be set off. We
proposed changing this value and inoreasing to 50 grams or going to other
values there to verify this. However, as I indicated, we will stert off
using the 30 grams,
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Mr. Jegsk: Another thing I'd like to polnt ¢ut on this TV T00-2, if you read
it very carefully, you'll £ind out that we did not inbend to use the criteria
in thet particular publication for tactieml purposes. In other words, we
didn*t want to get imto that part of the program. Somebody ab thet time

vhen this thing was being formulated recommended that we do that. Due %o

the various cosplications that you could run into, we said that no, we'll con-
£ine this primsrily to storage and secondarily for shippling purposes only.

Mr, Welch: This I understood, that T00~-2 is opnly for bulk propellaxt and for
the rooket wobors voagsembled $o the migsile itews,

Mr. Jemek: No, not unsssembled. If you bhave the complsted bird with your

HE warhead and your propellant, vhat we would like to koow Ls how mach
cogtribution you would get from the propellant in the event the warhesd was
detonated. Ordinarily when you have an HE warhesd on your bird, it's going

%0 be a Class A item for ICC purposes and also Class 9-10 for storage purposes.

Mp. Welchs That's correct and our Bommrc tests indicsbed that the motor did
nod 8dd o the HE of the warhead go that for siting purposes in the quantity-
distance tables that were applied, the weight of the warhesd omly was cone
sidered as high explosive, inssmuch as our blast geges did not indlcete

sny additioval pressures resalting from the ignition motors.

Mr. (fllisn: I have one comment along with My. Jezek's statement that may
b have boeen mude olear in oy speech. Another probiem in this mixicg of
Class 2 and Class 9 wotors which is a similar problem to the one of warheed,
except that the motors are normally less than the diameter apart, the dia-
meter of the small motor. What can we do then? How moch support do we

get? Agalin this Minuteman problem, what sort of asupport do ve get, I would
like to gee. For instance, the Minuteman sy be extengive, but since there is
no valid, 1t looks like sealing laws from subepeale to full-seale. Using the
Minutesan ag an example, put the three stages together in the configuration,
destruct the third stege sud find out what does happen with the other stages,
80 that we do get some idea whether thie thing is » big bomb. Maybe we only
gat. 50% contribution from the first and second stages. What does happen when
we mix these motors? Right now we are wixing them. In the new space birds,
molid propellant ones and the tactical weapons systems we're devaloping, we are
nixing Class 9 and 2 solid propellant wobtors. I think someons should start
looking loto some teste Lo determine what we are getting in the way of support
from our Class 2.

Dr. Bellr As I look arcund this andience I seem {o see a lot of pecple vho
are old sncugh 0 remember when people shot cannong, it my years tell ss my
eyas have been deceliving we. One thing that I wamted to comment on Mr.
Ullian's talk and wvas chased off from was this Wusiness in hasard clagsi-
ficaticn. He pald something about pecple misclassifying sbuff. I think
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people are wisinterpreting the classificetion. The classificebions were
originally set up around gun propellants and & Class 2 ltem was something

vhich under the expected exposures would not detonate but that doesn't mean

st all that you camnot detonste a Class 2 item, yon sure can., The sawe

nistake cost us 50 people some years back and we have it fimly burned into

us that a Class 2 item 1s not necessarily a non~detonating item. The classi-
fications are set up around the anticipated exposures, the anticipated
exposures moy be chenging buk if 20, then we ghould redefine our classification,
but a8 of right now & Class 2 {tem is something that can be axpeafbea only to
burn AT It gets set Lirve to aceidentally.

My, Ullisns I'd like Yo clarify my position. Iw. I agree with you whole-
heartedly, but the problem is wbere the people in thie suditoriwm and in the
business understend this. The people, for Lostance, that budget for our
funds and the people that we have to sall on protective design Pacilities

if we 4o have a pardicular exposure that's different than & fire which in

our particular case &t the flight test range we do bhave. These are the people
we have to convinee and I'm afraid that all of us have been guilty of it and
we tend both in trying t0 sell our products and also £o try and pell weapons
gystems, to claim that Class 2 means fire only. In fact I can quote you some
atatements in the newapapers vhere an Admliral talked about the Polaris milssile
in thig reapect, 1f you can hammer on 1t you can get 1t off but get THD

next t0 it or do anything you want to it and all it will do ig bum. I've
had other people tell me this also. Unless we change our nomenclature and
whether we call 1t Clags 2 or Cless 9, we have to educate these people 8o
they realize that though we may eall {t Class 2 for storage and that uader
noxmal, conditions, all it will do is bvarm, it is po#sible to get it to react
more violently. Too mauy people, when you say Class 2, lmmediately think
that all you can possibly get it to do under any circumstance is to burn,

Thls to me is one of our problems.

Dre. Ball: I think it's & real importent problem. The public certainly doesn't
know whaet Claes 2 mesns and I'm efrsld that there may be some pecple in this
room who haven't realized what Class 2 means. That's why I bring this up ab
this point instead of walting for Mr. Hemman to speak to you because I kuow
gome of you are going to get away.

Mr. Endasley: I'd like to endorse and support Dr. Ball's statement orginally,
that some of the phencwenas of our enviormvent has a direct effect won the
output of your system. The Air Force recognized this quite gome time ago
vwhen we started getiing large aystema. We can no longer enjoy the luxury of
saying when we put & (lass 10 on a Class 2 item, the total product is a
Clags 10. This 1z readily apparent because of the masy of the propellants
that we're putting aboard some of thege gstems. Now to resolve this problem,
the development agencies, BMD ig the monitor of these programs snd the HLLL
AFB, Director of Alrmunitions, had to analyze these systems on ap individued,
baals snd dependent wpon the tactical enviormment, In a tactlical environ-
ment s where we get the woney in the ground, where we gpend the mopey. We
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enjoy the luxury if we have an orduspce depot and it's lsclated and

ve all of our structures butlt on 250,000 - 500,000 lbe., but when
you get down next to & village end have to put a hole in the ground and you
cannot buy all the county because of political reasons and money, you price
yourself rlght out of the business. We have to design and we have to twmy
real estate based wpon realistic classiffcation exd we would like to define
the degree of claseificmtion to the smount of emergy product at a certaln
Adistance on & blast pressure basis. We'll probably alr this a little bit
wore 88 wo get into Mr. Herman's statement, but you cen readily asee the
Air Yorce has & big problem lu our tactical situations, this ls where we
spend the monay, we csn afford luxury in our opdoance depot or RAD arvea

or manufacturing area, but vhen we cowe to s tactleal vieupcdint, we have to
be sxscting snd it bas been dslegated to reaponsible sgencies to come oul
with {this criteria.

Col., Hamilton: Any other comments or guestliopst This 1s a very Lmportant
subject, there's guite s bit that's being done on it and we have three more
talks on it. Thank you very much M. Welch. The next item 'Bazeard Classi-
fication of Bad Ttems on the Besis of Test Critexia', Mr. Hermen of the
ASEAR,

M. Herwans Genblemen, T reslize that everyone is guite inberwsted in this
problem of hazard classificetion snd perbasps bvefore I start T might give you .
Just & little background on how this has been developing within the Bosard.

For a pobexr of years there waa no standard clasasificstion procedures for
ammnition sand explosive ltems. Many Iltems wexe classified on the basis of

their simllarity to other items. Most of the work was done with gun type
ammunition, bowbs, snd things of this nature and vhen we got Into the missile
business ve got ixto items thet were different than we were usad to working

with and a8 n result the Ladividual Servicesa, and in many cases individual
Installations, were testing items using different methods. Quite frequently

ag you can vary well see, we'd end up with the sams ftem being used by

several Services with a different classification. This caused a great deal

of mix-up. The transportation people were sll fouled up, the storage pecple
didn't know vho was right and the odd part of this is not the fact that there

wos 2 differvence in cost, but one of the big 1tems of expense was the fact that
it an item wms classif'ied by one Service and since another Serxvice had a
diffarent classification the remarking of the boxms cost tremendous amounts of
mousy. Sowe of the boxes may be changed 3 or b times. Anyway we decided that
the best thing for everyone concerned was to develop some type of winimum .
teat criteria, not a test directive, but minimun tests, standardive thess

tests so that everyone would be uaing the mume boosters, they would be

performing the teats in the same generel way. We realized that this was going

to be quite an extensive problem to try to cover the entive fileld. So we
attacked 1t on the basls of the existing problem at that time, we had a lot

of iteng which we were using that were in our system but had never been

properly clasaifled, We sttempted to develop & set of test criterisa to meet

this condition alone. We got into meny veriebles, such as tactical configurations
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We decided that for the first go-round, we would cover the largest problem.
This wes transportation and storsge., This work was being done aboub 2 or 2%-
years ago, it was fairly simple until we got again inbo the missile program.
When we got to this point, we hed hed s fair amount of experience in the
gmaller missile unite, so this didn't present too big & problem. When we

gob into the large units, we dldn't lmow exseobly what we were going to do.

