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Swenty-three " foves ware mountsd in 81-.am mortar shell and
tasted by 1ald firing at two increments. The score was:

18 - proper fnction
S - indeterminate
3 - early

2 - no fzun tast

Pwnction beight varied from 1 to 8 inches sbove ground, These tests showed
that Cizare=tis fuzes are suitabls for use with projectilss.

L IDXTIODTUCTION

‘The ariginal Cigaretis fime wra dsveloped for a hand grenads. The exatire furze,
Inclnding weer sopply and safsty and arming mechanism, waa {shricated in a pack-
age simlar in size aad rkape {0 & king-eized cigaretin, However, this fome was not
carried heyoad prototyzs stage. Other demc “siration modals of this type of foxe had
also beea built (refs 2 and 3J) prior to the t -t Arecribed in this report, ba these
modals wers not desized for firing,

The Cigaretts fxam is an a-c cape as foxc, The principle of operstica is
described in rofarence 1. Brisertially, o fome consists of a body with two elec-
trodes. The Lapacitre between the elactrodss chacges whea the body ap-
proaches same cbject « The {~ae messures ths charge in capacitance, and
this sigzal is used to e a dvtonztor, Design daiails are dscussed in the appendix,

The tests descred horein were designed to demonstruis that Cigareits fuzes
could be duilt o suzrive the contitions of projectile firing and o function properly
when approaching targets at projestile speods,

2, CONCLUSIONS

The test showed that Cigaretts fuses are suitabie for - 2 projaciiles.
3. RECOMMENDATIONS

Severai actors should be investigated in the furthar developmesnt of a-¢
capacitazee furzes, COne is the poasihility of aliminating neutralizarion of the free-
spacs sigal. Ancther is the affect on lunction height and free—space sigral of the

shape, position, and xizs of the anterias. Other orms of firing circuits should be
considered, such as e use of cold-catbods thyratrons or solid-staie switches.
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SECRET

To increase the signai-t0 noise ratio and for addi*ional proiection against inter-
wrence, {eatures such a8 tuned inpui curcuit and s nchrosocs detection can be
consgidered. Magretic shielding between cecillator 2zd 2= “ler may aot be tec-
oesATy, but additiocal experimental work is required to determine sctual shie’d
requirements.

4. STODIARY OF FIRING TESTS
Twenty-three rouncs were firsd aod e following score wes obtaired:

18 - proper fanction

S-indfum

2 - carly

3 - a0 fo2e tast
The details of the tests are summarizad .. ahle 1.
$. DETAILS OF FIRING TESTS

The test vehicls selectad was the 31-mm mortar shel Ored with two iu-
semsats. The MS)Y fuze nose cone, 2. Toal power supply, and safety and
arniag mechanism were used to exped-’ iabrieatica of the secessary hardware,
The assembly is shown Ia figures ! dux b 4. Foles in the side of the shell
were closed with plugs {ntecaded to blow cut a2 detonilion so hat the flash wou'd be
visible.

Photographic coverage was used ' obaain function * #its. High-speed motco
pictures were ‘aken at the time the sbzil soproac._i the . and, and low-speed
pictures weare takea with 3 background iuls, marked off in Seet from ground, a2 the
spot where the shell landed. Whea the two pictures were- saespered, the height of
the flash above the ground was obtaized. The distance from s0se to flash hole was
subtracied 0 cbtaia the distacce betaeen Do ncse and the xnd at the time :f the
flash. Actoal functioning could have bees somewhat F' " r * = the measured Jash
(about coe inch) because of the motion betwecn fram “e@ilts were rounded o the
next higher full inch. The finction height varied fro.. . .- . six lnches.

Firing of the 23 rounca was begza oa 5 November 1953, Of two rounds Sred,
the first round showed a flash near the ground, and the second showed 20 flasd.
Aftsr recovery, it was detarmined ‘:at e gpeocond fuze had “nctioned. Sirmia-
troubise at & later dase are dacussed below,

Taree more rounds wers fired ma 3 Jamuary 19559. THe first round faskted
above prouad, tae second had a propellect failure and did ot reach ar-siag velseity,
and the zhird flashed above ground.

On ZL February 1259, seven rox=ds wers fired: fozr were success® 1>d
three showad no flagh, Firicg was thes stopped until the ™xnds could be reccrered
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TARPLE 1
. . ROUNDS FIRED
Peaction
RKound -~ Proper Baight
Dats Amplifier | Tetrgd | Pmction | Nchea Remarks
-
11-3-58 A o Yo One Lrerement
A ¥ o One incremaent
1-9-89 B » Yes Mot Nectrslized
B ) Yo | Propellent failure-~
faxe &d 2ot arm
B ) ] Yes
2-235-59 3-B No o Battary creuit
was opsa
S-B ). ) Yes 4° . | Blowout plogs (ntact
. . ¢-B Mo Tes
7-B y . Blowout pluss intact
s-B No Yes 4
. 10-B o Yes 3 Blowout plugs intact
* 1-8 No . Tares blowout plugs intact
3-20-59 12-B Yes Yes ¢
13-B . Yes Yes ]
14-B Yes Yes
20-B . Tan Yes 1
21-B Yes Yes S
2-B Yes Yes 1
23-B Yes Yes 2
24-B Yes No 15-sec Lunctioa
3-B Yes Yea 2
‘4-1-59 B Yes Yes 1 .t to moderate rain
15-B Yeos No Moderaie W besry rain;
: 123-gec Smctica
. : ¢ Indetarmizite — no flash was chierved but recovered %22e Mad fu.ctioned. Be-

