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56 Claims. (C. 89-1.7) 

This invention relates generally to an improved system 
for launching surface-to-air guided missiles against incom 
ing air targets approaching at supersonic velocity within 
pre-determined intercept parameters. More particularly, 
the invention relates to a missile launcher which includes 
launching apparatus, train and elevation power drives, a 
turret-type missile stowage magazine, loading mechanism 
and associated control and operating systems. 
Modern ships, such as destroyers, cruisers and aircraft 

carriers, are no longer able to defend themselves from at 
tacks by enemy launched guided missiles and piloted air 
craft solely by the use of anti-aircraft guns, because of the 
limited range of such guns. Guided missiles serve well as 
defensive weapons and such missiles are capable of seek 
ing and destroying attacking aircraft or missiles. How 
ever, some means must be provided for rapidly and ac 
curately launching these missiles. 
One important object of the invention, therefore, is to 

provide a launcher that can be trained in azimuth and 
elevation and which will include means for leading and 
firing guided missiles singly or in dual salvos. 
Another object of the invention is to provide a missile 

launcher which is so designed and constructed that it may 
be substituted as a "package” replacement for gun mounts 
aboard destroyers and other ships already in service. 
Another object of the invention resides in the provision 

of a missile launcher which will be able to withstand ex 
treme ship motion, shock, icing, saltwater spray and vibra 
tion incident to ship operation, rough sea conditions and 
high impact, the latter to an extent equivalent to or greater 
than that which a missile to be launched is able to with 
stand. 
As still another object, the invention provides a launcher 

that will be capable of loading, synchronizing with fire 
control computer orders and launching guided missiles at 
a continuous cyclic rate equal or equivalent to, say, the 
launching of a two-missile salvo every twenty seconds or 
less, and that will be capable of activation from a standby 
condition to full operating condition in not more than a 
minute after personnel man their stations. 

It is another object of the invention to provide a 
launcher that may be caused to operate automatically 
from electrical signals originating in remotely located 
control apparatus, or under manual control in such a man 
ner that each operating function can be separately initi 
lated, performed or terminated at controlled speed and in 
either normal or reverse direction and sequence without 
initiating the next sequential function until its initiation 
is desired by the operator, and with means for effecting 
rapid switchover from automatic to manual operation, or 
vice versa, at the option of the operator. 
Another object of the invention is to provide a missile 

launcer which incorporates unique mechanisms for mis 
sile hoisting, providing missile to launcher arm clear 
ances, and for selecting missiles from one or the other 
of concentric rows in the magazine. 
As another object the invention seeks to provide a mis 

sile launcher which incorporates meritorious features in 
cluding safety spanner rail and blast door designs. 

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

F.G. 1 is a side elevation of the present invention and 
showing one of the launcher arms with a missile thereon. 

FIG. 2 is a front elevation, on an enlarged scale, show 
ing the turret and the upper end portion of the missile 
stowage magazine, and with a portion of said magazine 
broken away and with certain elements shown in section, 
a missile being shown on one of the launcher arms. 
FIG. 3 is a plan view, also on an enlarged scale, of 

the launcher, the arrangement of missiles in concentric 
rows in the stowage magazine being shown in dotted lines. 

FIG. 4 is a vertical section on line 4-4 of FIG. 2, 
certain components being shown in elevation. 
FIG. 5 is a vertical section through the missile stowage 

Imagazine in the same plane as FIG. 4. 
FIG. 6 is a transverse section, on line 6-6 of FIG. 7, 

illustrating the missile selection indexing apparatus. 
FIG. 7 is a vertical section on line 7-7 of FIG. 6. 
FIG. 8 is a detail horizontal section through an index 

block, on line 8-8 of FIG. 7. 
FIG. 9 is a fragmentary transverse section on an en 

larged scale, on line 9-9 of FIG. 2, disclosing the air 
irangement of missile stowage rails within the stowage 
magazine, missiles being shown in position and on said 
rails. 

FIG. 10 is a vertical axial section through one-half 
(longitudinal dimension) of the telescopic tube structure 
which supports the missile launcher arms, the inner or 
launcher arm supporting tube being shown extended; and 
FIG. 10A is a view similar to FIG. 10 but showing the 
other half of the telescopic tube structure with the oppo 
site launcher arm supporting tube retracted. 

FIG. 11 is a detail vertical section on lines 1-11 
of FIGS. 10 and 10A, illustrating the position assumed 
by the centrally located hydraulic fluid distributing mani 
fold when the launcher arms are in missile loading posi 
tions. - 

FIG. 12 is a detail vertical section, through one of two 
secondary manifolds, on line 2-12 of FIG. 10. 

F.G. 13 is a section showing the general arrangement 
of various missile hoisting and launching components. 
within one of the launcher arms, with certain elements 
shown in section and with cover plates removed, a missile 
being shown in position for launching. 

FIG. 14 is a fragmentary view of the missile shown 
in F.G. 13. 

FIGS. 15 through 15D are fragmentary elevations, 
with certain elements in section, illustrating the com 
plete operational cycle of the forward launcher rail. 
FGS. 16 through 16D are fragmentary sectional views 

through the forward launcher rail shaft illustrating the 
position of the forward rail driving segments and stop, 
through a complete cycle of operation of the forward rail. 
FIGS. 16 through 16D correspond to FIGS. 15 through 
15D respectively. 
FIG. 17 is a section, on an enlarged scale, through 

the forward launcher rail, on line 7-7 of FIG. 15B. 
FIG. 18 is an exploded perspective illustrating the ar 

rangement of elements in one of the forward launcher 
rails. 

FIG. 19 is a vertical section through the chain hoist 
drive and gear box assembly, on the line 19-19 of FIG. 
21, with certain elements shown in elevation. 

FiG. 20 is a fragmentary elevation of the chain hoist 
drive and gear box, disclosing the arrangement of the 
loading and strike down limit switches, the elements be 
ing shown as they appear in a chain "up' position. 

FIG. 21 is a detail section, on the line 2-2 of FIG. 
19. 
F.G. 22 is an enlarged fragmentary section, on line 
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22-22 of FIG. 20, disclosing the arrangement of the 
loading limit switch. 
FIG. 23 is a vertical section on line 23-23 of FIG. 

19. 
FIG. 24 is a vertical section on an enlarged scale, on 

the line 24-24 of F.G. 13, and showing the hoist chain 
tensioning assembly. 

FIG. 25 is a detail section on the line 25-25 of FG. 
24. 

FIGS. 26 through 26C are four semi-schematic vertical 
sections through the missile stowage rails, illustrating the 
positions of the rammer head during the missile pick-up 
and hoisting cycie. 
FIGS. 27 through 27F constitute a series of seven 

views similar to those of FIG. 26 but illustrating the po 
sitions of the rammer head during the missile lowering, 
or stowage magazine loading cycle. 

FIG. 27G is an enlarged detail perspective of the ram 
Imer head. 

F.G. 27H is a detail section particularly showing the 
positions of the missile pick-up and lowering pins. 

FIG. 28 is a vertical section on the line 28-28 of FG. 
29, the electrical contactor and portions of the fin erector 
mechanism being shown in elevation. 

FiG. 29 is a front elevation of the electrical contactor 
and fin erector drive assembly, certain of the elements be 
ing shown in Section. 

FiG. 30 is a vertical section through the electrical con 
tactor and fin erector drive assembly, on the line 38–30 
of FIG. 29, with certain elements broken away and others 
shown in elevation. 
FIG. 31 is a vertical section on the line 31-33 of FG. 

30. 
FIG. 32 is a detail section showing portions of the 

electrical contactor, and the printed circuit switch mech 
anism, a portion of the shaft that carries the fin erectors 
and the sleeve that mounts said contactor also being 
shown. 
FiG. 33 is a fragmentary section, on line 33-33 of 

F.G. 32. 
FIG. 34 is a fragmentary horizontal section, on an en 

larged scale showing the arrangement of the hydraulic 
components for driving the Spanner rails and the blast 
doors. 

FIG. 35 is an elevation, partly in section and on an en 
larged scale, illustrating the relationship between one of 
the spanner rails, when erected, and a launcher arm and 
one of the stowage magazine rails. 

FIG. 36 is a fragmentary section similar to FIG. 35 
wherein, however, the spanner rail is shown in disengaged 
position. 

FIG. 37 is a detail plan view showing one end of the 
spanner rail, the lock pin being shown in cross-section. 

FIG. 38 is a vertical section showing the spanner rail 
actuator, on the line 38-38 of FIG. 39. 

F.G. 39 is a vertical section on the line 35-39 of FIG. 
38 and illustrating the manner of securing the stator of 
the spanner rail actuator to a stationary shaft and the 
rotor to the spanner rail. 
F.G. 40 is a vertical section somewhat similar to FIG. 

39, on the line 48-49 of FIG. 38. 
FIG. 41A is a detail section, on the line 41-4; of FIG. 

38, illustrating the rotor-stator relationship when the span 
ner rail is erect, and further illustrating the hydraulic port 
which is pressurized in order to erect the spanner rail. 

FIG. 41B is a view similar to FIG. 41A but showing 
the rotor-stator relationship when the spanner rail is in 
retracted position. 
FiG. 42 is a fragmentary section, generally similar to 

FIG. 41, on line 42-42 of FIG. 38, and showing a Sco 
ond hydraulic port which is pressurized when it is de 
sired to retract the spanner rail. 

FIG. 43 is a fragmentary horizontal section on an en 
larged scale, illustrating the actuating mechanisin for the 
blast doors which are shown in a nearly half-way open 
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4. 
position, the blast door cover plates having been re 
noved. 
FIG. 44 is a fragmentary section on a further enlarged 

scale, on the line 44-44 of FIG. 43, illustrating, in ele 
vation, a blast door “half-way stop” device which pre 
vents the blast doors from being fully opened when mis 
siles are to be removed from or placed in the outer ring 
of the stowage magazine. 

FIG. 45 is an axial section, on the line 45-45 of 
F.G. 5, through the synchro driving gear box and the 
rotary hydraulic joint that permits rotation of the deck and 
launcher arms with respect to the stowage magazine. 
FIGS. 46 through 46G constitute a sequence diagram 

illustrating the various steps of a complete missile loading 
and firing cycle for the present invention. FIGS. 46A, 
46C and 46E are plan views corresponding to 46, 46B 
and 46D respectively. 
Fig. 47 is a diagram showing the hydraulic circuits 

utilized for effecting operation of the various components 
of the launcher. 
FIGS. 48A through 48C are wiring diagrams showing 

electrical connections and components in the launcher 
arms and the turret. 

FIGS. 49A through 49C are wiring diagrams showing 
electrical connections and components in a typical con 
trol console. 

FIG. 50 is a block diagram showing the basic control 
elements in a typical console connected to their asso 
ciated elements in the launcher. 

FIG. 51 is a circuit schematic of one of the servo ampli 
fiers. 

FIG. 52 is a chart showing a possible missile launching 
cycle as a function of increments of time. 

F.G. 53 is a vertical sectional view showing a missile 
arming mechanism, the associated launcher arm compo 
nents being shown in elevation. 

FIG. 54 is a transverse sectional view of the arming 
mechanism. 

FIG. 55 is a detail bottom plan view particularly show 
ing the arming mechanism linkage and gearing; and 

FIG. 56 is a perspective, showing the arming mech 
anism linkage and how it cooperates with an arming 
switch on the missile. 

It is believed desirable, prior to proceeding with a de 
tailed description of the present invention, to provide a 
brief discussion thereof, mainly pointing out the princi 
pal components, their functions and the sequence of 
operations that take place during the strike-down of mis 
siles into the stowage magazine and during the loading 
and launching of said missiles from the launcher arms. 
It should be understood that although the following de 
Scription pertains to a launcher that was actually con 
structed, launchers to be manufactured in quantity will 
differ in certain structural respects but still incorporate 
the general principles described herein. 

