May 15, 1856 A. J. STANTON ET AL 2,745,317

MISSILE LAUNCHER

Filed Sept. 1, 1950 44 Sheets-Sheet 1

FIG. 1/ "3,

=

193

/12
104
]

N 105

INVENTORS

ARTHUR J. STANTON
ROBERT E, CARLBERG
ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER
ROCCO, DeMAS/

B =

. ATTORNEYS



May 15, 1956

Filed Sept. 1, 1950

|

il

:

A. J. STANTON ET AL 2,745,317
MISSILE LAUNCHER
44 Sheets-Sheet 2

! Il .60
!ﬂl\

30— |1
E: ] F/Go z
I
\ I3 , ™44 12384
A\ el

I
.\

| ————/0/

ooy © 0 0 olid g1

K

|
|
|
.!
)

/.
e

i
ii
INVENTORS

I T = ARTHUR J. STANTON

T 1 i = L. ROBERT E. CARLBERG
vilk-v24 Ll ROBERT K. BOLE

FRANK W. SIEVE

] (24 WILLIAM DANZIGER

~246 ROCCO JAS.//
TN

BY &) Byl Warnas

AT TORNEYS



May 15, 1856

Filed Sept. 1, 1950

A. J. STANTON ETAL
MISSILE LAUNCHER

2,745,317

44 Sheets-Sheet 3

floocoo

N

G‘g
joppgoooo
gffoooo

il
nppO0ocoo

256~

227

F16.3

20

1T

8y

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER

ROCCY DeMAS,
/A./ D
R /3 ax ls W aros
ATTORNEYS



May 15, 1956 A. J. STANTON ETAL 2,745,317

MISSILE LAUNCHER

Filed Sept. 1, 1930 44 Sheets—-Sheet 4

103— F/G' 4 103 F/G. 5
110 ///
2t
/23 e 10/
[ - ] 10/
_ / \G £
1221|2848
A— 119
/79 [
[ 1 .
108—> 124 i——//?
103
FlG. 6 FlG. 7
10/
//01 /
9
t—119
FlG. 8
—/06
.17 10/
T
i I
. I
\\/23 //0/ 1848 i
118)\/8) e
H—w9 102 M
NVENTORS
loz = ARTHUR J. STANTON

122 ROBERT E. CARLBERG

7 FRANK W. SIEVE
WILLIAM DANZIGER
ROCCO. DeMAS]

——————r

BY . @Mmm

ATTORNEYS



May 15, 1956

Filed Sept. 1, 1950

Fl16. 10

O

/8

@)
p

74

120 O
120 O

e

/

/,4 :
J
Uy

183

e

/ O

//
v

Y/

A. J. STANTON ET AL
MISSILE LAUNCHER

%

/
/
/

/

/190

7
4

03

BY

2,745,317

44 Sheets—Sheet 5

o1
118 /

O 120
(O

@)

100
10¢

/83

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK

W. SIEVE
WILLIAM DANZIGER
ROCGO , DeMAS|,

U
éwﬁm

ATTORNEYS



‘May 15, 1956

Filed Sept. 1, 1950

Fl6G. 11

A. J. STANTON ET AL

MISSILE LAUNCHER

/

(1

187

176

)

AN

16

2,745,317

44 Sheets-Sheet 6

BY

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG

WILLIAM DANZIGER

il

G i3 axlstanos

ATTORNEYS

W, SIEVE



May 15, 1956 A. J. STANTON ET AL 2,745,317

MISSILE LAUNCHER

Filed Sept. 1, 1950 44 Sheets-Sheet 7

1541 BT

FlG. 12

109

109 /135
13/

=== __ |

g//////, e
== INVENTORS

ARTHUR J. STANTON

Sl

T | ==
M, (IR T T, T T

F
WILLIAM DANZIGER

g
QU3 ailaidareas

_ ATTORNEYS

RANK W SIEVE
'0CCO _De

BY



May 15, 1956 A. J. STANTON ET AL 2,745,317
MISSILE LAUNCHER
Filed Sept. 1, 1950 44 Sheets-Sheet 8

INVENTORS
ARTHUR . STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE

FRANK W SIEVE
WILLIAM DANZIGER
o7
/, .
. , & Rl ...
BY & /3 6o Lanss
ATTORNEYS



= e =

May 15, 1956 A. J. STANTON ET AL 2,745,317

MISSILE LAUNCHER
Filed Sept. 1, 1950 44 Sheets—Sheet 9

\

9 \'\\\\\\\\\\\\\\

3 \
,/mﬂf \
g {0 R 'V

FIG. 14

=

W =
= \\\\-—%\T\W INVENTORS

ARTHUR J. STANTON
~  FROBERT E, CARLBERG
S  ROBERT K BOLE
~  FRANK W. SIEVE

WILLIAM DANZIGER

ROCCO, DeMAS/

F )
BY . (Sexlytanss,

ATTORNEYS



May 15, 1956 A. J. STANTON ET AL 2,745,317
MISSILE LAUNCHER
Filed Sept. 1, 1950 44 Sheets-Sheet 10

153
FIG. 15 -
136 = /52
i
150

135

INVENTORS
ARTHUR J. STANTON
ROBERT E GARLBERG
ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZ/GER
ROCCO  DeMAS/

TN
- /Q//B ax oo Udiew

ATTORNEYS



May 15, 1956 A, J. STANTON ET AL 2,745,317
MISSILE LAUNCHER
Filed Sept. 1, 1950 44 Sheets-Sheet 11

ey )
s

¥
R ==y

N
v,i““\“\““‘ _K\\“\\\(\\\\\\\'\\\\\\\\\\\\\\'\\\ :
A F——

/I/,//I/.,i// 5

AR A A TR AR,

FlG. 17

///?I///
’

A ARG AR,

=

Attt s

1

N it - o - ot
H

\

N
NS
=
N

"3

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE

FRANK W. SIEVE
WILLIAM DANZIGER
ROCCQ DeMAS/

Y VL
BY B IS ar T Waress

ATTORNEYS




May 15, 1956 A. J. STANTON ETAL 2,745,317

MISSILE LAUNCHER

Filed Sept. 1, 1950 44 Sheets-Sheet 12

F16.18.

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE

FRANK W. SIEVE
WILLIAM DANZ/IGER
ROCCO DGM?
//%ﬁ e
R /3 arlegiiarvens.
ATTORNEYS



2,745,317

May 15, 1956 A. J. STANTON ETAL
MISSILE LAUNCHER

Filed Sept. 1, 1950 44 Sheets-Sheet 13

225

Fl6.22

241

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE

FRANK W. SIEVE
WILLIAM DANZIGER

ROCCO., DeMAS/
0%
/@%m

ATTORNEYS




May 15, 1856 A. J. STANTON ET AL
MISSILE LAUNCHER
Filed Sept. 1, 1950

Fl6.23.

o

o

20/

N ——

.
D L
e e R e e R

2,745,317

44 Sheets-Sheet 14

LW |
22 215

FlG. 234

BY

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K BOLE
FRANK W. SIEVE
WILLIAM DANZ/IGER
ROCCO DeMAS/

_Z YN

B 1S ap laarney.

ATTORNEYS



May 15, 1956 A. J. STANTON ET AL 2,745,317
MISSILE LAUNCHER
Filed Sept. 1, 1930 44 Sheets—Sheet 15

jad

%
h 7 /l
{/
R

N

4
I ; $
A"

- N

‘\/‘\\'\

—

1y
\
—

e

.

.
~....--

II A
4

g

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W, SIEVE
WILLIAM DANZIGER

BY & /3 arx G llars

o ATTORNEYS



2,745,317

A. J. STANTON ETAL

May 15, 1956

MISSILE LAUNCHER

44 Sheets~Sheet 16

Filed Sept. 1, 1930

RN

s

|

:__,q@w

[GY
P
m__ue [ @
AT 2
mn[wway% £
N P
5 Swix Mﬂa @ MrA
w x //5&
NWMMKMO Py
FGg= 3o o
E3SRSS
TR

&M
vx il : N AN % ) I A 4 N M R B R ER B M 138
N\ Vi 70 le==}}-2
N \NL\f / \\ = IH.IWIIL 6/ ) f
122380 = T
- I
TTle=c _:E A—‘;
|| TR 2
. 77
il
202 f)mQN
l.m:I"
/l/_I;
/l
/I-l




May 15, 1956

MISSILE LAUNCHER
Filed Sept. 1, 19350

A. J. STANTON ETAL

2,745,317

44 Sheets-Sheet 17

R |
[
j | 227
|
,}E):L:F_ N ;’;:fi' -;W,E,zaa
/ = A
s o el
L e N
1 :EI// // P \\' \\I{ :E
I g o D b
A N Ty
\ ./ 238
238
| 1
| < @
s o= [
\ / INVENTORS

FlG. 26

ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K BOLE
FRANK W. SIEVE
WILLIAM DANZIGER
RO%MAS;/
QiBagtarvss

ATTORNEYS



May 15, 1956

Filed Sept. 1,

20/ U

/7

2337

234

2394

2381

IS NNINES,

74

1950

235

L

NN

N T

77777772777

A,

%
!

S E—
~W

|

Ny
Ny
[\
N
N
[\

/: i aa—

%@ A

il
0
ir|

4
Y
4
1
1]
Y
7
Y
1
7
Y
Y
4
I
4
/
7
Y
7
A
Y
/)
Y
4
7
/)
4
;
/

N
JH
N i
‘-'.
N
N
N
N
N
N
N
N[
NE]
N
N
N
N
N
N
N
N
N
Nl

N
\
N

\

B e R R e e

X
\
N
N

N
A
/-

(o3

7
£

A. J. STANTON ETAL
MISSILE LAUNCHER

V4

[/

— 1 T
A A AN NN NN

228

2,745,317

44 Sheets-Sheet 18

BY

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER
ROCCO_DeMAS,

.}é{fm

ATTORNEYS



2,745,317

A. J. STANTON ETAL

May 15, 1956

MISSILE LAUNCHER

Filed Sept. 1, 1950

44 Sheets-Sheet 19

262

-———0/

Fl6. 30

263

©
S§ ‘ W v
3 [ >
NMEEE M
EREINO = Z
SnIRWNT K3 S
T..BQMH Wﬁ
mJEK.mamd <
T T
Z300xI0 W
SUNESS &
o
IORESR

do0oug

26114

1

BY

///////2,
2l - w/ \\\\
i
e

2 v




May 15, 1956 A. J. STANTON ET AL 2,745,317
MISSILE LAUNGHER
Filed Sept. 1, 1950 44 Sheets—Sheet 20

= GHP =

IR .
Ayl T

T

Fl16.33

vz // /
- //// /////

. ‘|'”] 'P M
\I I ‘]!r-' Y
a [ N /
~LNg & 3 °
o N T
& "‘\‘ __ Jia
N T
{ ya 4
= / —
ll\. /

INVENTORS

ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W. SIEVE

WILLIAM DANZIGER
ROGCO DeMAS!

)N
Q. BaTolaros

ATTORNEYS




May 15, 1956 A. J. STANTON ET AL 2,745,317

MISSILE LAUNCHER
44 Sheets-Sheet 21

Fl6.34

Ay
S 291
,/
N 7 D \
289 \ '11 \\
= sy 292 287
cc 2
1,2 T L

et ONWA \ Nas
"’ AW AN INVENTORS
288 ™) ARTHUR J. STANTON

ROBERT E, CARLBERG

ROCCO DeMAS/

BY Qi Wm

AT TORNEYS



May 15, 1956 A. J. STANTON ET AL 2,745,317
MISSILE LAUNCHER
Filed Sept. 1, 1950 44 Sheets—Sheet 22

FlG.36

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE

FRANK W. SIEVE
vl il
P
BY Q- BaglocWaran
ATTORNEYS



2,745,317

A, J. STANTON ETAL

May 15, 1956

MISSILE LAUNCHER

-Sheet 23

44 Sheets

Filed Sept. 1, 1950

F16. 37

‘m%m%mg7&nm’,

o
& »
S§ & .M wa
® o S z
) o RIJLNY & e
EalSasINRE
S N NN
S
W ZEERLINT®@
Tz IS Wy o
Noasde YOy
LSS
TR

e

o

WS G5
I NS
/




May 15, 1956

Filed Sept. 1, 1950

FlG.39

I
|
|

RAISE HOIST

A. J. STANTON ETAL
MISSILE LAUNCHER

DEPRESS GUIDE

2,745,317

44 Sheets-Sheet 24

LOWER HOIST

FIRE

ELEVATE GUIDE|

INDEX R.S DRUM

TIME CYCLE OF OPERATIONS

FlG. 40

BY

INVENTORS
ARTHUR J. STANTON

. £
FRANK W. SIEVE
WILLIAM DANZIGER

ﬁoia/pem s/, Z
Q. 1R 0N S oy

AT TORNEYS



May 15, 1956
Filed Sept. 1, 1950

FIG. 42

/18

A. J. STANTON ET AL
MISSILE LAUNCHER

100

2,745,317

44 Sheets-Sheet 25

194

1 -367

FlG. 4/ o3
103
-
00 112
¥ [ 1
‘Il& 54l
&
e 366 677 tgs
. ] ¥ op e
¢ W (—
670 o000 " ﬁ -1_6‘4@“"1.07
EZ:] 000 O :
0000 CoNm gy
ce == Btz
o o STRIKING
DOWN
1 GONTROLMAN
g ,/
[ mouNT
OPERATOR

H
OPERQTOR

#/ INVENTORS

BY

ARTHUR J. STANTON
ROBERT E, CARLBERG
ROBERT K. _BOLE
FRANK W SIEVE
WILLIAM DANZIGER
ROGGO. DeMAS/

_4@%;
Q. I3 axbasWara

ATTORNEYS



2,745,317

A. J. STANTON ETAL

 May 15, 1856

MISSILE LAUNCHER

44 Sheets-Sheet 26

Filed Sept. 1, 1950

86 | N 2@ . M
1 7 S & °
|  3nvus mmmwmmwﬂ
||||||| mcuMm%mWnn M,
HOLOW 7 Z v X8 N
1SI0H U SE\ 2
39VMOLS EINSE TS
067~ 5 H RIS
~
> | ~06£ ITRESR
¥IANITAD %) zev BET
ONLLYH¥3dO Bl S POoHALNI l_
HOLY :
Avdl 1SIOH 0
INTVA f | 1INN 3AIMG 3NIZVOVI _ %
ONISHIAIY oz vy |
.y AvE8 1 391A¥3S AQV3Y .
2 1 2 .
<€ et se” R oo £4 914
H3ANITAD L — i
. ONILYH3dO <€
ANTIVA 1SIOH ;
ONISHIAIY
AVHL INTVA Py
Y, 10MLNOD
66¢ NOLIVY 3130 ﬁ
968 ld %0078 IATVA HOLY »| Y0018 TOHLNOD
W N\ INTVA  TOMLNOD|< INIZVOVW INIZVOVI l
i LSIOH 4IHONNY 301AM3S AQY3Y 30IA¥3S  AQV3Y [@—
INTUA INTA AN , _ e
04LNOD 08.LNOD
MOT4 Mod
soe*
ANTVA %0019
A dols <« =] INTVA |G| HI LI [&= HIL IS |«
3 diNNnd , R
.\.\Wz SLELE HOLVINWNOOY 7 V4 4 [ v
£6¢ h 85 £8g zog—  1BET opr AK1ddns

ATTORNEYS

1L



May 15, 1956 A. J. STANTON ET AL
MISSILE LAUNCHER

Filed Sept. 1, 1950

2,745,317

44 Sheets-~Sheet 27

408
{
- - —4
.) 3
429 428~ 456
f ' Y
424
426
p A
( ¢ I ‘-: |
408 407. %%’?%%A
7 NIE ﬁi\\ D N
A A
& \\\\\\\;;/\;/\}}A\}/>>>>>>>})/r"I\K\\'qu'yk J)
N&EWEZ%%%% 7
BLOGK 432  \43/ [~428
S )
= )
]//l 3835 404 426
gl v% \
10 = —
N \
\ L§ FILTER )
}
402
A &)
N7
403 382 W\ i
A
NI G\BN ] IR
?%%ZiA%: grf%%%V
A \\§ 428
O
Aﬁm&gvsmgrRAs/vrm
FI16.44 ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER
ROCCO DeMAS/
0950
BY Q 13 Wanen

ATTORNEYS



May 15, 1956

Filed Sept. 1, 1950

_408

A. J. STANTON ET AL 2,745,317
MISSILE LAUNCHER

44 Sheets—Sheet 28

s 1 /433 456,
c . ) (7 Il —
\ 3
427 (428 456 HH = 2
S E— = 93 )
h i [T
\424 :
% e \OPEN
“\W N /GLOSE
|
\\\\\\\\\\% ‘, HYDRAULIGC
\\\\\\\\i\_\%«'ﬁ\"’\'\’\"ﬁ\\‘é «ACCUMULATOR
385 ? 505,
=
426 gj lﬁ—\@jg ﬂ"l
P |
&
OIL SUPPLY TANK
?[ P;;n,p — 380
T 529
— T T LLZ
400
= = = \> //
MOTOR 201
493
428
; z J
F/G 45 INVENTORS

ARTHUR J. STANTON
ROBERT E, CARLBERG

FRANK W. SIEVE
WILLIAM DANZIGER

Rocco ngS/ ;
BY &
ATTORNEYS

1Bayloiifares



May 15, 1956

Filed Sept. 1, 1950

A. J. STANTON ET AL 2,745,317
MISSILE LAUNCHER

44 Sheets-Sheet 29

Paiitd [, It $434
7456 || 485
¥ 7 ~\
A
Y READY SERVIGE
446 5 MAGAZINE LATGH
BF S VALVE
la2 \4 389
439 2654
N e w i NONAD
439
25 440
378
189
456~
\L N :: [}
r
. /505 ~ 1l /4.90
e oo, — |
MAG
487 499 BLOCK SBD
™ 387 cowW
N 08l 481
0 0 BTN 465
= 5121 | ] B 12
N BIN NI Y 2
— - IN-— 49, > (78
497 o5 | i Y & 493
2 S SN
@ 3 N C ML SONEN
& 492 501 S04 99 SBc
Y7 oW
-
pam—— |
4 \"iil\ll?l?x'}“ SSNNING N %
,\\\\\\\\\\\\\\\“]'. ‘& RN /4
READY SERVICE Y / T
DRIVE UNIT - 489
386 )
1‘ |
NVENT
Yo

ARTHUR J. /VTO/V
HOBERT E, G‘ARLBE/?G
HOBERT K. 50 E
FRANK W. SIE
%/oLé.éAM %ﬁg/&‘t’ﬁ

Q. BW

ATTORNEYS

FlG. 46

BY



May 15, 1956 A. J. STANTON ETAL 2,745,317
MISSILE LAUNCHER

Filed Sept. 1, 1950 44 Sheets—-Sheet 3C
4347 )
fi 4537
o
[ HOIST GONTROL
(r 7 VAVE BLOCK
446
g 388
N y \\\w
PSS \—I- &\2 )
S BO i e O s e
\ﬂ% R
456 M ) N R
i
T BZGC 0 Ll BZB
—/
— = = .
453 449
440 b
of 476
SINN W NORMAL
473~ b et e o 4 SPEED Logg9
442 NNV YAV \\ HoweR 268
R N ) 466
|
ba0
265
= )
465
- )
INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K BOLE
FRANK W SIEVE
Fl6G. 47 WILLIAM DANZIGER

ROGCO, DeMAS/

’ DG
BY /Q%B o (o Warng

ATTORNEYS



May 15, 1256

Filed Sept. 1, 1950

A. J. STANTON ETAL

MISSILE LAUNCHER

2,745,317

44 Sheets-Sheet 31

934
PN
N¢53 ﬂ
479
—
450 LAUNGHER HOIST
+* OPERATING CYLINDER
453 254
Y ——/
%49 255
45/
pr 92 b 253
S —
480 N
{46
) 243, 122 2 g! —
L3 19 . Jnjnﬁ‘
458_‘“/'TI% r,‘ﬁ'|f 438 = \\:’\(i‘ig‘] 3 F
ne B
60 1o o U7 ER
i e sl B
Fe-4 LH;% o 248 2517 437
L fies ol AR HOIST
i: ‘-46./ :’ i 2497, ‘szz LATCH
S | 250
465 :
\ INTERLOCK
VALVE
390
935 __JINVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
B b G
FlG. 48 WILLIAM DANZIGER
Rocyalymw 2
BY Q. ISl tarnoy

ATTORNEYS



May 15, 1956

A. J. STANTON ETAL
MISSILE LAUNCHER

Filed Sept. 1, 1950

526

525

524

52/

~53/

&W

2,745,317

44 Sheets-Sheet 32

5467

o,

7| "I/IIAYI/II////////////// %
) iy

sca )

N7
A

%

S
2
\%z.

S

820,

522

93

523

t
532 I

544

542,
D)

.
— 528 \‘

7/530

D584

T

—f |

582

543

\529

FlG. 49

BY

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W._ SIEVE
WILLIAM DANZIGER
ROCCO_peMAS|

Q}BQW

ATTORNEYS



May 15, 1856 - A. J. STANTON ETAL 2,745,317
MISSILE LAUNCHER

Filed Sept. 1, 1950 44 Sheets-Sheet 33
)

569 &@5&3
546 399 3

)
573
(| SGD f e GG )
576 4
I 568
ﬂ564 | =
“_\567 s~ 574

395
e
P_J L 533~
h)
542
544
d
)
542"
)
543 544”"
Al )
543”
562
/52 9 J \f
— J
INVENTORS
FlG. 50 ARTHUR J. STANTON

ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER

&
BY Q /guﬁf:;;

ATTORNEYS



2,745,317

A. J. STANTON ETAL

May 15, 1956

MISSILE LAUNCHER

Filed Sept. 1, 1950

44 Sheets~Sheet 34

569

573

L

S

N

SN
AY
%
.s\vlixs )
N
.,
< b\

\

My

)

75
Z 7 K22
\“&WﬂV&&&%

) E))))

SN N

S

295

AN

J?%

\\\\\\\\\\\\\\\\\\\\\\\\\‘ /

&

A

5627

pGY
2§ : ms
NS &
smﬁz_vs// W
e RIVWSG 3
o BWOQGEN R o4
SN N 1
mufxw.mm//:UA
TR N
=3iEsds \@
RANS IS
ETOIXNO
IETWCRE
>
o
~
©
mw



May 15, 1956 A. J. STANTON ET AL 2,745,317
MISSILE LAUNCHER
Filed Sept. 1, 1950 44 Sheets-Sheet 35

569

569

\

l\573

570
| -
290

Fl6. 52

573 571

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K BOLE
FRANK W. SIEVE
WILLIAM DANZIGER
ROCCO DeMASI

4
@/3%&““@

ATTORNEYS



May 15, 1956

Filed Sept. 1, 1950

A. J. STANTON

ET AL

MISSILE LAUNCHER

2,745,317

44 Sheets~Sheet 36

l CONTROL I
POWER

GUIDE |
POSITION

l LAUNCHER I
GUIDE

‘ GUIDE l
LATCHES

L/ Lz LOADED} L4 LE
TRAIN & ELEV. | ‘ TRAIN & ELEV. ] HOIST ‘ l HOIST ‘
MOTORS MOTORS DIRECTION DIRECTION
CAN CAN
L6 NOT L7 upP L8 DOWN L9
START START
STOW. HOIST R.S. MAG. AT
I TRAY | I STOW. HO|ST I | R.S. MAG. | [ R.S. MAG I
NOT N
LATCHED) L3 EMPTY ) L/ RgTA'ATE L12 L/
l STOW, HOIST STOW. HOIST l 1 STOW.HOIST | \ MANUAL
TRAY DIRECTION DIRECTION DIRECTION SIGNAL
. L3 upP L4 LIS L6

C
O
@

LAUNCHER HOIST TEST

TEST
NORMAL HOIST

MANUAL HO!ST CONTROL

LOWER  NORMAL  HOIST

MANUAL DRUM GCONTROL

NORMAL ROTATE

STOW. HOIST SELECTOR

HOIST LOWER
AMM. AN,

OFF

5.

