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I, IWTRODUCTION

A. Backgrou.nd

The EAGLE weapon system is being developed to provide aircraft
carriers with long range defensive and offensive capabilities. The successful
overation of this weapon system is dependent on a s'ipboard weapon installation
that can continuously stow, handle, and check out EAGIE missiles in large
quantities and at rapid rates, around the clock. Because of the large size
and weight cof the EAGLE missile and the required delivery rates, mechanization
of the stowage and handling facilities will be required. Urder adverse conditions
of vibration amd high shock input the hamdling and stowage facilities must
protect the missiles and be capable of operating even though the ship may be
severely damaged.

B. Assignment A

Under Contract NOas 60-6052-¢ this Laboratory is conducting engineering
studies and structural and dynamic analyses in the preparation of preliminary
design concepts for the EAGLE shipboard weapon installations, Vitro's Technical
Report No. 122, "Preliminary Design Concepts for Stowing and Handling Air Launched
Guided Missiles", includes a handling and stowage system which provides for
"overh=ad" mecharized handling, armd mechanized magazines equipped with
individual missile trays for stowage. As directed hy RSWI, (BuWeps letter
RSWI- 24=-RJM:1mb 02L3LL), this Laboratory has investigated and analyzed the
desicn of a system of shock mitiration for the "Tray Stowage System" based
on chock conditions dz2fined on the "damped sinusoidal velocity-time shock
curve” included in NAVSHIPS 250-423-29.

C. Sco@

The stowage tray is the basic element of the Tray Stowage System;
therefore, the imitial investigations and analyses of methods of shock mitigation
have bean limited primarily to the missile stowage tray. This report includes
a brief description of the Tray Stowage System, dynamic amd structural
anal ses of the trays and the supporting structure, and descriptions and
analyses of several methods of providing shock mitigation. Conclusions and
recommendations are bhased upon the information and data acquired from the overall

study.

This study has been conducted utilizing the shock data presented on
Figures 8, 9, and 10 of NAVSH1PS 250-423-29, and vibratory criteria specified
1n MIL-STD-167 (Ships). During conferences on shock mitigation, BuShips has
stated that the shock inputs, derived from the previous data, should be
considered as heing applied at the deck surporting the magazine. It is felt
that such high innuts are unrealistic design parameters because under such
conditions the distortion and structural damage would prevent the operation
of the complete tandling and stowage system. Therefore, this analysis has been
undertaken basically to determine the feasibility of providing protection for
the missiles when stowed in the trays. Before an amlysis of the magazine
mechanisms and the overhead handling equipment can be conducted,rore snecifie
information on shock inputs amd ship deflections at the locations affected -il!

PENaEauszad: CODHTENT e

“le




t
W R | YT

TN=1=162L~B
CODLELRED e

1T, CONCLUSIONS

An adequate stowage concept requires integration into and compatibility
with the entire shipboard missile handling system for all modes of operation,
including replenisiment and strikedown, delivery, checkout, and warhead
exchange. It must provide adequate protection for the missiles from vibration
and hieh shock inputs, such that as long as the system remains operational
the ma.-2zine is operable., It must be fully automated to comply with the
heavy demands anticipated for the EAGLE weapon system.

“reliminary analyses indicate that the tray stowage system meets these
requirements as an element of the shipboard installation. From the standpoint
of capability, reliability, compatibility, and simplicity, it is felt to
provide the optimum configuration. For the stowage system, the suspension
of the missiles in trays incarporating standard rubber shear mounts, aligned
in a fore and aft direction, is felt to afford the best protection, and to
require minimal pre-installation testing. This system is recommended for the
EAGLE missile shipboard magazine installation only if the high shock input
criteria specified on the Bureau of Ships curves for surface vessels in
NAVSHIPS 250-523=29 are applicable to the CVA magazine areas. Otherwise,
more compact tray stowage arrangements as possible.

Rubber shear mounts have been selected because they are inexpensive
shelf items proven through years of related usage and are easily replaceable,

The resiliency of the aluminum trays contributes almost half of the
total static deflection required to achieve the proper spring constant
for mitigated suspension of the missiles. This enables use of ccmpact,
econamical shock mounts. Rubber lining in the chocks accommodates deflection
of the chocks with respect to the missile during tray excursion.

It should be noted that input criteria are felt to be extreme and
possibly unrealistic. Should such be the case, reduction of the inputs
could possibly permit use of resilient trays with no shock mounts. This
would provide a more econcmical arnd less complex configuration,

ITI. TRAY STOWAGE SYSTEM

A. Basic Features

The tray stowage system provides ready service stowage for the
entire ships allowance of EAGLE and other large air launched missiles.
Delivery and strikedown are accamplished autamatically, with the exception
of aerodynamic surface installation and removal. There is no below decks manual
handling of the missiles when the missiles are in the system. The system has
the following advantages:

¢
= Bl
- 3..._A




. l
"W E | T

TN-1-162L-8

CONFHBDENT It

1. Arility to meet ONO arming rate requirements,
2. Rapid and efficient delivery and strikedown capabilities,

3. Positive restraint and positioning of the missiles throughout
the system,

L, One hundred per cent selectivity from stowage,

5. Protection from high shock input and vibration throughout the
system,

6. Maximum missile density in protected stowage,
7. Automatic transfer between stowage and checkout fixture,
8. Ranid and convenient warhead exchange,

9, Safety for ship, personnel, missiles, and aircraft,

F, Magazine Stoware

With the tray stowage and handling system, the missiles are stowed
in four horizontal levels of trays in the magazine. The trays have rollers
at the ends suvported by rails attached to the magazine structure, The ends
of the trays have interconnect fittings which connect each tray to that adjacent
and mrovide horizontal positioning.

C. System Operation

Hoists, at the ends cf the magazine, raise or lower missiles in trays;
or empty trays, The outboard hoists include a horizontal tray shifting mechanism,
This arrangement permits the automatic indexing of any missile from any position
in the magazine to the position from which 1t is automatically transferred to
a rammer cart which delivers it via the lower stage elevator to the second deck,
From there, after aerodynamic surface installation, the missile is automatically
trarsferred to the upper stage elevator for delivery to the flight deck upon
skies latched to the elevator platform, Strikedown is similarly accomplished
in the reverse order, Delivery to ard from checkout is similarly automatic,

For overation of a magazine tray shift cycle see Figure 1,

D. Tray Counfiguration

All trays analyzed in this report consist of a pair of fore and
aft standard structural channels, a.cached to a doubled skinned nottom, with
the necessary gussets and reinforcements for structural stability. The tray
ends are forginfgs or castings. Roth ends are identical, These end fittings
rrovide the tray interconnects which secure any tray tn ary adjacent tray
and act as guides and nositioners for the travs on the end hoists, and pick up
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spring loaded locators on the magazine or end hoists. They also suppart

the tray rollers which roll in the magazine rails. See Figure 2. All

trays with the exception of those utilized in a resilienvly supported magazine
are of aluminum construction.

The trays are equipped with suitable chocks at the missile hard
spots. These chocks contain latches which automatically engage the missile
handling lugs and latch the missiles to the trays. They are lined with rubber
to accomodate deflection of the tray with respect *to the micsile. The
linkage operating the latches is actuated by th=» lLand’ing system as a missile
is latched to or unlatched from a tray. The mction causing engagement of the
rammer cart latches with the missile launch logs causes the handling lugs to
te unlatched. See Figure 3, The vurious configuraticns subsequently
analyzed vary ir thce type of shock mouats previded, their locations, and the

me ‘hods of attachment.

IV, DETERMINATION OF LOADS

A. Shock Enviromment

Th~ applicable high-impact shipboard shock enviromments of NAVSHIPS
250-123=29, Figures 8, 9, and 10, were used in this study.

The data of Figure 8 were used in conjunction with Goodyear Aircraft
Corporation Report GER-9367 to obtain critical input and response values of
displacement and acceieration. Inputs, (not concurrent), from which responses
are derived in the analyses are as follows:

Jertical Athwartship Fore-Aft
120.0 g peak 72.0 g peak 38.0 g peak
1.657 in. ship 0.689 in. ship 0.368 in. ship
displacement displacement displacement

The data of Figure 9 indicate maximum shock inputs of the same order
as Figure 8, but ship whipping characteristics could cause the responding
system to develop unduly large displacements unless the proper fundamental
response frequency is provided. A study by BuShips indicates that a fundamental
natural response frequency of the loaded trays of approximately 5 cps, vertical,
would not be objectionable, (study not included here), and this value, as
applied below, was used.

The data of Figure 10 indicate conditions which are not critical.

The calculations which follow assume a response damping of 10 per cent
of critical, which is conrcidered representative of the characteristics of the
rubber available far mounts and same inherent damping in the aluminum tray
stowage structure.

CONFIDENTIAL
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. B. Steady-State Vibration Enviromment

BuShips data for the applicable CVA indicate propeller forcing
frequencies of 14.2 cps at maximm speed, 7.75 cps at normal cruising speed,
and a ;nssible cruising speed frequency of 9.5 cps. ]

~IL=3TD=1t7 (Ships) specifies the following input amplitudes:

Input Frequency Input Half Anplitude J
1_15 cps t 0.03 ino
16-25 cos ¥ 0.02 in. 1
; 26-33 cps Z 0.01 in. ]
g Vibration response dumping is also assumed to be 10 per cent of
| critical, ‘1
; N
Per BuShips Specificaticns, magrification factor shouli ret exceed
anproximatelvy 3 N Factor is obtaired from.tandard curves such as  jgure 3 -
©0' David Taylcr llalel Tasin Report R-189.
C. Irput Derivation )
Shock input characteristics per BuShips data for surface ships ‘or .u.
second platform, CG, CLG, CG(!N) or main deck, DD; consideiad appl.catle to CVA:
‘ Decay Decrement
Vo = Vpax. Frequency 1 /Ve
Direction fps cps (Ratio of peak velocities for
consecutive half-cycles)
|_
' Vertical 15.0 ) 1/3
Athwartship {5 30 1/3
Fore-Aft . L.o 30 1/3
S i

As previously noted, it has been stated by the Bureau of Ships

that these forces are to be applied locally. However, because these
values reprecent the typical shock motion of decks for destroyer and
cruiser types it is felt that they are overly conservative for use within

the cairiers amored baox.

CONFIDENTIAL
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Shock input accelerations and displacements determined per Goodyear
Repart, GER-9367:

For decay to 1/3 amplitude in 1/2 cycle, decay decrement = 2.2 = 2 TT
tan §; ¢ = 0.33677 radians; sin § = 3n Sﬁio.33oh5. For § = 0.33677 radians,
K & = 1.635 and Kq = 1.LLS. v OmEp

Vertical Athwartship rore-Aft
Vo = 15.0 fps, For V, = 7.5 fps, For V4 = 4.0 fps,
f = 25 cps: f = 30 cps: f = 30 cps:
Mg = 73.14 Mo = L3.9 Mo = 23.Lg
do = 1.147 in. d, = 0.477 in. do = 0.255 in.
My = KX M M, = KoK N M, = K&XM
P 5 P
- 1.635(73.1k) P 1.63503.9) - 1.635723.L)
= 120.0g » 72.0g = 38.0g
= neak input = peak input = peak input
acceleration; acceleration; acceleration;
dr = X4 do dr = K4 do dr = K4 do
= 1.LL5(1.147) = 1.LL5(.L477) = 1.LL5(.255)
= 1,657 in. = 0,689 in. = 0,368 in.
= ship = ship = ship
displacement displacement displacement

Steady-state vibration input characteristics per BuShips data for
CVA-£3 clacs:

Shaft RPM = 170 maximum; 93 cruising; 5 blades
Forcing frequency, maximum; = 172(5 = 1.2 cps
0

Forcing frequency, cruising; = 92(5 = 7.75 cps
0

Per MIL-167:

Input Frequency Input Half Amplitude
5-15 cps $0.03 in.
16-25 cps % 0.02 in.
26-33 cps 2 0.01 in.
CONFIDENTIAL
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V. METHODS FOR PROVIDING SHOCK MITIGATION

A. Gereral

The design approach comprises investigation of three fundamental
methods of achieving the desired stowage density in conjunction with adequate
chock mitigation, These methods were selectad on the basis of practicability,
econamy, and compatibility. They camprise the following:

1. Shock mitigated trays - aluminum trays with steel support rails
and aluminum columns; each tray is provided with shock mounts at the ends,

2. Resilient trays - aluminum trays with steel suppcrt rails and
aluminum columns; no shock mounts provided except for thin pads at the missile

chocks.,

3. Resiliently supparted magazine - steel trays with steel support
rails and magazine structure.

B. Shock Mitigated Trays

1. General

With shock mitigation provided by the trays with rubber mounts, the
potential vertical density is not as great as with a resiliently supported
magazine, This is because clearance for vertical excursion must be provided
sucn that there is no contact when the excursion between vertically adjacent
units iz 180 degrees out of phase. However, there are many advantages, including
the ro’lowing:

a. Mitipgation of shock loads on stowed missiles is essentially
constant, regardless of the magazine loading.

b. The design can utilize standard, off the shelf, proven
sheck mounts.,

c. Required preliminary testing is minimal.

d. The installation weighs less than a resiliently supported
magazine.,

e. The resiliency of the aluminum trays contributes an aporeciable
amount of excursion to the total required, thus permitting the use of relatively
compact rubber shock mounts.

C. Resilient Trays

This configuration utilizes only the resiliency of the tray for the
mitigation of shock. Construction is economical and simple. Stowage density
is high. However, inputs to the missile are excessive with shock criteria

CONFIDENTIAL
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employed. Should subsequent reeval uation of applicable data result in reduced
inputs to the magazine areas this design would be warthy of consideration.

D. Resiliently Supparted Magazine

This arrangement suspends the whole magazine, including end hoists,
on a resilient sub-structure, capable of sufficient deflection, below yield
stress, to adequately mitigate the entire assembly vhen the deck is subjected
to specified inputs. It pemmits the maximum possible stowage density
because, under shock input, the missiles and the trays in the magazine
excurse the maximm amount in unison, thus lessening required vertical
clearances, one from another. The trays are relatively stiff, since they
are made of steel, so that tray excursion itself, with respect to the
magazine structure or to adjacent trays in the magazine is minimal. See

Figurse L.

