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UNITED STATES PATENT OFFICE.

ROBERT H. GODDARD, OF WORCESTER, MASSACHUSETTS.

Application filed May 15, 1914, .Serial No. 838,707, -

ROCKET APPARATUS,.
1;103,503. Specification of Letters Patent,
A ———————
To-all whom it may concern : >

Be it known that I, Roperr H. Gobparp,
a citizen of the United States, residing at
Worcester, in the county of Worcester and
State of Massachusetts, have invented a new
and useful Rocket Apparatus, of which the
following is a specification. .

This invention relates to a rocket appara-
tus and particularly to a rocket apparatus
adapted for carrying explosive signals, cam-
eras, recording instruments or other devices
to unusually high altitudes.

In all rocket apparatus a combustion
chamber must be provided -within which the
propelling charge is ignited and consumed.
As this charge is of an’ explosive nature,
the walls of the chamber are necessarily
thick and heavy and by their weight reduce

-the efficiency and limit the range of the ap-

paratus. Furthermore, any increase in the
propelling charge in a rocket of the -ordi-

nary type results in an increase in the size.

of the combustion chamber and a corre-
sponding increase in the weight thereof.

1t is one of the principal objects of my
mvention to provide means by which a large
amount of propelling material may be car-
ried and used in a rocket apparatus, while
at the same time the weight of the apparatus
is reduced rather than increased.

With this object in view the principal fea-
ture of my invention consists in the provi-
sion of a relatively small combustion cham-

ber mounted within a light outer casing con-

taining a reserve supply of propelling ma-
terial and devices for renewing the charge
in the combustion chamber as it is consumed.

In the preferred form of my invention the

material is supplied in the form of separate

cartridges which are successively inserted in
the combustion chamber, said chamber hav-
ing a breech block which is automatically
withdrawn periodically to permit the inser-
tion of a fresh cartridge. With this ar-
rangement the mass of the propelling ma-
terial forins a much larger proportion of
the total mass of the rocket apparatus and
the efficiency of the apparatus is thereby
largely increased. When the apparatus is
provided with the tapered rearwardly-ex-
tending nozzle described and claimed in my
co-pending application, Serial No. 792,707,
filed October 1, 1913, the efficiency of the ap-
paratus as a whole is still further increased.
A rocket apparatus thus constructed may be
used as a primary rocket, supporting a sec:

ondary rocket to be discharged when the ma-
terial in the primary rocket becomes ex-
hausted, as fully described in my applica-
tion above referred to. The primary rocket
may also be provided with one or more fir-
ing tubes for the discharge of projectiles of
any desired character and may itself Carry a
charge of high explosive.

A further feature of my inventien con-
sists in the provision of means for succes-
sively igniting and discharging these several
devices in proper sequence, their discharge
ordinarily occurring as the primary rocket
reaches the highest limit of its flight.

Various other features of my co-pending
application, such as the means for produc-
ing rotation of the rocket, and the means
for preventing rotation of the recording ap-

paratus may be used in connection with the

rocket apparatus herein described but form
no part of my present invention.

My invention further consists in various
devices, arrangements and combinations of
parts which will be hereinafter described
and more particularly pointed out in the
appended claims.

A preferred form of my invention, to--

gether with a modification thereof, is shown
in the drawings, in which—

Figure 1 is a longitudinal elevation partly
in section of my improved device; Trig, 2
and 3 are transverse sectional views, taken
along the lines 2—2 and 3—3 of IF ig. 1;
Fig. 4 is an elevation partly in section of
the combustion chamber and certain parts
movable therewith; Fig. 5 is a bottom plan
view of the breech block; Fig. 6 is a longi-
tudinal sectional view! of one of the car-
tridges used in the preferred form. of my
device; Fig. 7 is a detail view showing the
mechanism for retaining certain of the car-
tridges within the magazine tube during the
loading operation. Fig: 8 is a detail view
of the mechanism for opening a full madga-
zipe tube when the tube in use becomes ox-
hausted ; Fig. 9 is a detail view of the means
for firine the sccondary rocket when the last
magazine tube is exhausted; Ifig. 10 is a
view of a cap which may be used in place
of the secondary rocket; Fig. 11 is a partial
sectional view taken along the line 11—11
in Fig. 1; Figs. 12 and 8 are detajl views
of the devices for firing the charge in the
combustion chamber; Fig. 14 is an elevation,
partially broken away, of the ecam which
<-<>1‘1\t\mls the breech block; Fig. 15 is an
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enlarged detail of a portion of the cam
shown in Fig. 14; Fig. 16 is an enlarged de-
tail of the device for separating the breech
block from the combustion chamber as the
chamber moves rearwardly in the casing;
Fig. 17 is a sectional elevation of the firing
devices taken substantially along the line

17—17 of Tig. 12; Fig. 18 is an elevation of

a part of the cam which controls the ejector,
and Fig. 19 is a longitudinal sectional view
showing a modified form of my invention.
" Referring to Fig. 1 my invention is shown
as inclosed within a thin light casing 20 to
which is screwed a detachable head’ 21.
This head may contain one or more firing
tubes 22, each containing a charge 23 and
a projectile 24 of any desired character.
The head 21 may also contain a charge of
high explosive indicated at 25 and may be
provided at its upper end with extensions
26 for supporting a second rocket 27. This,
secondary rocket may be similar in all re-
spects to the primary rocket or may be of
any other desired character. Instead of the
secondary rocket 27 the head 21 may be pro-
vided with the cap 28 shown in Fig. 10,

which cap may carry recording apparatus,,

_signaling devices, explosives, or any other

30

35

40

45

50

" application.