S

-

B,

@

O

8.

*

O

S

<

CONTROL POWER

MANUAL LOADING SELEC.

DRUM DIRECTION SELEC.

ISTOW.HOIST TRAY SIGNAL

LOAD RUN RAISE  LOWER
OFF oN | |Loao OFF RUN_| | tccW) OFF ocw) TRAY TRAY
HOIST MOTOR TRAIN MOTOR ELEVATION MOTOR

START sToP START STOP START

F16. 53

STO0P

TRAIN MOTOR
START

wl |

O p

ELEVATION MOTOﬂ

START RUN

BY

ATTORNEYS

ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W, SIEVE
WILLIAM DANZIGER

ROfofae MAS]
W
(O YEL®: vy Wovvrr

ATTORNEYS



May 15, 1956 A. J. STANTON ETAL 2,745,317
MISSILE LAUNCHER
Filed Sept. 1, 1950 44 Sheets-Sheet 37

F16.54

6 601, 602

4

7T T T READY SERVIGE
| d DRUM & HOISTS
1
|
i

1
I
{
) o) 5’36?, 604 | 187 reos
o | Nesz I 605
} == === ! | BU
| 605" RR - | 606
! 0liVe 1,1, Sl .
t
ez e ET qu\‘ﬂ'sl/ |
{ C 607, |
| {
| 603 No— T @
| |
S U S A 3
40/
60,
600 602 ? sr2 4
FIG. 55 | |
______________ 4 balo
! 18
N
| 6/7 BW
BP_|_ AT
| AKHAM as2 | 618
1
1
A
| ©
[}
I
{
|
|
—_—— e e e e = ——— ]
601
600
| BQZ?
(76 & T TELEWATION | 1 T Bx FlG. 554
| Ps rETHER ! |
'| RR { |
| |
! ¢ [(620a |1 B ey
i 5. 6-C 606 _o— i o1 o
I OR_OR ¢ —LoBal
—
| Lsg/ 625 AH AL BSI 622
Lk T e
| !
| I A ; VWVW—@ 624 |\NVENTORS
| ARTHUR J. STANTON
Ijor 598 ROBERT E. CARLBERG
! oR , ROBERT K. BOLE
| ! FRANK W. SIEVE
| | WILLIAM DANZ/GER
(dNNy o ROGCO_,DeMASI

_ZN .
620 BY Q73 :ﬁ%’



May 15, 1956 A. J. STANTON ET AL 2,745,317
WISSILE LAUNCHER

Filed Sept. 1, 1950 44 Sheets-Sheet 38
LAUNCHER HOIST HOIST SPEED ELEV. LIMIT ELEV. DRIVE
CONTROL STOP SETTING SWITCHED TO
DIREGTOR
RAISE  A____ LOWER NORMAL A_SLOW 90% 60° SIGNAL
B/ L 2 £ { \\
o T ' 650~
> i5A 634 630 \
t
1 AA/ 862
| |
| 633
|
I ,_|‘.’€f4_/___ - -
l 5
| v %% !
|
|
| BE/ | ]
! Uor'lBM/ _/G_‘ig_i___éf/_____
| o to i
) 1 I
} 6381 _ 3 !
| |
| AG/ } A
| | :
I : I
| HAF/ b
| 1
[ o AN B (U == .-~ -4 [ PO U AR [N N |
ue2 1 H,ﬁ’ E'
A,c'gj] UER ! i
! UAAZ
l Lot 1
853
sri|| |BE2 644 | | |l P____° H '_| !
| .j\.—« |
asa] | [aag]
642 AA3 o I il e

I
826 Bzaj] ﬂ AA;U LI
GLE e O

63/
iI5A SBA

O

Mnn
Mg,
LB
LB
On
3% XV
~
| &)
=)
\a
T~
A
(33 NN

632

627 FlG. 56 INVENTORS

ARTHUR J. STANTON
626 ROBERT E, CARLBERG
628 a ROBERT K. BOLE
r FRANK W. SIEVE
1
|
|
1
|

'l X WILLIAM DANZIGER
| ROCCO DeMASI ,

| AW
T ] X BY G 13t g Wihneoy

ATTORNEYS




May 15, 1956 A. J. STANTON ET AL
MISSILE LAUNCHER

Filed Sept. 1, 1830

ROTATE
READY SERVICE

MAGAZINE LOWER RAISE RAISE
RUN 1 LOAD TRAY TRAY RAMMER

2,745,317
44 Sheets—Sheet 39

RETRACT MISSILE

LOWER SUPPORT LATCH

RAMMER

INVENTORS
ARTHUR J. STANTON
ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER

NN
Q. i34Ts Warmos

ATTORNEYS



May 15, 1956

Filed Sept. 1, 1950

A. J. STANTON ET AL
MISSILE LAUNCHER

2,745,317

44 Sheets-Sheet 40

- Leso 629
- CLOSED WHEN
"\l 5A 634 639 6‘4/~’~l£6/ brat Yt
_ CLOSED DURING | GLOSED WHEN LOADING e
| OPEN WHEN-AAL | romaric DRUM OR l] TOP OF STROKE
i 1S IN GUIDE OPERATION STOWING MISSILES
| BA/ O|BAZ BAS
6\33 - T T T T T T T T T T T Az Mmoo woen o T T — —
| o o A3 |0 CLOSED WHEN, o} 647
{ cLoseo when 635 < 636 | croses ourmg | G40 m e _L
| READY SERVICE AUTOMATIC MISSILES 1
DRUM LOADED AT OPERATION
| LAUNCHER HOIST 1} /A é
[ \BE/UO HOIST TEST SH. CLOSED ONLY o
CLOSE T OPEN TO RAISE WHEN 10F 2
1 TEST HOIST UNLOADED HOIST | MISSILE LATGHES
g & | AT NorMAL SPEED Y| 1S FuLLY RETRACY.
! J— Ml = = = NG e d orenimew e [iasis onr
] GUIDE LATCH f 638 L1637 OTHER MISSILE | WHEN THE
EXTENDED
| SUPPORT  lOTHER MISSILE
~. OPEN WHEN LOFE \LaTcH 15 woT | suPPoRT
| AG/;H S ToHES 16 MoT [ /N NORMAL  |LaTcH 1S
l ExTENDED Fos. lg EXTENDED Teeth
o) RACD
| CLOSED WHEN \45 ”"sjﬂ"” AL
CLOSED WHEN GUIDE LAUNGHER GUIDE AC
v 1S VERTICAL .
I LATCH OUT a1 ,_lo_ 640 3| ~643
| [ B8/ BBZ
| fo CLOSED WHEN CLOSE TO START
AGZ’ AFZ LAUNGHER RAISING HOIST TO
R1P o HOIST LATCH REMOVE MISSILE | 644
| & 15 RETRAGTED FROM GUIDE
BR
OPEN WHEN LAUNCHER
I U CLOSE ONLY TO
GUIDE VERTICAL T OPEN WHEN START LOWERING
I READY SERVIGE HOIST WHEN
NG MISSIL
| nor L,A/YGHED BE2 ﬁﬂflgg;( GGU/DE €
! :1] BF1 OPEN WHEN ORUM
| IS LOADED AT
| LAUNGHER HOIST
| |——642
I
|
1
!
!
@ @E @fe ©
|
|
: 63/
| 2 63/,
s 15A 632
628 FTT T T T T | F/G 57 INVENTORS
i } ARTHUR J. STANTON
| : ROBERT E. CARLBERG
.- ! ROBERT K._BOLE
627 | [ FRANK W. SIEVE
L~ l | WILLIAM DANZIGER
I ‘ ROCCO perIAS!
| | X . // Mm —
T/ _.___1
626 BY (5T ~ i rven-y

ATTORNEYS



May 15, 1956

Filed Sept. 1, 1930

A. J. STANTON

ET AL

MISSILE LAUNCHER

2,745,317

44 Sheets-Sheet 41

'/_,630 6 30\
/-'62.9 6‘29~j 6'50\
OPEN WHEN LAUNCHER OPEN WHEN HOIST IS ALMOST
HOIST 1S NOT FULLY AT TOP OF STROKE
arz=2*" 862
‘{3927—_24_7__0525_"_'__________-— ______ _i 65/
S |
CLOSED WHEN
CLOSED DURING | LOADING DRUM OR 649 !
AUTOMATIC STOWING MISSILES - [
OPERATION |
|
—_——_— - L I
cLose 1o |
CLOSED WHEN
OPERATE
| ~646 ELEVATION I GUIDE IS
648 DRIVE ON BZ LOADED
| ~645 L DIRECTION, ’_IO N 142 HO
SIGNAL
WHEN GUIDE | 9
IS EMPTY |
|
—— o e e e [._.._.__.__—___._-___
|
|
OPEN WHEN MISSILE OPEN TO STOP | CLOSED DyRING
/S IN GUIDE TRAIN AND OPERATION
/ ELEVATION DRIVE {
2['44443 MOTORS Ll ___B849 |0 __
o
OPEN WHEN HOIST
" CONTROL VALVE BS3 o
1S POSITIONED >—E——————————|—<
FOR NORMAL CLOSED WHEN 540 GLOSED WHEN
HOIST SPEED MISSILE HOIST CONTROL
IS IN GUIDE CLOSED WHEN VALVE 1S IN
TRAIN AND POSITION FOR
© DRIVE MOTORS HOIST LoWERING[|©
BzZG /EZB 444 ARE STOPPED
o
OPEN WHEN HOIST B0 ?
CONTROL VALVE
/S POSITIONED
FOR SLOW
HOIST SPEED
SBF SBE SAD SAE QG) €7> €4> SAC
I 63/ 63/*-\
(632 632
INVENTORS
F/G 58 ARTHUR J. STANTON
. ROBERT E. CARLBERG

ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER
ROCCO DeMAS!

ay By

ATTORNEYS



May 15, 1956

Filed Sept. 1, 1950

A. J. STANTON ETAL
MISSILE LAUNCHER

2,745,317

44 Sheets—Sheet 42

F16.59

BY

630 630~
629 & .
CLOSED WHEN GLOSED WHEN
a7 add OPEN WHEN TRAY LOADING DRUM LAUNGHER 15
| \ s LA rcﬂto\ OR STRIKING s ﬁr’b‘ﬂ 777'52
OWN MISSILES LLy]
| cal c83 o 658
| cLoseo wrem rray
| /5 Larcheo ad0 !
| T—c8/ e l _______ L 1 BAI3
| = oPEN uNLESS f T N ?\ 66/
LAUNCHER HOIST | > > )
| “1s FuLy N l \66‘2 5
| LAUNGHER HOIST TEST SWITCH l BF2 662
[ “CLOSED AT NORMAL® ! I N
PEN AT TEST *
| o | e 5
DY
e __ &M 554 DRUM 1S 668
= | careneo N K \
| MANUAL HOIST CONTROL SWITCH | 7 4 4
OPEN AT HOIST OR LOWER " CLOSED WHEN
! "GLOSED AT NORMAL" | MISSILE IS
—_——— & | CORRECTLY
| | "cLoseo wnew POSITIONED
| | LAUNCHER IS BB3 | B8J3 CD 3| ON TRAY
i OPERATED CLOSED WHEN |
| | AUTOMATICALLY ¢ LAUNGHER IS_| i OPEN WHEN 660a.
| | OPERATED [ MISSILE IS ON hY
] ~< AUTOMATICALLY DRUM AT
S 805, 653 ! STOWAGE HOIST |~g59 |
I6‘52 O OPEN WHEN | CLOSED WHEN I | cLoseo wren BDE O I_——
| OPEN WHEN MISSILE LOADING DRUM | TRAY IS DOWN
N | mISSILE IN 1S ON TRAY OR STRIKING | 657~ N
| ORUM IS AT DOWN MISSILES | M I]o
LAUNCHER .
| HOIST co4 ' | cLOSE TO CLOSED WHEN STRIKING
l Barn| | START.TRAY UP DOWN MISSILES
- oBAS)  _ _ olsAas _ _IS_«_I Gfl_l
o} CLOSE TO ROTATE DRUM © o
l DURING LOADING ? [I CA3 \
l BES / Z \%Loose‘a WHEN sraawa :‘E
————— IST IS FULLY DOWi
/ " T RIGHT DURING | \ 656 l] O
| | AUTOMATIC OPERATION I 655 CLOSED WHEN
| T URING Lo CLOSED. WHEN TRAY
| | LEFT_DURING LOADING T sl |eatc 1s FuLLy RETRac'D
| == EG — Lec2 Ll l
| l__I 0862 L 8¢t |__‘ |
I o] Q
|
! R
4 RrRCC
I 0
i SBC @ s80 L1z Q.D G/a
l Ay + ~
10 A f f r ’
! 631 | 63/
| 632 632+
-
INVENTORS
ARTHUR J. STANTON

ROBERT E. CARLBERG
ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER

ROCCO pPeMAS/
/{{%/ /e
(e [y Wareos,

ATTORNEYS



May 15, 1956

A. J. STANTON ETAL

2,745,317

MISSILE LAUNCHER
Filed Sept. 1, 1950 44 Sheets-Sheet 43
___________________________________ -
O\ O~
| 20a
|
[
[
[
CLOSE TO INDICATE THAT DRUMMAY l
8E ROTATED DURING LOADING OPERATION !
664 |
l/sea |
!
.—{ (24 CLOSED WHEN MISSILE ON |
DRUM IS AT STOWAGE HOIST
668 665 l
/, !
7
OPEN WHEN MISSILE . ON ‘
DRUM AT STOWAGE HOIST |
|
GLOSED WHEN| CLOSED ONLY WHEN | CLOSED WHEN STRIKIN
BJI BJ2 STRIKING HOISTING MISSILES DOWN MISSILES
DOWN FROM STOWAGE TO
MISSILES | READY SERVICE
CLOSED ONLY WHEN HOISTING DRUM
MISSILES FROM STOWAGE TO /
BD2 BD4

|
|
o803 <« (] {
CLOSED WHEN o |
MISSILE ON TRAY Taasso WHEN MISSILE | CLOSED WHEN MISSILE
N o | AEaoy aenpron omum |
UOGD/ cbz 1S IN NORMAL POSITION 15 FULLY WITHORAWN |
OPEN WHEN MISSILE IS |
CORRECTLY POSITIONED ON TRAY 666 |
669 c6 / Stowace noisTir|
CLOSE._TO RAISE STOWAGE o) o
HOIST RAMMER DURING ~~~ "—I l] BK 8L [l oy Futtr 1
STRIKING DOWN OPERATION ? ? ? ca4t
CLOSED WHEN (L CLOSED WHEW |
] ] e ||
[
o RETRAGT
Teee (teg) 2| osfed |
B2 co/l 667
ON RE4

CLOSED WHEN 6670 service DM |
TRAY IS LATCHED |
CH ol
ReA RCB '—l OROE. Zﬂ |
|
l
S @) @@ | |
RCE i
N N N |
r r r GLOSED WHEN LATCH REAGTING |
RELAY “RCE IS ENERGIZED |

| 20A
___________________________________ INVENTORS

F/G 60 ARTHUR J. STANTON
. ROBERT E. CARLBERG

ROBERT K. BOLE
FRANK W. SIEVE
WILLIAM DANZIGER

iy
61 wm—

ATTORNEYS



2,745,317

A J. STANTON ET AL

May 15, 1956

MISSILE LAUNCHER

44 Sheets~Sheet 44

Filed Sept. 1, 1930

/19 9/4
.-282
ST \_u —i
_oT b ®
N R
i N \
Lo 249
Lo ) [
Se [ )
- |
182
o082 _ _ _ _
H314MNdWY d31411dAY
43IMOd ¥3IMod
HO0THALNI NIvdl NOI1VA313
Lnoing AL r
INOZ ¥3ONVa omly ™|
= ww ¥ Aol mwm
_ 233 533
MO0THILNI 2
aa10vyL3y
HOLVT —— av4
ONINIVYLS3Y HOOTYALNI
FUSSIN QHYMYOS ONIYIS4
v 43 qav4 WSINOHONAS
MDOTHILNI NDOTYILNI
N3dO 009
H00Q 1sv18 MoT3e 3dnt 129

a4,

[GY A.,
S8« MiE
59 & 4
2RI E
2 S3alIINE £
.. -
MJEK.MMW J da
N
2SRRI
SREIIS T
o <
ICRERR
104280
wol} sjoubig
HOLIMS z
LOVINOD
314ILI0W NV,
049
4 I
NOLLNBHS Nd
3414 1v901 o84 9NT4 ALI4VS
RN rc
a84 440 vad
Wﬂvzw_m_ ._.m_vﬁnwm_.u_o ONILYH3dO0 ¥y0ol19034l0
\_ J




United States Patent O

2,745,317
Patented May 15, 1956

o
1CC

i

2,745,317
MISSILE LAUNCHER

Arthur J. Stanton, Bethesda, Md., Rebert E. Carlberg,
Arlington, Va., Robert K. Bole, Bethesda, Md., Frank
W. Sieve, Falls Church, Va,, Williamnm Danziger, NMew
York, N. Y., and Roceo De Mast, Ariinzton, Va.

Application September 1, 1959, Serial No. 182,696
32 Claims. (Cl. 89—46)
(Granted under Title 35, U, 8. Code (1952), sec. 266)

This invention relates to missile launchers and more
particularly to missile launchers which are automatic in
operation and may be controlled from a remote firing
station.

In the art of modern warfare the use of self-powered
missiles such as rockets has been receiving increasing at-
tention, however, difficulties have been encountered in
the handling and launching of such missiles particularly
when it is desired to launch a number of them in rapid
succession.

Heretofore, devices for launching a multiplicity of
rockets have been in the form of relatively simple con-
struction comprising a rack or frame for supporting a
number of rockets side by side and means for firing all
of the rockets substantially simultaneously whereupon
they are broadcast in the general direction of the target.
When adapted for shipboard use such devices ordinarily
could not independently be moved in train or elevation
and their firing accuracy depended upon directing the ship
toward the target and arriving at a prescribed range before
the missiles were released. It will be apparent that to
obtain repeated firing with such an arrangement it was
necessary for the launcher to be loaded by hand from
above-deck with exposed personnel and this loading step
had to be repeated before the launcher could again be
fired.

The risks attendant to the exposure of large numbers of
rockets and personnel above-decks is readily apparent.

In order to avoid hazard to shipboard personnel loading
rockets in an exposed position, there have been developed
gravity fed or mechanically fed rocket launchers which
fire rockets one by one through a firing trough, however,
in such arrangements ordinarily the supply of rockets still

must occupy an exposed position and hence is vulnerable
to a hit by the enemy.

A further problem, particularly with large rockets,
arises out of the tremendous heat generated by the rocket
blast as it is fired and a rocket launcher to be effective
must provide some means of controlling and isolating the
blast or removing the heat so that subsequent rockets will
not be prematurely ignited. Furthermore, because of the
tremendous heat and blast effects of the rocket as it is
launched, it is important that the launcher be automati-
cally loaded and capable of being operated in train and
in elevation by remote. control means such as the con-
ventional gun director employed aboard ship.

The missile launcher of the present invention over-
comes the above and other limitations of prior art devices
and is particularly adapted for use on naval vessels where
space limitations are important, however, it will be under-
stood that it is not limited to such use but may be used in
other installations where a launcher of this character is
desired.

Accordingly, it is an object of the present invention tc
provide an improved missile launcher design which pro-
vides optlmum control of the missile during launching, is
rapid in action and avoids the hazards incident to the
use of conventional missile launchers.
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A further object of the present invention is to prov1de
a missile launcher that may be completely automatic.in
operation and may be controlled from a remote station by
conventional fire control equipment.

Still another object of the present invention is to pro-
vide a launching guide tube having a loading position and
2 launching position and means for automatically moving
the guide tube between the loading and the launching
position.

Ancther object of the present invention is the provi-
sion of improved loading means whereby missiles may
be supported in a magazine disposed beneath the launcher
mount and under the deck structure and carrying a supply
of missiles such as rockets which are individually posi-
tioned adjacent a vertical hoist for movement into the
missile launcher guide.

A further object is the provision of a power and control
system for a ready service magazine and missile hoist by
means of which missiles carried in the ready service maga-
zine are sequentially moved into loading position and from
there carried into the launcher guide by means of the
hoist mechanism.

Another object is the provision of a hydraulic and elec-
tric power and control system for automatically indexing
a rotatably mounted ready service drum or magazine in
timed sequence with the up and down movements of a
missile hoist whereby missiles carried in stalls about the
periphery of the ready service drum are sequentially posi-
tioned in alignment with the missile hoist which. conveys
the missiles into the launcher guide positioned above the
periphery of the ready service drum.

A further object is the provision of an improved missile
launcher installation wherein the structural relationship
between the above-deck mount and below deck magazine
and hoist may be varied to conform with structural and
space limitations of various naval vessels upon which. it
may be installed.

Still another object is the provision of a compact missile
launcher having a protective shield and blast controlling
and directing means to protect the launcher components
and adjacent portions of the vessel.

Still another object of this invention is the provision
of means for removing a misfire or a dud from the
launcher guide without danger to crew personnel.

Still another object is the provision of an automatic mis-
sile launcher having interlock means whereby sequential
operation of the launcher parts is provided and whereby
each part operates in proper timed sequence so that
launching can be effected.

- Another object is the provision of means for safely
conveying an unfired missile from the launcher guide
back to the missile magazine.

A further object is to provide apparatus to facilitate the
lowering of missiles from above-deck into a ship’s stow-
age magazine.

A still further object is to provide means for loading
missiles from the Shlp s stowage magazine into a launcher
ready service magazme

Still another object is the provision of a novel reehng
device which eliminates twisting, fouling or straining of
flexible cable members interconnecting relatively movable
members.

These and other objects and advantages of the present
invention will become more apparent from the following
description taken in conjunction Wlth the accompanying
drawings wherein:

Fig. 1 is a vertical side elevation with portions removed
showing one embodiment of the present invention in
stowed condition;

Fig. 2 is a similar view from the opposite side but with
the parts arranged in loading pesition;

Fig. 3 is a side elevation with the launcher mount en-
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closing shield removed and the launching tube disposed
in firing position;

Figs. 4 to' 9, inclusive, are schematic views illustrating
the positions of the launching tube, launcher hoist, and
ready service magazine during loading and firing oper-
ations;

Fig. 10 is a top plan view with the launching tube in
load position and the deck surface removed to show the
ready service magazine located in one position relative to
the launcher mount;

- Fig. 11 is an enlarged front elevational view of a por-
tion of the launcher mount of the present invention with
shield removed;

Fig. 12 is an enIarged rear elevational view of a portion
of the launcher mount of the present invention with shield
removed;

Fig. 12A is a top plan view substantially along the line
12A—12A of Fig. 12;

Fig. 13-is an enlarged.frontal perspective view of the. .

missile guide tube partjally broken. away along its length
to disclose the bore clear indicator shoe and missile gnide

* rails;

Fig. 14 is an enlarged perspective detailed view of the
rear portion of the guide tube as it appears from above
and slightly to the rear; )

Fig. 15 is an enlarged detailed sectional view of the
upper portion of the rear missile end of the gnide tube
and illustrating the forward and rear restraining latches;

Fig. 16 is a perspective view partly broken away of
the blast door and operating mechanism located in the
upper portion of the blast shield and showing the linkage
employed to mannally withdraw the forward restraining
latches;

Fig. 17 is an enlarged vertical cross section through
the launcher enclosing shield with the guide tube and
‘operating parts removed;

Fig. 18 is a front view with guide tube removed of the
sealing means employed between the guide tube and the
shield.