Briefly, the invention comprises, as its basic compo 
nents, the aforementioned stowage magazine wherein mis 
siles are arranged nose-up in a pair of concentric rows, 
a rotatable cover or deck above the magazine, a pair of 
launcher arms mounted on the deck, and apparatus uti 
lizing the launcher arms and related mechanisms for ini 
tially stowing missiles in the magazine and then selectively 
withdrawing said missiles from said magazine, individual 
ly or in pairs, training them on a target in accordance 
With commands from an associated radar, and launching 
them toward said target. 
The improved launcher is designed to launch missiles 

against all incoming, outgoing and crossing targets which 
the missile is capable of intercepting. It will be relatively 
compact, that is, to the extent that shipment from the 
point of manufacture to the shipboard installation site 
may be facilitated. 
The launcher and its associated loading equipment 

operates under automatic control from electrical signals 
originating remotely in a weapons control system. The 
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loading and launching functions, including the position 
ing of the launcher arms for loading, the magazine cover 
door opening, the extension of the spanner rails, the 
positioning of the missiles, the completion of missile to 
launcher electrical connections, the extension of the mis 
sile fins, the arming of the igniters for the missiles, the 
retraction of the spanner rails, the closing of the maga 
Zine blast doors, the synchronization of the launcher 
With fire control computer orders, and finally the actual 
missile launching, are automatically sequenced in such 
a manner that all of said operations will be performed 
in response to a final order from a remote control point, 
Such as a console located below decks on shipboard. 
However, the launcher is so designed that all of the 
above-named functions may be performed under manual 
control in Such a manner that each function can be sepa 
rately initiated, performed, or terminated, in either nor 
mal or reverse direction and sequence, as desired by 
operating personnel. 

In FIG. 1 the improved launcher is shown in its 
complete form (apart from a control console) with a 
missile loaded on one of the launcher arms. For pur 
poses of clarity it is deemed advisable to describe the 
individual basic components, more or less in their en 
tirety, one by one, followed by a description of how 
the said components are inter-related and how they 
cooperate to perform the aforementioned missile strike 
down, loading, training and launching functions. 
Accordingly, the description immediately following re 
lates to the stowage magazine, the rotatable deck, the 
drive mechanism for said deck and the indexing mech 
anism for positioning the launcher arms above selected 
missiles to be loaded. 
The detailed description of the hydraulic and elec 

trical systems will be set forth following that of the 
basic component assemblies and as a part of the dis 
cussion of the operation of the invention as a whole. 
The stowage magazine is indicated generally at A. It 

is of circular contour and is mounted on a base 40, 
consisting of I-beams 1 and feet 12. Obviously, any 
suitable mounting for the magazine may be employed. 
The magazine includes a side wall 13 and an inner wall 
54, the latter being mounted concentrically within the 
side wall 3 in spaced relation thereto for defining an 
annular outer missile compartment 15. An inner casing 
6, of cylindrical contour, has a side wall 7 which is 
Spaced from the inner wall 4 for defining an annular 
inner missile compartment 18. As best seen in FIG. 5, 
the walls 13 terminate at their lower ends in radial 
flanges which are fitted in a base ring 19, the upper end 
of the wall 14 terminating short of the upper end of 
the magazine. The lower end of the inner casing E6 is 
supported on a shoulder 20 on the base ring 59. 

in FIG. 5, the stowage magazine A is shown with 
missiles loaded therein. By referring to this view and 
to FIGS. 2, 3, and 9, the structure for supporting the 
missiles in the compartments 15 and 18 will be seen. 
AS stated hereinbefore, the missiles are arranged in cir 
cular rows. To effect this arrangement as to the missiles 
in the outer compartment 15, spaced generally T-shaped 
brackets 2 are secured to the inner wall A4 near its 
upper end, and these brackets support the corresponding 
upper ends of guide rails 22, the lower ends of said rails 
being secured to the base ring 19 by brackets 23. 
The rails 22 are formed with longitudinally extend 

ing channels 24 which, as seen in FIG. 9, are oriented to 
confront the missile side walls. The channel of each 
rail has a medially disposed longitudinally extending 
guide trough 24a therein. Closing the channels 24, to 
define guides, are pairs of companion plates 25 and 25a 
and 26 and 26a which define relatively wide and narrow 
longitudinal slots 27 and 27a respectively. The rails 
22 and the plates 25, 25a, 26 and 26a are adapted to 
receive launcher shoes, to be described hereinafter, which 
are fitted on the missiles and slidably connect said 
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missiles with the guide rails. The missiles are shown 
generally at B and include foldable tail fins C. Since 
the missiles themselves form no part of the present 
invention, it is believed that further description of them, 
other than that which relates to the launcher shoes there 
on, is believed to be unnecessary. The missiles shown 
are of the self-contained rocket type, requiring no booster 
rockets for initial flight operations. 

In FIGS. 3 and 9 the positioning of the missiles in the 
compartments 5 and 18 is shown, the missiles having 
been numbered for convenience in the description. The 
missiles in each compartment are equally spaced and are 
arranged so that each missile in a given compartment will 
lie diametrically opposite another missile in the same 
COInpartment. 
The top of the magazine A is closed by a rotatable 

cover or deck 28 which is driven by a hydraulic motor 29 
through a gear train 30. As best seen in FIG. 5, the deck 
28 has a flat upper surface and, on its under side, a hub 
31, a reinforcing web 32 and a rim flange 33, the latter 
overhanging the upper rim of the side wall 13 of the 
magazine. The deck 28 is rotatably mounted on the 
inner casing E6 by structure which includes a bearing ring 
34 fitted in the top wall of said casing 16, a bearing in 
cluding balls and bearing elements 35 and 36, a driving 
ring 37 which carries the planetary gear 38 driven by 
a pinion 39 of the gear train 30, an indexing ring 40 
(to be described in more detail hereinafter) and the lower 
end of the aforementioned hub 3. Suitable seals for 
the bearing are shown at 41 and 42. It will be under 
stood that operation of the hydraulic motor 29 will re 
sult in rotation of the deck 28 above the magazine A. 
As best seen in FIG. 3, the wall of the deck 28 is formed 
with a pair of diametrically opposed rectangular openings 
43. The openings 43 are located near the rim flange 33 
and are of sufficient length and width to permit free pas 
sage of a missile into or out of either the outer compart 
ment 15 or the inner compartment 18 of the magazine A. 

Reference is again made to FIG. 5 of the drawings, 
wherein it will be seen that the inner casing 16 has de 
pending axially therein a frame 44 which includes side 
members 45 and a bottom plate 46. The frame pro 
vides a support for a train synchro housing 47 and for 
a rotary hydraulic joint 48 which receives a central 
column 49, the latter carrying hydraulic fluid pressure and 
return lines 50 and 51. The frame 44 also provides 
guidance and support for hydraulic fluid pressure lines 52 
and 53 for the indexing mechanism, to be described 
hereinafter. Main hydraulic fluid pressure and return 
lines 54 and 55 are connected to the joint 48 and to the 
lines 52 and 53 through suitable couplings, one of which 
is shown at 54. 
The details of the structure of the hydraulic joint 48 

are shown in FIG. 45. The lower end of the central 
column is screwed into a cap 55' which is apertured to 
receive the lower ends of the fluid pressure and return 
lines 50 and 52. The cap 55' is flared and provided 
with a flange which fits about the reduced upper end of 
a body 56, said body having a nipple 57 extending into 
the cap and receiving the lower end portion of the line 
5. The lower end of the nipple 57 communicates with a 
chamber 58 which, in turn, communicates with a tube 
58' having an axial bore 59, said bore communicating 
with a similar bore 60 in a hub 61 which is positioned 
within a core 6A" which is, in turn, mounted within a 
sleeve 62 mounted in a recess 63 in the body 56. A 
retainer cap 64 secures the sleeve 62 in place in the body 
and an O ring 65 provides an effective seal. Communi 
cation with the line 5 is effected through an annular 
passage 66 between the core and the hub 61, the upper 
end of the recess 63, a passage 67 and a chamber 68 at 
the upper end of said body 56. 
The core 61", it will be seen, is threaded at its upper 

end to receive a bearing retaining ring 69. At its lower 
end the core is enlarged to define a mounting ring 70 
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which also serves as a lower bearing retainer. Upper and 
lower bearings 7 and 72 rotatably couple the core 61 
with the sleeve 62 and thus with the body S6, the cap 55 
and the central column 49. The hub 6: receives the 
lower end of the tube 58, and has its lower end fixed to 
the upper surface of a distribution block, to be described 
hereinafter. Annular packings 73 and 74 provide effective 
seals. 
The train syncho housing 47 carries synchros 75, 75 

and 77 which are driven by a shaft 78 and appropriate 
gearing 79. The shaft 73 extends upwardly through a 
distribution block 36 and through the hub 61, being 
pinned at its upper end to the body 56, so that rotation 
of the central column 49 will be imparted to said shaft 
for operating the Synchros. A bearing 8; and packing 
82 are provided in the lower end of the biock 83 for 
journaling the shaft 78. The upper end of the distribu 
tion block 80 is formed with a central bore 33, which 
communicates with the bore 60, and an outer bore 34, 
which communicates with the passage 65. 

Hydraulic fluid under pressure is supplied to the inner 
bore 83 from the line 54 through a nipple 85. From the 
bore 83 hydraulic fluid is forced upward through the 
bores 68 and 59 and the chamber 53 into the line 53. 
Return fluid from the line 51 passes through the chamber 
6S, the passage 67, the recess 53, the annular passage 56 
and the outer bore 34 to the return line S5. 
A more complete description of the operation of the 

hydraulic System will be provided, in the description of 
the operation of the complete launcher. 
The deck 28 carries an axially positioned turret wiich, 

in turn, mounts the launcher arms. The turret is best 
seen in FGS. 1, 2, 3 and 43 and is shown generally at 
87. The turret 87 is generally rectangular in cross 
section at its base and, as seen, partially in outline, in 
FIG. 1, the upper portion of said turret is inclined for 
Wardly and, as shown in FIGS. 2 and 3, carries a tubular 
housing 88. The housing 83 supports mounting tubes 
39 for launcher arms 91 and $2. The mounting tubes 
and launcher arms each contain structure that must be 
described in detail, and this descriptive material will 
appear hereinafter. 
On the upper surface of the deck 23 at each side of 

the turret 87 are blast door housings 93 and 94. The 
housings 93 and 94 are rectangular in cross-section and 
extend radially, on the same diameter, and have formed 
in their top walls, near their outer ends, rectangular open 
ings 95 which register with the openings 43 in the deck 
28. The openings 95 are of sufficient size to permit free 
passage of missiles B into and out of the magazine A, 
and are normally closed by blast docrS 36 and S7 (FigS. 
3 and 43) which are slidably mounted on the under side 
of the housings 93 and 94 in guides 98. The doors SS 
and 97 are moved, either individually or in unison, by 
hydraulically actuated pistons 99 and E63 working, re 
spectively, in cylinders (1 and 62. Hydraulic fillid 
flow to the cylinders is controlled by valves, as will be 
described hereinafter. The doors 96 and 97 are So con 
trolled that they may be moved, either in Liaison or indi 
vidually, to expose missiles (or a single missile) in the 
outer missile compartment 13. More specifically, each 
of the doors may be opened half-way, for expcsing a 
missile in the outer compartment, or fully for exposing 
a missile in the inner compartment. The rods of the pis 
tons 99 and G8 have their free ends Secured to yokes, 
one of which is shown at £63 in FiG. 44, and the cylin 
ders 102 and 162 are secured to the deck 23 by blocks 
G4. Solenoids 105 and 63 are provided with stop bars 

