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-APPARATUS FOR DETERMINING CONDI-
TIONS WITHIN A GUN BARREL

Henry H. Porter, Chicago, Ill., assignoer to the
United States of America as represented by the

Secretary of the Navy
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(CL 13—167)

16 Claims.

1

" This invention relates to indicating systems for
use in determining the conduct of a projectile
in a gun barrel. More particularly, the inven-
tion has reference to a novel system of this
character comprising a projectile having means
disposed in a gun barrel and projecting from
the muzzle thereof for transmitting information
concerning the conduct of the projectile while
passing through the barrel.

One object of the invention resides in the pro-
vision of a novel system for indicating the con-
duct of a projectile passing through a gun barrel,

_which comprises a wire connected to the pro-
jectile and designed to extend through the barrel
and out the muzzle of the gun for carrying a
signal from the projectile when the latter is
fired from the gun.

Another object of the invention is to provide
a system of the character described in which the
projectile is provided with an antenna or wire
electrically coupled to a signal producing means
in the projectile for transmitting a signal along
the gun bore to operate an oscilloscope, or the
like, through a suitable receiver.  In accordance
with one form of the invention, the projectile
contains a source of electrical energy and an os-
cillating circuit designed to be energized by the
source. The antenna or wire is coupled to the
oscillating circuit in the projectile and extends
along the bore of the gun and out of the muzzle,
preferably from the nose of the projectile. The
antenna or wire is held out of contact with the
gun, as by means of a suitable support on the
muzzle, and when the gun is fired, the antenna
or. wire is collected in the nose portion of the
projectile as it moves through the barrel.

Another object of the invention resides in the
provision of a novel projectile having apparatus
for use in determining the conduct of the pro-
jectile in the bore of a gun. In one form of the
invention, the projectile includes an insulating
member in the nose portion of the projectile
having a recess from which an antenna extends
through the bore of the gun, whereby the an-
tenna is collected in the recess as the projectile
moves through the gun barrel. The recess has a
metal bottom to provide continuous contact with
the antenna during collection thereof and to pro-
vide a coupling of constant capacitance between
the antenna and the radiating means., Within
the projectile to the rear of the antenna collector
is a block which is insulated from the projectile
body and carries the parts of the oscillating cir-
cuit. The oscillator parts, is desired, may be
embedded in the block so that they are ade-
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guately supported and protected against damage
do to the shock in firing the projectile in the
gun,  The source of electricity for energizing the
oscillating circuit is preferably included in an-
other ' block insulated from the casing and
mounted in the projectile -adjacent the block
containing the oscillating circuit, the two blocks
having releasable electrical connections between
them to supply electricily to the oscillator and
permit ready assembly and: disassembly of the
projectile, i

The specific object of the invention is to pro-
vide a process and means for observing and re-
cording the impulse vibrations of a projectile, due
to firing of the gun, while said projectile is still .
within the gun barrel. - .

Other objects and many of the attendant ad-
vantages of this invention will be appreciated
readily as the same becomes understood by ref-
erence to the following detailed description, when
considered in connection with the accompany-
ing drawings, wherein:

Fig. 1 is a diagrammatic view of one form of
the new indicating system;

Pig. 2 is an enlarged detail view of the muzzle
portion of the gun shown in Fig. 1;

Fig. 3 is a longitudinal sectional view of the
muzzle portion of the gun showing the projectile
as it moves through the barrel;

Fig. 4 is a wiring diagram of the oscillating
circuit, and

Fig. 5 is an enlarged longitudinal sectional
view of the nose portion of the projectile.

Referring to the drawing, the system there
shown comprises a projectile having a casing {8
of any suitable form, a rotating band {1 near the
tail end of the projectile, and a nose portion 12
which may be secured to the casing by the usual
threaded connection. The projectile is loaded in
a gun i3 having a bore {3a provided with the
usual rifling (not shown), the main body of the
projectile being disposed in the bore with the
rotating band ({ in the gun chamber to the rear
of the rifling, As shown, the projectile is of the
fixed ammunition type and is held at its tail end
in a cartridge case 14 containing a firing charge,
although it will be understood that the firing
charge may be contained in bags in the gun
chamber so as to eliminate the cartridge case.
A breech mechanism 15 is mounted on the gun
at its rear end and includes a suitable device 15qa.
for exploding the firing charge in the cartridge
case. - :

