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NOTES ON THE ORGANIZATION OF NDRC

The duties of the National Defense Research Committee
were (1) to recommend to the Director of OSRD suitable
projects and research programs on the instrumentalities of
warfare, together with contract 1acilities for carrying out
these projects and programs, and (2) to administer the tech-
nical and scientific work of the contracts. More specifically,
NDRC functioned by initiating research prujects on re-
quests from the Army or the Navy, or on requests from an
allied government transmitted through the Lisison Office

" of OSRD, or on its own considered initiative as a result of

the experience of its members. Proposals prepared by the
Division, Panel, or Committee for research contracta for
performance of the work involved in such projects were
firnt reviewed by NDRC, and if approved, recommended to
the Director of OSRD. Upon approval of a proposal by the
Director, a contract permitting maximum flexibility of
scientific effort wus arranged. The biuniness aspects of the
contract, including =stich matters as materials, clearances,

- vouchers, patents, priorities, legal matters, and administra-

tion of patent maitters were handled by the Executive Sec-
retary of OSRD. : . .

Originally NDRC administered its work through five
divivions, each headed by one of the NDRC mr-mbers.
Theve were:

Division A - - Armor and Ordnanee

Divivion B — Bombe, Fuels, Gnses, & Chemical Problems

Division (- Communieation and Transportation
Division 1) -— Detection, Controls; and Instruments
Division E -~ Patents and Inventions

In a reorganizstion in the fall of 1942, twenty-threc ad-
ministrative divisions, panels, or committees were created,
each with a chief selected on the basis of his outstanding
work in the particular field The NDRC members then be-
came a reviewing and advisory group to the Director of
OSRD. The final organization was as follows.

1 — Ballistic Rerearch

2 — Effects of Impaet and Explowion
3 — Rocket Ordnance

4 — Ordnance Acoesiories

5 — New Miwiles

6 — Sub-Surface Warfare

7 - Fire Contral

Divition 8 — Explosives

Division 9-— Chemistry

Division 10 - - Almorhenta and Aermols
Division 11 — Chemieal Engineering
Division 12 — Transportation

Division 13 — Electrieal Communieation
Division 14 -— Radar .

Division 15°— Radio Conrdination
Division 16 -— Optics and Camouflage
Division 17 — Physics .

Division 18 —-- War Metallui oy

Division 19 — Miscellaneous

Applied Mathematies Panel

Apnlied Psychology Panel

Committee on Propagation

Tropical Deterioration Administrative Committe

Division
Division
Divixion
Division
Division
Division
Division

iv : m
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NDRC FOREWORD

s EVENTS of the years preceding 1940 r.vealed
more and more clearly the seriousness of the

. world situation, many scientists in this country came

to realize the need of organizing scientific research for
service in a national emergency. Recommendations
which hey made to the 'Vhi‘e House were given care-
ful and svmpathetic attention, and as a result the
National Deiense Research Committee [NDRC] was
forined by Executive Order of the President in the
summer of 1940. The members of NDRC, appointed
by the President, were instructed to supplement the
work of the Army and the Navy in the development
of the instrumentalities of war. A year later, upon the
establishment of the Office of Scientific Research and
Development [OSRD], NDRC became one of its
units. '

The Summary Technical Report of NDRC is 2
conscientious effort on the part of NDRC to sum-
marize and evaluate its work and to present it in a
useful and permanent form. It comprises some
seventy velumes broken into groups corresponding
to the NDRC Divisions, Panels, and Committees.

The Summary Technical Report of each Division,
Panel,or Committee is an integral survey of the work
of that group. The first volume of each group’s re-
port contains a summary of the report, stating the
problems presented and the philasophy of attacking
them, and summariziag the recults of the research,
development, and training activities undertaken.
Some volumes may be “state of the art” treatises
covering subjects to which various research groups
have contributed information. Cthers may contain
descriptions of devices developed in the lzboratories.
A master index of all these divisional, panel, and com-
mittee reports which together constitute the Sum-
mary Technical Report of NDRC i- containad in a
soparate volume, which also includes the index of a
microfilm record of pertinent technical laboratory
reports and reference material.

Some of the NDRC-snonsored researches which
had been declassified Ly the end of 1915 were of suffi-
cient popular interest that it was found desirable to
report them in the form of monographs, such as the
series on radar by Division 14 and the monograph on
sumpling inspection by the Applied Mathematics
Panel. Since the material treated in them is not dupli-

, UNGI.A\SSIFIE\D T

L —

cated in the Summary Technical Report of NDRC,
the monographs are an important part of the story of
these aspeets of NDRC research.

In contrast to the information on radar, which is of
widespread interest and much of which is released to
the public, the research on subsurface warfare is
largely classified and is of general interest to a more
restrictes] group. As a consequence, the report of
Division 6 is found almost entirely in its Summary
Technical Report, which runs to over twenty vol-
umes. The extent of the work of a Division cannot
therefore be judged solely by the number of volumes
acvoted to it in the Summary Technical Report of
NDRC: account must be taken of the monographs
and available reports published elsewhere.

Hampered and confused by the unfamiliar restric-
tions of military security, many civilian scientists
engaged in NDRC research found themselves par-
ticularly hindered by the lack of opportunity for free
and open consultation. This was particularly true for
Division 19 under the leadership of Harris M. Chad-
well. Few even in the military services knew of its
existence, and still fewer knew of its operstions.
Working closely with the Office of Strategic Services,
it was devoted to the development of instruments for
sabotage and espionage in enemy-held territory —a
subject not widely discuxsed even in time of peace.

Since few me:, were cognizant of the Division’s ac-
tivities, this Summary Technical Repori, prepared
under the uirection of the Division Chief and author-
ized by him for publieation, will have only a very lim-
itedd distribution. It is regrettable that this is neces-
sary and that wider recognition cannot he given to
the men of the Division and its contractors. Their
contributions made possible to a large extent the suc-
cessful operations of their country and its allies in the
war of the underground. Their efforts were those of
men of high integrity, imagination, and eompetence,
cooperating loyally and brilliantly in the defense of
their country.

VaxNeEvar Busk, Director
Office of Scientific Research and Development

J. B. CoNaxt, Chairman
National Defense Research Commitiee
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FOREWORD

'~ 11s voLtME of the Summary Technieal Report,
XL Division 19 is a snecial case among the divisions
of NDRC. Throughout its existence this division did
not conform to the established practice of distribut-
ing reports; it received very few problems from the
Army and Navy through the usual channels and
limited it activity almost exelusively to problems
submitted by an intimate and informal liaizon with
the Office of Strategic Services and the British liaixon
officers assigned to that group. Since the true nature
of the work done by OSS has been well publicized.
it can be logically inferred that the developments
produced by Division 19 under the ambiguous
title Miscellaneous Weapons were connected with the
underground organizations established in Europe
prior to D-day, with special attention given to sabo-
tage and unorthodox warfare. The unusual handling
of the division's reports ix thereby explained.

During the course of its existence, however, the
division, by accident rather than dexign, did work on
several problems of value and interest to the older
and w-re orthodox branchex of the Armed Services,
In sueh instances, there was complete exchange of in-
formation on a very informal basis with the Service
groups concerned, and guidance and valuable in-
formation were therchy provided for the division’s
contractors. It is hoped that the division has assisted
the research programs of the Army and Navy.

The largest contract under the division was with
Ford, Bacon. and Davis, Ine., for the operation of a
central laboratory known as the Maryland Research
Laboratories [MRL] located near Washington.
Members of the staff of that laboratory contributed,
in one way or another, to the development of most of
the devices described in this volume and they coop<
erated wholeheartedly with other contractors of the
division.

Throughout the complete program of Division 19,
Dr. Warren C. Lothrop served as Technical Aide.
The major part of this volume of the Summary Tech-
nical Report was compiled by Dr. Lothrop. Chap-

ters 18, 19 and 20 were written hy Mr. 8. Reid
Warren, Jr., of the Moore Sehool of Eleetrical Fn-
gineering of the University of Pennsylvania, where
the devices described in theve chapters were devel-
oped. To the authors I wish to express my gratitude.

It wax originally decided that there should be no
Summary Technical Report for Division 19, but, in
view of the past exchange of iformation and the fact
that inany of the devices were known ta the older
Servicer as a result of the above relationship, it was
finally decided that those parts of the division’s work
which eould properly be ealled legitimate should be
recorded and should constitute its Summary Techni-
cal Report. From this point of view, the four parts of
this volume have heen prepared.

Unfortunately, in comparon with the other vol-
umes of the STR, the usefulness of the material is
limited, since microfilming of the references. con-
tained in the various bibliographies has been omitted.
Thix decision was made by high anthority in onder to
keep to a minimum all extraneous information in the
division'sreports and to keep small theeirele of people
who are thoroughly acquainted with the unortho-
dox aspects of the activity. However, if any part of
this volume should be of special interest to some
Service group, it is believed that there will be little
difficulty in arranging for access to specific portiuns
of the division’s filex or the files of the Strategic Serv-
ice Unit, War Department, by the appropriate per-
sonnel. Many of the reports to which reference is
made are already in the hands of those groupxof the
Army and Navy who are primarily coneerned.

Despite these limitations, it is hoped that thix vel-
ume will be of value, as much for the description of
unsuceessful work as for the deseription of devices
which, in production and field use, proved successful

"in many special operations.

‘H. M. CeapweELL
Chief, Division 19
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This volume, like the seventy others of the Sum-
mary Technical Report of NDRC, has been writ-
ten, edited, and printed under great pressure.
Inevitably there are errors which have slipped past

X
Division readers and proofreaders. There may be ¥
errors of fact not known at time of printing. The 1:
author has not been able to follow through his B
writing to the final page proof. ’
v
Please report errors to: K
]

JOINT RESEARCH AND DEVELOPMENT BOARD
PROGRAMS DIVISION (STR ERRATA)
WASHINGTON 25, D. C.

A master errata sheet will be compiled from these
reports and sent to recipients of the volume. Your
help will make this book useful to ¢
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PART 1
WEAPONS

During World War II, as never before, science was
eniisted for the development of new weapons of war-
fare utilizing naany kinds of seientific principles. The
results were remarkable, and warfare therehy as-
sumed previously unthought of tactical aspects. Con-
current with this was the acceptance by the Army
and Navy of ideas of a novel and unorthodox type.
The most spectacular and larger contributions of
OSRD to the military are found elsewhere in the
Summary Technical Report. Veryv frequently these
were of a large scope.

The work of Division 19 desecribe 1 in this part on
weapons, while retaining the novel and unorthodox
features to an enhanced degree. resulted in no dis-
covery which could rank with radar, the atomic
bomb, or the proximity fuze in its great effect on mil-
itary operations. Neverthelexs. a number of smalil and
useful devices were developed primarily of value to
the individual soldier or small groups, in operations
exemplified by commando raids and scouting parties.
In this more limited and very specialized field, the
weapons deseribed in Part I are believed to have real
value and tc bring close to the individual results of

modern technological developr.ent. A neglected field '

was thereby opened and partly explored.
Considerable imaginativeness has been shown in
these developments, and this demands an equal
imaginativeness on the part of potential users. The
very unorthodox nature of some of the devices will of

necessity mean that the field of hand application isa

narrow one at best, but this is not to say that in that

narrow field their value may not be of the highest de-
aree to a given individual in a given situation. In such
cases it may far cutweigh the rather limited demand
which might be foreseen and b~eause of which Army
and Navy procurement might, with logic, hesitate.

To those who have been close to the development
of these weapons, it has always seemed that they
might well supplement for surprise use the more or-
thordox devices now issued to special troops. Only one
of the developments described in Part I mey have a
broader scope; this is the impact spherical hand gre-
nade known ax Beano and deseribed in Chapter 3. For
the most part the "weapons are explosive in nature,
there heing onlv one which has a truly incendiary
action among them; this is the oil slick igniter de-
seribed in Chapter 2. Others such as Beano loaded
with white phosphorus (see Chapter 4) and slow
burning explosives (see Chapter 6) lie intermediate
between explosive and incendiary devices. However,
without exception all the wespons in their present
atate are of a size suitable for use by a single person
and should probably be presented as items for indi-
vidual issue to special scouting or miding par-
ties.

The groups in the Arny and Navy who have been
acquainted with these devices and who would appear
to find them of value would include particularly the
Army Ground Forces, the Corps of Eugineers, the
Chemicul Warfare Service, the Ordnance Depart-
ment, the Bureau of Crdnaace, and the Marine
Corps.
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Chapter 1
ROCKET LAUNCHER3

1.1 INTRODUCTION

The striking power of an individual foot soldier
has been greatly enhaneed by the development of
portable 1ucket weapons of which the M6A3 or
Bazooka of the Americans and the PIAT gun of the
British are the foremost. Each of these, of course, is
provided with its launcher and, as generally used, is
a shoulder weapon. That there may be occasionally
a need fe. Sring as a booby-trap or delayed action do-
vice is also well recognized and has been indicated in
publications of the Ordnance Denartment and the
Corps of Engineers. In this case, it is customary to
use, as the launcher, the original packing tube in
which the rocket round is delivered to the field. A
small amount of work on this application was done
by the division and is discussed below.

The Bazooka is, however, not a very formidable
rocket when compared to those used by and against
ships and aireraft. It would seem logical therefore to
make one of these heavier and more destructive
rounds available to the individual soldier for his use
against xome specially selected and unapproachable
target. This idea resulted in the perfection of a port-
able, re-usable, but expendable launcher small and
light enough to be carried by an individual, and simple
enough to be erected and fired easily, either man-
ually or by trip wire or time delay fuze (see Chap-
ter 9). This work using the 3.55-in. spin stabilized
rocket (SSR) developed at California Institute of
Technology [CIT] under Division 3 of NDRC ix the
subject of Section 1.3.

1.2 LAUNCHING M6A3 BAZOOKA
ROCKETS FROM THEIR CONTAINERS

For the use eontemplated, three separaie minor
developments were required: a simple unadjustable
sight representing a separate item of equipment, a
trip wire firing system, and a time delay firing system.

The Sight

This consisterd of thin sheet stcol 8 in. long, 214 in.
wide. ar. 1 214 in. high, dimensions which fitted the
standard tubular cardboard conta’ners in which the
2.36-:n. Bazooka rounds were issued to the field.

Mounted laterally on this base was a bead and pin-
hole sighting system analogous to the standard rifle

L.2.1

sight, but ending in a mirror, of either glass or pol-
ished metal, mounted obliquely to allow convenient
observation of the target during final locution of the
cardboard carton in the ground. The sight as finally
produced by the Office of Strategic Services was
rigidly constructed to provide an accurate range of
100 ft, a distance selected as optimum from the .
standpoint of rocket performance and operational
needs. It would be possible to aiter this range slightly
but not significantly.

The performance for this sight is illustrated by
Table 1, which was obtained from firing five live
rounds of M$A3 ammunition from their packing con-
tainers after aiming with the reflecting sight.* The

TasrE 1. Performance of MBA3J sight.
Vertical deviation

Lateral deviation

Shot No. inches inches
1 42 low 20 right
2 8 low 9
3 15 high 8 left
4 0 0
5 25 low 0

target was at a distance of 95 to 97 ft, the wind veloc-
ity was 2 mph or less, and the temperature was 78 F.
Averaging of the data indicated a center of impact
falling 12 in. below and 3 in. to the right of the aim-
ing point, an aberration which was not considered
serious.

L.2.2 Trip Wire Firing !
The standard Bazooka launcher is equipped with

4 dry cells which provide electric firing of the round.

For hooby-trap use, batterics were unreliable because
in the indeterminate period of inactivity following
the setting up of the trap they might go dead. In
their place was substituted a simple, mechanically
operable clectric magneto which was found by test to
deliver a current sufficient to insure firing the round

> and which, of course, had an indefinite shelf life. The

recommended, standard Navy Mark 22 Magnavox
magneto was connected to the wires from the electric
squib located in the tail of the rocket motor and then
attached to a trip wire suitably mounted acro==a road
or trail. A sharp puli on the trip wire was sufficient to
turn over the magneto and deliver to the electric
squib a surge of current adequate for firing it.
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4 ROCKET LAUNCHERS

1.2.3 Time Delay Firing !

In cases where it was desirable to aim and plant
the round, and then to fire it at some future pre-
selected time, a different but equally siniple system
wus supplied. The electric squib was removed from
the motor and a short length of safety fuze, bearing
several slanting cuts, was introdueed into the pro-
pellant charge. The other end of the fuze was con-
neeted in the standard manner to a time delay Pencil
having a spring snout (see Chapter 9 and Section
11.3.3).

L2.4 Operation !

The rocket round in i'~ original paeking carton
could be set up in some concealed place and trained
on a spot in a road, for example, or on a nearby target
which could not be closely approached. The proce-
dure was to embed the tubular carton. the closed
ends of which had heen cut off to make it an open
tube, in the earth, training it on the target with the
aid of the sight which was laid on top of the tube. In
order to avoid disturbing the tube after final sight-
ing, it was found best to have the rocket with safety
pin removed in the tube before fina! aim was taken
and the sight removed. It was important that the
tube be solidly embedded in soil, which should prefer-
ably not be sandy. When 14 rounds were fired under
these e nditions at a target 95 ft distant and with the
sight fixed at 1 degree elevation, all fell within a 3-ft
radius circle and 30 per cent in an 18-in. circle, the
center being the point of aim (see Figure 1).

Ficure 1. Dispersion — M6A3 rockets.

1.3 ROCKET LAUNCHER FOR
3.55-INCH SSR **

Upon the advice and through the couperation and
support of Division 3 and their contractor CIT a se-
lection of a rocket mare powerful and effective than
the 2.36-in. Bazooka wax made. The rhoice fell on
the 3.535-in. spin stabilized rocket (S3SR) which Divi-
sion 3 had developed to satisfy a special Navy re-
quircment.* * In the following discussion only the
briefest details of this special rocket are recorded,
since it was not a development of Division 19. More
thorough treatment is given the launcher and its
adaption to the firing ~f Basooka rounds (Sec-
tion 1.3.3).

1.3.1 The Round ?

The ammunition for which this Iauncher was de-
signed was the Navy 3.35-in. SSR. The following
data apply:

Length 2435 in.

. =nn +0-0001.
Diameter, bourrelets 3.500 —0.010}“1'
Weight 24 Ib
Payload 116 1b
Explosive charge (TNT) 151b

Maximum veloeity
Fuze

760 ft per sec
Nowe fuze Mark
100 Mod. 0 (Su-
perquick  with
0.05-see delay)
Motor burning distance 230 ft at T0F.
Firing: electric — through body and the insulated
contact ring. '
Effective range for this type of use: 1.000 yd or
less.,
Unavoidable deviation: about 6 mils for moderate
ranges.
Lateral deflection for ranges under 1,000 yd:
about 30 mils left.
The next to the last datum above is a measure of the
inherent inaceuracy of the rocket, for rockets do not
possexs the reproducibility of artillery shells. The
final datum is a deflection inherent in all spin stabi-
lized rockets and is the result of gyroseopic effects,
The following examples are quoted to indicate the
power of the round: with fuze set for 0.05-sec delay,
the round penectrated a 6.5-ft thick sandbag target
and burst on the other side; with a 10-ft thick target
it burst inside; set for the same delay, a round hitting
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ROCKET LAUNCHER FOR 3.53-INCH 3SR 5

a 24-in. thick concrete wall burst inside the wall and
blew out craters 36 to 48 in. both in front and back.

The Launcher?

This was designed to be as light as possible, ex-
tremely portable, and to serve as container for the
round and all accessories. Pertinent data ave econ-
tained in the following tabulation:

Weight of launcher with one round and all acces-
sories: 40 Ib.

Weight of launcher with all accessories: 16 b,

Length of launcher including end eaps: 32 in.

Mount: 3 folding legs, the rear spade-shaped, the
front legs pointed.

Sight: peep sight with front bead fixed and rear
peep hole on an arm adjustable for ranges up
to 1,000 yd.

Firing: electric, using Navy Mark 22 magneto

~ firing key.

The sight and firing are similar to those of the Ba-
zooka described in Section 1.2. The launcher was
made of aluminum alloy for lightness and strength,
and was treated to resist corrosion. In the complete
assembly it contained one round, a 25-ft firing line, a
magneto switch, time Peneils; and trip wire. When
the legs and sight were folded, the compact unit was

1.3.2

v
" S

Firavng 2.

oo AdE N

easily carried on a light packboard, from which it was
quickly removed and implaced for operation. The de-
vice was considered as expendable, although it was
found in actual tests to be capable of firing over 100
rounds without visible deterioration. .

The sight and clevation adjustment- in the legs
were designed to allow use of the rocket in the inter-
mediate ranges where its accuracy was good. Such
ranges corresponded to a reasonably flat trajectory at
a maximum elevation of 8 degrees, hence the aceuracy
was better against vertical than horizontal targets.
This was at least equal to the accuracy obtained
with any launchers from which the 3.55-in. rocket
had been fired. The observed dispersions corre-
sponded to mean deviations of 6 or 7 mils at the
ranges tested {(apparvently a characteristic of the
round at its state of development).

1.3.3 Operation 3

The launcher could be quickly disassembled from
the pack, 2ad by means of the folding legs set up
pointing roughly in the correct divection. Fingl aim
was secured by elevation and fine traverse adjust-
ment incorporated in the rear leg mechanism. The
feet of all three legs were sharp and pointed, so that
a good hold eould be seeured in the ground and the
launcher firmly planted. Even so, it was found neces-

Tt

Launcher assembled with firiug line and magneto and round.
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6 ROCKET LAUNCHERS

Ficvre 3.

sary to weight the launcher to prevent its being upset
by the blast from the rocket. This was conveniently
and : imply accomplished by including, in the acces-
sory kit, a canvas and glass cloth bag which was filled
with about 20 1b of available ballast, such as rock and
sand, and suspended by a strap passing over the
launcher tube near the front sight. When the launcher
was thus weighted, repeated shots could be fired
without extensive readjustment of the aim. The de-
tachuble rear leg was spade-shaped to assist in ob-
taining the needed ballast. The rockets were loaded
and all adjustments were made at the rear end of the
isunrcher.

Firiag was aceomplished cither by trip wire, man-
ual eperation, or by time Pencil. Details of the first
two of these methods (see Section 1.2) are not in-
cluded. The time delay firing, however, differed from
the procedure given in Section 1.2.3, in that the time
delay Peneil was connected direetly to the firing mag-
neto and the latter was operated by impact of the
Pencil striker. This change was necessitated by the
requirement in the case of this rocket of electric
firing at all times.