166a (FIG. 44). The stop bars are movable by Said 
solenoids to engage the inboard edges of the doors 55 and 
97 for limiting movement thereof to half-open positions 
when it is desired to remove missiles from the Guter con 
partment only. 
The blast door housings also enclose spanner rail 

mechanisms which are mounted on the deck 23 and are 
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movable from horizontal positions beneath said deck to 
vertical positions extending between the launcher arms 
and the missile supporting rails in the magazine. For 
a detailed showing of the spanner rail mechanisms, atten 
tion is directed to FIG. 2 and to FiGS. 34 through 43. 
The spanner rail mechanisms are four in number, two 
being provided for each opening 43 in the deck 28, and 
are shown at 137, 18, 69 and E6. The spanner rail 
mechanisms are of identical construction so that a de 
scripticn of one will suffice for all of them. Referring 
to FIG. 38, it will be seen that the spanner rail mecha 
nism EC7 includes a frame E which is generally U-shape 
in contour and is secured in one of the openings 43 in the 
deck 28. The bight i2 of the frame defines a bridge 
block having grooves i3 (FIG. 39) in its side walls, and 
an inclined top wall E4. The upper end porticn of the 
frame ii is provided with a laterally extending yoke 
i5 the arms of which are relatively thick and are aper 

tured to receive the end portions of the hub ió of the 
stator 57 of a rotary actuator 13. The hub Sió is 
secured against rotation in the frame by a setscrew 
As and is formed with axial bores E2 and 2; which are 

closed at their respective outer ends by screw plugs 122 
and 23, said bores terminating at their corresponding 
inner ends in a barrier 24. Fluid communication with 
the bores 12 and 2i is effected by orifices 25 and 125a 
and passages E26 and 126a which communicate with 
pressure and return line nipples i27 and 28. As best 
seen in FIGS. 39 and 40, the stator E7 is arcuate in sec 
tion and constitutes a segment of a circle. It is rigidly 
secured to the hub 116 by pins E29 and 29a and is posi 
tioned in a cylinder 23, communication between the bores 
429 and 125 and said cylinder 532 being effected by 
orifices 13; and 132. The cylinder 30 (see FIG. 38) 
is closed at its opposite ends by bushings 133, 34 having 
at their inner ends W-shaped grooves to receive W-shaped 
end walls of the stator 37 and of the rotor shortly to be 
described. The bushings 33 and 34 surround the hub 
fió and are held in place by plugs 135 and 36 which 
are screwed into the ends of the cylinder 36. 
The cylinder 13) is formed transversely in a rail mount 

ing block 38 which carries the spanner rail element 39. 
A rotor 40 is secured by pins 44; and 45a in the cylin 
der 39 to cooperate with the stator i7. 

In FIG. 35 the spanner rail mechanism 87 is shown 
with the spanner rail element 39 erect; in FIG. 36 it is 
shown with said rail element retracted. As best seen in 
FIG. 39, the side walls of the spanner rail are provided 
with grooves i42 that match and align with the grooves 
A 3 in the bight 22 of the frame i:1 when the spanner 
rail is in erect position. The grooves 42, when the span 
ner rail is erect, also align with grooves in this missile rails 
on the launcher arm and with the guide rails 22 in the 
magazine A. 
The spanner rail element 139 carries at its upper end 

an aligning block 43 which is formed with an opening 
244 to receive the free end of a locking rod carried on the 
associated launcher arm. The locking rod is projected, 
by mechanism to be described hereinafter, when the span 
ner Tail element has reached full erect position. 

it will now be understood that when the spanner rails 
67 through E) have been actuated, missiles may be 
moved, either singly or in pairs, from the magazine A 
to the launcher arms. It should also be understood, how 
ever, that operation of the spanner rails cannot be effected 
until the launcher arms 9 and 92 have been elevated to 
the missile loading (or stowing) positions and until the 

23 has been oriented properly with respect to mis 
siles in the magazine A (or to compartments in said 
magazine that are to have missiles stowed therein). 
Orientation of the deck 28, with the launcher arms 9, and 
92, the blast doors 96 and 97 and the spanner rails i€7 
SiC (and associated mechanisms) thereon, is effected by 
the operation of indexing mechanism now to be described. 
The indexing mechanism is best seen in FGS. 2, 3, 5, 6, 

a-- de wa. 
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7, and 8 of the drawings, FIGS. 6 and 7 being the most 
detailed. The indexing ring 40 which, as previously men 
tioned, forms a part of the rotatable mounting for the 
deck 28, consists of upper and lower flanges which define 
an annular yoke 146. Mounted for rotation in the yoke 
146 is a semi-circular series of relatively small, spaced 
indexing rollers 47. As best seen in FIGS. 6 and 7, 
the rollers 547 are eleven in number and are arranged for 
engagement by an outer indexing plunger 48. More 
specifically, the indexing plunger 48 is movable, by 
apparatus to be described presently, to engage between a 
given pair of the rollers 147 following partial rotation of 
the deck 28, for latching said deck, with the launcher 
arms 9 and 92 and the blast doors 96 and 97 and cor 
responding spanner rails, above a given pair of diam 
etrically opposed missiles in the outer missile compart 
ment 15. An inner indexing plunger 149, located dia 
metrically opposite the plunger 148, is similarly movable 
to engage between relatively large indexing rollers 150 
which are arranged in a semi-circular series in the yoke 
146 opposite the rollers 147 and on the same horizontal 
plane therewith. 
The plungers 148 and 49 of the indexing mechanism 

are mounted, respectively, in outer and inner index blocks 
51 and 52, and are operated by pistons 53 working in 

hydraulic cylinders 54. To guide the plungers 48 and 
149 pairs of rollers 55 are employed (FIG. 6). For 
convenience the plungers are mounted in sleeves, one of 
which is shown at 156, and said sleeves are anchored in 
place by a plurality of staking pins 57. Hydraulic con 
nections are made to the index blocks i5 and 152, and 
said blocks each are bored and provided with valves 158 
which are operated by actuating rods 159 on the plungers 
43 and 49. A more detailed discussion of the opera 

tion of the plungers 148 and 149 and the valves 158 will 
be contained in the description of the hydraulic system, 
shown in FIG. 47. Electrical switches (60 and 61, 
mounted respectively at the inner and outer ends of slots 
162 in the index blocks 5; and 52, are connected in 
circuits with suitable indicators, such as colored lamps, 
on a remotely located control console. The Switches are 
actuated by the actuating rods 159 for showing the posi 
tions of the indexing plungers 148 and 149, i.e., engaged 
or disengaged. 
The mechanism for elevating the launcher arms and 

laterally positioning said arms above the magazine will 
now be described. This mechanism is shown in FIGS. 
3, 4, 10, 11, 12 and 47. Referring first to FIG. 4, it will 
be seen that the upper end of the column 49 terminates 
within the turret 87 above the deck 28. The hydraulic fluid 
lines 5 and 5 carried in the column 49 are, as shown 
in FEG, 47, connected to distribution manifolds within the 
turret, one of said manifolds being shown at 163 in FEG. 
4. From the manifold 63 fluid lines are led to and from 
an elevation cylinder 64 in the turret, said cylinder be 
ing pivoted at its lower end and having a piston rod 165 
which is pivotally connected at its upper end to a lever 
66 mounted on an elevation tube 67. As best seen in 
FIGS. 10 and 10A, the elevation tube 167 includes end 
sections 68 and 69 which define the inner elements of 
pairs of telescopinig tubes, and that have corresponding 
inner end flanges 170 and 171, respectively, which are 
bolted to mating end flanges on the said elevation tube. 
At their corresponding outer ends the sections 68 and 
69 are provided with connecting flanges 372 and 73. 
For mounting the elevation tube 67 for rocking move 
ment in the tubular housing 88 of the turret 37 bearings 
574 and 75 are employed. The bearings are mounted 
in the end walls of the turret and surround the end sec 
tions 168 and 169. The bearings are held in place by 
threaded nuts 76 and 177. In the structure shown in 
FIGS. 10 and 10A the bearings and nuts would be of the 
split variety, to permit installation. Fitted in each of 
the connecting flanges 172, 173 is a locking pin 178. 
The launcher arm mounting tubes 89, 90 include tube 
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elements 579 and 180 which are mounted for telescoping 
movement within the sections 168 and i69, respectively, 
and which define the outer of the aforementioned tele 
scoping tubes. The tube elements are spaced from the 
sections 168, 69 by bushings 181, and are keyed against 
relative rotation by pins 82. The tube elements 79 and 
180 are also limited against rotation with respect to the 
elevation tube 167 and its end sections 168 and 169 by 
keys 83 and 184 on the corresponding inner ends of Said 
elements, said keys slidably engaging in a keyWay 185 
(FIG. 11) secured to the iner surface of said elevation 
tube 67. At their outer ends the tube elements 79 and 
188 are provided with coupling flanges 186 and 187 which 
are bolted or otherwise firmly Secured to coupling rings 
188 and 89 that are secured to the inner walls 190 and 
191 of the launcher arms 95 and 92. Formed in each of 
the flanges 136, 187 is an opening i9ia for engagement 
by each of the locking pins 78. It will now be under 
stood that rocking movement imparted to the mounting 
tubes 89,90, by operation of the piston rod 165 working 
in the elevation cylinder 164, will cause the launcher 
arms 91, 92 to rock about the axes of Said tubes. More 
specifically, when hydraulic fluid is supplied to the lower 
end of the cylinder 564, the piston therein will be moved 
upwardly and this movement will be transmitted by the 
piston rod 165 to the lever 166, the elevation tube i67, 
the end sections 168, 169, and the tube elements 79, 188 
to the arms 93, 92 for rocking said arms to vertical posi 
tions, as shown in FIG. 4. When in vertical positions, 
and properly oriented with respect to the blast doors 96, 
97 in the deck 28, the arms may receive from (or stow 
into) said magazines the missiles B. 
For positioning the arms 91, 92 above either the Outer 

missile compartment 15 or the inner missile compartment 
18, the mounting tubes 89, 99 are moved outwardly or 
inwardly. In more detail, and referring to FIGS. 10, 
10A, 11 and 12 of the drawings, telescoping movement of 
the elements 79, 180 is effected by the action of hy 
draulic fluid under pressure working against pistons 192 
and 193 working, respectively, in cylinders i94 and 195 
which have their inner ends secured in a central manifold 
596 mounted in the elevation tube 167 (FEG. 11). The 
pistons 292 and 193 are mounted on hollow piston rods 
197 and 193 that extend outwardly and into the launcher 
arms 91 and 92, ports 99 and 200 being provided near 
the ends of each of said rods. Cap nuts 201 and 202, 
with suitable packings, close the outer ends of the cylin 
ders 194, 195 and provide guides for the piston rods. 
The piston rods 97, 198 are connected to the mounting 
tubes 39, 90 by plugs 283, 204, connecting rings 205, 266, 
distribution blocks 26:7, 208, and snap rings 269, 20. 
The cylinders 94, 95 pass through secondary mani 

folds 23, 22 which also receive therethrough fluid re 
turn tubes 2A3, 24, to be described presently. The sec 
ondary manifolds also receive fluid pressure through in 
let pipes 215, 216 which are connected at their corre 
sponding inner ends to the central manifold 96. As 
best seen in FIGS. 4 and 11, flexible fluid pressure and 
return lines 2A6a and 2.16b are connected between the 
central manifold 196 and the pressure and return lines 
50 and 52 in the central column 49, suitable bores 2.86c 
being provided in said manifold 196. Referring again to 
FIG. 12, it will be seen that the secondary manifolds, 
the cylinders 94, 95, and the piston rods 197, 198 are 
so ported that hydraulic fluid under pressure will be per 
mitted to flow from the inlet pipes 215, 216 to said cyl 
inders and outwardly through said piston rods to the 
launcher arms 91, 92 for distribution therein. 
The fluid return tubes 213, 2.4 are of such inside diam 

eter that they will slidably receive fluid return pipes 2:7, 
218 from the launcher arms, the slidable connection be 
tween tubes 213, 214 and the pipes 217, 218 being ef 
fected by cap nuts 29, 220 which are similar to the nuts 
26, 202. The outer ends of the pipes 217, 218 are se 
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cured in the plugs 233,264 and distribution blocks 207, 
263 in the same manner as are the hollow piston rods 
197, 53 and are provided with bores for communication 
with said blockS. 

