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2,985,072
MISSILE LAUNCHING SYSTEM

Robert E. Carlberg, Falls Church, Va., and Sidney Hersh,
Silver Spring, Md., assignors to the United States of
America as represented by the Secretary of the Navy

Filed Qct. 7, 1953, Ser. No. 384,801
14 Claims, (Cl. 89—1.7)
(Granted under Title 35, U.S. Code (1952), sec. 266)

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

The present invention relates to missile launching sys-
tems and more particularly to that type which is adapted
for and designed to be used on shipboard and provided
with a three-axis stabilized launcher. However, it is to be
understood that the invention may be practiced other
than on shipboard such as at stationary launcher sites.
The launching system of the present invention is particu-
larly suitable for the launching of guided missiles, rocket
and similar self-powered devices,

Heretofore, none of the missile launching systems have
been entirely satisfactory for shipboard launching of a
pulse jet, wing type guided missile. One of the reasons
why the prior launching systems have not been entirely
satisfactory for shipboard launching of the afore-men-
tioned type missile is that none of them have employed
a launcher constructed for three axis stabilization.

With the foregoing in mind it is an object of this in-
vention to provide a missile launching system particularly
adapted for shipboard use in launching a guided missile of
the foldable wing type and which may be powered by a
pulse jet motor, if so desired.

Another object resides in the provision of a missile
launching system having a launcher stabilized in train,
elevation, and cross traverse; a loader; a rammer; and an
assembly stand.

A further object is to provide a launching system which
may be remotely controlled by conventional gun control
or fire director means.

Still another object resides in the provision of a launch-
ing system for self-propelled missiles wherein the missile
blast is directed away from the mount operating mech-
anisms.

Yet another object of the present invention resides in
the provision of a missile launching system which may be
conveniently loaded and reloaded by shipboard personnel
within a protective structure while the ship is under fire.

A further object is the provision of a missile launch-
ing system which normally supports the missiles prior to
loading at a convenient height for operating personnel
to make preflight inspections, adjustments and repairs.

A still further object resides in the provision of a
missile launching system wherein the assembly stand and
loading mechanisms thereof are enclosed within the struc-
ture of the ship and, at the same time, are so positioned
as to require no lifting of the missile during the loading
operation.

A still further object of the present invention resides
in the provision of a missile launching system wherein
the launcher and loader are positioned in longitudinal
engaging alignment with one another when it is desired
to ram a missile from the loader to its loaded position
on the launcher.

Yet another object resides in the provision of a new
and novel ramming mechanism for accomplishing the
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aforementioned transfer of the missile from the loader
to the loaded position on the launcher.

Other objects and many of the attendant advantages of
this invention will be readily appreciated as the same
becomes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings wherein:

Fig. 1 is a side perspective view of the missile launch-
ing system in accordance with the present invention, a
portion of the ship’s superstructure enclosing the assembly
stand, loading mechanism, and rammer mechanism being
broken away to better disclose the relative locations of
the several portions of the system and the missiles being
disclosed by broken lines in supported position upon the
various mechanisms within the enclosure;

Fig. 2 is a front perspective view of the launcher in an
elevated and partially rotated position with a missile on
the launching rails and a three-quarter perspective view
of the remainder of the system with a second missile posi-
tioned on the loading mechanism in a ready position to
be rammed onto the launcher after the missile on the
launching rails has been fired and the launcher has re-
turned to the position indicated in Fig. 1;

Fig. 3 is a front perspective view of the launcher with
a missile loaded thereon and indicating the manner in
which the launcher may be oscillated to a cross-traverse
position;

Fig. 4 is a side elevation view of the missile launching
system of the present invention indicating the manner
in which the system may be mounted upon the deck of a.
vessel;

Fig. 5 is a top plan view of the missile launching system
mounted upon the deck of a vessel;

Fig. 6 is a side elevation view of the launcher;

Fig. 7 is a top plan view of the launcher;

Fig. 8 is a front elevation view of the launcher mech-
anism;

Fig. 9 is a longitudinal, vertical section view of the
launcher as viewed from a line substantially correspond-
ing to section line 9-—9 in Fig. 7;

Fig. 10 is a side perspective of the loading and ramming
mechanisms with a missile secured thereto for ramming;

Fig. 11 is a top plan view of the loader and a portion
of the rammer, one missile being illustrated in phantom
in the ready-service position on the loader;

Fig. 12 is a front elevation view of the loader with two-
missiles positioned thereon; :

Fig. 13 is a rear elevation view of the loading and
ramming mechanisms of the launching system;

Fig. 14 is a side elevation of the loading and ramming
mechanisms with the shuttle car buffer stop removed
and certain portions of the supporting structure broken
away to better disclose the mechanisms of the loader and
rammer;

Fig. 15 is an enlarged end view of one of the shuttle
car supporting rails and the shuitle car rollers which co-
operate therewith; :

Fig. 16 is an enlarged end view of the other shutfl
car supporting rail;

Fig. 17 is an enlarged top plan view of the rammer
head assembly with portions shown in horizontal section;

Fig. 18 is an enlarged side elevation of the rammer
head assembly; and

Fig. 19 is a schematic showing of the shuttle car and
rammer chain actuating mechanisms.

Referring now to the several figures of the drawings
and more particularly to Figs. 1, 2, 4 and 5 wherein the
various components and mechanisms of the missile
launching system are illustrated in a manner to indicate
the cooperating relationship therebetween it will be ob-
served that the system includes a three-axis stabilized
launcher 19, a loading mechanism 11, a ramming mecha-
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nism 12, and an assembly stand 13, each of which will
now be described generally in order to facilitate a clear
understanding of the detailed description thereof appear-
ing hereinafter.

The launcher 19 is a power driven remotely controlled
mount having the launching rails 14 stabilized so as to
maintain a fixed attitude with respect to the horizon in
elevation and cross traverse as will become more fully
apparent as the description proceeds. The launcher 18
is “muzzle loaded” by the power driven, manually con-
trolled, horizontal ramming mechanism 12. The ram-
ming mechanism 12 includes a unidirectional chain 15
with a ramming head assembly 16 connected thereto for
engagement with the lower rear launching shoe 17 of
each missile to be transferred from the loader to the
launcher or vice versa. A spanner rail 18 for spanning
the distance between the loading mechanism 11 and the
launcher 16 is secured to the trainable portion of the
launcher.