In the nose portion of the projectile is a radio
transmitter 17 having an oscillating circuit, to
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be described in detail presently, and an anfenna
18 electrically coupled to the oscillating circuit.
The antenna, which may be coiled, extends from
the projectile through the bore of the gun to a
support {8 at the muzzle. The support com-
prises an insulating ring 19a which fits over the
muzzle portion ©f the guh and earries-a support-
ing strand 18b ‘mzde of silk or other insulating
material. The strand extends diametrically
across the ring and is secured at one end by a
knot 19c¢, the opposite end of the strand -being
held in a notch 184 in the ring. Intermediate:its
ends, the strand {95 is connected to the antenna
8, as by means of a knot e, so as to hold the
antenna out of contact with ‘the ‘sun harrel
Prom the strand 19b a short length of the an-
tenna hangs downwardly from'the gun Hbzzle.
The electromagnetic waves radiated from the
antenna (8 are received -by a radio receiver 21
which is tuned, as by meéns of a dial 21q, to the
frequency of the dscillating cireuit in the trans-
mitter 17. The output -end 'of the receiver 21 is
connected through wires 22 to a suitable indi-
cafor,isuchas'a‘cathiodevay oscilloscope 3. Pref
era‘bly, ‘a ‘camera 24 is provided adjacent the os-
cillgscope for tecording 'the readings thereof.
If ‘desired, ia suitable ‘recorder (Hot ‘Fhown) may
be‘operated by thie-outputfrom ‘the receiver 1.
The transimitter 11 may be 'df any desired form.
Asishown ‘in Fig. 4, 'it ‘eomprisés gn &lettron ‘dis-
charge tube 25 having a plate 26, a filament 21
and - ‘grid “¥8. ‘One -side 'of “the ‘Mament 27 is
cotinéeted thiough a switth 29 ‘and 3 teleasable
plug-and-socket connection 30 to =z ‘terminal ‘i
at ‘the negative ‘side -of an A 'battéry B82. The
other side of the filament 27 4§ ¢oiinected through
a-relegsable plug~and-socket connection 33 Yo the
opbosite ‘side '0f battery 82, The ‘negative side
of ‘a B battery ‘84 s connected to the términal
31,/and the positive side of the B battery is-con~
nected through a’rélegsable plig-and-socket con-
nection 35 to a resistor 36. "Fhe ‘resistor is ‘con~
nécted ‘throligh a radio fiequency ‘choke -coil 37
and a capacitor 38 to theg¥id 28 of the tube. A
grid'bigs resistor 39 is‘connedted bétween the fila-
ment and grid circuits. The'plate 26 of the tube
is‘donnected to oneterminial-of ‘a tank coil 49, the
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the capacitor 838 and’the chioke ¢oil 31.

The ‘transinittér is contdined in the projectile 5

in two sections, one of which comprises a meni-
ver %2 ‘thade of msula,tmg ‘material, stch as
Lucite, motrited -at ‘the nose 'of the projectile.
Th the nose end of the ‘mémber 42 is a generally

cup-shaped recess ‘£3, the ‘open ‘end of which :
faces the muzzle of ‘the gun. The ‘side wallsof

reeess’d3 converge ‘from thenose‘end of the memn-
bér to a restricted portion ‘4% 'and then diverge
to -the 'bottom ‘6f 'the ‘recess, ‘A ‘terminal ‘screw
45 is ‘threaded in the bottom of ‘the recess 43
for -connection ‘to the antetina 18. In ‘the rear
end of the member 42'is-a generally cup-shaped
recess ‘48 having its open-end facing ‘to ‘the rear,
thie'recesseés #3and 45 being separated by a parti-
tion 47. Fitted closely in ‘thie recess 46 is.a block
48 ‘made of "an idsulating ‘dompound, ‘such “as
Liicite, in ‘which the ip‘a:‘r’t's‘df_‘ﬁhe ‘oscillating ¢ir~
cuit’are embedded If désired ‘the block 48 may
cuit, ircluding the ‘tube, the resistors 35 and 39,
the capacitor | 38, ‘and ‘the coils 37 and 48. Also,
gnie-eletnent of ‘eadh “of ‘the' Plug-ahd-socket ‘con-
nections 80, 33 and 36 is embedded 1n the block
48. A metal plate ‘49 is'held:
of recess ‘43 ‘adjacent the tank ‘ecoil 40 ahd ‘has
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the screw 45 threaded into it, the plate serving
as a coupling of substantially constant capac-
itance between the oscillator and the antenna.
The plate 49 also serves as a contact means for
maintaining continuous electrical contact with
the antenna during collection thereof, even
though the inner end of the antenna should
become ‘detached from screw 48. The switch 28
in the filament circuit may conveniently take

‘the form of a contact screw 298¢ threaded in the

side wall of member 42 and engageable with a

«cogeting contact 280 adjacent ifs inner end.