L3t The Bazooka Adapter *

It was thought desirable that the launcher for the
3.55-in. SSR also be able to fire the more readily
available Bazooka 2.36-in. rockets. Thus the launch-
er's usefulness would not cease when the few rounds
shipped with it to the field had been exhausted. An
arrangement was worked out consisting primarily of
three aluminum tubes of such diameter that, when
inserted into the launcher tube, thev provided three
guiding rails for the smaller round. Three slots at

Layout of launcher and round before assembly to packboard.

each end of the launcher tube served to fix these
rails in position and their attachment or removal was
possible in a few seconds. ‘

The only other special provision was a central
peep-sight hole (not offset as was the one on the
launcher which compensated for the lateral drift of
the SSR) and a spring clip on the ungrounded firing
contact for attachment to the Bazooka’'s firing wire.

Yreech of lnuncher showing rails and con-
tacts with 2.3t-in. rocket purtly inserted; method of
making electrical contucts with the round; and the two
peeprsights.

Figuse 4.

In actual use with Bazooka rounds, some bad
yawing occasionally was encountered. This was
perhaps not unexpecterd with this rocket 7 and was
entirely corrected by filling the empty cone of the
shaped charge with plostic explosive or cast pentolite.
This, at the same time, incrensed the charge from
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ROCKET LAUNCliEﬁ FOR 3.55-INCH SSR ' 7

0.31b to 1.3 1b and gave a range at 8 degrees elevation
of about 130 yd with good accuracy. It was realized,
of course, that the penetrating characteristics of the
original round had heen sacrificed and the procedure
at best wax makeshift. Nevertheless, when it is noted

that the complete modified launcher weighed slighily
less than the Bazooka launcher, could be operated by
one man, and could be used to fire rapid and succes-
sive shots without re-aiming, consideration of this use
is warranted.
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Chapter 2
OIL SLICK IGNITER (NO-234)

a.1 INTRODUCTION

At the request of the Navy, Division 19 was asked
to develop a seatter homb which, when released from
an airplane traveling at speeds up to 300 mph and at
altitudes of under 1,000 ft, would reliably ignite
floating oil slickx. The operational requirement was
jointly framed by officers in the Bureau of Ordnance,
the Bureau of Aeronauties, and the Office of the
Commander in Chief. It was also desired that the oil
slick igniter be eapable of igniting standing pools of
oil on land. with the oil in either rase being devoid of
viuatile constituents. So-called Navy Special, Bunker
(', and crude otls were accepted as suitable.

Operationally, it was thought that reconnaissance
planes equipped with a few igniters of this type would
be most useful in destroying torpedoed ships and
tankers floating helplessly on the sea surrounded by
the oil slick liberated from their opened tanks. The
land use would be more limited and would be con-
fined to those rare instances where a large storage
tank had been ruptured and had releazed pools of
standing oil. :

Both problems were met by the development of

small cardhoard cartons containing a fuel charge’

which was ignitable, either by contact with water or
by a secondary fuze system. The former was known
as the City Slicker and was either rectangular (CSR)
or triangular (CST), while the Iatter, becauve of its
funetion on either sea or land was dubbed Paul Re-
vere (PR). All are deseribed in thix chapter,? from
which it will be seen that the PR differed from the
(SR only in the addition of the separate tuze system.

2.2 FUEL CHARGE'!

Two prior developments by the British were known
to NDRC workers. These were both primarily of a
defensive type and had heen produced to ignite oil
slicks which were to be liberated by underwater
pipes in the face of an attempted invasion of Britain.
The first of these was the so-called Cough Mixture
(KOFQR), an alloy of sodium and potassium sus-
pended in benzene in a frangible glass container.
Thix, on impact with the sea, broke, liberating the
contents which were spontaneously inHammable
when mixed with water. The other development een-
tered on the use of ealeium phosphide which wax
similarly employed.*?

Neither of these appeared likely to satisfy the
American offensive requirements, largely becanse of
their uncertain behavior against the oils specified,
and a different igniting charge was therefore ob-
tained. This charge wis based on a product of the
Permanente Metals Corporation known as Perma-
nente Mix which closely resembled the standard
“goop” used in large quantities by the Chemieal
Warfare Service for filling the M-74 and M-76 in-
cendiary bombs. It consisted of a paste of crude,
finely divided magnestum (with magnesia and car-
bon) in Stoddard Solvent-asphalt. This was dried to
83 per cent + 5 per cent solids, 3.3 per cent + 0.5
per cent asphalt, and 11.5 per cent + 0.5 per cent
Stoddard Solvent, then screened through a 6-mesh
0.135-in. screen. The dried solid “goop’” thus obh-
tained contained ax a minimum 40 per cent metallic
magnesium, and was close to the limit of spontaneous
reaction with moist air.

Dried iron oxide from mill scale was ground 100 per
cent through an 80-mesh screen to contain at least
65 per cent iron and no more than 0.3 per cent mois-
ture. The dried “goop” was mixed with it in the pro-
portion of 85 per cent by weight of “goop™ and 15 per
cent iron oxide. In final furm the Permanente Mix
was a dark brown mesly powder, very sensitive to
water vapor and spontaneously inflammable with
either sult or fresh water.

2.3 IGNITION !

However, in practice it was found desirable in the
interest of quick ignition on contact with water, to
provide a booster, This took the form of a small cloth
bag of calcium carbide situated in the center of the
fuel charge and close to the water inlet opening of the
carton. Penetration of water to the carbide was quick
and resulted in an immediate and rapid evolution of
acetvlene with attendant heat release which was suf-
ficient to raise the speed of jgnition of the main
charge to less thau 25 see. This type of ignition sy«
tem wax common to all three devices (('SR, (ST,
PR).

For land use of PR, a secondary ignition syvstem
was provided. This consisted of an external celluloid
caxe cemented to the side of the carton and communi-
cating with the main fuel charge by means of an in-
serted celluloid window. The filling of this case was a

8 N RESTRICTED
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MANUFACTURE 9

hot burning mixture of 88 parts potassium perchlo-
rate, 11 parts paraffin, and 1 part petroleum coke.*
Ignition of thix first fire mixture was brought about
by the action of a time delay Pencil (see Chapter 11)
equipped with an incendiary matchhead ending.

2.1 CONSTRUCTION

2,11 Of the CST

The construction of the (ST can be seen from
Figure 1. Beeause the triangular unit floated on its
side with either a flat surface or an edge projecting
a short distanee out of the water, the ignition hole
was placed at the end. in the ecenter. Closure of this
port (providing for the eventual entrance of water)
wa= made with a glued-on brass tear tab having 2
perforation through which a pull ring and string were
threaded. The tab was not glued directly to the
carton but to a cardboard ring that could he torn
without damage to the package wall.

The carton was provided with a corrugated paper
liner, inserted with the flukes outward. giving ade-
quate buoyaney to the packet and contributing to
the formation of a residual charred shell that sus-
tained the burning charge in the water and kept it
from dispersing. Asbestos liners were inserted oa all
three sides between the corrugated liner and the
earton to prevent the flame from shooting upwards
and to direct it along the surface of the water and
hence against the oil slick. The igniter bag contained
about 25 g of Y4-in. ealeium carbide wrapped in a
6-in. square of cheesecloth and a similar square of
absorbent paper which promoted the ahsorption of
water and hence the reaction of the carbide.

The carton it=elf was cut by a sperial die from the
superior grade of jute board developed for the Quar-

termaster K-Ration and for Ordnance stores. The

style of box, with an outside glue Hap and a special
seal, conformed to the best principles of moisture-
proofed eardboard containers,

Of the CSR and PR

Figure 2 illustrates the construetion of these more
elaborate units, The ignition hoie, scaled with the
same brass tear tab used in the ST, was here at the
center of one of the narrow sides of the rectang.lar
package, which floated on one of its wide sides. s
bestos liners were provided on the two wide sides to

2.8.2

direet the flames downward along the surface of the

water, but there was no ashestos along the narrow
sides. The corrugated eandboard liner in this case had
two 1-in. holes which coincided with the two narrow
sidex of the carton. Thus one hole was adjacent to the
water-admission hole that wax covered by the tear
tab. In the finished munitions, a porous pasteboard
tube 1-in. in diameter fitted into the two heles pro-.
vided in the corrugated liner, and held a caleium
carbide igniter-bag in place close to this entrance
hole.

In the case of the PR, on the narrow side of the
carton opposite the tear tab a eelluloid case was
glied to the outer surface. Thix case contained a cen-
tral well for inserting a time delay (SRIY and on
either side of this, chambers filled with the fast burn-
ing perchlorate mixture already mentioned in See-
tion 2.3,

25 MANUFACTURE

Two semi-proditetion experiences proved the ex-
treme sensitivity of the igniters to atmospheric hu-
midity. This difficulty ocenrred not only in the origi-
nal production of the fuel charge, the deterioration of
which could have been foreseen, but also in its subse-
quent handling during loading procedures and in
storage, where resistance of the carton to slow mois-
ture penetration over long periods was small. The
latter proved a difficult technical problem but was
eventually solved by using proper glues and by
lacquering and waxing. This susceptibility on the
part of the oil slick igniters did not lead to a danger-
ous condition. rather, duds resulted which while a
nuizance and certainly undesirable were by no means
so serious. Nevertheless, with adequate inspection
dnring manufactuire there is no reason to expect any-
thing but a perfect product.

The various steps in manufacture ineluded gluing
of the sidex and enls (and in the case of the PR, affix-
ing of the celluloid case), which wax done in one
operation using Dewey and Almy adhesive No. 737,
and drving the freshly glued cartons under weights
on suitable wooden forms. The hole in the celhiloid
case of the PR, through which the time delay Pencil
was inserted. was then sealed with a small wad of
Presstite Fuel Tank Sealer SS-3).

The dried eartons were then dipped twice in an
18 per cent solution of vinvlite (VMCH resin) in
hexone (60 parts) and toluene (40 parts) and placed
to dry on specially made racks in a eurrent of warm
air for two hours,
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12 OlL SLICK IGNITER (NO-238)

The loading had to be done under atmospheric
conditions which would insure both safety in the
handling of the Permanente Mix and complete pro-
tection from any deterioration of either this material
or the ealeium carbide during the very bricf period of
exposure involved. The cartons were inspected for
any irregularities which might interfere with the
subsequent sealing operation. and the corrugated
liners and asbestos liners were inserted, followed hy
the fuel charge and lastly the caleium carbide bag.
(In loading the PR unit the carton was first filled to
within about 1, in. of the side holes, the tube con-
taining the caleium carbide bag was inserted, and the
filling with Permanente Mix was then completed.)

The fitled cartons were then sealed with Presstite
Extruded Fuel Tank Sealer S8-50 under pressure,
painted on the exposed edges with a liberal portion of
Glyptal Cement No. 1276 and dried with that end up
for 3 hours. The final operatior wax to dip each car-
ton individually in Darex Thermoplastic (‘oating
BMli6at 120C + 5 (.

The finished amits, thus obtained, measured as
follows: CST: length 67 4 in., width 334 in., weight
0.88 + 0.06 Ib; CSR and PR: length 53 in., breadch
4 in., -thickness 21 in., weight 1.16 th + 0.06 !b.

It should be noted that the lacquering finish ap-
plied was impervious to the oils in the fuel charyge,
while the exterior wax coating was impervious to
water vapor.

2.6 INSPECTION TESTS*

To insure a reliable produet and to provide test
procedures suitable for quality control, it was neces-
sary to devise simple and routine tests for the use of
the manufacturer and the Service Procurement
Office. The test for funetion was naturally the first
and most important of these. One per vent of each
1,000 units was tesied in water to meet the specifica-
tion of positive ignition in less than 25 see and eon-
tinued burning time of at least 1 min. This was there-
fore a conclusive test of the finished prodaet but was
of novalue in loeating uniforeseen troubleshefore they
had affected quality. .

More valuable from a practical point of view was
the so-called Lily cup test, .\ mixture of 30 g of Per-
manente Mix, 1) g of Y4-in. caleium carbide and
15 ce of water in a paper eup was timed for first ig-
nition. A fairlv aceurate estimate of the reactiveness
of the fuel charge was thereby sectiredt, but an exact
correlation between the timings given by this test

and the performance of the igniters in the first test
was never dedueed.

A third test of great value and simplicity deter-
mined the extent of deterioration of the ealeium ear-
bide in a given igniter. Repeated observation showed
that any moisture capable of penetrating to the in-
terior of the earton preferentially attacked the car-
bide with the result that lumps disintegrated into
dust. Acceurate measurernent of this dust wax simple
and indicated the extent of moisture penetration.
While the amount of carbide present was several
times the minimum needed, loss of more than 10 per
cent of that originally present was considered serivus
and an indication that the elaborate waterproofing
treatment with laequers and wax was inadequate.

In the case of the PR units an additional test was
made to insure the quality of the fast burning mix-
ture contained in the celluloid ease. For this purpose,
the total burning time of the case and its filling was
specified to fali within 20 to 30 sce.

Exhaustive: trials were run on the finished units
under a variety of humidity and temperature ex-
posures to prove the adequaey of the moisture-proef-
ing eoatings. Of all these, that test m which the indi-
vidual units were left in a stream of running tap
water proved the most severe. In the CST, (SR, and
PR units just deseribed, even this test was passed
without losz of efficieney after a week's trial. The
test ax applied in manufacture specified that 1 per
cent of the produetion units be floated in pans of
running water for 48 hours and the carbide and spe-
cial PR tests described immediately above were then

made.
2.7 PACKAGING

Figurvex 1 and 2 indicate the way in which the (ST
and PR, or ('SR, units were supplied to the field.
The CST's were grouped in a hexagon contained in a
streamlined, eylindrical bomb cax’1g adapted for
loading on the 100-Ib stations of Army or Navy
planes. The CSR and PR units were packed either
in rubber gasketed steel hoxes, similar to the one il-
lustrated in Fignre 2, or in the cheaper and more
available 0.5%-cal. M2 steel ammunition eases, The
comumon feature of all three types of package was
their watertightness until the moment the ineendi-
aries operated,

28  OPERATION FROM AIRCRAFT!

The CST was designed for elustering in the bomb
-ase. The details of the construction, operation, and
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14 OIL SLICK IGNITER (NO-214)

packaging of a quick-opening cluster of 24 (CST's
are shown in Figure 3. These clusters were carefully
tested several times at the U. 8. Naval Proving
Ground, Dahlgren, Virginia, and found to operate
satisfactorily and safely. The two seetions of the case
were hinged securely together at the nose to prevent
initinl opening at that point when the bomb was re-
leased into the aintream. A pair of springs, com-
pressed into wells drilled in blocks of wood mounted
in the tail section, forced the seetions apart at the
tail, when withdrwal of the arming wire from the
buckles allowed the steel straps to open. The 24
(ST« were packed into the casing in pairs after re-
moving their tear tabs and cementing the two units
(with their ignition holes abutting) by Presstite
Sealer. This temporary seal sufficiently waterproofed
the units during their brief exposure to air while the
bomb casing wax being loaded.

On release from a torpedo bomber at altitudex of
150 to 600 ft and specds of 175 to 300 knots, the
clusters opened an average of 40 ft behind the plane
and 25 ft below it, the individual C8T's or pairs
spread out in the airstreom behind the plane and
gave pattern areas roughly as shown in Table 1.

Tark 1. Rexults of release of CST's from torpedo
bomber,

Dismeter of pattern

B0 ft 150 ft
150 ft ) £t
175 ft 60 ft

CUSTs so released withstood the impaet on” water

very well and functioning was well over 80 per cent
with normal burning.

Another use for the CST that seemed even more
attractive wav ax & munition of opportunity to be
carried by aireraft operating over water. Release was
by hand in a eluster of six units bound loosely to-
gether with tape, as illustrated in Figure 1. Just
prior to release from the plane the rip cord could he
pulled. tearing off all the tabs and readying the units
for instant operation on contact with water. These
“lusters of six fell through the air as a unit, which on
striking the water broke apart seattering the indi-
vidual igniters over an oblong area. There was some
skipping, with the units coming to final rest about
30 vd ahead of the point of originzl impact.

Probably the PR would be useful in a similar oper-
ation. As already stated it has the added features of
delayed action (either on land or water) and of oper-
ation on land, features which might recommend it in
some special opecations. Needless to say, all tyvpes of
oil slick igniters could be used by individual foot
soldiers and thrown into slicks by hand, and, be-
cause of demonstrated reliability, a single unit or
perhaps a pair should suffice for a given target.

2.9 PERFORMANCE

Earlier work * cast some doubt on the practicabil-

ity of igniting bodies of floating oil, it beirg noted
that ignition of films of less than 0.1-in. thickness was
impossible. There was some question also whether
erude and heavy oils such as Diexel and Bunker (',
from which all velatiles had been stripped, could be
ignited at all in large bodiex. Also, it appeared that
waves, wind, and passing ships could be expected to
produce an oil-water emulsion which would not burn
under any conditions.

These doubts were settled by many tests under a
variety of temperature and wind conditions, It was
thus definitely established that filmx over (0.1 in. in
thickness could be reliably ignited by the extremely
hot flame of the CST cr PR. Because of the con-
sistent performance of the igniters, the seattered pat-
tern expected on jettisoning from a plane, and the
size of the slicks encountered in the field, it seemed
reasonable to assume their funetion from a single
Inrge-scale demonstration. This was arrmaged by offi-
cers asvigned to OSS and took place on the New
Jersey shore in June 1944 when 1,000 gal of Navy
special fuel oil wax ignited by the action of a single
CS8T in less than 4 min® The fire burned into the
wind with flames billowing to a height of 50 ft and
lasted for 7 min. Ax in all cases, there remained after-
wards a considerable unburned tarry residuc floating
on the surface.

This large trial was of course preceded by many
small trials and demonstrations performed by the
contractor and the division’s central laboratory.” In
all these, as well ax in the large trial, the units were
thrown in by hand, and it was independentiy <hown
that their functioning was unimpaired when thrown
from aircraft.®
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Chapter 3
GRENADE, HAND, FRAGMENTATION, T-13 (BEANO):=

3.1 INTRODUCTION

The work of Division 19 in the field of impact hand
grenadex had its origin in a request received from the
Re=earch and Development Division of O88 on tb -
own hehalf and with the support of the Grenade Sec-
tion of the Ammunition Division of the Army Ord-
nance Department. Ax the development proceeded,
contacts in the Army included the Army Ground
Foreex, and in the Navy, the Marine Forces, both of
ihese groups being the branches using such a weapon.
Upon withdrawal of the division from the problem
in June 1945, the grenade became the exclusive
charge of the Ordnarce Department, which contin-
ued experimental and developmental work. No
formal problem request was ever received from the
Army or Navy in distinetion to OSS.

The ideas underlying Beano '** were not original: it
had heen frequently suggested previously by respon-
sible individuals that fist an improvement in the
standard existing U. 8. Army fragmentation grenade
was needed; that, secondly, an impact type of gre-
nade would be a desirable adjunet to the Army’s
mttnitions: and that, thi=dly, a grenade based on the
size and shape of a baseball would be better adapted
to use by the average American soldier than was the
heavy pineapple-shaped Mark I The poor perform-
ance of the latter, which gave rise to that opinion,
was later greatly improved by the substitution of
2.05 oz of cast TNT for the previously used filling of
0.74 oz of E.C. nitrocellulose powder.

A combination of the above three guiding princi-
plesled to the development of Beano, although vari-
ous other requirements were included in the state-

ment of the problem as well. These included specifi- -

eations reganding sensitivity to impact, a dual arming
system with the =econd arming operation oceurring
after the grenade left the thrower's hand, and the
usual requirements of waterproofness, shock resist-
ance and safety to the user. The fulfillment of all
these points to the satisfaction of the Ordnance De-
partment wak not accomplished in the time available,
but wax very nearly achieved. Whether it was so
nearly achicved during the active day« of World War
[Iax to have warranted field use ix a matter of opinion.
Atleast it canbexsaid that Beano should be a valuable
weapon in any future wars and a most useful adjunct

to the now improved Mark I grenade which it com-
plements in many respeets.

3.1t Exact Requirements

The characteristics, suggested and implied, of this
grenade were: {1} It should be the same size and shape
as a baseball (a sphere 914 in. in circumference).
{(2) It should approximate its weight. As shown in
Section 3.2, this was eventually fixed at 11 + 1 oz.
(3) It should fire on impact rather than by time delay
as did the Mark II, which employed a Bouchon fuze
of approximately +4.5-sec delay. (4) It should fire re-
lisbly when dropped 18 in. onteo sponge rubber. This
measure of the sensitivity was later modified to a
12-in. drop equatorially onto concrete. (5) It should
be spherically balanced, a requirement which war ap-
prosimated in the first model of the fuze T-3 but
more exactly met in the final model T-3E3. (6) Tt
should have “optimum lethal fragmentation.” Just
-what this meant was a matter of personal interpre-
tation, since there is n¢ ~atixfactory criterion of le-
thality of particles which conneets size, mass, and ve-
locity with personal injury regardles< of the part of
the anatomy struck. Some discussion of this point
will be found in Section 3.5.3. (7) It should have two
arming mechanisms, the second to take place during
flight. Thix seemingly difficult specification was met
most satisfactorily by the so-called butterfly (see
Section 3.4.3). (8) It should be waterproof, capable

of withstanding the Army Ordnance Jolt and Jumble .
Test, and its safety and operation should be unaf-

fected by rough handling and severe weathering,

3.2 DETERMINATION OF ALLOWABLE
WEIGHT?

The original hope that Beano might not only have
the same xize as a baseball but also the same weight
(514 oz) was doomed at the outset by the required
ratio of weight of high explosive filling to weight of
case, which provided the lethal fragments. Either the
explosive charge would have to be diminished and
the case made of very light material or else the over-
all weight of the grenade wo 'ld have to be signifi-
cantly inereased to over 314 oz. The latter course
was adopted and the speeifieation (2) above was
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16 GRENADE. HAND, FRAGMENTATION, T-13 BEANO)

established. The figure of 11 + 1 0z was derived
after several series of trials in which soldiers were
provided with a variety of spheres, eubes, and eylin-
ders of wood variously weighted and, in repeated
throwing trials, judged for accuraey, range, and en-
durance. The original studies indieated that 12 oz
would be the point of maximum efficieney ™ a deci-
sion which, by coincidence, just sufficed to cover the
optimum weights of the fuze body, the fragmenta-
tion casing, and the explosive filling.

Later studies showed ** that the average obtain-
able range increased about 1 y»d (out of approxi-
mately 43 vd) for each decrease of 1 oz in weight.
See Table 1.

TanLe 1. Summary of throws fur distanee.