The loading mechanism 11 includes a rigid structure
19, fixedly secured to a suitable foundation 2% provided
upon deck 22 of a ship 23. The loading mechanism 11
further includes a shuttle car 24 which is power driven
by apparatus to be later described and which is adapted
to carry a plurality of missiles M2 and M3, two being
shown in the drawings for purposes of description. One
of the two missiles which are carried by shuttle car 24
will always be aligned with the launcher loading posi-
tion, as best illustrated in Fig. 5. The shuttle car 24 is
mounted upon suitable transverse guide rails 25 and 26
so as to permit oscillation of shuttle car 24 athwartship.

~The assembly stand 13 is rigidly secured to founda-
tion 21, to provide a structure upon which the missile com-
ponents may be assembled after being removed from the
shipping crates. After assembly of the missile on assem-
bly stand 13, the missile is checked out for satisfactory
operation and moved by any suitable means such, for
example, as by overhead trolley (not shown) onto shuttle
car 24 on the loading mechanism.

All components and mechanisms of the missile launch-
ing system with the exception of the launcher are en-
closed within a suitable housing 27 having sliding doors
28 which, when open, provide an opening 20 or travel
space for a missile at the launching position to move
from the loading mechanism 11 onto the spanner. rail 18
and the launcher 16 at the appropriate time. Sliding
doors 28 are normally closed except during transfer of a
missile from the loading mechanism to the launcher.

It will be apparent that in the event the missile launch-
ing system is mounted on the forward portion of a ship,
the loading mechanism, the ramming mechanism, and
the assembly stand will all be secured to the deck of the
vessel aft of the launcher. On the other hand, in the
event the system is mounted on the aft portion of the
vessel, the afore-mentioned components other than the
launcher will be secured to the deck of the vessel for-
ward of the launcher. Cbviously any other suitable ar-
rangement of the various components of the system may
be employed if so desired. )

The various components and mechanisms included
within the system will now be individually described in
detail.

Launcher

The launching mechanism 1@, as shown in detail in
Figs. 6 through 9 is rotatably mounted to the deck 22 by
means of a conventional stand 29, including hold down
clips 30, thrust rollers 31, radial roller path 32, training
circle 33, and base ring 34. The spanner rail 18 is se-
cured to the base ring 34 by a suitable framework struc-
ture 35 and arranged to receive the lower missile launch-
ing shoe 17 of a missile M1 shown in broken lines in
Figs. 6, 8 and 9 when the launcher is the loading posi-
tion, as is best illustrated in Fig. 1.

The launching rails 14 include a pair of transversely
spaced upper rails 36 and 37, best viewed in Figs. 7 and
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8, and a third rail 38 which is carried below, between,
and, for the most part, rearwardly of rails 36 and 37,
as viewed in Figs. 7 and 9. Rails 36 and 37 are rigidly
mounted upon rail supporting beams 39 and 41, respec-
tively, in such a manner as to slidably receive the upper
missile launching shoe 17 of missile M1. The lower
launching rail 38 is rigidly mounted upon a similar but
shorter supporting beam 42. Rail supportirig beams 39,
41 and 42 are connected to one another and carried by
a yoke type frame 43 for the purpose of not only pro-
viding a rigid assembly of launching rails but also to
provide means for attaining the proper alignment be-
tween the spanner rail 18 and lower launching rail 33.
The latter function is accomplished when the undersur-
face of yoke 43 engages stop 44 which, if desired, may
be carried by the spanner rail supporting structure 35.

The after portions of the launching rails are secured
to one another by yoke structure 45 which is generally
similar to yoke 43 previously mentioned. The launching
rail assembly 14 is carried as 2 unit at the left end there-
of, as viewed in Figs. 6 through 9, by a longitudinal, ro-
tatably mounted trunnion 46 located aft of the loaded
missile M1.

One of the launching requirements of a wing type
missile is that the wings thereof should be maintained
in a horizontal position relative to the horizon at the
instant of launching, and the structure for oscillating the
launching rails about the longitudinal axis of a missile
carried thereby materially assists in fulfilling such a re-
quirement, as will more fully appear as the description
proceeds.

The mechanism for providing oscillatory movement,
alternatively referred to as a cross-traverse movement, of
the launching rails about the longitudinal axis of a
missile carried thereon includes a worm gear, not shown,
driven by shaft 48 which is rotatably mounted, upon the
axis of rotation of one of the elevation trunnions 4% and
driven by motor 50 as viewed in Fig. 7. Motor 50 and
suitable power transmitting means are carried by the
trainable base ring 34 of the launcher. Trunnion 45 of
the cross-traverse or oscillating mechanism is carried on
the elevating structure, generally indicated by numeral 51,
of the launcher and thereby provides for an oscillatory
motion of the launcher rail about the longitudinal axis
of the missile carried thereby regardless of the elevation
setting of the launcher.

The afore-mentioned worm gear drive meshes with
worm wheels 52 which are drivingly connected within
trunnion housing 53 to trunnion 46 which, in turn, is
rigidly connected to the launching rails upon which the
missile M1 is carried.

A cradle support 54 is located intermediate yokes 43
and 45 and is provided for supporting the forward end
of the launcher in any attitude desired. Cradle support
54, is rigidly connected to each launching rail and serves
to mount the launching rails as a unit to the base ring
structure for oscillation about the longitudinal axis of
a missile carried thereon such, for example, as missile M1.
Support 54 jis. carried on rollers 55 within a suitable
raceway 56. A frame 57 is secured to elevating structure
51 in any manner found convenient for the purpose, as
by welding or bolting, for example.

As will be apparent, the elevating structure 51 supports
the structure. for effecting cross-traverse adjustments here-
tofore described. Elevation trunnions 49 are of the self-
aligning rotatably mounted type and. are located on the
cross-traverse’ trunnion housing 53. These trunnions 49
are supported for rotation about an axis transverse-to the
launcher. A hydraulic elevating cylinder 58 which is-
pivotally secured to base ring 34 at-the lower end thereof
and having a suitable piston (not shown) and: piston rod
59 pivotally connected at- the upper end thereof to the
elevating structure 51 of the launcher. The elevating

cylinder 58 has cushioned end portions (not shown) to
thereby provide. positive stops in elevation. A compen-
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sating cylinder 61 is located aft of the elevation trunnions
49 and is connected to the elevating structure 51 by a
pivot pin 62 on the trunnion housing 53. Compensating
cylinder 61 has a displacement equal to the displacement
of the piston and piston rods of elevating cylinder 58.
By compensating for the difference between the effective
areas of the two sides of the elevating cylinder 58, the
compensating cylinder functions to equalize the flow of
fluid insofar as volume is concerned within the hydraulic
elevating system, not shown. It will be understood that
any suitable means for effecting a compensation for the
difference between the volumes of the two sides of the
elevating cylinder may be employed, and that the use of
a compensating cylinder for this purpose is merely illus-
trative of one means of effecting such a compensation.
The effect accomplished by the employment of compen-
sating cylinder 61 is identical to that which would be
accomplished if a fluid were supplied to a double-ended
cylinder.