We abtempted Lo check with various people to gel the informabion as to what
had been done and how we could run these Hests. One of the big items that
enterad inko this of course was cost of the ditems to be tesbed. We had 1o
beais for scale testing, we didn't kmow Just how this would work oub. Right
around this time when we were dving this, some of the tests that were being
conducted at NOUS Chine Lake, the so-called BDemuregsrd tests on Polaris
propellants, the tests that were mentioned this morning, that were run by the
Alr Force on the Snark and snme of the other missiles was about the only
information we bad, We didn't koow Just how to handle these larger units,

so an arbitrary figure was selected and this was purely srbitrayy, 17", We
falt these unita below this size were cheap enough that we could afford to
run a number of tests, ebe. Bub the cost of the units much larger then this
wag g0 tremendous that we couldn't say, well you're going 1o bhave to meke as
meuy units for cur tests as you're going ko use in your program. So we made
the reccoomendetion that if you possibly could, following the seame tests on
these larger units, but I you couldn't do this, try to find out what you
could de on & scale bagis. As I sald, this document was put out on the

bagis of trying to cover the items which we had in use. Thisz made Mr., Ullian's
Job and many others very difficult because no tests were conducted on these
items witil you got to the end items In the meantime, he had them coming
through his gates with no information on them. 8o, following this, we are now
in the process of trying to develop & set of test criteria for solid propell-
ants durlog the regearch and development stage. We have pembers from each of
the nilibary depariments, the ICC, Buresu of BExplosives, NASA, on this grow
trying 4o work this up. So we wanted to get % first the basic problem golved,
One of the requirements we have is thab eny new propellant which is developed,
ssaples must be sent to the Bursauw of Explosives fop test. This ig required
in your ICC regulstions. Dr. McKenns sitbing up there et Perth Amboy had all
these samples coming in before he knew it and there will be more in the near
fubure, il becams a major problem running these tests. In the meaptime, this
item has to sit at the menufecturer's facility end camnot be moved until

you got some clearance to move it. So the first thing thet we're trying to
develop is a sebt of eriteria which could be ran on this raw propellent when
It's firgt developed. The primary purpose of these tests i3 to meeb the

ICC requirements and, esgentially, you are tryiog to determine whether this
propellant is & prohibited propellant or not. The way we lnbend to do this
is, there wlll be = set of criteris fDurnished, the test must be conducted in a
specific order snd in & certain way and there will be a form to be filled out
by the people running these tests. A copy of this form will be sent to

the Services concerned snd to the Bureau of Explosives. From this information
2 teubative ICC classificatlon can be assigned. This sbill does nob relieve
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the requiremont that semples must be gent 4o the Buresu of RByplosives., This
still must be done but you have gotten your material released so you can
start working. At least you know that you're not working with somethlng that
ia not prohibited from traosportetion. This is only on the basle propellant.
Once you get this clearance, then you cen losd the motor. Perbaps you

have changed the classificetion, we don't mow. $Ho, how are we going to
ship it., We're no longer sbipping bulk, we're not concerned with bulk, we
have a rinished caged ltem., In many ceses, facillities are not availeble
within the contractor's facllity to run any further tests on cased ltems.

S0 we run inte another soag. We sre meking s proposal to the TOC that 1P
land and epace facilities ere not wvailable 4o run edditional teste on this
cased item, primarily this wlll be a bonfire test, 1T these tests cen be
conducted. then you can get a teuatabive ICC clasaificablon o the caged llems
and go ahead and move it. In the event that facillities are not avallable, we
are proposing to the ICC a new claggifications This classificetlon is one
that will be “"Experimental Rocket Motor, (lags A", HNow we've alresdy run
the test, we kmow this propellant is not prohibited, so we feel this ig a
reaponable type of classification to put on 1b. Now thle classification is
only to be used to get your test item from your plant to a place whare you
can teat them. One other proposal right at this perticular polut, is that
if you heve o particular program in which you are werely fxying to advance the
state of the axrt and you will have 3 or b firings of this particular system,
it would be rather ridiculous to run a whole series of clagsification tests
to get four items to & place where they could be launched., We are proposing
that in this particular situation, that these items can be shipped under
this experimental rocket motor clissification. This will be tied down rether
tightly by number, ete. We haven't worked ouf these details. So far wa've
gotten this material out of the plant and we're getting it someplace whers we
can run additionel tests. Then we get into the two different provlems that
cowe up here this morning. You must then conduct testa Lo weet these two
different problems. One i when you sre shipping your individusal components
10 & place where they will be zssembled, you have & hazard from only the
componentd, but once it gets there and all of these components are placed
together and becomes o complebe asgembly, you have exntirvely differsut problems
and we don't want to classify thede components o tresusportation based on
what may bappen when they're completely sssembled. This is one reason why io
thin exlgbing document it stetes thet this is nob intended to cover tactical
conflguration becsmwe of the maoy variables that do come into it. We are
presently &t & point of trylng to develop the test criteria for these two
phases, We have meny of the problems that have been broughtup here today as
far as how we're going to do this. Now it's true that a lot of thought is
being given to acaled vests. Now by scaled tests you'd have to define this,
Bo you mean sctuslly to scale & mobtor dewn in its entirety, the nossle, the
configuration, etc. If this im the case, then you've got o whole nev RAD
program to go through 4o find out it this scale motor 1s couparable to the
big ope. And it looks like you may end up running imto s situation vhere
your test motors you're trylug to develop may be more expensive than going
shead and using & full scale motors thet are rejects, but the rejecte are
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of the nature whleh will not change vhe clmseification or meterially affect
the tests which you want to conduct. We are hoping to solve gome of these
problens, we are attempting to get as mach information as we can, we don't
want to base this criteria on what we have in our hands today or what we're
using todsy. We hope to look far emough into the future so thet enything

ve come up with can be veasoneble. We also want to leave a greab big loophole
in this so that ag we gain additional experience in different £ields, this
criteria can be changed and kept up to Gabte ag we get this experience,

Becavse quite frequently, & regulation or something of this nature comes oub
and 1t will stey in existence for ten years and at the end of the ten years
its antiquated, it has no bearing on what you've trying to do. We're trying
to take & fresh look abt this situsation and if certain tests that haven't been
conducted are necesssry, let's use them, If tests thet we have been conducting
in the past do not apply, let's den't pay any attention to them, let’s draw
something new, gsomething that is reasonable. Bub yet we want to be very

sure that when we do coumplete this, the information that we geb back at this
stage will be accurate enough so that you can stert congtruction on facilities
long before you have an end item 4o work with and that your facilities will
give you the degree of probection which you want. We are trying to move as
tast as we can on this but it's one of these things that we're trying to

get information from every possible source. We'rs trying to do as good a

Job as we possibly can on this., We hope that we can complete this, we'll
tentatively set a target date for the Lirst of the year if we pogsibly can.

We know that there is s grest need for this and we're trylog to Qo 88 wmuch

83 we cap to speed up the program, we'lre also trying to get the best safety
that we can. There is one obher little facet to this which isn't in the same
group, but we have talked here quite & bit sbout whether an item is Classs 2 or
Class 9 or some other classification, What are we dving when we assign these
clagsifications? Essentially all we're doing is recommending & digbunce that
you want, but most of these claasifications es Dr. Ball brought out this
morning sre hased on gun propellants. So we have another group which is
taking a real bard look at this to see if maybe we shouldn't have some additional
classifications or different distances than vhat we have, We're not saying we
need them, but let's look st it and see if whet we have 1s adequate. Maybe
we need something else to cover this., This is slso in the preliminary steges,
but we aublceipate trying to get it completed as soon ag possible so that you
people will bave betier tools to work with snd know a little more sbout what
you are working with.

Col, Hamilton: I wenbted to abress thet with regard to conventional items of
military equipment, there 48 & joint eriteris out now which ig the basis for
tests, You menbtioned that but I wented to stress that again snd thet can be
obtained if necessary from whoever it is you're doing business with in the
DOD. I know there will probably be a lot of questions in comnechion with

Mr. Hermon's talk, however, the next two ltems are also in connection with
bazard clessifleation tesbs, T think the best thing to do gince we're a little
ghort on time is to »un through all three of these and have all our hazard
clasgification test questions at one time. Thaok you Mr. Herman. The next is
"Hazard Classificetion tests of the Nike Hercules and Hawk Motors", Mr. Frank
SBchultheis of White Sands.
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Me. Prank Schultheis, White Sands Missile Range:

A test program wae conducted at White Sands Misglle Renge, New Mexlico
at the request of the Office of Chief of Ordnsnce Lo recommend the proper
explosive classification of the polysulfide-perchlorate solld propellant
used in the Nike Hercules and Hawk missile systems. This program consisted
of abtempting to detonate the propellant with the missile warhead when in
simlated mizsstle conf'igurations.