Fig. 19 is an enlarged detailed view takeu along a line
substantially corresponding to line 19—19 of Fig. 18;

Figs. 20 and 21 are perspective views of alternative
shapes of blast deflector vanes which may be used in the
present invention;

Fig. 22 is a detailed view showing the bearing means
whereby the launcher mount is supported for movement
in train;

Fig. 23 is a perspective view from above, of a cable reel
employed to play out and take up slack in the electrical
cables connected to the rotatable mount and prevent
fouling thereof during rotation of the mount;

Fig. 23A is an enlarged detailed vertical section of one
of the cable engaging dogs used in the reel of Fig. 23;

Fig. 24 is an enlarged top plan view of the cable reel
of Fig. 23;

Fig. 25 is a side elevation partially in section of the
cable reel illustrated in Figs. 23 and 24 taken along a line
substantially corresponding to line 25—25 of Fig. 24.

" Fig. 26.is an enlarged fragmentary side elevation of a
cable well and follower with portions of both the well
wall and the follower side broken away;

Fig. 27 is an enlarged detail elevational view partially
in vertical section of the cable well and follower shown
in Fig. 26;

Fig. 28 is a foreshortened top plan view of the follow-
ers of Figs. 26 and 27;

Fig. 29 is a schematic perspective view of the launcher
hoist operating means employed to raise missiles from the
ready service magazine into the guide tube;

Fig. 30 is a detailed vertical section through a portion
of the ready service magazine bearing means showing the
drive pinion and ring gear arrangement;

Fig. 31 is a top view of the ready service latch showing
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latch receiving notches therefor in the inner periphery of
the ring gear;

Fig. 32 is an enlarged detailed vertical section through
the lower portion of a magazine stall showing details of
the ready service magazine missile support latch and stall
loaded indicator mechanism;

Fig.'33 is a perspective view as it appears looking from
within a stall and showing the latch and indicator mech-
anism of Fig. 32;

Fig. 34 is a perspective view partially broken away of
the stowage hoist and tray used to load missiles from
below into the ready service magazine;

Fig. 35 is an enlarged detailed perspective view of the
missile holding clamp employed to clasp the missile and
hold it on the tray during tray movement;

Fig. 36 is an enlarged detailed view of a stowage hoist
upper limit interlock cam and switch;

Fig. 37 is an enlarged detailed view of a stowage hoist
lower limit interlock cam and switch;

Fig. 38 is an eniarged perspective view of the stowage
hoist tray latch mechanism together with tray closed indi-
cator and interlock switches;

Fig. 39 is an enlarged schematic perspective view of
the stowage hoist tray pivot bearings together with a tray
loaded interlock and tray position indicators;

Fig. 40 is a time chart showing the relative movement of
the launcher hoist, the launcher guide and ready service
magazine during one complete cycle of automatic oper-
ation;

Fig. 41 is a schematic view showing the method of
lowering missiles from above-deck to the ready service

_magazine and thence by the stowage hoist to the missile
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stowage magazine or locker;

Tig. 42 is a side elevation showing the guide tube de-
pressed and a manual missile ejector rod and tray in place
for jettisoning overboard a defective missile;

Fig. 43 is a block diagram of the hydraulic system em-
ployed to convey missiles to and from the launcher guide,

- for rotating' the ready service drum ‘and for lowering

missiles into the ship’s stowage magazine;

Figs. 44 through 48 show the hydraulic power and con-
trol system employed for operating the launcher hoist and
rotating the ready service magazine;

Figs. 49 through 52 show the hydraulic power and
control system for operating the magazine stowage hoist;

Fig. 53 is a face view of the main electrical control
panel used in the present invention;

Fig. 54 is a schematic electrical diagram of the motor
controller circuit for the pump which provides hydraulic
power for operating the ready service magazine and both
hoists;

‘Fig. 55 is.a schematic electrical diagram of the motor
controller which controls the -train pump drive motor;

Fig. 55A is'a schematic electrical diagram of the motor
controller which controls the elevation pump drive motor;

Figs. 56 and 56A together constitute a schematic dia-
gram of the electrical portions of the control system used
in the present invention;

Figs. 57 through 60 taken together show the major
portion of the circuit of Figs. 56 and 56A with func-
tional legends applied to the swiich members; and,

Fig.. 61 is a schematic representation by block dia-
gram of a firing circuit with its interlocks, together with
a face view of a firing control panel which may be used
in the present invention.

The present invention is shown as a remotely controlled
automatic operating shipboard type of missile launcher
installation wherein all components except the launcher
guide tube are protected by enclosure within a shield
or by location below-deck.

In the embodiment: illustrated, a single launcher guide
fube is supported by trunnions for pivotal movement’
from an upright loading position to an inclined firing
position’ at which time it is lowered to some angle be-
tween 0° and 60° of elevation as determined by a signal
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received from the ship’s gun director. This gnide tube
and its trunnions are mounted upon a carriage supported
upon a mount which is simila: to the conventional 40 mm.
gun mount and includes the necessary apparatus for mov-
ing the guide tube beth in train and elevation in response
to -director signals received from conventional fire con-
trol equipment. By this means the mount may be moved
in train and in elevation so that it may bear upon the
target up to the very instant of firing.

A second component part of this launcher is a hoist
mechanism which operates to deliver rockets or other mis-
siles from a below-deck ready service magazine into the
launcher  guide tube when it is at its 90° elevated or
loading position.

A third component is a below-deck ready service maga-
zine in the form of a large upright drum having a plu-
rality of missile receiving stalls spaced about its periphery.
By suitable means the drum may be rotated to succes-
sively present missiles to the launcher hoist for loading
into the guide tube.

A fourth component of the present invention is the
provision of a stowage hoist whereby missiles may be
supplied to the stalls of the ready service magazine from
a remote missile stowage compartment so as to replenish
the supply of missiles in said ready service magazine dur-
ing a pericd when the launcher is not in automatic op-
eration. This stowage hoist embodies transfer means in-
cluding a tray upon which the missiles may be loaded
and which tray then tilis to transfer the missiles from
a horizontal stowed position to an upright position in
alignment with the stowage hoist whereupon they may
be moved into empty stalls of the ready service maga-
zine.

The first three components above set forth work to-
gether during automatic firing operation to automatically
and continually load and fire missiles until the supply
in the ready service magazine has been exhausted or until
a “Cease fire” order is given. Thereafter the last com-
ponent works to reload the ready service magazine se
that it will be ready for another burst of automatic fire.
These operations are carried on in timed relationship
under the control of electrical and hydraulic interlocks
which assure the completion of each step before the start
of the next.

In normal service, operation of the missile launcher
is remotely controlled by a director fire control system.
When the launcher is in operating condiiion, and is fol-
lowing the director, the entire magazine supply of 22 mis-
siles may be loaded and launched in succession simply by
closing the firing circuit and holding it closed. During
this automatic loading and launching operation, no ac-
tion is required of launcher personnel. The firing of the
launcher is ordinarily controlled remotely, and succes-
sive loading of missiles from the ready service magazine
is performed automatically by the missile hoist, hence
personnel are not staticned in or about the mount above-
deck during firing operation.

Local control features of train and elevation are not
incorporated in the launcher, however, handwheels are
provided to move the mount manually in train and ele-
vation for the performance of stowing and casualty op-
erations and to facilitate service or maintenance work.
Local control of the firing circuit may be provided at a
below-deck control station as an alternative to director
firing.

In the embodiment of the invention illustrated, and
referring particularly to Figs. 1 to 12, inclusive, the
present auntomatic missile launcher is shown as it may
be instailed on a naval vessel with an above-deck mount
generally designated 128, a below-deck ready service
‘magazine 161 and a missile hoisting mechanism 102
adapted to convey missiles from the magazine directly
into a missile guide tube 183 carried by the mount,

The above-deck mount 160 is provided with a dome
type protective shield 184 resting upon a shield base
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105. Within the shield is mounted a carriage 106 hav-
ing spaced checks 107 and 108 mounting trunnion bear-
ings 109. The guide tube 183 has trunnions 110 sup-
ported in the bearings 109 about which the tube may
pivot from an upright loading position to an inclined
firing position, the tube 103 being provided with a gear
sector 111 which may be engaged by the usual drive
pinion to move the tube in elevation. The shield 104
is enlarged at 112 to form a curved blast chamber and
may be provided with a hinged weather hatch 113 (Fig.
16) at the top which is kept closed except during actual
firing of the launcher.

In the embodiment illustrated the device is shown
supported upon deck 114 by means of a flanged roller bear-
ing stand 115 and in use the entire above-deck launcher
mount may be rotated in train while the launcher tube
is simultaneously moving in elevation.

Immediately below the deck 114 may be located the
launcher magazine or ready service magazine 181 which
in the present embodiment includes an upright drum
mounted upon a suitable bearing 116 for rotation about
its vertical axis 117. As shown in the top view Fig.
10, 2 number of missiles 118 may be supported in stalls
119 formed by guide rails 120 spaced about the pe-
riphery of the ready service magazine and so arranged
as to bring each missile into axial alignment with the
center of rotation of the mount as the magazine is in-
dexed during a missile loading operation.

When a missile has been moved into alignment with
the axis of rotation of the launcher mount and the guide
tube 103 is vertical, the missile may be automatically
raised from the ready service magazine into the guide
tube by means of a launcher hoist 102, the sequence of
operation of which is schematically illustrated in Figs.
4 t0 9, inclusive. In Fig. 4 the guide tube 103 supported
upon the carriage 106 is shown in the vertical loading
position and the ready service magazine 101 is shown
loaded with several missiles 118, one of which 118a,
is located in coaxjal alignment immediately below the
upright guide tube 103. The rear end or shroud 2121
of the missile is positioned at that time just above a
hoist lifter member 122.

In Fig. 5 operating switch 123 has been closed and,
as the first step of the automatic launcher operation, the
hoist 102 is energized to raise lifter 122 by means of
a rammer type one-way chain 124 so as to lift the missile
118¢ into the guide tube 103 where it is retained by
suitable retaining latches hereinafter described. As shown
in Fig. 6 the rammer then descends and guide tube 103
pivots about its trunnions to the firing elevation as
determined by the conventional fire director means aboard
ship and, as shown in Fig. 7, as soon as the hoist lifter
reaches the bottom the ready service magazine may in-
dex to move another missile 118 into the loading posi-
tion.

When the guide tube 183 descends to the desired eleva-
tion the missile is automatically fired as indicated in
Fig. 8, whereupon the guide tube 103 starts automatically
to return to its upright position as shown in Fig. 9. If
switch 123 is maintained closed, then the hoist 102
automatically proceeds to load another missile into the
guide tube from the ready service magazine 161. This
operation continues until switch 123 is opened or until
the supply of missiles in the ready service magazine is
exhausted.

The above deck mount

The above-deck mount 166 receives missiles from be-
low through a central opening 125 (Fig. 22) in a rotat-
able base ring 126 supported on roller bearings 127, 128
and 129. As is shown in Fig. 2 the guide tube 183
in its vertical loading position is disposed with its
longitadinal axis in coaxial alignment with the axis of
rotation of the above-deck mount and hence missiles fed
from below by hoist 102 are received directly into the
after end of the guide tube 103.
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The guide tube 103 (Figs. 13 and 14) comprises a
cylindrical tube member 130 preferably formed of sheet
steel and having spaced about ‘its inner surface a plu-
rality of inwardly projecting guide rails 131. Tube 138
may be removably secured in. a guide tube engaging
sleeve 132 extending from a guide tube housing 133
from the sides of which the trunnions 110 extend. Be-
cause of the substantial absence of recoil the trunnions
need not be large. A spanner nut 134 may secure the
guide tube 130 in the guide tube receiving sleeve 132,

An elevating gear sector 111 is secured to ‘the under-
surface of the guide tube housing 133 and may. be
engaged by the usual operating pinion of conventional
elevating mechanism so as to elevate the guide tube in
response to fire control signals.” In order to retain a
missile in the guide tube after the launching hoist rammer
‘is lowered there may extend into the after end of the
tube a pair- of oppositely disposed, hinged, spring biased
missile support latches (Figs. 14 and 15), which latches
are mechanically cammed out by a missile entering the
vertically positioned guide tube and snap inmto place
behind the lower edge of the missile shroud when the
hoist has raised the missile clear. Subsequent lowering
of the hoist lifter member leaves the missile supported
in the guide by these latches. A forward missile re-
straining latch 137 (see Fig. 15) normally protrudes
into the bore of the guide forward of the missile shroud
121. This latch is held retracted by a solenoid when
the guide is empty or when it is locked in loading
position but after the guide is loaded this :latch pre-
vents the missile from sliding forward and out of the
mouth of the guide tube as the guide depresses to the
firing position.

As will hereinafter appear when all other electrical
and mechanical actions necessary to firing have been
completed the missile restraining latch 137 is withdrawn
by its operating solenoid and the firing circuit may
thereafter be completed. As is shown in Fig. 14 the
rear of the guide tube 139 is enclosed in a breech sleeve

138, the after end of which is notched to receive the !

missile engaging latches 135. The latter are hinged so
that toe portions 139 normally project into the bore of
. the guide tube but entry of a missile from below cams
the latches™ outwardly against the tension of a latch
spring 149, the fixed end of which is secured to a latch
spring bracket 141 welded or otherwise suitably se-
cured to the breech sleeve 138. The other end of the
spring 140 is secured tc the upstanding arm of an
L-shaped bracket 136 bolted or otherwise secured to the
external surface of the missile engaging latch 2135 where-
by the tension of spring 140 serves constantly to urge the
toe 139 into the gmde tube.

The missile engaging laiches 135 are 1mked together
so that they may be moved in unison by latch operating
lever 142 keyed to shaft 143. An arm 1414 is also keyed
to shaft 143 so that movement of the handle 142 raises
arm 141 against the undersurface of bracket 136 to lift it
and withdraw the toe 139. By link lever 146 secured to
arm 147, as shown, the lower missile engaging latch
135 may simultanecusly be retracted.

Normally the missile engaging latches 135 will not
manually be retracted from the guide tube, however dux-
ing testing operations etc. it may be necessary to remove
a missile from the after end of the guide tube and then
handle 142 may be raised about its pivot 143 to cam
up bracket 136 and withdraw the toes 139 of the missile
engaging latches 135. A detent including knurled thumb
nut 1482 may be operated to screw the threaded-end of
a bolt 1474 into a threaded opening in boss 148. Loosen-
ing of this detent is necessary before handle 142 may bs
operated. To retain the handle 142 in the missile en-
gaging laich retracted position, a finger laich 196 con-
trolling a spring biased bolt 197 is mounted in a bolt
block 198 and when the handle 142 is raised the bolt 197
moves into the path of projection 199 on the lever 142
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and holds it in missile supporting latch retracted position

until the finger latch 196 is operated. ‘
In order to indicate the condition of the missile engag-
ing latch there is provided a switch AE whose roller tipped
actuating arm is positioned in the path of 2 tripping lug
149 of the bracket 136 to indicate when the upper missile

engaging latch has been completely retracted. A similar

switch AC is located with its roller tip actuated arm dis-
posed in the path of a cam member 151 mounted upon

the bracket 136 and serving to indicate when the upper .

missile engaging latch is in aormal position. The under-
side of the guide tube is provided with -similar switches
AB and AD which are operated by the positioning of
the lower missile supporting latch. This is because of
possible interference by the hoist lifter member with one
of the latches. ' ] .

Toe 139 of each missile engaging latch is preferably
inclined on‘its forward face to preveni manual-release of
the latch unless the weight of the missile has first been

removed by the hoist lifter member.

The forward missile restraining latch 137: dlsposed
ahead of the missile shroud when the missile is located
in the launcher tube is illustrated in detail in Fig. 15
and may be supported. for pivotal movement around a
pin 158. It has a bell crapk arm 152 which may be
linked to a plunger rod 153 for actuation by a solenoid
SAF housed “within' the container 134,  If desired the
forward missile restraining latch 137 may be actuated
by mechanical means instead of the solenoid SAF afore-
mentioned and, to accomplish this, the upper arm of the
bell crank 152 is provided with a pad 155 which is lo-
cated to be engaged by the rounded end of a manually
actuated arm 156 (Fig. 16) supported upon a transversely
extending operating shaft. 157 extending to .the -outside
of the blast chamber 112 for operation by a hand crank

188 for the purpose of permitting manual removal of a
*mssﬂc from the front end of the guide tube in a manner
hereinafter to be described.

As shown in Figs. 14 and 15 there may be prov1ded a
firing pin including an upwardly extending terminal 280
and an inwardly directed shroud engaging pointed tip 281
which latter is resiliently urged against an electric con-
tact band 282 about the periphery of the missile shroud.
The tip is preferably of extremely hard material such as
“Stellite” so as tc engrave the band 282 and insure. posi-
tive electrical contact therewith.

As shown in Fig. 13 the guide tube is provided with
a bere clear indicator in the form of a long shoe 159
located within the tube and the presence of a missile in
the guide tube depresses the shoe 139 and rotates a
support shaft located within the tubular housing 160
which in turn actuates switch means within the switch
box 161 which conditions the control circuit to.show
that the guide tube is loaded. The shoe 159 extends

y close to the forward end of the tube and hence remains

depressed until the missile has entirely cleared the guide
tube.

The " guide  tube housing 133 may be provided
on one side with a latch pin receiving opening 162
to receive a horizontal stowage pin 163 which when
in place locks the guide tube in the horizontal stowed
position illustrated in Fig. 1. = Actuating  mechanism
for the horizontal stowage pin 163 -is illustrated in
Figs. 11 and 12 where pin 163 is shown connected to
one arm of a bell crank 164, the other arm of which is
connected to rod 165 operable by hand crank 166. In
order to secure the guide tube in its vertical loading posi-
tion there is provided ‘on the undersurface of the guide
tube an apertured lug 167 (Fig. 14) having an inclined
lower edge 168 and elongated opening 169. This lug
cooperates with an axially slidable (spring biased) lock
pin 178 (Fig. 12) mounted upon one cheek of the car-
riage and having a rounded end whereby it may be
cammed back out of the way by the inclined face 168
to then snap into opening 169 and retain the guide tube
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in its vertical “load” position and prevent unintended
movement from that position during loading. ' The pin
170 is controlled in its movcment by a solenoid which,
when energized; acts through a hydraulic operating means
hereinafter described to retract the pin against spring
compression and permit the guide tube to be moved out of
" its vertical position. As shown in Fig. 14 the after. por-
tion of the guide tube has secured to its undersurface a
pad 171 which, when the guide tube reaches vertical
strikes the .pin 172 of a hydraulic buffer (Fig. 12)
to cushion the movement of the guide tube to its vertical
position. A similar pad 173 is disposed to abut stop 174
(Fig. 12) to provide a positive stop which is engaged
after the buffering action has taken place. This assures
positive vertical alignment of the guide tube with the
launcher hoist.

The undersurface of the forward portion of the guide
tube (Fig. 13) is similarly provided with a pad 175 which
abuts a buffer pin 176 (Fig. 11) when the guide tube is
depressed to approximately minus 10°.

To flame seal the upper end of the launcher hoist when
the guide tube is not vertical there is provided a hatch
177 (Figs. 12 and 12A) which may be mounted for
pivotal movement about a vertical pin at 178 and bears
an upstanding cam pin 179 which, when the hatch is
closed, is disposed in the path of a curved groove 186
formed in a door operating cam block 181 (see Fig. 14)
mounted on the rear of the guide tube. The hatch 177
is normally held in flame seal position by means of a
pivotally mounted latch arm 177a having a hooked end
portion which is urged against cam pin 179 by a spring
182 so as to force the edge of the hatch against a stop
plate 179a¢. As the guide tube pivots towards vertical
position the face of cam block 181 engages an upstand-
ing striker pin 181z on the latch arm thereby pivoting
the latch arm rearwardly and freeing the hatch from the
tension of spring 182. It will be apparent that continued
movement of the guide tube towards vertical causes the
pin 179 to enter the groove 180 and be cammed to one
side by the curvature of slot 189 causing the hatch 177
to swing out of the way of the rear end of the guide
tube. This uncovers the top of the launcher hoist simul-
taneously with movement of the guide tube into the
vertical position so that missiles issuing from the hoist
enter directly into the rear of the guide tube. When the
guide tube starts its return movement to depressed posi-
tion the camming action of pin 179 in groove 1860 causes
the hatch to pivot to its closed flame sealing position
where it is held in place by the force of spring 182 urging
it against the stop plate 179a.

As indicated in Figs. 1, 10, and 17 the above-deck
mount shield may be provided with suitable access
hatches 183 on opposite sides thereof and for ventilation
a screened hatch 184 may be provided in the front part
of the shield. To provide forced ventilation a fan 185
(Fig. 17) may be mounted in the ventilation hatch, or
if desired, the fan may be positioned between the cheeks
of the cradle and connected by suitable duct-work to the
ventilation hatch, in the latter event the components
illustrated in Fig. 11 mounted at the front of the carriage
may be moved to one side and mounted upon brackets
secured to the carriage. In order to assist in confining

* the blast to the after portion of the shield and to direct
it out of the blast chamber 112 at the rear of the shield
there may be provided partitions and walls, extending
aft from the cheeks of the carriage and serving to confine
the blast to keep it from reaching the various components
mounted upon the launcher. It will be apparent that a
blast of air entering from the front and conducted rapidly
about the rear of the guide tube and out through the
blast chamber will cool that member and aid in evacuat-
ing exhaust blast gases from the shield.

The interior of the blast chamber 112 may be provided
with a number of vertically spaced generally horizontally
arranged vanes 186 or 186a, preferably of the general
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shape iltustrated and either inclined or curved somewhat
in-the manner illustrated in Figs. 17, 20 and 21 so that
irrespective of the degree cf guide tube elevation the
exhaust -blast will be directed upwardly and out of the
opening at the top of the blast chamber 112.

The - outer surface of the guide tube housing 133
(Fig. 13) is cylindrical and constitutes a guide tube port
fairing which engages the contact surface of an inflatable
rubber seal 187 (Figs. 18 and 19) which in turn is sup-
ported upon the depending flange of a seal retaining strip
188 which is secured to a laterally extending carriage
supported frame 189. A flexible rubber strip 196 con-
nects frame 189 with the edge of the shield 104 adjacent
the launcher tube receiving opening. This seal 187 may
be deflated when the launcher is in use but otherwise
should be kept inflated to insure sealing contact with the
guide tube port fairing.

As part of the procedure for handling misfires, a

“sprinkler system is provided to spray the after end of

the guide tube so as to cool it before the misfired missile
is disposed of. For this purpose a sprinkler line 191
(Fig. 17) may have an exterior connection 1%1a to which
a water supply hose may be attached. Several sprinkler
heads 192 are spaced along the line 191.

For cold weather operation suitable heating elements
may be mounted along the length of the guide tube and
at other locations adjacent important operating parts of
the launcher mount so that they may be retained at oper-
ating temperature in spite of low ambient temperatures.