A manually operated pump (not shown) is provided
for manual elevation of the lanncher for maintenance
purposes.

The elevaticn limit stops, not shown, are so positioned
and arranged as to allow for a maximum elevation set-
ting of 65° and a minimum setting of 3° except when
the launcher is placed in the loading position whereupon
provision is made for a 0° elevation.

The power drive 63 for training the launcher includes
major components of a conventional train power drive
and forms no part of the present invention. However,
for purposes of a more complete understanding of the
present system, the train power drive therefor will be
briefly described. The launcher may be trained through
an angle of 720° with positive stops at either end of the
training angle and through an angle of 230° when firing.
The train angle will be regulated when the mount is con-
nected to a conventional fire control director so that the
missile flight path will not interfere ‘with the superstruc-
ture of the ship in either train or elevation. In addition,
a limit stop mechanism 64 is provided for establishing ad-
justable limits from 0° to 150° on either side of the
normal forward firing position. These limits are effective
only when the mount is loaded. The limit stops 64 per-
mit rotation or training of the unloaded mount through
360° on either side of the central loading position. Hand-
wheel 65 and a suitable manually operated clutch 66 are
provided for manual training of the mount for main-
tenance purposes.

The power drive for effecting cross-traverse or oscil-
latory movement of the launcher, which includes motor
50, receives cross-traverse signals from the fire control
system which may be of conventional type, if so desired,
in the form of a differential which is a combination of
responses from elevation and cross traverse and the out-
put of which is true cross-traverse response. The true
cross-traverse response is fed into the cross-traverse re-
ceiver regulator 67. Suitable limit stops (not shown) are
provided in the power drive to restrict the angle of cross
traverse to any extent found desirable. A manually op-
erated handwheel 68 is provided for maintenance pur-
poses.

As will be observed, sufficient clearness is allowed be-
hind missile M1 for the connection of an electrical con-
nector 70 in order that certain of the internal components
of the missile M1 may be set in operation. Compressed
air may be supplied to the missile through a remotely
controlled connector 71. Another connection, not shown,
for air is provided for starting the reso-jet motor.

A suitable holdback device 73 for the purpose of fix-
ing the range of short flights will restrain the missile and
prevent it from leaving the launcher while a predeter-
mined part of the booster impulse is expended. This
holdback device may be of any suitable construction de-
sired and is carried by the cross-traverse structure.
However, for the purpose of this description it may be
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stated that the holdback device 73 is mounted on the
upper launching rails 36 and 37 and may include a
time thrust integrating mechanism, forming no part of
the present invention, to measure the energy release of
the burning booster and to release a restraining latch
74 when the residual energy is of the correct amount for
the range desired. A control for setting the desired
amount of residual energy of the burning booster at the
instant of release may be remotely positioned on an ap-
propriate control panel, not shown, and is electrically
connected to the holdback device 73 on the launcher
in any manner found suitable for the purpose.

The backblast from booster 75 passes through the
center of the cross-traverse trunmion 46 and the back-
blast of the reso-jet 76 passes over the top of trunnion
housing 53. A blast deflector 77 is connected to trun-
nion housing 53 and is equipped with upwardly directed
blast deflector vanes 78 for directing the blast from the
jet units in an upwardly direction thereby eliminating
danger to operating personne] and adjacent equipment,

At the instant of launching, missile M1 will be guided
during the first few feet of launching travel by the
launching rails 36, 37 and 38 each of which accom-
modates a different launching shoe 17 provided on the
missile, as hereinbefore mentioned. Because of the dis-
position of the several launching rails and the missile
launching shoes, all missile launching shoes leave the
launching rails simultaneously thus eliminating any “tip-
off? effect, similarly as in copending application Serial
No. 252,970, filed October 24, 1951, by Ferdinand J.
Schiavi, and entitled Missile Launcher.

Loader

The rigid supporting structure 49 upon which shuttle
car 24 is carried may be of any suitable construction
desired commensurate with strength and space require-
ments. As previously mentioned a pair of transverse
shuttle car guide rails 25 and 26 are mounted upon the
upper portion of supporting structure 19. The left rail
25, as best viewed in Figs. 14 and 15, is substantially
Z-shaped and is provided with a horizontal base 7% by
which it is secured to supporting structure 19. An up-
standing wall portion 81 is integrally formed with the
outboard edge of base 79, and a horizontal flange 82
extends in a direction opposite to that of base 79. The
undersurface of flange 82 is chamfered as at 83 to pro-
vide an inclined rolling surface for roller 84. It will
be observed that roller 84 is carried by undercarriage
85 of shuttle car 24 at an inclination corresponding to
that of chamfered surface 83 and thereby prevents un-
desired separation of the shuttle car from the sup-
porting structure. Vertically suspended rollers 86 are
also carried by undercarriage 85 of the shuttle car and
engage the inner surface of wall member 81 to thereby
prevent transverse movement of the shuttle car relative
to rails 25 and 25. A third group of rollers 87 is pro-
vided and constrained by suitable means, not shown,
within recess 88 of undercarriage 85 to ride upon the
upper surface of the horizontal flange 82 of rail 25 to
thereby facilitate movement of the shuttle car there-
along.

The other shuttle car supporting rail 26 is an inverted
L-shaped channel member secured in any suitable fash-
ion as by welding to the upper portion of supporting
structure 19 and transversely spaced from rail 28 as
viewed in Figs. 14 and 16. A depending bracket 88a
is provided with horizontally and wvertically disposed
rollers 89 and 91, respectively. Rollers 89 and 91
are rotatably mounted within recesses 92 and 93, re-
spectively. It will be observed from an inspection of
Figs. 14 and 16 that roller 89 rides upon the upper sur-
face of rail 26 and roller 91 rides upon edge 94 of rail
26 to thereby complete the connection between the
shuttle car and the supporting structure therefor and
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thereby restrain movement of the shuttle car in all di-
rections except in a direction transverse to the longitu-
dinal axis of the launcher 10 when the latter is in load-
ing position.