The weight, due to the use of steel trays, is greater than that
of a magazine utilizing resilient aluminum trays. Therefore, any camparative
evaluation should take into consideration the effect upon the ship of this
additional weight versus the advantages of maximum stowage density. The
dif ferential is not felt to be excessive, being on the order of 15,000
pounds distributed throughout the greater portion of the magazine area.,

E. Other Methods of Mitigation

While many other methods of shock mitigation in addition to those
evaluated in this repart are feasible, previous studies by this Labaratory
have eliminated many from consideration for this type of installation. For
example, yielding mounts provide no protection after an initial input.
Coulamb damping devices require resetting to be effective. Steel springs
in the trays became too heavy, bulky, and costly. With oil or pneumatic
springs the possibility of leakage exists, Torsional arrangements require
cumbersome linkages. None of these devices, in the ranges required, are
available as standard commerical items. This would complicate the replacement
ard logistic problems should they be employed. (For details see Vitro
Taboratories TN-1-162L4-A.) Therefore, the analyses have been confined to those
configurations previously described.

Vi. STRUCTURAL AND DYNAMIC ANALYSES

A. Shock Mitigated Trays

1. Load Sumary
Analyses were performed on shock mitigated trays 8 and 9 inches

deep, respectively. The results are summarized in the following tables.
Magnification factors shown are based on cruising or maximum ship steady-state

CONFIDENTIAL
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forcing frequencise= - whichever produce the most critical condition. Any
resonant conditions are at frequencies otusi thar cruising or maximum, and
are considered to be transient. These sumraries are derived fram the
arrangement utilizing sandwich shear mounts in the fore and aft plane.

Summary - Shock Mitigated Tray, 8" Deep

Tray Loaded Tray Empty
Vertical {Athwartship|Fore-Aft fiVertical |AthwartshipiFore-Aft
Steady-State
Vibration
Maximm Magni-
fication Factor | 0.5 1.5 2.75 2.k 1.0 2.5
Shock Maximum
g at Chocks b.2 - 2.1 - - -
Maximm Stress Not Not Not Not Not
on Tray, psi 33,000 Critical |Critical |[Critical Critical |[Critical
I Summary - Shock Mitigated Tray, 9" Deep
F
[
' Tray Loaded Tray Empty
Vertical|Athwartship! Fore~Aft lVertical [Athvartshipl Fore-Aft
s l Steady--State
‘) Vitration
{ Maximum Magni-
¥ l fication Factor| 0.7 B 2,75 2.8 1.0 2.8
‘ Shock Maximum
I ' g at Chocks L8 = 2.1 - - -
Maximum Stress Not Not Not Not Not
I on Tray, psi 25,000 Critical |Critical |/Critical Critical [Critical
I CONFIDENTIAL
l =13-
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2. General Analysis

. Tray/ ccopertiac

(1) Aluminum Tray

®

19.5 — =

gn Deep

© g

@ — +081

® 1

e o ' _
® L o

Moment of Inertia - Vertical:

Item

@O
©I0)
@®

@

O
oW
610
@

Ol

Side beams 8" x U.38#.
Top flange cut to 1.0" width.

Area x Arm =
.75(2) L5 -L5
2,0(2) L.0 L. 08
.33(2) 66 1.8
6.16 3.6
19.5(.081) 1. 57 - 0l
19.0(.081) 1,53 1,52
9.26 2,65
Ad? = 1,5(2.21)° 7,36
Ad? = L,0(1.42)° 8.08
Ad® = ,66(5.2)2 17.80
Ad® = 1.57(2.62)¢ 10. 70
Ad? = 1.53(1.14)2 2.00
To = 2(.25)(8}3/12 21,33
Total T Vertical = 67.27 in.b
CONFIDENTIAL
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Moment

.68

16,32
5. 24

22,2}
.06

2,32

24.62
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Mament of Inertis - Lateral:
D Io = .081 (19.53/12 + 193712
(@D-@inct. Ad? = 616 (5.19)2
Total T lorizontal
(2) Aluminm Tray 9" Deep
—y——————— 19.5 /‘-\
PO 95 s
- 0.23 6.0
9.0 ©, ® © 081 —-%—--
i L 3,04
_ 1 '

1.h-J

Mament of Inertia = Vertical:

Item

OO
©10)
®®

@
®

OO
Ol
®®
@

.9L5(2)
2.07(2)
.5(2)

19.5(.081)

19.0(.081)

A2 = 1.89(2.53)°

a2 = 1.14(1.5L)2

Ad2 = 1.0(5.39)2

Ad2 = 1.57(3.0)2

o

) = 97.0

TN-1-162L-B

= 519.0

- 616.0 in b

NA

DATUM

Side beams 9" x L. TL#.

Area x Am
1.89 0.51

L.1k L. 58
100 83

7.03 L.ob

1.57 .0l
5 L2

10.13 3,0k

12.1L

9,80

29.00

14.13

CONFIDENTIAL
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- ad? = 1.53(1.52)2 3.5
O® To = 2(,23)(9)3/12 27.94

Total T Vertical = 96.55 m.h

Mament of Inertia - Laterals

D® lo = 081 (19.93412 +193/12)  91.0
(D-@huncl. A - 7.03(9,15)? 535.0

gtal T Horizental . 655.0 in,4

/4. Weight Estimate

fn Deep Tray 9" Deep Tray

Crossbeam 3" X 1.L6#

: (11) Required; 19" long-2.3# each 25o# 25#
? Main Side Beams
E (2) Required; 192" 1long each 1184 135#
1 Skins
- (2) Required; 192" long each 60# 60#
Rollers
(L) Required B# B#
Gussets - except at Chocks
(18) Required 12# 13#
« Gussets at Chocks
§ (L4) Required L# L#
l} Bulkheads at Chocks
(2) Required 104 114
? End Castings
: (2) Required Lo# LL#
Shafts
(ls) Required 11# 114
Latching Mechanism
(1) Required 204 20# .
Contingency 10# 10# .
Potal Weight = 3204 3L1# =8
CONFIDENTIAL l]'
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(L) Weight Distribution on Tray

Each End
End Castings
Shafts
Rollers
Crossbeams

Gussets

S ( _60x186) (.5)
192

Main Side Beams
118 - 1_19.’9—_8_6_) (.5)
192

st - 1-3-55199) (.5)
192

Contingency

Distributed Along Tray Span

Crossbeams (2.3) (9)
Gussets

Skins

Main Side Beams
Contingency
Bulkheads at Chocks

Latching Mechanism

8" Deep Tray 9" Deep Tray
21.0# 22.Of
5.5# 5. 5#
L. O# L. Of
2.3# 2.3#
0.5# 0.5#
1.0# 1.0#
2.0#
2.5#
0.5 _o.5#
Total = 37.0# Per End 38.0# Per End
8" Deep Tray 9" Deep Tray
20.5# 20.5#
15. O# 16. O
58.0# 58.O#
11L. 0# 130. 0#
9.0# 9. 0#
10. O# 11.0#
20, O# 20.0#
Total = 2L6.0# 26L. OF

TN-1-162L-B
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b. Tray Analyses
Vertical Direction - Tray Loaded:
8" Deep Tray 9" Deep Tray
"1 F2 P P2
\16" et | 16n 26M
[
| i |
374 B Ly 374 384 s 384
| L |
] 5'?" l 14?“ '?5" 57n hgn 4 95::
2LE# 0= 26L#
l *l

26

16
P1 = 1360 x = 842 1lbs.; Pp = 1360 x W)

Tray Deflections - 8" or 9" Deep Trays:

Weight of missile = 13LL 1bs. plus 16 lbs.

contingency = 1360 1bs.

= 518 1bs.

x =99
P P
1 X = 99 2
, 571 Lo 99" | g
3 ' 0 \ n
4 19hn - 19)4" A
! Deflection at x = 99 dne to Py Deflection at x = 99 due to Pp
1 p 2_(1x)7] 1x) [ewo-vP-(1x)?]
_ _Pa (1-x) [2Lb-b%-(L-x) _Ppa (L-x) |2Lb-b"~(L-x)
‘ 651IL 6EIL N
where & m 57 E = 10.3%10° where a =99 E = 10.3x100 ]
b =137 Py = 6L2 b = 95 Py = 518 ]
x = 99 L = 194 x = 99 L =194 ]
. 2:05 _ 7.65 g
I 1 ‘_
Total deflection at Py = .1_7_1 }
I
CONFIDENTIAL I
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x = 57

Py
o

L we
Deflection at x = 57 due to Py

P [2L(E-x)-b2-(1x)2]

6ETL,

where b = 137 E =10.3x106
x = 57 Py= 842
L = 194

Total deflection at Py - llIt-S

99

X

'é

W

————— 194" —_—

Deflection at x = 99 due to
distributed load.

_ wx(13-21x2+4x3)

X = 57 P2
o b |

L -

Deflection at x = 57 due to P>
_ Pobx [2(Lx)-b2-(Lx)2]
6EIL

vhere b = 95 E= 10.3:106
x = 57 Po= 518
L =194
=y
22
x = 57

94 e

Defiection at x = 57 due to
distributed 1load.

- wx (L3-2Lx% +x3)

"TRTL ~LEIL
where X = 99 E = 10.3x10° where x =57  E = 10.3x10°
L = 19k L = 194
.0092W at P o -O00O7hkW at P
i oy 2 - 7T .
CONFIDENTIAL
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8" Deep Tray

Deflection atAEZ Deflection at Py

T T g

17.3 _17.3 1.5 1L.5
I &7 1 67
= ,258 in. = ,216 in.
L0092 W .007h W
I I
s ,0092(2L6 =, SOTLI2LA)
c7
= ,0338 in. = 0272 in.
.291y in, . oL32 in.
Mean = .2675 in.
Sprir.; constant K = P1+?2+W
L2675

K - “1,2+51842146
.2675

= 5300 1bs. per in.
for tray.

- 8L,2+5184246 -
386. 4 122

% ¥3 = 6000 - tray

M = 37(2) - .1 1
7 2" %Y
§ K, = 66L0 (vibration)
Y or 7°50 (shock) - mounts
a)h- 032 < m

Th-1-1624-B

AL Deeg Traz
Deflection at Pp Deflection at Pj
17'3 = 1703 1)-‘05 = 1}_1‘5
1 97 I 97
= ,1785 in, = ,1L95 in.
L0092 W L007h W
—T = l
=, 0092 (26k) = .007L(26L)
97 97
= ,025 in. = ,0202 in.
.2035 in. 1697 in.
Mean = .1866 in. ﬁ

K

_ 82+518+426)
.1866

= 8700 1bs., per in.

for tray.

K3+w>+§ega.o
1M2

M. = BL2+518+26L )
386.4

X3 = 8700 - tray

M, = 38(2) o 197
2 3864 7

Ko = 66L0 (vibration)

oar 7550 (shock) - mounts

CONFIDENTIAL
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Steady-State Vibration:
8" Deep Tray 9" Deep Tray
e 924 (6000 , 66L,0+6000 .2 [ 8700 , 66L40+3700
wm (h—l? ".T§T""> W (h‘?’ 1157 )

+ 66&0(6000; - 0 + 66)40(8'{00; .0
Solving, Solving,
We27.h4; fn=L.bU cps w 29.6; fn = L.T cps
We 258,0; fn = 1.0 cps W= 282.03 M = 5.0 cps
Check on fn at mounts {tray ends only):
fn = 6.2 cps for B in. or 9 in. trays (reference

athwartship calculations).

Shock:
8* Deep Tray 9" Deep Tray
wk-w? <6000 7 7550+6000> wb-ow? <8700 + 7550#3700)
L1 T a9 L.z T3
+ 75%0668(;?‘; -0 + 75:50(8.3700) .0
Ww28.2; fn=h.5cps W= 30.8; fn=}.9cps

L = 267.0; fn = 42.0 cps W= 289.C3 fn = 46.0 cps

Reference Goodyear Repart GER-9367:

A =2 .5.55 x=2 .51

L5 k.9
For ¢ = .33, &= ,10, For § = .33, ¢ = .10,

A = .,035 A= .040

Z =1.13 Z = 1.127
g on missile = 120(.035) = 4.2 g on missile = 120(.04) = L. 8
displacement at midpoint of tray = displacement at midpoint of tray =
1.657(1.13) = 41.87 in. (approx. 1.657(1.127) = £1.86 in, (approx.
0.9 in. each far tray and mounts) 0.9 in. each for tray and mounts)

CONFIDENTIAL
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8" Deep Tray 9 Deep Tray
Stress:
Maximum stress would be result of mitigation from mounts only.

o \fg"l‘?VE{%rm - 159~ Bt
= 5.6 cps = 6.6 cps
Reference Goodyear Repart GER-936T:
A =2 =38
6.6

&- 9103 A = &073
120(.073) = 8.75

For & = .33,
Maximum g on tray (1oaded) =

BL2# 5184 BuZ# o184

57n \ hzu l 95n
26L#

ST Le" 95"

2164

94"

ash"
970# 636# 980#

M maximm is at x = 99, M maximum is at x = 99,

and = 54,800 in. lbs. at 1.0g and = 54,900 in. 1bs. at 1.0g

M 8.75g = L4L80,000 in. 1be. M 8.75g = L80,000 in. 1bs.

o - ){1 . 1180,000(5. k2 o oMy . 1B0,000(6.0L)
67 il
= 38,800 psi applied. = 30,000 psi applied.

If 1.33 dynanic conversion factor
:L; applicable (Reference NAVSHIPS
250

0-30), fb = l%&gg‘- 29,000 psi fb= %OO = 22,500 psi applied

applied compared to 146,000 psi allowable
in yield for 2024-Th aluminum.

CONFIDENTIAL
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Vertical Directicn - Tray Empty:
8" Deep Tray 9" Deep Tray

Deflection at mid-span

. oWl 5(2L6)(a9k)3 w03 in, = 5(26L)(19L)° - .025 in.

384ET 384 (10.3x100)(67) 38L4(10. 3x109)(97)
k = 248 . ngo K = .24 _ 30,600
.03 .025
2L6 26l
Mq = . = ,6 My = s = .68
T R 1" 3860 3
Ky = 7250 Ky = 10,600
M2 = ;}_Z(_21 = .191 M2 = M - .197
386. L 386.4
Ko = 5740 (vibration or shock when Ky, = 5740 (vibration or shcck when
empty) empty)

2 (. 20)

L -

MP M MIM>
wlow? (B2 Somse) wl st (200 o )
, 57ho(725C) | o + 5740(10,600) _ ¢
.637(.191) .683(.197)
W = 67.73 fn = 10.8 cps W = 69.5; fn = 11.1 cps
W = 273,0; fn = 43.0 cps W = 306; fn = 49.0 cps

Stress:
Maximum stress due to mitigation of mounts only.

Refere%:e athwartship - tray empty - calculations fn for either gn
or 9" deep tray = 13 cps.