Coiled loosely about the cylinders, tubes and pipes 
within the elevation tube 1.67 and the mounting tubes 89, 
93 are helical springs 221 and 222. The springs extend 
between opposite sides of the central manifold 196 and 
the plugs 233 and 294, retainer rings 223 and 224 secur 
ing the outer ends of said springs to said plugs. Similar 
retainer rings 225 secure the inner ends of said springs to 
the central manifold 196. The sole function of the springs 
221, 222 is to lead electric conductor cables 223, 227 
from the area of the central manifoid to the interior of the 
launcher arms 91, 92 in such a way that kinking of the 
cables and interference with the operation of the com 
ponents within the tubes 89, 90 by said cables will be 
prevented. 
The mounting tubes S9, 90 are moved outwardly and 

inwardly in unison and in telescoping fashion by the 
action of hydraulic fluid under pressure working against 
the pistons 92, 193. That is, the mounting tubes 89, 98 
are normally maintained in their innermost positions 
by fluid under pressure which is constantly applied against 
the relatively small annular surface areas of the inner 
faces of the pistons 192, 593. When it is desired to shift 
the tubes 89, 98 outwardly for locating the launcher arms 
9, 92 at diametrically opposite points above the outer 
missile compartment g5, fluid is directed to act against 
the outer faces of the pistons. More specifically, although 
the fiuid pressure applied to the outer faces of the pistons 
is of the same value as that applied to the inner annular 
faces thereof, the greater surface areas contacted by the 
fluid acting against the outer surfaces will result in the 
action of said fluid overcoming the pressure applied to 
the relatively small area inner piston faces, when the 
mounting tubes 89, 99 will move outwardly. 
The launcher arms 91, 92 are of identical construction 

so that a description of one will suffice for both. In 
describing the launcher arm 92 reference is made to the 
following figures of the drawings: 13, 14, 15 through 
15D, 16 through 16D, and 17 through 25. 
The launcher arm 92 includes a sheet metal housing 

223 having an inclined forward wall 229, an upwardly 
sloping bottom wall 238, a rear wall 23i, inboard side 
wall 19A, and a corresponding outboard side wall 193a. 
Within the arm 92 partitions 232 and 233 define a for 
ward compartment 234, a central compartment 235 and 
an upper compartment 236. In the upper compartment 
are located electrically operated hydraulic control valves 
237 through 242 which, in response to electrical signals, 
function to direct hydraulic fluid under pressure to the 
several cylinders in the compartinents 234 and 235 for 
actuating components in said compartment, that will 
presently be described. As best seen in FIG. 13, the 
partition 233 defines a manifold for distributing fluid 
to the valves 237-242, said manifold being connected to 
the rod 97 and return pipe 227 by pipes 235a and 235b 
and suitable couplings. 
The launcher arm 92 mounts, near its forward end, 

the launcher forward rail assembly which is shown gen 
erally at 243. The launcher forward rail assembly in 
cludes a yoke 244 which straddles the forward end of 
the housing 223 and is mounted on a shaft 245 that ex 
tends transversely of the forward compartment 234 and 
is journaled in bearings 246 in the side walls 9; and 
29a. As best seen in FEGS. 17 and 18, the shaft 245 
has mounted thereon or associated therewith the follow 
ing elements: return levers 247 and 243, an actuator 
fork 249 having a rack 253 mounted to extend laterally 
from beneath its lower tine, a pinion 251, a bushing 
252 to which the pinion is pinned and which has a lat 
erally projecting segment 233, and an actuating sleeve 
254 which has a radially projecting stop it!g 255 and a 
segment 255a thereon. The return levers 247, 243 are 
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pinned to the shaft 2:35 and are positioned adjacent the 
bearings 245. The actuator fork 243 straddles the shaft 
2485 and is movable to a limited extent with respect to 
said sihaft. 'i he pinion 25i and bushing 232 are rotat 
abie freely about the shaft. The actuating sleeve 254 
is pined to the shaft 245. 
As seen in FIG. 13, the actuator fork 249 is fitted on 

the free end of a piston rod 256 which carries at its op 
posite end a piston 257 working in a cylinder 253 mounted 
on a Support 2.59 in the upper end portion of the for 
ward coinagartment 234. The cylinder 253 is opera 
tively coinected with the valve 237 by suitable bores 
258. The return levers 247, 243 are suitably notched 
to receive the corresponding lower ends of heavy spiral 
springs, one of which is shown at 262, the opposite ends 
of said springs being anchored to the support 239 (as 
shown in dotted lines). 
The launcher forward rail assembly 243, including 

the yoke 244, is fitted to the ends of the shaft 245 to 
rock therewith and to swing about the for 'ward end of 
the laincher arm S2. More specifically, and as shown 
in F.G. 13 and in the FIG. 15 series (FEGS. 15, 15A, 
etc.), movement of the actuator fork 249 by the piston 
rod 253 will in part partial rotation to the shaft 245 
for Swinging the assembly 243 from the position slown 
in broken lines in F.G. 13 to the position shown in full 
lines in Said figure. As shown in the FIG. 16 series, 
learward noverinent of the return levers 247, 243 is lim 
ited by engagement of the stop lug 255 with a cushioned 
buin;per 233b mounted on the waii. 230 within the for 
Ward compartment 234. 
The ancher forward rail assembly 243, as shown 

in the above-mentioned figures and also in FIG. 17, in 
cludes a rail element 262 which is secured to the outer 
face of the bight of the yoke 244 medially of its width, 
and is provided with side walls 263 formed with opposed 
slots, or tracks, 264. Extending between the walls 253 
inwardly of the tracks 264 is a stub shaft 265 on which 
are fixed a latch member 265 and an actuating lever 
267. The actuating lever 267 is constituted by a shoe 
265 and a dog 269, the shoe lying between the side walls 
263 and the dog projecting below the rail element 262. 
The actuating lever 257 extends rearwardly through the 
bight of the yoke 244 and has a roller 270 at its inner 
end for engagement in a depression 271 in the front face 
of a latch plate 272 secured to the forward end of the 
bottom wall 236 of the housing 223. A microswitch 
273 is mounted in the housing 223 behind the plate 272 
and has a plunger 274 that extends through the wall 
230 and the plate 272 into the depression 27g therein. 
A spiral Spring 274a normally urges the lever 267 away 
from the plate 272. 
The numeral 275 indicates generally the center rail 

which cooperates with the forward rail element 262 and 
with an aft rail element 276, the latter being fixed to the 
housing 228 aft of and at a slight angle with respect to 
the bottom wall 230. At its rear end the center rail is 
hinged to the aft rail element by a pin 277. The center 
rail 275 is best seen in FIGS. 2 and 13 of the drawings 
and when in operative position cooperates with the for 
Ward rail element 262 and the aft rail 276 to receive a 
missile and Support it in a position ready for launching. 
More specifically, the center rail moves from an inop 
erative position against the bottom wall 230 of the hois 
ing 228, as shown fragmentarily in FIGS. 15, 15A, 15C, 
and 15D, to operative position in alignment with the 
forward rail element 262 and aft rail 276, as shown in 
FIGS. 2, 13, and (fragmentarily) 15B. The aft, or 
lower, end of the center rail 275 is stepped to mate with 
the recessed forward, or upper, end of the aft rail 276, 
and is formed with a slot 278 to receive a rectangular 
extension 279 on said aft rail. As best seen in FIG. 2, 
the extension 279 and the aft rail 276 are formed with a 
continuous longitudinal guide slot 239, which is in align 
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ment with the groove 113 in the spanner rail 107 when 
the spanner rail is in operative position. 
To move the center rail 275 into and out of operative 

position a hydraulic jack is employed. The hydraulic 
jack includes a cylinder 28 (FIG. 13) which is mounted 
on the bottom wall 230 of the housing 228. Fluid is 
introduced to the cylinder by pipes 282 which are con 
nected to the source of fluid under pressure and to the 
return line through the electrically controlled valve 239. 
The hydraulic jack includes a piston rod 283 which has 
a slotted fitting 284 on its free end, the slot in said fitting 
receiving a pin 285 in a recess 286 in the rear wall of 
the rail. To control a remotely located electrically op 
erated indicator a switch 287 is used, said switch being 
mounted on the wall 230 and being operated by a rod 
288 connected with the rail 275. 
At its forward end the center rail 275 is provided with 

a recess 289 which receives the end of the dog 269 when 
said center rail is in operative position. As shown in 
FIG. 15B, when a missile is in place on the launcher the 
actuating lever 267 will be engaged in the depression 27 
with the result that the launcher forward rail assembly 
will be held down, i.e., in operative position. Launching 
of the missile will free the shoe 268, when the spring 274a 
will move the lever 267 out of the depression 271 and 
permit the springs 261 to raise the forward rail to the 
inoperative position shown in FGS. 15 and 15D. The 
center rail 275 will also be retracted. 
The mechanism for stowing missiles in the magazine 

A and for elevating said missiles and placing them on 
the launcher arms will now be described Since identical 
stowing and elevating mechanisms are used in both of the 
launcher arms, a description of one such mechanism will 
suffice for both. The stowing and elevating mechanism 
is best seen in FIGS. 13, 19 and 20 through 25 of the 
drawings. 

Referring first to FIGS. 13 and 19, the stowing and 
elevating mechanism comprises a drive unit, which is 
shown generally at 290, and a chain reel 291. The drive 
unit and chain reel are carried in the central compart 
ment 235, the drive unit being secured to the bottom 
Wall 230. The chain reel is also mounted in the central 
compartment, but aft of the drive unit 290. 
The drive unit 290 is best seen in FIGS. 13, 19, 21, and 

23, and include a frame 292 on which is mounted a cylin 
der 293 which carries a piston 294 and piston rod 295. 
Opposite ends of the cylinder 293 are connected with 
the valve 233 by tubes 296, for conducting hydraulic fluid 
under pressure to and from said cylinder. At its free 
end the piston rod 295 is threaded to receive a coupling 
element 297 having a slot 298 and a recessed front face 
299. The element 297 is pivotally connected to an in 
ternal driving gear 300 by a pin 301, said gear having 
a wall 302 with a yoke 363 mounted thereon and arcuate 
slots 304 formed therein. Pinions 305, 306, and 307 
each have a stub shaft 308 with one end journaled in 
the frame 292 (FIG. 21) and the other end in a center 
plate of said frame. The pinions 305, 306 and 307 mesh 
with a driven gear 309 which is mounted on the same 
axis as the internal gear 300, said gear 300, the pinions 
305, 306, and 307, and the driven gear 309 constituting 
an epicyclic gear train. 
The driven gear 309 is keyed to a shaft 310 that is 

journaled in bearings 31, 312, and 313 the bearings 
3ii and 313 being relatively small and being mounted 
in opposite walls of the frame 292, and the bearing 352 
being relatively large and being mounted within a hub 
314 in the wall 302 of the gear 360. Also keyed to 
the shaft 3:0 is a relatively large gear 3.15. The gear 
315 is located adjacent a wall of the frame 292, which 
wall is designated 326 for convenience. Partially sur 
rounding the gear 35 is a housing 387, of sheet metal. 
Formed in the housing 37 near the top of the rim 

thereof is an arcuate slot 318, and mounted on the hous 
ing adjacent the slot is a switch 359 having a plunger 320 
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4. 
and an actuating element 321. As best seen in FIG. 22, 
the element 321 includes an arm. 322 extending through 
the slot 318, and a curved shoe 323 on the end of said 
arm. The shoe is engageable by a stud 324 on the gear 
35 for depressing the arm 322 and actuating the plunger 
320 for operating the switch 319. Also mounted on 
the face of the housing is a bracket plate 326 which car 
ries a microswitch 327 that confronts the end of the 
slot 3i8 and has a plunger engageable by a switch arm 
328. The switch arm 328 includes a projection 329 ex 
tending through the slot 38 for contact by the stud 324, 
and a spring-pressed actuating screw 339 for contact with 
the plunger of the switch 327. The switch arm 328 is 
pivotally mounted on the bracket plate 326 by a screw 
331 and is biased away from the microswitch 327 by a 
leaf spring 332. Bolts 333 in slots 334 adjustably mount 
the bracket plate on the housing 317. 