Arithmetic
Weight No. throws means of dixtances
12 0z 300 47.5 yd
14 oz 309 451 vd
16 oz 309 43.5 vd
18 uz 309 42.4 vd

The information on accuracy was more difficult to.
analyze and only led to the generalization that, bar-
ring fatigine and figuring the accuracy of each throw
as the maximum distance readily attained with a
given weight, there appeared to be no significant
change in accuracy with change in weight. All throws
were made overhand in contrast to the side and un-
derhand technique u=ually employed with the 22-0z

Mark IL.

3.3 SELECTION OF CASE’

Extensive trials of a number of metals including
steel of several thicknesses, aluminum, and mag-
nesium showed at once that. if anything more than
a blast effect were desired of Beano, a steel case was
definitely needed.® This was true regardless of the
tvpe of explosive filling emploved. )

Table 2 shows very clearly the preference for steel
to aluminum (a similar table for magnesium could he
presented) and at the same time indicates the value
of a filling more dense than TNT at 0.80. A slight
preference would alzo seem to he indicated for a longi-
tudinal rather than an equatorial weld. This was not
sufficiently clear, however, to warrant the additional
complication entailed in manufacture,

A choice of case thickness was made in favor of
0.040-in. steel berause of greater ease in manufacture
and hecause of the greater density of fragments,
which were admittedly lighter and of shorter range.

Tanre 2. Sununary of fragmentation studies of ex-
perimental sphencal grenade enses.

! ‘ Rescles
682" helt of
Case Wall 117 pime at 857
and thickness | No.throws
Welt inches | Charge | Density | per sq ft
Steel ! i o i
Equatorial DO TNT | 080 b BN
Steel !
Longitudinal | 0040 | TNT | oo | 0N
Steol : [
Equatorial 0.060 TNT .50 % 0.4622
Steel Cast :
Equatorial 0040 [Pentolite; 162 L4
Aluminum *
Equatorial 0.003 TNT o8N 1 0262
Aluminum !
Equatorial I 0.135 TNT R 022

It is eonvenient to express the performance chare-
teristics of a Beano by giving the range at which the
density of perforating particles averages 0.35 per
sq ft,» the average linear dimension of the holes per-
forated, and the average weight of the perforating
fragments. These data are given for the two weights
of steel eases in Table 3 and show a slight preference
for the 0.040-in. case which was used in all production
models.

Performance characteristios of Beano.

Average  Average

case ratio : d-13 %(lim'-n«iun { weight
000kl 107 100t | a3 T ozg
0.060 N, -el‘ 0.59 ’ 78 l [T 5 . 036

(Similar data could be included which would indi-
cate that the fuze assembly used in ronjunction with
this ease would give better fragmentation, if made of
aluminum rather than the bakelite actually employed

. in all but the T-5E2 and T-5E3 production.?)

Selection of the proper filling of high exploxive for
this case narrowed to a choice between TNT and
RDX (Composition A) after the exclusion of am-
monium picrate and cast pentolite. The choice be-
tween the two remaining explosives was finally made
by the Services in favor of the latter on the basis of
evidence such as that shown " in Table 4. Although
the total area of penetration was ahout the same in
all these cases, the number of particles was much

‘= When the fragment density is 6,33 or greater, & nsan, on
the average, will be struck in other than a trivial region by
one or more fragments”

< RESTRICTED

S ey

.

.

A A



VRIS AWk

't'.':.'-'.

,.
L

.

58"

L]
.l

[ 4

o

.
I

)

ARE N

ERJUAC RSN - &

o e
- L)
o % ‘I". . .‘ »

oo et

AR b AR e

DEVELOPMENT OF THE FUZE T-5 17

larger in the case of Composition A (although the

“average weight of each was correspondingly smaller),

and Composition A was preferred.
TasLe 4. Comparison of TNT & Compasition X fillings.

No.
Charge Density Booster throws*
TNT 0.8 2.4 g tetryl 106
TNT + beeawax] 0.87 + 77/
) beeswax | 2.34 g tetryvi 36
TNT 0.87 8 gtetrvi 117
Comperition A | 0.93 2.34 g tetrvl 281

* (CL. Tabie 2)

The case in final form may now be described as
consisting of two stampings of 0.040-in. steel, copper
brazed at the equator. One stamping had an opening
to receive the fuze and wax provided with the brazed
threaded in=ert holding the aluminum former cup.
Filling was by either Composition A with a density
of 0.93, which gave a total weight to the grenade of
11.9 oz, or by granular TNT with a density of 0.8,
which gave a total weight to the grenade of 11.3 oz.
The volume available for high explosive filling was
140 cc, and this allowed the use of 4.6 oz of Compo-
sition A or 4.0 0z of TNT. The outside diameter of

the case was 27 in. at the equator. The weight of the .

empty case assembly, including the aluminum former
cup and its brass retaining ring was 4.8 oz.

3.+ DEVELOPMENT OF THE FUZE T-5%

351 - Origin of Design

The division was indebted primarily to the British
for several design features of the impact fuze. This
was because of the large scale production for the
British Army, both in the United Kingdom and in
Canada, of their standard grenade No. 69 Mk. |
which was equipped with an impact tvpe bakelite
fuze. British reports and suggestions 24 used hy
Divison 19 research workers gave valuable assist-
ance, especially in locating pitfalls to be avoided.
The fuze T-5 which finally resulted is shown in cross
section in Figure 1.

A comparison of the T-5 with British fuze shows a
difference. The secondary arming pin, attached by
nylon string to the butterfly eap, in the American
design entered the firing pin mount vertically and
gave safety by lLolding apart two small steel balls,
which engaged ihe shoulder of the primer mount. In
the British fuze No. 247 this pin entered at an angle,

Figure 1. Cross section of T-3 fuze.

there were no balls, and it was possible to throw the
grenade in such a way that arming in flight could not
occur. Another significant change was in the elimina-
tion in the T-5 of one of the conical surfaces on which
the inertia parts of the fuze moved at the moment of
impact. This insured a better alignment of the primer
and the detonator at the moment of firing.!s

3.2 Assembly and Description

Figure 2 shows the T-13 grenade with its case and
T-5 fuze disas <embled. The fuze itself was composed
of a number of metal and two bakelite parts, the fuze
head and the fuze body. The fuze head was equipped
with threads to screw into the grenade and to receive
the fuze body. On one side it was provided with a
smooth cam surface with a central opening through
which passed the secondary arming pin. On the other
side it was provided with a brass-inserted spool
around which a Nylon thread was wound connecting
the secondary arming pin with an aluminum butter-
fly cap, which up to the moment of use was held in
place by the arming pin (a ring-pulled type sup-
ported by two ears provided in the bakelite casting).
The body of the fuze was roughly conical in shape
and had a flat inner =urface on which e fuze parts
rested. This was penetrated by a hole, which in asx-
sembly received the detonator. The hottom end of
the bakelite part was threaded to accommodate an
aluminum cup, which in assembly contained a felt
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18 GRENADE, HAND, FRAGMENTATION, T-13 (BEANO)

ASSEMBLY

PRIMER CAVITY

BOOSTER AND
BOOSTER RING CUP

MAIN CHARGE 800Y

Ficrre 2. Disnssembled view of T-13 grenade and T-5
fuze.

pad and two tetryl pellets constituting the burster
inzuring high order detonation. The metal fuze parts
which operated inside the hakelite housing consisted
of a brass primer mount and a brass plunger. The
primer mount, which rested upon the flat inner bot-~
tom surface of the fuze body, was provided with a
cavity, in vhich the primer was mounted. A steel fir-
ing pin was an integral part of the heavy brass
plunger which moved smoothly inside the primer
mount without actual contact between the firing pin
and the exposed primer because of a weak ereep
spring.

The butterfly was cast aluminum with cross rib-
bing to provide a good finger grip. It was connected
to the secondary safety pin by 6 in. of 30-1b nylon
line. The radius of the dome or cam and its position
relative to the fuze body were dimensionally impor-
tant. On the basis of British work this interior angle
was as close to 115 degrees as possible. The strength
of the creep spring was an adjustable feature which
determined the sensitivity of the grenade; it con-
sisted of 6 coils of 0.010-in. diam tinned music wire
with open-end winding. The sharpness and angle of
the firing pin was also vital; it was necessary that
the angle be less than 0.010-in. flat.®

The initiating system '™ consisted of the M26G
primer, the M17 detonator, and a tetryl burster.
This train was selected because it represented the

maximum sensitivity obtainable in standard items.
The M26 primer was the suggestion of Picatinny
Areenal. It contained 2.05 grains of 40-35-25 mer-
cury fulminate — potassium chlorate — antimony

- sulfide pressed at 20,000 Ib per sq in. The charge was

contained in a gilded metal cup covered with an
0.0012-in. gilding metal disk sealed with waterproof
wax, The primer was of the stab type. The deto-
nator, also recommended by Picatinny Arsenal, was
the M17 and contained a primary charge of 3.86
grains of lead aside pressed at 10,000 lb per sq in.
and a booster charge of approximately 1.27 grains of
tetryl containing a maximum of 2 per cent graphite.
The burster consisted of two pellets of tetryl roughly
34 in. by Y{ in. with a density of 1.49. Their total
weight was 5 g, which was approximately twice the
minimum. This sssured satisfactory performance re-
gardless of the explosive used in the case.

3..3-  Arming and Operation

In the unarmed condition the grenade was ren-
dered safe by the intrusion, into the upper part of the
firing pin mount, of the secondary safety pin, which
penetrated the bakelite cam surface centrally. While
this safety pin was in position in the firing pin mount,
it held apart two steel balls which protruded beyond
the edge of the primer mount and effectively kept the
fuze parts from movement. Upon the withdrawal of
the secondary arming pin, the steel balls no longer
performed this function and the brass fuze parts were
free to move within the bakzlite fuze body. Any sub-

stantial deceleration of the grenade in this condition,

regardless of direction, resulted in movement of the
firing pin mount, within the primer mount, against
the creep spring with resultant picrcing of the primer,
passage of the resulting spit into the detonator, and
thu- in explosion of the grenade.

When the grenade was thrown after removal of the
safety pin, the cap was forced away from the fuze
body by a cap spring and acted as a parachute, un-
winding the nylon string and pulling out the arming
pin while the grenade was in flight. With an average
throw, arming oeceurred at a distance of about 20 ft.

3.5 PERFORMANCE
3.5.1 Sensitivity

Probably the most significant quality of any im-
pact fuze is its sensitivity. In the present case it was
desired that a fuze be made which would fire reliably
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PERFORMANCE ’ 19

on striking any solid surface with the force ordinarily
supplied by an average thrower or by gravity from a
reasonable height. This indicated a fuze of consider-
able sensitivity, and, at the same time it was clear
that the fuze should not be so sersitive as to be an
unusual hazard in a=sembly or in correct usage. The
exact requirement finally framed [see (4) under Sec-
tion 3.1.17] was meant to represent the best compro-
mise between these opposite demands. It will be seen
at once that it did not correspond to the extremely
variable field conditions certain to be encountered.
The most valuable data on the subject was ac-
quired by the Army Ground Forces in exhaustive
tests conducted by the Infantry Board at Fort Ben-
ning, Georgia.” Using live, as well as dummy, gre-
nades and Army personnel, these tests made it clear
that the percentage of malfunctioning caused by dif-
ferences in targets was greatly affected by the tech-
nigue used in throwing. Flat trajectories resulting in
a glaneing impact produced a relatively high per-
centage of malfunctions which increased rapidly with
the softness and resiliency of the impact area. On
targets-of the latter type a high, arched trajectory
was found essential to give reliable performance and

. even so, in exceptionally soft mud, water, or freshly

fallen snow, duds averaging 9 per cent could not be
avoided. This defect had to be accepted as inherent
in the design and represented a danger in the use of
Beano by troops operating offensively under such
terrain conditions. Presumably, the perfect impact
grenade would be equipped with a secondary time
delay firing system which would dispose of these duds
after an interval of several seconds. Such a design
was at times diseussed but, in the time allotted, could
not feasibly be developed.

3.5.2 Fragmentation

Many independent fragmentation tests were con-
ducted by NDRC,> "2 A\rmy Ground Forces and
chiefly by the Ordnance Department 2 at Aberdeen ?
and Picatinny,!* with generally good agreement. The
standard Ordnance test procedure was employed, in
which the total number of perforations was counted
in two facing semicircles of 1 in. No. 2 sugar pine of
10 to 20 ft diameter and 6 ft height.® When the gre-
nade waxs fired in horizontal position, the fuze axis
was in line with the common diameter of the targets
and at mid height. Panel perforations were accepted
as the significant eriterion.

Table 5 presents some interesting data of this
type.h 2%

The figures in Table 5 indicate the continued im-
provement in the functioning of the Mark II grenade
as the fuze and filling were altered. They indicate
also that Beano was closer to an offensive type gre-
nade, since stray particles did not fly to great dis-
tances, and that Beano’s efficiency at close range was
nearly twice that of the standard grenade — a fea-
ture which is important -when it is realized that
Beano could be more accurately thrown over all
ranges because of its smaller weight (11.5 oz v~ 21 0z)
and more convenient size and shape.

TasLe 5.
Average number
. . perforations
Horizontal position for semicircles

Tvpe Load Fuze | Ay | 40780
MkIT | 0.74 0z E.C. Mi0A2 | 5 |. 22
MkII | 0.74 0s EC. M6A3EL} 19 9.5

Mk Il | 2.05 08 TNT M6A3EL 255 | 160 | 96} 2.0
T-13 4.0 oz TNT T-5 228 6.0

T-13 46 oxComp. A | T-5 50.2 {12.0 ] 1.2] 0.0

The velocity of the Beano fragments averaged
4,100 with TNT loading and 4,900 ft per sec with
Composition A filling.?

A table similar to Table 5 with the grenades placed
vertically would show the difference in performance
between the last Mark II type and Beano to be small
and slightly in favor of the Mark II at the closer
ranges. The two were therefore comparable in frag-
mentation at 10 and 20 ft, but beyond that the
Besno fragments very quickly lost their momentum,
thus making the grenade safer to the user with less
need for protection. .

3.5.3 Lethality

Since this was the object of developing the grenade,
some judgment must be given on the performance of
Reano on this score, even while it is realized that an
exact criterion is not possible. Excellent attempts of
this tvpe have been made however, of which two ap-
pear most significant.’® From these it would seem
that the perforation measurement used in Table 5
may not be a true appraisal of lethality or incapaci-
tation. The tremendous number of particles, many
of which are very small (about 0.0025 oz), flying at
these very high velocities can be counted on to de-
liver the maximum casualty producing hits per unit
aren, the closer the target ix to the exploding gre-
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20 GRENADE, HAND, FRAGMENTATION, T-13 @FANO)

nade. The~¢ interpretations reinforce those given in
the preceding section that Beano would find its chief
usefulness as an offensive grenade. At the same time,
analysis of the data already presented would tend to
show that, at the range of 20 vd, all types of Mark 11
and Beano are approximately equivalent, with Beano
more effective at shorter ranges, and the Mark II at
longer ones.

The whole argument presented may be upset by
the entirely unpredictable effect of clothing, which in
quantity and location ix an uncontrollable variable
affecting the results obtained from ail grenades. ' Just
what this effect would he in a given shiot would be
impossible to say, but it seems safe to predict that
clothing would more seriously affect the smaller par-
ticles of Beano than the larger and more massive
ones emitted by the Mark 11

3.6 PRODUCTION'!

Although in principle the Beano fuze appears sim-
ple, itx manufacture in tremendotis uantities was
attended hy more than the usual quality control dif-
ficulties. These were centered almost entirely in the
T-5 fuze and itx successors, each of which was intro-
dueed to correct some fault in the preceding design.
The final fuze made during NDRC participation, the
T5E3. came close to meeting all the previous objec-
tions and proved casier to manufacture. s an assist-
ance to the manufacturer and a guide in maintaining
the quality in full production which had proved ade-
quate in the semiproduction, Tentative Aeceptance
Requirements *° were drawn., These were based on
Ordnance results in the rough-handling, weathering,
and Jolt and Jumble tesxts,'® the behavior on long
storage,'* exposure to tropical organisms,™ and simi-
lar information. Even so, the original requirements
were altered on several oecasions by common con-
sent, and, before the final closing of the assembly
lines (after V-J day), a variety of special tests and
more conventional production control tests had been
standardized and had proved their worth.!

These tests were primarily concerned with safety
of the fully assembled grenade and the partially
armed grenacle on accidental dropping and on throw-
ing.. Other featwes of course were tested, such as
waterproofness amdd reliability of funetion. The re-
sults of many thousands of tests of this tvpe will be
found in the final report of the contractor.!

The <afe packaging of the loaded grenades for de-
livery to the field offered difficulties which were, how-
ever, fullv met by the Ordnance development of a

satisfactory contzimer and the adoption of the prac-
tice of shipping the fuzes and the bodies disa~sem-
bled from each other to avoid simultaneous detona-
tion of a whole box upon the accidental firing of a
single grenade.®

3.7 MODIFICATION OF THE FUZE T-5

3.7.1 Need for Improvement

Although seversl thouwsand Beanos had been pro-
duced and tested by NDRC without a single mishap,
the early Ordnamee production, in an unexplained
accident, caused a fatality in testing personnel at
Aberdeen.? At onee the fuze design was reopened and
two modifications were forthcoming, the T5E1 an:d
the T51.2. The Iatter represented a significant im-
provement in the safety of the fuze and differed from
the T-5 and T5E1 ix that the steel balls in the fiving
pin mount were omitted and that the brass picee was
slotted to receive a steel key. the shoulder of which,
resting on the primer mount, rendered the grenade
safe when the armsing pin was in place. Removal of
that pin, however, alfowed the key to slip into the
firing pin mount amd to position its sharpened tip
directly over the peimer cap which it pierced when
the fuze functioned. The details are shown in Fig-
ure 3.

XXX

N

-

Ficone 3. Fuae, grenade, hand—T-5E2.
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With the firing pin a part of the key, it was im-
possible to have a premature firing because of faulty
or incomplete assembly of parts, a serious defect in
the T-5 fuze which, it was supposed, might have
caused prematures, and did require their reworking.?

After satisfactorv tests of the new design ** but be-
fore the T3E2 was released, further accidents with
the T-3 occurred in the field. These were never com-
pletely explained. They resulted from ihe develop-
mental point of view in a further improved grenade
in which the case was slightly altered in dimensions
(T13E1) to permit the fuze to seat itself more deeply
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in the body, thus eliminating its bulgy appearance
and correcting a slight non-coincidence in the center
of gravities of the fuze parts and the grenade. It was
supposed that by centrifugal force this could result in
premature firing near the thrower’s hand. It was in-

deed demonstrated! that at 1,800 rpm a T-5 fuze

would fire from this cause, but nc thrower in actual

tests was ever able to hurl s Beano with more than

1,200 rpm. .
At the same time, the nylon thread connecting the

butterfly with the arming pin was shortened to pre-
vent the butterfly from striking the spinning grenade

Fioere 4. Fuze, grenade, hand—T-5E3 in T-13E1 case.
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22 GRENADE, HAND, FRAGMENTATION. T-13 (BEANO)

in mid air when the pin was withdrawn, thus con-

ceivably giving sufficient lateral movement, to fire the
fuze — a happening which was never demonstrated
to occur.!

The T5E3 fuze was also supplied with a long
bouchon-type level handle so that the user would
have his hand over the butterfly when he threw the
grenade. Thix point was corrected after the Ordnance
at Aberdeen discovered that the Beano could be con-
sistently prematured in the thrower’s hand if, con-
trary to the instructions, he did not retain his hold
over this part.?

The details of the final design with these modifica-
tions are seen in Figure 4 of the T13E1 grenade with
the T5E3 fuze.

3.8 MODIFICATIONS OF BEANO

3.8.1 White Phosphorus Loading

White phosphorus loading is discussed in (‘hap-
ier 4 of Part I of thiz volume.

3.8.2 Concussion Loading 7

At the suggestion of officers in Army Ground
Forces, a preliminary study was made of the per-
formance of Beano bodies filled with flash powders
developed by Section 11.2 of NDR('. It was believed
that the concussion blast might be effective, without
accompanying shrapnel at close range, and that at
night the intense flash would blind the enemy for a
erucial period of many seconds. The cursory tests
performed indicuted that the idea was well-based,
but, because of the termination of hostilities, it was
never fully developed. It appeared that one of the
aluminum cases used in the WP Beano (Chapter 4)
when filled with a composition of 200-mesh potassium
perchlorate (60.0 per cent) and PXS-885 50-50 alu-

minum potassium alloy (40.0 per cent) gave the best

results. The filling had a total weight of 160 g and
was dispersed and detonated by the standard Beano
fuze in which the usual tetryl bursting charge was
replaced by one of 2.5 g of black powder.

3.8.3 Time Delay Fuze

Although the impact fuze of Beano was its chief
novelty, officers in Army Ground Forces believed
that the grenade would have greater general useful-
ness, if it could be supplied on oceasion with a time
delay fuze which would be interchangeable in the
Beano case with the impact fuze. Two models based
on both the T5 and the TSE2 fuze designs were pro-
duced in very limited quantity. In each case, the
secondary arming pin was integral with the butter-
fly, and, when the grenade left the hand of the
thrower, the butterfly and the arming pin were
ejected by a strong underlying spring, with the result
that the firing pin, which was also under spring ten-
sion, stabbed an initiating system and began a pyro-
technic delay. This delay column was 74 in. in length
and provided an elapsed time of approximately
414 sec. It consisted of a primer of 70-20-10 antimony
sulfide — lead thiocyanate — pota=sium chlorate, a

delay powder of 85-15 barium oxide — ~selenium with

added tale, and a standard detonator of lead azide.