The shuttle car 24 is a frame structure carrying two
groups of missile supporting rails 95 and 26 having three
rails 97, 98, and 99 in each set and arranged trans-
versely to the direction of travel of the shuttle car.
Rails 97, 98, and 99 are positioned and arranged in a
manner substantizlly identical to that of rails 36, 37
and 38 of the launcher so that when the launcher is in
loading position, Fig. 1, the three rails of one set of
rails carried by shuttle car 24 will be in longitudinal
alignment with the rails of the launcher. A missile such,
for example, as missile M2 or M3 is carried by each of
the two sets of rails on the shuttle car 24. The shuttle
car is power operated by motor 101 suitably connected
to pinion 1862 which engages rack 103 carried by the
shuttle car. Fig. 19 discloses in schematic form the

manner in which motor 101 may serve as the powsr &

drive for the shuttle car, rammer, and door opening
and closing operations. It will be noted that certain
elements illustrated in Fig. 19 have been reversed as
to location when - considered in connection with the
other figures. This has been done for ease of illustra-
tion and in no manner affects the operation of the sys-
tem. .
Shaft 99 of electric motor 191 serves to rotate wob-
ble plate 100 and thereby produce a pumping action
within pump 110 which is connected to a source of hy-
draulic fluid, not shown. Thus fluid is pumped through
lines 239 and 14¢ via valves 144 and 145, respectively,
to the hydraulic side of a wobble plate 147 within hous-
ing 146 to thereby convert hydraulic pressure into rotary

motion in either direction depending upon which valve ¢

is first actuated by solenoids 148 and 149. Pinion 102 is
mechanically connected to the wobble plate 147 and is
rotated in response to the afore-mentioned hydraulic ac-
tuation of the wobble plate. Rack 163 being meshed
with pinion 102, is moved linecarly in response to rota-
tion of pinion 102. Valves 144 and 145 are normally
maintained in a closed position and may be selectively
operated by any suitable control means, not shown, con-
nected to solenoids 148 and 149.. Manual control for
regulating the movement of the shuttle car is provided
by control lever 104. By actuation of control lever 104,
shuttle car 24 may be caused to travel in an oscillating,
athwartship motion to thereby orient either missile M2
or M3 with the rammer 12, to be described more fully

hereinafter, and enable the latter to ram the aligned

missile onto the launcher. Sliding rail sections 105 per-
mit missiles to be lowered onto shuitle car 24 from
above. The shuttle car 24 is automatically latched by
a latching mechanism of any suitable design at each po-
sition in which a set of rails are in longitudinal align-
ment with the launcher rails when the launcher is in
the loading position.

Sliding doors 28 are controlled by lever 104 which is
also emploved for controlling the motion of shuttle car
24 as afore-mentioned, a selector switch 107 adjacent the
lever being used to select between shuttle car operation
and door operation. Switch 107 is electrically connected
to solenoids 148 and 149 in any manner found conveni-
ent for the purpose to thereby energize these solenoids
and move valves 144 and 145 to such a position as to
allow pressurized fluid to pass into and out of cylinder
150 through hydraulic lines 161 and 162, respectively.
Thus, it will be apparent that doors 28 may be either
opened or closed, as desired, by the proper actuation of
solenoids 148 and 149 by selector switch 167.

A manual connect and automatic disconnect electrical
plug 108 is provided for check out and warm up of elec-
trical components within the missile. Thus it will be
apparent that as shuttle car 24 is moved from a shuttled
position to a loading position, the missile to be loaded
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is moved from a ready-service position to a ramming
position.

In order to provide a continuous track upon which
the missile will ride during the loading operation, a short
track section, genérally designated 189, is connected to
the rigid supporting structure 19 and suitably reinforced
for additional strength by any means found desirable for
the purpose such, for example, as by a supporting column
111. Rails 112 of track section 109 are disposed in align-
ment with the afore-mentioned opening 20 and with the
loading and launching rails 24 on the launcher.

Buffer stops 113 are positioned at each end of each of
the rails 25 and 26 so that a positive stop is provided for
the shuttle car at each limit of its movement.

Rammer

The rammer, génerally indicated by reference numeral
12, includes a unidirectionally driven chain 15 having a
rammer head assembly 1§ provided therecon. Rammer
chain 15 is guided through housing 315 and over sprocket
114 which is mechanically connected to a suitable gear
reduction unit 120, the latter being hydraulically con-
nected to power drive 181 in any suitable manner such,
for example, as that shown in Fig. 19.

Shaft 181 of electric motor 101 is connected to wobble
plate 152 to rotate the latter in response to operation of
the motor. A pumping action is thus produced within
pump 133 which is connected to the aforementioned
source of hydraulic fluid. Hydraulic lines 154 and 153
connect pump 153 to the hydraulic side 156 of wobble
plate 157 thereby to rotate shaft 158. Clutch 159 may
be controlled in any suitable fashion, a manual control
lever 168 being shown, and connects shaft 158 with gear
reduction unit 129 to thereby actuate rammer chain 18
by way of sprocket wheel 14. Any suitable interlock,
not shown, may be employed for preventing simultaneous
operation of the rammer and shuttle car. The position
of the rammer is manually controlled by either hand-
wheel 137 or 138, as desired, each of which regulates
hydraulic power drive 101 and, consequently, gear re-
duction unit 129. The rammer head 16 engages the low-
ermost shoe 17 on the missile and pushes the missile
along and off of the shuttle car rails 97, 98, and 99, track
section 109, and onto the registering spanner rail 18 and
the launcher rails 36, 37, and 38. Prior to ramming, all
movable structures  which determine the ramming path
are locked together by suitable hydraulic latches, not
shown, so that they will not shift relative to one another.

The rammer head assembly 16, Figs. 17 and 18, in-
cludes laterally spaced walls 116 within which the missile
gripping and releasing mechanism 117 is partially en-
closed. A deceleration and missile retraction latch 118
which is spring loaded by spring 119 is pivotally con-

~ nected upon stud 121 which is secured in an erect posi-

tion on the floor 122 of rammer head assembly 16. The
déceleration and missile retraction latch 118 is provided
with a hooked portion 123 for engagement behind the
lower missile launching shoe 17 of a missile, the leading
surface of hook portion 123 being inclined so as to pro-
vide a cam surface 124,

When shoe 17 is encountered by hook portion 123 in
response to a forward motion of rammer chain 15, cam
surface 124 will ride over the surface of shoe 17 to
thereby laterally displace latch 118 against the action of
spring 119. When the hook portion 123 has cleared shoe
17, spring 319 forces latch 118 into the position shown
in Fig. 17, whereby the missile is secured to the rammer
head assembly 16 for either loading onto the launcher
or retraction therefrom, as the case may be.