Referring again to FIG. 19, a solenoid 335 is mounted 
on a bracket 336 secured to the wall 36 of the frame 
2.92. The solenoid 335 has a plunger 337 which carries 
a control plate 338 on its upper end. The control plate 
338 is also seen in FIG. 21 and is formed with a slot 339 
which receives the piston rod 295 therethrough, said 
plate being located adjacent the inner end of the cylinder 
293. Operation of the solenoid 335 is controlled by the 
switches 319 and 327 for shifting the control plate up or 
down for limiting inward travel of the piston rod 295. 
More specifically, when the control plate 338 is in "up" 
position, it will engage the unrecessed portion of the front 
face of the coupling element 297 for limiting slightly the 
inward movement of the piston rod 295; when the con 
trol plate is in the "down' position, it will engage in 
the recessed portion 299 of the front face of said ele 
ment 297, for permitting slightly greater inward move 
ment of the piston rod. As will be explained in more 
in more detail hereinafter, travel of the piston rod con 
trols the extent of movement of the hoisting chain which 
is employed either for raising a missile from the magazine 
A and positioning it on the launcher arm or for lowering 
said missile into said magazine for stowage. Micro 
switches 303a and 383b, mounted on a bracket 303c, are 
engageable by the bight portion of the yoke 303 when 
the piston rod 295 is in its outermost position for con 
trolling indicator circuits. 

Returning again to the drive unit 290, and to FIGS. 
19, 21, and 23, the relatively large gear 315 meshes with 
a pinion 34t keyed on a shaft 345 which is journaled in 
bearings in the walls of the frame 292 at its lower right 
hand corner (as seen in FIG. 19). Also keyed to the 
shaft 34 is a sprocket 342 which rotates within a sprocket 
housing 343 having chain passages 344 and 345 (FiG. 
19). 

Fitted to the drive unit 290 adjacent the end wall of 
the sprocket housing 343 is a chain latch mechanism 346 
(FIG. 19). The chain latch mechanism includes a plunger 
347 which is mounted on a bracket 348 and is biased 
toward the passage 345 by a spring 349. At its lower 
end the plunger is shaped to form a tooth, shown in dotted 
lines at 356. To move the plunger away from the passage 
a toggle arrangement is employed, the same comprising 
relatively short links 35 and 352 and a relatively long 
actuating link 353, said actuating link having a slot 354 
therein and being connected, by a yoke 355 (FIG. 13), 
with a lockind rod 356 (FIG. 13). 
The locking rod 356 is operated by a jack 357 which is 

Supplied with hydraulic fluid from the valve 240 by pipes 
358, and extends through the jack, through a switch block 
359, and through a guide block 368, the latter communi 
cating with the rear wall 233 of the housing 228. Posi 
tioned on the rod 356 near the switch block 359 is a 
collar 361 which actuates microswitches 362 and 363, 
Which control indicator circuits and devices for showing 
the position of the spanner rail 107 with respect to the 
launcher arm S1, said microswitches being mounted on 
the said block 359 and being actuated by the collar 36. 
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upon movement of the locking rod 356. A microSwitch 
352 is also positioned on the switch block 359 and is 
operated by a cam 365 that projects slightly beyond the 
rear wall 23 at the lower right-hand corner thereof as 
viewed in FEG. 13. The cam 365 is actuated by the span 
ner rail. 37 when in elevated position for closing the 
Switch 364 which controls the valve 240 that, in turn, 
causes operation of the jack 357. Operation of the jack 
357 shifts the locking rod 356 for engaging the free end 
of said rod in the opening 44 in the aligning block 43 
of the spanner rail (FIGS. 35 and 36). Shifting of the 
locking rod 355 into locking position will retract the 
plunger 347 of the chain latch mechanism 346 so that the 
chain, to be described in more detail hereinafter, will be 
released for projection into the magazine A. 
The chain ree 29; is best seen in FIGS. 24 and 25 as 

well as in FEG. 13. It is mounted in a rectangular internal 
frame 358 (Fig. 24) having side walls 369 and 376 and 
top and bottom walls 372 and 372, respectively. A shaft 
373 extends transversely of the frame medially of its 
height and width and includes a reduced portion 374. At 
the junction of its reduced and unreduced portions the 
shaft 373 carries bearings 375 which are retained in posi 
tion by snap rings 376. Mounted to rotate on the shaft 
373 in the frame 368 (and journaled by the bearings 375) 
is a reel 377 which includes a spring case 373 that Sur 
rounds the unreduced portion of the shaft 373 and carries 
a coil spring 379 therein. As shown in FIG. 25, one end 
cf the coil spring is riveted to the rim of the spring case 
373 and the other end of said spring is secured in a sleeve 
338 that is fixed on the shaft by screws 33i. 
The reel 377 includes a wall 382 which is spaced from 

the inner end face of the spring case 378 to define a spool 
333 which receives a chain 384 wound thereon. The in 
ner end of the chain is secured to the hub of the reel by a 
pin 384a. The outer end of the chain is, as best seen in 
FIG. 13, extended forwardly and trained about the sprock 
et 342 after passing through the chain passage 344. At 
the free end of the chain 384 is a rammer head 385 which 
is shown in FIG. 13, in the FIG. 26 series, and in the 
FEG. 27 series (particularly FIG. 27G). 
The rammer head 335, as best seen in FIG. 27G, com 

prises a frame 336 and a dog 387 pivoted on said frame. 
The body of the frame contains a spring-pressed plunger 
333 which is engageable with a slightly inclined ridged 
end surface 339 of the dog 387 in such a manner that 
the dog will be maintained either in the retracted posi 
tion shown, for example, in FIGS. 26 and 26A, or in the 
extended position shown in FIGS. 26B and 26C. To 
limit movement of the dog a pin 390, carried by the 
frame 386 in spaced relation to the pivot 394, works in 
an arcuate slot 392 in said dog. 
The frame 386 is movable in the chain groove shown 

in the lower right-hand corner of FIG. 13, in the grooves 
13 and 142 in the spanner rail 137, and in the guide 
troughs 24a in the guide rails 22 in the magazine A. 

Attention is now directed particularly to the FIG. 26 
series (FIGS. 26 through 26C) and to the FIG. 27 series 
(FIGS. 27 through 27G). In each of these views one 
of the guide rails 22 is shown, with its channel 24 and 
guide trough 24.a therein. It will be seen in all the views 
above-referenced that the guide rail 22 is formed with 
an arcuate depression 393, a pick-up pin 394 and a low 
ering pin 395. A portion of the aft shoe of a missile 
entering or leaving magazine A is shown at 395. The 
depression 393 is formed in the rear wall of the guide 
rail near its mid-point; the pick-up pin 394 is located on 
the plate 26 of the guide rail below said depression 333. 
The lowering pin 395 is located in the trough 24.a sub 
stantially midway between the plane of the lowering pin 
and the bottom of the rail. 
As best seen in FIG. 27G, the dog 387 is provided with 

a raised portion 397 having an inclined cam surface 338 
and a slot 399, said slot having a flared mouth 400 at its 
outer end. The dog is also provided with a curved inner 
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edge 43 and an angular outer edge 492, the latter termi 
nating in an inclined straight cam surface 493. 
By carefully scrutinizing FIGS. 1, 19 and 20 and the 

FIG. 27 series of the drawings, it will be seen that when 
it is desired to lower a single missile or a pair of missiles 
into the magazine A, the launcher arms, after loading 
thereof from a suitable source, are first positioned ver 
tically, as shown in F.G. 1, and the blast doors opened 
above channels defined by the pairs of guide rails in the 
outer compartment 15 or in the inner compartment 8. 
The spanner rails are then erected for coupling the launch 
er arms with said guide rails, the rail locks are engaged 
and the chain latch mechanisms released. The hydraulic 
circuit diagram (FEG. 47) illustrates the valves and con 
trols for effecting the above-described (and other) opera 
tions. Then, as to each launcher arm, the solenoid 335 
is energized for positioning the control plate slot 339 
(FIG. 19) to clear the recessed front face 299 of the 
coupling element 297, permitting the piston 294, to make 
a slightly longer stroke in the cylinder 293, with the re 
suit that the chain 384 will be lowered to missile stowage 
position on the guide rails in the magazine. More spe 
cifically, the missile is lowered into the magazine by the 
chain 334 and with the upper end corner 387a of the 
dog 337 of the rammer head 385 in contact with the 
under surface of the missile aft shoe 396, that is, with 
the dog 337 canted outwardly about the axis of the pivot 
391. After the missile has been lowered into position the 
chain 384 and rammer head 385 are caused to continue 
to travel downwardly in the guide rail, past the pin 394 
and into engagement with the lowering pin 395. The 
lowering pin will engage the curved inner edge 401 and 
will cause the dog 337 to rock inwardly about the pivot 
39. As the chain 384 is raised in the guide rail slot, 
the dog will move past the pick-up pin 394, the unraised 
portion of said dog and the slot 399 allowing said dog 
to pass said pin. As best seen in FIG. 27C, when the 
pin 394 is in the slot 399, the upper end portion of the 
dog is disposed in the arcuate depression 393. Said upper 
end portion of the dog is thus caused to clear the lower 
end of the missile aft shoe 396. When the angular outer 
edge 482 strikes the missile shoe 396, as shown in FIG. 
27E, the dog will be caused first to rock outwardly and 
subsequently, by the action of the plunger 388 on the 
slightly inclined ridged end surface 389, to move to the 
intermediate position shown in FiG. 27F. Further with 
drawal of the chain 384 will cause it to clear the guide 
rails and the spanner rails and to move into stored posi 
tion on the drum or spool 383. After retraction of the 
spanner rails and closure of the blast doors, the launcher 
turret may be repeatedly oriented for locating the launch 
er arms, with missiles loaded thereon, above other pairs 
of channels in the inner or outer missile compartments, 
and the stowage procedure above-described repeated un 
til the magazine is fully loaded with missiles. 
When a missile (or a pair of missiles) is to be re 

moved from one of the compartments of the magazine 
A, the turret is oriented for positioning the launcher 
arms in erect positions above diametrically opposite mis 
sile containing channels of either the inner or the outer 
compartment. In each said launcher arm the control 
plate 333 is positioned, by energization of the solenoid 
335, for locating the control plate slot in a position to 
confront the un-recessed portion of the front face 299 
of the coupling element 297, to shorten the travel of 
the piston 294 and piston rod 295. After the blast door 
is opened and the spanner rail is erected, the chain latch 
mechanism of each of the launcher arms may be re 
leased. Operation of the drive unit 299 in each of the 
launcher arms will lower the chain 384 into the maga 
zine A. 
The FIG. 26 series of drawings show the positions 

assumed by the rammer head 385 during lowering of 
the chain. More specifically, in F.G. 26 the head 385 
is shown above the missile aft shoe 396; in FIG. 26A 
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the head has passed below the shoe 396 and has its cam 
Surface in engagement with the pin 394; the pick-up 
pin 394 rocks the rammer head 385 to the position shown 
in FIG. 26B, when the upper end corner 387a of said 
head will be presented for engagement with the lower 
end of the shoe 396. In FIG. 26C the rammer head 
385 is shown in contact with said shoe 396, in which 
position the missile may be raised from the magazine 
compartment and mounted on the launcher arm. The 
chain will continue to move until it is fully stored on 
the drum or spool 383. The associated spanner rail may 
then be retracted and the blast door closed thereabove. 
It should be noted that the rammer head 385 and the 
pick-up and lowering pins are arranged in such coopera 
tive relationship that the rammer head may lower a mis 
sile into position in the magazine or hoist such missile 
into operative position on a launcher arm, depending 
upon the distance of travel of the piston rod 295. 