A small rammer hatch 193 may be provided at the
rear end near the top of the blast chamber 112 and is
in alignment with axis of the guide tube when that tube
is depressed to minus 10° elevation so that a manual
rammer pole 194 may be inserted to push a missile from
the forward end of the tube. This operation is illustrated
in Fig. 42 where the missile is shown being conducted
overboard along a suitable chute after it has been forced
from the launcher tube by the rammer 194.

In order to prevent firing of the launcher when it is
aimed at the ship’s own superstructure and also in order
to prevent firing when the launcher elevation exceeds
60° there may be provided on the mount a firing interlock
cam of any suitable type which may be located within
housing 195 (see Fig. 11) and which cam may be ad-
justable in the conventional manner to control the limits
of train and elevation during which firing of the launcher
may occur.

The cable reel

The electrical connections for the above-deck mount
including the train and elevating motor power circuits
and the control systems are carried through a number of
electrical cables of which five are employed in the em-
bodiment illustrated. In the present embodiment as
shown in. Figs. 23 through 28 these cables have been
numbered 201, 202, 203, 294 and 205 and descend
through the lower deck of the above-deck mount and are
collected and supported by a cable reel member which
protects them against abrasion and supports them against
strain or twisting which might occur during rotation of
the above-deck mount. This cable reel device comprises
a hoist encircling drum 286 having a flange 267 about its
upper edge which latter is provided with a plurality of
equidistantly spaced bolt openings therethrough adapted
to register with corresponding openings in a radially
extending flange 208 (Fig. 22) encircling the lower edge
of the base ring 126 of the rotatable mount. With
flanges 207 and 208 bolted together the drum is carried
by the mount in rotation.

Thé cable reel drum 206 supports a radial shelf 209
having an upturned edge 219 upon which shelf the cables
201 to 205, inclusive, lay as they encompass the drum.
The shelf 209 is interrupted to provide an opening
through which the cables descend to a lower shelf 211 and
in this opening is located a cable clamp 212. The shelf
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21% may be continuous and, since it too is‘secured on
and. rotates with the drum, there is no relative rotation
between the cable and the shelf. :

As the cable drum rotates, the cables are fed tangen- -

tally on and off this lower shelf 211 by a pulley arrange-
ment- shortly to be described. As shown in Figs. 23,
23A and 25, the cables are retained in a close side by
side relationship on the lower shelf by a plurality of
equally spaced roller operated cable. retaining dogs 213
(Fig. 23A) which are pivotally mounted on brackets 214
secured to the edge of a top plate 215 secured to the
cable drum and spaced slightly more than the thickqess
of a cable above the lower shelf. During the rotation
of the mount the cable retaining dogs are guided so
that a pad portion 216 on each dog engages the outer
coil of cable and holds the five cables together in side
by side relationship. This feature is particularly illus-
trated at the left side of Fig. 25. The roller portion of
each dog rides in engagement with a peripheral track 217
which at the point where the cables are drawn tangentaily
off of the lower shelf connects with an inclined ramp 218
comprising spaced curved guides which move the rollers
first outwardly and then upwardly thus freeing the cables
from the side pressure of pads 216. As the cables pass

tangentally off of the lower shelf they are guided by a.

cable guide member 219 so as to pass over independen_tly
rotatable sheaves 220 being retained in contact with
the sheaves by sets of idler rollers 221 and 222.

The independently rotatable sheaves are supported up-
on a bracket 223 which in turn is mounted upon the
stationary stricture of the ship. - This may be accom-
plished by securing it to a pad 224 supported by the reel
encircling shroud 225 (Fig. 25) or by supporting 1t from
one of the several horizontally disposed channel mem-
bers 226 which form a part of the supporting structure.

1t will be apparent that as the cable reel rotates in one
direction with the mount it will play out slack which
mist be accommodated or else the cables are likely to be-
come twisted and fouled, likewise reverse rotation of the
mount will take up this slack. In order to provide a
cable tensioning and slack accommodating means there
is provided immediately under the rotatable sheaves 220
a cable receiving well 227 which may be secured to the
stationary launcher hoist housing and comprises an
elongated casing which is preferably divided. into a
plurality of marrow vertical chambers 228, etc., one for
each cable and a portion of which is shown in vertical
cross section in Fig. 27.  An access plate 231 may be
provided at one side to permit the installation of cable
followess 232, one in each chamber:
lowers may be of the construction illustrated wherein a
centrally mounted loosely rotatable sheave 233 is sup-
ported between spaced follower side plates 234 and 235
o receive one of the cables. - The weight of the follower
assembiy is sufficient to keep the cable taught at all times,
however, additional weight may be added if desired. The

cables after passing around their respective sheaves 233

extend upwardly to the outside of the cable well where
they are clamped in place by a clamping means 236
from which they extend to a suitable connection box
237 (Fig. 2} on the hoist housing. - In order to guide
the foilower in its vertical movement within the elongated
chamber there are provided a plurality of edge rollers
238 end side rollers 239 which engage the inside walls of
ihe clengated cable receiving chambers and reduce fric-
tional contact therewith.

The launcher hoist

The launcher hoist 102 raises missiles from a ready
service magazine 191 into the after end of the guide tube
93 when the latter is disposed in the vertical load posi-
tion.
and 23 as a hollow tube 240 concentric with the axis of
the cable reel drum and the axis of rotation of the
launcher mount. As indicated in Figs. 1 and 2 the

These cable fol-.
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launcher hoist tube 240 has an adjacent hoist rammer
‘chain guide housing 241 at one side thereof. = Within this
housing is located a rammer chain 124 and the housing
241 serves to guide rollers 243 on this chain so that a ram-
mer spade 244 may be raised and lowered to lift missiles
through'the hoist tube and into the launcher tube.
- As shown in Fig. 29, the chain 124 is of the conven-
tional rammer type which will flex only in one direction
and may be driven by a sprocket type driving member
245 mounted on shaft 246 and engaging with a helical
gear 247. This helical gear mates with ‘a larger helical
gear 248 mounted upon shaft 249 and connected to a
crank arm member 250. A similar one-way chain 251
having rollers 252 is secured at its upper end to a piston
shaft 253 bearing a piston 254 slidable within a hydraulic
cylinder 255.. ‘Movement of the piston shaft 253 down-
wardly is transmitted through chain 251 to the crank arm
member 250 to rotate the gears and raise the rammer
chain and its lifter 122 to hoist a missile upwardly through
the launcher hoist tube. In the embodiment illustrated
the gearing is preferably such as to provide a 1 to §
ratio between the downward movement of the piston 254
and ‘the upward movement of the lifter 122. - Suitable
hoist raising and lowering interlock switches are mounted
in a control group 256 (see Fig. 3) and will hereinafter
be discussed in more detail ‘in the discussion of the
hydraulic and electrical systems (see Figs. 29, 30, 43, 48,
and 53). :

The ready service magazine

The ready service magazine is shown in Figs. 3, 10, 30,
31, 32, and 33 and comprises a circular drum shaped
framework of peripherally disposed chaanel like guide
members 120, each spaced from the other a sufficient dis-
tance to receive a missile therebetween, the entire frame-
work being mounted for rotation about support bearings
116 shown in detail in Fig. 30. As there illustrated the

‘ready service magazine drum includes a radially extend-

ing flange member 257 spaced between upper and lower
roller “bearings 258 and 259, respectively. A similar
roller bearing -arrangement 260 is provided to receive
radial thrust. In order to rotate the ready service maga-
zine 101 there may be provided a pinion 261 mounted
upon a shaft 262 driven by power drive means located
within the magazine. This pinion drives the magazine
drum through engagement with the teeth of an internal
ring gear 263. '

As shown in Fig. 31, there may be provided adjacent
the; ring gear 263 a flange having a plurality of stop re-
ceiving notches 264 which may be engaged by a hy-
draulically actuated stop member 265 comprising a ready
service drum latch mechanism. Engagement of this stop
¥nemb§r 265 in a notch latches the drum with one stall
n registry with- the launcher heist and anocther stall in
registry with the stowage hoist. The control means for
operating this stop member will hereinafter be described.
Figs. 32 and 33 are enlarged views of the bottom portion
of a ready service drum stall showing the details of a
missile support latch 266 and a stall loaded indicator
It will be noted that the missile support latch
266 pivots about pin 268 and is normally held in missile
engaging position by a: suitable spring 269.  'With this
arrangement, as a missile is fed upwardly from the stow- -
age hoist hereinafter to be described, the stall is Joaded
from below and the forward end of the missile forces the
missile support latch back unti] the shroud of the missile
clears the latch, whereupon: spring 269 moves the latch
behipd the missile and into missile supporting position.
During. the. process of loading missiles from the ready
service magazine drum into the stowage hoist it is neces-

-sary to retract the missile support latch so as to permit.

the missile to lower and for this purpose the after lower
ed_ge of the missile support latch member 266 is provided
with an extension 271 which may be engaged by the
overhanging lip 273 of a tripping head 272 mounted upon
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stem 274 extending downwardly and actuated by means
hereinafter described to retraci the missile support latch
during missile stowage operation. Suitable grounding
means well known in the ari may be employed to con-
tact. the body of the missile and maintain. it at ground
potential.

The stall loaded indicator may comprise a cam mem-
ber 267 which has inclined upper and lower faces pre-
sented to the stall so that it will be cammed out of the
stall when 2 missile is moved into place. This cam may
be hinged at one side as by bolt 275 and is normally urged
into the -stall by a suitable compression spring 276.

There are provided one missile support latch and one
stall loaded indicator for each stall, the stall loaded indi-
cators actuate switches Bj—1 and 2 and BJ-3 the operat-
ing arms of which ride upon a ramp 279 which has in-
clined surfaces at each end.

The stowage hoist

The above-deck mount, cable reel, launcher hoist and
ready service magazine operate together during automatic
firing operations to load and fire missiles as long as the
supply in the ready service magazine holds out, however,
when said supply is exhausted it is necessary to replenish
the ready service magazine from the ship’s store of mis-
siles and this is accomplished through a stowage hoist
illustrated in Figs. 34 to 39, inclusive, and Fig. 41. This
stowage hoist may extend one or more decks below the
ready service magazine and is disposed in alignment with
one of the peripheral stalls of the drum when latched in
place and sufficiently spaced from the launcher hoist to
prevent interference therewith. As a practical matter it
has been found that it may be located at any position three
or more stalls distant from the launcher hoist. By this
arrangement missiles may be stowed in a well protected
compartment on suitable racks and may be moved to
the stowage hoist by conventional conveyor means.

As shown in Fig. 34, the stowage hoist comprises a
tubular upper trunk 285 and a missile receiving lower
trunk 286 which has a tray portion 287 hinged at 288 to
permit the tray to be lowered down to a substantially
horizontal position to receive a missile. In use, a missile
is placed upon tray 287 by suitable conveyor means
whereupon controls located on the stowage hoist control
‘panel 28% may be actuated by the stowage hoist operator
to cause the tray to be raised through the medium of a
hydraulic raising cylinder 290 operating through one-way
chain 291 vpon a sprocket sector 292. This pivots the
tray about a point 288 and raises the missile to a vertical
position within the lower trunk portion 286 of the hoist.
When the missile is in such vertical position its base rests
upon a semicircular platform 293, one edge of which is cut
away to accommodate a stowage hoist lifter 294. With
the tray closed and the missile in position and with suit-
able interlocks and control circuits properly actuated the
hoist lifter 294 may be raised by the operation of a
hydraulic motor 295 acting through a suitable transmis-
sion 296 upon a one-way chain 297 to raise the missiles
into an empty stail of the ready service ring immediately
over the stowage hoist upper outlet.

In Fig. 35 is illustrated in detail a missile clamping ar-
rangement whereby opposed arms 298 and 299 may be
linked together to retain the missile on the tray against
unintended movement while it is traversing the distance
from its horizontal load position to a vertical hcist posi-
tion. - As there shown, the arm 299 pivots about a pin
360 and has a dowanwardly projecting bifurcated exten-
sicn 301, between the arms of which is pivoted one end
of a pair of link arms 3€2, which in turn are linked
pivotally with the ends of a second pair of link arms 393
and 303¢ which are journaled in bosses 384 depending
from the undersurface of the tray 287. These link arms
382 and 303 form a toggle linkage arrangement which
because of stops (362a) can break only in one direction.
Upright arm 298 is provided with a similar toggle linkage.
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Projections 3835 on each toggle are connected by a spring
3¢5 which normally urges the arms 298 and 299 to ap-
proachment to cach other in missile grasping relation-
ship. When the tray 287 is lowered the toggle linkage
is broken by engagement of the knee of the toggle with
spaced upright posts 386 positioned on the floor of the
stowage room and in alignment with said knees. It will
be apparent that with the tray at rest in its horizontal
position the arms are separated and a missile may be
loaded on the tray, however, as soon as the tray is
lifted enough to free the knees from the upright posts
306, then spring 305 causes the arms 2983 and 299 to
grasp the missile. In order to control the operaticn of
the stowage hoist and to provide electrical interlocks to
prevent improper sequence of operation there are pro-
vided a number of elecirical switches and actuating
mechanisms therefor as follows.

In Fig. 36 is shown a stowage hoist lifter upper.limit
switches CC1 and 2 which are mounted near the base of
the stowage hoist trunk (Fig. 34) and may be actuated
by a cam 388 mounted upon the stowage hoist rammer
chain 297 when the lifter reaches the upper extent of its
travel. To accomplish this a roller 302 is mounted on
a block 31@ for sliding movement and the block is nor-
mally held inwardly by a spring and has a stem adapted
upon outward movement of the block to engage the tip
311 of an actuating arm 3312 pivoted at 313 and and
having a portion 314 which engages the actuating roller
of switches CC-1 and 2. Engagement of cam 398 with
roller 389 actuates switches CC1 and 2 to reverse the
direction of movement of the hoist lifter.

In Fig. 37 is shown in enlarged detail the stowage hoist
lower chain limit switches CA~1, 2 and 3 and CA-4
which are arranged for simultaneous actuation by chain
mounted cam 3i7 as iollows: when the cam 317 in its
upward movement reaches the position shown it engages
a reller 31§ mounted upon the end of a slidable block
319 which is normally spring biased inwardly but has
a stem 328 which upon outward movement engages a
crosspiece 321 to operate levers 322 and 323 pivoted at
324 and 325. Outward movement of the block 319 opens
the contacts of switch CA-4 and closes the contacts of
switch CA-1, 2 and 3.

Fig. 38 shows a switch operating mechanism whereby
tray latch switch CB-1, 2 and 3 and a tray lowering
switch CF may be actuated when desired. Considering
first the tray latch switch CB-1, 2 and 3, its operating
crank arm 328 has a pin at the end which rides in a
yoke 329, keyed to a shaft 320. Likewise secured to said
shaft is a bell crank 331 at one end of which engages
links 332 connected to a second bell crank 333 pivoted
at 334 and having an elongated operating arm- 335 which
is positioned in the bifurcated end of a yeach rod 336
and connected thereto by a pin 337 movable in elongated
slots 338 in the bifurcated end. The tension spring 339
secured to the end of the operating arm normally urges
that arm upwardly. In the position indicated in Fig. 38
a stop lug 340 of the bell crank 331 abuts the end of a
stop arm 341 pivoted at 342 and having a downward
extension terminating in a spring biased tip 343. Spring

cans 344 serves to retain the stop arm 341 normally
in the position indicaied in Fig. 38.

As the tray 287 is raised to move a missile into the
lower hoist trunk the end 345 of the tray forming a part
of the flame seal brushes against the dangling tip 343 of
the stop arm 341 to rotate that arm about iis pivot 342
and lift the end abutment thereof out of the path of the
stop lug 349 on the bell crank 331, thus permitting the
spring 339 acting through the linkage aforesaid to move
the stop lug under the end of the arm 341 and hence
through the voke 329 actuates switch arm 328 to close
contacts CBL and 2 and open contacts CB3 thereby to
condition the control system so that the stowage hoist
may operate to raise the missile up through the trunk
and into an empty stall of the ready service magazine.
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When the T handie 346 is grasped and pulled, reach rod
336 moves downwardly and ramp 347 thereon bears
against the operating arm of tray lowering switch CF to
close that switch and condition the centrol circuit to
initiate downward movement of the tray.

Fig. 39 shows the actuating means employed for op-
erating a tray loaded switch CD-1, 2, 3 and 4 and a tray
position indicator. switch CL. -The former is operated
when a missile has been correctly positioned on the tray
by downward movement of missile engaging foot treadle
350 which pivots upon shaft 351 and movss a clevis rod
352 which rotates lever 353 about a pivot shaft 354
against the tension of spring 355. - All of these parts are
located on. the undersurface of the tray and pivot shaft
354 has keyed for movement therewith an inwardly ex-
tending arm 356, the end of which is yoked and rides
in a grooved ccllar 357 mourted upon an axially slidable
sleeve 358 which floats about tray pivet shaft 288.. The
opposite end of the floating sleeve 358 has a flange 358
against which roller 369 on one arm of bell crank 361
bears. The other arm of the bell crank engages a clevis
shaft 362 linked to a switch actuating arm 363 of the

switch CD-1, Z, 3 and 4. ’

The tray position indicator switch CM has an arm 364
with a roller thereon which bears against cam surface 365,
the contour of which conforms to the position of the tray
and serves to close the switch CM when the tray is fully
closed. Likewise, an interlock switch CL has a similar
‘arm in engagement with the periphery of a cam 374 which
serves to close switch CL when the tray is fully down.

It will be apparent that rockets or missiles must be'
loaded from above-deck down into the ship’s stowage
magazine and for this purpose the ready service magazine
drum may be employed to carry missiles from the loading
hatch 366 into alignment with the stowage hoist opening
369. Missiles are loaded into the ready service drum
through hatch 366 (Fig. 41) through which they are
lowered by means-of a conventional crane 367 and motor -
operated hoist 368.  Thereafter the dram may be rotated
to position - the missile immediately above the stowage
hoist lifter 294 (Fig. 34) which may be raised empty and,
at the top of its stroke, receive the missile to thereafter
lower the same to the bottom of the stowage hoist, where-
upon operation of the T handle reach rod 348 will cause
the tray to lower to horizontal position with the missile
thereon. As the tray feaches its horizontal position the
arms 298 and 299 automatically release from the missile
and it may be lifted by any suitable hoist mieans and con-
veyed to a rack for stowage. :

It is during the missile stowage operation that the mis-
sile support latch 266 (Fig. 32) which supports the missile
in the ready service drum. stall is withdrawn by engage-
ment of tripping head 272 therewith. This permits the
missile to rest on the lifter 294 and be lowered thereby.
The tripping head 272 may be actuated by any suitable
means such as the lever 370 (Fig. 34) pivoted at 371 and
moved by energization of solenoid SCE to-raise armature
373. .

The hydraulic power and control systems

As heretofore mentioned the guide tube and mount are
moved in elevation and train by power and control sys-
tems of conventional design which are not shown in de-
tail in the embodiment illustrated. Such ¢onventional
systems include power circuits and control and interlock
circuits. )

In addition to such conventional systems the present
embodiment employs hydraulic power reans for raising
and lowering the launcher hoist: for indexing the ready
service magazine drum; for operating the ship’s stowage
hoist and for actuating the stowage hoist transfer tray.

In Fig. 43 is illustrated by block diagrams a sche:
matic representation of the novel hydraulic system shown
in detail in Figs. 44 through 52. Many of the hydraulic
‘components, such as the supply tank, filters, pump, pump
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valve block and accumulator are mounted on a stationary
platform within' the ready service magazine drum so as
to provide a compact arrangement wherein the hydraulic
lines may be kept to minimum lengths. As’ illustrated
in Fig. 43, a tank 380 provides a source of hydraulic fluid
to a pump 383 from which fluid under pressure emerges
to pass through filters 382 and 383 to a pump valve block
384. From the pump valve block the fluid passes to an
accumulator 385 where it is stored under pressure and
from which it is distributed to the various hydraulic units
of the system. .

From the accumulator the hydraulic. flnid is -distributed
to a ready service magazine drive unit 386; a launcher
hoist operating cylinder 255; a stowage hoist operating
motor 295; and a stowage hoist tray operating cylinder
290. As illustrated, suitable control and interlock means
are provided so that the desired sequential operation of
these components may be obtained. - Such control means
includes a ready service magazine control block 387 and
a launcher hoist control valve block 388.

Considering the diagram first with respect to the.op-
eration of the ready service magazine drive unit and
the launcher hoist operating cylinder only, it will be noted
that a ready service magazine latch valve 389 is con-
nected to both the ready service magazine control block
387 and the launcher hoist control valve block 388.
The purpose of this interlock arrangement is to prevent
operation ‘of one when the other is operating. ~As will
hereafter become apparent, the hoist interlock valve 390
unless actuated will prevent shifting of the ready serv-
ice magazine latch valve and hence prevents retraction
of the ready service magazine latch member, and, by
interlock circuits, conditions  the launcher hoist control
valve block 388 and the ready service magazine control
block 387 for operation while simultaneously releasing
the ready service magazine drive unit brake 391.

A hoist latch 392 is normally biased to keep the hoist
operating shaft 253 in raised position and this latch is
retracted when operating pressure is built up in.the ac-
cumulator. This latch simply serves to keep the hoist
from creeping out of position when there is no pressure
in the accumulator. The manner in which the interlock
valve 399 is operated by a cam on the hoist rammer chain
is schematically shown in this drawing.

Considering now the stowage hoist motor 295 and the.

stowage hoist. tray operating cylinder 290; these units
receive hydraulic pressure from the accumulator through
an emergency stop valve 393 which may be of the quick
acting manually operable type.. The hydraulic fluid there-
upon passes through separate flow control valves 394
and 395, one for the stowage hoist motor and the other
for the stowage tray operating cylinder. From flow con-
trol valve 394 the flnid passes through an acceleration

control valve 396 which is cam operated to control the

speed of operation -of the stowage hoist as it reaches
its upper or lower operating limit. - ‘A reversing valve
397 actuated by solenoids automatically returns the hoist
to its lower position at the end of each operating cycle.
A brake 398 is connected to the hydraulic line between
the acceleration control valve 396 and the reversing valve
397 so that the brake is released whenever power is
supplied to the stowage hoist motor 295 to drive the
same. :

From flow control valve 395 hydraulic pressure passes
to a stowage tray solenoid actuated reversing valve 399
which determines the raising and lowering movements of
a tray operating cylinder 290.

The launcher hoist and ready service magazine hydraulic
system

In Figs. 44 to 48 is shown in detail the hydraulic sys-
tem employed to operate and control the hydraulic drive
of the launcher hoist and the ready service magazine.

Referring first to Fig. 45 there is provided a fluid sup-
ply tapk 380 from which oil passes through line 400 to
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the inlet of a pump 381 driven by suitable means such
as a constant speed electric motor 491. The eutput of
this pump is directed through line 462 to a first filter 382
(Fig. 44) and through line 403 to a second filter 383
from which it emerges through line 464 to enter the right
side of 2 pump valve block 384. Within the pump valve
block the entering fluid is received by a spool type un-
loading valve 405 which is normally spring biased to its
lower position as shown to permit the fluid under pump
pressure to pass through a lower channel 466 and past
a spring biased check valve 487 to leave the pump valve
block through line 408 connccted to manifold 414 of a
hydraulic accumulator 385 (Fig. 45).