s
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for examination. Two of the alla;.ing rewxds had Smctionsd. Bowever, om ons
the plugs were intact, and aa 3e other only ess ping dad beea blewn out. R was
dacided that the fiash powder was not sufficiently powerful to give L:finite indicaticn
wmises the orisstation of the reund Yagpessd 1 Ye suilable, and et 2 piece of etryi
sheuid be subetitated for ons of the Ossh powier discs ia future ramds. Tie test
vahicle bad besn desizned 3nd wated initially im this manner, bat 22sk powder wus
substitcted Sor the tatryl o pecmit recovery i ssceasacy. Tie Sird ponflasiing
romnd had the detonator in line dmt te desomsinr dad oot fired. R was fired
sacceasfully i» 2 laboratory ieat. However, 332 6. {-volt battery was still good
days aftar it should have bees run dowa amd Dy battery connectiss 3 Zround was
open. Hence, ths amplifier bad 2ut been essrgized. Therefore. tiis round was ot
considered 3 38 test. A comasction betwean S screw and a sosdering lug in the
potied amplifier Nad not beex smidsred, and was Yelieved to have voened from tae
saoek of firing.

On 20 March 1959, nine nore romnds wre Gred. All funczooed, but cne
exploded in mid-sir after 18 seconds. Firig was at 30° elevatice and dijin time
about 24 secands,

On April 1, 1229, two mare rounds wese fJred. The first was fired in ligt
to moderats rain and funct!ned satisfactorily. The secoad was Sred la moderite t»
beavy rain and functioued In =id-gir after 12 seconds. The iwn e :liest are attri-

coerection opened from vibrat, . during fligie and removed the s from tle

Joan J. Purlani and James Miscar=pbell cooducted tiie nyecanical piases =2
tiis project. Lloxd R. Ciux) leveloped L electronie circuitry. Tle Model Shop
fabricated the electroaic cqument used ia ta Iring tests.

7. REFERENCES
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Cigaretts Fuze, ™ (C): DOFL Feport R-51-37-1), Confidential, Jx=xarey 1934,

(3) Zenits Qadia Corporazun F.aal Report, Secret, DOFL Ci=tract
DA-49-136-302-CRD=-373, Ma; 1338,

(4) Lloyd R. Crump, "A Transistor Sine Wave Oscillator, ® JOFL Repert
TR-339, June 1938, (refcrenced in 3 pesaliz)

(5) Lloyd R. Crump, "“Elzctronic Clrvutry For Eloctrustzze Capacity Fuze
For Mortar Firing, ™ (U): DOFZ Repurt Q-1u8-29-1, Confidenuz’, Froruary 1529.
(referenced in appendix)
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Figure 2, 8l-m test vehicleu——exploded view,
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APPENDIX - Design Details

MECHANICAL FEATURES

Several conligarations were considered for the electron. © packages. The
arrangement used wes more dificult tc achieve but it was selected to simulate
propcsad ase of the &z, I» this proposed use, the cecillator and amplifier were
au’acent o each other. and 2 long.shielded lead was ised on the oscillator cutput.
This arragement required the oscillator cutput lead o pass through the amplifier
oace. Since there was no tirne o determine the a=cxat and type of shielding
oecessary Detwes . ascillator and amplifier, fairly heavy magnetic and elcctrostatic
shielding was ' .ad. The nose antanns of the MS17 Zie was Used as the a=pliier
ante~=  x " . inmulated ring was toserted between he shell snd the tail boom for
t W antenas.

A switch for the mercury battery (in the form :f a grounding screw) was
added on the later modeis 30 that agsembly of the package for Oricg could be made
without having the amplifier energized. Without the switch, the round had to be fired
withia tw> hours of assembly to insure that the battery voltage bad ot failes off.

The M+48 detomator was tested with an electrocic breadboard simulating the
proposed firing circuit of the fuzc. This detonator was selected becsusge of its short
fancticnicg time (about & microseconds). Hewever, dis detonator did not ippear to
be sufficiently relisbie wiven used with the proposad circuit. (One dud was cbtained
and, whea used vk a tetryl lead, the dent in the test block varied from 0.339 to
0.050 Inch). Thew the M32 detonator, which is more sensitive and more drectional
in its exploaive ocutput, was tested. Its functioning ti=we varied up to 84 microseconds
when tested at 100 volts. This delay in function was coasidered acceptable, and the
M52 detonator wus selected for the ficld tests,

ELECTRONIC FEATURES

The oscillator vas based on the circuit of reference 4. TL. aunplifier was
based on the circuit of reference 2, with cutput modiZed to use a thyratroa ‘or
firing a detonator, snd the bandwidth reduced for imgroved signal-to-noise ratio
{ref 5). The fAiring circuit was developed 10 suit the application.