39 CONCLUSION

The division personnel regret that a spherical im-
pact grenade, fulfilling the requirements of safety
and effectiveness determined by the Ordnance De-
partment, was not produced to meet the large needs
of the Ground Forces. It is hoped that its work, how-
ever, will stimulate future developers to successful
produrtion of a weapon of this type which will un-
doubtedly be a valuable complement to the standard
improved Mark II grenade.
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F 41 , INTRODUCTION

It was the desire of liaison officers in the Army
Ground Forces that several modifications of the origi-
nal Beano be developed for production and use fol-
lowing the hoped-for adoption of the impact, frag-
mentation hand grenade as a general weapon. Two
of these, the Concussion Beano and the Time Delay
Beano, have aiready been mentioned. A third, a
modification in which the loading was white phos-
phorus (WD), is deseribed in this chapter. The de-
velopinent was requested by the Ordnance Depart-
‘ment (OD-176) and closely followed by OD and the
Chemical Warfare Service, without whose interest
and assistance an entirely satisfactory solution would
not have heen forthcoming,

It was decided, as a working hy p()tht\l\ that the
WP Beano (grenade, hand, smoke, WP T-28 and its
accompanying fuze T-21) should have the same di-
mensions and weight as the standard high explosive
grenade T-13 and should use so far as possible the
same fuze T-5, altered only in those details imposed
by the new requirements, A decision, similar to the
one made in the case of Beano, was required, in
which a compromise was made between the danger
snd the effectiveness of dispersion.®!! Ultimately a

Ceotapromise was made between the antipersonnel

- features of ‘WP and the economical and efficient

- utilization of the volume and weight of WP available
within the space of a Beano casing. A bursting charge
of tetrvl would eject particles of WP, 1 to 14 in. in
diameter, these being judged sufficient to incapaci-

- tate and yet sufficiently numerous to strike a target
at ranges up to 20 yd.

The result of these considerations was the com-
plete development and semi-production of a grenade,
which appeared satisfactory in limited NDRC test-
ing but which was never completely tested by service
boards because of design troubles with the T-5 fuze
(sce Section 3.7). At the time when the divixion
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Chapter 4
WP BEANO (OD-176)

1.2 THE CASE T-28°

L2.1 Unsuccessful Attempts

Cases made from steel, brass, copper, ethylcellu-
lose, and aluminum were tested. Of these, only alumi-
num cases proved satisfactory, but the others de-
serve some mention. The case construction of the
T-13 (Section 3.3.3) naturally suggested steel, which
was ordinarily used in WP munitions, but which for
two reasons seemed unsuitable here. First, there was
the rigid requirement that no leakage shouldappearat
temperatures from —50 to +150 F even after rough
handling, and, secondly, there was an unfavorable
weight relationship which would not permit a large
enough charge of WP to be useful. In regard to lvak-
age, it must be remembered that only a thin gauge
metal, an involved form difficult to seal, was possible;
the overall weight of the WP grenade was held the
same as the high explosive (11 £ 1 o0z), while the
density of the filling had increased from 0.93 to 1.82.

Using the standard case design with the T-13, but
changing the steel thickness to 0.020 in., the lowest
feasible point, and providing a seal of Dewey and .
Almy No. 200 can-sealing compound between the
underside of the lip of the aluminum former cup and
the inner edge of the steel hemisphere, a case was
obtained which survived moderately rough treat-
ment, but not prolonged storage.® This basic design
ig illustrated in Figure 1.

The standard Beano case of 0.040-in. steel of this
design was so heavy that the payload was too small,
and, furthermore, the tetryl burster charge required
to open this heavy case was so large that it com-
pletely shattered the small WP charge and produced
only harmless smoke. The 0.020-in. steel case, while
without this defect, fragmented unevenly, yielded
first at the hemispherical welded seam, exerting a
marked and unpredictable directional effect on the

s terminated its activity, however, it had shown that burst, and faiied to eject the full WP load. Similar |
..’ aluminum was suitable for a body case, that it was  results were obtained with identical brass and copper
NG compatible with WP, that its strength and lightness  designs, and it appeared that a uniform case of
e made it practically unique as a satisfactory material, weaker and lighter composition was necessary. ’
o and that WP wax supcrior to similar fillings (PWP Two attempts using blown ethyleeltulose 3 and '
‘-',f and SWP) for such use. aluminum (0.036 in. 28 alloy), both of the same :
.':'. !
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WP BEANO (OD-176)
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FFrarre 1. 0.020 steel WP Beano case,

design shown in Figure 1, showed conclusively that a
step forward had been taken. More uniform distri-
bution of WP particles resulted, and a significantly
improved payload was obtained. Nevertheless, the
inherent weakness of the design was apparent, be-
cause leakage and uneven fragmentation of the case
still occurred. A second design was therefore indi-
cated and experimental sample orders of the type
shown in Figure 2 were tested in the most promising
materials, ethyleellulose and aluminum. The latter is
shown in cross section. Like the units shown in Fig-
ure 1, these cases requived o rauch smailer bursting
charge of tetryl than the standard T-13, gave more

Fiaure 2. 0.036 aluminum WP Beano cane,

uniform performance and improved efficiency, and
corrected the weaknesses of the earlier design.

A choice between ethyleelluluse and aluminum
was not difficult to make, for the former was shown
conclusively to be incapable of surviving the rigorous
Jolt and Jumble Test of Army Ordnance as well as
the weathering and surveillance tests required by
CWS, In addition, the plastic unit was combustible,
a most undesirable feature in a_container of a spon-
taneously combustible material such as WP. There-
fore an aluminum body of the design shown in Fig-
ure 2,° was chosen.

Table 1 gives the pertinent data for these various
models.

1.2.2 The Final Design

The production: body was made of five parts, all
aluminum: two stampings, a fuze ring, a filler bush-
ing, and a sealing piug. The stamping, which incor-

porated the fuze former cup, was the result of very

excellent technique on the part of the semi-pro-
ducer.’? The hemispherical stamping, which carried
the filling port, was more conventional. Both were
made froim Aleoa No.21 brazing sheet (heat treatable
and 0.032 in. thick). The alloy consisted of base
metal aluminum, eoated thinly on one side with an
alloy of low melting point. The unit was assembled
in a brazing furnace where all joints were formed si-

muitaneously with the aid of proper finxing. The two-

" stampings assembled in one operation the final unit

case, a ball, bearing the filler bushing and fuze ring.
No difficulty was encountered in producing uniform
and tight joints, except in the sealing plug, which
screwed into the female bushing. Here there was
some indication that in the brazing process the
threads of this bushing were distorted and no longer
met the original rigid specifications. It seems likely
that, if large-seale production should be undertaken,
it would be advisable to cut these threads after the
brazing operation.

Filling of the unit (see Section 4.4) was accom-
plished through the 34-in. bushing and, in the case of
WP, by the use of an automatic dry-loading machine
operated at Edgewood Arsena!. Closure was accom-
plished by an air torque wrench exerting 200 in-lb
pressure on a Y-in. long plug. With the high torque
quoted, it was found necessary to use a thicker female
bushing than originally designed.

The compatibility of aluminum and various alloys
was demonstrated by data supplied by Kdgewood
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TasrLe L. Weight and filling relationships for various WP Beano cases.

———— ——— e — s s

A B ¢ D E F G H
i Weight, ounces
Case ) 4.52 2.38 +4.960 5.45 1.586 1.37 1.191
Cup 0.488 0.488 0.626 0.608 0.193 0.193 0.154
Ring 0.112 0.112 0.208 6.208 0.208 0.208 e 0.112
Top 1.171
Bottom 0.490
Plug 0.015
Total 5.120 2.9380 3.794 6.206 1.987 1.771 1.676 1.457
Fuze 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Complete unit (less filling) 7.62 548 8.29 8.76 4.48 4.271 4.17 3.96
Wt of filling which will give a total unit wt
of 12 03 1 438 6.52 3.71 3.24 7.52 7.73 7.83 8.04
Wt of WP if 10%, void allowed 8.0 8.0 8.0 8.0 8.0 N 8.0 8.0
Per cent of total possible with total unit wt of
12 0z 54.8 81.4 46.3 40.5 | 94.0 97.8 ‘100.0

Standard HE Beano case made from 0.040 steel with short-style® steel cup and brass hold-down ring. Filling vel 140 ce.
HE Beano style case made from 0.020 steel with short-style steel cup and brass hold-down ring.  Filling vol 140 ce.

HE Beano style case made from 0.040 copper with short-style copper cup and brass hold-down ring.  Filling vol 140 ec.

A
B
C HE Beano style case made from 0.040 bras« with short-<tyle brass cup and brass hold-down ring.  Filling vol 140 cc.
D
E

HE Beano style case made from 0.036 28 aluminum with short-style aluminum cup and brass hold-down ring. Filling

vol 140 cc.

F HE Beano style case made from 0.032 No. 21 brazing sheet with short-style aluminum cup and brass hold-down ring.
This unit was made 3° OD rather than the 273" ured on the other metal units,  Over size.

G Northern Industrial Chemical Co. Ethocel unit.  Outside diameter 234" (Figure 2).

H HE Beano style Plax Corporation Ethoeel unit with short-style Ethocel cup and brass hold-down ring. Filling vol 140 ce.

# Short-style cup.  In the WP Heano, herause of the reduced tetryl charge, it has b"wn possible to reduce the length of the
former cup by !{ inch as compared to the cup used in the HE Beano unit,

Arsenal * where it was reported that on continuous
immersion at atmospherie temperature, aluminum in
WP showed no penetration greater than 0.008 in. per
100 months and this occurred almost entirely within
the first 168 hours. The same conclusion was drawn
by independent testers who emploved temperatures
up to 100 C with both dry-and wet WP.3 Under the
same conditions, steel wus considerably more sus-
ceptible te attack.

“Table 2 summarizes the characteristics of the pro-

and the area of particle distribution. In the final fuze,
the burster charge was set at 1.30 g. With the re-
sultant saving in space, it was possible to reduce the
length of the former cup volume required by the T-5
fuze and thus to increase further ths payload of the
grenade.

TasLe 2. Characteristics of production Model WP
Beano case.

No. 21 aluminum brazing sheet

i ” XJ518 aluminum alloy .
duction model (Figure 2). ¢ Material of construction for machine parts
: Wall thickness of case, inch 0.032
_ Weight in ounces:
1.3 THE FUZE T-21 Fuze less tetryl 2.62
. - . ; 94
The only changes in the T-5 fuze necessitated by %:t?\tl\ case 5‘05
the new case and filling of WP Beano were in the size. Total empty unit 461
of the bursting charge of tetryl, the small aluminum Allowable for filled unit 12,00
'h. h h ]d toh I t d th l th f h Allowable for WP 7.39
cup which he d e burster, an e leng o the WP to be put in unit 7.22
former cup which accommodated the fuze. With the Volumes in cubic centimeters:
case described above, data such as that given in 7.22 0z of WP _ 117.5
Table 3 indicated that the burster charge of tetryl 32:33; available for filling l‘;;g
could be reduced to nearly one-half that used in the . o ’
. . H . ge Void volume as “¢ of total volume 10.5
high explosive Beano while providing the apparent Efficiency of loading 97.87

optimum compromise between WP fragmentation

RESTRICTED




SRR CORTEMCA AL A AL IR it S A A LA

26 WP BEANO (OD-176)

Tapre3. Number of hits of WP 1§ and )4 in. on 90-
degree vertical target.*

Tetryl

charge 3yd 10yd 15yd 20yd
0.75 36 45 12 -9
1.00 625 33 7 2
1.25 797 31 5 4
1.50 +H 88 .

2.00

189 20 0 3

* (Orientation: Fuze up)

4.1 THE FILLING

411 Alternatives

In addition to WP itseli‘, fillings of a modified na-

ture were considcred. Chief among these were PWP
(WP plasticized with a gel of xylene and GRS
rubber * 7 ) and SWP (WP roinforced with steel
wool).!! Other attempts to alter the filling by the ad-
dition of rock wool, glass wool, cotton, and so forth,
were given only cursory trials. _

In brief, the dispersion and antipersonnel behavior
of PWP and SWP were consistent but different from
WP, The tendeney in both PWP and SWP was to
produce fewer and larger particles of the burning
filling and to throw these a greater distance. Typical
data giving the optimum performance of all three
fillings are presented in Table 4. It should be noted

TasrLe 4. Number of hite of WP }{ and 14 in. on
vertical 90-degree targets. ’

Tetrvi -
Filling  charge 5yd 10yd 15yd 20yd
wp 1.25 797 31 5 4
PwWpP 1.50 80 7 0 3
SWP 2.00

i3 17 9 8

that the different fillings require different burster
charges for optimum performance.

In view of the original requirements for maximum
effect in the area closest to the point of burst, neither
PWP nor SWP was given further attention. The

at Edgewvod Arsenal, an automatic dry-loading tech-
nique gave most satisfactory results. The inverted
body received a delivery vacuum tube through the
bushing hole, and loading was made to the lower edge
of the bushing. The resulting void of about 10 per
cent in the filled grenade ® was a desirable feature, in

view of the extreme expansion coefficient of WP.

Closure was made, as already described in Sec-
tion 4.2.2, with the assistance of a standard luting
compound (Federal Specification II-W-261a), con-
sisting of a mixture of 16 per cent linseed oil and
84 per cent basic lead sulfate. These procedures
coupled with the use of a pipe plug, meeting the
Army-Navy Aeronautical SpeciSeation AN-GGG-
P-363, gave lots with less than 1 per cent leakage,
thus comparing favorably with. the results {rom
standard munitions. Because of low surface tension,
WP has always been a difficult material to seal.

5 SURVEILLANCE°

The seals for the production unity were tested
primarily in two ways, first, by static storage at —30
to 150 F with the plug closure down, and, secondly,
by the Army Ordnance Jolt and Jumble Test. The
former was by far the more severe and was ulti-
mately met by the use of the methods given in Sec-
tion 4.4.2.

4.6 PERFORMANCE!

Qualitative evaluation of the burst was possible
with visual observation but a2 more accurate ap-
praisal was obtained by using semi-circular targets
grouped in 90-degree arcs around a center point at
which the grenade was detonated. These targets con-
sisted of individual manikins mounted upright. The
number of splashes of WP greater than 1{ or 14 in.
was counted after each shot. An aceurate estimate of
effectiveness required counting the number of <imilar
hits on the enclosed area, hence a wooden floor was
provided within the 10-yd circumference. Because of

work was abandoned, with the approval of the vari-
ous Services, hecause only WI* was, at the time, a
standardized filling, and hecause there was no defi-
nite proof that PWP and SWP were equal to WP in
antipersonnel behavior on a volume basis,

/)

»

the slow velocity of WP gobs, those which fly up-
ward and fall in lobs of high arcs may still be classi-
fied as effective, in contrast to similar particles of a
high explosive grenade which would be valueless, So
that there might be no ambiguity in these tests, the
grenades were detonated by the impact of the T-21
fuzes when they fell from a specially designed drop-
ping-tripod, which was operated by remote control.
Representative data of the burst pattern of the
production model showed that, for most orientations
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402 WP Filling

The decision as to whether WP should be loaded in
this munition drv or wet was made by the Chemical
Warfare Service. In the experimental loadings made
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of the grenadz, the coverage at 5 or 1G yd was uni-
form. Only when the filler bushing wa: pointing at
the target was the coverage seriously less. This is
perhaps accounted for by the behavior of the filler
bushing and plug which were expelled as a unit on
detonation. Also, & large amount of the WP filling
tended to be thrown through the fuze opening. In
terms of hits per unit area, the average for a 5-yd are
was 6.5 hits per sq ft, while for a 10-¥d arce the aver-
age was 0.42 hits per sq ft. It is thus seen that the
density for a vertical target at 5 yd was over 15 times
that at 10 vd and that the frontal area of a man
would receive 47 hits at 5 yd and 3 at 10 yd. These
figures may he compared with 3.5 and 0.24 hits to be
expected from the Mark 15 standard WP smoke
grenade, and 1.2 and 0.01 hits from the British
No. 77 grenade. This comparison is even more favor-
able when the three are adjusted by calculation to
the same weight basis (see Table 5). The purpose of

TasLe 5. Average hits per sq ft of vertical target
area per 7 oz of WP.

Grenade 5yd 10yd

_ WP Beano 6.5 0.42

CWSMI15 1.75 0.12
British No. 77 1.05 0.01

these last two grenades, it should be noted, was
primarily to make smoke.

A study of the area patterns indicated a tendency
to a high density of hits in the direction in which the
fuze was pointing and a rapid drop in density beyond
6 It from the point of burst. The material which was
lobbed into the air seemed to produce a band of in-
creased density 15 ft from the burst.

These facts when coupled with ease of aiming and
throwing, made this seem an effective weapon for
limited use wherever an attack with fragmentation
grenades could be improved by an interspersal of
WP. The user had little to fear from the burst, be-
cause the fragmentation of the thin aluminum case
produced only large fragments, which quickly lost
their velocity. Only the filler bushing and the brass
parts of the fuze could travel distances of as much
as 60 yd.

The decision to accept WP splashes of 1{ to ¥4 in.
or larger as casualty producing was based on many
reports issued by both the British and American
Armies. The amount of WP sought was, therefore, a
minimum of about 150 mg, !¢ a quantity which would
burn through at least two layers of battle dress.
Smaller particles would be considered chiefly har-
rassing, unless they happened to hit some unpro-
tected part of the hody. Naturally, several simul-
taneous hits would be more than correspondingly
effective, thus giving point to the discussion of den-
sity of hits.4 '
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The weapon described in this chapter is, in the
writer’s opinion, quite novel, although the principle
of the spigot has been applied before and weapons
based on it are well known. The Spigot Mortar was
originated by a group in Britain known as the Inter-
Services Research Bureau, who had carried it into
full produection in Britain but on a scale too small to
supply American, as well as British, requirements.
At the request of 0SS, and with the full support and
cooperation of the British,? Division 19 assumed the
task of supplving to interested Services sufficient
American samples {or an appraisal of the place of the
Spigot Mortar in American operations. The groups
thus acquainted with the device included the Army
Ground Forees, the Army Ordnance, the Bureau of
Ordnance, and the Marine Corps. Samples were
eventually despatched to the Infantry Board at Fort
Benning, Georgia,® and to the Aberdeen Proving
Ground, Aberdeen, Maryland, but the reports of
these groups were not available at the time of writing
this chapter.

The Spigot Mortar was a weapon capable of throw-
ing accurately a projectile, carrying 3.1 Ib of high
explosive and an impact fuze, over a distance of
200 yd or less without appreciable noise or flash.
These last two feattres were the ones which made the
device unique and recommended its consideration in
a number of sperial operations, which might logically
include attack on fixed installations, either hy time
delay or manual operation, or on moving targets by
booby traps. Because of the noiseless and flashless
features and the element of surprise, the danger of
discovery could be considered negligible.

The total weight of the gun, sight, and one bomb
did not exreed 12 Ib, making it eaxy for an individual
soldier to operate effectively against spocially se-
lected targets, and to earry, if desired, more than one
round. In some ways, the Spigot Mortar can be con-
sidered a useful complement to the rocket launcher
described in Section 1.3. It definitely should not be
considered a competitor, because its range is much
shorter and the rocket ix extremely noisy.

As ordinarily used, the mortar required a tree or
other support, such as a masonry wall or a pole, for
attaching the gun and absorbing the not inconsider-

€ PN WA A R AP RPN I S S R A o .J‘. S A, -’_ P -'_'-b_ L - _ A AR J‘:-':-'. L AT . 4‘_‘-" -'_..."
Chapter 5
SPIGOT MORTAR
5.1 INTRODUCTION'! able recoil. This limitation on its usefulness was not

considered serious and was partially rectified by the
development of a plate support allowing the firing of
the gun at all locations on solid ground.

The Spigot Mortar was in production by OSS at
the end of the waur. So far av is known, it did not
reach the ficld for combat use.

S 3.2 . THE GUN1'?

The gun consisted essentially of a base and a 3§ in.
spigot and weighed in all 43{ Ib. The base was pro-
vided with a screw so that it might be serewed by
hand into a support, which was generally a tree of
over 6-in. diameter._\s an aid in removing bark and
obtaining a smooth bearing surface for the base, one
of the two 414-in. lever arms had a chisel ending.
“The other arm was provided with a hule through
which a trip wire could be guided when boeby trap
firing was preferred.

The spigot was attached and mounted at the base
by a ball and socket joint composed of the spherical
head of the screw and a cover plate held to the base
by three screws, two of whieh were simple cap serews
ordinarily remaining fixed at a preselected adjust-
ment, The third screw was provided with a movable
T-handle which, when loose, allowed free movement
of the =pigot in the hall and socket joint, but, when
tightened by a turn of the wrist, locked the spigot in
the desired location. .

The spigot was hollow and housed a spring-actu-
ated striker which was cocked by a simple pull on a
lanyard and held in cocked position by a trigger.
The spigot tube was mounted firmly in the base and
delivered to it the thrust produced by firing the
round. Thix was accomplished by the relense of the
trigger, which allowed the compressed spring to pro-
pel the firing pin forward. The small pointed end of
the firing pin projected through a small hole in the
forward end of the spigot tube and struck the sensi-
tive primer cap of the prepellent cartridge in the
bomb tail. '

The maximum elevation allowed when using a
vertical support for the gun was about 23 degrees,
g.ving an effective range of slightly over 200 yd. An
assembled gun and the various parts referred to
above are shown in Figure 1.
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THIF. LIVE BOMB

Fioure 1. Spigot and component parts.

No new principles were involved in the construc-
tion of the sheet steel (No. 14 gauge) plate-mounting
which allowed the use of the gun where no support
other than firm ground was available. The gun was
mounted in a plate by means of a trunnion and two
hearings, allowing a greatly increased traverse for
aiming in the vertical plane. The plate was x0 con-
structed that the two cireular rings would cut into
the enrth when the plate was seated by rotation and
oscillation, One trial shot was generally sufficient to
embed the plate solidly in the ground, where it ~ould
then be more firmly held by driving in spikes. Re-
moval required very little effort.

THE SIGHT 4

The sight, ax shown in Figure 4, slid over the spigot
tube and wax fixed in position during aiming by a-
tocking serew. After the gun was positioned and se-
cured, the sight was removed and replaced by the
bomb. Figure 2 shows this sight, in two views
mounted on a spigot tube as though in use, and in
the third folded for earryving. Folded, it measured
15 in. thick, 334 in. wide, 3%y in. long, and it

3.3

weighed about 1.2 1b. This sight was entirely an
American development and was a simplification of
the British design.* The one shown was for the tree-
mounted gun. A modification for high angle trajec-
tory fire would be needed for the plate-mounted gun.

Ordinary use of the sight required its positioning
as scen in the upper left view of Figure 2. The user
standing back to the target and bent over saw an
erect image while both his hands were free to adjust
the gun. The sight was a one-power, rizht-angle tele-
scope calibrated in 25-yd increments by the use of
the peep-hole bored sight shown in the lower right
corner of Figure 2. In those cases when the operator
wished to sight from cover, such as tall grass, a
trench, or foxhole, the evepiece was turned down-
ward, as shown in the lower left view. However, the
body -of the sight was always mounted vertically
above the spigot tube. In all cases crosshairs marked
the target.