A= 22 99
13

A= 26

g tray = 120(.26) = 31.0

CONFIDENTIAL
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8" Deep Tray 9" Deep Tray
M 31.0g - WL(A) . 246(19L)(31) 26,(19L)(31)
8 8 8
= 185,000 in. 1b. = 198,000 in. 1b.
!Z 15,000(5.42) . 2 b = 193,000(6.0l4) o -~
67(1.33) RO 97(1.33) 00 el

Stress not critical.

Athwartship Direction - Tray Loaded:

Tarsion in tray due to missile attachments (adjacent end castings of
trays assumed clamped).

Vertical C.G. estimate exclusive of tray emds:

8" Deep Tray
Item Weight 1bs. x Arm in. « Maaent in. 1bs.
Main Side Beams 114.0 3.60 1410.0
Crossbeams 20.5 .52 10.6
Gus sets 15.0 3.75 56.2
Skins 58.0 .78 L5.2
Chocks 10.0 L. 00 40.0
Latching Mechanism 20.0 8.50 170.0
Contingency-Tray 9.0 2.70 2.3
21,6.0 ES LU T6.0
Above datum
(tray bottom)
AR R l%gg'% 1bs. %:in. %ﬁ‘fg%:—g in. 1bs.
Above datum
(tray bottom)
CONFIDENTIAL
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Torsional Stiffness, J:
8" Deep Tray
e 19.5 ——
T t w.25 J of individual
25 .081 side beams = 0.17
{ t1 = .081 each., Add 0.25
—'T for effect of
P a =19.5 crossbeams and
.ot gusset s,
b = 1.562
2 2
J o at(a=t) (-t1)° §, 2(,17) + 0.25 = 7.23
at+bty-t2-112
1 1 !
K e = 9" Deep Tray
i
023 _llm t =.23 J of individual
\ S . 081 side beams = 0.20 ,
_$ t, = .08 each. Add 0,25 |
i r ‘ for effect of
ﬁ: a =19.5 crossbeams and
| .081 gussets.

2 2
J. 20 (=) (t=41)° | 5(.2) +0.25 . 7.33
at+bty ~t2-ty2

Mass moment of inertia and radius of gyratiom about combined C. G.

3 8" Deep Tray
, ] Ttem MeW/386.) r in. Mr2 To In=Io+Mr2
|
! [2__2 .295(.2 __2
i Main Side .295 9.2 +5.6 3.2 ] (8 +2.3 ) 35.9
f Beam = 10.75 =1.7
Crossbeams .053 8.7 4.03 2053 2 2
12 (19 +'1'.'H) 5.6
Y 5 = 1.59
i Gussets .039 \/8_5 +5.5 3.9 Negligible 3.9
| = 10.0
15 2
Skins .150 8.L 0.8 | 12 (19-25) 15.2
| = .65
CONFIDENTIAL
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Ttem M=W/386.L r. in. Mr2 To ImsIo+Mr2
.026 (_2 2)
Cho cks .026 8.25 1.77 ﬁBh 19 +5 2.6
Latching Mechanism | .052 0.7 .025 | .052(6)2 = 1.87] 1.9
Contingency-Tray .023 10.0 2,2 Negligible 2.3
Totals .638 67. 44

Weight missile and missile contingency
=] 36U 1os. Bffective missile radius
I for Io missile = 6.65."

1 260
| |
"‘"-\._'_ + I i
- L e s
: | '
53" e 217 1 21M) 91" |
| P |
[ ]
A B C D E
M (rocking at B):
M r Mr2 Io Im
I
Tray Total x %83 . 254 26.8
26
Missile x [ 2,180 1.13 2.79 .5(2,18)(6.65)2 = 48,2 | 51.0
Totals 2.43 77.8

A/ _[11.8 )
radius of gyratiom 5 13 5.65 in.

6
natural frequency, fn = —2% %J'ﬁ(— - ,159 3'8;%?.87.23 = 13.1 cps

CONFIDENTIAL
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Y «Img _ 77.8(386.4 - . 1b.
que, T = JEE —rér‘l 5340 in. 1b
fn (rocking) at D:
M r Mr2 Io In
Tray Total x 112 .38 10.55
y Tota xl_&‘ 38k
Missile x llé 1.340 1,13 | 1.7 .5(1.34)(6.65)2 = 29,6 | 31.30
Totals 1. 72l T.85
radius of gyration = 1172 = 6,45 in.

natural frequency, fn = .159\/3°85"106(7'23) = 10.4 cps
91(71.85)

torque, T = [L:85(386.4) _) 300 4n. 1n.

Athwartship Direction - Tray Loaded:

8" Deep Tray

Combined frequencies: torsion in tray, and athwartship translational
effects in mounts.

Point B Point D
My = 2.L3 My =1.72k
;ﬁ K3 = LTI2fn2M = }TI2(13.1)2(2.L43) ¢ Ky = LTI2(10.4)2(1.724)
= 16450 é = 7350
) = _%3775'.'14 . .0955 M, = .0955
K, = &0 | 3359 (vibration) K, = 3320 (vibration)
7550 or 3775 (shock)

o 3775 (shock)

CONFIDENTIAL
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wh-w? (&, Koty
Ml M2

Vibration:

2.43 . 0955

.+ 3320Q16,L50) _
2.03(.0955)

Wt w? (16, 450 , 3320416,L50 )

Solving,

W = 33.3; fn=Y 25.3cps
211

W= }40.0; fn = 73.0 cps

Check on fn at mounts (tray ends only):

216+37+437+41360 _ .253 in.
6640

deflection =

Shock:

ol w2 <16,h50 . 3775+16,u50>
2.L3 . 0955

, 3775(16,L50) _ 4

2.43(.0955)
Selving,
G = 35; fn = 5,55 cps

W= L66; fn = 74.0 cps

+ 5_252 = O
MiMp

wbhe? ( 7350, 332047350
1.72k .0955

, 3320(7350) .o
1. 72L(.0955)

w = 36,0; fn = 5.7 cps

W = 338.0; fn = 54.0 cps

e 2213 .42 cps

- 253

w b w? ( 7350 3775+7350>
1,72k . 0955

3775(7350
¥ "'1.'7’217(.@%;5 =0

W = 37,5; fn = 5,98 cps

W = 3145; fn = 55.0 cps

Reference Goodyear Report:

= 5.2

" (5. 98+5.59)

(.5)

For ¢ = .33, © = .10, A = .0L, Z = 1.127

g on missile = ,

CONFID

ou(72) = 2.9

ENTIAL
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Total displacement of missile = 1.127(.689) = £ ,777 in.
(trays are interlocked and move together at ends)
Tray displacement & 0.2 in. ;
Mounts displacement = 0.6 in.
Stress on Tray.
Maximum stress would be result of mitigation from mounts only.

S P B L
211 M 4 2L6+437+37+1360 -6 cps
386. 4

s e e e e

A2 .
T L.5

For § = .33, ¢ = .10, A = .056

g tray = .056 (72) = 4.0 maximum

T
2t1 (a-t)(b-t1)

2 5340(L) -
2 OBL) (196 25) (T Seo—.oan) ~ “e% pet

Maximum stress (torsion) =

Maximum stress (bending), (M 1.0g bending = 55,250 (ref.) )

= My .55,250(L)(19.5)(.5) .
.4 616) )(.5) = 3500 pst

Cambined stress = 4600 (.707) + 3500 = 6700 psi

Stress athwartship not critical.

Alternate Check on Athwartship Direction - Tray Loaded:

8" Deep Tray ;

|a— 128.38 —"! 33LF 2374
o D

— b= - B 4
6.5 | "I 9| ) l J !
1 ! 53 " )_}2 n gLw _‘

P e— | “

1 1 1 186m 1
| AL ™ CONFIDENTIAL |
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Load at B (per side beam)

- 74 6.54 26 x 6.54
21;6;:T83x]:8_38,+13601(11_2,x.i.8_._3..8 33 1b.

Load at D (per side beam)

,2&611_12_1_6;21_1_+1360x}.§x§.5_"i..2371b,
186 18.38 42 18.38

Deflection at x = 95:

_,_ Deflection due to B Deflection due to D
f - Ba(L-x) [o1b-b2u(1-x)2] _ Da(Lx) [21b-1?-(1x)2]
! 6EIL | GEIL
. 33&(53L(91)J_.:2(186)(133)'"(133)2-'(91)2] = 237(95)(91L[2(186)L91)-L91)2-(91£]
_ 6(10. 3x100)(67)(.5)(186) 6(10. 3x100) (67)(.5)(186)
3 = .098 in. - .09 in,

Total deflection at D = ,098 + ,092 = 0.19 in.

3.13
fn at D ﬁ = 7,2 cps
Deflection at x = 53:

Deflection due to B Deflection due to D
. Bx E_L(L-x)-bz-(L-xﬁ - Dix EL(L-x)-ba-(L-x)z-l
6EIL 6EIL
E « 334(133)(53) 5(186)(133)-(133)2-(133)31 - 237(51)(53) 5(186)(133)-(91)2-(1312_]_
1 6(10.3x10°) (67)(. 5)(186) 6 (10.3x10°)(67)(.5)(186)
] i = .086 in. e .070 in.
1

Total deflection at B = 086 ¢+ .070 = ,156 in.

156

fnat B = = 7,9 cps

Combined frequencies: couple on tray, and athwartship translational
effects in mounts.

CONFIDENTIAL
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Pont B Point D
My = 2,43 My = 1,72k
% Ky = TT2(7,9)2(2.43) = 6000 % Ky = Lm12(7.2)2(1.724) = 3520
M, = .0955 My = .0955

Ko = 3320 (vibration)

&

Vibration:

or 3775 (shock)

3320(6000)

2.L43 . 0955 2.43(.0955)

e (6000 . 33zo+<’>ooc>+
Solving,
W=29.5; fn=L7Tcps

W= 315.0; fn = 50.0 cps

Shock:

6000
b_ 2
= (2.h3

. 0955 2.L3( 0955)

Solving,
w=30.6; M =N9cps

W = 322,03 fn = 51.0 cps

<

Lo wb-w2(3520 +3320+3520>

K, = 3320 (vibration)

or 3775 (shock)

3320(3520)
1. 72k (.0955)

1.724  .0955

W= 31.2; fn = 5.0 cps

W= 270.0; fn = 43.0 cps

T m2<3520 ) 3775+352c>~ 3775(3520) . o

1.72k . 0955 1.72L(. 0955)

Www 33,3; fn=253cps

W = 280.0; fn = L45.0 cps

Reference Goodyear Report:

AT X

TG 9)(.5)

= 5.9

For § =.33, &= .10, A = .0307, Z = 1.139

g on micsile = ,0307 (72) = 2.2

Total di splacement of missile s 1.139 (.689) = 20.783 in.

CONFIDENTIAL
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Stress on Tray (Bending):

From analysis above, maximum stress would be result of mitigation
from mounts only, with g = 4.0,

33L# 237#

53 ] _ hg " g1

186"
355# 2164

M maximum is at x = 95, and = 19,700 in. 1b, at 1.0g.

Vertical component My 1y 700(L)(5.42) | 12,750 psi
I " 8i0.%8) > 20 P

Side camponent D = !f,l = 3500 psi (reference calculations above) 7

Combined stress = 12,750+3500 = 16,200 psi.

Stress athwartship not critical.

Athwartship Direction - Tray Loaded:

Amalysis similar to &" deep tray above.

9" Deep Tray
Item Weight 1bs. x  Am in. = Moment in, 1bs.
Main Side Beams 130.0 L. ol 525.0
Crossbeams 20.95 .52 10.6
Gussets 16.0 L.18 67.0
Skins 58.0 .18 4s.2
Chocks 11.0 L1 LS.0
Latching Mechaniam 20.0 8.5 170.0
Contingency-Tray 9.0 3,0 27.0
“26L.7 1bs. ~ 3.% in. " B90.0 in. 1ibs.
Above datum
(tray bottom)
CONFIDENTIAL
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] ' Item Weight x A_IE = Moment
Missile and Contingency 1360.0 10. 33 14,050, 0
71624, 0 1bs. 9.2 in, T1L9L0.0 in. 1bs.
' Above datum
(tray bottom)
E ' 9" Deep Tray
; l T ] Im=To 1
i Ttem M=W/386.4 r in, Mr2 Io +Mr2
i (o on = . . 337
L I Main Side 0337 -\l §01;2+;0 16 37»’4 12 ('?2“29 ) 3908
] Beams = 10,5 w 2,143
Cros sbeams .053 8.7 k.03 .05 g, 6
L) pahod
1 = 1.59
4 ' Gussets .ol 9.6 3.8 Negl. 3.8
*[ Skins .150 8.4 10.58 | -2 5 15.2
. 12 (19.25)
l = ;.65
Chocks .028 8,2 1.9 2028 5 o\, 2.8
l oC 15 (19 #-52) .9
Latching .052 0.7 .02 | .052(6)2=1.87 1.9
I Mechanism k
¥ Contingency- .023 10.0 2.3 Negligible 2.3 ¥
) ' Tray 1
| Totals .68l | j 7.4 ,
| - I fn (rocking) at B: ;
i
l m r Hr2 Io Im
l Tray Total x ml .272 28.1 ﬂ
Missile x :hg 2180 | 113 | 2.79 | .5(2.18)(6.65)%48.2 | s51.0
l Totals 2.1452 T
l CONFIDENTIAL
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o L = 5.6
radius of gyration > 1.2 .68 in.

6
natural frequency, fn = .159 3'853(29.1') 3) = 13.0 cps

tarque, T = 79.4(386.4) < 5400 in. 1b
5.68

fn (rocking) at D:

M2

Tray Total x 112 T

186
Missile X '11;_6' 1.340 . :  5(1.34)(6.65)%= 29.6

Totals 1.752

radius of gyration = < /% = 6,5 in.

6
natural frequency, fn = .159 \/Isg’&?(hf;.)”l = 10.3 cps

torque, T = 71“2(;86‘1‘ = 420 in. 1b.

Combined frequencies: torsion in tray, ad athwartship translational

effects in mounts.