55

60

65

similar devices. The means for succes-
sively firing the various devices_ carried by
the head 21 will be hereinafter described.
The casing 20 incloses at its lower end a
combustion chamber 30, (Figs. 1, 2 and 4)
which may be provided with the rearwardly-
extending tapered tube 31 through which
the products of combustion are discharged.
At its upper end the combustion chamber
carries a breech block 32 which is normally
locked within the chamber by sectional
screw-threads 83 of the usual type. At its
lower end the breech block carries an in-
wardly projecting flange 34 (Figs. 4 and 5)
which extends half way around the breech
block and provides means for supporting a
cartridge 35 (Figs: 4 and 6) ‘in position be-
neath the breech block. The cartridge 85
is provided with a flanged projection 36
which - is adapted to cooperate with the
flange 84. The propelling material in the
cartridge 85 may be in the form of disks 37
having successively increasing rates of com-
bustion as fully described in my co-pending
A small tube 38 extends longi-
tudinally through the cartridge and contains
a rapidly burning material adapted to be
ignited by the firing of a primer 39 mount-
ed at the upper end of the tube 38. "By
this means the primer ignites the lowest disk
37 in the cartridge 35. and the combustion
of the chavge thereafter proceeds toward
‘the upper end of the cariridge. The car-
tridges 85 are placed in one or more maga-
zine tubes 40 (Fig. 1) within the casing 20.
T will noi describe the devices by which
a used cartridge is removed from the com-

1,108,503

bustion. chamber and a fresh cartridge is

inserted therein. The combustion chamber
30 is not fixed within the casing 20 but is
mounted for longitudinal movement therein.
Referring now to Figs. 2 and 4 it will be

70

seen that the lower end of the chamber 30 -

is secured between a pair of clamping bars

41, these bars being integral at their outer

ends with cam plates 42 and 43, whose edges
slide in grooves 44 (Fig. 2) in the casing
20. Spiral springs 45 have their upper ends
secured to lugs 46 upon the cam plates 42
and 43, and at their lower ends are secured
to lugs 47 upon the casing 20. As the car-
tridge 85 within the chamber 30 is ignited,
the reaction of the propelling charge forces
the combustion chamber, together with the
cams 42 and 43 and the breech block 32,
upward into the casing 20 against the yield-

ing resistance of the springs 45. A curved

cam plate 50 (Figs. 11 and 14) is secured

to the side of the casing 20, the cam 50
having formed therein in any convenient
manner a cam groove 51. The breech block
32 carries a laterally extending arm 52 (Fig.
11) which may be provided with a roll 53
upon its outer end located within the cam
groove 51. As the combustion chamber and
breech block travel upward relatively to the
casing the roll 53 follows the straight ver-
tical portion of the cam groove 51 shown to.
the right in Fig. 14. The breech block is
thereby prevented from turning and 1is
locked in the combustion chamber during its
entire npward travel relatively to the casing
and to the cam 50. It will be noted that the
cam groove 51 has a short extension 54 at
its upper end within which the roll 53 will
be confined as the combustion chamber reaches
its extreme upward limit. A switch-block
55 (Figs. 14 and 15) is normally held by a
spring 56 in the position shown in Fig. 15.
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As the roller 53 passes upward the switeh

block is moved to the position shown in
dotted lines in Fig. 15 but immediately re-
sumes the position shown in full lines.
Similar switch blocks are used as indicated
at different places in the several cam plates.
As the charge in the combustion chamber be-
comes exhansted the reaction of the expelled
gases decreares until the chamber itself is
eventually forced rearwardly by the springs
45.  On its rearward movement the voll 53
is constrained by the switch block 55 to fol-
low the inclined. portion 587 of the cam plate
50. The combustion chamber, being clamped
to the cams 42 and 43, is prevented from
turniing but the breech block is partially ro-
tated relatively thereto by the portion 57 of
the cam 50, the amount of rotation being
sufficient to disengage the screw threads 33,
As theroll 53 reaches the lower end of the in-
clined cam groove 57 the arm 52 (Figs. 1land
16) engages a pin 60 mounted upon the cas-
ing and projecting through a hole in a flinge
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plate 50. Downward movement of the
breech block is thus prevented, but as the
sectional threads have been disengaged, the
combustion chamber and the cam pi);tes 42
and 43 continue their downward movement.
The chamber and breech block are thus sep-
arated and the breech black . remgins in
raised position until the combustion’ cham-

ber approaches its lower or normal posi-.

tion. .