- THE LIVE BOMB

« Figure 3 shows the assembled bomb and the vari-
ous component parts, exelusive of the propellent

kN
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30 SPIGOT MORTAR

Fioure 2. Sight,

cartridge. The homb consisted of a tubular tail carry-
ing a propellent cartridge, a stlencing wad made of
soft brass, a screw-cap end-piece and a dust plug, an
impact fuze and its housing, and a soft steel hcad
with cap opening for filling with high explosive. The
head was attached to the tail by locking the hovks on
the underside of the head into a plate located in the
cone of the tail.

The Tail

The most difficult part of the whole weapon to
provide was the tail tubing, for this had to withstand
the tremendous pressures developed by gases from
the burning propellent eartridge, and to seal them
completely from the air. It was this which made the
weapon flashless and noiseless, the unique features
which gave it its chief value. The tube shown was
found by actual tests to withstand pressures below
49,000 psi, a safety factor of 2.5, which allowed the
possible increase of the propellent charge by perhaps
60 per cent, with probably attendant increasc in
range to 275 vd.” No development along these lines
was completed because of time limitations, but future
work of this kind would scem profitable, and it would
doubtless entail a strengthening of the gun mount.

The tail tubing was built up of three seamless steel

3. 41

tubes of SAK 3140 specification sweated together and
sealed with a thick steel plug silver-soldered in place.

3. 02

The Cartridge

This was a specially constructed 12-gauge car-
tridge (FLI-S18), consisting of a cylindrical paper
tube, a copper cap (outer base), and an aluminum
and composition disk (inner base) bearing in its cen-
ter a detonator. The filing was a special nitrocellu-
lose mixture developed for the purpose by the Federal
Laboratories of Pittsburgh, Pennsylvania, and its
waterproofness was assured by a double coating of
Sargent Paraffin Hard.®*

The cartridge, assembled in the bomb tail and
backed hy a soft brass wad bearing a small hole to
allow penetration of the firing pin contained in the
spigot, wax fired hy the blow, with a resultant uc-
celeration of between 1,800 and 2,200 g on the bomb,
thus imparting an initial veloeity of about 200 ft per
sec. The pressure generated by the burning of the
cartridge forced its copper base cap and the adjacent
wad down the tail tube, where they came to rest
against the screwed-in stop ring in the base of the
tail. An essentially gas-tight seal resulted and the
necessity for overlapping tail-tube eonstruction is
now explained.
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OPERATION AND PERFORMANCE 31

Fravne 3.
5.0 The Fuze

Delays in delivery and eertain inconsistent per-
formance by the British fuzes * prompted a study of
this part and the development of an American fuze
based cn the T-3 (see Section 3.4). This Ameriean
fuze was armed by the release of an inertia pin sper-
ating under application of about 122 g, a force well
beyond anything likely to be encountered acsiden-

tally, and yet sufficiently below that given by the car- -

tridge to assure certain functioning. To prevent firing
from rearward reovement (which might occur when
the wad and cartridge base met the stop ring), the
“all ways” features of the T-3 fuze were ~acrificed,
with the result that firing was not always obtained
on glancing impacts of low angle.* Caleulations indi-

. cated that the fuze hecame armed before thebombhad

entirely left the gun, a feature which could perhaps be
corrected by an alternate design which would provide
arming after an elapsed time of ! or 2 sec. Such a fuze
did not exist in Ordnance procurement at the time of
this development and would have great advantages
in many munitions, if it could be developed. A very
preliminary attempt was made to solve the problem.

. ance of the high explosive

Bomb and component parts, - L

the latter type being profon‘é(’ by the Americans
while the former type was standard with the British.
Both were made of light steel stampings and con-
tained « soft brass insert to house the fuze. In prac-

tice, it was found that the light steel cover made very

close contact with the target hefore the fuze had
time to operate and thus insured optimum perform-
e. A filler plug scaled.the
head after it was filled.

It was shown that filling of the heads could be done
practically, either prior to delivery using cast pento-
lite '* or in the field with plastic explosive (Compo-
sition (-2).?

5.5 OPERATION AND PERFORMANCE

The user, having screwed the gun into a suitable
large tree, having aimed the spigot with the sight,
and having replaced the sight with a loaded bomb,
had the choice of three firing methods: the first was
by manual operation of the trigger release cord; the
second was by use of a time delay Pencil (see Chap-
ter 9), from which the spring snout had been removed
to allow free passage of the deiav plunger against the
trigger of the gun; the third was by the connection to

38 the trigger release of a trip wire, as in standard
3 5084 The Head booby-trap practice.
- Two bomb heads were constructed, one to use with The muzzle velocity was determined by firing
4 a poured charge and oue to use with a molded charge, through Boulange screens 18 ft apart. Its mean value
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32 SPIGOT MORTAR

Spigot with sight.

FioUre 4.

was 195.6 ft per sec with a mean deviation of 0.69 per
cent, which corresponds to a deviation in range of
1.4 per cent. The mean deviations observed with in-
ert filled bombs were 7.4 per cent at 50 yd, 1.5 per
cent at 100 yvd, and 1.3 per cent at 150 yd. This indi-
cated that at these ranges the deviation was caused
by varving muzzle velocity and was attributed to
variation in the performance of the propellent car-
tridges. Wind direction had some effect, as could bhe
predicted, for such a large and relatively slow pro-
jectile, but could be compensated for by an expe-
rienced operator. Disregarding this, a 100-yd range
gave deviations in elevation and line of approxi-
mately +£2 ft and +1 ft, and was regarded as the
maximum effective range for targets as small as
tanks or automobiles.?

Ficrre 5. Spigot with bomb,

Tests with trained personnel indicated that the
Spigot Mortar could be removed from a carrying
rucksack, mounted, aimed, and fired within 2 te
4 minutes.

Thae cffe(-mcnms of the charge against various
targets can be judged from the following: (1) on 2- to
214-in, armor plate, blisters with a 14 in. diameter
were projected from the back of the plate and a hole
5 in. in diameter was made through the plate; (2) on
reinforced conerete 9 in. thick, an opening of 18 to
21 in. resulted; (3) an automobile was completely
demolizhed; and (4) a2 lncomotive was su damaged
that it required a month’s repair.®

It is believed that a most effective and novel
weapon was developed and that, in special opera-
tions, it could harass the enemy seriously.
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Chapter 6
SLOW BURNING EXPLOSIVES (SBX)

6.1 INTRODUCTION

The work of Division 19 on SBX originated in a
search for unconventional and yet readily available
materials which would be capable of inflicting severe
damage to enclosed struetures, such as storage ware-
houses and ship’s holds. The hazards common to in-
dustries handling finely divided earbonaceous ma-

terials immediately suggested that dust explosions,

properly controlled and produced, might be a valu-
able military technique. This thought was not origi-
nal with the division, since a large amount of work
had already been done in England, chiefly on coal
dust,*® with, from the theoretical point of view,
slightly disappointing results. _

In this country, a study of many years duration
had been underway at the Bureau of Mines and this
also centered primarily on coal dust, although many
other materials, including fine organic and metallic
dusts, had been investigated to a more limited ex-
tent.? It was thus well known ! that practically all
finely divided combustible materials, if propery dis-
persed and mixed with air in correct proportions,
would burn, when ignited, with a violence and speed
of possibly exploxive proportions.

The difference between inflammability and explo-
sibility, being one of dégree rather than kind, the fol-
lowing experimental quantities were indices of the
course to be followed: (1) relative inflammability
should be high for a military explosive, (2) limit of
explosibility should be low, {3)the presswe de-
veloped would depend on bhoth the heat of com-
bustion and the ventage of the chamber where the
explosion would take place, and (4) the rate of pres-
sure increase would be a measure of the speed of com-
bustion. The last point indicates the chief difference
between high explosives and SBX, SBX bheing of
military value only in those eases where the maxi-
mum pressure effect over a relatively long time is
important, or where ventage is small and confine-
ment good. In so far as heat of combustion ix con-
eerned, high explosives are in no way comparable to
ecombustible dusts, as indieated in kg-cal per g for

the following materials: black powder, 0.7; dvnamite .

(75 per cent), *.3; TNT, 3.6; coal, 7.6; pitch, 8.4;

aluminum, 14.1; magnesium, 6.0; and sulfur, 2.2.
With this background of work in mind, the central

laboratory of the division conducted experiments on

the development of a dust disperser and igniter, and
studied a number of materials which in dispersed
form might give suitable performance in confined
space. The work was done with no thought of more
orthodox military applications and it does not appear
that SBX can seriously compete with high explosives
for use in bombs or shells. The effectiveness of SBX is
limited to confined structures where the ventage is
small, and by hazards in its loading, and the number
of likely tarzets, However, where a special target has
been selected for attack or demolition by a small
group of speeialists, SBX would appear superior to
high explosives, both because of its availability in the
field and because its slow pressure increase in a con-
fined space might eventually cause greater damage
through structural failure than would a comparable
amount of fast acting high explosive whose effect
would be to punch or cut rather than demolish.’

This new work of Division 19 with the cooperation
of Division 2 and Division 11 personnel resulted in
two major developments: the new SBX material
called Salex '™ ' (a compressed mixture of sulfur
and aluminum), and Lulu," % a disperser-igniter for
use with all SBX materials. In the course of the work,
many different substances were tested using a num-
ber of measuring gauges, two special explosion-proof
rooms, wooden buildings, and a ship. From this work
it was concluded that Salex was not as effective, on
either a weight or volume basis, as a number of other
SBX substances, chief of which were aluminum and
gasoline when dispersed and ignited by Lulu. This
igniter, heing small and simple to construct, was be-
lieved valuable for certain uses of a clandestine na-
ture. If necessary, it could even be dispensed with by
the use in the field of suitably cased Torpex or TNT
blocks. In brief, a method for attack on closed strue-
tures was discovered and the tools best suited for the
purpose were made available.

6.2 © SBX MATERIALS *"

There is no searcity of common materials which
can be used for this purpose. An early British memo-
randum lists, for example, 35 different substances
likely to oceur in manufacturing plants, to disperse
easily, and then to ignite explosively with a small
heat source such as a lighted mateh. In addition, it
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4 SLOW BURNING EXPLOSIVES (SBX)

lists 19 more, which will behave similarly when ex-
posed to higher heat.* Almost all of these SBX ma-
terials were organic and carbonaceous, and, of them
all, flour seemed most available and worth trial.
Early trials with 5-lb sacks indicated that dispersal
was best obtained using 75 or 100-g charges of TNT,
and that black powder and blasting powder were not
uniform or complete in action. As was to be expected
from the Bureau of Mines work,? no ignition of dis-
persed four dust wes obtained by using TNT alone.
It was obtained, however, when the high explosive
was surrounded by coarse magnesium flakes,® and
this was the origin of Lulu (Section 6.3). -

Other carbohydrate dusts, including graham flour,
starch, and sugar, gave results comparable with
those of white flour. In general their efficiency was
low (about 20 per cent), when compared, by assum-
ing values of peak pressure, or impulse, and time of
burning, with ealculations made from a simplified
theory of SBX.® By assuming that SBX pressure
arises solely from temperature increase, that all the
heat of combustion is used in this way, that burning
is at a uniform rate, and that the ratio of maximum
SBX pressure to atmospheric pressure is small, ex-
pressions dependent on the volume of confined space,
the ventage, the chemical nature of the SBX mate-
rial, the heat of combustion, and the charge ~ize were
derived. Efficiency is the value thus calculated, com-
pared to that actually obtained from measurements
of the total impulse and pressure-time curves.

Low efficiency may be accounted for by energy
losses: first, becanse part of the charge may have
escaped complete tombustion through loss in ventage
or unfavorable combustion conditions, secondly, be-
cause of variation in the ease with which a given
SBX material can be completely burned, and thirdly,
because of the large loss of radiant heat to the cold
walls of the test structure. In all SBX materials,
these three important points are difficult to evaluate,
the second one only being a function of the chemical
nature of the combustible substance. In the case of
carbohydrates, such as flour, the second factor is ap-
parently very large. At any rate these materials are
poor for SBX purposes.

The efficiency of both coal and hydrocarbon dusts
was nearly 20 per cent, while that of metal dusts
(aluminum and magnesium) was ahout 35 per cent,
flaked aluminum being superior on a weight basis
and atomized aluminum being preferable on a vol-
ume basix. These were definitely inferior to liquid
SBX materials, such as benzene and gasoline, the

efficiency of which was 35 to 40 per cent, and carbon
disulfide, the efficiency of which reached 70 per cent.
However, in the case of these liquids, there was a
long induction period (at least when Lulu was the
disperser-igniter) which, with moderate ventage, re-
sulted in loss of pressure.

A combination of aluminum dust and liquid SBX
materials was shown to eliminate this trouble en-
tirely and, at the same time, to increase the apparent
density. For example, 10 lh of aluminum and gasoline
mixture (d 1.25) per 8,000 eu ft volume gives an SBX
pressure of 13 to 20 psi (1-3 Ib was considered suffi-
cient to demolish an ordinary masonry or wooden
structure).

An attempt to produce a mixture of sulfur and
aluminum which would supposedly show the tneo-
retical maximum effeet was not entirely successful.
The optimum combination of Salex, in either a cased
or uncased unit, contained 75 to 85 per cent alumi-
num compressed with sulfur to 3,000 psi and a dis-
perser-igniter of tetryl representing 10 to 25 per cent
of the total unit by weight. For such a munition, the
calculated total heat of combustion was two-thirds
more than that for a similar weight of TNT, but this
energy could not be freed completely.!” Many vari-
ations in the relative proportions of the two ingredi-
ents, in the burster charge, in the type of case, and in
the addition of carbon disulfide, failed to improve
efficiency, which was always below TNT when used
without additional SBX material, and always below
Lulu when used with SBX material. Only tactically,
in that it formed a non-persistent poison gas, did
Salex have any attraction over other SBX ma-
terials.!?

Typical time-pressure curves for the various SBX
substances tested, and, in some instances, the caleu-
lated performance curves are given in Figure 1. The
value for Salex would be between the values for
tetryl and flaked aluminum.

6.3 DISPERSER-IGNITER (LULU)*?

Having discovered that high explosive was, by a
large factor, superior as a disperser to black powder
or blasting caps, and having ascertained that a sur-
round of magnesium chips was needed to insure ig-
nition of the dispersed dust-air mixture, a more exact
definition of the high explosive, the amount and spee-
ification of the surround, the type of casing for the
complete unit, and the size of the Lulu best suited for
convenient amounts of SBX material, was needed. It
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A DISPERSER-IGNITER (LULU) a5
-,
:(. : 3.0 v ¥ T ] T T T L] | 4 4 ¥ ¥ ¥ ¥

" LULU BURSTER  LARGE VENTING SPACE GAUGE
o 20 HB TETRYLMO 4 0.0 - 1-L8 FLAKE Al & I-L8 GASOLINE
- ===~ CALCULATED CURVE
% 1.0 ———"SMOOTHED" CURVE ] RSl 2-L8 GASOLINE 4
w
ARy 0 E g} 5.0
" » g /—z~|.s FLAKE At
- 10 ——+— € 23
w 0
:'*: -2 { L 1 ! 1 1 1
Oy o0 25 80 75 100 125 150 15 200
2 TIME- MILLISEC

£ Figure 2. Effect of mixing aluminum with gasoline
.4 using Lulu burster, large venting and space gauge.

, -0 { { ¢ } { } } . .

A - was soon apparent that magnesium flakes, while de-
- sirable and in'no case harmful, were unnecessary in
"L the better SBX substances, such as gasoline, but
~- were essential for the poorer ones, such as flour. In
-::'_ the final model, therefore, magnesium in sufficient
W a amount to insure good performance with flour was
- . specified.

i-t.: g It was found also that the case could be, equally
e a well, cardboard, steel, or aluminum, so far as dis-
';- g persing and igniting were concerned. In the final
o model, aluminum wsas chosen for its lightness and

s availability and its tightness against the liquids, pre-

4 ferred as SBX charges. (It will be remembered that,
:'_': =otne high explosives are soluble in gasoline or hen-
":: B zene.) Without loss of performance, the choice of
N ns e high explosive might well have been TNT, tetryl, or
N Torpex, for all three produced identical results, but,
N because of cheapness and availability, TNT was
~ specified.

e The finai Lulu disperser-igniter consisted of 360 +
\ﬁ 5 g of a (0-30-10 mixture of granular TNT, mag-
o nesium Grade C, and magnesium Grade B loosely
:::: s L L s L . . . packed into an alumirum casing (Alcoa 214 ST 16
32 0T T T gauge, round tubing 2 in. OD and 12 in. long) carry-
2 sol taasoun @ | ing serow caps (24 threads per in.) at both ends.
. Holes were there provided for shipping plugs which
e 2.8 § could be removed and replaced by the initiating sys-
:ﬁ Seael tem consisting of a booster assembly (TIE2 or British
:-" ° T e——— ] Type 6) and a delay mechanism such as a clockwork
o or a-¢ delay (see Chapters 12 and 13) or a standard
,,—' -2.8 L A - A ] ] engineer pull switch for lanyard operation or booby
o ° % Reewiwsecs T " trapping. .
‘: Figure 1. Comparison of results of theoretical ealeu- T.h is standard Lulu was too large for convenient
:.‘_\ Iations of S8BX pressure-time churuéteriuticu with testing and most of the results recorded here were

LS

obtained with scaled down charges and the so-called
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36 SLOW BURNING EXPLOSIVES (SBX)‘

A B
T T T | S ~T T T T T T T T T
2-L8 CHARGE MEDIUM VENTING SPACE GAUGE 2-LB CHARGE LARGE VENTING SPACE GAUGE
30 | . L. .
i 155 GM STANDARD LULY

3 zo 35 GM 60-40 BLACK POWDER . 2 il 133 G';::: s':_:'oi’;:f” " T
2 Mg IN Al CASE ' CARCBOARD GASE
w10 Es.0
g 2
[ ]
o w
€ o Ea.s

138 GM TNT IN Al CASE
133 GM STANDARD LULU
I35 GM §0-40 TNT - Mg

IN CARDBOARD CASE

1 4. —te L 1 1 L
-] 2% % 7 00 128 150 173 200
TIME - MILLISEC

-}
-2,8 2 1 : i 3 I3 i 1
] 23 S0 k4] 100 2% 130 178 200
TIME ~ MILLISEC

Figure 3. Comparison of disperser-igniters. A. Effect of nature of burster with flour. B. Effect of nature of burster

with gasoline.

Baby Lulu, a similar unit containing only 133 g of
the TNT mixture. The standard unit was adequate
for dispersing and detonating about 100 1b of flour
and similar dusts, or several gallons of liquid. Since
these materials were readily obtainable in military
dumps, the Lulu weighing only 2 1b could be recom-
mended for field use by an individual soldier. With-
out burdening, it gave him a powerful weapon for
special use.

This, of course, could not apply to Salex, which
was in the nature of an SBX material itself and was
very inefficient for dispersal and ignition of other
materials. :

6.1 VENTING

Of paramount interest in SBX discussion, is the
amount of venting or the ratio of vent area to en-
closed volume. The general effects for extreme cases
are easily foreseen. In the open, an SBX bomb would
spend itself harmlessly and, because of its low speed
of detonatinn, could not be counted on to throw frag-
ments of casing or shrapnel forcefully over a distance
comparable with that for high explosives. In the
other extreme case, where no venting is available,
the pressure on the walls of the confining structure
would become enormous and, when the limit of their
elasticity had been passed, would collapse with com-
plete demolition of the structure. This would bhe a
most favorable case for SBX, and one in which high
explosives would not perform so well, because of
their low heats of combustion and the shattering
speed with which they detonate.

A choice of the correct amount of SBX material
for a given volume depended, therefore, on the vent-

age for that volume and the other factors inherent
in SBX which have been mentioned in Section 6.2.
Figure 4 shows the effects of varied charge sizes for
constant venting, while Figure 5 shows the effect of
changed venting for constant charge.

The curves are based on data obtained from the
use of a specially constructed underground test-
house, a concrete structure measuring 30 ft in length,
and having a total capacity of approximately
4,320 cu ft. The open end and a part of the adjacent
roof were provided with movable shutters and plank-
ing so that the opening could be controlled at will.
The three openings most commonly used were 10, 20,
and 40 sq ft, and designated small (8), medium (M),
and large (L), respectively. For the more inefficient
SBX materials, the M opening was used; for gasoline
and aluminum and mixtures of them, the L opening
was necessary to protect the structure from damage.'
The position of the charge within the structure was
irrelevant, because the pressure obeyed hydrostatic
laws. .

A quantitative recommendation to the field was
difficult but was about 0.05 oz per cu ft.* In a struc-
ture or space with approximately M ventage, the
action of a 100-1b bag of flour on a volume of about
10,000 cu ft insures demolition. The same result would
also be obtained with a gallon (about 30 Ib) of gaso-
line or a sludge of aluminum powder and gasoline,
and such materials would be expected to build up
slowly (in 10 to 15 milliseconds) to a maximum pres-
sure of several pounds per square inch and to main-
tain that pressure for a period of perhaps 50 milli-
seconds, a time which would certainly be sufficient to
demolish all but the strongest construction. Even a
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INSTRUMENTS FOR EVALUATION OF SBX

A

T T | T I 1 1]

LULU BURSTER MEDIUM VENTING SPACE GAUGE

4-LB CHARGE

n
H
o

°

/

PRESSURE - PSH

/
< 1-LB CHARGE

2-18 CHARGE—/ 1

Il | 1 L L L L
50 7% 100 125 150 175
TIME- MILLISEC

20¢

Ficrre 4.
gasoline,

Comparison of eharge size and venting.

l T T T 1 T T

LULU BURSTER SPACE GAUGE

2-LB FLOUR - MEDIUM VENTING
3.0 - / 2-LB FLOUR-SMALL VENTING
2.0 2-LB FLOUR - LARGE VENTING

PRESSURE - P51
°

BURSTER ALONE ~LARGE VENTING
BURSTER ALONE - SMALL YENTING

1 1 1 1 1 ! i
50 75 100 | 1es 130 7%
TIME - MILLISEC

200

FiGuRe 5.
materials,

Comparison of charge size und venting.

structure with a nomber of glass windows could be
considered closed, for while the glass would break
eazily under a sudden blow (such as from a high ex-
plosive) it would withstand for a considerable time
the slow inerease in pressure provided by SBX, and,
in the end, the masonry could be expected to yield
first. 12

6.5 INSTRUMENTS FOR EVALUATION

OF SBX 1218

An accurate measurement of the peak pressures,
as well as the intermediate pressures, at various
times was essential for an appraisal of SBX sub-
stances. This was accomplished by using a number of
diffcrent gauges which gave fairly consistent results,

A. Effeet of charge size with flour.

37
B
T T T T T T T
LULU BURSTER  LARGE VENTING SPACE GAUGE
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5.0

PRESSURE-PS!
I
]

(=)

[}
~n
.
>
T
L

i 1 I ! 4 3 1
o] 25 50 75 100 25 150 178
TIME - MILLISEC

200

B. Effect of charge size with
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T T T T )
LULU BURSTER 2-LB GHARGE SPACE GAUGE
BENZENE - MEDIUM VENTIN
s b /— It G
4 ~BENZENE - LARGE VENTING
FLAKE Al ~MEDIUM
s Mor VENTING _
[ %
g
2.5
2
(7]
g o
COAL DUST
MEDIUM VENTING i
*28 - COAL DUST-LARGE
VENTING
FLAKE A1 ~LARGE VENTING: .
(3 1 i L 1 1] i N
0 25 80 15 100 125 180 73 200
TIME - MILLISEC

A, Effect of venting with flour. B, Effect of venting with various

so that there was reason to believe that the quanti-
tative comparisons inferred had a firm basis in fact.!s

For the study of the charactetistics of underwater
explosive waves, Division 2 had developed tour-
maline piezoelectric gauges which, through the co-
operation of this division, were found satisfactory
for SBX study and superior to similar Rochelle salt
gauges, commercially available. After thermal in-
sulation to prevent spurious pyroclectric signals,
these gauges ,, ve most satisfactory performance.