The hydraulic accumulater 385 may be of any satis-
factory conventional design and, in the embodiment illus-
trated, comprises a cylindrical housing 489 which re-
ceives a movable piston 416 having on its left side an
air chamber 411 and an its right side a hydraulic fluid
chamber 412. The latter communicates through passage
413 with the hydraulic oil manifold 414. Passage 413
may be closed by manipulation of a manually operable
valve 415.

In order to maintain the hydraulic fluid flow within
prescribed limits the piston 419 is provided with a cen-
tral shaft 416 having an enlarged tripping cam 417 at
its right end, which cam engages the trigger portion 418
of an accumulator pilot valve operating arm 419 so that
as piston 410 moves to the extreme left, as it does when
the quantity of fluid in chamber 412 reaches the desired
amount, shaft 416 with its cam 417 moves to the left
and engages the trigger to fulcrum the pilot valve oper-
ating arm 419 about its pivot 428 thereby drawing ac-
cumulator pilot valve 421 to the right. This movement
permits fluid under pressure to pass from manifold 414
through channel 422 and emerge from the pilot valve
housing 423 through pilot line 424 to be conducted to
the bottom of the unloading valve 405 (Fig. 44) and
raise that valve against the compression of its spring and
thereby disconnect the fluid inlet 464 from the channel
406 and connect such inlet 404 to the oil supply tank
return channel 425 which connects with return line 426
leading back to the top of the oil supply tank 380.
In this position the flow of fluid from the pump 381
simply recirculates back to the supply tank.

When the amount of fluid within the accumulator mani-
fold 414 drops below the desired quantity, then the pres-
sure of the air in chamber 411 returns the piston 410 to
the right carrying with it shaft 416 and its cam to act
upon the trigger 418 to return the upper end of the accu-
mulator pilot valve control lever 419 to the left thereby
moving the pilot valve 421 to the position shown whereby
the fluid pressure from manifold 414 passing upwardly
through port 422 emerges through line 427, assisting the
spring to move the unloading valve 485 (Fig. 44) to its
lower position so that the accumulator is again charged
as hereinabove pointed out.

In order to permit the pump to be operated for testing
and warm up purposes, without building up pressure in
the accumulator, and in order to release accumulator
pressure when desired, there is provided a manual by-pass
valve 429 which may be operated to connect channel 430
to channel 426. A suitable relief valve 431 is provided
to vent ihlet pump pressure from line 404 to line 426 if it
exceeds a predetermined relief valve adjustment pressure
which may be variéd by changing the tension on a spring
432,

Assuming that the ready service magazine is loaded, a
missile has been indexed to hoist loading position (Fig. 4)
and an attomatic cycle is being initiated; in this condi-
tion the hoist lifter 122 (Fig. 29), is at its lowermost posi-
tion and the ready service magazine drum is locked by
engagement of latch 265 in one of the notches 264 (Fig.
31) to prevent rotation of the drum during the operation
of the launcher hoist. With accumulator pressure built
up (Figs. 44 and 45), fluid under pressure leaves manifold
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414 through lines 433, 434 and 435 to act upon the hoist
latch 392 (Fig. 48) to force the latch spool 436 down-
wardly and withdraw the lotch member 437 which has
been in engagement with the collar 438 upon the hoist
operating cylinder shaft 253 to permit the launcher hoist
to be operated.

At the same time pressure through line 433 (Fig. 46)
enters the ready service ring latch valve 389 which, when
in latched position, permits pilot pressure to flow past
a latch valve spool 439 and out through line 440 to the
hoist valve control block 388, (Fig. 47) where it is applied
to the hoist direction pilot valve 441. By energizing sole-
noid SBA spool valve 441 is shifted to the right to port
pilot pressure from line 44$ to channel 444 to pass up-
wardly to the left-hand end of a hoist direction control
valve 445 shifting the latter to the right so that pressure
from the accumulator manifold arriving through line 446
is diverted into channel 447 leading to the speed .control
valve 448 from which it emerges through line 449 to enter
the top of the hoist operating cylinder past maximum
speed control valve 456. This forces the hoist operating
piston down and hoists the rocket into the guide tube,

Return fluid from the lower end of the hoist cylinder
flows out line 451 through the maximum speed control
valve 452 which is adjusted to limit the maximum speed
at which it is desired the hoisting operation shall take
place and returns through line 453 which leads to the op-
posite end of the speed control valve 448 through which
it may pass to enter channel 454 leading to the direction
control valve which has now been moved so as to connect
channel 454 with channel 455 connecting to return lines
456 and 426 so that the fluid may return to the oil supply
tank 386.

As soon as the missile lifter starts its upward move-
ment a cam 458 (Fig. 48) on the hoist rammer chain 124
moves out of engagement with the end of a rocker arm
466 which is connected by link 461 to the stem of spool
462 of the interlock valve 399. This permits compressioti
spring 463 acting on the lower end of the spoel 462 to
move the spool upwardly thereby blocking the flow of
fluid from pilot line 434 and 464 through the valve and
out pilot line 465 extending to the ready service magazine
control block 387. This prevents operation of the ready
service magazine drive unit during movement of the hoist
lifter as hereinafter will become apparent.

When a missile has been hoisted into the launching
tube an interlock switch there located closes an electrical
circuit to energize solenoid SBB (Fig. 47) to move the
hoist direction pilot valve 441 to the left. This permits
pilot pressure entering from line 440 to pass through
channel 457 leading to the right end of the direction con-
trol valve 445 thereby shifting the direction control spool

‘valve to the left and porting the entering fluid pressure

from the accumulator through line 446 to channel 454
through speed control valve 448 to line 453 communicat-
ing with the lower end of the hoist operating cylinder
S0 as to raise the hoist piston and consequently lower the
hoist lifter member so that it may be in position to re:
ceive a new missile.

At the same time fluid from the upper end of the hoist
operating cylinder is ported through the maximum speed
control valve 450 which limits the rate of lowering of the
hoist lifter and thence through line 449 to the speed con-
trol valve 448 through conduit 447 to the direction con-
trol valve 445 and out through return lines 456 and 426
to the oil supply tank 388.

It will be noted that solenoid SBB which initiates low-
ering of the hoist may be provided with a control knob
468 by which the hoist direction pilot valve 441 may man-
vally be shifted to the left and hence by local control
the hoist may be lowered.

When it is desired to operate the hoist slowly, as for
example, when lowering an unfired missile from the guide:
tube back into the ready service magazine, a solenoid
SBE may be energized to move the speed pilot valve 470
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back to the right. This ports pilot pressure from channel
471 to channel 474 which leads to the left end of the
speed control valve 448 forcing said valve to the right so
as to close the passage between channels 454 and 453 and
also the passage between channels 447 and 449. Thus,
the fluid is diverted so as to pass through channels 477
and 478 to the respective slow speed adjusting valve 475
which controls the hoisting slow speed and slow speed ad-
justing valve 476 which controls the lowering slow speed.
Suitable creep adjustment valves 479 and 480 may be
provided at the upper and lower ends of the hoist operat-
ing cylinder. .

When the hoist lifter 122 (Fig. 48) approaches the
bottom of its travel the cam 458 on the hoist chain 124
engages the lever 460 to force link 461 downwardly
lowering the interlock valve spool 462, and hence port-
ing pilot oil pressure from line 434 through the interlock
valve 390 to pilot line 465 leading to the ready service
magazine control block 387 (Fig. 46). At the ready
service magazine control block the entering pilot oil is
controlled by a ready service magazine direction pilot
valve 481 which is operable by solenoids mounted at its
opposite ends so that upon energization of the lower sole-
noid SBC, for example, the ready service direction pilot
valve is raised and oil entering from pilot pressure line
465 is ported through channel 483 to the upper end of
a reversing valve 484 to move that valve downwardly.
Simultaneously pressure from line 483 passes out through
line 485 extending to the ready service magazine latch
valve 389 where it acts upon the spool 439 to move it
to the left together with a mechanical latch means 265a
which withdraws. a latch 265 (Fig. 31) from one of the
notches 264 in the ready service magazine indexing circle.

When the spool 439 moves to the left it blocks pilot
pressure- from line 440 diverting it through a small open-
ing 486 -to drain line 487 and simultaneously - commu-
nicates pilot pressure line 433 through channel 488 with
line 489 leading to the brake 391 and at the same time
pilot pressure flows by way of line 499 to the top of block-
ing valve 491 and to the top of the deceleration valve 492.
When the pilot pressure through line 485 has shifted
the ready service magazine latch valve to the unlatched
position as foresaid and has permitted pilot line pressure
from line 433 to enter line 489 and release the brake
391, the pressure rises within line 490 acting upon the
top of valve 491 and forces that valve downwardly to
port accumulator pressure from line 493 to chanel 494
and through reversing valve 484 to motor line 495 lead-
ing to the hydraulic motor 496 which operates the ready
service magazine drive unit.

A return line 497 leads from the motor 496 to the
reversing valve 484 where it connects with channel 498 in
which is interposed a preset maximum speed control valve
499 having a passage 500 leading to the deceleration valve
492.  This latter valve is closed since the roller at the
end of its operating lever 501 is riding upon the lobe 502
of a cam 503 which is driven by the hydraulic motor
through the various shafts and gears indicated, however, a
small portion of the hydraulic fluid from the return line
498 is permitted to leak through a creep adjustment valve
504 to a tank return line 505. Through speed control
valve 499 a portion of the fluid flows through a chanel
506 which leads through blocking valve 491 to channel
507 which is branched to connect to the upper and lower
ends of the ready service magazine direction pilot valve
481.

As will be seen by examination of Fig. 46, positioning
of the ready service magazine direction pilot valve 481
at its upper limit, as by energization of solenoid SBC
permits a slight amount of the motor discharge pressure
to be vented to a return line 508 which connects to the
return'line 505. This arrangement permits the hydraulic
motor to.rotate the ready service magazine at a slow rate
until the lobe 502 moves out from under its roller and
deceleration valve 492 is permitted to move downwardly
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under the pressure at its upper end coming through line
490 from the ready service magazine latch valve. When
this occurs channel 500 is ported to chanel 509 and con-
nects directly to the return line 505 permitting accelerated
rotation of the ready service magazine. It will be apparent
that as the lobe again raises the roller of the deceleration
valve arm 501, the valve returns to its illustrated posi-
tion blocking off passage between chanpels 500 and 509,
thus decelerating the ready service magazine during the
final portion of its rotation.

During loading operations or for other purposes it
may be desirable to rotate the ready service magazine
in the opposite or counterclockwise direction and for this
purpose solencid SBD may be energized to move the
ready service direction pilot valve 481 downwardly to
thereby connect pilot pressure line 465 with channel 511
to conduct fluid to the lower end of the reversing valve
484, thus raising that valve so as to connect channel 494
by means of branch line 512 with motor return line 497
so that fluid under pressure passes through . line 497
through motor 496 and back out line 495 to return through
the reversing valve which in its upper position ports re-
turn fluid to channel 498 where it is controlled in the
manner hereinabove described for clockwise rotation.

The stowage hoist and tray hydraulic system

In order to load missiles into the ready service maga-
zine from the ship’s stowage lockers and for striking
down operations whereby missiles may be lowered from
above-deck into the ready service magazine and from
there to the ship’s lockers, there are provided separate
stowage hoist and stowage tray drive mechanisms which
may be hydraulically actuated from the same source of
hydraulic pressure as is described above.

As shown in Fig. 43, a single emergency stop valve
313 connected to the accumulator by a hydraulic fluid line
controls the flow of hydraulic fluid to both stowage hoist
motor 295 and tray operating cylinder 290. This hy-
draulic line may lead from the accumulator manifold 414
(Fig. 45) through line 520 to an emergency stop valve
393 ijllustrated in the schematic detailed representation
of the stowage hoist and tray operating circuit compris-
ing Figs. 49 to 52, inclusive. As there illustrated, hy-
draulic fluid entering from line 520 under accumulator
pressure acts upon a free-floating unbalanced valve stem
521 to raise said valve and flow out through line 522.
The undersurface of the unbalanced valve 521 is normally
vented to a return line 523 and the upper surface com-
municates with a control line 524 leading to a three-
way pilot valve 525. When the handle 526 of this valve
is in the up position, the top of the emergency stop valve
piston 521 is vented through line 527 to return line
pressure via lines 528 and 529 and 530. The incoming
pressure is conducted through pilot line 531 to the three-
way pilot valve housing 525 in-such a manner that when
the handle 526 is lowered to the stop position the incoming
pressure is ported to. line 524 while line 527 is cut off.
The incoming pressure acting through line 524 upon the’
head of the piston 521 forces the piston firmly to its seat
against the differential of lower pressure existing in line
523 and hence immediately interrupts the pressure flow
to the entire stowage hoist and tray operating hydraulic
system. )

From the emergency stop valve through line 522 the

" hydraulic fluid passes through a check valve 532 to line

533 and thence to a hoist flow control valve 394 (Fig.
50). This valve may be of the construction illustrated
in H. F. Vicker’s Patent 2,272,684 issued February 10,
1942 to utilize the principle that if a given pressure dif-
ferential is maintained across an orifice of given size
the flow through said orifice will remain constant. The
effect of this valve is to maintain a predetermined con-’
stant volume of hydraulic fluid flow from the hoist flow,
control valve 394 to the hoist motor 295. . The hoist flow

- control valve 394 is provided with a handle 535 which
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may be adjusted to vary the rate of flow of fluid out
through line 534 leading to an acceleration .control valve
396 (Fig. 51).

Valve 396 controls acceleration, deceleration and speed
of the hoist in either direction and includes a vertically
reciprocable spool member 534, the elongated lower end
of which bears against a tappet member 537 which is
pivoted at 538 and has a roller which bears against the
periphery of a cam wheel 539. The cam wheel 539 is
geared to the stowage hoist operating sprocket 540 so
as to make a substantially complete revolution during
a complete stroke of the hoist. The cam drive ratio is
such that the spool valve member 536 is normally raised
upon the lobe of the cam except near the end of the raising
and lowering stroke of the stowage hoist rammer at
which times the valve is moved downwardly to first throt-
tle, and then completely shut off the passage of fluid
therethrough.

A creeping, holding and leveling valve 541 of the
needle valve type may be so located as to by-pass a very
small part of the fluid flow around the upper part of the
piloet and accelerating control valve 396 when the valve
is in the down position. This assures that the stowage
hoist will “creep” to its positive stops at each end of its
movement and be held in such positions by pressure in
the line which might otherwise drop due to leakage, etc.

From valve 396 the pressure then passes through line
542 to a hoist reversing valve 387 (Fig. 49) which is
connected to the stowage hoist drive motor 225 by means
of conduits 543 and 544. The reversing valve 397 is
controlled by a pilot valve 545 which has a high pressure
inlet from line 533 by means of line 546 and contains
a valve spool 547 which may be shifted, either to the
right or the left by a hoist up solenoid SCA and a
hoist down solenoid SCB, respectively. This valve is also
capable of manual operation by manipulation of a re-
movable handle 550 which is insertable in an opening in
an operating bar 5§51 which has terminal portions acting
upon opposite ends of the spool valve 547. 1In the posi-
tion illustrated in the drawings solenoid SCB has been
energized to shift the valve stem 547 to the left, thus
porting pilot pressure through line 552 to the left end of
a reversing valve spool 553 thereby shifting said spool
to the right and permitting pressure from the pilot and
accelerating control valve 396 passing through line 542
to be ported to reversing valve outlet line 543 extending
to the stowage hoist operating motor 295. The return
line from said motor is through line 544 to the reversing
valve 397 and hence through channel 557 to line 528 for
return via lines 529 and 530 to the main hydraulic sup-
ply system. For this purpose, line 539 may return di-
rectly to the cil supply tank 389 (Fig. 45).

When solenoid SCA is energized in order to raise the
stowage hoist lifter, then spool valve 547 is shifted back
to the right and pilot pressure from line 546 thereupon
passes out through line 555 to the right-hand end of
the reversing valve spool 553 to move said spool to the
left, thereby permitting entering fluid pressure from line
542 to be ported to line 544 and thereupon drive the
stowage hoist motor 295 in the opposite direction so as
to raise the stowage hoist. The discharge from said
motor then passes through line 543 and channel 556
which communicates with. conduit 557 and joins line 528
to return to the supply tank. Between lines 557 and
528 is interposed a back pressure valve 558 which is
urged to the right by a spring 559 and is urged to the
left by the pressure in a chamber 560 which communi-
cates with inlet line 542. By proper selection of the
spring 559 the device may be adjusted so that a pre-
determined back pressure is maintained in the system at
all times irrespective of direction of operation of the
stowage hoist motor.

A brake 398 (Fig. 51) is provided in the stowage hoist
drive system and is preferably positioned adjacent the
stowage hoist drive motor 295 as illustrated. The operat-
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ing means for this brake may include a cylinder 561 con-
taining a piston to which operating pressure may be ap-
plied through line 562, and since line 562 connects to
the main pressure line 542 leading from the pilot and
accelerating control valve 398, the brake will automatical-
ly be released each time the motor 295 is energized
for driving in either direction.

From the main hydraulic fluid pressure line 533, fluid
pressure may be drawn for operation of the tray oper-
ating mechanism by means of line 563 connected to a
tray flow control valve 395 (Fig. 50) which may be
identical to the hoist flow control valve 394 described
above. From that valve and through line 564 fluid
at a uniform rate of flow is conducted to a reversing valve
399 which, like the pilot valve 545 aforesaid, may be
operated by an up solenoid SCC or by a down solenoid
SCD, or by a removable handle 567. Within the revers-
ing valve is a spool valve member 568 having oppositely
extending stem portions engageable by the solenoids so
that upon energization of solenoid SCC, for example, the
tray may be raised to the up position through the shifting
of the spool 568 to the left thereby porting pressure from
line 564 through the valve and out through line 569
to enter the top of the tray operating cylinder 290 (Fig.
52). 'This forces downwardly a piston 57¢ connected
to a shaft 571 to drive downwardly the tray chain 291
thereby rotating the spur sector 292 to raise the tray
298 to its upright position. The fluid under pressure
coming from line 569 forces its way past a tray up con-
trol valve 572. The fluid in the space below the piston
570 is ported out through line 573 back to the reversing
valve 399 from which it emerges through a return line
574 connecting with return lines 528, 529 and 530 which
communicate with the supply tank 380.

To reverse the operation and lower the tray, solenoid
SCD (Fig. 50) is energized to drive the reversing valve
spool 568 to the right thereby porting inlet pressure from
line 564 to line 573 from which it passes to. the under-
surface of the piston 570 to raise it to the uppermost
limit of its movement. During the upward movement
of piston 578 fluid escaping from above the piston is
unable to pass through one-way valve 572 and hence
must pass through the poppet type down control valve
575 which when open allows fiuid to return through
line 569 to the reversing valve from which it is ported
through channel 576 to line 574 and thence back to the
main hydraulic supply. The upper end of poppet valve
575 is vented through line 577 and a control valve 578
to line 573. Thus, the pressure below the piston 570
acts upon the upper surface of valve 375 to open that
valve only when pressure exists in line 573. The con-
trol valve 578 permits varying the speed of operation
of the down control valve 575 by controlling the flow
of fluid thereto.

Tray acceleration and deceleration needle valves 579
and 586 control the final movement of the tray operat-
ing piston and a suitable by-pass valve 581 may be
connected in the line linking valve 580 with line 573.
Suitable crossover valves 582 and 583 (Figs. 49 and 50)
may be provided as illustrated to shunt the tray operat-
ing and hoist operating power lines if desired. A hand
pump 584 may be employed to assist in completely drain-
ing the system.

The electrical power and control system

The mount is driven in train and elevation by conven-
tiona] electric and hydraulic systems, such for example,
as the train and elevation power and control systems
employed with the 40 mm. mount as aforesaid.

The hydraulic power for raising and lowering the
launcher hoist, rotating the ready service magazine and
raising and lowering the stowage hoist and its tray may
be provided by pumps driven by electric motors opér=
ated by the ship’s electrical system and these motors
together with the hydraulic control valves may be con-
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trolled and actuated by suitable power and control cir-
cuits as illustrated in Figs. 53 through 60, inclusive.

Considering first the ready service drum and hoist
motor controller circuit illustrated in Fig. 54. As there
shown, the three-phase ship’s electrical circuit is tapped
by lines 600, 601, and 602 which may pass through a
manual circuit breaker CB and three main controller
contacts C, through coils 663 of overload relay OR and
to the electric motor 401 which drives the large hy-
draulic pump 381 Fig. 45." In order to close the con-
tacts C of the main controller, a start pushbutton BT
(Fig. 53) may be depressed to conduct current through
contro} line 604 to the center contact of switch BT,

10

down through line 605 to one side of normally closed

stop switch BU, through line 606 to the operating coil
607 of relay C and thence back through line 608 to
main line 601. Coil 697 thereupon closes contacts C
of the main controller to connect the motor 401 directly
to the line and start the motor.

Simultaneously with the above, current flows from
pushbutton switch BT through line 609, the coils 610
and 611 to reset relays RR, and through line 608 to
main line 601. Coils 610 and 611 reestablish overload
relay contacts- OR if they had been broken and hence
current may now pass from line 604 through line 612
and contacts C—OR—OR to stop switch BU and hence
back to the main line 601. This provides a holding
current through coil 607 to maintain the main motor
controller contacts C in engagement. - The motor will
stop either upon manual opening of pushbutton contacts
BU or by separation of a pair of overload relay con-
tacts OR—OR upon a predetermined overload being im-
posed upon the drive motor 401. In order to show op-
eration of the hoist pump drive motor, there is provided
a pilot light LH mounted upon the control panel (Fig.
53). '

Similar- to. the above there are provided suitable
train and elevation motor controller circuits which, be-
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cause they may be controlled if desired by interlocking

portions of the launcher circuit are shown in Figs. 55
and 55A. As shown in Fig. 55 the train motor may
likewise be tapped to the ship’s electrical system and
current passes from the ship’s power lines by lines 601,
602 and 603 through a manual switch PS, main motor
controller contacts C and the coils 599 (OR—OR) of
an overload relay to the train pump drive motor 613.
In order to start the train power supply motor, control
handle BP upon the control panel Fig. 53 is set at the
start position and the start pushbutton BV is depressed.
Current may then pass from wire 601 to main controller
operating coil 614, thence through line 615, switch BP1,
and Tine 616 to the start pushbutton BV; down line 617
to stop pushbutton BW and through lire 618, and switch
BS2 which is the manual above-deck stop switch, through
contacts AM which are open when the train is set for
manual operation, and through the contacts of switch AX
which is closed when the train stowage pin is moved to
the unlocked position, returning by line 619 to the main
line 602,

Control handle BP, unless moved to the “Start” posi-
tion, opens contacts BP2 which are located in the train
power drive circuit (not shown) so that training load
may not be applied while the train motor is starting. A
pilot light LT is provided on the control panel to indi-
cate operation of the train motor 613,

In Fig. 55A is illustrated the elevation motor con-
troller .circuit and, as there shown, current from the
main lines 660, 601 and 602 passes through a manual
switch PS, the main controller contacts C and the coils
598 (OR—OR) of an overload relay to the elevation
drive motor 620. In this circuit current from main line
601 is conducted through main controller operating coil
620z and line 621, through contacts BQ1 and line 622
to pushbutton start switch BX and by line 623 to stop
switch BY and thence through line 624 to switch BS1
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located above-deck and operable to stop the elevation
drive motor when the above-deck mount is being worked
on, thence through contacts AL which are open when-
ever the elevation drive mount is set for manual opera-
tion, through switch AH which is closed when the eleva-
tion stowage pin is moved to the unlatched position,
returning by way of line 625 to main line 602. :

It 'will be noted that control handie BQ when moved
to the “Start” position opens contacts BQ2 located in
the elevation power drive circuit (not shown) so that
elevation load may not be applied while the elevation
motor 620 is starting. A pilot light LE is connected
across the main lines 601 and 602 near the motor to
show on the control panel when it is operating.