Point B Point D

M = 1.752

M-l = 2-’452
Ky = LIT2(10.3)2(1.752) = 7340

Ky = LIT2(13)2(2.452) = 16300

Hz = ?g'%-ﬂ L -0985
K, = 3320 (vivration) or 3775 (shock)

H2 L -0985

Ko = 3320 (vibration) ar 3775 (shock)

Vibration Vibration

L 2 (16300 5320+16300
=i (2.‘13'5’2+ 70985 >

e w? (73ho +3320+73u;0>
1.752 .09
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3320(26300) 3320(73L0 -

* 51T 658%)' 0 ’1‘752'(—9%?)'. o388y = ©
W= 33.1; fn=5.3cps W= 35.5; fn =565 cps
W= 450.0; fn = 72.0 cps @ = 334.0; fn = 53.0 cps

Check on fn at mounts (tray ends onmly):
deflection = 264+38+38+1360 . .256 in,
6640
fnw3:13 262 cps
V. 256
Shock :
i o 16300 3775*16300> b 2 7340 3775*73!40)
©r-w <2.h52+ . 0985 WE- W75 70583
3775(16300 3775(7340 .
* 297152(.6%%) i ) (_.o§g'§)' 0
W= 34.9; fn=5,55cps W= 37.3; fn =75,93 cps
We 457.03 fn = 73.0 cps W= 340.0; fn = 540 cps
Reference Goodyear Repart:
)\ = X = § 2
G5es.m0D) - 2

For § = .33, 0 = .10, A = .0L41, Z = 1,126

g on missile = (.0k1)(72) = 2,95

Total displacement of missile = (1.126)(.689) = %, 775 in.
(conditions very nearly the same as for 8" deep tray)

Stress on Tray:

Maximum stress based on mitigation from mounts only.

/ 7550
fn = .159\/ 284+38+B+1360 = 6.6 cps
386.%

CONFIDENTIAL
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For ¢ = .

g tray =

Maximum stress (torsion) =

Maximm stress (bending), (M 1.0g = 55,950 (ref.) )

CONFIDENTIAL

= L.5

33, &= .10, A = 0.56

.056 (72) = 4.0 maximm
200 (L)

TN-1-1624-B

- £,950()(A9:5) (-5) . 300 pst

685

Cambined stress = L700(.707)+3200 = 6500 psi

Stress athwartship not critical.

Alternate Check on Athwartship Direction - Tray Loaded:

2(. 081)(1?. 5-.23)(1.562-.081)

= 4700 psi

9" Deep Tray
Fe 18.3 _.{
| ! 319# 228#
- —— - *_ ‘ B D
6i16 P2 l J
, m _ - l 53" , hzn . 91"
i } £ ' | |
J 186" . o
PL Pp

Load at B (per side beam)

3"

- 264 x Ih x 6.16 + 1360 x E% x 6.16 319 1b.

1% 18.3

Load at D (per side beam)

- 264 x 112 x 5.16 , 1360 x 16 x 6.16 . 228 1b.
51 v I Iz 3

CONFIDENTIAL
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Deflection at x = 95:
Deflection due to B Deflection due to D
(Ref. 8" Tray) (Ref. 8" Tray)
- .098 x 319 x . .092 x 228 x 67 o 061 in.
9 x 2 x o - 065 1n. e A
Total deflection at D = ,065 + .06l = 0,126 in,
fnatD-éé]-'i = R.8 cps
“\/0.1?’“
Deflection at x = 53:
Deﬂection due to B Deflection due to D
86 x 222 x .057 1in. - ,010x 28 2 & o o6 in.
-086 x sup 9" 057 71237197 046 in

Total deflection at B = ,057 + .05 = 103 in,
'1
fnat B = 2-—_:3'_ = 9.8 cps
-/0.103
Combined frequencies: couple on tray, and athwartship tramslational
effects in mounts,

Point B Paint D
M} = 2.L52 My = 1.752
K3 = LT12(9.8)2(2.452) = 9300 K3 = 4I12(8.8)2(1.752) = 5400
My = ,0985 Mp = .0985
Ko = 3320 (vibration) or 3775 (shock) Ko = 3320 (vibratiom) or 3775 (shock)
Vibration:
Li_¢y2( 3300, 332047300 L. y2( 5100, 332045400
“iee (5-55’4‘ "TIo%es ) woee (1 520385 )
: 3?20(9?005 0 . i?zo 5!.400 .
W=31.2; fn=50cps W= 33,3; fn=53cps
W= %2,0; fn = 57.0 cps W= 300.0; fn = 48,0 cps
CONFIDENTIAL
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Shock:
ol 2 5300, 371549300 b2 Su00 377515&00)
e (2~5§2+ .09 WE-wWi\ 1752 T L0985
. 3775593005 -0 . 377 51.;80 0
W=32.7; fne52cps W= 35,2; fn =506 cps
W= 370.0; fn =59.0 cps W= 308.0; fm » 49.0 cps

Reference Goodyear Report:

~ 30 .
WS Gy o Rl

For ¢ = .33, &=.10, A = .03, Z = 1.126

g on missile = 036 (72) = 2,6
Total displacement of missile = 1.126(.689) = £ 0,775 in.

Stress on Tray (bending):

From analysis above, maximm stress is from mitigation of mounts only,

with g = 1.0,
319# 228#
53:» J ) hgn 1 9 n
& “:" 1867 . T o J
3Lo# —loo7#

M maximm is at x = 95, and = 18,800 in. 1b. at 1.0g.

Vertical component b « ;I _185,??((1);!)4)(6. 0L) . 9350 pst

Side component fb - I;I = 3200 (reference calculations above)
Cambined stress = 935043200 = 12,500 psi.

Stress athwartship not critical.

CONFIDENTIAL
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Athwartship Direction - Tray Empty:

8" Deep Tray

Deflection at mid-span

_ 5(246)(186)> = 0.0032L in.

381,(10. 3x10°)(616)

K = 26 . 76,000
00324

S L e
H’l }‘;o,!i -637

K3 = 70,000

My = 2782 = 191
i86. L

Ko = 5740 vibration or shock when empty

oL, 5 (76000 n 57ho+7éooo)
631 .91

5740(76000)
* oD
W= 815 fn =13.0 cps

W= 735.0; fn = 117.0 cps

Stress:

9" Deep Tray

5(26L) (186)3 « 0.00313 in.

38L,(10. 3x100)(685)

K = g_él‘..._. = Bh,om
. 00313

- 2h_ . 68,
" 386.L ]
K3 Lot 8,4, 000

M,z - M = ,197
386. L

Ko = 5740 vibration or shock when empty

whe w2 ( 8L000 , 571:3_'@000)

0683 0197

+ 5740(8LOCO) _
.683(.197)

W= 79.0; fn = 12,6 cps

W= 755.0; fn = 120.0 cps

Maximum stress duve to mitigation of mounts only.

8" Deep Tray 9" _Deep Tray
| X
S VA
159 4 / %Esvuo 159 —1/ gséghoggggz
-, +3 o +
386. '
= 13,2 cps « 12.9 ¢ps
CONFIDENTIAL
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CONFlDENTIAL
Far either 8" or 9" tray,
fn = 13 cps
A- ..3_0. = 2,3
13
A = 0.17
g tray = 72 (,17) = 12.0
8n Deep Tray gn Deep Tray
w 16.0g = "222)
8
_ 2L6(186)(12) 68,500 in. 1be . 264(186)(2) . 73,500 in. 1b,
8 8
7 i . 68,500(19.5)(.5) _13,500(19.5)(:5)
685(1.33)

I 616(1.33)

= negligible psi = negligible psi

Fore=-Aft Direction - Tray Loaded:

Assume tray rollers held fore-aft direction

K mounts fore-aft = LL430

K tray fore-aft - very high

fn tray loaded fore=-aft = '2}ﬁ - /%

8" Deep Tray 9" Deep Tray
fn=.1 / LL3C « 5.0 o= .1 _,/__h}}.?__ .,
i ? —\. L.15+.1915 0 cpe "’ & L.2+.1965 5.0 cps

Reference Goodyear Repart :

)\-;35—0--6.0

For ¢ = .33, @ = .10, A = .0285, Z = 1.139

CONFIDENTIAL
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g tray and missile = 38 (.0285) = 1.1g
mount displacement » ,368 (1.139) = % 0.42 in,

A study shows that snubbers in fore-aft direction would be of 1little
or no help, They would increase frequency, and if effective in reducing the
0.42 in, value of displacement, an fn sufficiently above 1 cps would te
required. This would increase g to arder of 15.0 with actual little
reduction in displacement.

If tray rollers are assumed to be held in fore-aft direction at only
one end so that K is LL30/2, study shows that fn would be 3.6 cps (ship
whipping not involved here).

g missile tray would be 0.6
mount displacement would be % 0.45 in,

Stress not critical.

Empty Tray - Fore-Aft Direction

8* Deep Tray 9" Deep Tray

374216+15+415+37 3B+234+15+15+38

fn = _1_‘/5_ - .159. /W30 fn e o159+ (4430
>TT YM 320/386.4 340/386.4

= 11.7 cpa = 11,3 cps

Shock
Reference Goodyear Report:

;\ - _32__ - 2,56
11.7

A= .15, Z = 097
g tray = 38 (.15) = 5.7

q.
§ ® %{%; Z tray negligible psi
or 10.13-9" tray

CONFIDENTIAL
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Stress not critical.
Displacement = .368 (.97) = 2 0.36 in.

Prelimimary Design of Vertical Suppart Colums far Tray Assembly:

Assume an assembly of 36 trays - 9 across, L4 high; 6 columns at
each end. Column loading critical for loaded trays - equivalent of 3 per coluwmn
(reference calcunlations above) at 8.75 g for shock mitigated tray and missile
assembly; and at 120g for rollers and shafts (assuming mounts within tray).

Rails-steel-(8) for entire assembly; each column supports L/6 x
weight of rail at 120g.

Column - 8.04# alum. &"H-beam-8 feet high.

Loading critical for 9" deep tray.

Missile 1360
Tray Span 26}
Tray Ends _16

1700

Less Shafts, Rollers 20

1680 x 8,75 = '00x 3 = LL,100 1b.
Rails 255 x 4/6 x 120.0 = 20,500
Ol wmin 8,04 x 8§ x 120.0 = 7,700
Snafts, Rollers 20 x 120 = 2,00 x 3 = 7,200
Total dynamic load per column = 79,500 1b.

Assums load per column = 100,000 1b. to provide for mechanism, etc.
at 120g. 6"-H beam, 8.0h#: A-66hin.,rmn.-1h61n.

; applied « 1%9:92_‘ = 15,100 psi
P . o~
; lowable ->'>UO-‘553< )for-<71
L 2% .66
r 1.46 '

CONFIDENTIAL
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.Eanowable = 59,500-553 (66) = 23,000 psi

MS =» .2_32.299 -l = +52%
15,100

If 1.33 dynamic conversion factor is applicable (reference NAVSHIPS
250-660-30),

P : 15,100
— i o =
X applied 733 11,300 psi

andMS-M-l = ample
11,300

Weight Fstimate of Typical 36-Missile Tray ard Support Structure Assembly

Assume 9" Deep Trays

(36) Loaded Trays @ 1700 = 61,200

(8) Rails @ 255 = 2,040

(12) Columns @ 6l = 800

Mechanisms and Contingency = _2,000
Total - Loaded System - 66,000 1b.

Assume 9" Deep Trays - Empty

System Loaded = 66,000

Less (36) Missiles @ 1360 = L9, 000
Total - Empty System = 17,000 1b.

3. De*ailed Analyses
a. Rubber Shear Mounts
(1) General

This arrangement utilizes standard rubber shear type
mounts which are affixed to the ends of the tray fare and aft structural
channels and picked up by ears on the end fittings. The mounts are standard
shelf items and require a minimum of testing for validation of characteristics.
Two arrangements utilizing this type of mount were evaluated; one with the
mounts aligned in an athwartship direction with respect to the missile; the
other with the mounts disposed in a fore and aft direction. Descriptions of

these configurations follow:
CONFIDENTIAL
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(2) Athwartship Arrangement
(a) Description

The tray assembly, Figure 5, includes the
basic 8.0" or 9.0" aluminum tray with integral c¢nd transverse bulkheads and
independent end members. One side of each of the four standard sandwich shear
mounts is attached to vertical transverse bulkheads adjacent to the side
channels. The other sides of the mounts are attached to the end members.
An arrangement of gibs is provided to maintain vertical aligmment between
the tray and the end members. The gibs also nrovide a fail-safe feature to
maintain attachment of tray and end members in the event of shock mount failure.
This tr:y configuration with the shear mounts located in the athwartships plane,
rerpendicular to the missile centerline, requires an exceedingly long or wide
tray to accammodate the mounts either to the rear of the booster nozzles ar
on each side of the booster.

(b) Comments

thile structurally and dynamically efficient the
arrangement is poor from the standpoint of stowage density. Insertion of the
mount s plus required clearance for excursion at the booster section of the
missi e reauires excessive width of the assembly, If the mounts are moved to
the riar beyond the end of the becoster the length of the tray becomes
excessive because of magazine space limitations. This arrangement was therefore
eliminated from consideration and no analysis has been included.

(3) Fore and a4ft Arrangement
(a) Description

The tray assembly, Fipure 6, includes the basin
. "™ or 9,0" aluminum tray with independent end members. One side of each of
the four standard sandwich shear mounts is attached to the vertical web at
the ends of both side chamnels. The other sides of the mounts are attached
te ears protruding from the end members. An arrangement of gibs is provided
to maintain vertical aligmment between the tray and the end members. The
gibs also provide a fail-safe feature to maintain attachment of tray and emd
member in the event of shock mount failure. This tray configuration with the
shear mounts located in the fore and aft plane, parallel to the missile
centerline, pemits the tray assembly to have a minimum length and width.

Nommally the interconnected trays are positively
restrained in the athwartship direction by the locking devices on the support
rails engaging the end members of the outboard tray at each level. However,
with this tyme of tray the athwartship locking devices are spring mounted to
absorb the athwartship shock. Most of the impact of an athwartship shock lmad
into the support rails is not transmitted to the trays but is absarbed by che
spring mounted locking devices and the tray rollers permmit the support rails
to be displaced relative to the trays. The design of the locking device would
not permit relative motion between the suprort rails and the trays under normal

ship motions.
CONFIDENTIAL
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(b) Detailed Analysis

As shown in the design studies of the tray structure
and of the roller type shock mouats, a total spring constant, K, of approximately
7550 1bs. per in. for shock mitigation from the mounts is desired for the
vertical direction. This gives the optimum natural frequency response for
the resilient tray mount combination. Based on the working range of mount
deflection a standard sandwich type moumt such as M, B. Co., No. 7221009
would be acceptable.

K required per mount = 7T552 = 1890 1bs. per in.

K of M. B, Co. mount in deflection range required = appraximately 2000 1lbs. per in.

This mount is of a stiffness between Nos. 7221007 and -1008, thus permitting a
change of the rubber durameter if required, with no change in dimensions.

For steady state vibration conditions, K per mount
would also be approximately 2000 1bs. per in.

Load - deflection data is per M. B, Co. curves.

Vertical Direction:

Steady-State Vibration - Tray Loaded:

8" Deep Tray 9" Deep Tray
K tray = 6000 1bs. per in. K tray = 8700 1bs. per in.
X mounts = 8000 1bs. per in. K mounts = 8000 1bs., per in.
mss h02 mp=e ho 25

my and m, type analysis, used in roller type mounts, not required, since in
in this Sesign m, is but 0.04 compared to total of L.2 or L.25, respectively,

for 8" and 9" trays.