Important fectors in selecting Nike Hercules and Hawk launching sites
are the distances required between the battery elements within the sites
and the distance of the sites from a populated area. These factors are
dependent upon the amount and elassificetion of explosives at the launching
glte, There then arises the question of the explosive classlfication of the
polysul flde-perehlorate solld propellant within the Nike Hercules and Hawk
motors, If detonation of the warhead wlll cause the detonation of a part or
all af the golid propellant, the propellant st least in part should be glven
a Clasg G explosive classification, However, if the propellant will not
detonate, only the warhead need be classified as a high explosive, Since the
propellant, 1f explosive, would increase the total quantity of high explosive
wilthin a Nike Hercules missile five £0ld and within the Hawk system by o factor
of ning, thls determination has a wost lmportent bearing on the ares require.
ments Loy a missile battery.

The Hewk tests included one control test of a single XM$ warhead, and
one live test consisting of an XMS warhead and two XM22 Hawk motors., The
Hewk XM5 warhead 1s a fragmentation weapon containing 1,6%0 Yragments, welgh-
ing 120 grains each. The bursting charge is composed of approximetely 75
pourds of compusition HBX-6. Total welght of the XMS warhead is nominelly 110
pounds. The Hawk XM22 metor conteins s separate booater and sustelner motor
within one shell. Tt contains approximately 600 poumds of polysulfide.perchlo-
rate propellant, 300 pounds each in the boogter and sustaiver,

Detonwtion of an XMS% warhead elone as a control test resulted in & shallow
craber 0.7 feet deep. The shallowness of the crater was due to the distance
from ground level, approximately 24 inches, st which the warhesd was detonated.

Detonatlon of the Hewk XM5 warhead, placed in the tactical spatiel) relation-
ship between twoe Hawk XM22 motors, with the warhead aguin positioned approximately
24 inches shove the ground, (Fig. 1) produced a shallow crater 0.5 feet deep.

The physical appearsnce of the crater was very much 1ike the previous crater
obtained from the control test.
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several fragments plerced the head plate and susteiner motor case of
each notor. The bot metal fragrenis entering the sustaliner propellant
compartment caused the propellant to ignite and burn. PFressures and heat
developed within the motor caunsed the motor case to break open at the aresa
where 1t had been weakened by the entering fragments. (Fig. #).

The booster sechion on the Havk motores was not damasged in any way,
The inerease in skin temperature of the motor caused by the burning sustainey
propellant was not sufficient to ignite the propellant within the boosters,
znd the boeoster plugs remained inside the nozzles,

A eombination of blagt from the warhead detonation and thrust dus to
the burtting sustainer propellant caused each of the motors fo be thrown
outward., They landed approximetely ten fest from thelir initiel position and
were each rotated approximately 180 degress. (Fig. 3).

‘The Nike Hercules tests included two control tests, one with a TS
warhead alone and s second with a ThS warheagd mated 1o an inert solid propellant
sustainer motor, Five Nike Hercules live tests were conducted, esch with a T45
warhead mabed to & live gimilated solid propellant sustainer motor. An additiof.
al control test was added after the five live tests. Io this test, a container
simulating & sirth motor casing, loadsd with 547 pounds of (omposition C, was
initisted simultaneously with a ThS warhead placed in front of it. The 54T
pounds of Composition € was caleulated to release energy eguivalent to the
detonatlon of 25% of the polysulfide.perchlorste propellasnt grain. The weight
of the explosive was determined by sssuming that onepound of polysulfide-
perchlorate propellant when detonating will yield the eguivalent effect of one
pound of THT,

The Nike Hercules Ths warhead is a fragmentation weapon containing approxi.
mately 18,000 fragments weighing 140 grains each and contains approximately 600
pounds of HBX-6 high explosive. Total weight of the assembled warhead is
nomipnally 1,100 pounds,

At the time theae tests were scheduled, the XM30 Nike Hercules sustalner
mobors wepre not available for this test., Instead the old Hermes motor case
and nozzle, welghing approximately 960 pounds was substituted. Approximately
2,300 pounds of polysulfide-perchlorate propellant was cast into each of five
motor cases., 4 sixth motor was cast with inert propellant for the second control
test,

Detonation of the T4S warhead in front of the inert simuleted sustainer
motor resulted in a crater 2.3 feet deep and 15 feet maximum diameter. The
crater wag again roughly circular. The warhead completely degtroyed the front
half of the inert motor and threw the remsining portion epproximately 200 feetb
to the rear of its initial position. The resr portion of the inert propellant

remained intact,
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The Pirst Classiyicstlon Test, detopation of the _first ThS warhesd
mated to & Live simulated sustainer wotor (Fig. #), produced & vrater come
pereble in-depth to the crater reswiting from the econfrol tegks. HRewever,
the crater ves considerably elongated along the line of the motor axis. The
blast gage @atea Indicated that the wave produced was greater than that pro.
duced. in the two control tests. Also, 1t was observed that there were no
remaine of “the wotor casing or 1ts propellant in the Immediate area, The
closest pleges of motor case larger than ope-halfl squiiie foot in ares were
approximstely 800 feet from the test ares, and burning propellant caused
brush Tires up to 1000 feet Cror the test area. -

The nekt two tests using the 45 warhead and live similated sustalner
motor produred wlongated craters similex to that of the first live tegt,
however, pleces of the motor case and nozzle were found in and nesr the
crater. : ' = -

The foprth Live %test sgain produced an elongated crater simller to
those of the woree precceding tests but not as deep, "Several large fragments
of the motor csse and pleces of unburped propellant wére found inside the
erater.

The (ifth live test created a crater shellower then those o previous
tests. However, no large freyments of the motor case-were found in the
immedisate test area. Ho variaticns other than the crater Jdepth veres noted.

The third control test wes performed with s livelThs warheal and simu.
lated motor conteining 5M7 pounds of Composition C. It wes celculated thai
the explosive strength of Composition € in this test represcnted that al 29%
of' the propellant in the XMIQ motor. This test was based on the assumption
thet epproximstely 25% of the propellant hed detoneted in the five previous
elassiflcation tests. An elongated crater 2.1 feet deep end 20 feet in
diameter was produced. The cratering and blast effects of this test were
simular to.those of the Pive live tests. {Table I). .

Blagt was measured by a Bikini gage with twelve holes ranging in size
from 0,129 to two inches in diameter. These holes were covered with 0,001
inch thick soft aluminun foll vwhich was not calibrated. Severel checks
showed the Toll to give consistent results, The diafhrapgm goge was therefore
considered 1o he capable of Indlcating relative rather than absclute pressures,

S0il &halysls of samples taken at sach test site inddcsted that the

somposltlon of the ground was relatively uniform, and would yield consistent
crater resulhs.

The cdnelusions reached from the detonation of & T4 warhead on an
gspenbled Nike Hercules missile were that the mean blest perameters obtained
durdng teets with & live sustainer motor were greater than with the ThS war.
head sloned™ This variation was due to partisl detonafion of the propellant.
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It was Turther concluded from the similarity of results between Control
Tests number three and the live motor tests that the quantity of propellant
which detonated in the Nike Hercules sustainer motor was approximetely &5%
of the contents of the motor.

Prom these results it was recommended to Office Chief of Ordnance that
at least 25% of the polysuliide-perchlorate within the Nike Hercules sustainer
motor be considered Class 9 high explozgive whgn assenbled with the TUS warhead.

The date from the Hawk motor detonstions was less conclusive. The
difference in crater dimensions produced by the warhead in conjunction with
the motor and those produced by the warhead alone was not significant.

1t is concluded that the detonstion of Hawk XM5 werhesd in the confignra.
tion tesgted using the XM2E motor will not directly cause the detonation of any
paxt of the sustoiner or booster propellant within adjacent XM22 motors.