In Fig. 56 is illustrated a control and interlock circuit
which is shown in detail in Figs. 57 to 60, inclusive, to-
gether with suitable operation indicating legends. As
shown in Fig. 56 the power received from a step down
transformer 626, the operation of which is indicated by
light L1, is conducted through lines 627 and 628 to a
double pole switch B Fig. 53, With switch B closed
current may flow from line 627 to lines 629 and 630
and from line 628 to lines 631 and 632.

From line 629 current may pass downwardly through
line 633 and either through the contacts of switches AG2
or AF2 so as to illuminate light L2. Switch AG2 (Fig.
12) is actuated by the latch which holds the guide verti-
cal and is open when the latch is secured. Switch AF2
(Fig. 12) is located on the carriage and is normally closed
but will be opened by movement of the guide when it
reaches the vertical lead position.

In order to complete a launcher hoist “raise” circuit
current may flow from line 629 through switch AAl
(Fig. 13) which is actuated by the bore clear indicator
shoe and is closed only when the guide tube is empty, to
manually operable switch BA1 operated by control han-
dle. BA located on the launcher control panel (Fig. 53)
and which is of the three position type to control switches
BA1 to BA13 inclusive. This handle BA is shown in
its off position. It is movable to the left to close the
contacts of all even numbered switches during “Load”
operations and is movable to the right to close the con-
tacts of all odd numbered switches for automatic “Run”
operations. With switch BA1 closed current may then
flow through line 635 to the contacts of stall loaded
indicator switch BE1 which are closed when a missile
is properly positioned in the ready service magazine stall
and is indexed into alignment with the launcher hoist.
Switch AG1 (Fig. 12) is actuated by the launcher tube
vertical load position latch and is closed when the guide
tube is vertical and the latch pin is in place so as to
lock the guide tube during operation of the launcher
hoist. The current may then pass through the contacts
of switch AF1 (Fig. 12) which is located on the carriage
and is closed when the launcher guide tube is vertical
and ready for loading. Thereafter the current may pass
through the contacts of switch BR (Fig. 48) which is
mounted near the launcher hoist operating cylinder and
are closed when the operating cylinder detent is with-
drawn so that the hoist may operate. The cuirent then
may pass through the contacts of switch BF1 (Fig. 31)
which is closed when the ready service magazine drum
is locked against rotation and thence through solenoid
SBA to energize the same to operate the pilot valve 441
{¥ig. 47) in the hoist control valve block thereby setting
the valve to start the hoist to raise. An indicator light
L8 on the launcher control panel may simultaneously be
illuminated to indicate that the hoist is raising.

It will be noted that unless the contacts of switch BE1
(Figs. 1 and 2) are closed, which occurs only when a
missile is properly positioned in the ready service ring
at the launcher hoist station, there can be no current
through the above-described circuit in order to raise the
launcher hoist. However, in order to test the launcher

- hoist without a missile at hoist position, there is provided
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a by-pass “test” circuit including lines 636, 637 and 638
which is controlled by manually operable switch BM on
the control panel, Fig. 53. The control handle of this
switch may momentarily be moved from its spring biased
normal “Open” position to a “Test Hoist” position to
close the contacts BM1 and thus complete the circuit even
though no missile occupies the stall at hoist position.

The launcher hoist “raise” circuit may also be oper-
ated by current passing through line 639, contacts BA2
which are engaged when control handle BA is turned
to “Load,” line 640 and contacts BB1 of manual hoist
direction control switch BB. However, if a missile is
presented to the lower end of the hoist by the ready service
magazine and is ready to be raised into the tube, then
switch BE2 in this circuit is opened and operation of the
hoist cannot be effected. This prevents accidental rais-
ing of the hoist when a missile is in the ready service
magazine at the hoist position during manual hoist oper-
ations.

Continuing to the right of the circuit just described
there is provided a launcher hoist “lower” circuit in-
cluding lead 641 connected to the contacts of switch
BG1 (Fig. 3) located on the hoist gear housing and which
is actuated by a cam on the launcher hoist chain when
the lifter member reaches substantially the top end of
its stroke in raising a missile into the guide tube. From
this switch lines lead in parallel to contacts BA3 and BA4
operated by control handle BA which is the “Manual
loading selector” switch. With the control handle BA in
“Run” position current will pass from line §41 through
contacts BA3 to switch BM2 which is normally closed
except when the control handle BM is turned to the “Test
hoist” position in which case the lowering circuit is broken.
From switch BM2 the current may pass through the con-
tacts of either switch AB or switch AC (Fig. 14) con-
nected in parallel, both of which are located at the rear
end of the guide tube, one on top and the other on the
underside and each of which is closed when its respective
missile support latch is in missile supporting position.
From either of these switches the current may pass
through line 642 to solenoid SBB mounted on the hoist
contro! block and serving to shift pilot valve 441 (Fig.
47) to initiate hydraulic lowering of the launcher hoist.
A suitable indicating light LS positioned on the hoist
control panel is simultaneously illuminated.

If the switch BA is moved to “Load” position, which
may be done, for example, when lowering an unfired mis-
sile from the guide back into the ready service magazine,
then the contacts of switch BA3 are opened and the con-
tacts of switch BA4 are closed and current may flow from
line 629 through line 641, switch BG1 and the contacis
of switch BA4 to the contacts of switches AD and AE
(Fig. 14), which latter are connected in series and are
closed only when the respective missile support latches
have been fully retracted. Thence, current may flow
through line 643 to switch BB2 operated by control handle
BB on the control panel. The contacts BB2 are closed
when the handle is moved to the “Lower” position and
current is then conducted through line 644 and line 642
to energize solenoid SBB as aforesaid. This permits
manual control of the lowering of the launcher hoist, and
in addition to illuminating light 19, also illuminates light
L5 to indicate that the guide latches are retracted.

Continuing the discussion, the next circuit to consider
is the “hoist speed control” circuit which provides means
for shifting valve 470 Fig. 47 for either normal rapid
speed hydraulic operation or slow speed hydraulic opera-
tion. As shown, current may be conducted from line
629 to switch BH2 which is closed only when the launcher
hoist lifter member is at its fully down position, and
thence current may flow either through switch BA7 or
BAS, depending upon whether the control handle BA is
at its right “Run” position or its left “Load” position.
With handle BA in its “Run” position current flows
through the contacts BA7 to line 645 to contacts of
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switch BZC (Fig. 47) which is mounted on the hoist
control valve block and these contacts are closed only
when the pilot valve is positioned for slow speed hoist
operation. Thus, if the valve is set for slow speed when
the circuit is energized, current will pass through the con-
tacts of this switch to solenoid SBF to shift the pilot valve
back to the position for normal rapid speed position.

With the control handle BA in its “Load” position
switch BA7 is opened and current from contacts BH2
may pass through contacts BA8 and hence through line
646 to the contacts of switch BZB which is mounted .on
the hoist control block (Fig. 47) and is closed only when
the hoist speed control pilot valve is in its “normal speed”
position. From this switch current may flow through
solenoid SBE to line 631 to move the aforementioned
pilot valve for slow speed operation in the event it is in
the opposite position when the circuit is energized. When
control handle BA is moved to the “Load” pesition to
close the contacts of switch BA4 current will also pass
through line 647 to line 646 to energize solenoid SBE
and shift the speed control pilot valve for “slow speed”
operation.

The next circuit to consider is the “elevation limit stop
setting” circuit including line 648 which leads to contacts
of switch AA3 operated by the bore clear indicator shoe
(Fig. 13) which contacts are open when a missile is in
the launcher tube. When the tube is empty these con-
tacts are closed and current may flow to a solenoid SAD
which establishes a 90° elevation limit stop for the guide
tabe. The parallel circuit including switch AA4 has con-
tacts which are closed only when a missile is within the
guide tube, hence establishing a second circuit through
solenoid SAE which conditions the -elevation limit stop
setting for a 60° maximum elevation. These two switches
and their solenoids thus permit the guide tube return to
vertical when it is empty so that it may be reloaded, but
prevent the guide tube’s automatic return to vertical as
long as a missile is within the guide tube.

In order io prevent unintended operation of the
launcher while repairs or adjustments are being made on
the above-deck components, there is provided an emer-
gency stop circuit the indicator portion of which includes
line 649 extending in parallel to lights L6 and L7 (Fig.
53) through switches BS3 and BS4, respectively. Con-
trol handle BS is ordinarily located on a small control
panel mounted above-deck and close to the above-deck
mount, and when operated to close contacts BS3, light L6
on the launcher control panel below deck is illuminated
to indicate that the train and elevation motors “Can
start.” Conversely when the contacts BS4 of this switch
are closed light L7 on said control panel lights to show
that the train and elevation motors “Cannot start.” The
control portion of this circuit is provided by mechanical
linking of the control handle of switch BS with switches
BS1 and BS2 in the elevation and train motor controller
circuits, respectively (Figs. 55 and 55A). As there shown
opening of switches BST and BS2 breaks the circuit to the
operating coil of the main motor controllers and prevents
closing of the main line switches.

The next circuit to consider determines which director
signal will control movement of the launcher guide. It
will be apparent that with a missile in the guide tube it is
desired that the tube follow the ship’s fire contrel director
signal, while after the missile has left the tube it is desired
that the tube return to vertical where it may be loaded
with another missile. To this end current from line 629
may pass through lead 658 to switch BG2 which is
mounted upon the launcher hoist (Fig. 2) and is opened
by a cam on the rammer chain when the hoist lifter mem-
ber arrives within a short distance of the upper limit of its
travel. Since it is necessary for the lifter to enter into
the after end of the guide tube to deposit a missile on
the missile support latches this interlock switch BG2 pre-
vents movement of the guide tube when the launcher




2,745,317

27

hoist lifter is in a position to interfere with movement of
said guide tube.

From switch BG2 current may pass through line 651
to bore clear indicator shoe switch AA2 (Fig. 13) which
is closed when a missile is in place in the tube and there-
after the current may pass through switch BA9 which is
closed when the manual loading selector control handle
BA is in the “Run” position. Thence the current may
pass through switch B0 which is mounted on the hoist
control valve lock 388 Fig. 47 and is closed when the
valve parts are set for hoist lowering operation. The
current then energizes solencid SAC (Fig. 12) which by
suitable means (not shown) may cause withdrawal of the
guide latch 170 and simultaneously rotate a switch AN, to
switch the elevation drive to ship’s director signal so that
the guide tube will follow the ship’s director in elevation.
One method of accomplishing this is to have solenoid
SAC control the positioning of a directional hydraulic
valve to port oil under pressure against a piston which
upon movement retracts the guide latch 170 and simulta-
neously through a sector arrangement rotates the multi-
contact switch AN. Certain of the AN switch contacts
may be employed to automatically retract the forward
missile restraining latch when the guide latch 170 is re-
tracted as above. At the same time current passes
through light 14 on the control panel to indicate that the
launched guide is loaded. Switches AA2 and BA9 may
be by-passed by a manually operable switch BZ connected
in parallel therewith and mounted above-deck adjacent the
above-deck launcher components so that when the switch
BZ is closed the guide tube may be operated on director
signal for test purposes even though the guide tube is not
loaded as above-described.

As related to the operation of the launcher guide tube
and the launcher hoist with their interlock and control
systems the following discussion will describe the electrical
circuits for controlling the ready serice magazine rotation,
the operation of the stowage hoist and the operation of the
stowage hoist tray together with their various interlocks.
It will be apparent, of course, that the launcher hoist does
not operate while the stowage hoist is being used.

The ready service magazine control circuit includes con-
tacts CA1 (Figs. 34 and 37) which receive current from
line 629 and are located on the stowage hoist and closed
only when the stowage hoist rammer is at its extreme down
position. - Current then flows to the contacts CB1 located
on the tray latch for the stowage hoist (Figs. 34 and 38)
and which are closed only when the tray is completely
latched in the fully up position. Next the current flows
through contacts BH1 (Fig. 1) mounted on the launcher
hoist housing which are closed only when the launcher
hoist is at its fully down position. The current may then
pass through contacts BM3 which are controlled by the
position of control handle BM (Fig. 53) and these contacts
are normally closed except during hoist testing. Thence,
the current passes through contacts BB3 which are closed
when the coatrol handie is in the “Normal” position.
Thereafter current flows through line 652 to contacts BAS
which are closed when the manual loading selector control
handle is set to the “Run” position. The current then flows
to contact BE3 (Fig. 1) located within the ready service
ring and closed when an empty stall is presented to the
launcher hoist. Thereafter the current flows through
contact BC2 which are part of the ring direction selector
switch and are closed when the control handle BC (Fig.
53) is turned to the “Run” (CW) position. This permits
current to pass to solenoid SBC (Fig. 46) which shifts the
direction control pilot vaive 481 (Fig. 46) for the ready
service magazine drive unit to cause the ready service
drum to rotate in a clockwise direction during automatic
operation of the launcher.

From contacts BB3 current may flow through line 653
to contacts CD4 (Fig. 39) which are located on the
stowage hoist tray and are closed when no missile is posi-
tioned on the tray, hence to contacts BA6 which are
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closed when control handle BA is set for “load.” The
circuit is thereby completed to light L12 to indicate that
the ready service magazine “Can rotate.” Thereafter con-
trol handle BN may momentarily be closed, shifted to
close contacts and cause counterclockwise rotation of the
ready service magazine. From the latter contacts current
passes through contacts BC1 when the control handle BC
on the launcher control panel is set at “Load,” and thence
to solenoid SBD (Fig. 46) which when energized shifts
the direction control pilot valve 481 of the ready service
magazine drive unit in order to cause the ready service

-drum to rotate in a counterclockwise direction.

Contacts CD4 may be by-passed through contacts BDS
which are closed only when control handle BD is in the
“Off” position. However, since switch contacts CD4 are
open when a missile is on the tray, the ready service
magazine cannot rotate if either control handle BD is not
at the “Gff” position or if there is a missile on the stowage
tray during veady service magazine loading operations.
When either circuit for the rotation of the ready service
magazine is energized, light L10 will be illuminated.

The next circuit to consider includes contacts CB3 (Figs.
34 and 38) which are closed only when the stowage tray
is not latched and permits current to flow from line 629
to line 654 and through light L3 on the control panel
which indicates that the tray is not latched. Through a
parallel circuit light LC2 at the stowage hoist operator’s
control panel may be illuminated when control handle BA
is at the run position. Light TC2 advises the tray operator
tc close the tray immediately.

The electrical circuit for lowering the stowage  hoist
tray extends through contacts BAI0 which are closed
when control handle BA is turned to “Load” position,
through the contacts BF2 (Fig. 46) which are closed
when the ready service magazine latch is in latched
position, and through contacts BJ3 (Fig. 32) which are
closed when an empty ready service magazine stall is
positioned above the siowage hoist. Thence the circuit
continues through line 657 to contacts CA3 (Fig. 34) on
the stowage hoist trunk and which are closed when the
stowage hoist rammer is at the fully down position.
Thereafter current flows through the contacts CL (Fig.
39) on the stowage tray and which are closed when the
tray is in up position, thence through contacts of switch
CF (Figs. 34 and 38) which is on the tray latch and
is closed only when the tray latch is fully retracted and
through relay coil RCD closing contacts CRCD to
energize solenoid SCD which shifts the hydraulic pilot
valve 565 (Fig. 50) to start the tray downwardly. Light
L11 shows that the tray can be unlatched while light
LC3 on the Stowage Hoist Operator’s control board
indicates that the loading tray can be lowered.

The next circunit to be considered controls the raising
of the stowage hoist tray and includes line 658, contacts
CD3 which are closed when a missile is correctly. posi-
tioned on the tray, line 659 to contacts CM which are

. closed when the tray is in down position and thence to

manually operable pushbutton CE located in the stowage
hoist room. When the pushbutton is pressed current flows
through relay RCC to close contacts CRCC and energize
solenoid SCC (¥ig. 50) to shift valve and thereby condi-
tion the hydraulic circuit to raise the tray to its vertical
position. ~ An indicating light 113 (Fig. 53) show that
the solenoid SCC has been energized to condition the
tray operating circuit to raise the tray.

The raise tray circuit may also be energized through
contacts BA13 and lines 660, 660z which shunt the con-
tacts of switch CD3 (¥Fig. 39) which are open when no
missile is on the tray. Contacts BA13 are closed when
control handle BA is in the “Run” position. A second
shunt circuit includes lines 661 and 6604 to permit current
to pass through contacts BD6 operated by control handle
BD located on the control panel and contacts are closed
when the handle is in the “Hoist amm.” position.
control handle BA in the “Load” position, contacts BAL0

With.
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will be closed permitting .current to flow. through lines
662 and 663 to pushbutton .CZ which is located within
or adjacent to the ready -setvice magazine, -and when
depressed, serves .to illuminate light L16 on the control
panel to serve-as a manual signal to the Mount Operator
during loading operations.

Line 662 also connects -to line 664 leading to contacts
BD3 and BD4 which are in parallel and are actuated by
-control :-handle BD. Movement of -control handle BD ito
the “Hoist amm.” position closes contacts BD3 to-permit
current to iluminate light LC5 at the stowage hoist oper-
ator’s station to indicate that the ready service drum is
being loaded. -Current then flows through switch BK
(Fig. 32) which is closed when the missile support latch
in the stall at the stowage hoist position is in normal
position. From there current may-pass through the con-
tacts .CC1 located on the magazine hoist trunk and which
are closed when the stowage hoist is .at its fully up posi-
tion. This permits -current to flow to relay RCB, thus
closing contacts CRCB to energize solenoid SCB which in
turn operates the pilet valve 547 (Fig. 39) to start the
stowage hoist rammer downwardly. At the same time
light ‘L35 on the control panel (Fig. 53) is illuminated
to indicate that the stowage hoist is energized for down-
ward movement.

Through a parallel circuit current may pass from line
664 through line 665 to contacts BD4 which are closed
when the control handle BD is in the “Lower amm.”
position. -Current is then conducted through contacts
BL (Fig. 32) which are closed when the missile support
latch on the ready service magazine stall at stowage hoist
position is fully retracted. Thereafter current may flow
through contacts CC1 to relay RCB to cause the stowage
hoist rammer to lower as aforesaid.

In addition, current may flow from the contacts of :

switch BD4 through a line 666 to contacts CC2 (Figs. 34
and 35) which are closed when the stowage hoist is
fully raised and then through pushbutton CH which may
be closed to operate relay RCE which in turn -controls
contacts CRCE to energize solenoid SCE (Fig. 34) which
retracts the missile support latch on the ready. service
drum - at the stowage hoist station. From switch CC2
current may pass through line 667« to illuminate light
LC7 (Fig. 41) and show that the missile support latch
226 can be retracted.

At the same time current passing through line 667 illu-
minates light LC6 at the stowage hoist control panel to
indicate that striking down operations are in progress,
whereby missiles are being lowered from the ready serv-
ice drum through the stowage hoist to the stowage mag-
azine.

Simultaneonsly current may flow from line 666 through
contacts CA4 (Figs. 34 and 37) which are closed unless
the stowage hoist is fully down and through contacts
CRCE2 which are closed when latch retracting relay RCE
is energized.

From contacts of switch BF2 (Fig. 46) current may
flow through line 668 to switches BJ1 and BJ2 (Figs. 32
and 33) connected in parallel. Switch BJ1 is closed if
the ready service magazine stall at the stowage hoist is
empty and permits current to pass throngh to -contacts
BD1 which are closed unless control handle BD is at
the “Hoist amm.” position used when hoisting missiles
from the stowage hoist to the ready service magazine.
Current then passes to contacts of switch CD1 (Fig. 39),
located on the stowage hoist loading tray which are closed
when a missile is correctly positioned on the tray, and
through line 669 to switch contacts CA2 (Fig. 34) on
the magazine hoist trunk which are closed when the hoist
rammer is fully down. Thence current may pass through
switch CB2 on the loading tray latch, closed when the
loading tray is latched in the up position, to energize
relay RCA, thus closing the contacts of switch CRCA to
energize solenoid SCA (Fig. 49) which shifts pilot valve

547 to condition the hydraulic circuit to raise the stow-
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age :hoist rammer. Light Li4 on the Jauncher control
panel connected in this circuit is illuminated when the sole-
noid -SCA is energized.

A second portion of the stowage hoist .control circuit
in parallel with -2 portion of the above circuit includes
contacts BJ2 (Figs. 32 and 33) which are connected to
line .668 and are closed -when the missile stall at stowage
hoist position is lcaded. Current may then be conducted
to contacts BD2 which are closed when control ‘handle
BD is .at “Lower amm.” position, thence to contacts CD2
(Fig. 39) on the stowage hoist :tray which are closed
when no missile rests upon the tray. Next the current
‘may pass through pushbutton CG located at the striking
down station which when closed, -completes the circuit
through switch contacts CA2 and - CB2 (Fig. 34) to ener-
gize solenoid SCA as.aforesaid. In-addition to indicating
light L4 the light LC4 is illuminated when this circuit
is energized to indicate to personnel at the striking down
station that the rammer.can be raised.

The firing circuit and firing interlock means

In Fig. 61 is illustrated a block diagram of a firing
circuit which may be used with the launcher of the present
invention and includes a control panel 670 from which
the firing circuit may be controlled by the mount operator,
either by a local control pushbutton FBB which is effec-
tive when a selector control handle FBC is moved to local
position or, if desired, the firing circuit may automatically
be controlled by moving the control handle FBC to the
“Director” position. In -either case the firing impulse
leaving the fire control panel along path 671 must pass
through the contacts of relays FAE and FAG, which
are controlled as hereinafter discussed, to an interlock
switch FAB which is closed by disengagement of ramp
673 (Fig. 14) from the rollers of this switch, only when
the guide tube is at less than 60° elevation, then through
another switch FAC which is closed only when the blast
chamber door is open, then through another switch FAD
which is closed enly when the forward missile restraining
latch has been fully retracted, and finally through a switch
FAA which is closed only when the launcher guide tube
is not pointing towards a danger zone, such as part of
the ship’s own superstructure.

Thereafter firing circuit current is led to the firing pin
281 (Fig. 15) to be applied to the missile through the
shroud encircling contact ring 282. The grounded por-
tion of the missile thereupon connects back to the control
panel to complete the circuit through path 672.

The synchronism firing interlock including relay op-
erated switches FAE and FAG receives an elevation error
signal from the launcher elevation power amplifier and
a train error signal from the launcher train power ampli-
fier, these signals are fed into the synchronizing firing in-
terlock which has for each signal a rectifier and a thyratron
tube, the grid current of which is varied by changes in
the error of the signals and serves to control separate
train and elevation relay circuits which close the con-
tacts of switches FAE and FAG as aforesaid when the
mount and guide tube are operating in synchronism with
the ship’s fire control director.

On the firing panel, in addition to the selector control
handle FBC and the local fire control pushbutton FBB,
there is provided a safety plug FBA which is intended to
be removed and carried about by personnel when making
adjustments on the mount.

The panel also has control lights such as LF1 which
indicates when the 115 volt firing circuit from the director
is energized; LF2 which indicates when 115 volts is being
supplied to the synchronized firing interlock; LF3 which
indicates when the firing circuit is completed and LF4
which is a “Cease fire” signal for advising the Mount Op-
erator that the firing should stop.