FIGS. 28, 29, 30, and 31 illustrate the electrical con 
tactor and fin erector unit, which is shown generally at 
405. One of the units 405 is mounted in each of the 
launcher arms; said units are identical so that a descrip 
tion of one will suffice for both. As best seen in FIG. 
13, the electrical contactor and fin erector unit 435 in 
cludes a base 406 that is mounted on the under side of 
the partition 233 near the rear wall 23 of the housing 
228. Secured to and depending from the under side of 
the base 406 is a cylinder block 407 having parallel cyl 
inders 408 and 409 therein. The cylinders are closed at 
their upper ends by the base 406 and at their lower ends 
by relatively long and relatively short plugs 410 and 41, 
respectively, the plugs being held in position in the cyl 
inders by a bolt and washer assembly 42. 

Pistons 413 and 414, mounted, respectively, on piston 
rods 415 and 416, are slidable in the cylinders 408 and 
409, the relatively long plug 410 limiting to a relatively 
short distance the travel of the piston 413 and rod 415. 
As best seen in FIG. 31, the lower ends of the piston rods 
415 and 416 are flattened, and pivotally connected to the 
flattened ends of said rods are gear racks 47 and 418. 
Secured to the lower end of the cylinder block 407 and 
extending downwardly into close spaced relation to the 
rail section 276 (FIG. 13) is a cast metal housing 420 
having side walls 42 and 422 and a bottom wall 423. 
A bearing 424 is mounted in the side wall 421 and jour 
nals one end portion of a fin erector shaft 425, the other 
end portion of said shaft being journaled by an electrical 
contactor actuating sleeve 426 which is, in turn, rotatable 
in a bearing formed in the side wall 422. A pinion 427 
is pinned to the inner end face of the sleeve 426. Sur 
rounding the fin erector shaft 425 between the pinion 
427 and the bearing 424 and pinned to said shaft is an 
erector pinion sleeve 428 having a pinion 429 thereon. 
As shown in FIGS. 29 and 30 the gear racks 47 and 418 
mesh with the pinions 429 and 427, respectively. To 
retain the racks against displacement in the housing 420, 
sheet metal brackets 430 (FIG. 30) are employed. 

Fitted on the contactor actuating sleeve 426 to rotate 
therewith is an electrical contactor 431. The contactor 
431 comprises a hub 432, an arm 433, and a head 434, 
and is mounted between the side wall 422 and one of the 
fin actuators, presently to be described. Contact prongs 
435 (FIG. 28) project from one side of the head 434 and 
are engageable in sockets carried in the base of the missile 
(see FIG. 13). 
Fin erector arms 436 and 437 are pinned to the end 

portions of the shaft 425. As shown in side elevation in 
FIG. 13, the arms 436 and 437 are of generally obtuse 
angular contour. Each of the arms carries at its free 
end a fin erector 438 which consists of a flat metal frame 
439 and outwardly projecting curved and flared erector 
elements 440, a pair of said elements being provided on 
each said frame. The erector elements are so arranged 
that when the arms are swung forwardly, as will be de 
scribed hereinafter, the said elements will engage the 
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folded fins on the missile and move said fins to full oper 
ative positions prior to launching the missile. 
The operation of the fin erector and electrical con 

tactor will now be described briefly. Referring again to 
FIGS. 28 through 31, after a missile has been installed 
on a launcher arm, in the manner previously described, 
fluid under pressure is introduced into the cylinder 409 
when the piston 414 and rack 418 will cause the pinion 
427 to rotate, for swinging the contactor 431 from the 
position shown in FIGS. 28 and 31 to that shown in FIG. 
13, i.e., with the prongs 435 engaged in suitable re 
ceptacles in the base of the missile. Similarly, fluid 
under pressure introduced into the cylinder 408 will 
cause the piston 413, rod 415, and rack 417 to rotate 
the pinion 429, when the shaft 425 will rotate for swing 
ing the erector arms 436 and 437 to engage the elements 
thereof with the fins for erecting said fins. The intro 
duction of fluid under presure into the cylinders 408 and 
409 is controlled by operation of the valves 24 and 242 
(FIG. 13), which valves are included in the hydraulic 
system shown schematically in FIG. 47, and in the elec 
trical system shown partially in FIG. 48C. 

In FIGS. 53, 54, 55, and 56 (the last-mentioned fig 
ure being on the sheet containing FIG. 18) there is 
shown a mechanism for arming a missile on one of the 
launcher arms. It should be understood, however, that 
the structure of the arming mechanism now to be de 
scribed would in actual practice be altered as to its de 
tails; that the structure shown is presented merely to show 
an operative missile arming device. Although the arm 
ing mechanism is shown applied to one of the launcher 
arms, identical such mechanisms would be applied to each 
of said arms. 

Essentially, the arming mechanism comprises an hy 
draulic motor which is connected to a switch actuating 
element through a clutch, a plurality of rods connected 
by a universal joint and a bevel gearing arrangement. 
In FIGS. 53 and 54 the launcher forward rail assembly 
243 is shown mounted on the launcher arm 92, the motor 
for the arming mechanism being shown at 441. The 
shaft of the motor is shaped near its outer end to define 
a clutch element 442. As shown in FIG. 53, the motor 
445 is mounted near the shaft 245 of the rail assembly 
243 with the motor shaft inclined downwardly. An actu 
ating rod 443 is rotatably mounted on the underside of 
one of the legs of the yoke 244 by guide sleeves 444, said 
rod carrying one element of a bevel gear assembly 445 
at its lower end and a clutch element 446 at its upper 
end. The other element of the bevel gear assembly 445 
is secured to a second rod 447 rotatable in a guide sleeve 
448, a bevel gear 449 being mounted on the opposite 
end of said rod 447. 

Referring to FIGS. 54 and 55, it will be seen that the 
bevel gear 449 meshes with a similar gear 450 on one end 
of a transverse rod 451 that extends beneath the bight of 
the yoke 244 and between (modified) forward launcher 
rail elements 452. A third bevel gear 453 meshes with a 
fourth such gear, shown at 454, the bevel gear 454 being 
mounted on a journal 455 which is rotatable in a bearing 
456 secured to the yoke bight between the rails 452. As 
best seen in FIG. 56, the journal 455 has mounted thereon 
a slotted actuator arm 457, the slot of which receives a 
pin 458 on a switch arm 459. The switch arm 459 is 
mounted on a shaft 460 that forms a part of an electric 
arming Switch (not shown) mounted in the missile B. 
To prevent over-travel of the rods 443, 447, due to 

"coasting” of the motor 44, a spring-pressed detent 461 
is employed. The detent is mounted above the universal 
joint 445 and engages in spaced recesses 462 in the outer 
most element of said joint. A housing 463 surrounds the 
arming mechanism to project the components thereof. 
The manner of operation of the arming mechanism 

will be obvious from a scrutiny of FIGS. 53 and 56. 
Briefly, however, when the launcher forward rail assem 
bly 243 is in the 'up' position, as shown in broken lines 
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in FIG. 53, the clutch elements 442, 446 will be disen 
gaged and the arming mechanism rendered inoperative. 
When the assembly 243 is in the "down' position, as 
shown in full lines in FIG. 53, the clutch elements will 
be engaged, so that rotation of the motor shaft will be 
transmitted to the rods, universal joint, and bevel gears 
for causing the actuator arm to rock from the unarmed 
position shown in full lines in FIG. 56 to the armed posi 
tion shown, in dotted lines in said figure. With a missile 
on the launcher arm, movement of the actuator arm 457 
in the manner just described will rock the pin 458 and 
switch arm 459 to switch-closed position, for arming the 
missile. After the missile has left the launcher arrin, the 
actuator arm 457 will be returned to unarmed position 
and ready for engagement with the arming switch of the 
next missile, such return of said arm being effected by 
counter-rotation of the rod 443 by the motor 441 in re 
Sponse to an appropriate signal from the control position. 
The hydraulic connections for the moving parts of the 

launcher are shown diagrammatically in FIG. 47, and the 
electrical connections in FIGS. 48A, 48B, 48C, 49A, 
49B, and 49C. A block diagram of the servo elements 
is shown in FIG. 50 and a circuit schematic of an eleva 
tion servo amplifier in FIG. 51. It will be noted that 
legends on the FIG. 48 and FIG. 49 series, and on FIG. 
51, refer to a console. Since such a console may be of 
any desired mechanical construction, it has not been con 
sidered necessary to illustrate more than the electrical cir 
cuits employed; even these may be modified as desired 
to Suit Special situations. Furthermore, it is not con 
sidered necessary to describe the electric circuits in de 
tail, since the wiring of the console and the launcher 
proper may be followed by carefully examining the above 
enumerated figures of the drawings. Where appropriate, 
however, reference numerals have been applied, particu 
larly to FIG. 47. 

Referring to FIG. 47, the valves in the manifolds 63 
are shown Schematically, with the connections to the 
components they control. More specifically, the valves 
197a, 88a, 169a, and 10a control respectively, the span 
ner rail mechanisms 1697, 193, E39, and E6; the valves 
i0a and 02a control, respectively, the blast door op 
erating mechanisms 101 and 102. Valves 89a and 9a 
control hydraulic fluid flow to and from the mounting 
tubes 89 and 90 and the manifolds in the arms 9 and 92. 
Control of fluid entering and leaving the cylinder 164 is 
effected by a valve 64a. 
The circuit schematics of the FIGS. 48 and 49 series 

depict a multitude of switches and relays in the console 
and in the launcher proper. These switches and relays 
are of conventional design and are utilized in the various 
circuits wherever found necessary. Moreover, the cir 
cuits themselves are entirely functional and need no de 
tailed treatment. The same statement applies to the 
amplifier circuit shown in FIG. 51. 

In FIG. 52 there is shown a chart which indicates the 
Sequence of events that take place during a missile launch 
ing cycle. As will be seen from an examination of the 
chart, the time consumed for each step is indicated. It 
will also be observed that total time consumed, including 
the time required for missile warm-up in the magazine 
and the indexing of the turret and launcher arms to a 
new loading position, is twenty seconds. As will be ob 
vious, the operation of the launcher need not follow 
exactly steps shown on the chart of FIG. 52. That is, 
alterations in the sequencing of functions as well as in the 
increments of time required for their completion may be 
made as required to satisfy special operating conditions. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It 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 launcher for aerial missiles, including a maga 
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20 
zine having a plurality of missile compartments arranged 
in concentric rows, a deck closing the magazine at its 
upper end, said deck having an opening, a blast door 
movable in the opening, means for mounting a plurality 
of missiles in the magazine compartments, means for ro 
tating the deck on the magazine, a turret on the deck, a 
launcher arm, means mounting said iauncher arm on the 
turret, said means being operable for moving said arm 
from a position for receiving a missile from the maga 
zine to a train position from which said missile may be 
launched, means in said launcher arm for moving a mis 
sile between one of said compartments through said blast 
door and a position on said arm, means on said deck for 
guiding said missile during its travel between said maga 
Zine and said arm, and means for moving said last-men 
tioned means through said blast door opening. 

2. A launcher for an aerial missile as recited in claim 
1, wherein said last-mentioned means comprises a spanner 
rail connected with said deck and movable from a posi 
tion lying beneath the deck to a position projecting there 
above and into cooperative relation with said launcher 

3. A launcher for aerial missiles as recited in claim 1, 
including additionally hydraulically operated means for 
Opening and closing the blast door. 

4. In a launcher for aerial missiles, a magazine in 
cluding a side Wail, an inner wall, and an inner casing, 
Said Walls and casing defining concentrically arranged 
inner and outer missile compartments, guide rails in said 
Compartments for Supporting missiles in concentric rows, 
a deck closing the magazine at its upper end, means in 
the inner casing and cooperating with said deck for ro 
tating the deck on the magazine and above said compart 
Inents, said deck having an opening of sufficient length to 
extend above a pair of adjacent inner and outer missile 
cornpartments, a blast door movable in said opening, a 
turret on the deck, a launcher arm movable on the turret 
from a loading position to receive a missile from one of 
Said compartments to a train position for launching said 
missile, means for moving the launcher arm to a position 
above one of said inner compartments or to a position 
above one of said outer compartments, and means carried 
by the launcher arm and movable along said rails for 
transferring a missile from one of said compartments to 
Said arm through said opening. 