A second type gauge, based on a condenser of Gen-
eral Motors design ** gave continuous time pressure
curves comparable to the tourmaline gauges.

A third type developed by the Factory Mutual
Research Corporation * was based on a mechanical
principle and consisted essentially of a piston, the
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SLOW BURNING EXPLOSIVES (%BX)

mass of which per unit area was equal to that of the
structure under investigation, and a spring, which
with the piston executed vibrations at a natural fre-
quency typical of that structure,

A fourth gauge used with suceess was based on the
simple mechanies of the expelling of a projectile of
known mass from a tube inserted in the side of the
test structure. The distance over which the projectile
was thrown was a measure of the pressure per unit
area imposed on the interior walls by SBX.

A modification of this fourth type was devised, but
not extensively used. Essentially, it consisted of a
car of known mass which moved with minimum frie-
tion in & brass tube. Its velocity was determined by
timing its transit through two cleetrie contaets sepa-
rated by a fixed distanee and with a thyratron eircuit
s'uppli(ul to start and stop an eleetrie impulse-counter.
This gauge was u‘u(hl\ adapted to explosions of
varving degrees.

All the gauges gave trouble and were not always in
agreement. It is believed that no new fundamental
design was involved in any of them.

i
6.6 FIELD PER l"()RMAIYZE

Two large-seale demonstrations of the effective-
ness of SBX were conducted: one against several
wooden houses of varied ventage, and the other
against a wooden vessel having two holds of about
2,000 and 10,000 cu ft capacities, The more spec-
tacular results were obtained using flour and the
Lulu disperser-igniter on houses made available by
operations of the Tennessee Valley Authority.?

For exumple, when a two-story building, in fair
condition, measuring approximately 30,000 cu ft, and
with windows boarded up to secure minimum vent-
age, was attacked with a 95-Ib bag of flour, and the
standard Lulu detonated electrically, complete demo-
lition resulted. Although a huge ball of flame en-
veloped the collapsing building, no fire resulted. The
view in Figure 6 was caught by the camera at the
moment when the SBX had lifted the roof and wus
pushing out the walls. Figure 7 shows the interior of
the building at the moment when the SBX is near its
maximum effectiveness, The accompanying flames
can be clearly seen.

A similar trial on a solid wooden house, with a
number of interior pmmmm uml |mu(h ventage, re-
sulted in a dangerous condition, but not demolition.
Small Salex charges, located similarvly in old dwell-

FiGure 6.  Lulu — explosion in mmd(-n house.

Lulu — explosion in woaden house showing
flume, ]

FIGURE 7.

spite of free ventilation, for some time after the ex-
plosion. In a bunker or enclosed trench, the effective-
ness of Salex is unquestioned. Whether such use
would constitute chemical warfare is a matter for
Service definition. '

As might have been expected, the results obtained
in the well-enclosed hold of a derelict, but sound,
wooden lugger were quite gratifying. A standard
Lulu, detonated electrically, dispersed and ignited
80 b of flour with a resultant lifting of the deck
throughout its whele length, splitting of the planks
adjacent to the hull, and blowing away of the cautk-
ing. The badly sprung and leaking hulk caught fire
from the accompanying ball of flame and burned to
the water line ax it sank. Had the vessel been at sea
it is believed that nothing could have saved it. The
heaving deck and the escaping flames are shown in
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ings, did less damage but provided sufficient sulfur ’
dioxide fumes to render occupancy impossible, in  Figure 8.9 DY
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Ficure 8. Lulu — explosion in wooden ship.

6.7 FAST BURNING INCENDIARY (FBI)

The difference between a Slow Burning Explosive
(SBX) and a Fast Burning Incendiary (FBI) is one
of degree. In the former the presence of a ball of
flame is unavoidable and of secondary importance,
while in the latter it becomes the chief feature and
the blast effeet is repressed. That this could be easily
accomplished by a suitable choice of conditions was
demonstrated in England " and repeated in this
country without difficulty * on small wooden strue-
tures. The tactical limitations of FBI are similar to
those already explored in Section 6.1, and it is not
clear that FBI would be useful on any large scale as
a filling for conventional bombs. However, as a spe-

combustible targets, it has much to recommend it,
for the fire produeed is so nearly instantaneous and
the area set afire at one time so large that a suceessful
defense is hard to imagine.

The charge usually employed weighed about 20 Ib
for a wooden hut measuring 13 X 9 X 8 ft and con-
sisted entirely of grade 0 magnesium and a small
amount of magnesimu turnings, Two pounds of gun
powder were ignited by Bickford fuze. An almost
silent flash resulted and a minor explosion, caused by
the SBX effect, provided small openings which in-
ereased the draft. Five seconds after the burst, the
entire structure was enveloped in Hames and all the
interior walls were afia.. Four minutes later, the
structure collapred and in seven mirates was nearly
entirely consumed.' Figure 9 show. ii.e conrse of this
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Ignition of a wooden hut by fust burning

Fiaure 9.
incendinry.

It is apparent that the ratio of effective charge to
volume of structure is much higher for FBI than for
SBX, thus limiting the size of buildings which could

experiment. be attacked in this way.
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Chapter 7
SPECIAL REMOTE-FIRING DEVICES (NR-109)

The simple deviees described in this chapter were
intended for deceptive use by guerilla groups, pa-
trols, and small maneuvering forces, such as those
employed by the Marines and OSS. They were in-
tended to deceive the enemy as to the correct location
of the group, and to trap him into revealing his own
well concealed position. It was proposed that a num-
ber of these devices (Bushmaster) be planted sur-
reptitiously on one flank, and upen their actuation
and the enemy’s presumed reaction, that an attack
be made from the other flank. By the use of trip
wires and conventional booby-trapping techniques
the devices could also be set to cover the approaches
to a defensive aven. The usual usage visualized, how-

Fraure 1,

ever, was with time delay actuation by means of the
standard time Penceil (see Chapter 9).4

Originally, the requirement for Bushmaster was
that: “It shall be small, portable, and self-actuating.
It shallbe capableof being installed by a single opera-
tor in a bushy terrain and shall functionally, after a
predetermined time delay, vibrate or move the
bushes and intermittently fire live bullets in a pre-
determined direction.”

After carly experiments with crude and heavy
models,! a simple one-shot expendable unit was de-
veloped which met these specifications and was put
into limited procurement by OSS. Its extreme sim-

plicity is shown by Figure 1.2 It consisted of a short,
length of gas pipe (7 to 8 in.) reamed at one end so as.”

to chamber a cartridge (.45 caliber, although others,
such as .22 or .30, would be equally feasible with the
appropriate sized pipe). This served as the gun barrel

of the device. The brecch was provided by a pipe cap -

drilled so as to hold a time Pencil (Chapter 9) with-
out its spring snout and primer. The barrel was pro-
vided with a spring elip for attaching the device to
small branches. When the time Pencil operated, its

firing pin struck the primer in the base of the car-'

tridge, as would the trigger of a gun, with sufficient
foree for reliable firing. The inevitable recoil which
shook the supporting branch and the sound of the

Single shot Bushmaster with wire clamp.

live bullet were thought likely to mislead the con-
cealed enemy and to draw his fire, thus revealing his
own position to the users of Bushmasters in hiding on
the flank. For intermittent fire, several Bushmasters
with different colored time Pencils could be planted
simultaneously.

An attempt to produce a multiple-shot Bush-
master based on this design failed, because all the
time Pencils were the same color and in such weak-
ened condition that the firing of the first delay dis-
charged the others as well, It was necessary to de-
velop an entirely original device and this took the
form of the simple clamp shown in Figure 2.
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SPECIAL REMOT-EFIRING DEVICES (NR-109) $1

A time Pencil, again minus its spring snout and
primer, was attached by means of a simple screw-
mount to the trigger guard of a standard M-3 sub-
machine gun, so that the Peneil rested firmly against
the trigger through a forked adapter. The gun was
then mounted on a small tree. The firing pin of the
time Peneil, upon striking the trigger, discharged the
entire clip because of the constant and sufficient .
pressure exerted.

For booby-trap use, the multiple-shot Bushmaster
was modified by the substitution of a standard pull
switeh for the time.delay. Production of all three
Ficrre 2. Peneil elamp for M-3 submachine gun. types was successful.“ »
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PART 11
SPECIAL FUZES

In Part 1T of the Summary Technical Report of Di-
vision 19, a few devices and several unsuccessful at-
tempts to meet, by simple means, various field re-
quirements, for initiating explosive and incendiary
charges are discussed. The bulk of this work was con-
cerned with time delay mechanisms, which probably
will be of greatest value, for, as far as the writer is
aware, research done in World War 11 on these small,
simple, and very useful fuzes has not previously been
gathered together.

In Chapter 9, the work done with the existing time
Pencil is deseribed in detail. In Chapter 10, the sue-
cessful development of a substitute for this delay,
having improved qualities of temperature indeperd-
cice and reproducibility, is discussed. Chapter 11
deseribes the simple conversion of cither of the above
time Pencils to incendiary fuzes with silent operation.
Chapter 12 gives the details of seversl clockwork de-
11y merhanisms covering a range of timings between
{ minute and 6 days, and, it is believed, that a previ-
ously existing gap in American munitions was

Chapters 8 and 14 give the results of work with
two fuzes which were to be triggered by external
forces at a preselected moment and which were not
time delay devices. The first of these was a marine
type known as the Concussion Detonator, which
operated most suceessfully under water upon receipt
of the explosive wave from an underwater explosion
in the vicinity, thus allowing the simultaneous firing
of many underwater charges. The other device, de-
seribed in Chapter 14, was a radio-controlled switch
intended to be operated by the receipt of a long signal
with preselected characteristics. It was rendered safe
against accidental triggering and provided with self-
destructive and booby trapping features.

Some of the observations made in Chapter 1 apply

“to the devices described in this part of the STR.

Thcy were on the whole very small, simple in opera-
tion and construction, reliable, and best suited for
use by individuals in special operations. These were
naturally concerned mostly with demolition. The
Service groups who expressed interest and followed

O

this work of Division 19 were the Corps of Engineers,
the Signal Corps, the Bureau of Ordnance, the Chem-
ical Warfare Service, and OSS.

thereby filled. Chapter 13 describes the unsuceessful
attempts to develop time delays based on a variety
of physical and chemical phenomena, and one delay,
the so-called AC Delay (Acetone-Celluloid), which
was produced and used in small numbere,
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INTRODUCTION ! 8. 2

In both ground and underwater demolition work,
it was frequently desirable that several charges of
high explosive be detonated simultaneously. This
could be accomplished by Jinking charges with Prima-
cord, an operation which was not recommended, be-
cause of the time involved, the requirement of skilled

. personnel, and the clumsiness of the procedure. At
the request of OSS, Division 19 personnel undertook
the solution of this problem, basing their work on the

“development of a Sympathetic Fuze, which, on receiv-
ing the shock wave set up by the explosion of one

" charge, would initiate another charge. Such a fuze

"~ was successfully developed. In its underwater appli-
cation, it was of interest and value to the Corps of

“ngineers working at the Engineer Board at Fort
Belvoir, Virginia, and zt Fort Pierce, Florida, as well
as to the Navy's Underwater Demolition group. The
problem of developing a Sympathetic Fuze for use in

! air was more difficult and the solution less satisfac-

Bl tory. Both types are described in this chapter.

The former was entirely mechanical in operation,
while the latter, in its most sensitive form, employed
batteries for initiating the charge electrically. The
marine type was ultimately produced in quantity by
the Engineer Board and was known to NDRC as the
No. ui Concussion Detonator. A very similar model,

.. differing only in minor points, was produced by 0SS
~ and known as the No. 67 C'oncussion Detonator. The
“operaticn of both fuzes depended on the blow given a
firing pin by a bimetallic click diaphragm, when it
was struck by the concussion wave sent through
water from an exploding charge.

Before these final models were perfected, prelim-
inary fuze designs were made with frangible glass
diaphragms. Section 8.2 describes this work in more
detail.

The division was also concerned with the arming
mechanisin for both marine and air fuzes. For the for-
mer, theconventional salt hlock wasimproved upon by
the development of the so-called Electrolytic Arming
Disk (Section 8.4.2). For the latter, a somewhat sim-
ilar arming was accomplished by forcing a constant
viscosity liquid through a controlled orifice (see
Section 8.4.3).

! The material presented in thix chapter describes a

new type of fuze, valuable for many underwater uses

8.1
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Chapter 8
SYMPATHETIC FUZE OR CONCUSSION DETONATOR

and of interest, also, for demolition above water.
The production of both the No. 66 and No. 67 fuzes
was sufficient to demenstrate unequivocally that the
Concussion Detonatorwas a safe and producible item.

PRELIMINARY DESIGN ™ %
GLASS DIAPHRAGMS

Through the courtesy of British liaison officers, the
division contractor was provided with a2 Sympathetic
Detonator constructed on an inertia principle and
having a maximum range of about 70 ft. This device
consisted of several brass tubes containing as the
sensitive member, a heavy weight, halanced on a core
pin and susceptible to the slightest jar. The device
approached an antidisturbance fuze in nature.
was considered not altogether sound. American at-
tempts to alter this design, by the incorporation of a
glass diaphragm into the firing mechanism, indicated
¢ " once that too great a strain would be placed on the
glass member and that the fuze would have a shock
sensitivity so great as to be unsafe to handle. The
British fuze was already open to this criticism and
was, moreover, most variable in its performance.
This fuze is illustrated in cross section in Figure 1,8
and it can be seen that its functioning depends upen
carefully releasing support {rom a weighted pin, the
point of which rests on the peint of the trigger for
reieasing the firing pin.

The principle of a frangibie glsss diaphragm, Low-.
ever, became the basis of several designs, of which the
three most important are described in Sections 8.2.1,
8.2.2, and 8.2.3. , '

8.2

8.2.1 Direct Release ! 18

It was found possible to alter the standard release
switch used by the Cor of Engineers so that its
operation was restrained only by a piece of 0.006-in.
gless of 14 sq in., supported only on its rim. Against
this glass window, rested the standard split-sleeve
pull-pin release mechanisin ¢ tained in its water-
tight case. When submerged, this fuze failed to fire,
only hecause of the very delicate support given the
relcase mechanism by the thin glass window. The
detonation of a high explosive charge within a radius
of 50 ft at a depth of 5 ft or more was found to pro-
duce a sufficient shock wave in the medium to break
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16 SYMPATHETIC FUZE OR CONCUSSION BETONATOR

Ficere 1. Inertia type Sympathetic Fuze.

this thin glass window and to release the firing pin.
The design, however, was fauity, Entry of water into
the actual firing mechanisn frequently prevented
normal functioning, and the glass windows were very
sensitive to aceidental dropping. Although the fuze
had an arming system which prevented its firing un-
der such conditions, it was not a practical design.
This prompted the development of further designs
in which the firiag mechanism did not rest direetly
upen the glass wincow and henee the glass wax uader

Seltzer had a weight of 40 mg, a diameter of 0.160 in.,
and a height of 0.156 in. Essentially instantaneous
(that 15, less than 0.5 see) operation was obtained.
In Figure 2, iilustrating this early model, the glass
diaphragm is apparent and the small underlying wire
container for the salt pellet appears. A standard salt
block and pull fing proviue safety.

o no strain.

: “: i
Vg . |
2. 8.2,2 Indirect Release |
. By retaining the Army's M1 pull type firing device j
. ax the mechanical basis and the glass window as the |
- shock sensitive basis, a fuze was designed which ree- {
- tified these two objections. All moving parts were :
‘ completely enclosed within a waterproof easing, and Fiorre 2, Indircet relense, glass dinphragm  type {
B the release mechanism was restrained by a secondary Symputhetie Fuze. ’
-\ deviee, rather than by the glass dinphragm. This !
. secondary device consisted of a pellet of compressed . - . '
-~ N . . . 8.2.3 Electrical Firing ¥ % .
salty which was held in a small wire basket located in g .
- a chamber direetly beneath the frangible glass dia- Because of the necessity for a watertight inner .
“~ . . . . . . []
» phragm. So long as this salt pellet retained its compartment for the moving parts, which in manu- ‘
’ strength, the release mechanism was unable to fire, facture might prove difficult, an electric model uti- p
K but breakage of the glass window under water and  lizing a simple sea cell was proposed. This consisted of !
- entry of the water, resulted in alinost instantancous  a battery, lacking only the clectrolyte for its opera- '
- dissolution of the pellet and release of the firing tion and providing 114 amp at 6 v upon the addition 3
T mechanism. A suitable pellet made from Bromo- of a suitable dectrolyte such s sea water. It was .
‘ }
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METAL DIAPHRAGMS 47

proposed that in this design, upon the breaking of the
glass window, sea water would be admitted to the sea
switch, which, within a fraction of a second would
deliver the electric current necessary to fire a stand-
ard electric blasting cap. The practicability of this
approach was demonstrated, but the design was not
perfected because the Armed Forces believed that
dependence upon water of definite salinity would
limit the usefulness of this design. Also, a require-
ment of 24-hour submersion in 20 ft of water was a
definite handicap for any device of the glas: window
tvpe, since it was found that glass, when under such
continuous stress, would break after a given period,
and that the glass of 0.006-in. thickness used in these

- three models would not withstand 15-ft pressure for

that length of time.

8.3 METAL DIAPHRAGMS

8.3.1 Preliminary Designs 12118

It was suggested that the use of unequally stressed
bimetallic diaphragms would have many advan-
tages over glass ones, in that they would not be sus-
ceptible to the breakage or strain imposed by long
submersion, and in operation would not allow the
entry of sea water, thus making the design of a
watertight fuze a simpler task.

A number of such models based on the M1 release
type mechanism were constructed. The retention of
the M1 device as the basis for design resulted in loss
of simplicity, for it was found necessary to mount the
metal diaphragm longitudinally to the firing pin and
to transmit its energy through a trigger system. Ap-
parently, this would be a complicated production
matter, Largely because of this, the M1 release
mechanism was abandoned as the basis for firing,
but not before a number of experimental models had
shown the soundness of the metallic diaphragm ap-
proach. Using 214-in. Phosphor bronze disks in water
having a depth of 20 ft, overational ranges approxi-
mating 80 ft were obtained, when 2-lb charges were
fired 3 ft below the surface. In many instances with
fuzes similarly placed, operation at a distance of
500 ft was obtained. The range depended upon the
diaphragm stiffness, and Table 1% illustrates this rela-
tionship, as determined in small-scale experimenta-
tion in air. In either air or water, orientation of the
units with respect to the location of the ('harge ap-
peared to be of minor importance.

TasLe 1.
stiffness.

Relationship between range and diaphragm

Response range in feet
from ¥4 pound TNT

Diaphragm siiffness in
pounds per square inch

9 . X
4.5 10
0.75 18

A similar relationship between range and dia-
phragm stiffness was found to exist when the fuzes
weve operated in water, although a 9-ib diaphragm
was considered the minimum for safety in water be-
cause of the requirement that the fuze not fire spon-
tarcously at depths of less than 20 ft.

Several important basic designs resulted from ex-
perience with this early fuze. It was learned that the
metal diaphragm should not be tightly clamped at
the edges, but should be seated on a rubber washer
which would serve to exclude water from the interior
of the fuze. Also, for protection, the diaphragm
should be covered with a thin rubber membrane with
a negligible spring or snap action. It appeared too
that the total internal air volume in the fuze should
be several times the volume change occurring when
the diaphragm was deflected to the snap point, and
provision was made for this air to travel freely around
the edge of the metal diaphragm and equalize the in-
ternal pressure with that of the very small air space
between the metal disk and the rubber diaphragm.
‘The snap diaphragm, in the unfired pesition, at no

point should contact the trigger mechanism uatil it -

had been operated beyond the snap point,

8.3.2 Fuze No. 66° and No. 67!

These devices differed from each other so slightly
that they will be treated as a single fuze. They dif-
fered from the early designs described in Section 8.3.1
in that the M1 release mechanism was entirely aban-

. doned and . new firing system was adopted in which

the firing pin, at right angles to the bimetallic dia-
phragm, received directly the blow delivered by the
snap of the diaphragm. Thus, the elaborate trigger-
ing system, necessary in the previously used longi-
tudinal design, was entirely eliminated and the desir-
able features retained. Figure 3 illustrates the general
features of both the final fuzes.

The No. 66 fuze was provided with a 9-45 Ib dia-
phragm, whereas the No. 67 bore a 9-70 Ib diaphragm

of Type C Phosphor bronze. These figures mean that

the disk would snap at a pressure of 9 1b per sq in.
hydrostatic, and exert upon the firing pin 45 or 70 Ib,
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48 SYMPATHETIC FUZE OR CONCUSSION DETONATOR

tNGHES

Ficure 3.  No. 67 Sympathetic Fuze.

which was sufficient to give high detonation. Ail
parts were made of die castings, with the exception
of the firing pin, positioning aud catch springs, the
snap dizphragm, and synthetic rubber parts,

Safety was provided by a salt block, which was lo-
cated on the side of the trunk of the fuze. Dissolution
of this caused a very lightly loaded positioning spring
to displace a safety ball and to move the firing pin
away from the snap diaphragm. When the firing pin
had moved the proper distance, it was held in place
by a eatch spring fitting in a ctrecumferential noteh.
This cateh spring counteracted the foree exerted by
the positioning spring and placed the firing pin in an
aimed position ready to be struck by the spap dia-
phragm. When the end of the firing pin had moved
from the snap diaphragm into the armed position,
the diaphragm was free from any elastic deformation.
Sufficient pressure on its outer convex face would
cause it to deflect and snap into a dished concave po-
sition, thus delivering an impact directly against the

;'4'

' \\\\\“\\\

N m‘;,\ ,
lli\

\\\\

firing pin, which, thus released from its catch spring,
moved forward to fire the percussion cap. Actual
photographic measurement showed that the time re-
quired for this snap operation varied between 500 and
2,000 microseconds. Figrire 4! shows the details of
the final design.