The launching shoe 17 is released from the rammer
head assembly when trigger 125 strikes stop 126 on the
lanncher during the loading operation whereupon the
trigger is moved against the action of spring 127 in such
a manner that the offset lug 128 thereon rides under
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projection 129 and info space or recess 131 of sear 132
which:is resiliently loaded by spring 133. The sear 132
then swings on pivot 121 in response to the release of its
spring load so that finger 134 thereon presses outwardly
against the latch 118 thereby moving hook portion 123
to the unlatched position. Rammer head assembly 16
can then be returned to its initial position where it may
be reset by hand.

It will be readily apparent that during a retraction
operation as when it is desired to remove a missile from
the launcher rather than to launch the missile, shoe 17 is
secured to the rammer head assembly in the manner
afore-described. The rammer head assembly together
with the missile to which it is connected is next retracted
to the loading mechanism 11. Trigger 125 is then manu-
ally actuated to release the shoe 17 whereupon the missile
may be lifted from the loading mechanism by the over-
Head trolley crane, mentioned hereinbefore.

it will be noted that the lower rail sections on the load-
ing mechanism 11, short track section 109, and spanner
rail 18 are provided with a lower guideway 134 which is
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of a shape substantially corresponding to an inverted T. -

This T-shaped guideway accommodates a guide 135
which is mounted on the undersurface 136 of floor 122
of the rammer head assembly. Guide 135 is of a shape
complementary to guideway 134 and is inserted into the
guideway from the end thereof.

The movement of rammer chain may be controlled by
either handwheel 137 or 138, as previously mentioned.

Assembly stand

The assembly stand 13 is a fixed structure positioned

. behind the loader and provided with a set of three rails

141, 142, and 143 on which missile components may be
assembled, the electronic components checked out and the
missile fueled and otherwise made ready for transfer io
the loader. Each rail on the assembly stand is provided
with a horizontally slidable rail section to thereby permit
missile components to be placed on the assembly stand
and retained against separation from the stand.

A control panel, not shown, may be located remotely
from the launcher, loader, and rammer mechanisms and
may include indicator lights which show the conditions in
the system such, for example, as loaded, unloaded,
latched, unlatched, on director signal, on loading signal,
etc. The control panel may further include off-mount
operating and selector controls, forming no part of the
present invention.

Operation

The missiles are first assembled and given an oper-
ational check out on the assembly stand 13. One or two
missiles, as desired, are then transferred to shuttle car
24 by the employment of the afore-mentioned overhead
trolley (not shown). The sliding rail sections 105 on
shuttle car 24 are moved so as to permit each missile to
be placed upon the shuttle car from above. Slidable rails
105 are then repositioned so as to maintain the missile
on the shuttle car. If desired, further check out of the
missile may be performed while the missile is on the shut-
tle car. The shuttle car motor 101 is now set in opera-
tion and the missile to be loaded is aligned with rammer
12 by proper operation of shuttle car control lever 184,

The rammer mechanism 12 is now set in operation so
as to move rammer head 16 slowly forward until the rear
missile launching shoe 17 is connected to rammer head
16. The sliding doors 28 are next opened and the
launcher 10 is positioned in train, elevation, and cross
traverse to the loading position and locked as is best in-
dicated in Fig. 1.

“The missile is now rammed to the loaded position on
launcher 16 whereupon the rammer head 16 automati-
cally releases the missile launching shoe 17 at the end
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of the rammer stroke and rammer chain 15 is retracted.
The electrical connector 7¢ and the air supply connector
71 are engaged with the missile to supply the necessary
prefiring energy and information to the missile. If the
missile is to be fired at a short range the holdback device
73 is adjusted by controls on the control panel (not
shown) to secure the missile until a predetermined
amount of residual energy remains in the missile.

Finally the hydraulically operated launcher latches, not
shown, are released and the launcher brought into launch-
ing position as shown in Fig, 2 by operation of train, ele-
vation, and cross-traverse power drives whereupon the
missile is ready for launching,

Summary

Briefly summarizing it will be apparent that a novel
missile launching system has been provided with launch-
ing rails stabilized along three axes to maintain the mis-
sile to be launched in a predetermined attitude with re-
spect to the horizon. The launcher is loaded from the
“muzzle” thereof by the use of a power driven, manually
controlled horizontal rammer of the unidirectional chain
type. The rammer is provided with a ramming head as-
sembly which is so constructed as to enable the rammer
to either move a missile forward under positive control
or to retract a missile from the launcher as desired.

In addition, a loader is provided and carries a shuttle
car which is power operated under manual control and
mounted on tracks transverse to the longitudinal axis of
the launcher when the latter is in loading position. The
shuttle car is constructed so as to be capable of carrying
a plurality of missiles, one of which will always be aligned
longitudinally with the launcher loading position.

An assembly stand is also provided and is equipped
with missile supporting rails so that the missile compo-
nents may be assembled on the stand, checked out for
satisfactory operating condition and moved by overhead
trolley or any other suitable means to the shuttle car
on the loader.

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

What is claimed is:

1. A missile launching system carried by a vehicle and
comprising, in combination, a three axis stabilized
launcher mounted for movement from a loading position
to a plurality of launching positions and vice versa, a
plurality of loading and launching rails carried by said
launcher; an enclosed loading mechanism including a
shuttle car, shuttle car supporting rails disposed trans-
versely to the longitudinal axis of the launcher when the
latter is in the loading position, missile carrying rails
mounted upon said shuttle car and parallel with said
longitudinal axis and alignable with said loading and
launching rails of said launcher when the launcher and
shuttle car are in their respective loading positions, means
for preventing vertical movement of missiles carried by
the shuttle car while permitting longitudinal movement
thereof; and a rammer operable to ram a missile from said
shuttle car onto said launching rails of the launcher when
the shuttle car and launcher are in their respective loading
positions, said rammer including a rammer head, and
means on said rammer head for positively coupling said
rammer to the missile to ‘be loaded for moving the missile
from said shuttle car onto said launcher and vice versa.