Normally, the screw 28a is withdrawn out of

‘efigagement with contact 29b so as to open
‘the -filament ‘circuit.

The other section of the transmitter comprises
@ block 56 of insulating material disposed in a
recess 51 in the metal nose portion 12 of the pro-
jéctile. The block 50 has mounted in it the A
and B batteries 32 and 34 and the other elements
of the “plug-and-socket ‘connections 80, 83 #hd
35. '

The member 42 may be-connected to: the ‘nose
potrfion 12 of the projectile in any suitable mdn-
ner. -As'shown, the ‘meniber ‘42 is provided Wwith
a ring B2 :éxténding around the outlside .6f 'the
member ‘at its rear end over an annulus 53 for
securing the ring and mexiber against relative
axial movement. The ring projects rearwardly
from the member 42 and its pr OJectm0 portion-is
provided with imteinal thredds B4 which miate
with ‘Similar ‘threads 'on the nose 12, Thus, in
the ‘assernbly of thie piojéctile, the block 50 ds
inserted inh the nose rvecess ‘§i, the rmember 42
is ‘placed over the nose.end ‘of block 50 with ths
plug-and-socket connections 30, 33 'and 35
engaged, and the ring 82 is :S?'Jrewed over the
threads on the nose 12 'so as to claihp the parts
firnmly ‘together.

The ‘oscilioscope 238 is prov1ded with a sweep
cirguit mcludmg a ‘pair of ‘termingls connected
with ‘a ‘source 55 of electricity and a switch /58
assoc1ated with the ﬁrmg device 15a. "The'switch
56 ‘and the source 55 cooperate to produce a
trigger “dirctit for ‘iiitiating ‘an irapilse in {he
sweep -circuit in the oscilloscope 22 when the
gun is fired. The ‘receiver 21 is provided with
an ‘atitenha (not shown) Tor receiving waves
radiated from the antenna 418, The output  of
the-‘feceiver is connected with the-vertical-deflec-
tion terminals of the oscilloscope by the wires
22 for 'modulating the sweep voltage initiated
by ‘the trigger circuit previously described.

‘In operation, the switch 29 in the filament
circéuitof ‘oscillator tube 25 is closed vy tighten-
ing screw 29q, and the projectile is loaded into
the gun for firing, with the antenna I8 extend-
ing out through the bore, as shown in Fig, 1. It
will be understood that when switch 29 is closed,
the ‘oscillating circuit is energized by the source
of electricity in block 50, so that electromagnetic
waves are emitted from the antenna (3. The
radio-receiver ‘2§ is tuned to the frequency of
the waves erhitted from the oscillator; the shutter
of the oscilloscope camers 24 is opened, dnd, If
a sound recorder is employed, the recorder .cut=-
ting head ‘is set down ‘on the record. The fir-
ing ‘device I5a in the breech of the gun is then
actuated so as to fire the projectile and close the
switch ‘56, the receiver 21 being thus energized
irom the source 55. Upon firing of the gun, the
projectile passes through the bore 13a, and, as
shown in Fig. 3, the antenna collapses and is
received in the recess 43 in the nose of the pro-
jectile, "The outer portion of the side walls -‘of
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recess - 43 serves to direct .the antenna to the
bottom of the recess where it is held against
plate 49 by the constricted portion 44.

Electromagnetic waves from the antenna 18
are received by the receiver 21 as the projectile
moves through the gun barrel, and the output
of the receiver is recorded by camera 24 focused
on' the oscilloscope 23, or by a suitable sound
recorder (not shown), or by both. Forces inci-
dent to movement of the projectile through the
gun barrel tend to affect the oscillations in the

oscillator 17, with the result that the sighals.

received by the receiver 2{ are correspondingly
affected, as indicated by the oscilloscope or the
sound -recorder. It should be understood that

the emitted signal is modulated by suitable

means, such as a switch 57 which is opened and
closed by any suitable imeans and shown dia-
grammatically in Figure 4, a crystal, a flexible
capacitor, or other electrical component. It
should be understood that the switch 57 can be
any one of a number of well known intermittently
operable types; for example said switch can be
of ‘the thermal element type, such as. has well
known use with blinker systems. The sole pur-
pose of the switch is fo provide modulation so
that the signal emitted from the transmitter may
be easily identified. Other forms of modulation
can be used, if . space therefor is available, for
example, a-small audio oscillator could be em-~
ployed. The inventor has found in experiments
carried out with the new system that signals
{fom ‘the transmitter 17 may be heard in the
receiver 21 while the projectile is in the gun
barrel,- and that valuable data concerning the
conduct of the projectile in the gun barrel can
be obtained from the signals. More specifically,
data’ obtained from the oscilloscope 23 and from
asound recording device associated with the
recelver show that oscillation in-the projectile
does not cease until the projectile is well out of
the gun barrel. Also, such dafa provide a basis
for determining the vibration of the tube fila-
ment 27 in the gun barrel, and also provide
information in regard fo acceleratwn of the pro-
jectile throughout its movement in the barrel.
Additionally, the system may be used to obtain
a record of the impulse vibrations in the gun.
The new system may be assembled readily and
is :easy to operate.  Since the component parts
of the transmitter 17 are embedded in the insu-
iating blocks 48 and 58, they -are. capable of
withstanding the heavy shocks incident to firing