Operation
In the above description has been set forth the struc-
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tures and functions of the guide tube and its mount, the
launcher hoist, the ready service magazine, and the stow-
age hoist and tray together with the hydraulic and elec-
trical power, control and interlock circuits therefor. The
following discussion is concerned with the operation of the
entire launcher equipment during loading of the stowage
magazine, automatic fire, reloading of the ready service
magazine from the stowage magazine, and testing and
casualty operations such as would be encountered by ac-
tual use of a launcher embodying the present invention.
For this purpose, it will be assumed to start with that the
launcher mount is in stowed condition, that all control
and power circuits are off and that both ready service and
stowage magazines are empty .

As before-mentioned only a minimum number of per-
sonnel is necessary in order to carry out the above op-
erations with the present missile launching equipment.
These personnel are located at suitable control panels and
there is illustrated in Fig. 41 one arrangement and lo-
cation of such panels and operation stations which may be
employed. As there shown a “Mount operator,” a “Stow-
age hoist operator” and a “Striking down controlman” are
located below decks while above-deck missile handlers
may assist during missile striking down operations. - In ad-
dition stowage magazine personnel transport missiles from
the tray to missile stowage racks in the main stowage
compartments of the vessel and similarly transport the
missiles to the stowage hoist tray when loading the ready
service magazine with a supply of missiles to prepare the
launcher for operation, It will be noted that with the
present launcher equipment the missiles need never be
lifted by hand and therefore large and cumbersome mis-
siles may conveniently and rapidly be handled and
launched.

Striking down operations—There will first be consid-
ered the operations necessary to lower missiles into the
ready service magazine and thereafter lower missiles from
the ready service magazine into the ship’s stowage maga-
zine by the use of the stowage hoist. This loading op-
eration is commonly referred to as a “Striking down” op-
eration. ‘

During this procedure the ready service drum serves as
a conveyor to move the missiles from a position below a
striking down hatch in the weather deck to a position
above the stowage hoist by which latter they then may be
lowered into the ship’s missile stowage magazine area.
In these striking down operations either of two procedures
may be employed; a number of successive magazine stalls
may each be loaded with a missile and then the several mis-
siles may sequentially be moved into alignment with the
stowage hoist for lowering into the ship’s missile stowage
compartments or, in the alternative, a single missile may
be lowered into a stall and the ready service maga-
zine then indexed so as to position that missile above the
stowage hoist. However, in either case substantially the
same controls are employed,

As shown in Fig. 41, a crane 367 and a hoist 368 may
be used to support a missle 118 over a striking down or
loading hatch 366 through which the missile may be low-
ered into an empty stall of the ready service magazine
drum. . ‘Before any missiles are lowered into the ready
service magazine drum, however, as a safety precaution,
personnel topside first ascertain that the (BS), conven-
iently located above-deck, as on the pedestal of the crane,
is turned to “Off.” This prevents starting of the train
and elevation motors during the striking down stowage
operation. The mount operator then closes the hoist
motor controller circuit breaker CB, which illuminates
light LY on the launcher control panel. Next he turns
the control handle B to” “On,” thereby energizing the
control and interlock circuits. The mount operator then
presses the “Start” pushbutton BT on the control panel,
starting the hoist motor and illuminating light LH; turns
control handle BA to “Load”; turns control handle BC
to “Load”; and turns control handle BD to “Lower Amm.”
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The ready service drum is now in condition to be loaded,
and a missile may be lowered from above through hatch
366 into an empty stall directly beneath the striking down
hatch. When the shroud at the lower end of the missile
rests on the missile support latch in the lower end of the
stall, the crane cable is unhooked and the striking down
controlman signals the mount operator who then turns
-control handle BN momentarily to “Rotate,” thus indexing
the ready service magazine one position and placing the
next empty stall directly beneath the striking down hatch.
This procedure is repeated until the desired number of
missiles are in the ready service magazine stalls. The
number of missiles lowered into the ready service mag-
azine will depend on the method of loading, as explained
above. - A manual signal switch CZ at the striking down
station enables the striking down controlman to signal the
mount operator by flashing light 1.16 on the control panel.
The mount operator therefore, is notified when to rotate
the ring by prearranged signals from the striking down
station. The next step in the striking down operation
involves lowering missiles from the ready service drum
to the ship’s stowage magazine. To do this the mount
operator first ascertains that the control panel light, L3

-is not lighted. . If this indicator is lighted, showing “Not

latched,” operations cannot be carried on. (As the hoist
tray acts as a flame seal, a missile should never be in posi-
tion. above the magazine hoist unless the tray is raised and
latched; consequently, the interlock circuit is so arranged
that the ready service magazine cannot be rotated until

-the latter condition exists.) = The stowage hoist operator

observes that light LC1 and light LC6 are illuminated
inglicating that power is on and that striking down oper-
ations are in progress. )

During the lowering of missiles into the ready service
magazine ‘the mount -operator watches . the signal light
L11 which will go on'(displaying “Empty”) each time the
ring is latched, so long as empty stalls are presented to
the magazine hoist. . When the first loaded stall arrives
over the magazine hoist, light L11 will stay out when the
ring latches, This advises the mount operator to dis-
continue indexing operations. .

Thereafter pushbutton CG s depressed by the striking
down controlman to raise the stowage hoist. At the top
of its stroke, the hoist lifts the missile above the missile
support latch at the bottom of the magazine stall and
stops. ' Pushbutton CH may then be operated, by the
striking down. operator to withdraw the missile support
latch.. Withdrawal of this latch closes switch BL in the
interlock circuit and the stowage hoist automatically starts
downwardly, lowering the missile to the vertically posi-
tioned tray at the bottom of the hoist. The start of the
up and the down travels of the stowage hoist are indicated
to the mount operator by lights I.13 and L15, respectively,
on the control panel. : ‘ i

When the stowage hoist with- a missile reaches the
bottom of its stroke, light L.C3 illuminates, indicating that
the tray may be lowered. The stowage hoist operator
then pulls on the T handle 34 to retract the tray latch
and the tray will then lower the missile to a horizontal
position. The exposed missile may thereafter be removed
from the tray by stowage room personnel and transported
to suitable stowage racks. ) : -

After the missile has been removed from the tray, the
stowage hoist operator presses pushbutton CE to start
the tray up. When the tiay pivots to the vertical posi-
tion it automatically latches and the light L3 goes out
to indicate that the tray is now latched. Thereafter the
mount operator moves control handle BN momentarily
to rotate the ready service magazine one position, and so
place the next loaded stall over the magazine hoist. The
missile lowering operation is then repeated. Indexing

‘of the ready service magazine also places an empty stall

under -the striking down hatch, and if desired another
missile may be lowered into the empty stall by the whip
hoist. - Through-the use of signals from the striking down"
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ontrolrmiar to the mount operator the action of person-
nel at both of these stations can be coordinated to load
missiles into the stowage m.:gazine from topside as a
continuous operation.

Loading ready service magazine from below—The
ready service magazine may be loaded from below where
it is desired to prepare the launcher for a state of readi-
ness for action. In order to accomplish this the mount
operator first starts the hoist motor and conditions the
control circuits as aforesaid. He then turns control
handle BA to “Load”; turns control handle BC to “Load”;
and moves control handle BD to “Hoist amm.” The
stowage hoist operator then observes that lights L.C1,
LC3 and LCS are illuminated and pulls the T handle
346 and the tray lowers to a horizontal position.

When a missile has been correctly positioned on the
tray, the stowage hoist operator presses pushbutton CE,
thereby raising the tray and missile to the vertical posi-
tion whereupon the stowage hoist automatically raises
the missile into the empty ready service magazine stall
directly above the hoist, raising the missile high enough
to clear the missile support latch which snaps back to
its normally extended position under the missile shroud.
The stowage hoist then reverses direction and starts down-
wardly, but the missile is retained in the ready service
magazine stall by the missile support latch. When the
stowage hoist reaches the bottom of its stroke, one load-
ing cycle will have been completed and the ready service
. magazine can be indexed by the mount operator to permit
the next stall to be loaded in similar position. This is
continued until the ready service magazine is filled.

The mount operator follows the action of the magazine
hoist and tray by observing the lights on the control panel.
These lights indicate the start of travel of the magazine
hoist “Up” (L14) or “Down” (1.15), and the condition
of the hoist tray “Up” (L13) or “Not latched” (L3). In
addition, light L12, displaying the words “Can rotate,”
notifies the mount operator when conditions are such that
the ready service magazine can be rotated in manual
control. This condition occurs when the magazine hoist
rammer is fully down, the magazine hoist tray is latched
in up position, either no missile is on the magazine hoist
tray or switch BD is at the “Off” position, the launcher
missile hoist is fully down and switch BA is at the “Load”
position. '

Launcher hoist test—1It is desirable from time to time
to raise and lower the launcher hoist without a missile
so as to test the operation of the hoist and be sure that
it is in proper operating condition. This may be done
only when the guide tube is in vertical position and the
hoist motor has been started as described above. When
so conditioned the mount operator moves control handle
BM to the “Test hoist” position which will cause the
empty hoist to rise at normal speed to the upper limit of
its travel and when the control handle BM is released
the hoist will return automatically at normal speed to its
lower position.

Automatic firing riun operation—When the ready serv-
ice magazine is loaded and the entire launcher is prepared
for operation, the mount operator may set up his control
panel (Fig. 53) for automatic firing operation as follows:
the hoist, train and elevation motors are started by push-
buttons BT, BV and BX, respectively; thereafter control
handle B is moved to “On” position; control handle BA
is moved to “Run” position and control handle BC is
moved to “Run” (CW) position. The remaining handies
are left in their indicated positions. At the same time
switch FBC on the fire control panel is moved to “Direc-
tor” position and the Safety Plug FBA must be in place.

Immediately the guide tube, if horizontal, will pivot
to vertical “Load” position and a missile will be hoisted
from the ready service magazine up into the guide tube
which will then move downwardly beyond 60° elevation,
whereafter it operates in response to signals received
from the ship’s fire director system and will follow the
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ship’s director until the firing circuit is closed to launch
the missile from the guide tube, whereafter the tube will
pivot upwardly to receive asother missile. This loading
and firing cycle will continue until all of the missiles in
the ready service magazine have been fired in rapid
succession without any further action on the part of
launcher personnel, or until the firing circuit is left open.
When the ready service magazine becomes empty it will
continue to rotate intermittently until stopped by the
mount operator turning the control handlé BA to “Off”
position. Such automatic operation is schematically indi-
cated in Figs. 4 to 9, inclusive, and the time cycle of opera-
tion of Fig. 40.

In the event the auntomatic “Run” operation is stopped

5 with an unfired missile in the guide tube this missile may

be returned to the ready service magazine as follows: the
mount operator turns switch BA to “Off,” the train and
elevation power drives are stopped by pushbuttons BW
and BY or by moving switch BS topside to “Off,” the
train and elevation drives at the mount are shifted from
aufomatic to manual operation, the guide tube is elevated
manually to its vertical position and the mount is trained
manually to a position where the hoist lifter 122 will not
strike the missile support latches 135, The : control
handles of switches BA and BC are then turned to “Load,”
the control handle of switch BN is operated momentarily
to rotate the ready service drum one stall counterclock-
wise, switch BB is turned momentarily o “Hoist” to raise
the hoist lifter 122 so as to engage the bottom of the
missile shroud to raise the missile off of the missile sup-
port latches whereupon the missile support latches 135
may be manually retracted- by lever 142 (Fig. 14).
Switch BB is then momentarily turned to “Lower” to
cause the hoist lifter with the missile to' descend and re-
turn the latter to the empfy ready service magazine stall.

‘Casualty operation procedures—In the event a missile
in"the guide tube fails to fire then the missile cannot be
returned to the ready service magazine but must be
jettisoned over the side of the ship. This operation is
controlled by the mount operator who first turns control
handle BA to the “Cff” position, stops the ‘train motor,
elevation motor and hoist motor and. turns off the con-'
trol and firing circuits. Thereafter the above-deck crew
connects a water hose to the exfernal sprinkler connection
of line 191 and the sprinkler system is operated for sev-
eral minutes or until the guide tube is cool. The mount
may then be trained manually so that the guide tube is
athwarfship and the guide tube may then be depressed
manually to approximately minus 10° so as to be aligned
with an overboard chute shown in Fig. 42 which has been
moved into the position illustrated. Thereafter the for-
ward missile restraining latch 137 may be retracted by
movement of handle 158 to the position indicated in Fig.
16. By removing rammer access door cover 193 a ram-
mer pole 194 may be inserted to shove the rocket out
of the guide tube and along the chute to be disposed of -
overboard. .

It should be understood, of course, that the foregoing
disclosure relates to only a preferred embodiment of the
invention and that numerous modifications or alterations.
may be made therein without departing from the spirit
and scope of the invention as set forth in the appended
claims. :

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

What is claimed is:

1. A device for launching a plurality of missiles in
rapid succession comprising; a structure mounted for ro-
tation relative to other components of the device, a guide
carried by said structure for directing the initial flight of
the missiles and supported for oscillating movement from
an inclined firing position to a vertical loading position,
a ready service magazine for carrying a plurality of
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missiles and: sequentially presentinv the' carried missiles

to a position below and in longxtudmal alignment with.

said: guide when the latter is in loading: position; means
for sequentially loading missiles from the ready’ service
magazine through straight, vertical path into the guide
when the guide is in the vertical loading position, means
for firing a missile from the guide when the guide is: in-
clined to the firing position, both said means including
electric cables connected between said rotatable sfructure
and stationary components therebelow,. means for pre-
venting twisting, straining, and. chafing of the cables dur-
ing rotation: of said’ rntatable strucfire, and means. for pro-

tecting said gmde from back blast of missiles being

launched.

2. A device for launching. a plurality of missiles in
rapid succession comprising; a trainable guide for direct-
ing;the initial flight of the missiles and. movable from a

vertical loading position to an inclined. ﬁrin& position, a

rofatable ready service magazine for carrying a supply of
missiles and sequentially presenting: the carried missiles
to a pOolﬁOn below' and in Iongitudinal alignment. with
said- guide when the latter is in loadmg position,.-means
for rotating the ready service magazine. for effecting such
an alignment between  the missiles in the: ready service

magazine and the guide hoist means operable in timed.

relationship with the rotation: of the ready service mag-
azine for sequentially conveying missiles from the ready
service magazine throcugh a straight path to the guide
when the guide is in vertical loading position, means for
firing missiles so conveyed to the guide, both. said means
including electric cables and control circuits, means for
maintaining said cables in a-desired disposition regardless
of the train setfing of the guide, and means for protect-
ing components of the. launching: device from back blast
of a missile being; launched. .

3. A device for launching a plurality of missiles. in
rapid succession comprising;.a trainable guide for. direct-
ing the initial flight of the missiles and movable from a
vertical loadmg position to an inclined. firing position,
means for, moving said guide from the Ioadmg posmon
to the firing position, a rotatable ready service magazine
supporting. a plurality of missiles’ for successive move-
ment. into vertical: alignment with the guide when it is
in vertical loading position; hoist means . operable in
timed relationship with the rotation of the ready service
magazine for sequentially conveying missiles from: the
ready service magazine into the guide when the. guide
is.in vertical loading position, ignition means for firing
missiles conveyed to the guide, means including control
circuits and electric cables for controlling the operation
of the launching device, means for maintaining said
cables in desired disposition regardiess of the train. sefting.
of the guide, and means for protecting components of the
launching device from  back  blast of missiles being
launched.

4, A dev1ce for launching a plurahty of mlssnles in
rapld succession comprising; a. trainable guide for direct-
ing the initia]l flight of the missiles. and supported for
oscillating movement from a vertical loading position to
an inclined firing position, means for oscillating the guide
between said positions, a rotatable ready service maga-
zine having a number of missile stalls disposed about its
periphery the stalls being movable into alignment with
the guide when in its vertical position, hoist means oper-
able in timed sequence with the positioning. of the stalls
in.alignment with the guide for conveying missiles from
the stalls -into the guide when. the guide is-in vertical
loading position, firing means for launching the missiles
from the guide when in inclined firing position, control
means including electric .cables, means for maintajning
said electric, cables in a- desired disposition. free from
twisting, straining and chafing forces regardiess of train
setting of said gnide, and means for protectmg ‘compo-
nents of the launching devu:e from back blast of missiles
bemg launched.
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-5 A device for.launching “a: ‘plurality’ of missiles in
rapid succession comprising; a trainable guide for direct-
ing,the initial flight of a missile and supported. for oscil-
lating - movement from a vertical loading: position to an
inclined - firing  position, means for: oscillating the guide
between said positions, a rotatable ready-service drum;
a plurality. of missile receiving stalls disposed. about the

periphery  of the drum and movable sequentiaily into:

axial alignment .with- the guide when it is in its vertical
ivading. position, means -for ‘intermiitently’ rotating the
drum so as to sequentially position the stalis in alignment
with' the guide, hoist means operating when the drum is
stationary for conveying a missile from an aligned stall
into. the-guide when ‘it is in- vertical: loading position, a
missile firing: circuit, means for energizing the circuit,
contrel means: for the launching device including electric
cables, mgans for maintaining said electric cables in a
desired . dispesitien free -from - twisting, strajining and
chafing foreces.regardiess of train setting of said guide,

~and means for protecting components of the launching

device from back blast of missiles being Jaunched.

6. A device for launching a plurality of missiles in
rapid succession comprising; a trainable guide for direct-
ing the initial flight of missiles and supported for oscil-

. luting movement from "an inclined firing position to a

vertical leading. position, means for oscillating the guide
betweesn . said positions, a rotatably supported ready serv-
ice drum; a plurality of missile stalls about the periphery
of the drum and movable into axial alignment with the
guide, means for rotating the drum to successively move
the stalls into axial alignment with the guide, hoist means
to raise a, missile from-an aligned stall into-the guide
when it is in vertical loading position, meaus for locking
the: stall in alignment with the guide -during the missile
hoisting operation, a firing circuit to fire the missiles,
centrol means for the launching device and inciuding a
plurality of electric cables, means for maintaining said
electric’ cables in a desired dispostion free from twisting,
straining and chafing forces regardless of train setting of
said guide, and means for protecting components of the
launching: device from back blast of missiles: being
launched. )
7. A device for launching a pluvality of missiles in
rapid succession: comprising; a trainable guide for direct-
ing the initial flight of a missile and mounted for oscil-
lating. movement from. an inclined firing position to a
vertical loading position, means for oscillating the guide
between said positions, a ready service magazine drum
mounted below the guide, missile compartrents disposed
abeut the peripheiy of the drum, means for rotating the
drum to succesively move. missiles contained in the com-
par tments into axial alignment with the guide when it is
in loading. position, means adjacent the drum for hoisting
missiles from. the compartments into the guide, control
means: for synchronizing the rotation of the drum: -with
the movement .of the hoisting means whereby missiles
contained. in the compartments may seguentially be
hoisted ‘into the guide, a firing circuit for a missile in the
guide, means .for energizing: the circuit, said last-men-
tioned means. including at least one electric cable, means
desived disposition
free from twisting, straining and chafing forces regard-
less of train setting of said guide, and means for pro-
tecting. components of the launching device fr om back
blast of missiles being launched.

8. An automatic missile launcher comprising; a train-
able above-deck mount, a launcher guide pivotally sup-
ported on the mount and movable from an inclined firing

position:to-a vertical loading position, means for pivoting:

the guide between said. positions during. automatic op-
eration, a-below-deck missile magazine supported inde-
pendently of the mount and having a plurality of missile
receiving stalls longitudinally’ alignable ‘in sequence with
said guide: when the latter is in: loading position, a sta-
tionary launcher hoist having a missile lifter movable
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through a Verfical, straight-line path adjacent the maga-
zine for linearly conveying missiles from sequentially
aligned stalls into the guide when it is in loading posi-
tion, means for actuating the hoist and the magazine,
interlock means for preventing movement of either the
hoist or the magazine when the other is operating where-
by missiles contained in the stalls may sequentially be
conveyed into the guide in loading position, a firing cir-
cuit energizable when the guide is at firing position,
control means for training the mount, elevating and de-
pressing the guide, and energizing the firing circuit, said
control means including electric cables connected be-
tween the above-deck mount and below-deck compo-
nents, means for maintaining said electric cables in a
desired position free from twisting, straining and chafing
forces regardless of train setting of the mount, and means
for protecting components of the launching device from
back blast of missiles being launched.

9. A rapid fire automatic missile launcher comprising;
a trainable above-deck mount having an aperture in its
base to admit missiles therethrough from below, a missile
guide supported on the mount and pivotable from an in-
clined firing position to a vertical loading position in
alignment with the aperture, a ready service magazine
located beneath the mount, the magazine including a
a plurality of spaced missile carrying stalls, means for
moving each of the stalls into axial alignment with the
guide, conveyor means for lifting a missile contained in
an axially aligned stall through the aperture and into the
guide, means for operating the conveyor means in timed
relation with the movement of the stalls whereby a num-
ber of missiles may be fed in succession from the maga-
zine into the guide, means for retaining a missile in the
guide during pivoting movement to firing position, a mis-
sile firing circuit, means for interrupting the firing circuit
when the guide is in loading position, control means for
training the mount, elevating and depressing the guide,
and energizing the firing circuit, said control means includ-
ing electric cables connected between the above-deck
mount and below-deck components, means for maintain-
ing said electric cables in a desired position free from
twisting, straining and chafing forces regardless of train
setting of said mount, and means for protecting com-
ponents of the launching device from back blast of missiles
being launched.

10. A device for successively launching a plurality
of missiles comprising in combination; a guide for direct-
ing the initial flight of the missiles, a trainable mount
supporting the guide for movement from a loading posi-
tion to a firing position, means for moving the mount
in train, means for moving the guide from loading posi-
tion to firing position, the guide when in loading posi-
tion being disposed in coaxial alignment with the axis
of train of the mount, a launcher hoist positioned to raise
and lower missiles in a straight-line path along the axis
of train, a ready service magazine below the mount and
having stalls to support a plurality of missiles adjacent
the launcher hoist, the magazine being movable to suc-
cessively position missiles in coaxial alignment with the
axis of train so that they may be raised by the launcher
hoist and deposited in the guide when the latter is in
its loading position, a magazine drive, control means
acting on the drive to index the magazine to successively
present missiles to the launcher hoist, interlock means
to prevent movement of either the hoist or the ready
service magazine when the other is in operation, the
stalls being reloadable from below, a separate stowage
hoist to reload missiles into the magazine stalls from
below, means for operating the stowage hoist, control
and interlock means whereby individual missiles may
be fed from below into the magazine to replenish the
missile supply therein during periods when firing opera-
tions are not in progress, electric cables connected be-
tween components on the mount and components below
the mount, means for maintaining said electric cables in
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a desired position free from twisting, straining and chafing
forces regardless of train setting of the mount, and a
protective shield including deflecting vanes for directing
blast gases through an escape opening in the protective
blast shield and ventilating means to provide a flow of
cooling and scavenging air through the shield.

11. In an automatic missile launcher the combina-
tion of; a trainable mount, a guide for directing the initial
flight of a missile, and supported on the mount for
oscillating movement from a vertical loading position to
an inchined firing position, means for oscillating the guide
between the positions, a hoist registering with the lower
end of the guide and in longitudinal alignment with said
guide when the latter is in vertical loading position, the
guide and its mount being rotatable about the upper
end of the hoist so that a missile may be hoisted into
the guide during training movement of the mount, con-
trol means for training the mount, and elevating and de-
pressing the guide, said control means including electric
cables connected between the above-deck mount and be-
low-deck components, means for maintaining said electric
cables in a desired position free from twisting, straining
and chafing forces regardless of train setting of the mount,
and means for protecting components of the launching
device from back blast of missiles being launched.