2. A missile launching system comprising, in combi-
nation, a three axis stabilized launcher mounted for
movement from a loading position to a plurality of
launching positions and vice versa, a plurality of loading
and launching rails carried by said launcher, means for
oscillating the launching rails about the longitudinal axis
of a missile carried thereby in response to roll; a loading
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mechanism including a shuttle car, a supporting struc-
ture, shuttle car supporting rails secured to said support-
ing structure transversely with respect to the longitudinal
axis of the launcher when the latter is in loading posi-
tion, a geared rack carried by said shuttle car, a pinion
in driving engagement with said rack, a power drive
drivingly connected to said pinion for effecting oscilla-
tory movement of the shuttle car along said supporting
rails in response to operation of said power drive, mis-
sile carrying rails mounted upon said shuitle car and
in parallel relation to said longitudinal axis and longi-
tudinally alignable with said loading and launching rails
of said launcher when the launcher and shuttle car are
in their respective loading positions, and rammer guide
rails in individual longitudinal alignment with corre-
sponding ones of said loading and launching rails of
the. launcher and with said predetermined ones of said
missile carrying rails when said launcher and shuttle car
are in loading position; and a ramming mechanism oper-
able to ram a missile from said shuttle car onto said
launching rails of the launcher when said shuttle car
and launcher are in loading position, said ramming
mechanism including a rammer head, a latch member
pivotally carried by said rammer head, a sear pivotally
secured to said rammer head in engagement with said
latch member, spring loaded means for urging said sear
and latch member laterally outward, a latch trigger in
slidable engagement with said sear for maintaining the
sear and latch in a first position against the action of

said spring loading means, and cooperating means on said *

sear -and trigger for releasing said sear in response to
actuation of said trigger whereupon said spring loading
means pivotally moves said sear and latch member to
a second position to release a portion of a missile held
by said latch member when the latter is in said first
position.

3. A missile launching system comprising, in' combi-
nation, a three axis stabilized launcher mounted for
movement from a loading position to a plurality of ele-
vation, train, and cross-traverse positions and vice versa,
a plurality of missile loading and launching rails carried
by said launcher; a loading mechanism including a shuttle
car, shuttle car supporting means disposed transversely
to the longitudinal axis of the launcher when the latter
is in the loading position, missile carrying rails mounted
upon said shuttle car and parallel with said longitudinal
axis, selected ones of said missile carrying rails being
longitudinally alignable with said loading and launching
rails of said launcher when the launcher and shuttle car
are in their respective loading positions to thereby pro-
vide a continuous track from the shutile car to the
launcher, a sliding rail section on each of said missile
carrying rails for receiving a portion of each missile car-
ried by the shuttle car and preventing vertical movement
thereof while permitting longitudinal movement thereof,
said shuttle car being carried upon said supporting means
for oscillatory movement transverse to said longitudinal
axis of the launcher, and means for effecting such move-
ment of said shuttle car; and a ramming mechanism
operable to ram a missile from said shuttle car onto said
launching rails of the launcher when the shuttle car and
launcher are in their respective loading positions, said
ramming mechanism including a unidirectional chain,
means drivingly connected to said chain, a rammer head
connected to one end of said chain, and means on said
rammer head for positively coupling said chain to the
missile to be loaded for moving the missile from said
shuttle car onto said launcher and vice versa, said
rammer chain being mounted in longitudinal alignment
with said longitudinal axis of said launcher.

4, A missile launching system comprising, in combi-
nation, a launcher -stabilized in three dimensions and
mounted for movement from a loading position to a plu-
rality of launching positions and vice versa, a plurality
of loading and launching rails carried by said launcher;
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a loading mechanism including a shuttle car, track means
for said shuttle car and disposed transversely with re-
spect to the longitudinal axis of the launcher when the
latter is in loading position, a geared rack carried by
said shuttle car, a pinion in driving engagement with said
rack, a power drive drivingly connected to said pinion
for effecting oscillatory movement of the shuttle car
along said track means, missile carrying rails mounted
upon said shuttle car and in parallel relation to said
[ongitudinal axis and longitudinally alignable and regis-
terable with said loading and launching rails of said
launcher when the launcher and shuttle car are in their
respective loading positions, said shuttle car being car-
ried upon said track means for oscillatory movement
transverse to said longitudinal axis of the launcher, and
a plurality of stationary rammer guide rails disposed in
individual longitudinal alignment with corresponding
ones of said shuttle car rails and loading and launching
rails of the launcher when the shuttle car and launcher
are in loading position; a ramming mechanism for ram-
ming a missile from said shuttle car onto said launch-
ing rails of the launcher via said rammer guide rails
when said shuttle car and launcher are in loading posi-
tion, said ramming mechanism including a rammer head,
a latch member pivotally carried by said rammer head,
a sear pivotally secured to said rammer head in engage-
ment with said latch member, resilient means for urging
said sear and latch member laterally outward, a latch
trigger in slidable engagement with said sear for main-
taining the sear and latch in a first position against the
action of said resilient means, and cooperating means on
said sear and trigger for releasing said sear in response
to actuation of said trigger whereupon said resilient
means pivotally moves said sear and latch member to a
second position to release a portion of a missile held
by said latch member when the latter is in said first
position.

5. A missile launching system adapted to be carried
by a ship and comprising, in combination, a launcher
mounted for movement from a loading position to a
plurality of launching positions and vice versa, loading and
launching rails carried by said launcher; shuttle car sup-
porting rails disposed transversely with respect to the lon-
gitudinal axis of the launcher when the latter is in loading
positicn, a plurality of rollers carried by said shuttle
car and cooperatively engaging said supporting rails {or
facilitating movement of the shuttle car along the sup-
porting rails and for preventing undesired separation of
the shuttle car therefrom, a geared rack carried by said
shuttle car, means for effecting oscillatory movement of
the shuitle car along said supporting rails, and a plurality
of stationary rammer guide rails in individual longitudinal
alipnment with corresponding ones of said loading and
launching rails of the launcher when the latter is in load-
ing position; and a ramming mechanism operable to ram
a missile from said shuttle car onto said launching rails
of the launcher when said shuttle car and launcher are
in loading position, said ramming mechanism including
a rammer head, a latch member pivotally carried by
said rammer head, a sear pivotally secured to said ram-
mer head in engagement with said latch member, spring
loaded means for urging said sear and latch member
laterally outward, a latch trigger in slidable engagement
with said sear for maintaining the sear and latch in 2
first position against the action of said spring loaded
means, and cooperating means on said sear and trigger for
releasing said sear in response to actuation of said trigger
whereupon said spring loaded means pivotally moves
said sear and latch member to a second position to re-
lease a portion of a missile held by said latch member
when the latter is in said first position.