The fuze weighed 1214 oz, including a watertight
cap screwed over the soluble plug and a second cap
closing the stnker channel. It looked like 2 mush-
rc »m measuring 214 in: in height and 25§ in. in out-
side diameter. It was packed in hermetically sealed
tear-strip tins 4 in. high and 33y in. in diameter, the
total weight being 1 1b 2 oz, including the detonator
and burster.”

8.3.3 Depth Compensation 2.

The design described in Section 8.3.2 is not com-
pensated for depth and the Concussion Detonator
may be expected to fire spontancously when im-
mersed to a depih sufficient to snap the diaphragm.
In actual tests it was found that 20 ft was a safe limit.
for the 9-1b disk. Some work on a method of compen-
sating such a fuze for depth was performed, but ad-
vantage was never taken of this because the com-
plexity and added e:pense were not considered justi-
fied for the operatxonq visualized by the interested
Services.

" The simplest and most effective method of obtain-
ing coragensation would consist of merely trapping a
volume of air behind the snap-diaphragm. For ex-
ample, a short, vertical, open-ended pipe with the
diaphragm ‘sealing its upper end, would provide
nearly perfect compensation for a fuze in a vertical
position. Operationally, the variable volume of air
backing would have to be sealed or so arranged that
it could not escape in any position of the unit, which

7

END VIEW WITH COVER AND
DIAPHRAGMS REMOVED TO
SHOW CATCH SPRING

Figure 4.  Cross-sectional and end views of Ne. 67 Sympathetic Fuze,
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ARMING ‘ 49

would not be true of the above system. Sealing off
with a thin rubber membrane would be a possible
solution.

Another possible compensator, a few models of
which actually were constructed, involved the use of
metallic bellows, which permanextly soldered in
place, offered no sealing, aging, or porosity problems.
S.ch bellows, having 14 corrugations and a diameter
of 27{¢ in., were sufficicui to compensate fuzes such
- as the No. 66 and the No. 67 to depths of approxi-

mately 50 ft. However, this compensation involved
inereased size and it was not regarded favorably. Also,
.because of cushioning or back pressure, the sensitiv-
“ity of the diaphragm to the concussion wave might
prove critical. For reasons such as these, compensa-~
"tion was not further investigated, but a number of
‘reports 12 1315 18. 24 give ful] details.

8.1 ARMING

8.1.1 Salt Blocks

The use of salt blocks for the delayed arming of
marine devices is very old, and a cursory study of
available naval information indicated a great many
‘varieties of salt blocks designed to give various tim-
ings. The principle of operation, of course, depends
" upon the dissolution of the sal* block in water to the
peint where the deviee is armed and ready to fire.

. 'In the case of the Concussion Detonator, it was not
" necessary that the device be fully armed hefore this

point was reached, for the concussion wave traveling
through the water may exert a force upon the metal-
- lie click diaphragm sufficient to cause firing of the
device if the salt block has become weakened.

The timing of the blocks used in the Concussion
Detonators was the subject of many exhaustive
. studies by the Corps of Engineers,>® by Maryland
Research Laboratories,'® 2 and by the developer of
the fuzes.? The Engineers conducted tests using
actual salt blocks, in surf, in relatively still water,
and in turbulent water at varying depths. The Mary-
land Research Laboratories and the Holmes Electric
Protective Company conducted tests in a tank under

safe time was reduced from 25 to 5 min, and the arm-
ing time fiom 1 hour to 25 min. Such behavior was
independent of the nature of the salt plug and, gen-
erally, the addition of different salts and compression
to different degrees did not influence this behavior.
The effects of temperature, salinity, or position were
minor.

The block finally selected for use was composed of
93.75 per cent sodium chloride, 6.00 per cent aspirin,
and 0.25 per cent Prussian blue. It was molded under
a total pressure of 2.17 tons. Attempts to rectify
sensitivity to turbulence by alterations in the housing
of the salt plug ! were unsuccessful and no advantage
was taken of them because of the lateness in the war
of the development. It would appear that, if the
Sympathetic Fuze is to be produced in the future, the
salt block should be replaced by the Electrolytic
Arming Disk, described in Section 8.4.2.

8.1.2  Electrolytic Arming Disk

This was intended for usé in sea water and it would
not operate satisfactorily in fresh water. Designed to
utilize anode corrosion as a timing mechanism, it con-
sisted of a disk-shaped primary cell mounted in a
cas'ng in contact with a spring-activated plunger in
such a manner that the disk blocked the forward
motion of the plunger. Its dimensions allowed it to be
used as a replacement for the salt bleck in either the
No. 66 or No. 67 model of the fuze. -

In essence the Electrolytic Arming Disk wus sim-
ilar to the sea cell mentioned in Section 8.2.3. The
primary cell consisted of a perforated magnesium
disk anode electrically short-circuited at its center to
a silver-coated silver chloride disk of smaller diam-
eter which formed the cathode. Upon immersion in
an electrolyte, such as sea water, ce'l action caused
the magnesium disk to corrode. Corrosion was con-
fined to narrow annular rings around the spokes of
the disk, by masking the remainder of the surface
with enamel or lacquer. When the spokes corroded,
the center portion of the disk was ejected by the
spring, and the plunger moved forward to actuate the
arming mechanism. Typical data for the performance
of such a disk are given in Table 2.2

controlled conditions of temperature and circulation. Table 2 shows the negligible effects of temperature,
o All data agreed that turbulence of the ambient water  positionof the cell, and water turbulence upon timing.
T could seriously affect the arming period and that ab- It was this last feature which so recommended the
A, normal and undesirably short, safe arming times were  Electrolytic Arming Disk. Unfortunately, however,
'_':'J' obtained for fuzes in flowing water. For example, in it was sensitive to salinity, as well as to the thickness
.,'::.:-J' water at 60 F flowing at the rate of only one knot, the  of the disk and the amount of exposed surface, but
o
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50 © SYMPATHETIC FUZE OR CONCUSSION DETONATOR
TasrLe 2. Performance of Electrolvtic Arming Disk. Tasie 3. Variations of time with variations of
—= salinity.
Temperature Position of Time of opening in
degrees F cell artificial sea water Per cent normal  Time of arming
3, " te) Yasiti
300 + 0.5 up 214 mmutm sea water at 70F Position of cell
down - 23.9 C 114 15.0 minutes up
Coeoside 215 ¢ 145 ¢ side
’ T . 100 " 151 ¢ up or side
’ Avg‘ %2.3 75 202 ¢ up
70.0 + 0.5 up 18.7 minutes » 199 ¢ side
up*® 179 « 50 282 ¢ up
\ d‘_’(‘j"" }gg “ 288 ¢ side
' side X “ . C
: e “ 25 55.0 “ up
side* 15.4 503 4 side
\ Avg 174 ¢ 0 12 hours up
. 11 “ side
. 90.0 + 0.5 up 15.4 minutes
V down 13.7 ¢ i . . .
' side 37« Figure 5 shows views of an assembled disk and its
= component parts. Because the cell was sensitive to
Avg 143 “

moisture, it was kept tightly sealed, until the moment
of use, by a brass cap which was unscrewed when the
none of these objections were considered insuperable.  Sympathetic Fuze was placed. Subject to the limita-
The change in salinity was not considered serious for  tion of deterioration caused by atmospheric corro-
conditions likely to be eneountered in the ocean or sion, the Electrolytic Arming Disk seemed to be a
along its shores, and the other objections could be significant improve.nent over the conventional salt
controlled in manufactare. Table 3% shows how the  block. It could be made, of course, for any desired
titne obtained varied wiih salinity. timing.

*Coll kept in motion to simulste wave motion.  All others in siill water.

Ficure 5. Assembled and exploded view of Electrolytie Arming Disk.
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8.+.3 Silicone Arming Device ® for

Air Opcration

For air use, neither the salt block nor the Elec-
trolytic Arming Disk would suffice, because both re-
quired water for their performance. Work on an arm-
ing mechanism suitable for air operation was under-
taken, since many devices could profit by such a de-
velopment. The result was a dash-pot type of delay
suitable for use with the No. 66 or No. 67 Sympa-
thetic Fuze. It consisted of a piston pushed by a
spring against a neoprene cup. The cup contained a
silicone fluid which leaked through a capillary on the
top of the device. With a suitably sized orifice, 10 min
were required for the piston to move sufficiently to

" free the ball in the Sympathetie Fuze, thus arming it.

The remarkable new silicone oils seemed especially

-suitable, becavse of the independence of their vis-
- cosity to temperature. Careful control of spring ten-
sion and orifice size would be required in manu-

facture.

There was a possibility that a volatile plug might
.. be found which would function in air in 2 manner
» analogous to the salt plug in water. A search of chem-

ical literature and appeals to a number of industrial
laboratories failed to locate any substance which
could be useful for this purpose, available in quantity,
inexpensive, sufficiently volatile, and odorless.

PERFORMANCE IN WATER

Beeause of the incompressibility of water, the pres-
sure wave set up by the explosion of underwater
charges is large and extends over a considerable dis-

8.5

-tance. Fortunately it was not necessary to determine

the exact relationship between weight of explosive,
pressure wave, time, and distance, for this had al-

‘ready been done? From data of this sort, it seemed
that the Sympathetic Fuze could be counted upon

for reliable actuation by charges as small as 214 1b at

“distances of 50 to 100 ft. Larger charges at greater
‘distances could also be expected to give reliable
functioning.

A number of tests conducted by the Enginecer
Board? and confirmed by other investigators®
showed clearly that the range obtainable was a func-

" tion of the weight of charge, the loading of the click

diaphragm, and the type of bottom. It appeared to be
independent of the type of high explosive used, no
noticeable difference being obtained from charges of
Composition C2, TNT, or Torpex. As might have
been expected, the range was increased by increasing

the depth of both charge and fuze, for the charge did
not then expend any considerable portion of its
energy in the air or against the bottom, as it woula
in shallow water, and the fuze was close to its spon-
taneous firing point because of hydrostatic pressure.
It was found that the safe effective range for 100 per
cent functioning, using a 9-70 lb bimetallic dia-
phragm, was 75 ft at a depth of 3 ft, and 100 ft at a
depth of 5 ft. In all cases, standard charges of 214 1b
of high explosive were employed. The safe effective
range was obtained over a mud bottom, and it could
he expected to he doubled over a hard, sandy sea bed.
Data of the sort usually obtained are given in Tables
4 and 5. Table 43 indicates the relationship between
range and depth of water using a 214-lb charge with
both charge and fuze at the same depth. Table 5 ¢

Tasrk 4. Relationship between range and depth of ‘

water.
Depth of water Range
in feet in feet
2 40
4 . 90
8 200

indicates the difference between mud bottom and
sand bottom with charge and fuze located at various
dépths using 9-70 b diaphragms and a tota! water
depth of 20 ft.

TanLe 5. Variatica between mud bottom and. sand
bhottom. R S

1001 ¢ firing distance
of fuze from charge in feot
Mud bottom Sand bottom

Depth of charge and
fure in feet

214 55 105
3 75 125
4 90 165
5 115 200

The above tables have assumed that the Concus-
sion Detonator and the actuating charge were at
identical depths. Figure 6! indicates the beneficial
effect of increasing the depth of the actuating charge,
regardless of the depth at which the Concussion De-
tonator is located. It is believed that this is instrue- -
tive for many types of marine use.

The proximity of large objects which might tend to
absorb the concussion wave, as would be expected,
materially reduced the range, thus, for example, fix-
ing the Concussion Detonator to a charge adjacent
to a vessel resulted in appreciable loss in range and
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52 SYMPATHETIC FUZE OR

CONCUSSION DETONATOR

sensitivity. In this case, the vessel could be consid-
ered as a large volume of air tending to cushion the
shock wave. For work against underwater obstacles
this consideration was usually unimportant.'®

8.6 PERFORMANCE IN AIR

8.6.1 Metallic Diaphragm Type *

Table 1 indicates that fuzes of the No. 66 and
No. 67 type could be used for the detonation of
charges in air utilizing the shock wave produced in
that medium. Beeause air is tremendously more com-
pressible than water, such shock waves can be ex-
pected to have the necessary force only over much
shorter ranges, and hence operation of the marine
tvpe fuze in this way, while possible, cannot be ex-
pected to equal the ranges shown in Table 5. Results
obtained when plastic explosive or TNT was de-
tonated in air in an open grass-free field with the
metal diaphragm facing the sky are given in Table 6.

From this data it appears that there was little dif-

ference in the effectiveness of the two explosives

TaBLE 6. BResponse range of Sympathetic Fuze in air. *

Actuating charge Response range in fect
1 1b TNT 28
1 Ib TNT 34
2 b TNT 37
}h C3 27
141b C3 33
2t b C3 50
44 C3 60
91b C3 75

tested and that the effective operating range was not
greatly increased by increasing the actuating charge.
In special eases for short range work, particularly
within confined structures where there are few ob-
stacles separating the actuating charge from the Con-
cussion Detonator, the latter may be useful, and the
cumbersome and time consuming procedure of hook-
ing together multiple charges with Primacord may be
avoided. If this type of operation were an important
one, it would appear that the development of a new
fuze for the purpose would be preferable. Such a fuze
in a preliminary form was devised and is described in
the following section.
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Fiaure 8. Effective range of No. 87 Sympathetic Fuze at varying depths of both fuze and sctunting charge.
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MANUFACTURE AND QUALITY 53

Fiurre 7. Operation of Sympathetic Fuzes in open water.

8.6.2

N

(Y

e !

AN

Reed Type®

Assuming that the use of batteries wax allowed, a
device was construeted which depended upon the
closure of an clectric circuit, containing a squib or
electric blasting eap, by the action of the concussion
wave from an actuating charge. It consisted simply
of a reed connected to one terminal of a flashlight
cell. Connection of the other cell terminal to a bind-
ing post on a contact plate was through an electric
detonator to the reed clamp. An inward deflection of
31 6-in. caused the reed to touch the sloping contact

plate, and, because of friction, to adhere to-it long - -

enough for an intense electric impulse to pass through
the squib. The sensitivity of this type of Sympathetie
Fuze was found to depend on the stiffness and length
of reed, the clearance between the edges of the reed
and the edges of the opening in the fuze, the shape of
the contact plate, clearance between it and the reed,
and lastly the free volume of the fuze body and sound
- absorbing properties of its interior. Lither hard

heryliura-copper foil or similar aluminum foil of
0.006-in. thickness in a free length of 2 in. formed a
-suitable reed. Its separation from the contact plate
was close to 0.005 in., the latter being at a constant

slope of approximately 10 degrees. It was upon these
features that the sensitivity of the fuze depended.
Such a fuze seemed to respond to the relationship
R ~ Q!, where R is the operating distance when
charge @ is detonated. Using the same actuating
charges given in Table 6, the reed type under identi-
cal conditions gave ranges of 40 ft, 60 ft, 75 ft; 50 ft,
60 ft, 75 ft; 120 ft, and 150 t,? averaging nearly twice
that of the metal diaphragm type.

8.7 MANUFACTURE AND QUALITY *2*7

NDRC semi-production, together with independ-
ent Engineer Board production on a larger scale,
showed that the Sympathetic Fuze in either model
No. 66 or No. 67 was feasible to manufacture. Die
castings were used throughout with the exception of
the firing pin, positioning, and catch springs, the
snap diaphragm, and synthetic rubber parts. Toler-
ances were determined by many tests to be well
within good manufacturing practice. No difficulty
was encountered in obtaining uniform metallic dia-
phragms, and the chief trouble which arose was
caused by the variability of the arming time when
salt blocks were used.
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Chapter 9
PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

9.1 INTRODUCTION 1.%.46.5

In Part I of this volume, frequent reference has
been made to the use of time Pencils for delayed-
action firing of several devices including the rocket
launcher (Chapter 1), the oil slick igniter (Chap-
ter 2), the Spigot Mortar {Chapter 5), and special
remote-firing devices (Chapter 7). The general use-
fulness of short and reliable time delays in clandes-
tine and special operations is, therefore, apparent
and does not require amplification here.

In most of the cases mentioned above, the time
delay was employed to initiate an explosive charge or
weapon and, in the form suitable for this purpose,
was known in the United States as the Signal Relay
American Model 3 (SRA-3). The British originators
of the device had given it the code name Signal Re-
lay. When it was put into American production, the
distinction was made between SR and SRA, and,
since American production went through several
changes, SRA-3 represents the third and final mode!,
12,000,000 of which were ultimately manufactured.
In the case of the oil slick igniter, the time Pencil
was slightly modified to accomplish the initiation of
an incendiary charge rather than an explosive charge.
This was done by substituting a matchhead ending

in place of the primer cup ending of the standard

SRA and is ihe subject of Chapter 11,

A device, of such-general u-ofulness was required in
such a quantity as to warrant tremendous produc-
tion, and a careful study of all factors which might
affect the performance of the individual device and
the reproducibility of batches of devices was neces-
sary. This investigation was undertaken by Divi-
sion 19 and two contracts were primarily concerned
with many minor points for manufacturing, develop-
ing a number of alternative parts, and large-scale
testing of the final products unuer carefully con-
trolled conditions. The division cooperated for nearly
two years with the interested Services(the OSS, their
British liaison officers, and the Cerps of Engineers)
and with the manufacturers, so that the quality of
SRA-3 steadily improved and the device, as finally
produced, was nearly perfect for the given system.
As will be clear below this system was inherently
weak in that it depended upon complicated electro-
chemical and chemical reactions and by nature was
greatly affected by temperature change and subject

to the most unpredictable variations due to appar-
ently minor changes in manufacturing procedure.

Sections 9.3 through 9.10 of this chapter analyze
the different parts of the Pencil and the discoveries
made with reference to them, while Section 9.11 in-
dicates the test procedures developed for accurately
determining the quality of production. The ultimate
performance to be expected of the device is given in
Section 9.12.

As a time delay, the SRA-3 covered the period be-
tween approximately 10 min and 11.5 hours at an
ambient temperature of 70 F. This range of timing
was achieved through the use of six models having
nominal values, judged convenient for field usage.
The limitations of reproducibility and temperature
coefficient, however, tended to vitiate this system, so
that 2 man in the field was required to use very good
judgment in selecting a particular model for a given
operation under given ambient conditions.

This stimulaied, on the part of Division 19, a
search for an improved system on which to base a
Pencil time delay, and resulted in the so-called
Mark II Pencil which is the subject of Chapter 10.
It is believed that this development, while successful
in producing a Peneil superior to the Mark I (SRA-3)
in reproducibility and temperature coefficient, would,
in practice, not supplant the Mark 1 for ordinary
field use hecause of expense and positional require-
ments. Henee, the importance of this chapter in re-
cording the numerous points discovered by the divi-
sion’s research into the Mark I Pencil. It is not be-
lieved that, should the Services require a time delay
having simplicity, cheapness, and reliability, any
great improvement could be made over the SRA-3 as
finally produced.

9.2 DESCRIPTION AND OPERATION 13

Two models of the Pencil were manufactured dur-
ing World War II by the OSS and the Corps of En-
gineers. First production by the latter group was
essentially complete prior to the work of the division
and was comparable with the SRA-1, produced by
0SS and =oon supplanted by SRA-2 and SRA-3. The
final production by the Corps of Engineers was com-
parable with the SRA-3. The basic difference be-
tween the SRA-3, which was the product of the OSS,
and the firing device, delay type, M-1 of the Corps
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of Engineers was in the ending, which consisted of a
primer cap with spring snout, in the first case, and a
standard waterproof primer and detonator assembly,
in the second. These two devices will be treated as
one and the deseription which follows is of the final
SRA-3 production.

" The Pencil was of the simplest construction. It con-
sistéd of a striker held against a compressed spring by
a tinned iron music wire loaded under tension. This
wire passed through a chamber containing a glass
ampule filled with a copper chloride solution. Manual
crushing of this ampule was possible, since the cham-
ber was constructed of a thin copper tube. Upon be-
ing crushed, the ampule liberatéd its contents, which
were absorbed in cotton wads, or wicks, located at
either end of the chamber in elose contact with the
iron  wire. A reaction.was thereupon’initiated which
resulted in the erosion of the iron wire. In time, the
strained wire would reach the breaking point, where-
upon the striker would be foreed forward by the com-
pressed spring against the primer, initiating it and,
hence, an explosive charge through the conventional
detoaator system. Figure [ illustrates the SRA-3 in
cross-section. The various components and their in-
terrelation are made clear.

*Reference to this figure shows a number of parts
which received particular attention in the research
work of the division. These parts are the tension
wire, the ampule solutions, the wicks, the reaction
chamber, the spring, the primer, and the plunger.
Kach of these is discussed in a section below. The

. other parts not menticned appeared to have no un-
predictable effeets upon the performance ol the Pencil
and, hence, are not discussed here. Their specifica-
tions could apparently not be improved upon.

The timings provided by different models of the
SR.A-3 resulted when different solutions were placed

COTTON WADDING

in the glass ampule. These solutions, for convenience,

were given names based on primary colors, and the °

different models of the Pencil were distinguished
from one another by tie corresponding color of the
safety strip, thus the six models of the SRA-3 were
known as Black, Red, White, Green, Yellow, and
Blue, in order of increasing time from 10 min to
11.5 hours. Exact timings for various temperatures
will be found in Section 9.12.

In field use OSS specified that two Pencils should
be employed for any given operation, and this pro-
cedure was strongly urged for the Corps of Engi-

neers. From a statistical viewpoint, the use of two-

Pencils gave a reliable and predictable timing, and
the figures quoted in time-temperature charts pre-
pared by Division 19 were based on this usage. When
possible, therefore, an individual employing time
delay Pencils would conneet two of them to the de-
vice or charge to be initiated, and, with the safety
strips still in place, manually erush the reaction
chambers containing the ampules. The safety strips
then would be removed and a quick departure made.
In this way, the occasional premature, which might
be encountered on crushing the reaction chamber,
was rendered harmless.