K combined = %-
K1+K2
. _6000(8000) _ 8700(8000)
6000+8000 870048000
= 34,30 1bs. per in. = 150 1bs. per in.

CONFIDENTIAL
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Vi
- 159/ 3—1‘-22

= .5 cps

Critical magnification factor,
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9" Deep Tray

/ 11150
= ,159 172—5

= .9 cps

Critical M.F. (same basis as for

M.F., (based on 7.75 cps forcing 8" tray) = 0.65
frequency and EE of 10% for

respanse) = O.

Shock - Tray loaded:

Reference Goodyear Report GER-9367.

A= 22 5,55
LS

= i = 5,1
A L09

For ¢ = .33, &« .10, A = .035, Z = 1.13 For ¢ = .33, & = .10, A = .0LO, Z = 1.127

g on missile = 120(.035) = L.2g;
displacement at midpoint of tray
=1.657 (1.13) = £ 1.87 in.

(appraximately 0.9 in. each for

trey and mounts).

g on missiléd = 120(.0L4) = L.B8g;
displacement at midpoint of tray
= 1.657(1.127) = 2 1.86 in.
(approximately 0.9 in. each for

tray and mounts).

Maximm stress would be result of mitigation from mounts only.

Stress:
fn = .159 o/ 22X
L.2
= 7 cps

o= .,159 ?‘9%%

- 7 cps
Reference Goodyear Report:
el s 3.6
B 3
For § = .33, &= .10, A = ,083

g tray = 120(.083) = 10.0g

CONFIDENTIAL
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8" Deep Tray

gn Deeg Trax

Reference tray amalysis, page 22, pro-rating for 10.0g vs. 8.75g:

Maximum stress

10
= 38,800 <73—7§ )
= L},000 psi

If 1.33 dynamic conversion factar

(reference above) is applicable,
Lk, 000
1.33

stress =

= 33,000 psi applied comparcd
to L6,000 psi yield for 202L-Th

aluminum.

Steady-State Vibration - Tray Empty:

K tray = 7250
¥ mounts = 8000

m=.68

¥ combined = 7250(8000

7250+8000

= 38m

fn = 159 4/ 3800
68

= 11.9 cps

Critical M.F. (based on forcing
frequency of 9.5 cps) = 2.4

Shock - Tray Empty:

Maximum stress

- [ 10_
30,000 { 8.75>

= 34,000 psi
If 1.33 dyramic applied,

stress = M
1- 33

= 25,000 psi applied campared

to 46,000 psi yield.

K tray = 10,600

K mounts = 8000

m=.73
K combined = 122600(8000)
10, 600+8000
= 14550
fn = .159 14550
!
= 12.6 cps

Critical M.F. (based on forcing
frequency of 14.2 cpe) = 2.8

Maximum stress due to mitigation froam mounts only.

CONFIDENTIAL
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8" Deep Tray 9" Deep Tray
—
8000 - 8000
-, i —"LI80 fn = ‘1_ a———n
fn 159 \/ 28 59 3
s 17 cps %17 cps

For either 8" or 9" trey:
25 5
A= 7 147
Reference Gcodyear Report:
For ¢ = .33, #=.10, &4 = .Lub
g tray = 120(.L46) = 55.0

Reference tray analysis, page 23, pro-rating for 55g vs. 31g:

Maximum stress Maximum stress
- 55 . 55
= 20,000 psi = 16,000 psi

Stress not critical.

Athwartshipy Direction:

Ster iy~State Vibration ~ Tray loaded.

Aoplying the general approach derived on pages 27, 3k, and alt rnate
on 31, 37 : (twisting of tray cambined with rocking effect on mounts in
vertical direction)

£ tray = 16,450 + 7370 = 23,800 K tray = 16,300 + 73L0 = 23,6L0
k mounts = 8000 K mounts = 8000
m=L.2 m = L.25

K1Ko2
K combined = K combined

K1+K2
« 23,800(8000) - 23,6L0(8000)

23,800--8000 235640+ 3000
= 6000 = 5975
CONFIDENTIAL
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8" Deep Tray
tme L /K
o Vo m
6000

= ,159 T2

= 6,0 cps

TN-1-1624-B
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9" Deep Tray
- égﬁ
fn = ,1594/ k2%
= 6.0 cps

For both 8" and 9" deep trays, critical M.F. (based on 7.75 cps
foreing frequency and éc_e of 10% for response) = 1.5,

Fmploying the alternate method:

K tray = 6000 + 3520 = 9520
K mounts = 8000
ms= )2

K combined

. 9520(8000)

9520+8000
= 11340

fm = .159 - /4340
L.?2

= 5,1 cps
Critical M.F, = 0.8

Shock - Tray Loaded or Empty:

K tray = 9300 + SL0O = 1k, 700
K mounts = 8000
m= 4.25

K cambined

. 14, 700(8000)
14, 70048000

= 5175 _
5175

fn=.,]1 Ul
27 ‘\/:25

= 5,5 cps
Critical M.F, = 1.0

Athwartship shock not transmitted into tray in this design.

Steady-State Vibration - Tray Empty:

K tray = 76,000 (Ref. page 39)

(mounts not acting athwartship
due to gib arrangement; no rocking

for empty tray)
m= .68

K tray = 84,000

m=,73

CONFIDENTIAL
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‘ ‘ 8" Deep Tray 9" Deep Tray
fn = .159 - [162000 fn = 159 [ e Q00
.68 .73
= anpraximately 53 cps = approximately 57 cps
M.F. = 1.0 maximm M.F. = 1.0 maximum

Stress, by inspection, is not critical.

Fore=Aft Direction:

Tray structure can be assumed to be essentially rigid in this

direction,

Steady-State Vibration - Tray Loaded:

n = .L ,\/_3 m = shock mounted mass
2T1 m
fn = .159 - [ 2000(L) fn = .159 - | 2000(k
).‘52 ho 25
= 6,9 cps = 6.9 cps

For either 8" or 9" deep tray: critical magnification factor, M.F.,
(rased on 7.75 cps farcing frequency) = ¢. /5. Factar is less far higher
forcing frequencies. In these cases, ¢ is assumed as 10% for response;
reference magnification curves, F'Lguretg of David Taylor Model Basin
Zeport R-189,

Shock ~ Tray Loaded:

For either 8" or 9" deep tray:

Reference Goodyear Report:

Ae o,
N L. 35

For ¢ = .33, =.10, A = 0,056, Z = 1.11
g tray and missile = 38(.056) = 2.1g
mount displacememt = .368(1.11) = % 0.4 in,

Stress not critical, by inspection.
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teady=State Vibration - Tray Emplty:
8" Deep Tray 9" Deep Tray
fn = .159\/?_2._5‘9 fn = .159 -\’8?——3—00
=17.2 cps = 16.7 cps
Critical M.F, (based on 1L.2 cps Critical M.F. (based on 1.2 cps

forcing frequency) = 2.5 forcirg frequency) = 2.8

Shock - Tray Empty:

Far either 8" or 9" deep tray:
Reference Goodyear Heport:

A = approximately % =1.75

For ¢ = .33, ¢ =,10, A = .36, Z = 1.07
g tray = 38(.36) = 13.5¢
displacement tray = .368(1.07) = 2 0.4 in.

Stress: §-7 lli—(OBM = negligible psi.

(¢) Comments

This configuration is the one recormended by this
laboratory. It provides adequate protection, stowage density and practicability.
It should be kept in mind, however, that should future studies and investigations
result in derivation of less severe input criteria, the possibility of elimination
of the rubber remains, This would orovide an even more simple and econamical

arrangement.,
(L) Ro)ler amd Bushing Type Shock Mounts

(a) Description

An investiagtion was conducted into the possibility
of incorporating a portion of the required resiliency into the rollers or
roller surports at the tray ernds. Two arrangements were evaluated wherein this
was accomplished by including rubber in compression as a basic part of the
roller assemblies. A third included rubber bushings in the tray end fittings.

See Tipures 7 and 8.
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With these designs the tray end fittings are rigidly
attached to the tray bodies and a portion of the excursion required for
shock mitigation cccurs within the rollers or bushings. The concept affords
a campact configuration pemitting a dense stowage arrangement.

Two basic roller designs were considered.
One consisted of rollers with the rubber ir talled between the roller rim and
the outer race of the bearing in the rcller. The other utilized rubber
located between the shaft ard the inner ruce cf the bearing in the
roller,

The resiliemt bushing design incorporates
the rubber in a shaft suprort bushing installed in the tray end casting.
Criteria that follow are based upon informatiovn contained in "Vibration
and Stock Isolation" by Charles E. Crede, nublished by John Wiley and
Sons, Inc.

While the co.icepts are novel, none of the
configurations required exist as stock items. Rubter bushings are
avallable but not with the necessary strength and deflection parameters.,

The subsequent analyses indicate the possibility
of develomment of suitable items, with, however, the necessity for a
protracted test program to establish reliability.

Because the analyses were performed as a part
of the study they are included in this report. They are intended to
serve as an illustration of a valid approach to the solution of the
rroblem, But, without a protract:d developmental program, recommendation
of such canfigurations is held in abeyance.

It should be pointed out that these anAd
other configurations that at this time appear to be borderline couid
well prove to be optimum should the input criteria be adjusted to what
are felt to be more reasonable levels for the ships in question.

CONFIDENTIAL -
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(b) Detailed Analyses

(1) Resilient Roller - Rubber at Rim
30 Durometer Rubber - Bonded

4 f/— Provide vent holes if required.

Ty = 1. h375

NN

5.250 Dia.
~ - 6
| .
_L_ 7 7 ﬁ ro = 2.L378 L 1.25 Diameter
1.0
_IL__? A A —
0.5 v~ —{ bkm— Q,L2 = h
pt— 3,18 —

Stiffness in Shear (Fore-Aft; Along Shaft):

_2TIhG

lcge (;Q)
1

K

6.28(.42)(50) 277 1bs./in.

log e (i—E;—E)

K per bushing =

K for (L) bushings = 277 (L) = 1108 1bs./in. = ¥ per mount
K for tray = 1108 (L) = LL3? 1bs./in.

Radial Stiffness (Vertical or Athwartship):

(Bonded Pads)
L =rg+ri>h=2.,375 « 1.4375 = 3.875 = length
1 =h<ry +ri=0ML = idth

hj =ro = ry = 1.0 = thickness

CONFIDENTIAL
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Reference Crede: pages 231, 232, 225, 221.

From Figure 5.6, page 225,

L _ 3.875

I -—'—n'é— = 9023
1 o2

-Hj—: - T.—O' = oh?
A .
T

B = 1.06

Unit Force, psi Total Force, lbs.

10

20

30

50

= 3.875(0.42)(psi)
= 1.63 (psi)
1 1.A3(11) = 11.9
22 1.63(22) = 35.9
50 1.63(50) = 81.5
78 1.63(78) = 127.0
125 1.63(125) = 20L.0
160 1.63(160) = 251.0

TN=1=1624-B

K, 1lbs./in,

= (total force)
(% thisk)(hi)
where hi = 1.0

17.9

0T 358
35.9 _
=5 359
8L.5 . 18
.2

127 w3
.3

2% | 510
i

Tg& - 522

At approximately 25% deflection, K = L15 1bs./in. per bushing

K for (4) bushings = K per mount = L15(L) = 1660 1bs./in.

K far tray = 1660 (L) = 66L0 1bs./in.

(for -.bration)

K far shock calculations:

for tray = (L15 + 530) (.5) (16) = 7550 ibs./in,

K for tray empty condition = 16 (358) = 5740 1bs./in.

CONFIDENTIAL
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Check Shaft: ~
== = —— O.S 3.0 MA-A 1-08 = 2-5 (}425) = 1060 in. 1bs,
ral _ 3.14(2.25)%
I = = = 0,1
| Shaft 611 6]4 in,
oxmon Il % l f 1.0 * ? - ———)'10622'625 e dis
! L *
Q' Q0 _j S = approximately 61,000 psi under shock.
: 4 4/ L 1.25 Dia
T L &4
—= 1,6
2.0
1700# = L25#

L

Check on Bearings:

Radial

Load on bearing (dynamic)
= 150 g (roller) + 10 g (approx.) x L18
= 150 (5) + 10 (418) = L9CO 1bs.

Thrust

Load on bearing (dynamic)
= 50 g (roller) + 10 g (approx.) x L18
= 50 (5) + 10 (L18) = LLOC 1bs.

Bore of bearing = aporoximately 1.25 in.

Bearings are available for this condition.

CONFIDENTIAL
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|
(2) Resilient Roller - Rubber at Shaft

—

; -
L, 875 Dia, / r

)

Faiz =gz r ._CﬁY___

TN-1-162L-B

_~—— L0 Durometer Rubber - Bonded

— 0,625 = ry

1.625 = 1y

Stif fness in Shear (Fore-Aft; Along Shaft):

K« 211 B G

log e(fg)
r{

. 6.28(1)(68) .
K per bushmg ]ﬁg—e-(lm) LLBS 1bs. /1n.

0.625

K for (2) bushings = K per mount = L35 (2) = 870 1bs./in.

K for tray = 870 (L) = 3L80 1bs./in,

Radial Stif fness (Vertical or Athwartship):

(Bonded Pads)
L=rg+ry>h=1,625 4+ 0,625 = 2.25 = length

l=h<r,+ri =1.0 = width

hy = ro = rj = 1.0 = thickness

CONFIDENTIAL
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Reference Crede: pages 231, 232, 225, 221

From Figure 5.6, page 225,

| L 225 L,
7 1.0 25
1 1.0
‘ ‘ F; *10 1.00
!
A
-}-l—i' = 1.25
B = 2.0
Defl. 7 Thickness Unit Farce, psi Total Force, 1bs. K, 1bs. /in.
= 2.25(1)(pst) = total force
= 2.25 (psi) T thick (hi)
where hi = 1.0
5 20 0,25(20) = L5 % = 900
85
10 38 2,25(38) = 85 = = 850
20 80 2.25(80) = 180 12_0. = 900
30 135 2.25(135) = 30L -3—3-4 = 1013
Lo 200 5,25(200) = LSO l-*i—o = 1125
50 250 ».25(250) = 562 5%2. - 112k

At approximately 239 deflection, K for (2) bushings

(for vibrati on)

K for tray = 1860 (L) = 7440 1bs. /in.
K for shock calculations:

for tray = 1015 (8) = 8100 1bs. /in.