5. A launcher for aerial missiles as recited in claim 4, 
Wherein said last-mentioned means includes a chain in 
said arm, missile pickup means in said arm on said chain, 
and means for moving said chain along said magazine 
rail for engagement with the missile. 

6. A launcher for aerial missiles as recited in claim 4, 
Wherein said deck rotating means comprises an hydraulic 
notor Within the inner casing, and a gear train positioned 
between said notor and the deck. 

7. A launcher for aerial missiles as recited in claim 4, 
including additionally means on the inner casing and on 
the deck for indexing said deck whereby said door and 
launcher arm will be positioned above a missile in one 
of the compartments of the magazine. 

8. A launcher for aerial missiles, comprising a Ilaga 
zine, a turret rotatable on the magazine and having tele 
Scoping mounting tubes, fluid pressure means remote from 
the magazine for extending or retracting the tubes above 
the magazine, launcher arms on certain of the tubes, 
missiles in the magazine, doors on said magazine above 
Said missiles, remotely controlled means for operating 
said doors, and means on the arms for moving said mis 
siles between said arms and said magazine through said 
doors. 

9. In a launcher having launcher rails thereon for 
aerial missiles, comprising, a source of missiles, a launcher 
artin mounted above said source, and means in the arm 
for transferring missiles to or from the Source, said means 
including a hoist mechanism having a chain movable from 
a position within the arm to a position in said Source, 
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a rammer head on the free end of the chain for engage 
ment with a missile, motor means, and a gear train con 
necting the motor means with the chain. 

10. In a launcher having launcher rails thereon for 
aerial missiles, a magazine containing a plurality of mis 
siles, a launcher arm, means rotatably mounting the 
launcher arm on the magazine, and means carried by the 
launcher arm and movable to engage one of the missiles 
and move it from the magazine to launching position on 
said arm or from said arm to a stowed position in the 
magazine, said last-mentioned means including a hoist 
mechanism having a chain, and a rammer head on the 
chain. 

11. A launcher for aerial missiles, comprising, a maga 
zine containing a plurality of missiles, a deck on the 
magazine, an hydraulic motor for rotating the deck, a 
turret on the deck, telescoping tubes on the turret, a 
launcher arm on one of said tubes and disposed above the 
deck, a blast door on the deck, hydraulic fluid operated 
means for operating each of the telescoping tubes and the 
blast door, hydraulic fluid operated means for moving 
the launcher arm initially to a position for receiving a 
missile from the magazine and subsequently to a missile 
launching position, a hoist mechanism in the launcher 
arm and having a chain movable into the magazine when 
said arm is in said initial position, a rammer head on the 
chain and engageable with a missile, hydraulic fluid op 
erated means in the arm for operating the hoist mecha 
nism, means for mounting on the arm a missile received 
from the magazine, hydraulic fluid operated means for 
actuating said last-mentioned means, a source of hydraulic 
fluid under pressure, and electrically operated means for 
controlling the distribution of hydraulic fluid to all of said 
hydraulic fluid operated means. 

12. In a launcher for aerial missiles, a magazine hav 
ing a side wall, a casing, an inner wall between the side 
Wall and the casing, said Walls and the casing defining con 
centric inner and outer missile compartments, guide rails 
in the compartments for receiving missiles, a deck clos 
ing the upper end of the magazine and having spaced 
openings, means on the casing and on said deck for rotat 
ably mounting the deck on the magazine, a turret on the 
deck, launcher arms above the openings, means opera 
tively connecting the launcher arms with the turret, a cen 
tral column in the magazine and communicating with the 
turret, a rotary hydraulic joint connected with the column, 
fluid pressure and return pipes connected with the joint, 
a source of fluid pressure connected with the pipes, means 
supporting the column and joint within the casing, and 
means in the launcher arms and movable into the maga 
zine through the deck openings for engaging missiles in 
one of the compartments. 

13. A launcher for aerial missiles as recited in claim 
12, wherein said second-mentioned means comprises tele 
scoping tubes, and cylinders and pistons within the tubes, 
said cylinders being connected to said fluid pressure and 
return pipes, and including additionally an elevation cyl 
inder mounted in the turret and having a piston rod con 
nected with one of the telescoping tubes, said elevation 
cylinder and piston rod being connected to said fluid 
pressure and return pipes and being operable for moving 
the launcher arms from missile loading or stowing posi 
tions to desired positions in train. 

14. In a launcher for aerial missiles, a magazine, a deck 
rotatable on the magazine, a source of fluid under pres 
sure, a motor for rotating the deck and operable from 
said source, a turret on the deck, telescoping tubes 
mounted on the turret and rotatable about their axes, 
launcher arms connected to the outermost of the tubes, 
means locking the tubes to rotate in unison, an elevation 
tube rotatable in the turret and connected to the inner 
most of the telescoping tubes, an elevation cylinder in the 
turret and connected to said fluid pressure source, said 
cylinder having a piston and piston rod and said piston rod 
being connected to the elevation tube, and electrically 
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22 
operated valve means in the turret and operable for con 
trolling fluid flow to the elevation cylinder, said elevation 
tube being movable by the elevation cylinder piston rod 
for rocking the telescoping tubes and the launcher arms. 

15. A launcher for aerial missiles as recited in claim 
14, including additionally missile engaging means car 
ried by the launcher arms, fluid pressure operated means 
in said arms for actuating said missile engaging means, 
means connecting the fluid pressure operated means to 
said source, and electrically operated valve means in the 
arms and controlling operation of the fluid pressure op 
erated means. 

16. A launcher for aerial missiles as recited in claim 
15, wherein the missile engaging means includes a launcher 
forward rail assembly having a forward rail element, a 
center rail, and an aft rail to which said center rail is con 
nected. 

17. In a launcher for aerial missiles, a magazine, a 
deck closing the magazine at its upper end and having an 
opening, a launcher arm, means mounting the launcher 
arm on the deck, said arm having forward, center, and 
aft rails, a guide rail in the magazine, means for moving 
the launcher arm to a position aligning the forward, cen 
ter, and aft rails with said guide rail, a spanner rail con 
nected with the deck, and means for moving said spanner 
rail through said opening into a position in alignment 
with said guide rail and said forward, center, and aft rails. 

18. A launcher for aerial missiles as recited in claim 
17, including additionally an hydraulic motor for mov 
ing the spanner rail to said aligned position, a blast door 
above the opening, and fluid pressure operated means for 
opening and closing the blast door. 

19. In a launcher for aerial missiles, a magazine for re 
ceiving and discharging missiles, a deck closing the maga 
Zine at its upper end and having an opening, means for 
rotating the deck on the magazine, a blast door housing 
mounted on the deck above the opening and having a 
blast door opening in registry with the deck opening, a 
blast door in the housing and movable to a position open 
ing or closing the blast door opening, fluid pressure means 
for shifting the door to open, partially open or closed po 
sition, a launcher arm, means mounting the launcher arm 
on the deck and above the blast door having in spaced 
relation thereto, said launcher arm having rails, guide 
rails in the magazine, a spanner rail mounted on the deck, 
fluid pressure operated means for moving the spanner rail 
from a retracted position below the deck to an extended 
position extending through the openings and above the 
deck and in alignment with certain of the guide rails, 
fluid pressure operated means for orienting the launcher 
arm to align the rails thereof with the extended spanner 
rail and one of the guide rails, fluid pressure operated 
means in the arm for moving a missile to or from the 
magazine on said rails, a source of fluid under pressure 
for Operating all of said fluid pressure operated means, 
and electrically operated valve means for controlling fluid 
flow to all of said fluid pressure operated means. 

20. A launcher as recited in claim. 19, wherein the 
third-mentioned means includes a turret, an elevation tube 
in the turret, telescoping tubes connecting the launcher 
arm to the elevation tube, a cylinder in the turret and 
having a piston, a piston rod and a lever connecting the 
piston rod to the elevation tube. 

21. A launcher as recited in claim 20, including addi 
tionally means for indexing the deck and spanner rail 
above certain of the guide rails. 

22. A launcher as recited in claim 20, including addi 
tionally means on the arm and engageable with the 
spanner rail for locking the arm with the rails thereof in 
alignment with said spanner rail. 

23. In a missile launcher, a cylindrical magazine hav 
ing inner and outer concentric missile compartments, a 
deck closing the magazine at its upper end, means for ro 
tating the deck on the magazine, said deck having an 
opening disposed above radially aligned portions of the 
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compartments, annularly spaced guide rails in each of the 
compartments, a pair of spanner rails mounted on the 
deck, means for moving the spanner rails to extended 
positions projecting through the opening, one of said 
spanner rails being positioned above each of said com 
partments, and means carried by the magazine and by the 
deck for indexing the deck for positioning one of the 
spanner rails above a guide rail in the inner compart 
ment or the other of said rails above a guide rail in the 
outer compartment. 

24. The structure recited in claim 23, wherein said 
last-mentioned means includes a series of spaced indexing 
rollers, a plunger engageable between certain of said 
rollers for positioning the deck with the opening above a 
guide rail in the outer compartment, a second plunger 
engageable between certain other of said rollers for posi 
tioning the deck with the opening above a guide rail in 
the inner compartment, and fluid pressure operated means 
for actuating the plungers. 

25. A missile launcher including a cylindrical maga 
zine having inner and outer concentric missile compart 
ments, a deck closing the magazine at its upper end and 
having diametrically oppositely disposed openings, said 
openings extending above radially aligned portions of the 
compartments, a turret on the deck, an elevation tube in 
the turret, launcher arms, telescoping tubes connecting the 
launcher arms with the elevation tube, means for rocking 
the elevation tube and telescoping tubes for moving the 
launcher arms from positions in train to positions in verti 
cal alignment with the openings, and means for shifting 
the outermost telescoping tubes whereby the launcher 
arms will be moved from positions above the inner com 
partment to positions above the outer compartment or 
vice versa. 

26. A missile launcher as recited in claim 25, wherein 
said last-mentioned means comprises cylinders mounted 
within the elevation tube and extending into the inner 
most telescoping tubes, pistons in said cylinders and con 
nected with said outermost telescoping tubes, and means 
for introducing fluid under pressure to said cylinders. 

27. A missile launcher as recited in claim 26, wherein 
said last-mentioned means includes a central manifold 
within the elevation tube, a secondary manifold on each 
of the cylinders, a fluid pressure inlet pipe connecting the 
central manifold with each of the secondary manifolds, 
and fluid pressure return pipes connected between the 
secondary manifolds and the central manifold. 

28. In a missile launcher, a magazine having concen 
trically arranged missile compartments, a deck closing the 
magazine at its upper end and having an opening near 
its rim and extending radially above the compartments, 
a turret on the deck, a launcher arm, telescoping tubes 
connecting the launcher arm with the turret, and means 
for telescoping the tubes for shifting the arm above that 
portion of the opening which is above one of the missile 
compartments to a position above the opening and above 
the other of said missile compartments. 

29. In a missile launcher, a magazine having concen 
trically arranged missile compartments, a deck closing 
the magazine at its upper end and having an opening ex 
tending radially above the compartments, a turret on the 
deck, a launcher arm, an elevation tube in the turret and 
having sections, tube elements, said sections and tube ele 
ments cooperating to provide telescoping tubes connect 
ing the arm with the turret, hydraulic fluid pressure op 
erated means for telescoping the tubes for shifting the 
arm from above the opening and above one of the missile 
compartments to a position above the opening and above 
the other of said missile compartments, and a Source of 
fiuid under pressure for said means. 

30. In a missile launcher, a magazine, a launcher arm 
above the magazine, said launcher arm having aft, center, 
and forward rails cooperating to mount a missile for 
launching, means in the arm for moving a missile from 
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24 
the magazine to a position on said rails, and means in 
the arm for retracting the forward and center rails dur 
ing launching of a missile. 

31. A missile launcher as recited in claim 30, where 
in said center rail retracting means includes an hydraulic 
jack cylinder in the arm and having a piston rod con 
nected to the center rail, a source of fluid under pressure 
for the cylinder, and electrically operated valve means in 
the arm for controlling hydraulic fluid flow to the cylinder. 