Howevey, the ¥M22 Hawk motor with separabe booster and sustainer chanber
hag now been replaced by the XMZEET motor which containg both the bouster and
. gugtainer propellsnts in the same case as single bipropellant, The propellant
has been changed from polysulfide~perchlorate 0 polyurethsne-~perchlorate which
may very well yileld different results,

Further, the configurstion tested was a legs severe test of propellapt
sensitivity to detonation than a test in which the werhead is detonated in
frons of its own motor with three complete missile assemblies in a simrlated
tactical launcher configuration.
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RESULTS OF MKEHERCULES CLASSIFICATION TESTS

TEST TITLE

GIBNT ARET BT WARNT AT

CONTROL  CONTROL CONTROL

RESULTS TEST {  TESTI! TEST it  TEST 1! TEST #I TESTIid TESTW  TeESTYV
MAX CRATERDEPTH. 28FT. 23FT. 2AFT Z5FT 26FT @e.6FT 2. 3FT t.BFT

MAX CRATERDIA. I6.0FT I80FT 200FT 200FT 3COFT 280FT 28.0FT 32.0FT
3
CRATER VOLUME 1317FT 153.'{F1'3 1?5-551'3 ZZ0.0F'Pt&Q‘S F13 2647?13 244.3!’13 iSS,GF'P

BiKINI GAGE
DISTANCE FROM WH ISOOFT{600FT I800FT 16C.OFT I600FT ISO.0OFT 180.0FT 168C.0FT
HOLES RUPTURED 4 5 7 7 7 6 7 T

Tabla 1




Ite Ky Ou W, Ball, BMD gentad talk apared Mry He 8o Waintraub)s
n order to evaluate the hazards assoclated with the eapon

System, a series of tasts and test procedures were established* to deter~
mine an ordnance classification for the nropellants used in the MINUTE~
MAN propulsion system. Thig program wag to provide data to aid in the
determination of the ordnance classification of the MINUTEMAN propulsion
system with regard to safe handling, shipping, and storage, and to aid in
evaluating the hazards associated with storage, transportation, and use of
the engines and missile. Concurrently, samples of MINUTEMAN propel-
lant were forwarded to the Bureau of Explosives, Associationiof American
Railroads by each Associate MINUTEMAN Engine Contractor for the pur-

. pose of having the Bureau of Explosives assign ICC explosive clagsifications
to the propellants,

After completion of exploratory laboratory testing 4y the Associate Engine
Contractors’ plants, the propellants and/or loaded engines of each of the
Associate MINUTEMAN Engine Contractors was subjected to 2 series of
field tests viz., (1) Susceptibility to detonation of propellants in ice cream
carton grain size (2) Susceptibility to detonation (3) Sympathetic detona-
tion (4) High velocity impact (5) Expoaure to fire, Each of the Asgociate
Engine Contractors conducted a susceptibility to detonation test, utilizing
propellant specimens prepared by casting and curing the propellant in one
quart jce cream cartons to give propellant grains approximately 3- /2 in
in diameter by 6 in in length and weighing approximately 3 lb. A 10 gram
tetryl booster pellet initiated by a No. 8 blasting cap, Figure 1, was used
for the test. If the propellant specimens gave evidence of detonation, ad-
ditional tests were conducted utilizing a 1/8 in thick plexiglass disc, 3 in
in diameter {attenvator) interpoged between the tetryl pellet and the top of
the propellant specimen,

*Spaco Technology Inc. Document GM 59.7650.3+36




The plexiglass thickness (1/8 in increments, viz 1/4 in thick disc 3/8 in,
1/2 in...etc} were increased until the propellant was prevented from de-
tonating, The use of different thicknesses of plexiglass "attenuators” was
accomplished in accordance with the Bruceton Statistical Procedure (AMP
Report Nr. 10L.1R). Adeguate instrumentation was used to determine de-
tonability of the propellant under test. In addition, propellant specimens
confined by a close fitting steel sleeve, ag indicated in Pigure 1, were

utilized where detonation of the unconfined propellant was not obtained.

At the conclusion of the ice cream carton tests, leaded engines from each
of the Agsoclate MINUTEMAN Engine Contractors were {orwarded to
AFFTC, Edwards Air Force Base, California, to be subjected tofield tests.
The tests were conducted on a high hazard test stand 28 indicatedin Fipure
4. The pressure genging instrumentation congists of six pholocon gages
and six bikini gages arvanged as shown in Figures 3 and 3a. The photocon
gages at the 120 ft station have a 0 to 20 psi range while the remaining
photocons were in the 0 to 5 psi range. All photocon gages were mounted
on baffles to measure gide-on overpressiures and had a system accuracy

of plug or minug 5 percent at full scale deflection, Three of the bikini
gages were mounted ta obtain side-on overpressures andthree were mounted

to obtain face-on averpressures,

In order to dynamically calibrate the inatrumentation to determine the re-
flection characteristics of the test stand, 100 th Comp C charges were {ired.
These charges were mounted approximately 5 ft above the test stand floor
to simulate the approximate position of the 100 lb booater pellet when set
upon the engine being tested. The results of the calibration tests are in-
dicated in Figure 4. The type of test being conducted on prototype subsocale
for full scale MINUTEMAN engines were as follows:

Susceptibility to Detonation: Tests were conducted in which full scale or
prototype subscale MINUTEMAN engines were subjected to the impulse

from a Comp € booster positioned approximately midway (Figure 5) be-
tween the head and aft end of the engine under test, The Comp C booster
pellet (ranging from 100 1b down to 1/4 [b) were cylinders topped by a 60
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degree cone with a length to diameter ratio of the overall booster equal to
two, In order to assure intimate contact between the booster pellet and the
engine under test, the hooster was contoured to conform with the side of

the engine. The initiation of the booster pellet in all cases was accomplished
with an Engineers Special blasting cap secured to the booster pellet apex.
The results of the test conducted are indicated in Figure 6.

Sympathetic Detonation: In the event a detonation was obtained with an

engine under test, a sympathetic detonation test was conducted by placing
two like engines adjacent to each other to note if detonation to one of the
engines would cause detonation to the second engine, In order to reduce
the expense and hazard involved, it was decided to perform the sympathetic
detonation test on a subscale engine whenever possgible, Two subgcale en-~
gines (493 1b of propellant) Figure 7 were subjected to a sympathetic de~
tonation test. The subscale engines were separated by 25 inches to main-
tain an approximate equivalent explosive efiect based on the expected output
from a full scale Stage III engine, A 51b Comp C booster was attached to
the midpoint of the case of the donor engine on the side away from the re-
ceiver engine. The booster was initiated with an engineer special blasting
cap. The results of the test are indicated on the blast gage data given in
Figure 8,

High Velocity Impact Sengitivity: Tests were conducted to determine the

effect of impact of caliber 0.2Z, 0.30 and 0.50 bullets from approximately
a 100 ft distance (Figure 9) into engines from each of the Agsociate
MINUTEMAN Contractors, In all cases, the caliber 0.30 and 0.50 pro-
jectiles ignited the propellant in the engines which then continued to burn,
The caliber 0.22 does not penetrate the engine case of any of the MINUTE-
MAN Stages.

Exposure to Fire: Tests were conducted with full scale engines from each

of the Agsociate MINUTEMAN Engine Contractors. Im each cage, the engine
under test had a fuel pan containing gasoline in an amount sufficient to burn
for a duration of 20 minutes. The fuel pan was suspended underneath the

engines under test so the top of the liquid level was approximately & inches
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from the battom of the engine case, The gasoline wag ignited remotely by
pyrocord suspended above the fuel pan. In each casge, the engine under
test took fire and burned as a result of engine casge failure.

The MINUJTEMAN Hazard Classification Tests conducted to date, were

part of an overall safery program which hag attempted to investigate all

the safety aspects applicable to the MINUTEMAN Weapon Systerm and to
translate the results of this investigation to safety devices and safety pro.
cedures which would agsure the maximum safety for all phases of operation
of the MINUTEMAN Weapon System, Additioral testing of subecale proto-
type and full scale MINUTEMAN engines is continuing to obtain data of a
more specific nature which will agsist in establishing an ordnance classi-

fication for these engines.

Ap a result of the test conducted by the Bureau of Explosives, the poly-
urethane and PBAA composite propellants have been classified as Class B
while the composite double base propellant has been classified as Class A,
Type 3, The ICC classifications were based on the results of the tests
conducted by the Bureau of Explosives in accordance with the ICC Tariff
No. 10 Regulations,

The results of the MINUTEMAN Hazard classification tests indicate the
composite-double base propellants to be more sengitive to an explosive
impetus. However the double base propellants can only be detonated by
use of an explosion boogter which s set up just right for the test. In all
other types of tests it appears that the composite~double base, the poly-
utethane and the PBAA composite propellants react analogous to the long
line of Clasa 2 propellants which are their predeceasors.

There has been in recent months, a tendency to infer that from the stand-
point of safety, all large rocket engines should be transported in a non-
propulsive state. HMHeretofore, the method usually employed for the ship-
ment of smaller rockets or JATO's in order to prevent them from becom-
ing propulsive if involved in an accident has been the use of thruat neuira-
lizers, blowout plugs and a biased orientation of the rocket so the thrust
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can be dissipated. As an additional safety precaution, many rockets and
JATO's are still shipped with igniters packed in separate boxes for sub-
sequent assembly to the rocket or JATO preparatory to firing. Although
somewhat effective in the past, these methods are not readily adaptable
nor should they be incumbent upon the new generation of solid propellant
rocket engines required for such systems as the MINUTEMAN Weapon
System, The MINUTEMAN Weapon System has associated with it devices
which render the engine and/or missile non-propulsive when involved in

a gerious accident, The MINUTEMAN Weapon System concept derives its
maximumm effectiveness in being shipped as a completely integrated misgile
wherein the reliability is built into the migsile at an assembly plant and
the missile shipped out {except for the warhead) ready for operational use
with an absclute minimum of figld adjustment.