the projectile in the gun. Also, by mounting the

parts of the transmitter {7 in two separate units
48 and 50 and providing detachable electrical
connections 30, 33 and 35 between the units, the
projectile may be readily assembled and dix-
assembled.

The provision of an antenna positioned in a
gun barrel to project therefrom for the purpose
of emitting a signal generated in a projectile
in the barrel, is merely one possible arrangement.
Although the transmitter 17 has been disclosed
in the form of an oscillator unif, it will be under-
stood that other means may be employed for
producing a signal or impulse fo be received by
the receiver 24. Also, if desired, the parts of the
transmitter 17 may be mounted in a single unit
instead of the two detachable units 48 and §0,
or they may be mounted in three or more units
designed to be received in the projectile,

Obviously many modifications and variations
of the present invention are possible in the light
of the above teachings. It is therefore to be
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understood that within the scope of the appended
claims the invention may be practiced otherwise
than as specifically described.

What is claimeq is:

1. An indicating apparatus for use in deter-
mining the conduct of a projectile in a gun
barrel, which comprises a radio transmitter in-
the projectile, an antenna electrically coupled
to the transmitter and extending from the pro-
jectile along the bore of the gun, and a receiver
remote from the projectile and tuned to the
frequency of the transmitter for receiving sig-
nals emitted from the antenna. )

2, In combination, a projectile to be loaded
into a gun for firing, a radio transmitter in the
projectile, means electrically coupled with the
transmitted for radiating energy from adjacent
the muzzle of the gun, and a radio receiver tuned
to the frequency of the transmitter for receiv-
ing signals from said radiating means.

3. An apparatus for determining the conduct
of a projectile in a gun barrel, which comprises
an electrical oscillator unit in the projectile, a
source .of electrical energy in the projectile for
energizing the oscillator unit, means electrically
coupled with the. oscillator unit and extending
along the bore of the gun for radiating energy
from adjacent the muzzle of the gun, and a
radio- receiver tuned to the frequency of the
oscillator unit for receiving signals from said
radiating means during the passage of the pro-
Jectile through the barrel. :

4. An apparatus for determining the conduct
of a projectile in a gun barrel, which comprises
an oscillator unit in the. projectile, a source of
electrical energy in the projectile for energizing
the oscillator unit; a manually operable switch
in the projectile for electrically connecting said
source to the oscillator unit, means electrically
coupled with the oscillator unit and extending
along the bore of the gun for radiating energy
from adjacent the muzzle of the gun, and a
radio receiver tuned to the frequency of the
oscillator unit for receiving signals from said
radiating means as the projectile moves along
the gun barrel.

5. In combination, a projectile to be loaded
into a gun for firing, a radio transmitter in the
projectile, an antenna electrically coupled to
the transmitter and extending from the pro-
jectile along the gun barrel for radiating energy -
from adjacent the muszzle of the gun, a radio
receiver tuned to the frequency of the trans-
mitter, and an oscilloscope eléectrically connected
to the output end of the receiver.

6. In combination, a projectile to be loaded
into a gun for firing, a radio transmitter in the
projectile, an antenna electrically coupled to
the transmitter and extending from the pro-
jectile along the bore of the gun for radiating
energy from adjacent the muzzle of the gun, a
radio receiver tuned to the frequency of the
transmitter, and means for indicating the output.
of the receiver.

7. In combination, a projectile to be loaded
into a gun for co-action with its firing mecha-
nism, a radio transmitter in the projectile, an
antenna electrically coupled to the transmitter
for radiating energy from adjacent the muzzle
of the gun, a radio receiver tuned to the fre-
quency of the transmitter, and an energizing cir-
cuit for the receiver including a switch oper-
able by said firing mechanism.