9.3 TENSION WIRE

Substitutes for Music
Wire 277

When the specifications for the SR were received
from England and applied to American production,
every attempt was made to duplicate in this country
the exact details of the British device. One of the
most difficult parts of the SRA to copy was the ten-
sion wire, a hardened 14-mil iron music wire having a

9.3.1

/'\.ASTICINE

CLASS AMPULE

==

BATTERY CUP
014" DIA TINNED MUSIC WIRE
J—
— —
mu 2D &=
Dsad

FiGure 1.

Cut-nway view of SRA-3, nctual size exterior.
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56 PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

protecting tin coating. In the SRA-3, the diameter of  tinned musie wire was examined."* The results were

- the wire was changed to 20 mils, but otherwise it re-  entirely negative. No correlation appeared to exist
- mained unaltered throughout the war, although con-  between microstructure and performance, since the

siderable work was done by the division to find an  erystal grains were so seviously distorted.
improved steel wire and an improved procedure for
protecting it. Both nichrome and stainless sweel wire
. had very high mean deviations and therefore were
~ not considered further® More encouraging results As already stated, the original specifications called
were obtained with a softer and thicker (42 mil) wire,  for a tinned music wire but the use of tin for the pur-
and very encouraging results with standard 20-mil  pose of protecting iron wire was repeatedly ques-
wire when coated by hot dipped galvanizing (e tioned on sound scientific grounds by the division.
Scetion 9.3.4). No experiments were performed to It is well known that, in all common media, iron is
) show the exact relationship between operational time  anodie with respect to tin and hence the tin, unless it
y and chemical composition of various wires. Further  forms a perfect coating over the iron wire without
study along these lines might be profitable, since it pinholes, will actually facilitate its erosion by the
was found difficult in practice to obtain from wire atmospherie eonditions of storage. That this was a
manufacturers uniform coils having an elemental  very serious problem in the field hecame apparent
analysix which could be reproduced from one to an-  when it was learned that tremendous stores of the
other. The effeet of these minor elemental variations  original British production had shown over 50 per
cent failure after one vear's storage in the humid,
tropie conditions of India. The work of the division
: - elearly showed that much better proteetion for iron
9.3.2 Tensile Strength 7 wire was provided by a thinner coat of clectrogalva-
nized zine, and the recommendation for a change from
tinned wire to zine-coated wire was eventnally ac-
cepted and written into the specifications. However,
prior to the use of this improved wire, production
ceased beeause of the ending of the war.

Application of zine by hot dipping, the procedure
used for tinning, was definitely inferic-, The maxi-
i thickeess of zine that could be used with the
specified solutions of all eclors without causing
seconslary difficultios was 1.6 X 10 in., & figure
which was easily obtained by a simpie laboratory
procedure. Coils of wire thus protected were made
for experimental purposes and were used in the sub-
sequent development of the Mark I1 Pencil (see
Chapter 10). It was also shown that, for uniform per-
formance in the Pencil, the teasion wire should be
cither completely free of grease or covered with a
continuous oil film.?*

A number of other treatments, including beeswax
coating, Parkerizing, and proteetive oxidation, were
all inferior to electrogalvaniging, It is interesting that
in a Russian time Pencil, which was provided for
analysis, a 16-mil bare spring wiring had no coating
whatsoever. It was the opinion of the research work-
9.3.3 Internal Structure ers in the division that this was preferable to the tin

In the hope that variations within and between wire specified by the American Services but inferior
coils of production wire might be deteeted by simple  to the electrogalvanized wire cventually recom-
analytical procedures, the microstructure of the mended.

9.3.1 Surface Treatmeuts 2. % %. 2

was never explored.

A study of the variation in tensile strength of the
wire used in production, both between coils and
within coils, yielded no significant result in the case
of the clectrogalvanized wire, ultimately recom-
mended, but did indicate a significant difference in
the case of the tinned musie wire used in production.
) For example, the variation in average breaking
- ‘ strength along a coil of 14-mil'production wire might
K be: 62.1 b at one end, 61.3 b in the middle, und
59.8 Ib at the other end. Further data would have to
be obtained before it could be said that this variation
was significant, but it appeared to investigators that
it might be. Thus, further work would be indicated,
if the tinned musie wire originally specified were to
be used in future production.

The ultimate tensile strength of such wire was
391,000 1b per xq in., in contrast to the value of
102,000 Ih per s in. obtained with 30-mil clectro-
galvanized low-carbon steel wire recommended by
the division. Whether a high or low tensile strength
wire wax preferable is still a moot question.
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“from American manufaeturers,
“and the British themselves were urable to reproduce
“the wire previously used.

9. L1

each coil in the completely assembled Pencil before
that coil could be used for production. Apparently,
this could be corrected by electrogalvanizing treat-

ment, and, should production of such a deviee be

undertaken in the future in more than one country

~or locality, all manufacturers should be provided

with wire from a single commereial source. Every at-
tempt to secure a wire identieal with British wire,
resulted in failare,

9.4 ‘ © SOLUTIONS

-Solution Analysis

ABSOLUTE CHEMICAL ANALYSIs® ¥
As part of the original British specifications, a

chemiceal method was provided for the manufacturer

to prepare the ampule solutions to the tolerances
specified 2nd determined essential for reproducibie

- Penell funeticning at given times. For the Black and

Red Pencils having normal timings of 10 and 20 min
at 70 ¥, no difficulty was encountered because the
ampule solutions contained only water and hydrated
cuprice chloride of analytical quality. The other four
colors, however, contained a third component,
namely, glycerol. This was added to increase the vis-
cosity and to reduce the rate of chemical reaction,
and thus to provide longer timings. Table 1 2 gives
the exact compositions specified for the different
colors,

"The absolute chemical determination of the per-
centage of glycerin and of copper in a solution pre-
pared for these colors was extremely difficult. Fol-
lowing the original British directions, variable re-
sults were obtained in different laboratories in this
country. This necessitated a study of the method, for
the performance of the Pencils was based entirely on
an accurate knowledge of the composition of the

SOLUTIONS 57
9.3.5 Wire Variations 3 2 Tasre 1. Composition of various eolors of Mark I
Pencils.
It was clearly demonstrated that commercially =
. . . . . Y b «
obtainable tinned music wire, as delivered to the Color ¢ CuCly-2H,0 ¢ Glyeerol “c Water
Pencil manufacturers in 4-1b coils, showed consider- Black 13.86 86.14
able variation both within and between coils. &‘,;!m ‘:(7)12 #®a ;’534
Whether this was caused by the inevitable variation Green 35.05 489 2.7
in tinning or was inherent in the wire was difficult to l\'fllm\' 33.15 16.1 20.7
‘sav o i YOS a ~erious a 3lue 10.13 72.2 17.7
say. At any rate, it represented a ~et fous haz‘nd‘ to Revised Groen® 2405 3 o7 5
reproducibility and eventually necessitated testing Revised Yellow® 92270 55.7 216

* These eonpositions were dedueed as a re xult of the study mentioned
in Section 9.4.6 and would be expeeted to give improved performance
rega trdmv reproducibility and temperature. covtlicient.

ampule solution. Eventually, a satisfactory pro-
cedure was devised depending upon the determina-
tion of the cupric ion by titration with sodium thio-
sulfate, followed by long digestion of the solution
with an excess of potassium dichromate, and by
titration of the remaining oxidants (unused dichro-
mate and cuprie ion). A simple caleulation there-
upon provided the original composition of the solu-
-tion in terms of glycerol and copper chloride. These
manipulations required so much analytical skill and
expenditure of time as to be of little value to the
ordinary manufacturer, and a more convenient- and
accurate analytical procedure was necessary. Two
such procedures were devised and are described in
the following two sections. Both oi them had ac-
curacy equal to or superior to the absolute chemical
determination and were preferable in all other re-
snects,

SerciFic GRaVITY aND GuyceroL CoNTENT!C 13.1.10.31

Both British investigators and the division’s re-
search laboratories did considerable work with a sys-
tem of analysis based upon determination of the per-
centage of copper chloride by the thiosulfate titration
already mentioned and by specific gravity. Determi-
nation of the specific gravity of a solution was a sim-
ple, accurate, and quick procedure. Two reports were
issuedd hy' the division’s ccntractor 1 13 which
showed clearly that the procedure was suitable for
the use by manufacturers, with the result that it be-
came part of the specifications as written by OSS and
the Corps of Engineers. .

The White and Blue solutions, which contained
neatly 10 per cent copper chloride hydrate, were
found to fit an empirical equation as follows: spe-
cific gravity (25 C/25 C) = 0.9747 + 0.0100 (% Cu
Cly'2H,0) + 0.0284 (% glycerol), Table 2 Y shows
the accuracy of the method.
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58 PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

. TasLe 2. Relationship between specific gravity and T T T T f T T i
: glycerol content. .28} ~ :
- Specific , Glycerol ¢ Glyeerol ‘
N gravity dichromate  empirical L2161 n .
25C/25C  ¢; CuCl;-2H.0  method equation r ;
A\ 1.2086 9.52 48.9 48.83 ZL214- . ‘
. 1.2807 9.52 74.0 74.23 o .
. 1.2278 9.74 547 54.82 2. 221 - )
- 1.2262 10.26 52.7 52.43 I
: 1.2664 10.23 66.7 66.69 : ‘
X 1.2343 10.77 53.5 53.49 L2rop- - i
\ s . . . b L . I A ’
1_\ lamily of curves was determine experimentally 129890 1000 1010 10,20 1030 1040 10.50 1060 10.70 ;
which fitted the above equation within the limits of PER CENT CuCLp2H0

Fioure 2. Acceptance chart for White solution.

: :. error of the experiment. The data was presented in
charts relating the specific gravity to the percentage . . .
of glycerol for varying concentrations of copper chlo- was su_fﬁ‘c iently precise and comp gred favoral.)ly w{th
ride, and the specific gravity to the percentage of the specific gravity r;nethod in ease of operation, sze
of sample, and speed. Charts were prepared showing

LB e

A ) .
Simiar curcn vere derermied for e Creen (e elatonsip between the efacive index and the
"N Yellow solutions in which the percentage of copper percentage of glyeerol for solu_txons containing k{lown \
-, chloride was between 32 and 37. Unfortunately, in percentages of eopper th loride. Acceptance charts
\ these higher concentrations no empirical relationship also were constructed. Lnf(')rtunately , the refracto- b
] expressable by an equation could be discovered. It m~etnc meth()fl was not putumto use, largely because 7
was clear that the curves were not parallel, as in the of the unavmlxhnhty of suilable r'efrac_t ometers. In o
4 earlier case, and that they were not linear. Neverthe- i‘l:s}; af‘ l:ltlupriog ;‘:‘uiz:l:’e f!::cdtisiri?(;;lcy n::t}?:g»\:illﬁs :'
; :fns:'}x:ah:;;}:‘?f‘:(t;t‘::;s sufficiently useful to be included probably be preferable to any of the other analytical ::
: So that this data might be more useful to manu- procedures. by
L facturers, solutions prepared by weight and carcfully TasLe 3%  Analysis of per cent glycerol by re- z
checked by absolute chemical analysis were then fractometry. . ] \
;.' compared with the specific gravity data already men- Color ¢, Glyceral ¢ Glycorol by  Refractive ;.@
E tioned, and acceptance area charts were drawn for range by svnthesis  refractive analysis indox :
:_"'. - each of the solutions relating specific gravity to per-  ~ Blae 51 751 14605 ’ .;‘
' centage of copper chloride. It was only necessary for . Blue 73.05 73.55 1.4582 '
the manufacturer to prepare a solution as accurately ::‘:::"“: Z’f-g's ;;}5 }‘:Zéi s
as possible by weight, then to determine its copper G(m(-:r 169 473 1.4746 ,:
' content and specific gravity, and by the use of ac- White 52.55 53.1 1.4263 NI
. ceptance chart to find whether the resulting point White 5.8 51.3 1.4235 :;
) lay within the area specified. Eventually producers 3
in both Britain and the United States used this pro-  (‘ONDUCTOMETRIC ANALYSIS b
! cedure. ¥ British work on a further analytical basis com- %
A sample chart for White solutions appears us pared the resistance of solutions at 1,000 cycles in a R
Figure 2. special cell with that of permanent standards. As in -
the three previous methods of analysis, the conduct- 2
REFRACTIVE INDEX AND GLYCEROL ('ONTENT 3 8 ance was used with an jodometric thiosulfate de- o
A physical measurement, rivaling the determina-  tormination of copper. Analysis for the percentage of o
' tion of specific gravity in case and cxceeding it in - glycerol was thereby possible. The specific conduc- L
N speed, was the determination of the refractive index  tivity was measured in a bath thermostatically con- -
. by the Abbé refractometer (see Table 3). trolled to a temperature of 25.0 + 0.2 C and it ap- o
N Application of this procedure to the four solutions  peared that the control of temperature of the solution f:.:
. containing glycerol showed clearly that the method was the limiting factor in the usefulness of the "
' 3
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. method. The solutions containing glycerol, having a T T T J T T
-.. very high viscosity, did not reach a constant temper- T Leseno
“a ature in a reasonable length of time; and, because of 000}~ o= % DUDS -0
= the variation in conductance per degree C was ap- I-'
t proximately 5 per cent, the method was criticized on £ 4000~ RED SOLUTION <.
= the basis of practicability, especially in view of the 2 w"::; y o': Cests 3
7:{ “ease and simplicity of the specific gravity and re- :;ooo- g.:3cc+100 e
Y - fractive index procedures already mentioned. Asin e s S
K. the other cases, acceptance area charts and graphs £ 5000 0-830c =74 o8
w ‘relating conductance to percentage of glyeerol for a 3 SOLUTION VOLUME VS
- ‘constant percentage of copper chloride were pre- 3 MEAN Tt Z
1000 | 2
P - ’ SOLUTION VOLUME V35
<. _pared. Y. DUDS
:': 0 i J i & ey O
-, . 02 a3 o4 05 o085 Or 08 Q9
| XX 9.2 Optimum Volume **  VOLUME OF SOLUTION IN GG
' In the early days of SRA production, the impor- Fisere 3. Effect of su‘lminn volume on timings.
A ‘tance of the volume of solution contained in a Pencil
:\:.' ‘ampule was not appreciated. Moreover, manufactur-  9,4,3 Off-Color Solutions 6.

o ers sieclared that the n?anllfa.ct}lnnng (.lﬂ":(‘l.ltleh‘ of The assembly of the Pencil by hand gave an op-
N making ampules of the size required for the reaction . . " ‘
S - oy 4. bortunity for ohserving the real color of the ampule

- chamber of the Pencil was a sufficiently difficult task horpt . .
N ", . . : solutions as they were inserted. This should not be
; without the added imposition of a complete. or nearly confused with the color of the ampule s ccified for a
vomplete, filling. The SR production in Britain was . " . l ampule spe
3 based on an ampule containing somewhat lexs than given time. Since all the solutions contained copper
o ) . l_ : ) “ o . chloride in varying amounts, they were the char-
S 0.6 cc of solution; the volume of the early American . :
o . : . acteristic blue-green ,g*lor of that salt, except for the
o products (SRA-1 and SRA-2) in many cases did not Whi ) hich w Iv colorl
“ exceed 0.4 ce. It was not long before tests showed tte ampules, which were so nearly colorless as to
- SO . C R require the additi trace of ic i
h"," that this decrease in volume was having serious d?tec:?onead ition of u trace of organic dye for their
{ N ff:i(;:i.tupon the reproducibility of the American Operators on the assembly line frequently observed
b} yroduct. ) e .
o A siudy was thereupon undertaken in which the ;l::t‘utl:et‘:r‘i]l;(::g: -(,f ttthL?\-l:::\l::’ll?::c:a{}e(iliri(:lr:ltr(:;e-
o -voiume of the ampuie sclution was continuously var- do: the rﬁmo‘-ve“the;e (;ﬁ-é()lor ar;x. ulsq an d‘ these
- Jed between 9.3 and 0.8 cc. The data clearly: showed « n.;(,. ql-l;z&'uw-ntl l?s"br‘n'i tted to anulvii»- 'iPre( uentl
8 " that 0.7 cc should be the minimum volume of solution o e e duently s ¢ 10 anulysis. ¥requently
=) used i ase. With less than 0.7 cc. there were in ampules of this type whose shading was not constant
3 -used In any case. WL fess thah ©.0.¢¢, Lhere were, showed gross variations from the specifications for
‘o dications that two reactions occuarred: first, the action . . .
- .. . . . cither glycerin or copper chloride content. Therefore,
e of cuprie ion on iron wire, anu secondly, the action of the practice was established of discarding all such
N ‘eupric ion on copper forminy, cuprous ion, which in ! o C ™ X 8
- . L o ampules. The source of the difficulty appeared to be
‘turn either precipitated or reacted with iron. Because in the ampule lling machines which. when started
v . the latter reaction was much slower than the former, pule HTINE I " ! c
y . . . after a rest period, delivered variable concentrations
[ ] for Pencils having a low ampule volume, an extensive .
< tor. ; ; , for a short time.
L period of time would be required for complete re- In future production this point could be observed
-f’:g action, Morcover, the time required for the ampule casily b ) I ' T
'.: solution to be soaked up by the wicks appeared to be e
- . S .
“uo a function of the volume. A study of Figure 3 clearly .
. illustrates this point. 9.1.t Diluents Other Than Glycerol
L 2 The recommendation to increase the ampule vol- Beeause the determination of glycerol was so diffi-
-_."-: ume was aceepted by the Services and, ultimately, by eult (see Section 9.5*.[:‘), attempts were made to dis-
~::- the manufacturers, and resulted in greatly improved  cover other chemicals which might replace glycerol
o performance of the SRA-3. It was interesting to note  and which, in addition, might give lower temperature
~

that the Russian time Pencil had a volume of 0.71 c¢.  coefficients to the resulting solutions. Investigations
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of a number of water soluble aleohols, polyhydroxy
alcohols, and sugars as substitutes for glyeerol was
undertaken but without sueeess. The only significant
discovery was that the replacement of glveerol by
n-propyl alcohol # gave improved performance with
Blue and Yellow timings,

Here a new difficulty arose in that the solution was
ton volatile for direet replacement. Methods of seal-
ing the solution within the reaction chatber were
devised but nothing beyond semi-production was
ever undertaken.® Acetie acid, ammonium hydroxide,

With the object of improving the temperature co-
efficient, experiments, designed to form copper com-
plex ions, were performed with solutions varied by
the addition of ferrie chloride, sodium chloride, and
magnesium chloride. The results did not warrant
further investigation,? nor was the presence of a com-
pound lowering the surface tension effective.

31

9.1.6 New Solutions ** 2

One entirely new solution providing a 314-day de-

lay has been mentioned. Other new solutions in which

- diethvleneglyeol, ethyl lactate, ethyl acetate, and . .
: Byeol, : YT glveerol was replaced Ly raffinose, and copper chlo-

o dioxane were tested without satisfactory results. . . . . .

" o Anattempt toinerease the maximum timing of the ride was rf‘pla('ed.by ferric chloride, .\'t:m.m(' chloride,
N SRA to 315 days resulted in the development of a or mereuric chloride were also unpm(luotl‘\'c, depend-
CL solution containing diethylenetriamine, but this solu- - "8 ap!)ar(‘nfl.\' f""’".“‘“ age of ttlf‘ solution and the

& v tion proved so eritical to the minutest change in con- 272 ”,’ th(‘, tonsmn'\\'lr(\ exposed. l\v(.)-!)husv svstems
e centration that it was discarded ax unsatisfactory, o likewise !msmtal)k-. “‘“‘“‘,“%h British \\:()x'k('n's ab
. Figure 4 clearly shows how minor variations in the Oxford were suceessful in devising one which hn(! o
AN . . . . o ~remarkably low temperature cocfficient.® More sig-

Py pereentage of copper chloride could cause tremendous ™, o ' N
'\"; arintions in timing. This effect was observed ocea- “,'[,h‘u“l, was ?h(‘ dey (‘I()pll](?l.lt. of tprov ed compo-
- . . . . ] sitions involving only the original materials: copper

. stonally in standard specified solutions also. . : L.

) chloride, water, and glycerol. Sufficient data were

XS ' ' ' ! obtained to establish tables relating time to pereent.
285, — age of glycerol, and time to specifie gravity for vari-
3 ous copper chloride concentrations. From  these,
-7 3 26 ° 030" GALVANIZED WIRE (% isochronic lines were drawn on charts relating copper
e £ . ) chloride to percentage of glycerol, and copper chlo-
. y 24 0 — — ride to specific gravity. From these plots, it was pos-
o ‘E:. 22b ‘Ql"uzs'-st }(‘c%s';s 75 . sible to obtain the composition and specific gravity of
» 1 1 ) 17 solutions having the least g ly('m‘ol or copper chloride

. ' . 20 40 €0 8o 100 voeflicient for any mean time in the range of a given
g TIME - HOURS ) eolor. A selection of the best composition of the three

B LMt e ot B componints v el pisibic i an arspole s

J trinmine. ‘ lution, showing optimum independence of temper-
g ature, was provided.

s 9.1.5 Addition of Foreign Substances From these charts, it was deduced that the speci-

There was reason to think that the presence of ﬁ(\dvmnpnsitio'ns of Gr(‘(\'n.und Yeilow .*folutions wel:é

:.- hydrochlovie acid was beneficial to the performance n'ot at the optimum position, and revised CORpOsl-

“'_" of the SRA. Full study, however, showed that this tions (sce Table 1), having lower gl_\'('(:r‘()l coefficients,

’" was not the case.? It was found thet generally acid-  Were r(‘('()mlm-'ml(’(l.'-"' The compositions for White

::.‘_ ity had little effect on the varianee, but did tend to and Blue solutious appeared to be, at l.o,ast, satisface-

"_: il'u-r('us(-, thv‘ mean time, ‘\"f a result, recommenda- tm‘t_\'.‘ Ltr"f"r_m.':fl_t?li‘ ',‘thc mﬂ;".l tm(;'."tl?“‘o'lT \:;H n;:;m

N tions were given to the Services on the pIT allowable "‘_‘ nto: practice "“““"‘(‘) of 1ts fateness, 5 ould a

.. for each color solution, These were incorpornted in production of the _M‘“']f [ Peneil be undertaken in the

0 the manufacturing specifications as follows: Black, f“t."“" othey "")‘“"ﬁ"“t"m’* for Yellow and Green so-

[ 2.0 to 2.5; Red, 1.0 to 2.0; White, 1.0 to 2.0; Green,  1utions appear desirable.

o 0.5 to 1.0; Yellow, 0.5 to 1.0; Blue, 0.7 to 1.7,
‘ ~':: As already mentioned, White solutions, heeanse of — 9+3 WICKS

e their colorless character, required staining by the