This philosophy of minimum field adjustment is behind the very stringent
hazard clagsification test to which the MINUTEMAN engines are being
subjected. The very siringent requirements on safe and arming. mecha-
nisms and all explosive ordnance in general, is directed to agsure the
MINUTEMAN Weapon System being in consonance with all the safety pro-
cedures so the Weapon System will afford the absolute maximurn of safety
to the ugsing service without compromise to the operational capability of
the Weapon System.

Another point which cannot be too strongly emphasized is that the "proba-
bility of occurrence" of a hazard of catastrophic proportion is so remote,
and the nature of failures that could occur to the system so singular in
character, that the MINUTEMAN Weapon Bystem can be considered a
passive one.
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Figure 2. High Hazard Test Stand at AFFTC with 100 Poung
Booster for Stand Callibration for Minuteran.
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Figure 3a, Bikini Gage Face-On at 120 Feet from 100 Pound
Calibration Charge for Stand Calibration at AFFTC
for Minuteman,
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Figure 6.
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Figure 7,
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Sympathetic Detonation Test for Minuteman of Two Ea~
gines Each Containing 500 Pounds of a4 Composite-Double
Base Propellant, Booster is § Pounds of Comp. C.
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14, Ky Os Wo Ball, BMD: I'd 1ike to mke one comuent prior to questions.
Within the coupie of days before I came out here, BMD got some indicetions
on & safety problem that might axise or its already with us concarning the
shipment of smmoniuvm perchlorate in alumimun tenks. We have the impression
that this is being pushed or coming wpon us here and i undersiand Kmiser
Alwninus 18 actively engsged in this sand I wes just wondering 4f pecple here
wvare Tanmilisr with 3%, 42 this has been looked at and I'm sure most of you
are fenilisr with the AP and aluminum nop~compatibility if fire bhazard or
something like this does exist.

Mr. Jezek: I don't know whether the JCC will permit shipping smmoniwm
pch'EIomto in slumboom containers, Y think maybe S Nash conld help us on
that. Yo you know aunything ebout that We. Hsainger, is that in conformance
with your specifications?

Mr., ¥, B. rt Thare's nobody that bas eppesled to the I0C to ship
per rate in sluminum, ss far es I know the Buresu of Explosives has never
been approsched on the problem. I don't think we would do it without sows
gort of & liner, if we &0 1% at all,

it. Balls %Theo my comment was Just one of informatliom, thet we Liave besn meda
avare of this and I thought I would pass this cm.

Mr. Re Po Rice, Americmn Pobash b Chemical: We're the lsrgest meowtfscturers of
ammonium w have some evalustion work with rocket menu-
facturers on shipping in bulk containers, nmmsly, nestadin, sealbin, some
evaluation work has also heen done on your Ksiser bin. We have ICC approvel
sctuxlly to ship in slwmioum tobins and inverts bins, we have not bad ICC
approval to ship in the Xaiser nestabin., This is purely in evalumbtion stetus
right now.

Dy, Pall: For what it's worth t0 you, in the course of some of our dynamite
oparations, we had an incident where an sluminus container wot hot encugh
in & general £ire o malt and got involved in this sxmonium nityate, the
results ware not plensent.

Col. Eamllbons Now sre there amy questlons genserslly on the hazard classificas
tion Alscusslans that thess thowe gentlenen have put one

Mr. 8, W. Hash, O0CO1 I heve & quastion ss to definition, I noticed Mr. Hermen
mnﬁmﬁm motors and then we had solid propellsnt motors referred £o
as rocket engines, Within 0CO there has besn s distinction meds between the
two, 1 was wondsring vhat the consensus was here.

Mr. Harsans X Delieve Lo & meeting that we had with the ICC and the Buresu
of Explosives people recently, the term motor would be used in conjunction
vith sy solids vhereas the term engine would be used in connsotion with sny
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liquid firved device. I don't know vhether thisg 1s in eny regulation or has
been spelled out.

My, Bndslayt There was s DOD Directive that they would stenderdize the terus
and you are corect Iin this interpretation.

Me, Ullians I've got one for my BMD cohort so to speak. First of sll, with
the Teswlts you have discussed and those we have reports on and the ones I
discussed in my valk with the third stege and also with the second stege, I
do not think there sre sny yeb with first stage, although theytre starting to
trickle in. Are you considering ruooning & test where you take either &
caouplete sub~acale missile or the full scale misaile, put it in the flight
confizwration and use one of the destruct charges that we plan 4o use snd see
what happens. Maybe we don't have to worry ebout this problem or maybe we
do. Ses Just what sort of results we're going to get. We've asked for this
and I wonder 1 you know whether they are gaing to do this.

Lk, Balls I think the best anewer to that is that we are and have been conw
sldering tests along these lives. I think right nov it is more of e funding
guestion, we Just don't have even the live rejects ss such to put in a hole
for a clagsification test.

Mr. Ullian: Another point T'd like to bring up and that’s on this opermbional

ion of this misgile. Thie i3 the main missile, when I talked about
this live ordnance installstion. We at the Cape don't argue with the St
devicea on the missile that this 1s & fine thiug for operstionsl und practical
wse. The only thing we do argue 1e that where thers ig no experience 4o date
on the final configurstion of this, as 1% will bs shipped down 4o us, we have
asked and we have gotten agresment to bring the Pirst two engines and possibly
mors witil ve get experience, without any ordnance items installed, except
the asmall thrust termination devices on the third atage. Once this experience
has developed and we find out Just how good these sstimstors are, becouse once
in avhile even though they run all sords of relisbility tests, we get them in
the field apd £ind oub they aren't sz good as we claim them o ba. Then I
think Lt Ballts stetement will hold true, but I'm afraid that in our business
we're in the proceas of finding oubt whether actumlly the statements ang
theoretiical eptimates are fact,

Mr. Line Bach time we get in one of these seminars or conferences it
geems we gt to talking on & problem and we agk about doing full-gcale
work snd everyone seys no funds. We have the ASESH here, Mr. Roylance, Mr.
Endaley and Mr. Jezek and I think 1% behooves us to get the DOD and make
thege people see that fullescale testing is what we need. This is just a
recommendation but T think we should push thig. We bhave fiunds for everything
else, even though we all claim to be poore I think we should consider this
and consider it very highly 4und lhave s report on it at probably our next
neeting.
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Col. Hamiltons One way to get actlon on that would be to direct the communim
cation luto tha DOD and have it worded in such a way that you could get an
ABESB recommendation on the thing or rombe the thing to the DOD through the
ASESE go that we could pub our recommsndation on thers to beck you up,

Hr.m.m 3 We si PanAnm caunol ask for this because wo are the range

ractors, bvut I think that possibly the menufacturing contrectors can ask
rorthisoremintmumlwmryplmingawumaum$ormmaa
10% fund and JOF of thair makeenp, their manufacture to go into large scals
tewting, Again, thatt's just & recommendation.

Col. Hamiltony I would suggest tlat you put the recommendation in writing and
povte them ox thiough the chantials they will have more chance of belng
acted on favorebly.

Its Ball: T bave a comment along these lines., T think 1t is also worthwhile
to consider thet thare's 8 cexrtain point in the RAD program whore it is not
Tenaible. T think we would like 40 have something that we think will Ty,
or may fly, rather than just three engines or four emgines, although they
maks use of the propellant composition which we snticipate will be the final
articls.

Mrs Welchs I wonder if I could gebt Lt. Bell %o give us & demcription of thess
Photo~con gages that he mentionsd for blast pressures. Walve received severwl
repoxts of thelir tests and many of these alides shown here today suod our test
vaports refar o photo-con geges and ghow where thay're put tut Itve naver
hesrd of a phota~con gage sald T don®™ knmow how Lt operates ox say particulars
a,boub"m and Tl've had severanl pecple wek me "what the heck's & photoscon

B308

Lt. Ball: I'm soryy, I d¢ not have the informetion with me.

Imidmbi.mds The informatlion on the photo-con system I camnot glve you,
name of the systom 1s PhotowCon lyne Gege, I think it's » los
Angeles based organization.