CONFIDENTIAL
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Check on Shaft: t—- 3, 00

.50
1.1?91_ ﬁ— i | _1.25 Dia.
W o S
sl /)

e 2400

}.199 = L2S# at 1.0 g

L L
Tt | 3.L(L125)% | ggg), in. b

,125D =
1.12% 7 a

M= 025 (2) = 850 in.1lbs.

fb1.125D = L = 850(.5625) . 6100 psi at 1.0 g
I .0785L

deflection = negl.

T 1.25D -'%—L-‘h = 3'11‘&'25 : 0012 in. B

M = 125 (2.5) * 1060 in. 1bs.

TN-1-162L-B

fb 1.25D = ’.411 - 106°(°2625 . £.500 psi at 1.0 g (7600 psi if D is 1.125 all along)
'1

= appraximately 61,000 psi under shock.

Cnheck on Bearings:

Radial
Load on bearing (dynamic)
= 150 g (roller) + 108 (approx.) x L18

= 150 (5) + 10 (L18) = L9OC 1bs.

CONFIDENTIAL
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Thrust

Load a. t i ng (dynamic)
= 50 g (roller) + 10 g (appr x.) x 138
= 50 (5) + 10 (L18) = LLOC ibs.

Bore of bearing = approximately 3.5 in.
Rating is no problem,

(3) Rubber Bushing Type Shock Mount

28 (&ELE)
= 550

rRod =nd

Appra,
Lt ot
.02

CONFIDENTIAL
-63=



CONFIDENTIAL

Check on Shaft:

M, og = 3.5 (425) = 14,80 in. 1bs.
Bpoc. S B VTe K LA
6L 6l

ml.Og-?Igi-}Eng.é-Jél.mopsi

Ishaft

= aprroximately 50,000 psi under shock

Stiffness in Shear (Fore-Aft; Alung Shaft):

_JTLhG

K
ote 6
ry
K vor budiing = 2:28(1:00(65) | 518 1ps. /in,
1o (1.8125)
G e
8125

K ‘or (7} tushings = K/mount = 518(?) = 1016 1bs./in.

K for tray = 1016 (L) = LO6O 1bs./in.

Radia)l Stiffness (Vertical or Athwartship):

(Borded Pads)

L e=rg+ry>> h =1.8125 + 0.8125 = 2,625 = length

1=h<ry,+ry =1.0 = width

hy =r, =r4y = 1.0 = thickness

Reference Crede: pages 231, 232, 229, 221

From Figure 5.6, page 225,

1 - 1.0 - 1.0

B -To
A

H-I'B
B=2.0

CONFIDENTIAL
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Defl. ¢ Thicimess  Unit Force, psi

5 20
10 38
20 80
30 135
L0 200
50 25C

At approximately 23% deflection,

(for vibration)

271080 (2) = 2160 1bs. /in.

deflection = =——
K 7

CONFIDENTIAL

Total Force, 1bS.

w 2,625(1.0) (psi)
= 2.625(psi)

5.625(20) = 53
2.625(38) = 100
0. 625(80) = 210

2,625(135) = 354

5.625(200) = 525

5, 625(250) = 655

K for (2) bushings

K for tray ® 2160 (L) = 86LO 1bs. /in.
Estimate of Required K: (for vibration)

for roller type mount ~ rubver at shaft:
load , % - ,058 in.

for roller type mount - rubber at rime

load . 425« ,06k in.

K 66010
for mount within tray

N.061 = 522
X

]
]
,
]
:

| deflection * —=

K rec'd.= 9000 = 8640

CONFIDENTIAL
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K, 1bs.Zin.

= total force
7 thick (hi)

= total force
thic

23 .
e 1060

.‘.L_@- = 1000
.10

210

-.—2—0' 1050

3%k . 1180
.30

52 .
22 = 1310

655 = 1310
050

T P —
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K for shock calculations:
for roller type mount = rubber at shaft =8100 1lbs./in.
for roller type mount - rubber at rim =7550 1lbs./in.
K for mount (bushing type) within tray

¥ 7850 x %—g = 10,000 1bvs. /ir. req'd.

Actual K= 1250 (8) = 10,000 1's./in.
(¢) Comments

The analyses indicate that the required excursion
would impose excessive deformation of the rubber. The adequacy under shock
conditions would have to be dstermined by extensive testing., Such mounts were
therefore deemed impractical fram the standpoint of reliabilit; and eliminated
from consideration for use in the preliminary design concept of the tray stowage
shock nitigating system recommended by this Laboratory.

b. Resilient Trays
(1) Summary

Analyses were periormed on the effectiveness of only
tray resiliency for shock mitigation. A summary of critical loads is shown

below.
Summary - Resilient Trays, 8" and 9" Deep
Tray Loaded Tray Empty

; Tray Athwart- Athwart-
! Depth | Vertical ship |Fore-AfY || Vertical ship | Fore-Aft
{
{ Steady-State

e g 1.4 4.9 1.6 3.3 1.0 1.0

Maximum Magnifi-

cation Factor gn 3.5 L9 1.6 1.8 1.0 1.0

Shock Maximum g gu a2, 11.0 21,0 = = -

S pcioeks 9 10.3 11,0 21.0 - - -

Maximum Stress or] gu 74, 000 Not Not Not Not Not

Tray, psi Critical| Critical || Critical | Critical| Critiecal

on 65,000
CONFIDENTIAL -
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(2) Detailed Amalysis

In this arrangement, the primary source of shock mitigation (vertical
or athwartship) is the resiliency of the aluminum tray structure, with the
added effect of thin rubber pads at missile supporting bands (fore-aft).
Mitigation in supporting columns is negligible. See Figure 9.

Fare-Aft Direction - Tray Loaded:

A study indicates insufficient deflection in tray structure to
mitigate fore-aft shock load. Assume the addition of 2 in. wide missile hold-
down straps or bands having 0.2 in, thick, LO Durometer rubber liners covering

entire missile circumference.

Area of rubber in shear = TIdw = 3.14(10)(2) + 3.14(1L)(2) = 150 sq. in.

Shear stress at 1.0g = —=
15

Reference Crede: page 228, Figure 5.9,
shear strain = 0.1
deflection = (.1) (.2) = .02 in.

o= 3223 2 22,0 cps
~. 02

Ae2221.36
22
Far ¢ = .33, & = .10, A = .563, Z = 1.095
g on mirsile = ,563 (38) = 21.0
displacement of missile = 1,095 (.368) = X 0.k in.

An inspection study shows that stress is not critical.

Fore-Art Direction - Tray Empty:

An inspection study indicates that natural frequency is very high,
but that stress is not critical.

Vertical Direction - Tray Loaded:

Area of rubber pads at missile, in campression = approximately

(10+L) (2) (.75) = 36 sq. in.

CONFIDENTIAL
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For LO Durometer rubber, K = approximtely 950 1b. per in. per sq.
in. per inch of thicimess © 4750 1b. per in. per 8. in., for 0.2 in. *.

K total = 36 (4750) = 170,000 1b. per in,

8" Deep Tray

K3 = 170,000
My = El‘f’.... = 637
386.4
K, = 6,000
L 2(17oooo+6ooo+17oooo
WI-W\ T35 637
, 6000(170000) . o
3.52(.637)

®=37.5 fn-= 6.0 cps

W= 565;

-25 .2
A Z 4

fn = 90.0 cps

Far § = .33, &= .10,
A= .05,
Z = 1,11k
g at mid-span of tray
= 120 (.06) = 7.2 on missile
displacement at mid-span of tray
- 1.657 (1.11h) = 2 1.8h in.
Fran data above, M maximum is at

x = 99, and = SﬁBOO in. 1b. at 1.0g
M7.2¢8 = 395’0m

9% Deep Tray

Hl - 3-52

X3 = 170,000

_ 26k . 683
386.4

K, = 8,700

L_ 2 (170000 . a7oo+17oooo)
3.52 .683
, 8700(170000) . o
3.52(.683)
W= LT

& = 555.0; fn = 88.0 cps

fn = 7.1 cps

A=22_ = 3,52
71

For ¢ = .33, &= .10,
A = .086,
7 = 1.052
g at mid-span of tray
« 120 (,086) = 10.3 on wm ssile
displacement at mid-span of tray
-« 1.657 (1.052) = t 1.7b in.

54,900 in. 1b.
¥ 10.2g = 565,000

CONFIDENTIAL
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varying

8" Deep Tray
Superimposing possible effect of

ends to maximum

x = 99

o 9s"
= 1.27#/1in.

at x = 99:

at 1.0g 2{

T —

CONFIDENTIAL

mitigation from nome at tray

x = 19kL

A-E = %-5- x 1.27 = 2L.1# each

F  112.8x37x95 =

£ 112.ax§-'59-'5§x2h.1x85.5 .

66.5

D 112.8:-—9—%—12!4.]::66.5 -

¢ 112 exﬂ'g‘éxzh.um.s -

B 12. 81-7’3212)4 1x28.5 =

9.5 3
A 112.6x252020. 109.5

M maximum

% 37# at 1.08
Elﬁ#/m

9" Deep Tray

x =99
95!:

™N-1-1624-B

x = 194

38# at
at 1.0g %

lO 3g ~ 10.3g
-Og

Zone A<E = %i x 1.3 = 25.8# each

395,000  F 109.7x30x95 - 395,000
209,000 E 109.7x§§9—'5—5x25.8x85.5 . 217,000
126,500 D 109. 1eSefns. x66.5 < 131,00
61,500  © 1o9.7x%'§5«25.8xh7.5 . 67,00
23,200 B 109. 7;_;,5_5.1:25 8x28.5 = 214,000
9.5 _ -
2,600 A 109.7x_9_5x25.ax9.5 2,700
820,800 836,700
395,000 565,000
1,215,800 W paximm = 1,401,700
in. 1b. in. 1b. -
CONFIDENTIAL .
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8" Deep Tray 9" Deep Tray
Stress, fb = };l » 1,215,800(5.42) 1,401, 700(6. 0ls)
67 97
= 98,400 psi ~ 87,000 psi

If 1.33 dynamic conversion factor is
applicable, (reference NAVSHIPS 250-

660-30),
fb o 28400 _ 74,000 psi applied 87000 _ 65,000 psi applied
33 1.33
Various allowables -~ aluminum®
(yield points, tension and compression)
Sheet and Plate 202L-T8 ~ 66,000 psi
7178-76 = 73,000 psi
Extrusions 7075-T6 - 73,000 psi
(such as channels) 717876 - 77,000 psi
Available MS . 73000 .3 ¥ .1% Available MS o ]39O .1 _ +12%
85000

74000
Vertical Direction - Tray Empty:

Reference calculations above,

deflection empty tray = 034 in. deflection = .025 in,
fn - 3:13 2 3.13 .17 cps fn « 3:13 . 20 cps

Ve o Vi

Stress:
Conservatively, Conservatively,
M maximm - WL(120) _ 2l6(19L)(120) M maximum . %1201 - 264(190)(120)
8 8 8
= 700,000 in. 1b, = 770,000 in. 1b.

fo « MY . 700,000(5.42) _ 42,000 psi b . M . 770,000(6.04) _ 36,000 psi

T BT(1.33) P ¥ - T Pe

(not critical) (not critical)
CONFIDENTIAL
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Athwartship Direction - Tray Loaded:

8* Deep Tray

Reference page 31:

6000+3520 p
fn= 159\/2—5-3-71-755 = 7.6 cps
(effect of thin rubber pads in
compression - negligible)

A= =l
7.6

A = .065
g on missile = ,065 (72) = L. 7

+ Vo~
fns=. e B,
L L

A = .0%

g on missile = .096 (72) = 6.9

Note - By alternate analysis, fn not critical, but g on missile would b8

a——

11.0 far 9" and 9" deep trays.
Stress:
Combined stress

- 16200 X % - L{_l_;g_gg = 33,000 psi

(not critical)

Athwvartship Direction - Tray Empty:

Reference above calculations,

deflectionat mid=-span = 0.0032l4 in.

fn = 222 = 55,0 cps
‘\/-0032)4

Stress:

M maximum = WL(72) _2h6(186)(72)

8 8

= 10,0 in. 1b.

. 410000(1%.5)(.5) . 6,500 psi
I 616

Combined stress

= 12500 x %1.1- . 00 | o5 000 psi

1.33

(not critical)

deflection = 0.00313 in.

m - 3013

= 55,0 ¢ps
~/ - 00313

_wL(72)  261(186) (T2)
B B

M maximum

= 1,1,0,000 in. 1b.

o - 1,0000(19.5)(.5) . 6,300 psi
685

sgress not crit ical.

CONFIDENTIAL
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Preliminary Design of Vertical Suppart Columns for Tray Assembly:

Assume an assembly of 36 trays - 9 across, L lcwels; 6 columns at
each end.

Column loading critical for loaded trays - equivalent of 3 per column
at 10.3g for central part of tray at missile chocks and pro-rated to 120g at

structure at outer ends of tray.

Rails, stecl = (8) for entire assembly; each column supports L/ x
welght of rail at 120g.

Columm 9.4# alum.,6"H-beam-8 feet high,

Loading critical for 9" deep tray.

Missile 1360#
Tray Span 26L#
Tray Ends __16#

1700#
Less shafts, Rollers _ 207

1680 x 10.3 = 17300 x 3 = 51,900#
Shaft:, Rollers 20 x 120 = 2400 x 3 = 7,200#

Tray Structure:

38(2) x 109.7 = 8300 x 3 - 2L, 900#
j 2(25.8) x109.7 x 222 = 5100 x 3 - 15, 305
!
? 2(25.8) x 109.7 x 6(;.5 =000 x 3= 12,0004
2(25.8) x 109.7 x %%5- -2800x 3 = 8, LOO#
26.8 x109.7x20:2 a850x3 = 2, 5004
95
25.8 x109.7x% =2280x3 = 800#
Rails 255 x lz‘-x 120 - 20, SO0#
CONFIDENTIAL
l -73-
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Coluwmn 9.4 x 8 x 120 - 9,000#
Add 20,000# to provide for mechanism, etc. at 120g = 20,000#
Total dynamic load per column - 172,000 1bs.

6"=9.L# H-beam, A = 7.77 in.%, r min, = 1.42 in,

§ applied - L;?_%Q - 22,000 psi

P b = L E L = 96 = 6 .
p cllowable 59500-553 (F)rm- <N 2o O 7.5
§ allowable = 59500-553 (67.5) = 22,100 psi

- 22100 . . g

MS
22000

If 1.33 canversion factor (reference above) 1s applicable,

P 220
= ied « = 16,500 psi
I applie S 16,500 p

HS - -2-21;” "1 = "3’1%
16500

Weight Estimate of Typical 36-Missile Tray and Suppart Structure Assembly:

Assume 9" Deep Tray

(36) Loaded Trays @ 1700 # = 61,200 #
(8) Rails @ 2S5 # - 2,040 #
(12) Columns @ 75 # - 900 #
Mechanisms and Contingency - 2,000 #
Total - Loaded System - 66,100 1bs,
Assume 9" Deep Trays - Empty
System Loaded - 66,100 #
Less (36) Missiles @ 1300 = 19,000 #
Total - Bmpty System - 17,100 1bs.