The cam plate 43 mounted on the chamber
30 1s Provi ed at its upper end with an arm
62 (Figs. 11 and 16) extending longitudi-
nally within the casing 20. At ifs upper end
the arm 62 engages a bell crank 63 pivoted
up();l the casing, held in position by a coil
spring 63* and effective to withdraw the pin
60 from engagement with the breech arm

52. . The roll 53 thereupon follows the por-

tions 64 and 65 of the cam groove in the
plate 50 and the breech block is thus in-
serted and locked within the combustion
chamber, The engagement of the arm 62
with the bell crank 63 occurs before the
chamber- 30 reaches its extreme lower po-
sition so that the chamber and breech block
may move downward together during the
travel of the roll 53 along the lower inclined
vortion 65 of the cam plate 50 thus permit-
ting the locking of the block within the
chamber.. When the chamber rises after the
next explosion the arm 62 is carried upward
past the crank 63 which is then moved to
operative position below the arm 62 by the
spring 632,

From the above description it will be seen
that the combustion chamber continues its
rearward travel during the time that the
breech block is held in fixed raised position
by the pin 60 and this rearward travel of
the chamber is utilized to operate the eject-
ing and loading devices which renew the
charge of propelling material.

Referring to Figs. 8 and 11, an ejector
“0 is shown, supported upon a curved arm

- 71 pivotally mounted upon a bracket 72 se-

cured to the casing 20. The arm 71 is so
shaped that it partially encircles the cam
plate 43 which is longitudinally movable in
the combustion chamber. The arm 71 is
provided with a projection 73 so disposed
that it will follow the cam groove in the
outer face of the cam 43 (Fig. 18). A sub-
stantially similar device 74 (Ifig. 8) is piv-
otally mounted at 75 upon the casing 20 and
has a projection 76 codperating with the
cam groove in the outer face of the cam
plate 42 (Fig. 4). The normal position of
the projections 73 and 76 is at the extreme
upper end of the cam grooves at the point
marked 77 in Figs. 4 and 18. As the cam
plates move upwardly with the combustion
chamber the projections 73 and 76 move
downward relatively to the cams along the
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normal to the cam

jstraight verticg] portions 78. As the com-
; bustion chamber beging its reprward move-

:ment the projections return glong the.

-graoves 78 yntil they encounter the switch
‘blocks 79 similar in all respects to those pre-
“vipusly described. The projections are
thereby shifted to the inclined portions of
the cam grooves. The cam plates 42 and 43
are substantially similar in character with
the exception that the cam 43 provides a
greater lateral throw and that the inclined
portions 82 and 83 thereof are nearer the
lower end of the cam plate than-the por-
tions 80 and 81 of the plate 42. As the cam

plates move downwardly, the projection 73 &

encounters the inclined groove 82 and the
ejector 70 is thus moved from the full line
position in Fig. 8 to the dotted line position:
In its passage from one position to the other
it maves under the suspended breech block
and removes the exhausted cartridge shell,
the shell being finally ej
opening 84 in the casing 20. An inwardly
projecting lip 85 prevents the shell from fali-
ing backwardly into the casing. As the
ejector is returning to its normal position,
the projection 76 upon the loading device
encounters the inclined portions 80 and 81
of the cam groove in the plate 42 and is
thus swung forward to the dotted line po-
sition shown in Fig. 8, The loading device
has been previously supplied with a fresh
cartridge which is thus inserted beneath the
breech block and is held suspended by the
flange 34 thereon.
rear wall of the ejecting and loading de-
vices prevent the cartridges from being re-
tained by suction within said devices.

In order to prevent the cartridges from

moving down in the magazine tube 40 while 1

the loading device is inserting a cartridge
in the breech block, I provide the retaining
mechanism shown in Fig. 7. This mech.
anism comprises a latch 87 pivoted upon the
casing 20 and having a projection 88 at its
upper end adapted to extend throngh a per-
foration 89 in the side of the magazine tube
40. The projection 88 is so located longi-
tudinally that it will engage the cartridge
above the loading device beneath its flange
36 and will thus prevent the cartridge from
moving downward in the magazine tube. As
the loading device retnrns to its normal po-
sition it engages the lower end of a piv-
oted lever 90 (Iig. T) said lever at its up-
per end engaging the lower end of the lateh
87 and acting to withdraw the lateh from
the magazine tube. A coil spring 91 moves

Perforations 86 in the 1°
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ejected through an -
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the latch into operative position whenever '

the loading device is moved forward 1o in-
sert a cartridge in the hreech block.

The breech block in its upward travel is
guided by a rubular memher 92 ( Figs. 1 and

12) which projects upwardly from the
breech block and slides freely within a
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