Mr. Hance: In talking Yo ssveral of tha industrial members here I csn pick
up At least thiwe or four separate methods that sre uwsed in running even full-
scale clagsification tests. As & matter of lostance, one particmlar test
mentioned & booster on mn engine under N 1o dismeter, full diemster
waighing wp to 750 1bs., oylindriecsl coming down on the end of the engine.
On Minuteman we've got a dlfferent type of test,ve're talking sbout a
booster 150 lbs. laid on the side of the engine and coming into the side.
In still anocther test we're talking about & ball of propellant explosive
located hetween the sugines. Obvicusly some standardization is mmch in need
in this particular series of tests, but it would seem that it would be vexy
well to have the ASBIB and those industrial £{rms who are actively engaged in
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this type of work get together and comé wp with a standardized optimum explosives
cleasitication test method for full~seale testing.

Mr. Hermans ‘This was exactly what I was speaking of that we're working on
now, to0 come vp with a standardized series of tests which will tle Jdown very
definitely not only the booater thet you will use, the locetion, how it will
be placed on it. Ancther big question thet we're trying to get an answer ko
is whet type of instrumentation do we want around thls. We realize we need
instruments bubt we went the best type but yet we don't want them too expensive,
to try to get a lot of these answers that have been raiged today and all of
this, when this project ls completed it will be very specific, it should
standardize testa.

Mr, Nance: Thias will be very fine, I'd like to emphasize again that private
industry bag some pretty good men some of them that have talked here today and
shouwld he plugged in to this.

Mr. Heyman: We have sevaral proposals from industry now that we are conw
sidering in thie &8 well aa a lot of baaic research 1ike Dr, Noonan 1s dolng
and work that has been dome on it. Wa've not lismiting this to our own knowledge
on this subject, we're trying to get az much informeation from the entire field
a8 we posgibly can.

Mr. Bances T don' believe any conbect has been mads with the Thiokol Utah
Divieion or Thiokol se e whole, 1'd like to request that.

Mr, Horman: Welve left this up to the individaal Bervices to contact their
contractors for the informetion. I had & propossl op the Minwbemsn, Edwards has
farniabed us information that they heve gatherod from several sources and we
woudd welcome atything that you mey have that pertains to this.

Mr. Nance: On this particular thing we actuslly bave a conbtrect that provides
the explosives ingtrumentetion for this particular test. The Thiokol explosives
clagaification test has not been completed., As far as first stage Minutemsn

is concermed, its clagsified Class B based wpon ice cream cerbon tests 1f you
can imagine it. We have quite a bit scale-up to do.

It Ball: Excuse me, the Clags B T referred to was the classgification given
Ty the Explosives Bureau,

Mr. Nence: Mr. S8chultheis in your run«down bere you've brought out something
that velve observed, you brought out the point that we hed partial conbribution
I velieve on the Nike-Hercules and you scbuwslly bad o clussification of (lasa
A based on 25% of the motor content. I'd Just Like to comment that on meny

of the propellexts that we have tested, the clasaicel yropellants, we have

not been able to messure a olasslcsl detonation; we heve not been able to

look at it with a camere and high-speed instrumentation. We've not been able
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to measure classical veloaities wp in the sxplosive renge, however, if you
walk wp to the test site sfter the test, it makes vory Litile difference
whether 3t went high order ss people tend to refer as detonations or mob,

the dsmaging affects are there. And we've bean mble to detoct some partial
contributions fyom s host of propellents depending wpon the condition, how
big the boomtar is, ete. 1 think this very dsfinitaly has to be worked in that
on most of our engines that we're tasting, 1t's not s matter of it being
Claas A or Class B, 1t's mom of a matter of how much damege Ls this thing
going to creste arownd the area if and when this thing i3 stublected to an
explosive booster Lnftistion,

Mee Schultheiss One of the things T mads from the report, namely becsuse it
might be exlled civcumstantisl evidence, is the fact that during the control
tests and after the first live test the observers mnoted or obhserved & very
dafinite Afffarance in the blagt vave, however, these aye brow calibretions
sometimes domit go over oo good in & technical group, but what you say is
trus, observetion certaluly tells a lot, It way be documented at times, bui
ascmetimes 1L's heat to forget sbout the obsarvetions and use the facta at hand.

My, Jerzek: I think on these Nike Herculeas testa whan you don't ship that
propedisat with the warhesd, you ship £t as a Class B ftem, 1f I'm wrong Mr.
Queen gen correct me. We wore merely trying to find out in those particular
tests how mach conbribution we would get from the propellaot in the event tha
warhead would go. Tf you ship that propelliant by iteelf, you'll £ind you cen
shiip it as 2 Class B item. In regard to trying to classify thess items in
acoordance vith the smount of damege that can be done, o glve you an exmmpls -
soveral yoars sgo we had some hlack powder that went off at one of onr plants.
Across ths creek you hsd no dsmage at sil to amy of the windows but 20 miles down
the vallay you had glass breakage, wc vhen we swtart classifying thess things
in accordmnce with the mmount of damage that's golng to be expacted, I don't
think we should get into that.

Mr. Solaitheis: What I meant was letts determine the egnivalent pounds of 1A

say 4, 1bs. of propellant can contribute wndller certaln conditions, net
trylog to aebuslly say 16's golng to break windows ten wiles sway but use
convertional experience snd date thkt we have to do this.

My, Jezek: I think that's what the ICC classifications ere for, whether you

can expect damege from blsst in the svent of a Clsss A item or just & buxning
elffect Trom Class B.

Mr, Rance: Ik. Ball, in your test cartons, T presuse you were talking sbout
the double base couposite propeliants, you were talking sbout plexiglass
discs, the firgt time around I assumed these were cylinders, but the second
time around I assumed they wexre disces placed to stop the booster from going
through. Is that correct?

1%, Ball: That's correct.
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Dr. Ball: I'd like to second this plea for bvetter definitiom of these tests.
icular this 30 gram tetryl test, it's pretty well egteblished thet the

geometbry of that 30 grams of tetryl mskes quite a difference, if you have ik

leid out flat you get one kind of resulis, if you want Lo get the most oub

of 1t you have it in s fom of & coylinder or a oylinder cone top 3 dismeters

long. 'That should be sooner or later spelled out in this test. Alsc we

would like to lmow where you get & 30 gram tetryl pellet. The nominal

30 grsm tetryl pellets that we have secured from somevhere or other weigh

&2 grams, £0 it sort of looks as though somebody should be set up to make the

offlcial pellet.

¥, Hermant The only thing I can say in answexr o this Dr. Ball is that ve
have been wsing & eylindrical 30 gram pellet in all the tests that we have
been conducting over the last geveral years and I don't know where they'se
coming from or who ls making them, but we haven't had sy difficulby. Mr.
Roylance do you know where Dehlgren gets those pellets.

M, wlance: No.

Mr. Jezek: They probably took them out of some reject fuzes bhey had, but the
reason Ghet we use the 30 gram tetryl pellet was becavse the average fuze that
we hed contalned approximately that much btetryl and we feel that 4f you caa
teke a 155 or a bond or auy other amount of regular high explosives, not these
exotlic explosives that I've besr mentioned here but the regulsr un of the
mil) explosives and you it it with a 3 gram pellet, if it's going Lo go
high order, it should go high order with that particular smount of tetryl.

Dr, Ball: It looks to me like you've been using the seme pellet we have, we
made & mistake in weighing it. I also wonder, since clsssically explogive
hazard clagsifiostlions have been hased on anticlipated exposure and claasleally
the exposure has been To & magazine fire, anything beyond that was considered
insignificant, Are we on firm ground in having single valuved explosive hazard
clapaifications for items that are going to have the variety of exposures we
asnticipate today.

Mr. Herman: Essentislly we realize this and the reason we're golng to have

$o estepiish Aifferent test criteria for Aifferent situstions and we will have
one zet of criteria to cover the problen thet yon've faced with from the time
this item wag manufactured until you get to the place where youlre going to
apgemble it or test it or something else. Another entirely different set of
eriteria, when you get it thare and get it agsembled, aimilar to the tests

on the Hercules or Havk where you will have large kmown explosive charges
adjacent to it. You'll have es on the Minutemsn, three ¢ifferent formulizations
of propellant, Aifferent steges, yomire going to have to have terts to predict
what your hagzards would be at that time wivch may be entirely different than
the hazard that you would have on the Individusl item when its in atorsge or in
transportation. We realize that welre going to have to break this down into
several groups snd then you'll have to decide which onss you want to apply to this
particulargystem. You won't apply all of them acrogg the board to every system.
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Mr, t I'd Mke to expand just a 1ittle on this Dr. Pall. This was
very true and I don't think our clasaiflcation originally will stand true
for all of owr situstions. You teke the Minutessn in particwdar, vhen in

a production facility, we have a largs saount in one motor since we have a
large snount of Class 9 meterisl snd a great volume of Class 2 material
proven out by various tests. You conmbine the two and in an aboveground
situation, we can withstend & certain blast pressure from the Class 9 itea
but oxr grwetest hasard may ba from the incendliary meberial thrown out. That
is & firve brend hazacd sod o wisgile basard which we bhave to dlscount Lor
barricadlas snd get distence as opposed for the smmll smount for Clmss 9
meterial a0 1% is & conbinetion dapendent wpon the situation whether its 1o
production, oxr itm In & hole in the ground and welve gob & very definite
situstion there. You being very fomilisr with dynamite and cratering ex-
pardience you can put dynamite ix s hole snd not tanp it, you'll only push the
mass up the top, you'll get no metion. But op the other hand if you put a
few handaful of good clay in there and something elss happens, entirely
Airferent,. We're trying to relate this to ocur system dependant upon the
situation and the environmant. I think you're right that we have variable
conditions that have to be taken into comaideration.