32. A missile launcher including, in combination with 
a missile initially mounted on the launcher and having 
folding tail fins in folded position prior to launching, a 
launcher arm for receiving the missile for launching, 
means connected to the arm and engaging the fins for 
shifting them to extended positions, and means for actuat 
ing said last-mentioned means prior to missile launching. 

33. In a missile launcher, a magazine, a missile com 
partment in the magazine and having a guide rail therein, 
a missile having a shoe, a launcher arm above the maga 
Zine, a pick-up pin on the guide rail, a lowering pin on the 
guide rail below the pick-up pin, hoist mechanism in the 
arm and including a retractable chain movable into the 
magazine along the guide rail, a rammer head on the 
chain and having a movable dog thereon, said dog being 
engageable with the missile shoe, and means for con 
trolling the chain whereby said chain will be moved a 
predetermined distance along the guide rail to engage 
ment with the lowering pin for release thereby from the 
shoe for storing the missile in the magazine, or moved a 
predetermined shorter distance along said guide rail for 
engaging the pick-up pin whereby the dog will engage 
the shoe for raising the missile from the magazine onto 
the launcher arm upon retraction of the chain. 

34. In a missile launcher, a magazine having a guide 
rail, a missile movable between the arm and said magazine, 
said missile having a shoe, a pick-up pin on the rail, a 
lowering pin on said rail below the pick-up pin, a launcher 
arm above the magazine and having a hoist mechanism 
therein, said hoist mechanism including a chain reel, a 
spool, a chain on the spool, a sprocket having the chain 
trained thereabout, a rammer head on the free end of the 
chain, an hydraulic motor, and a gear train connecting 
the motor with the sprocket, said motor, gear train and 
sprocket being operable for moving the chain into the 
magazine for engaging the rammer head with the pick 
up pin and shoe for readying the missile for removal 
from the magazine or for engaging the rammer head with 
the lowering pin for stowing said missile in the magazine. 

35. A missile launcher as recited in claim 33, wherein 
said rammer head is provided with a pivoted dog movable 
by contact with the pick-up pin or with the lowering pin 
to engage the missile shoe. 

36. A missile launcher as recited in claim 33, includ 
ing additionally means on the hoist mechanism for ex 
tending the distance of movement of the chain and 
ranmer head into the magazine. 

37. A missile launcher as recited in claim 36, wherein 
the hydraulic motor includes a piston and piston rod, a 
coupling element on the piston rod and having a recessed 
front face, a control plate having a slot receiving the pis 
ton rod therethrough, and a solenoid energizable to posi 
tion the control plate for engagement in the recess upon 
movement of the element by the piston, whereby the pis 
ton stroke will be lengthened. 

38. In a missile launcher, a magazine having a deck 
and a missile compartment below the deck, said deck 
having an opening, a blast door housing on the deck above 
the opening and having an opening in registry with the 
deck opening, a launcher arm mounted above the deck 
and having forward, center, and aft rails, a guide rail in 
the missile compartment, a spanner rail mounted below 
the deck and movable to a position in alignment with 
the guide rail and with the forward, center, and aft rails 
on the arm, a hoist mechanism in the arm and having a 
chain fitted with a rammer head, means engageable 



3,118,486 
25 

with the rammer head for latching said head and the 
chain in retracted position in the arm, means in the head 
and movable to engage the spanner rail to latch it in 
alignment with all of said other rails, and fluid pressure 
actuated means for simultaneously moving said first and 
second mentioned means for unlatching the rammer head 
and chain and latching the spanner rail. 

39. In a missile launcher, a magazine having a guide 
rail, a pick-up pin on the guide rail, a hoist mechanism 
including a chain and a rammer head, said rammer head 
having a dog pivotally mounted thereon, a launcher arm 
mounting the hoist mechanism above the magazine and 
having rails for alignment with the guide rail, and means 
forming a part of the hoist mechanism and operable for 
moving the chain and rammer head into the magazine and 
along the guide rail, said rammer head dog being tilted 
by engagement with the pick-up pin for positioning a 
corner of said dog for contact with a missile shoe, said 
means being operable for withdrawing the chain and 
rammer head from the magazine with a missile thereon 
and positioning said missile on the launcher arm rails in 
a position for launching. 

40. In a missile launcher, a magazine having a com 
partment, a guide rail in the compartment and having a 
pick-up pin and a lowering pin, the lowering pin being 
mounted in spaced relation below the pick-up pin, a 
launcher arm mounted above the magazine, and means 
carried by the launcher arm for stowing a missile in the 
magazine, said means including a hoist mechanism hav 
ing a chain, a rammer head on the chain and having a 
dog pivotally mounted thereon, said dog having a corner 
engageable with a missile shoe and having cam surfaces, 
said chain being movable into the magazine compartment 
along the guide rail with a missile shoe in engagement 
with the corner of the rammer head dog whereby said 
missile will be stowed in said compartment, said chain be 
ing further movable along the guide rail for initially 
contacting one of the cam surfaces of the dog with the 
pick-up pin for tilting said dog for moving the corner 
thereof out of the path of the missile shoe, said chain 
being still further movable for effecting contact between 
the dog and the lowering pin for positioning the rammer 
head to clear the missile shoe and pick-up pin upon with 
drawal of the chain from the magazine. 

41. In a missile launcher, a magazine, a deck rotatable 
thereon, a launcher arm on the deck, said deck having an 
opening located above an off-center positioned missile 
in the magazine, and means in the launcher arm and 
movable through the opening a predetermined distance 
into the magazine for stowing in said magazine a missile 
connected with said means, said means being movable a 
predetermined shorter distance in the magazine and being 
engageable with a missile for removing said missile from 
the magazine. 

42. A missile launcher as recited in claim 41, including 
additionally means in the magazine cooperating with 
said first-mentioned means for transferring a missile to 
or from the magazine. 

43. A missile launcher as recited in claim 42, where 
in said first-mentioned means includes a hoisting mecha 
nism having a chain and a rammer head, and said Second 
mentioned means comprises a pick-up pin and a lowering 
pin in the magazine. 

44. In a missile launcher, a magazine having missiles 
therein, a launcher arm, means mounting the launcher 
arm on the magazine, said launcher arm having a fixed 
aft rail, a retractable center rail connected to the aft rail, 
and a forward rail assembly including a forward rail ele 
ment, said aft and center rails and said forward rail ele 
ment cooperating to receive a missile from the magazine, 
and means displacing the forward rail assembly and 
element and the center rail fom the path of a missile dur 
ing launching thereof, whereby said missile will clear said 
a. 

45. A missile launcher as recited in claim 44, wherein 
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the means for displacing the center rail includes an 
hydraulic fluid cylinder having a piston, a piston rod 
connecting the piston with the center rail, and valve 
means in the launcher arm for controlling fluid flow 
to the cylinder. 

46. A missile launcher as recited in claim 44 where 
in the means for displacing the forward rail assembly 
and element includes an actuating sleeve, a pinion con 
nected with the sleeve, an actuator fork having a rack 
meshing with the pinion, a cylinder having a piston, a 
piston rod connecting the piston with the fork, a shaft 
mounting the sleeve and pinion in the launcher arm, a 
yoke secured to the shaft and mounting the rail element, 
means controlling fluid flow to the cylinder, return levers 
on the shaft, springs connecting the return levers with 
the launcher arm interior, and stop means in the arm 
and engageable with the return levers for limiting move-. 
ment of the shaft. 

47. A missile launcher including in combination, a 
magazine containing missiles each having initially folded 
fins, a launcher arm mounted above the magazine for 
supporting one of said missiles for launching, means in 
the arm and movable into the magazine for hoisting a 
missile onto the launcher arm, means connected to the 
arm and engaging the fins for shifting said fins to ex 
tended positions, and means for actuating said last-men 
tioned means prior to missile launching. 

48. A missile launcher including, in combination, a 
magazine containing missiles each having initially folded 
tail fins, a launcher arm mounted on the magazine there 
above, a hoist mechanism in the launcher arm for trans 
ferring a missile between said launcher arm and the 
magazine, means mounted on the launcher arm and 
movable into engagement with the tail fins of a missile 
on said arm for shifting said fins from folded positions 
to positions extending radially from said missile, and 
means for operating said last-mentioned means follow 
ing operation of the hoist mechanism. 

49. A missile launcher as recited in claim 48, where 
in said tail fin engaging means includes a pair of fin 
erector arms, one of said erector arms being movable 
along each side of the missile aft end, a fin erector 
frame on each of said erector arms, and a pair of fin 
elector elements on each of the frames. 

50. A missile launcher including, in combination, a 
magazine having a plurality of missiles therein, each of 
said missiles having a plurality of tail fins folded to lie 
tangent to the missile body and each of said missiles 
having receptacles in its base, a launcher arm, means 
mounting the launcher arm on the magazine, means in 
the arm for transferring a missile between the maga 
zine and the arm, and an electrical contactor and fin 
erector unit mounted on the launcher arm, said unit in 
cluding fin erector arms having elements engageable 
with the fins for moving said fins to erect positions ex 
tending radially from the missile body, a contactor arm 
having a head fitted with prongs engageable in the 
receptacles, and means for shifting the erector arms to 
engage the fin erecting elements with the fins and the 
contactor arm to engage the prongs in the receptacles. 

51. A missile launcher as recited in claim 50, where 
in said last-mentioned means includes a shaft mounting 
said fin erector arms, a sleeve about said shaft and 
mounting the contactor arm, a pinion on the shaft, a 
gear rack meshing with the pinion, a pinion on the sleeve, 
a gear rack meshing with the second pinion, and fluid 
pressure operated means for shifting the gear racks for 
rotating the pinions and the shaft and sleeve. 

52. A missile launcher as recited in claim 51, wherein 
said fiuid pressure operated means includes a cylinder 
block having a pair of parallel cylinders therein, a pis 
ton in each cylinder and having a piston rod, and means 
connecting each of said rods with one of the gear racks. 

53. In a launcher for aerial missiles, a magazine hav 
ing a plurality of annularly arranged missile compart 
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ments, a deck, means rotatably mounting the deck on 
the magazine, said deck having an opening, means on 
the deck and in the magazine for indexing the deck for 
positioning the opening above a missile in one of the 
compartments, said last-mentioned means comprising an 
indexing ring mounted on the deck thereunder and mova 
ble therewith, spaced rollers mounted on the ring and 
arranged in an annular series, a cylinder fixed in the 
magazine and having a piston movable therein, a plunger 
on the piston, and a source of fluid under pressure for 
the cylinder, said piston being movable by said fluid un 
der pressure for engaging the plunger between adjacent 
rollers. 

54. A launcher for self-propelled missiles, comprising, 
a magazine for missiles, a deck closing the magazine at 
one end and having an opening, a launcher arm mounted 
on the deck and including a housing and missile support 
means, and means mounted in the housing and movable 
into the magazine through the opening for transferring 
missiles between said magazine and said missile support 
CS 

55. In a missile launcher, a magazine, a launcher 
arm on the magazine, means in the launcher arm and 
movable a predetermined distance into the magazine 
for stowing in Said magazine a missile connected with 
said means, said means being movable a predetermined 
shorter distance in the magazine and being engageable 
with a missile for removing said missile from the maga 
zine, and means in the magazine and cooperating with 
said first-mentioned means for transferring a missile to 
or from the magazine, said first-mentioned means in 
cluding a hoisting mechanism having a chain and a ram 

O 
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mer head and said second-mentioned means comprising 
a pick-up pin and a lowering pin in the magazine. 

56. In a launcher having launcher rails thereon for 
aerial missiles, a launcher arm receiving a missile there 
on for launching, an arming switch on the missile, and 
means on the arm and engageable with the Switch for 
moving said switch from unarmed to armed position 
immediately prior to missile launching, said means in 
cluding a hydraulic motor mounted on the arm, an actu 
ator arm engageable with the Switch, a plurality of 
rods, bevel gears coupling the rods, one of Said bevel 
gears being connected to said actuator arm, and a clutch 
coupling one of said rods with the motor. 
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