6. A missile launching system adapted for shipboard
installation comprising, in combination, a three axis sta-
bilized launcher mounted for movemeni from a loading
position to a plurality of launching positions and vice
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versa, said launcher including a rotatable base ring struc-
ture, loading and launching rails carried by said launcher,
an elevation trunnion and a cross-traverse trunnion re-
spectively carried by said base ring structure and opera-
tively connected to said launching rails, an elevating cylin-
der operatively connected between said base ring struc-
ture and said launching rails for elevating the latter in
response to fluid pressure within said elevating cylinder,
means for oscillating said launching rails in cross traverse,
said launching rails being maintained at a fixed, prede-
termined launching attitude with respect to the horizon
independent of roll, pitch and yaw of the ship, the fixed
attitude of the launching rails being maintained by co-
operative actuation of said base ring structure, said elevat-
ing cylinder, and said means for oscillating the launching
rails; a loading mechanism including a shuttle car mounted
for transverse motion relative to said launcher when the
latter is in loading position, missile carrying rails mounted
upon said shuitle car and longitudinally alignable with
said loading and launching rails of the launcher when
the launcher and the shuitle car are in their respective
loading positions; and a ramming mechanism operable
to a ram a missile from said shuttle car onto the launch-
ing rails of the launcher when the shuttle car and launcher
are in the loading position.

7. A missile launching system comprising, in combina-
tion, a three axis stabilized launcher mounted for move-
ment from a loading position to a plurality of launching
positions and vice versa, a plurality of loading and launch-
ing rails carried by said launcher, a cross-traverse trun-
nion respectively carried by said base ring structure and
operatively connected to said launching rails, a ring gear
secured to said cross-traverse trunnion and a power driven
worm gear connected in driving relation to said ring
gear whereby said cross-traverse trunnion and said launch-
ing rails connected thereto are oscillated about the longi-
tudinal axis of a missile carried thereby in response to
rotation of said worm gear in alternate directions; an
enclosed loading mechanism including a shuttle car, sup-
porting rails disposed transversely to the longitudinal axis
of the launcher when the laiter is in the loading position,
missile carrying rails mounted upon said shuttle car and
parallel with said longitudinal axis predetermined ones
of said missile carrying rails being longitudinally alignable
with said loading and launching rails of said launcher
when the launcher and shuttle car are in their respective
loading positions, and means for effecting oscillatory
movement of said shuttle car; and a ramming mechanism
operable to ram a missile from said shuttle car onto
said launching rails of the launcher when the shuttle car
and launcher are in their respective loading positions,
said ramming mechanism including a rammer head and
means on said rammer head for positively coupling said
ramming mechainsm to the missile to be loaded for mov-
ing the missile from said shuttle car onto said launcher
and vice versa.

8. A missile launching system carried by a vehicle and
comprising, in combination, a launcher mounted for
movement from a loading position to a plurality of launch-
ing positions and vice versa, loading and launching rails
carried by said launcher, means for moving said launch-
ing rails in elevation, train, and cross traverse to thereby
maintain said launching rails at a fixed attitude with re-
spect to the horizon independent of roll, pitch, and yaw
of the vehicle when said rails have been moved to a
launching position; a loading mechanism including a
shuttle car mounted for transverse motion relative to said
launcher when the latter is in loading position, missile
carrying rails mounted upon said shuttle car and longi-
tudinally alignable with said loading and launching rails
of the launcher when the launcher and the shuttle car
are in their respective loading positions; and a ramming
mechanism operable to ram a missile from said shuttle
car onto said launching rails of the launcher when the
shuttle car and launcher are in their respective loading
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positions, said ramming mechanism including a unidirec-
tional chain, means drivingly connected to one end of
said chain, and means on said rammer head for posi-
tively coupling said chain to the missile to be loaded
for moving the missile from said shuttle car onio said
launcher and vice vesa, said rammer chain being mounted
in alignment with said longitudinal axis of the launcher.

9. A missile launching system comprising in combina-
tion, a launcher mounted for movement from a loading
position to a plurality of launching positions and vice
versa, said launcher including a plurality of loading and
launching rails carried by said launcher, a cross-traverse
trunnion operatively connected to said launching rails,
a ring gear secured to said cross-traverse trunnion and a
worm gear connected in driving relation to said ring gear
whereby said cross-traverse trunnion and said launching
rails connected thereto are oscillated about the longitudi-
nal axis of a missile carried thereby in response to oscil-
latory motion of said worm gear; a loading mechanism
including a shuttle car mounted for transverse motion
relative to said launcher when the latter is in loading posi-
tion, missile carrying rails mounted upon said shuttle car
and longitudinally alignable with said loading and launch-
ing rails of the launcher when the launcher and the shuttle
car are in their respective loading positions; and a ram-
ming mechanism operable to ram a missile from said
shuttle car onto said launching rails of the launcher when
said shuttle car and launcher are in loading position, said
ramming mechanism including a rammer head, and
means for positively coupling the rammer head to a mis-
sile and for positively uncoupling the rammer head from
the missile after the latter has been rammed onto the
launcher,

10. A missile launching system comprising, in com-
bination, a three axis stabilized launcher mounted for
movement from a loading position to a plurality of
launching positions and vice versa, loading and launching
rails carried by said launcher; a loading mechanism in-
cluding a shuttle car, a supporting structure, supporting
rails secured to said supporting structure transversely
with respect to the longitudinal axis of the launcher
when the latter is in loading position, a plurality of rollers
carried by said shuttle car, said rollers cooperatively en-
gaging said supporting rails for facilitating movement of
the shuttle car along the supporting rails, a geared rack
carried by said shuttle car, a power driven pinion in driv-
ing engagement with said rack for effecting oscillatory
movement of the shuttle car transverse to said longitudi-
nal axis and along said supporting rails in response to ro-
tation of said pinion, missile carrying rails mounted upon
said shuttle car and in parallel relation to said longitudi-
nal axis, said missile carrying rails being longitudinally
alignable with said loading and launching rails of said
launcher when the launcher and shuttle car are in their
respective loading positions, a sliding rail section on each
of said missile carrying rails for receiving a poriion of
each missile carried by the shuttle car and preventing
vertical displacement of the missile relative to the shuttle
car while permitting longitudinal movement of the mis-
sile, and a plurality of stationary rammer guide rails rigid-
ly secured to said supporting structure and in individual
longitudinal alignment with corresponding ones of said
loading and launching rails of the launcher when the
latter is in loading position; and a ramming mechanism
operable to ram a missile from said shuttle car onto the
launching rails of the launcher when the shuttle car and
launcher are in the loading position.