Dr. Pall: One final cowment, everyons in the iodustry that I have talked
fo ®ays that thay are real happy with this TB 700-2 document and the same
document undsar the two cther desigoations axcept foxr tha fact that there's
nothing in this document that predicts ths snswer once the date are in., I

think from Me. Herments talk thet he is not quite resdy to give out with that
RSO,

Mr, Bersman: The determinstion of the slassification aftar you have conducted
thess Gests vill b up to the sefety organization of the Service concerned
and this st be in sccordance with the regulation sgreed 3o by the other two
Berviceas. Maybe today they're not intarested but tomorrow they mey find they
heve to use it. In the event that there is a Alsegreemant batween the three
Bervices as to whiat the proper clmssification should be on these Ltems, the
regulations stipnlate that it will Le s to the Bomd for rasclution. This
resolution mey require additionsl teste, 1t may require more instruentation,
stc., fortunately ws haven't hed this come up s yet.

Dr. Ball: You all see what I mean, it's not up to the individual contrector to
oome up with s snswer on the military olassifications, he's got to wait until
sonsbody alss comes out with it. We will continue to look forward to the day

vhen you can predict your agmmrs from & glven set of data,

Dea Moonant 1 wouwld like to underline the business sbout the 30 grams of
Teiryl that Dr Bell wes talking sbont. Not caly does thds depend on geometry
but it alac depends quite sarkedly on the density of the tetryl since the
shoving yesterday, the pressure dsveloped is rether importamt in whather
explosive goes or doosn't go. The pressure thst you get frow tetryl or from
any explosive 48 quite dependent wpon Drewsure, it cowmes in not only as s
dansity itsalf but becsuse the detonstion velocity warles linearly with pressure
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and the particle velocities depend on the shock veloelty so that you wind

up with gomething larger than & power of 3 on dengity. In other words, we've
got & Jot of spelling out to do 1f we're Just going to wse 30 grems because a
real sadistlec person cen make this do almost anything he wants to, meke it
barmless or make it very dangerous.

Col.. To R. Hikel, USAF Em.), Boeing Airplane Co.: Boeing, as sasembly snd
test contractor for eman, 38 moat desirous of knowing whether in event

of a detonation of the third stege Hercules engine there may be s conbribu-

tlon from the firat and second stage?

Lt. Ball: The only comment I have is thet this sort of thing is being worked
righat now, I do not have an answer on that and I feel pretiy certain no one
has in terms of numbers what type of weighta we're talklng about here, assun-
ing as Mr. Endsley has pointed out, certain percentage yields from the third
stage, again from the second stage, then from the first stage, and this hse
been donse, essign numbers, etc., but as far as I know a definite position has
not been taken on this.

Col. Hikels I'd like to recommend to the Alr Force Member of the Board that
thie either be expedited and give us some valid answers or that an lmmediate
program he established in concurrence with Mr. Lineberry’s recommendation, to
the effect that this be tested and tested full-scale and tested in the most
expeditious manner.

Mr., Endaley: We recognize the recomsendation. ARDC hag the prime responsi.

111ty for this function and we had a briefing last Thwesday on the Minubeman
syetem 98 It related to renl estute acquisition. Tt was the position lust
Thursday, thaet we would look at the analysis that they hed completed st BMD,
aad ARDC hes the paper in hand st the moment and 1t iz belng brought up to date
and valldated and they are getting a little more into the document. As & basis
of this sbudy, then we will possibly be able to take action on the recommenda-
tlon. Does ARDC have snything to add to thias?

Mr, Ullians The MAB building st the Cape was designed for Class 9 amd 10
eriteris with sbout & 20% overload of the totel propellapt. Instead of some
56,000 1bg., the design criteria was built around 68 and 70,000 lbs. When
thin oxiteria was established, s0 at leapt at this facility we have pome
aspgurance and some plus factor of safety.

M. Endgley: It i @ total net welght plus & 20% factor. So in the R&D ares
and in the production area in which Boeing is quite concerned, we have taken
this into consideration. This 48 the reason T don't get oo excited about the
recomvendation at this time and polnt out thet the most important ares in
which wa have concern at the moment, is resl estele scquisitions for the holes
that we're punching in the ground. We nseded this date two years ngo, we need
it now ox whensver we can get 1it, bub for Boeing's consideretion in the
production plant, we are congldaring total praduct as a muss detonating item.
Taking inko consideretion the dispersement of insendiary usberial that I
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spoke of avhile sgo that we could not depend upon bkrricades, we hed to get
distance to compensste for this digperssmant incendisry phsnomenm.

Col. Humilton: ARDC has asked that the item on Dyna Soar otilisstion of
50114 propellants be cancellsd st this time. They will bring it up when

more information is svnilabls, probably npext yesr. We have one ressining item
thigh energy propeliants of the futurs,' Dr. Shuey of Roln & Hsas.

Dr. H. iy, Ron & Nsas Co.: Benry Dyer asked ms to give s little talk
about propellants of the future. After hearing some of the other talks

I think we ahould start concentrating on vhat we have nov Instesd of propellsuts
of the future so you'll get out a littles sariier. DBesically shiat people have
baen iooking for in the last ¥ or 5 years in propsliant research ig to inoresse
the specific impulse of The propellant systems. We have just about reached
the limit of enmrgy which we cen get oubt of the converdional sywtems such as
defined Ty tha present FPRA, alumimum smmonium parchiorstbe, or

sumondum pevehlorate aluminum systems. This specific impulee is sbout 245 {o
250, There are omly two directions we coan go for lmproving the performance

of our nlsetle systems. One for those sywtems vhich are volume limited to
increass the denaity of the propellants and for thoss systems vhich are not
volums limited and are extremely long renge, to get a higher specific impulse
sven st the sacrifice of aome dansity. Nov, if we're going to get s higher
specific iwpulse propallant, we're going to bave to go to neaw materimls and
these pav materials axe going to present some rether novel heszerds. For thoss
of you who are concernsd with the production of end items, when we talk about
future propellants, 1f you're willing to st 1965, you can go home. Be-
cause in 1965 your end items will be what we're talking sboat today. There
will be no Teally novel propallsnts apd end item utilizstion by that time. To
those of you vho have davelopment safety responsibilities and IOC clsssifiostion
vesponaibilities, there will be significmnt differences in the formulations and
types of propellanta which will be sccepted. Basically to get higher specific
impulse, ane chenicslly tries to get smterials that have wenker bonmding foroes
and convert them into products which have higher bonding forces. If wa'll
think back & mimate, the wvesker the bunding force is, the more labile tha
system is going %o be, If wve can get & systen which has essentially no snergy
connecting these together, then thase are comverted to inorgmnlc salts like
iron, fluorids, etc., and ve could get quite a tremsndous specific impulse. One
of the few things we have learned about datonation sensitivitles in the lest
two yeaxs is that thay have a very good correlation between the ability of

the cheamlcal bond, the weaksst chemicwl bond In the system, and the senaitivity
£o & ghock wave which passes through that seterial ss far ss converting this

to a stable state detonation. The sbsolute energy of the system doesn't seem
to have a Qdirvect correlation with the sensitivities of detonation. Tt does
seen to have a correlation wvith the ciritical djeameter for detonation dbut

the lability of tha weakest bond in an ensrgetic system very definitely sppesrs
tio be correlated with the sensitlivity %o » shock wave passing through thaet
wtariel. Oos of the types of systens we're going t0 be looking forwvard to

is & very woak bonded materinl such ss those based on the light metal hydrides,
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those based on fluoriding compounds, particularly the N8 bonds, which is & very
abtractive bond as far ag energetics is concernsd o we're going to have to