The oscillator was coastructed (n acccrdarce with the achematic of Sgure 5.
The first oscilistor coils were wound with Ceroc wire. This wire was found to be
too hard to work with becauss ol i*s amall size () azd the difficulty of strizping the
lasuiatica. Wire with ingulation of the Formex«Forzvar-Nyclad type was sub-
stituted, "nd was satisfaciory; sizes 36 anu {2 were ised. The irca core »as of the
shape showa in fisure 6.

These oscillators hud a resonant frequency of sver 40 ko, When the shiekled
output lead was added, the frequency dropped to about 35 ko, Therefore, amplitiers
were designed to peak cear 25 ke, Later, with a different lot of cores the frequency
of e osctllators with leads ell as low a3 13 kee. The irequency was brought up to
the 25 ke regiun by grinding tLe center of the core a ‘ew thousandtss of an ‘=ch below
the cutside face, leaving & smail airspace in the center leg.
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acl
The amplifier was also construcwd ia accordance with iywe 5. First
attempts at building the awnplifier gave unsatisfactory results. Finally & working
model was built by providing copper shields between the Airst ard secood stages and
:&:mhuidaudﬁnﬂipaugu. The transiormer was faoricaied using the core
gure 6.

The system was checked by instaliing it in a shell with ths intended extaraal
configurationa and without the neutralizing capacitor. Oscillator sad amplifier werc
engrzized with batteries contained within the shell, and a d-c¢ voltmeter ¥ith 1-meg-
ohm resistance was inserted in the utput circuit at the test lead, This voltmnetsr
was also mounted within the shell. The shell was bung in the air with insulating
eords. The “free space” signal input to the amplifier was observed to saturate
the amplifier, The gain of the amplifier was lowered until the ampiifier was not
saturated, and then the voltage output was observed, Next, a low impedance signal
source at the csdcillator frequency was appiizd to the amplifler inout, A 4-millivolt
signal was required 2o give the amplifie= outout obtained In free space.

The original amplifiac ;aturated at 13 volts de with 1.5 mv rs {nput, The
free space signal was thus cpproximately three times the sigral racge of the ampli-
fler. Decreasing the ampliner mis would decrease the functica height, For
axample, if the gain were ucereasced so thet 8-mv input would give 15 volis output,
the free space cutput wauld be sbout 10 volis, and the function height for 15 volts
output would be about 1 inch.

Tc increase the function hes yM it was decided to retain the full amplifier gain,
and to neutralizs. the free space 3i yial with a3 4-mv signal, The phose of the 4~mv
aignal was reversed with respect to ‘L space signal, This neutraiizazon was pro-
vided with a tap on the oscillater ard an acdjustable capacitor voltzge divider tn feed
8 signal to the amplifier antenna, With use of the adjustable capacitor te free
space signal could be neutrzlized readily *o within 0.2 myv.

A shell with free space neutralization was hung on an {nsulating cord with
nose end down, and the voltage output of the amplifier was recorced as a function
of tha distance from the shell to 3 ground plate. Typiczl results are shown i Azure
7. The straight-liza result s caused by the nonlizearity of the a==liflor, A
byperbolic type of curve would result from a linear amplifier,

A dfferentiating network was used ca the output of the ampiifier so that
firing of the detonator would occur an 2 chonge of sizaal rather than on the mag-
nitude of the signal., The hold-off bias on the thyratron grid is ~5.4 voits and the
thyratron fires with a bias of about -3,0 veits, Thus a rapid 4-volt changs ia
amlifer oulput {8 necessary to fire the round, From the curvs in Sgura 7t is
seen that the round should Ore about 4 inches above the ground. Five rounds of
this type were fabricated but only two checked cut suitably for Sring,

At about this ime it was learned that the 2N128 transistors used [n the am-
plifler had 2 high [ilure rate when 8red at 10 increments (11,000 8. Teits wvere
conducted with these transistors to Jetermine if Uy would be swixdle for use at
lower accelerations, Twenty transistors were firud in the Sl-m= mortar with a
charpe of threw incruments (2300 @. Filteen units wers orientod so that the ac-
celerating force was normal to the surfoce of e germnnium waler, Four units
{ailed, Flve inits were oriented with tha saeclesating toree parallel to the waler,

ad oee of these {ailed, To reduce the .~ - X uwwnihe runistors, he two rowods

ve fired at cne increnmient (1000 g, -
Y T )
UL&.‘L'
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Since Py W Iy TRt . v L0t suilcier Iy ped. it ves dscided s
bulld an &5 fer around e Mo, Cansisr. e - o dar: a4 shown fhis
transis.cc chwrtavers “-Ulurermisat 19 lr 1 e T3 emiting arpli-
flsrcicalt w .iafligw O Beczuse of X «' e ¢ Il I coough
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