CONFIDENTIAL
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(3) Conclusions

Inputs to the missile are too high for compatibility
with the existing missile design. Application of shock inputs fram the
Bureau of Ships curves for surface vessels resulted in the following forces
on the missile when supported by an 8 inch deep tray, as noted in the summary
of the structural and dynamic analysis:

(a) 7.2 g's vertically.
(b) 1.0 g's athwartship.
(¢) 21.0 g's fore and aft.

These forces are applied to the missile at the two
launch lug hard spots. Even should the missile be capable of sustaining this
loading it is felt that the band tension required to provide fore and aft
restraint of the mi. sile would induce excessive local loads on the missile,
especially when the static and dynamic forces were aiditive,

The fore and aft loads could be reduced by spring
loading the tray support rollers in a fore and aft direction. However,
even should a tolerable load condition be realized, bands about the
missile are ircompatible with the automated tray stowage and handling
system recommended by this Laboratory for the EAGLE missile. For these
reasons the resilient tray configuration is not considered suitable for
use with the tray stowage and handling system unless input parameters should
become reduced.

c. Resiliently Supported Magazine
(1) Summary
The tabulation following represents a summary of

the maximum missile loads derived in the structural and dynamic analysis of
a resilientlv =supported magazine.

CONFIDENTIAL
S




' {
o it

CONFIDENTIAL

Summary - Resiliently Supported Magazine

TN-1-1624-B

Trays Loaded Trays Empty-Except One
= Vertical Hthwartship j[Fore-Aft || Vertical |Athwartship [Fore-Aft

fn (cps 4.33-33.6 | 2.34=125 L.1 7.97-32.2 | 3.66-136 7.22
Shock g's on
Missile 3.22 1,06 S 11.1 1.06 2.7
Relative
Displacement
Across Beam, in. 2.0 .92 . 357 1.5 .66 .35
Relative
Displacement
Between Trays, in oK 588 - .60 Negligible =
Rocking fn - 13 - - = -
Maximum Magnifi-
cation Factar k.3 .2 RLG L b 5

Total weight of magazine and missiles = 82,119 1bs.

Total weight of missiles = 49,000 1lbs.

CONFIDENTIAL
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(2) Jetailed 'nalysis

Shock and Vibration Study of Resiliently Supported Magazine:

The following repart presents an analysis to determine the feasibility
of a resilienily mounted magazine. The sketch shown on page 12 indicates the
general configuration of the system. The tray is shown on Figure 10.

The magazine is resilien*ly supported between the upper and lower
decks by twelve (12) horizontal tapered teams. The fore and aft ends of the
magazine are constructed to form a rigid structure: i.e,, it is assumed there
will be no relative motion between adjacent tapered beams.

Although the svpport structure provides most of the resiliency,
the missile trays also possess a certain degree of "spring." Advantage
has been taken of the fact by assuming a 2.degree of freedom system in the
vertical and athwartship directions,

Results indicate the feasibility of this proposed arrangement.
He. _ver, due to the state of the art and absence of experimental data,
it is felt that dynamic tests should be accamplished prior to the installation
of such a system a“c~- i gran,

It should be ncted that although the support structure functions as
a spring arrangement it does not fulfill a secormdary function but is actually
a part of the primary mapazine structure and should be so considered. It
includes the same margins and safety factors as the rest of the marazine
structure,

Vertical Direction (Full Magazine):

The following mathematical model has been assumed in the vertical
direction:

M; = mass of missiles and trays

L

‘i Ky = spring constant of the trays

M> = mass of the surpart structure

2
3‘ Kp = spring constant of the supnort structure

Note: Since the most severe response of the magazine will occur when the motion
of the decks are in phase, it will be assumed that this condition occurs for

the purpose of analysis. Under such conditions the effects of the upper and
lower tapered beams are additiwve.

CONFIDENTIAL
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Furthermore, it shall be assumed that any static or dynamic loads on
the structure will be distributed uniformly among the tapered beams.

With these assumptions in mind, a dynamically equivalent system
can be obtained by subdividing the structure into smaller, more convenient |
units for purposes of calculation. This subdivision will be as shown below. !

v‘ Tray Vertical i
[ Mamber

l
FTNITITTI7 Resilient Support

This portion of the structure will support 3 missile trays, 1 vertical member,
2/3 of a horizontal rail, and 12 tray r..”-s.

Weight estimate: Steel tray 8% depth.

Gusset — ,— Main Side Beam

An

____.‘ — ©Square Tubing

Square tubirg: 11/4 x 1 1/4 x .120 1,755 #/ft.
6 tubes, each 19" long

Wi, w 19%X0 x 1.755 = 17 1bs.
12

Main side beams: Area/beam = .795 x 1,76 x .385 = 2,94 in.2
¢ beams each 192" long
wt, = 192 x 2 x 2,94 x .2836 = 320 1bs.
Skins: .05 in. thick, 192" long
one is 19" wide, the other 19.5" wide
wt. = (19+,-,5) x 192 x .05 x .2836 = 105 1bs.
Gussets: Other than at missile supports.
8 required

CONFIDENTIAL
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wt. = 8 K%Zl) (x6) x {.25) + 9 (1.25)(.25) .2835]- 1 1bs,

Missile support gussets and bulkheads:

L gussets required

2 bulkheads required
wt, gussets L (3+43)(.375)(6)(.2836) = 15 1bs.
wt. bulkheads 2 [(18.5)(6.75) -9 (2.5)(.5) | .25 x .2836 = 15 1be.
End castings: 2 required

wt = 2{[10(20) *(16)?(.7851;)(.5)] (.55(.2836)
+ Kl.5)(.5)(20+10+104‘1'Lx(16)x(.S)] .283%- 60 1bs.

Total tray weight:

square tubing 17 1bs.
main beams 320 1bs,
skins 105 1bs.
gussets 1 1bs.

missile gussets and bulkheads 30 1bs.
60 1bs

end castings o

connections and contingency 30 1bs.

Total = 6576 1bs.=wt. of 1 tray. ..

Bach missile weighs 1360 lbs. Therefore,

M - (576+1360) 3 | 15.03 -
386 _
Determine K3 = spring constant of the trays. -
First mus* obtain neutral axis of the tray. ]
TS 4 d

y A

The crrss sectional area of the side channels are divided into smaller
comporent areas.
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@
Area x Y
@ 2.0bx.39 = .795x .LS . .36
@ 2.04 x .39 = .79 x LS - .36
Q .22x8 = 1.76 x L.05 - 743
@ .22x8 = L7 x k.05 2 7.13
® .795 - 1.26 (‘25;‘1“)) - .385 x 7.8 - 3.00
©® .7195 - 126 <'25;°“°) - .385 x 7.8 - 3,00
@ 19.5 (.05) - .98 x .025 - .02
®) 19 (.05) - .95 x 1,325 = 1.26
7.81 22,26 = YAy

- _22.26
y °- -_‘?_.BT - 2.85 in.

Calculate I of tray about neutral axis.
I =To + 3Ad?

Sections 1, 2, 5, 6, 7, and 8 have regligible I,.

CONFIDENTIAL
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| @ ad? - .795 x (2.4)2 - .58
® o .795 x (2.4)2 . k.58
©) - 1.76 x (1.2)2 - 2.54
® - 1.76 x (1.2)2 - 2.5k
@ - .39 x (4.95)2 - 9.55
® - .39 x (4.95)2 - 9.55
@) - .98 x (2.825)2 - 7.84
- .95 x (1.525)2 - 2.21
Q Io- %3 . 22 x (8)3N2 - 9.39
® - .22 x (8)3/12 - _9.39
In = 62 inb

Determine K of tray:

The missile is supported in the tray at iwo points. Thus, determine
the deflection under each suppart, average the two and obtain the spring
constant from the relation.

K = g where S is the deflection unde supports and F is weight of missile and tray.

og" -
; 72" -
i 1360#
’ﬁ 56" Missile
| ’ . ( / 'I&'ay
194" ]
CONFIDENTIAL I
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Deflections due to concentrated loads

BUSH# = Py 5154 = P,
57n l 9on l
[—————————— 19,4 " o — 19,4 " —_—

Deflectiom @ x = 99 due to Py (assume simply supparted tray).

Y - .?é_ (Lx) [aLb.bZ’-(L.x)E J e 2 o b
ELL -
. Bl5x57x95 88 1 o > L
= [388237) -(137) (9572] L =
= ,0553 in

Similarly @ x = 99 due to Py, the deflection is found to be:
y = .0436
Total = ,0989 in.

Deflection at x = 57" due to Pq.

L A | op(pax) -b% —(L-x)2|. B8LSX137x57 388x137 -1372 -1372
d 6EIL [ ] 6x19x29x10°x62 [ ]
= .0492 1n,

Deflection at x = 57" due to P».
y = .0337

Total y = .0829 @ x = 57" i
Deflection at x = 99" due to distributed load of tray.

Yy - X EL3 -2Lx2+x3] where W = 576 1bs. « 576X99 E.9h3 -2x19hX992*993]
2LEIL 2Lix29x10%x62

St e

- 003% m-
Deflection at x = 57" due to distributed load of tray.

y = .0245 in.
CONFIDENTIAL
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Total deflection at x = 57" due to Py, Po, and W,

.0829 + ,0245 = .107L

Deflection @ x = 99" due to Py, Pp, and W,

.0989 + .0306 = .1295 in,

Average = (.107k + .1295)/2 = ,1185 in.

F _P1+Po#W 13604576

S .1185 .1185

= 16,337 1b./1n.

Thus K3 = 16337 x 3 = 19,011 1b./in,

Calculate mass of the support structure.

Sl Ll s L

TN-1-1624-B

r 3" typ.

L} \‘\

. _E'SII

60" e T--—— 60"

Constant width beams (2").

- JL"

Left member: (3x2x60x.283) + (%x3x6(x2x,283) = 153 1bs.
©'oht member: (3x2x60x.283) + 3x2 Sx60x2x.283) = 14k.3 1bs. = 145

Vertical members each i x L wide flange 7 ft. long =13 1bs.

weight per member = 13 x 7 = 91 1bs.

Rails - each rail 6 x 13 with 2 flanges 2 x 4 180 in. long

weight per rail = 10 x (.5)(180)(.2836) = 255 1bs.

Roller - each reller= 2 lbs.

Thus M2 = 153 1bs.
145 1bs.

91 1bs.

170 1bs.

24 1bs.
Aprrox. 580 1bs. total

left member
right member
vertical members
rails

"CONFIDENTIAL
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Hz '%%%-1.512

Determine spring constant of structure (K2).

Find I of beams In calculating deflections, use the average I for the cross
section.

-l -l 3. L 6)3 =
I left 12bd3 12::2::(3) 4.5 12xzx() 3%

I avg. = 20,25 in. b
£ gty ke 120 9 2067 1 xo2x (5.5 L5
12 12

I avg. = 16.1 inb

T - 18.17 int
3556
& W = 1504
itiitttttiib 4
= %
Z
wd , pd , 1sox(60)3 , 3556(60 - 1926 1m.

y o — —
8EI  3EI 8x29x10°x18.17 3x29x10°x18.17

- F - 3706 - 3
K=3 = 5% 7510 1bs./in.

Ky, = 7510 x 2 = 15,070 1bs./in.
For the system on page 77, the natural frequencies can be obtained from the relation.

Wb o (B3 L KerK3) 2 L K23 Lo
M My M]_Mg

73 =bLoonl

- 1,512

15020

3\/\'\/ <\
= =
ro [a%]
a
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| o - (49011 | 150204h9011) 2 , 1.5020x10Mx). 011x1dk |
15.03  1.512 15.03x1.512

wh - 45660 W2 + 32450000 = 0
This equation is quadratic in w2 and can be solved by the quadratic formmla.
w? . L5660 ¢ ~ 1951200000 , L5660 * Lh172

2 2
w2 = 7L W2 = L4916
G = 27.2 rad/sec. W = 211 rad/sec.
= }.33 cps = 33.6 cps

Check vibration: At the two natural frequencies of the system, the masses
oscillate at the same frequency. Appraximate by an equivalent single degree
of freedom system, the magnification factor of which is

| of28C 2
o C

n-cr

@] G
! for small damping, use this form M=
2] 2
V@)

M=

i Ol e WL T .

| for o .10 and fer A " i 1.619

I

b Ma ’7

y W 1k

{ A B g M ce———— . 025 ﬂ -
o w3 .10
W. Tl o,012 M-
ke 1.1
W . W,
R L2l Me1l.3

All < 3 therefore (0.K.
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Check Shock:

Reference: Goodyear Report GER-9680, Design Charts for Shipboard
Weapon Stowage Systems,

Vmax = 15 fps
shock input
f = 25 cps

from figure 1
¢ = .32 input damping
-© = ,10 response damping

n, = 72 K. = 1.6
do = 1.2 Kq = 1.45
n, = 118¢

dp = 1.74 in. .

Ae 22 25,76
L. 33

A(sy = 032 Z(4) = .80 ooy Mm e 2(s) » .77 e
A() = .025 2(.) = 1.21) A(-) = .022 2() =1 '

A(+) = .0305 Z(+) = . 791
¢ =.33
A(-) = 0251 Z(-) = 1.1b7

% - .0273

L. 969

Acceleration on missile = 118 x .0273 = 3.22 ¢

Relative displacement across beams = 1. 7L x .969 = 1,688 in.

Stresses in Tray:

The bending stressas in the tray are given by S = I&

8LS# 515#
Hiéhitliitt& .
ray
11L3# w-i@.-z.%s
194
CONFIDENTIAL
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Find M maximum for °C < X < 98
.2
M & 113X - =—8L5 (X-56)

By trial and error, M maximm is found to occur at X = 70"

M max. =6 ,0)0 in,-1bs,

S = Mg{i-}_ = 5530 under static load (lg) @ 3.22¢g
2

S = 5530 x 3.22 =1.300 1bs/in.2

3556
Stresses in Support Structure: z
=2 I |

s =¥y M = 3556 + -
I 2 ! 60"
- 150 ,
W > 25

AN\ LN QN

@5 = 60 M = 217,860 in.-1bs.

S - iL____ggo X3 21,110 1bs/in.2 under static deflection of .L926 in.