go o materials wivch are presently considered incompatible as far ag making

& mechanical mixbure. We might get avound the senaitivities 4o detonation

by making s systen which requires dlffusion processes to occur before
detonation can be accompllshed. If we could take & waterdsl like nitronium
perchlorate, or perchloric acid, I don't care which,if you get a good strong
oxiddzer and could put this in the present bonded systeuns 1t might prove
advantagaous. Unfortunately, they resct immediately. One of the aystems
which has been proposed for future considerstions is the use of incapsulation
technigues to incorporate such materials in the bindexs for higher specific
impulse propellanta. I'Ll be willing to bet anyone here that in 1065 there
wlll be no incapsulating propellants being used in this country. If one
considers thet one has to beve 8 resscnsble particle aize for combustion, one
can compute they will have to be on the order of 10 %o the 1l2th psrticles of
incapsulating material in the rocket motor, If one copsiders that each one

of these ie the head of & strike-anywhere match which may go off from breaking
s small hole and the fuzing-out from eny friction from anything else, one can
see a tremendous difficulty even if we could prepare such systems. I think
they will be investigeted in a laboratory for quite some time and I'm very
inpressed with the papers on the safety shields. I predict we'll have grest
use within the next two to three years for any data which may be available

on safely shieldas, safety gloves, and devices which will protect poor innccent
chemista from blowing their fingers and hands off'. One prediction we wight
woke incidentelly, if we look over the chemistry for future propellanmts, is
that we might get rid of the worse thing we have now, the sigma blade mixer.
The logical extrapolstion of the chemistry which is before us for the new systems
shows that we will not be incorporsting & higher percentage of solids into &
very viscowns aystem apd it is only the ingorporstion of a high percentsge

of solids into a viscous system that requires the close tolersnces and high
work function of & sigms blade mixer. In all probability the propellants

in the next five years will be made in top driven agitators with 2o submerged
bearings and heving very large clearences where if you must drop pieces of
dereen or monkey wrenches into the mixer, you will not be plegued with fires
and explogions. There is snother hazerd which, if not really germane to

this orgenlzetion, is comnected with it, thias is the results of & fire and
explosion in & novel propellant system of the future. Most of the systems waich
we have been dealing with glve us prior to decomposition, minor oxide of
nitrogen, carbon dioxide and perhaps hydrochloric acid from smmonivm perchlovate.
If we conaider that we might have partial detonations of fires which are not
coupleted in processing areas of the future, using materials of compositions
such as hydrides of boron or heaven forbid, beryllium, or if we consider that
we will have flourides whose product of decomposition is hydrogen flouride in
large concentrabions in areés, it may be seen that quite & mumber of the
processing facilities which we presently have will be inadeaquate for the
menufacture of these compounda. Furthermore, since we are trylng to make more
labile bonds in these compounds in all probability we will be dealing only with
Class 10 materials. I would predict then that in the future the development
propellaats which we have will be made with operators protected in open air
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facilities and Light cello-glass scresning around the mixers so that noxlous
Tumes from the rav meterials or from the decompositlon can be vented in the
opant air sod not use the present bullding stractures vhich are used for
convantionnl propellant. As to when these propellsnts will be avallable,

ve are alvesdy having sccidents in the laboratory on the ten (10) gram
quagtities. I predict that next year we will ses sigoificent accidents Lo the
laboratory with 100 gram quantities sand that in two years we will have minor
datonations and fire in pilot plaagts with 5 lb. quantities, dut I don't belleve
wa will be in sny reasopably large scale detonstions or hazsrds witil about
196k, Of the sywtems which appear to be most promising there are gome
possihle advextages, ‘There 1s considerable work going on among at least three
organizations in the country to determine what sctuslly causes sensitivity and
tharefore to devise techniques of desensitizing these new materials. It im
quite obvicus that we will not be manufacturing materlals with sensitivities
four and five times that of nitroglycerine, we had enough problems before with
nitroglycerine and no ona ever useg it as a liguid mono.propellant, it was
always colloided with nitrocelluloss. Thers is slgalficant work, however,
golng on, verticularly in the fields of X3 chemistyy, for desensitivation of the
conpounds and we can look forward $0 having some better knowledge mbout the
propellant systems we are presently using becmuse of the work that is going

on with the futuristic propsllsnts, I have one or two amall comments about
the present aystems. I would hope that in the fulture propellant systems,
insteed of rushing out immediately to & test stend to try cut a new formlation
comprising nev meterials or ecmpositions so that one can got date, vhich one
can give to ones salesman to go sround to various Service installations to
sell nev rockets, that we enforce sooe sort of » regulation vhere all new
materinl 18 considered Clase 9 and that some of the L£iret propellmnt which

In wede is used to determine sdequately 1o the sclentific menner the salety
clessification snd the haserd involved in the bandling of this materisl.

Y. Urehsmt I dom't have s question for Ir. Shuey but I would 1ilke to meke
s stetament, something that he's well avere of and I think perhaps sows of
the membors might be, In ell tha ARIMA contracts for the Asvelopment of
paw propellaxt, it requires tha test that he Just mstionsd. Thet might be
usefal to wows of the other Services 1f they 4id the sams thing.

Dr. Shueys I'4 like to stretch it one point furthar though, I don't 1ike
dixie cupe.

Mr. (reehsm: I think ¥ wissed the dixie cup discuseion, whet do you mean
W that? ’

Dr, Shueyy T said, vhen I qualified the statement, an jntelligent tewt dmaigned
to agaess the harard involved in hendiing these propellents sod T ddda's count
the dixlie cup test as being en intelligent test.

Col., Hamilton: We still have a couple of minutes left to general discussion
on things which relste to the seminar as a whole or the over-all brosd picture.
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I3 there anything from the floor thaet would be of geneval inbterest ab this
time.

Mr. Ullian: Does anyone have sny informetion or run any tests with these
can opener or ripper devices for hold~downs, ln other words, possibly, STL,
Aerojet, Thiokol, working with the Mimutemsn system, on these can opener
ripper devices for thrust neubralization? Hes sny work been done to see
whether thils thing is golng Yo cauge the motor to deflagrate or wheb's going
to heppen? Does it Just open It wp and let 4t burn normelly or what?

Dr, Shuey: I think I've seen this little jewel you're referring to, I
believe 1ts on your statlc tle-down facility, however, no tests have been

mun. Tt was based upon several ineidents that cceurred with engipes of this
size; 1f you start the engine moving forward, it stands 40 reason that if you
cut a smell segment in it that the case is going to fall apart, it's go highly
stressed, it will probably come unglued, but no testis have been run.

Mr. Bishoff: I think a word of ceution is perbape in order here. I'd like
£0 sddress a few moments to the subject of atomic weapons. There is an
intense interest in the safety of atomic weapons &8 you may wall understond.
Thig dinterest stems Lrom the Office of the Presldent all the way down throwgh
the Depariment of Defense, the Atomic Energy Commission, Defense Abtomice
Support Agency and paturally all of us and all of the depsrtment conbractors.
There ave gafety studlies going on all the time on the stomic weapons systems
and two of the safety stenderds which must be met ave these; one that 1f
involved in an accldent, the atomic weapons systems shall not result in 2
nuclear yield and the second standard that there should not be an inadvertent
launch or inmdvertent drop of sa stomice weapons gystem. T think that we
have heaxd hera in this seminsr thab our propellants are getting hotter and
botter, they are tending more toward high explosives than propellsnts that
we uged to lmow. We hear the term incapsulate with the irnherent hazard thatb
if the capsule is hroken, there is a fire and we might expose the atomic
warhead tc & very hot propellant fire or perhsps & detonation. Ilow these
atomic weapons are safe from & nucleaz point of view but there is no real
point in unnecessarily exposing them to detonations or fires which couls
ragult in the explosion of the high explosives in the etomic wespons and the
releage of radlosctive material 4o the stmosphere. We have talked about the
hazerd of RP energy and we hear that R&D people like to use smell light units
which provide high energy. These sre electrical or electronic components
and therefore we have the hazard of FF on our hands. The word of caubion
thaet T am proposing o you is this: its necessarily vague because only you
perhaps understand the velaticonship of the material that youlre working with
with & posgible atomic device, B0 we must keep in mind in the years in the
fubure that nothing we do in designing o propellant aystem ghall) endangey
the atomic Jevice,

Col. Hamilton: Thank you Mr. Bishoff. GOentlemen, you'll get copies of the
minutes &3 soon as we cen get them to you. We hope that, knowing the type of
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problams that the other pscple you bhave met here are interested in, snd knowe
ing those pecple who sre interested in problems that are similsr to youwrs, you
will get together with ther in the future, correspond witih them, or set wp
relationships so that you osn exchanga information so, as new problews davelop,
you can sxchsonge asthods of keeplng some of the ssfety haxards under control,
Ve spprecietes very much your goming out here and spanding this time with us.
We sppreicate vury mach My, Henry Mersh coming down and participating in

thig seminmr, ‘Thank you gentiemsn, the conference is endsd.
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