8. In combination, a projectile to be loaded
into a gun for firing, a radio transmitter in the
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projectile, an antenna welectrically coupled with
the stransmitter -and extending from the pro-
jectile along the hare «of the gun for radiating
energy from adjacent the muzzle ‘of :the gun,a
collector ‘unit on ‘the nose ;portion -of the pro-
jectile for receiving the antenna as-the projectile
moves ‘through the gun barrel, and a radio re-
ceiver tuned to the frequency of the trarsmitter
for receiving ‘signals from the antenna.

‘9, In .combination, ‘a projectile to be loaded
into a gun for firing, a transmitter in the .pro-
jectile, .an -antenna electrically .coupled to ithe
transmitter and extending along the bore-of the
gun for radiating -energy from -adjacent the
muzzle of :the gun, insulating means mounted on

themuzzle of the gun ‘for supporting the antenna

tormaintain-the antenna .out of :contact with the
egun, :and @ receiver tuned to the ifrequency of
the: transniitter ‘for receiving -signals :from the
antenna.

10. JIn.a -projectile, a radio transmitter for use
indetermining the -conduct of the projectile in
a:gun barrel, which comoprises electrical :operat-
ing «elements, electrical .connections between said

elements, insulating means :in which said :ele- ¢

merts and connections -are iembedded, means
for securing said insulating -means o the pro-
jectile ‘body, and an antenna electrically coupled

to said -operating elements and extending from

thremose of the projectile.

11. Tn a projectile, a radio transmitter for use
in determining the conduct :of {he projectile in
& igun -barrel, ~which -comprises .an .electrical
oscillator unit including operating elements and
electrical :connections between the .elements, :an
insulating block din which said elements-and:.con-
nections are -embedded, :a source of electrical

energy, a second insulating block in which :said "

seurce is embedded, releasable -electrical -con-
nections between:said blocks for conducting cur-
rent from. the source to said first electrical con-

nections, and means for :securing said Jblocks to -

the ,ploJecmle body.

12, Ina projectile, a radio #ransmitter -for use
in rdetermining the .conduct of 'the projectile in
a gun barrel, which comprises a member at ‘the
nose of the projectile insulated from the pro-
jectile ‘body, said '‘member having s generally
cup~shaped recess in its ‘nose end, insulating
megns :in the rear :end portion of the :member,
an “oscillator ‘unit embedded :in the insulating
means, means for securing said member to the
projectile ‘hody, means in the projectile body for
energizing the oscillator, 'and an ‘antenna elec-

trically coupled to-the-oscillator and having one &

end disposed in said recess in the nose end of the
member, whereby the.antenna is -adapted to ‘be
collected in said recess :as the .projectile moves
through the:gun barrel.
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I3. In a-projectile,a radio transmitter for use-
in:determining the conduct .of the projectile in
a gun barrel, which -comprises-a member at the
nose portion of the projectile insulated from the

. projectile -body, -insulating means in said mem-

ber,-an oscillator unit-embedded in:said insulat-
ing means and including an-oscillator tube hav-
ing afilament, a:manual switch in the side wall
of :said member for ‘closing the energizing -cir~
cuit of said filament, means for -securing said
member -to the body-of the projectile, .and means
in'the projectile-body: fox energizing the oscnlator
unit,

14, In-a progectﬂe 8. radlo transmltter for use
in -determining ‘the conduct, of the projectile in
a:gun barrel, which comprises .a member -at the
nose of the projectile insulated from the pro-
jectile ‘body, insulating mmterial in -said mem-~
ber, an.oscillator unit embedded in said material,
releasable means for connecting said-member 16
the projectile hody, an insulating block disposed
in a-recess.:in the mose 'vp_or*uion -of the projectile-
body to the rear of :said first block,; ‘energizing
means embhedded in -said block and releasable -

- electrical  connections between said -blocks for

conducting current from the energizing means,
to the oscillator :unit.

15. In combination a :projectile to be loaded
into and-fired from 2z _.gun, aun indicating appa-
ratus for determining the conduct of the pro-
jectile in the gun barrel, which comprises sighal
producing means.in the projectile;:a wire coupled
to:said ‘means and extending .from the projectile
along the bore.of .the gun, and a receiver remote
from the projectile for receiving from said means
a-signal transmitted along the wire.

JI6. In -.combination a projectile 1o -be loaded
intovand fired ;from ‘a -gun, -an indicating -appa~
ratus for -determining the conduct .of the .pro-
jectileiin the:gun-barrel, which .comprises means
in the -projectile -for producing :an electrical- sig-
nal, a wire-electrically eoupled to said means and
extending from the:projectile -along the.gun.bore
and -out of :the muzzle, and a receiver remote -
from the projectile .for receiving the:signal from
said -wire.

HENRY H. PORTER.
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