12. In an automatic missile launcher; a trainable mount,
a missile guide supported on said mount and movable
in train therewith, means for moving the guide in eleva-
tion from an inclined firing position to a vertical loading
position at which time the axis of the guide aligns with
the training axis of the mount, hoist means in longitudinal
alignment with the after end of the guide in loading
position for loading missiles along a straight-line path
into the after end of the guide when it is in loading posi-
tion and during training movement, control means for
training the mount and elevating and depressing the guide,
said control means including electric cables connected
between the mount and said elevation moving means for
the guide and said hoist means, means for maintaining
said electric cables in a desired position free from twist-
ing, straining and chafing forces regardless of train set-
ting of the mount, and means for protecting compeonents
of the launching system from back blast of missiles being
launched.

13. In a launcher for successively firing a plurality of
missiles; a vertical straight-line missile hoist, a ready
service magazine for auntomatically presenting missiles to
the hoist in sequence, a rotatable launcher mount sup-
porting a guide for movement from an inclined firing
pesition to a vertical loading position in which the guide,
the hoist, and the presented missile in said magazine are
in substantial longitudinal alignment, the mount being
located at the upper end of the hoist and rotatable there-
about, the axis of rotation of said mount substantially
coinciding with the longitudinal axis of said hoist whereby
a missile may be hoisted from the ready service maga-
zine into the guide during rotation of the mount, con-
trol means for training the mount and elevating and
depressing the guide, said control means including elec-
tric cables, means for maintaining said electric cables
in a desired disposition free from twisting, straining and
chafing forces regardless of train setting of said mount,
and means for protecting components of the launching
device from back blast of missiles being launched.

14. In an automatic missile launcher comprising a
trainable missile launching guide pivotally mounted for
oscillation in a vertical plane between an inclined firing
position and a vertical loading position a straight-line
hoist and a rotatable magazine, said magazine having a
plurality of object supporting stalls movable past said
hoist, said stalls being open at one end to allow an object
therein to emerge, each of said stalls having the longi-
tudinal axis thereof in alignment with the longitudinal
axis of the guide in loading position when the stall is
positioned for emergence of the supported object, drive
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means: for moving. said:stalls; drive means: for. said:hoist, .
said”hoist including an object-engaging: lifter to- remove-

an- object endwise from a stall, the sides of: the: stall in
hoist position forming guideways for guiding the object
in its endwise movement.from the stall through a straight-
line path into the launching guide, control means for
training, elevating: and depressing the guide, said control
means-including. electric: cables connected::between rela-

tively rotatable components, means for: maintaining the.

cables in a desired disposition free from twisting, strain-
ing and chafing forces regardless of ‘train sctting of the
gulde and means for protecting components of the launch-
ing device from back blast: of missiles’ being launched:

15. In an automatic missile launcher the combination:

of; a trainable guide for directing: the initial flight of a
missile, the guide being movable between a firing-position
and a loading position; .the guide at its: loading position

being in alignment with the axis-of train, a hoist including

a missle: engaging lifter movable along. the axis: of train
for loading-missiles into said guides, a ready.service maga-
zine for successively delivering missiles into-the. path of
the lifter; a drive for the magazine comprising a source
* of hydraulic pressure and: a motor to be driven by the
pressure, trapsmission means between the motor and the
magazine, a valve to control.the flow of hydraulic fluid
to the' motor, means in the transmission to shift-the valve
upon approach of a missile:into: the path of the lifter
whereby to decrease the supply of hydraulic fluid to the
motor and thereby reduce the speed of movement of the
magazine, electric control means.including electric cables
interconnecting relatively rotatable components, means
for maintaining the cables in a- desired disposition free
from twisting, straining and chafing forces regardless of
train setting of the mount, and means for protecting com-
ponnnts of the launching device from back blast of mis-
siles being launched.

16. In an automatic missile launcher: the combina-
tion of; a guide for directing the . initial flight of a
missile the guide being movable in elévation from an
inclined firing positicn to a vertical loading: position, a
mount supporting the guide and roiatable in train, a
missile hoist including a lifter for moving a missile into
the guide along a path coaxial with the train axis-of
the mount, said lifter when in its uppermost position
being-in the path of movement of the guide, means for
operating the hoist to raise a missile into the  guide,
missile engaging latches to retain a missile in the guide
after it has been raised thereinto, interlack means.to pre-
vent movement of the guide out. of loading position

until the hoist has lowered sufficiently to clear the after

end of the guide, control means for training the mount
and elevating and depressing. the guide, said control means
including electric cables interconnecting relatively rotata-
ble compenents, means for maintaining: said. electric

‘cables in a desired disposition free from twisting, strain-.
ing and chafing forces regardless of train setting of the,

guide, and means for protecting components of the
launching device frem back blast of missiles being
launched. ’ :

17. In an automatic missile launcher the combina:
tion of; an above-deck trainable mount, a guide carried
by said mount for directing the initial flight: of a missile
and movable in elevation from an- inclined firing posi-
tion to a vertical loading position :coaxial with the axis
of train of the mount, a below-deck missile hoist for
loading missiles into the after end. of the. guide, a hoist
lifter member reciprocably carried by.said -hoist and mov-
able in a straight-line path parallel with the axis of train
of the mount, a below-deck ready service magazine ad-
jacent the missile hoist and supporting a plurality of
missiles therein, means below-deck for operating the maga-
zine to successively present. missiles to the hoist, each of
sajd successively presented missiles being positioned with
the longitudinal axis thereof in -alignment with ‘the longi-

tudinal axis of'said guide-in loading.position, means on-
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said: magazine- for: enabling; said-hoist lifter member: to

engage. each: missile ‘after: the latter is. presented to the.

hoist- and: to-move -the missile in a vertical straight-line
path. into the. guide,: locking means for retaining the
magazine ‘stationary: during: movement of the hoist lifter

member, interlock means to prevent operation of the-hoist.

except when. the magazine- is stationary, control means.
for training -the mount, and elevating and depressing.the
guide,: said .control-means including electric cables con-
nected . between the above-deck mount and below-deck
components, means for maintaining said electric cables
inn a. desired disposition free from twisting, straining and
chafing forces: regardless . of train setting of said guide;
and - means, for-protecting: components of the launching
device from back blast of missiles being launched.

18. A rapid.fire- automatic missile  launcher compris-
ing; a trainable: mount-having a. central aperture in the
base thereof to permit the hoisting of missiles -there-
through; a: guide-for:directing: the initial flight of ‘a:missile
and oscillatably supported on the mount for movement
from:an inclined firing :position- to a:loading position-in
alignment - with'« the- aperture,, means. for osciilating the
suide:between: these firing: and loading positions, a missile
supporting magazine: below. the. mount: and movable to

- sequentially- position missiles - into- alignment with- the

aperture; conveyer means for: raising missiles.so aligned

through' the: aperture: into the: guide, power means for-

moving the'magazine, a: cortrol system for effecting cyclic
operation of the:magazine .and. the conveyer means where-
by missiles: may: be. moved. successively into the guide,

a firing circuit. energizable:automatically to fire a missile

from the. guide  when: the. guide :moves to firing position,
electric: cablés- interconnecting relatively rotatable com-
ponents, acable: reel. device: for: maintaining: said .electric
cables. in-a: desired: disposition free from twisting, strain-

ing and. chafing: regardless: of - the: train: setting of the
mount-and-the elevation:setting:of the, guide, and means:

for protecting components: of  the launching-device: from
back:blast-of missiles.being launched.

19. A missile.. launcher -comprising. in:combination; a
trainable.guide, a hoist, and a.magazine, the guide bemg
reciprocable. between: an. inclined: firing position and. an
uoright loading position:in ‘which latter: position  the guide
is-aligned 'with::the-hoist :so. as: to receive a missile there-
from, means for operating the hoist including a motor,
and: a-control for the motor, the: control preventing motor
operation except-when the:guide:is properly aligned with
the hoist, said-magazine.being movable to bring additional
missiles-to-the:hoist; the. magazine including a drive means
and a-control:circuit therefor; interlock: means to condi-
tion the magazine. drive:so that it may:operate only when
the hoist is in:condition to' receive a missile, control
means for training, elevating.-and depressing the guide,
electric.- cables connecting guide components: with- said
control”means, a.cable reel mechanism for:- maintaining
said electric cables:in a desired ‘ disposition free from
twisting, straining: and‘chafing forces regardless of train
setting  of said”guide; and: a- blast shield for protecting

components: of the'launching: device from back: blast of -

missilés: being launched.

20.. A missile-launcher- comprising in: combination; a-

missile guide, a trainable' mount supporting: the guide,
the -guide- being supported'in the: mount for movement
between a vertical loading position -and an inclined firing
position in-which latter position the after end of the guide
is- adjacent- a blast chamber through which blast gases
may- be- directed: away-from - the ' mount, means on the
guide for retaining a.-missile on the-guide so- that it will
not fall from the-after end of the guide, firing mechanism
for the-missile launcher; hoist means. for loading a mis-
sile-into- the after-end: of ‘the guide -when the guide is-ver-
tically disposed; the :entire: length- of said hoist means
being in substantial‘longitudinal alignment with :said mis-

sile guide -when the latter is:in vertical loading. position:
and out:of‘alignment -when-said: guide is:in- an: inclined:
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firing position, an automatic magazine to feed missiles
to the hoist means while the guide is moving to firing
position and returning therefr-m, control means for train-
ing the mount and elevating and depressing the guide, said
control means including electric cables connected between
relatively rotatable components, a cable reel mechanism
for maintaining said electric cables in a desired disposi-
tion and free from twisting, straining, and chafing forces
regardless of the train setting of the mount, and back
blast protective means for protecting components of the
guide and mount from the back blast of missiles being
launched.

21. A missile launcher comprising in combination; a
guide, a trainable mount supporting the guide for move-
ment in elevation between a vertical loading position and
an inclined firing position, a hoist for loading missiles
into the guide when the guide is in vertical position, and
a magazine automatically cperable to position a new mis-
sile in the hoist, means for actuating the magazine to
position a new missile by return of the empty hoist to
the ready position, means for actuating the hoist to hoist
the missile upon return of the guide empty to the vertical
loading position, means for firing a missile from the
guide, control means for controlling the operation of the
launcher, said control means including electric cables
connected between reiatively rotatable components, a
cable reel mechanism for maintaining said electric cables
in a desired disposition, and-a protective shield having a
blast chamber therein for protecting components of the
launching device from back blast of missiles being
launched.

22. A missile launcher comprising in combination; a
guide, 2 mount supporting the guide for movement in
elevation between a vertical loading position and an in-
clined firing positicn, means for moving the mount in
train, a hoist including a missile lifter member for load-
ing missiles into the guide when the guide is in vertical
positon, and a magazine automatically operable to posi-
tion a new missile in ths hoist, means for actuating the
magazine to position a new missile by return of the
empty missile lifter member to the ready position, means
for actuating the hoist to hoist the missile upon return
of the guide empty to the vertical loading position, means
for maintaining the entire hoisting path of a new missile
along the axis of train of the mount whereby the guide
may be loaded during training movement of the mount,
means for firing a missile from the guide, control means
for controlling the operation of the launcher, said con-
trol means including eleciric cables connected between
relatively rotatable components, a cable reel mechanism
for maintaining said cables in a desired disposition under
constant tension regardles of the train setting of said
guide, and means for protecting components of the
launching device from back blast of missiles being
launched.

23. A missile launcher comprisng in combination; a
trainable guide, a missile hoist, a reciprocable missile
lifter member on said hoist, a ready service magazine
adjacent the hoist, the guide being movable between an
inclined firing position and a vertical loading position
in which latter position the after end of the guide is in
substantial longitudinal alignment with the hoist, means
for vertically moving the missile lifter member from a
ready position adjacent the ready service magazine to a
load position on the guide when the latter is in vertical
loading position, means for actuating the ready service
magazine upon return of the empty missile lifter mem-
ber to the ready position to position a new missile in the
hoist, interlock means to prevent loading of the missile
from the hoist into the guide unless the guide is empty
and at its loading position, means for firing a missile
from the guide, control means for the missile launcher
including electric cables connected between relatively
rotatable components, a cable reel mechanism for main-
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taining said electric cables in a desired disposition and
under constant and desired tension regardless of the train
setting of said mount, and blast shielding means for pro-
tecting components of the launching device from back
biast of missiles being launched.

24. In missile launching apparatus, a trainable guide
for directing the initial flight of a missile and supported
for movement from an inclined firing position to a load-
ing position, a magazine beneath the guide and having
a plurality of missile bearing stalls sequentially movable
intc fongitudinal alignment with the guide when it is in
loading position, a hoist including a missile lifter mem-
ber for moving a missile along a straight-line path from
an aligned stall into the guide, means for moving the
magazine to successively align stalls thereof with the
guide in loading position and to thereby present stalls
to the hoist, control means for selectively causing the
missile lifter member to move a missile from an aligned
stall into the guide, the control means also being selec-
tively operable for causing the hoist to move a missile
from the guide into an aligned empty stall in said maga-
zine, means for training, elevating and depressing the
guide, said means including electric cables connected
between substantially vertically spaced and relatively
rotatable components, means for maintaining the electric
cables in a desired position under constant tension and
free of twisting, straining, and chafing forces regardless
of the train setting of the guide, and blast protection
means for protecting components of the launching appa-
ratus from back blast of missiles being launched.

25. In missile launching apparatus, a trainable guide
for directing the initial flight of a missile and supported
for movement from an inclined firing position to a ver-
tical loading position, a magazine beneath the guide and
having a plurality of missile bearing stulls movable into
longitudinal alignment with the guide when it is in ver-
tical loading position in all positions of train, a hoist for
raising a missile from an aligned stall into the guide in
any desired train setting of the guide, means for moving
the magazine to successively present stalls to the hoist,
control means for selectively causing the hoist to raise
a missile from an aligned stall along a straight-line path
into the guide, the control means also being operable
to cause the hoist to lower a missile from the guide
into an aligned empty stall in said magazine, interlock
means to prevent raising of a missile except when the
guide is empty, measns for training, elevating and depress-
ing the guide, said means including electric cables con-
nected between substantially vertically spaced and rela-
tively rotatable components, means for maintaining the
electric cables in a desired disposition under constant
tension and free from twisting, straining and chafing
forces regardless of the train setting of the guide, and
blast protection means for protecting components of the
launching apparatus from back blast of missiles being
launched.

26. In missile launching apparatus, a trainable guide
for directing the initial flight of a missile and supported for
movement from an inclined firing position to a vertical
loading position, a magazine beneath the guide and having
a plurality of missile bearing stalls movable into longi-
tudinal alignment with the guide when it is in a vertical
loading position, a hoist for raising a missile from an
aligned stall along a straight-line path and info the guide,
said hoist being in substantial longitudinal alignment with
the guide when the latter is in loading position, means for
moving the magazine to successively present stalls to the
hoist, control means for selectively causing the hoist to
raise a missile from an aligned stall into the guide, inter-
lock means to prevent raising of the hoist except when a
missile is in the stall, control means for positioning the
guide and firing missiles therefrom, said last-mentioned
control means including electric cables connected between
relatively rotatable components, a cable reel mechanism
for maintaining said electric cables in a desired disposition
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and-under: a-desired-and:constant tension and free of twist-

ing;.straining,. and:chafing: forces. regardless. of. the train.

settingof the guide, and. a:protective:shield-disposed-about
a portion of said guide:for:protecting cormaponents thereof
from back blast of missiles being: launched.

27. In missile launching apparatus, a trainable. guide
for-directing the initial flight of a missile and: supported
for movement from an inclined firing position to a vertical
loading position coaxial with the-axis cf train, a- maga-
zine. beneath the guide and having a plurality of missile
bearing: stalls movable. into longitudinal alignment with
the guide when it is in vertical loading: position, a hoist
for raising a missile from an aligned stall along.a straight-
line path, coaxial with the axis of train, and into the guide,
means- for moving the magazine-to successively present
stalls to the hoist and simultaneously therewith to a posi-
tion. in longitudinal alignment with the guide in loading
position and in any desired setting.of train, latch mcans
for locking a stall at hoist position, control means for
selectively causing the hoist to raise a.missile. from an
aligned stall into the guide the control means alsa beiug
operable to cause the hoist to Iower a.missile from the
guide into an aligned empty stall in said magazine, inter-
leck means to prevent operation of the hoist unless a
stall is locked at hoist position, control means for position-
ing the guide and firing missiles. therefrom, said last-
mentioned control means including electric cables con-

nected between relatively rotatable compenents, a cable.

reel mechanism for maintaining said electric cables in 2
desired position under constant tension. and free from
twisting, straining and chafing forces regardless of the
train setting of the guide, said cable rsel mechanism
including a pair of cable supporting shelves carried
for rotation with said guide during training of the guide
and sheaves for taking up slack in said cables under con-
stant tension, and a- protective shield enclosing portions
of said guide for protecting compenents theresf from back
blast of missiles being launched.

28. In missile launching apparatus, a trainable guide

for directing the initial flight of a missile and supported

for movement from an inclined firing position to a verti-
cal loading position on the axis of train, a magazine be-
neath the guide and having a plurality of missile bearing
stalls movable into longitudinal alignment with the guide
when it is in vertical loading position, a hoist operable to
raise a missile from an aligned stall, along a straight-line
path for its entire distance of travel between the magazine
and the guide, and into the guide or to lower aloag sajd
straight-line path a missile from the guide into an aligned

stall in said magazine, said hoist being operable for rais- :

ing and lowering missiles into and from said guide, re-
spectively, at any selected train setting of the guide,
means. for moving the magazine to successively present
stalls to the hoist, latch means for locking a stall at hoist
position, interlock means to prevent lowering of a missile
from the guide into an aligned empty stall except when
the stall is locked at hoist position, control means for
positioning the guide and firing missiles therefrom, said
last-mentioned control means including electric cables
connected between substantially vertically spaced and
relatively rotatable components, a cable reel .mechanism
for maintaining the- electric cables in a desired position
under desired and constant tension and free from twist-
ing, straining, and chafing forces regardless of the train
setting of the guide, and a guide protective shield for

protecting components of the guide from back blast of .

missiles being launched.

29. A missile launcher comprising a missile guide sup-
ported for movement in train and elevation, its- move-
ment in elevation being between an inclined firing. posi-
tion and a vertical loading position in which the longi-

tudinal axis of the:guide-aligns with the axis of its in train-

movement, a stationary hoist in substantial longitudinal
alignment with said guide, means including a missile lifter

member reciprocably - carried: by said hoist for-loading.
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missiles into the-after end of the guide when: the: latter ‘is.
in-loading position, thereby enabling. the direct, straight-
line loading of missiles at any train position of the:guide-
from: a fixed loading installation, means: for training; ele-
vating and depressing the guide, said means including
electric cables connected betwezen substantially vertically
spaced and relatively rotatable components, means for
maintaining the electric cables in a desired postion under
censtant tension and free from twisting, straining, and
chafing forces regardless of the train setting of the guide,
and blast protection means for protecting components of
the launcher from back blast of missiles being launched.

30. In an automatic missile launcher the combination
of; a rotatable mount, a guide for directing the initial

- flight of a missile, blast shielding and deflecting means
carried by said rotatable mount and enclosing a.portion .

of said guide, said guide being mouated upon said mount

and movable between a firing position and a. loading,

position, said guide at its loading position beng in align:
ment with the axis of train, a stationary mount disposed
below said rotatable mount, a hoist carried by said sta-
tionary. mount and including a missile engaging lifter
movable for the entire length of travel thereof along the.
axis of train for loading missiles into said guide when the
latter is in loading pesition, a ready service magazine for
successively delivering missiles into the path of the lifter,
a drive for the magazine comprising a source of hydraulic
pressure and a motor to be driven by the pressure; trans-
mission means between the motor and the magazine, a
valve to control the flow of hydraulic fluid to the motor,
means in the transmission to shift the valve upon approach
of the missile into the path of the lifter whereby to de-
crease. the supply of hydraulic fluid to the motor and
thereby reduce the speed of movement of the magazine,
electrical circuits carried by the rotatable mount, control
means for electrically controlling the operation of said
launcher and carried by said stationary mount, a plurality
of electrically conductive cables connecting said ‘electrical
circuits on said rotatable mount to said control means,
and. means for maintaining said cables in a desired dis-
position independent of relative rotation between said
electrical circuits on the rotatable mount and said control
means on the stationary mount.

31. In a missile launching apparatus; a guide for di-
recting the initial flight of a missile and supported for
movement from an inclined firing position to a vertical
loading position, a rotatable mount, blast shielding and
deflecting means cerried by said rotatable mount and
enclosing one end of said guide, said guide being carried
by said rotatable mount, a stationary mount- disposed
below said retatable mount, a magazine carried by said
stationary.mount and beneath the guide and having a
plurality of missile bearing stalls sequentially -movable
into longitudinal alignment with the guide when the latter
is- in- loading position, a hoist carried by said stationary

mount, said hoist including a missile lifter member for -

moving a missile along a straght-line path from an aligned
stail into the guide, means carried by said stationary
mount for moving the magazine to successively align
stalls thereof with the guide in loading position and‘to
thereby present sialls to the hoist, control means on -said

stationary mount for selectively causing the missile- lifter-

member to move:a missile from an aligned-stall into-the:
guide, the control means also being- selectively operable-
for-causing the hoist to move a missile from the guide into-
an aligned empty stall in said magazine, electrical actu-
ating circuits for actuating the movement of said rotatable
mount and-said-guide and carried by the rotatable mount,
a plurality -of electrically ‘conductive cables. connecting.

said electrical actuating circuits on said rotatable: mount -

to said control means on said stationary mount, and-
means-for maintaining said cables in a desired:disposition
independent of relative rotation between said: electrical’
actuating circiuts on the rotatable mount and said control
means on:said stationary mount.

o
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32. A missile launching apparatus comprising, in com-
bination, a trainable mount, a guide carried by said mount
for directing the inijtial flight of a missile and supported
for movement on said mount from an inclined firing posi-
tion to a vertical loading position coaxial with the axis
of train, means for shielding components from and de-

-flecting the blast from said guide when a missile is
launched, a stationary mount disposed below the train-
able mount, a magazine carried by said stationary mount
and disposed beneath the guide and having a plurality of
missile bearing stalls movable into longitudinal align-
ment with the guide when the latter is in vertical loading

- position, a hoist secured to said stationary mount for rais-
ing a missile from an aligned stall along a straight-line

. path coaxial with the axis of train and into the guide,

means carried by said stationary mount for moving the
magazine to successively present stalls to the hoist and
simultaneously therewith to a position in longitudinal
alignment with the guide in loading position in any de-
sired setting of train, latch means for locking a stall at
hoist position, control means carried by said stationary
mount for selectively causing the hoist to raise a missile
from an aligned stall into the guide, said control means
also being operable to cause the hoist to lower a missile
from the guide into an aligned empty stall in said maga-
zine, and interlock means on said stationary mount for
preventing operation of the hoist unless a stall is locked at
hoist position, electrical actuating circuits carried by the
trainable mount for effecting train and elevation settings

of the trainable mount and the guide respectively, a

plurality of electrically conductive cables connecting said

<
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electrical actuating circuits on said trainable mount to
said control means on said stationary mount, and means
for maintaining said cables in a desired disposition inde-
pendent of relative rotation between said trainable and
stationary mounts.
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