11. A missile launching system carried by a vehicle
and comprising, in combination, a stabilized launcher
mounted for movement from a loading position to a
plurality of launching positions and vice versa, a plurality
of loading and launching rails carried by said launcher,
means for moving said launching rails in elevation, train,
and cross traverse to thereby maintain said launching
rails at a fixed attitude with respect to the horizon inde-
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pendent of roll, pitch, and yaw of the vehicle when said
rails have been moved to a launching position; an en-
closed loading mechanism including a shuttle car, a sup-
porting structure, shuttle car supporting rails secured to
said supporting structure transversely to the longitudinal
axis of the launcher when the latter is in the loading posi-
tion, missile carrying rails mounted upon said shuttle
car and parallel with said longitudinal axis, predeter-
mined ones of said missile carrying rails being simul-
taneously longitudinally alignable with said loading and
launching rails of said launcher when the launcher and
shuttle car are in their respective loading positions, means
on said missile carrying rails for releasably retaining a
portion of each missile carried by the shuttle car and pre-
venting vertical movement thereof relative to the shuttle
car while permitting longitudinal movement thereof, said
shuttle car being carried upon said supporting rails for
oscillatory movement transverse to said longitudinal axis
of the launcher, and means for effecting such movement
of said shutile car; and a ramming mechanism operable
to ram a missile from said shuttle car onto the launch-
ing rails of the launcher when the shuttle car and launch-
er are in the loading position.

12. A missile launching system comprising, in com-
bination, a three axis stabilized launcher mounted for
movement from a loading position to a plurality of
launching positions and vice versa, and loading and
launching rails carried by said launcher; a loading mecha-
nism including a shuttle car mounted for transverse mo-
tion relative to said launcher when the latter is in load-
ing position, missile carrying rails mounted upon said
shuttle car and longitudinally alignable with said loading
and launching rails of the launcher when the launcher and
the shutile car are in their respective loading positions; a
ramming mechanism for moving a missile from said
shuttie car onto said launching rails of the launcher when
said shuttle car and launcher are in loading position, said
ramming mechanism including a unidirectional chain
mounted in longitudinal alignment with said longitudinal
axis of the launcher, means drivingly connected to said
chain, a rammer head connected to one end of said chain,
a latch member pivotally carried by said rammer head, a
sear pivotally secured to said rammer head in engage-
ment with said latch member, spring loaded means for
urging said sear and latch member laterally outward, a
latch trigger in slidable engagement with said sear for
maintaining the sear and latch in a latched position
against the action of said spring loaded means, and co-
operating means on said sear and trigger for releasing
said sear in response to actuation of said trigger where-
upon said spring loaded means pivotally moves said sear
and latch member to an unlatched position to release a
portion of a missile held by said latch member when the
latter is in said latched position.

13. A missile launching system carried by a vehicle
and coraprising, in combination, a stabilized launcher
mounted for movement from a loading position to a
plurality of launching positions and vice versa, loading
and launching rails carried by said launcher, means for
moving said launching rails in elevation, train, and cross
traverse to thereby maintain said launching rails at a fixed
attitude with respect to the horizon independent of .roll,
pitch, and yaw of the vehicle when said rails have been
moved to a launching position; an enclosed loading
mechanism including a shuttle car, supporting rails dis-
pesed transversely to the longitudinal axis of the launcher
when the latter is in the loading position, missile carrying
rails mounted upon said shuttle car and parallel with said
longitudinal axis, said missile carrying rails being longi-
tudinally alignable with said loading and launching rails
of said launcher when the launcher and shuttle car are in
their respective loading positions, means for receiving a
portion of each missile carried by the shuttle car and
preventing vertical movement thereof relative to the
shuttle car while permitting relative longitudinal move-
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ment therebetween, said shuttle car being carried upon
said supporting rails for oscillatory movement trans-
verse to said longitudinal axis of the launcher, and means
for effecting such movement of said shuttle car; a ram-
ming mechanism operable to ram a missile from said
shuttle car onto said launching rails of the launcher
when said shuttle car and launcher are in loading position,
said ramming mechanism including a unidirectional chain
mounted in longitudinal alignment with said longitudinal
axis of the launcher, a power driven means drivingly con-
nected to said chain, a rammer head connected to one
end of said chain, a latch member movably carried by
said rammer head, a sear movably secured to said rammer
head in engagement with said latch member, spring
loaded means for urging said sear and latch member

laterally outward, a latch trigger in slidable engagement -

with said sear for maintaining the sear and latch in a
latched position against the action of said spring loaded
means, and cooperating means on said sear and frigger
for releasing said sear in response to actuation of said
trigger whereupon said spring loaded means moves said
sear and latch member to an unlatched position to re-
lease a portion of ‘a missile held by said latch member
when the latter is in said latched position.

14. A missile launching system carried by a vehicle
and comprising, in combination, a three axis stabilized
launcher mounted for movement from a loading position
to a plurality of launching positions and vice versa, a
plurality of loading and launching rails carried by said
launcher, means for moving said launching rails in ele-
vation, train, and cross traverse to thereby maintain said
launching rails at a fixed attitude with respect to the
horizon independent of roll, pitch, and yaw of the ve-
hicle when said rails have been moved to a launching
position; an enclosed loading mechanism including a
shuttle car, a shuttle car supporting structure, supporting
rails secured to said supporting structure transversely
to the longitudinal axis of the launcher when the latter
is in the loading position, missile carrying rails mounted
upon said shuttle car and parallel with said longitudinal
axis, said missile carrying rails being longitudinally
alignable with said loading and launching rails of said
launcher when the launcher and shuttle car are in their
respective loading positions, means for receiving a portion
of each missile carried by the shuttle car and preventing
vertical displacement of the missile relative to the shuttle
car while permitting longitudinal movement of the missile
upon the shuttle car, said shuttle car being carried upon
said supporting rails for oscillatory movement transverse
to said longitudinal axis of the launcher, and means for
effecting such movement of said shuttle car; and a ram-
ming mechanism operable to ram a missile from said
shuttle car onto said launching rails of the launcher
when the shuttle car and launcher are in their respective
loading positions, said ramming mechanism including a
unidirectional chain, means for driving said chain, a ram-
mer head connected to one end of said chain, and means
on said rammer head for positively coupling said chain
to the missile to be loaded for moving the missile from
said shuttle car onto said launcher and vice versa, said
rammer chain being mounted in longitudinal alignment
with said longitudinal axis of said launcher.
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