Under dynamic loading, stress is 18110 x }L‘S‘g% = 62,000 1bs/in.2

Previous analysis considered decks moving in same direction (in
phase). Consider now the decks being displaced in opposite directions
(1809 out of phase).

1/
Shock conditions give 1.688 in. relative displacement. Assume 2%,

4

3556 1bs. cansas 4 in, displacement. Therefore, 2 in. displacement would cause
3556 x L =1L,2..; lbs. This applied at top and bhottom of vertical members.

S 1h22L - 2
S =« = 3720 1bs/in.? < yield point

Check buckling: Consider distance along vertical members between horizontal

rails.
b;r- Rail
L_I‘__/
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2 2
L) x2 L]
Bep = T%ZEI .(3 1hzm)§x106xik = 138,500 1bs, > any foareseeable loading.

The relative displacement across resilient beams is & 2 in, The
displacement between trays will be 2 x %%;; _ 2 x 15020 _ 612 in, = .7.

Total displacement required ty magazine structure is 2 in., displacement
across top beams., .612 x 5 = 3.06 in. displacement between each of L rows
of trays, ard 2 in., displacemernt across bottcnm beams. 7.5 in. aldidiomnd

displacement required unier sl cck, |

" Lo
O Beams

O ——r.612 W EIm. )
Trays '———“\\\\ (::5_____(

0 -
A Th

f OISR

Shock and Vibration When Magazine Fmpty or With One Missile:

Ml -(M%-;-l—lé— - h_ 76

Missile and Trays

t 3

)2 K, = L9011

? Tray 3 L9
Support Structure ' M, = 1.515

Support Structure
o wif\ Ko = 15020

Determine Natural Frequencies:

wh - | X34 B3l w2, B3 L
M Mo MM

CONFIDENTIAL
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o

L. 76 1,515 i 76x1. 515

wh - 3329 W2 + 101900000 = 0

Solve by quadratic formula.

w? 13329 +\/ 1167100000

2

W2 = 2551.5 w2 = 40817.5

W = 50.1 rad/sec. W = 202 rad/sec.

= 7,97 cps = 32,2 cps
Vibration Check:
4 L L
Ny T T Bt M=l
E.)_-—Z——-- -217 M -1
w, 32.2
bi_ - l’:‘.— - 1.77 M= A
Wn 17,9
W e _}_h_. s, Me=1l.3
O.T; 32.2 Lk

The magnificatiom factor of L is high. However, there has been
speculation that the lower ship forcing frequency is 9 cps.

Then g. .9 _ .11 for which ¥ = 2.8.
n

7.9

May propose to put soft padding between trays to prevent excessive
amplitudes.

Shock:
A= 25 =313
7.97
A(+) = .12 Z(s) = .78 A(+) = .09 7(+) = .78
(+) (+) e 3 (+) (+) el ;
A(-) = .08 2(-) = 1.02 A(-) = -069 Z(.) = »92 -
CONFIDENTIAL i
~90- l




TN-1-1624-B
CONFIDENTIAL
J ' A(4) =111 Z(e) ™ .78

l ¢ .033
A(-) = .077 Z(-) = .99

l I = .09
: o= .33
Z =« 885
Acceleration on missile = 118 x .094 = 11.1 g

Relative displacement across beams = 1.74 x .885 = 1.54 in,

Stresses in Tray:

From previous work the stress was found to be 5530 1bs/in.? under
static load.

l Stress urder 11 g is 5530 x 11 = 60,800 1bs/in,?

Stresses in Support Structure:

S = !{I-x urder static loading
e

v

¢
M-1572x¢;‘2;

= (1572 x 60) + 150 xé‘ﬂ

LJ OQ’Cm in. -len
l 5 = 2200053 | 8550 1bs/in,2 under static deflection.

36
13 1wl
This deflection is y » = —=— ¢ = — where W = total distributed load.
IE 'EET
3 3
1_1572x(60)° , 1 _ 150x(60) e
-z 3 - .2227 1n.
_? 73 29x10%18.17 | 8 29x105:8.17
Under a deflection of 1.5 in., the stress will be 8250 x 12 « 57,000 1bs/in.2

02227

Athwartship Shock and Vibratiom (full):

Assume magagine full and consider decks to move in phase. Assume model
to be:

CONFIDENTIAL H
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Mo Mass Support My Mass Missile
structure and Trays

K3 Tray

Ko Suppart
Structure
jes of tray athwartship. Reference page B1.

Determine mopert
are locked to rails.

Assume tray re’iT-rS
under shock.

I.y-I(,*ZAdz

To 242

em————

8. 25 . £2)2
T (81.25) (9-03)

:_?_2%.2.:_‘11‘-3- « (2.0lx.22) (8.148)2

2000183, (2200, 78) (9.125)°

: ofé_193

.05x19. 53
v

R mem =W
Total = I = 1058.5 in.

L

of Tray in Athwartship Direction:

Determine Spring Constant
Iath

Ivert

- 16331 (1—959)

62

Kath = Kvert

- 278,500 1bs/in.

Total K3 = 278,500 x 3 = 835,500 lbs/in.

CONFIDENTIAL
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Determine Spring Constant of Beams in Athwartship Directionm:

-l padal 3. inb
Igth rear beam 12bd 12.161(2) L in,

m%131(2)3-2m.h

Avg. I = 3inlt
Iath fwd beam = %.2. x 5.5 x (2)3 = 3,66 in.lt

1 3. L
and12x3x (2) 2 in.

Avg. T =233 in. bt

T«291 inb thus  Koath = Koyert l‘;tll_)
Ivert

= 7510 (—2'91 )
18.17

= 1204 1bs/in.
Total K, = 2408 1bs/in. (2 beams)

Determine Natural Frequencies:
Wl - [:sasooo » 24084835000 | w2 , 8.35x108x2.L08 _ o

15.05 1.49 15, 05x1.49

wh . 61740002 + 89300000 = O
we _ 617400 1/38.06h28x101° - 61700 X 616963

2 2
w2 = 218.5 w? = 617181.5
W = 1.7 rad/sec. W = 785.6 rad/sec.
= 2,34 cps = 125.1 cps

If trays are empty:

wh _ ] 835000 , 2L,08+835000 2 o 8.35x108x2.408 _
L. 76 * 1.19 eSS E%xlw_ 0

wl-736500 W2 + 282,500,000 = 0
W2 . + 736500 £¥5h0,870,000,000
2

CONFIDENTIAL
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w2 = 531 w2 = 73599
W = 23 rad/sec. W e 857 rad/sec.
= 3,66 cps = 136,5 cps

It shoud be kept in mind that the above figures are based on the
assumption that the ends of the rcllers are rigidly attached to the rails.
In practice the r-lic.sare supposed to be free to roll under shock. This
would tend to reduce the acceleration felt by the trays. However, bused on
the rigid attachments, the accelerations are obtained with the aid of the

Goodyear Repart.

Vpmax = 7.5 fps

£ = 30 cps

Fram figure (1) n, = L3 K= 1.64
do = L6 Kd = 1.L5

n, = L3 x1.64 =70.5¢

dr = .16 x 1.4S = .667 in.

/\-&-&_:8.19
W 3.66

A(e) = 017 Z(+) = .78 A(,y = .015 Z(+) = .78
(+) (+) }¢_.3 (+) (+) }¢--h

A(-) = .01k Z(-) = 1.3 A(.) = .013 Z(-) =1
A(s) = 0164 Z = .78
(+) . (+) } b= .33
A(.) = .0137 2(.) = 1.2
A = .0150
Z .99

Acceleration on missile = 70.5 x ,0150 = 1.06 g
Relative displacement across beams = ,66 in,

Deflection of trays is .66 x S 008 _ cg x 2408 _ 55087 4, b
ction ys is thray 1835500 7 (negligible)

Bending Stresses in Tray:

My 66000 x 10 F
S = 0 B et —— A - .2
= x 1.06 1058.5 x 1.06 = 562 1bs/in

CONFIDENTIAL
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Stressas in Beam Structure:

3556 1bs. load in vertical direction yields deiiection of .49 in. Apply same

loading in athwartship direction. Deflection will be .49 x ._E_:Eﬂ - .49 x
th

_Zgyj = 3,059 in. This will cause stress of S = ’-I‘I - 2_1.322_211 = 1,600 1bs/in.?

for 3.059 in deflection.

.66

However, for a .66 in, deflection, stress will be 7,600 x W

16,100 1bs/in.2 < yield point.
Vibration (full):
Ae l_ w191 Me.4 238 M—-o0
3.66

Empty
7 1
e L __ w2865 M=, 2 .5, M 0
A 5% 5 2.kl 5.74 -
For the high natural frequency, M = 1

In addition to the frequencies obtained above, there will be a
rocking frequency of the tray due to torsion. This mode of vibration will be
excited by the inertia force of the missile against the tray. An estimate
of the frequency was obtained from the relatiom,

fne - where K is a constant depending on the geametry of
2IT VIL the section = 7,2

G modulus of rigidity = 12 x 106
I mass polar mament of Inertia = 217
L length of beam = 53 in,
After calculating these constants for a loaded tray fn & 13 cps in rotatiaom.

Fore and Aft Shock and Vibration:

Conegider vertical members as springs.

CONFIDENTIAL
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T i
1 X _ - X
A :: A
'y
gy Ii} Y
I :: sec. A-A
* i hnxhn "4 beam
R ShES = from tables.

S
\W‘«. Iy-y 3.4 in.

Determine strength of vertical members under static load.

The 2 vertical members of each of the 6 support structure assemblies
carry 36 _ 6 missiles and trays; 2L roliew, 1.66rails, and their own weight.
6

Weight of constituents 8160 6 missiles
3456 6 travs
L8 2l rellers
340 1,66 rails
182 dead weight
12,186 '¥12200 1bs.

The load on each member will be:
8160#

Ry = 7143 1bs. including weight of other constituents. Compression stress is M .

3.82

1870 1bs/4in.2.

CONFIDENTIAL
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However, load is applied eccentrically, therefore a moment of magnitude
Tih3 x 2 = 14286 in/1bs. results, where 2 in. is the distance of the poimt of
application from the center of the vertical member.

S = & - 1_1‘_2_8-‘;!2. - ma lba/inoz
I 3.4
Total stress is 8400 + 1870 = 10,270 1bs/1in.?

Under 2.4 g shock load, stress is 10270 x 2.k = 2,610 1bs/in.?
<« Yield Point tnerefore O.K.

Determine Shock Response:

Assume model

Rigid Ship K, (beam) K2 (vert. member) Missile

Structure -and
AM— = |

K1Ko2
Effective K ®» e
K1+K2

Determine Ko (Vertical Member):

Total weight is 12,200 1bs. Therefore, if trays experienced a 1 g
load in fore and aft direction, a load of 12,200 would result. Thus, for a
representative loading, assume 12,000 1bs, divided into L4 concentrated loads
applied at the locations of the rails.

6000 #
]
I + X ( e~ 3000 #
Bl | [ 004
————— 3000 #
———— 3000 #
6000 #

Applying ti2 '2flection farmulas to finr the deflection at X = %‘» = 42 in,,
it 18 found that this ..flection is S = 1.119 in.

Kk =E . 1209 .15 720 108/in.

S 1.119
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! Since there are 2 vertical membe:'s for each group of 6 trays, the effective K is
K = 10720 x 2 =21,,40 1bs/in.

T™he total effective K is from page 97

K= M = 12,540 1bs/in.
21440+300L0

These vertical members will be strengthened by diagonals which will also
cntribute to the K. Use K + 21,,00 1bs/is.

Shock:
Vmax = U fps

f = 30 cps

no = 24 Ko™ 1.65

do = .25 Kg = 145

np = 39.6 g fn-s%—z-e--/g—i%-?g=h.lcpa
dp = . 362

29 .30
A o, i1 7.2%

A(s) = .022 Z(+) = .78 A(s) = .018 Z(+) = .78 o
- 03 s ,
A(-) = .017 Z(-) = 1.27 ¢ A(-) = .06 2(-) =1

A(+) = .0208 Lis) = .78
0 =.33
Aoy = .0167 Z(-) » 1.19

A = ,0188

¥ g Dl e DA

7 = .985
Acceleration on missile = 39.6 x ,0188 = .75 g
Relative displacement = ,362 x .985 = ,357 in.

Determine Stresses in Vertical Members:

-98.
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At .74 g, the loading will be:

i

16 s, 22564

+ X 16 | fm— 22554
16 | e o255k

—% o 2255
L510# Lok

X -% - L2 in.
M = }510X ~ 2255 (X -1A) = 2255 (X-32) = 108,400 in.-1bs.
S = IH - w—’%@n -63,7(.0 lbﬂ/ino2

Fore and aft with trays empty.
! [2h0 -
fn Z'._2'B' m— 6o 99 CPB {e 0 CpS

Acceleration on missile ¥ 2.85 g, slightly high estimate.
Relative displacement = ,L3l in., slightly high estimate.
(3) Conclusions

While the arrangement appears feasible the arproach
is quite a contrast to methods in current usage. It is felt that an extended
test program would be required for the development of a proven system prior
to its availability for shipboard installation. For these reasons, the
resiliently supported magazine is not recommended at tldis time.

VTI. RECOMMENDATIONS

The missiles in the system must be protected fram high shock and vibration.
The CNO approved characteristics, Attack Aircraft Carrier, (CVA-66) states
that "Equipment and machinery required for combat operations shall be capable
of withstanding shock loading of a severity anproaching that which will cause
significant hull damage." While this is rather vague, a major requirement,
as specified, is for the mitigation of shock inputs defined on the Bureau of
Ships curve for surface vessels, in NAVSHIPS 250-423=29, These curves are
applicable to 2nd platform CG, CLG, CG(N), or main deck DD. For a larger ship
the inputs should be less. The protection must be such that no excessive
vibratory or shock forces are impressed upon the missile along any of its three
major axes when the local primary structure is subjected to such inputs,
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While vertical accelerations .'r -~ 2ach forces on the order of 120 g's
due toa 33 per cent danving coefficie.. it is felt that such inputs applied to
the .ircraft carrier magazine asse-’..y are unrealistic, because:

1. Although the force due %o high damping is felt by the ships primary
structure, it is not necessarily an input by that s*ructure to an assembly
attached to it in cne plane only and not itself intervening as primary structure.

2. The application of such forces by the bulkheads to the lcngitudinals
would not result in such an output by them *to any chbject supported upon them
at a distance from the bulkheads, due to yielding of those menbers.

3. The weight of an installation itself provides a certain amount of
shock mitigation, as implied in SI-10.

The net result of the necessary use of data available is reflected
in excessive weight and complexity of installations. Definite requirements,
with realistic values, as a part of the ships specifications, could probably
result in a saving of weight, space, and cost at many locations.
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