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\ Abstract

A dynamic and structural analysis of a proposed reusable Shinping
and Storage Container for the Encapsulated EARPCON Missile was made by
the Naval Vleapons Handling Laboratory as part of the design study for

{ ‘ such container.

The subject design incorporates a freebreathing fiberglass pod
containing the encapsulated weapon. The pod and weapon are suspended
from a truss-like outer structure by elastameric mounts configured
in a laterally focalized fashion.

The analysis generates isclator parameters which attenuate the
handling and transportation shock and vibration environrent to safe

N
levels for the weapon and verifies that the structural Gesign concept ¢, 3
can sustain the resulting loads. F lV,_ 'yﬁ
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1. INTRODUCTION

1.1 The analysis which follows is based upon Specification XAS-3894B,
dated 18 Decermber 1974, for a reusable shipping and storage container
for the Encapsulated HARPQO!! Missile (R@™~84a).

1.2 This version of the HARPOON has a support-attenuator (sabot)

at Capsule Station 62 which greatly reduces the bending of the

HARPOON when the Capsule/HARPOON is subjected to shock inputs. (See
Figure 1). As a result, the resilient suspension system in the
reusable container can be stiffened to a maximum of 12.3 Hz in vertical
translational natural frequency.

1.3 A focused suspension system is prcposed. The Capsule is supported
at Capsule Stations 54 and 172 in cradles which are carried on two
longitudinal beams. A free-breathing fiberglass shell encloses the
capsule and cradles: it consists of a lower shell and upper cover
closed by 1/4~-turn fasteners. The beams are supported on focused
resilient elements, symmetrical in the plan view about the cambined
C.G. of the assembly. The corpression axes of the mounts at each
mount station are focused so as to project the elastic center (EC)

to a longitudinal axis through the center of gravity (CG) of the
resiliently supported load. This concept so positions the mountings
that it minimizes the width and heicght of the container asserbly. It
also results in a suspensicn that should decouple the modes: a trans-
lational lateral input should result in a translational response.

Along the longitudinal axis the suspension provides a lower spring

rate in shear to minimize loads fram end impact: the links which
restrain the HARPOON within the Capsule reguire this. Note that cradles
are not symmetrical about the C.G. and so are not directly over the
mount clusters.
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2, PARAMETERS - DYNAMIC ANALYSIS

2.1 Vibration. Transmissibility of the resilient suspension
system shall be four maximum in the vertical and axial dircctions

of the container, XAS-3894B requires the natural frequency to be

7 to 10 Hz in tle vertical mode, Measured in transverse direction,
the missile response to conform to the maximum response as depicted
on Figure 2 of XAS-3894B, when subjected to the vibration inputs of
Table I of XAS-2381 (as modified), Natural frequency in the trans-
verse direction to be less than 18 Hz,

2.1,1 Vibration Fatigue Test, To be conducted per para. 10,2.5.1

of OR-11, Input: cycled from 5 to 60 Hz in 15 minutes with a
logarithmic sweep rate: i{inpu% acceleration amplitude shall be a
consistent 1 g, Resonant dwell at 1 g input for 15 minutes,
Transmissibility shall be 4 or less: response per Fig, 2 of XAS-3894B,

2,2 Shock Resgponse, The undamped shock spectra of the missile
response pulses in the three major axes are limited to the envelope
depicted in Figure 1 of XAS-3894B, per para, 4.2,2,11,2, when the
loaded container is subjected to the following shock attenuation
tests:

2.2,1 Vertical Shock Test. Free fall flat drop from 18 inch
height performed at 50° - 90°F,

2.2,2 Rotational Drop Test, Four (4) rotational cormer drogs from
a height of 18 inches at temperatures of -20° 5°F,, 50°-90°F,, and
140° + 5°F,, for a total of 12 drops: 3 at each corner,

2.2.3 Impact Test, Incline-impact test on each end of the container
with 10 f,p.s. velocity at temperatures of -20° & 5°F,, 50°-90°F,,

and 140° + 5°F, Limit load on missile is 24,000 1bs, (or 16 g's)

at -20°F,

2,2.4 Repetitive Shock Test, Method 5019 of FIMS 101B as modified
by para. 10.2,2,3 of OR-11 at 50°-90}F, temperature,
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3, SUMMARY

3.1 Summnary of Dynamic Analysis, The resilient suspension of the

mass weight of the capsule/missile assembly, protective shell, cradles
and beams consists of a four-point spring (shear mount) system) sym-
metrical about the combined C.G., of the assembly, Two mounts are
arranged at each support point to focus

their elastic center (EC) to a point on the
longitudinal axis through the CG of the assembly, This should effective=-
ly decouple tlie system in the presence of transverse excication: also,
the natural fregquency in transverse direction should be about equal to
the natural frequency in vertical tramslation., The capsule is secured
in the two cradles by means of clamps tightened about the capsule at
strong points defined by Table I of XAS-3894B, 1In the longitudinal
direction the elastomeric shear mounts are loaded primarily in shear,
which should keep forces along that axis well under the 24,000 pound
(16G) limit established for the links which restrain the HARPOON
within the Capsule,

3,1.1 Suspension Svstem Natural Freauency, Estabiiighed as 10,5 Hz
in vertical translation based upon a calculated maximum of 12,3 Hz
which would keep the undamped shock spectrum of the resulting shock
pulse within the envelope of Fig, 1 of XAS-3894B, The 10,5 Hz was
chosen to provide a margin for low temperature stiffening of the
resilient mounts. Note that the HARPOON is supported within the
Capsule at CS563 and this additional support allows the use of higher
suspension system natural frequency than allowed by XAS-3894B,

Para, 3.2,1.1,

3,1,2 Resilient Svstem Spring Rate, The dynamic vertical spring rate
of the focused system at +70°F, is K, = 33,280 pounds/inch which
resolves into static shear spring rate per mount = ks= 800 1bs,/inch,

3,1,2.) Resilient Suspension Elements, The design of the bonded
elastomer/metal shock and vibration attenuating mounts is covered in
para, 6,1 and shown on Figure 8, Its desig: 1s based upon an elastomer
having good low-temperature and damping prope.ties expected to meet

the requirements of XAS-3894B,

3.1.3 Acceleration Response, For free-fall and rotational corner-
wise drops the resulting undamped shock spectrum should be within the
allowed limits, For 10 fps end impact the resulting longitudinal

force will be well under the established limit, Anticipated acceler=-
ations are shown on the calculation sheets, '

3,1,4 Mount Station Spacing., Longitudinal half-spread of mount
cluster stations to CG is 57.87 inches.

3.1,5 End Deflectiorns. Maximum deflection of extreme end of the
Capsule is 2.3 inches at +140°F, in 18 inch rotational drop. The
end impact results in longitudinal deflection of 3.8 inches maximum
at +140°F,

]
:
3
4
lfz
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4. DYNATIC ANALYSIS

4.1 SYMPEOLS USED IMN ANALYSIS:

(1) A
(2) B

(6) Cs

(7) D
(8) 4d
(9) d

(10) &,

(11)

(12) 4,
(13) dg¢
(14) a,
(15) E
(16) EC
17) e

Maximum Vertical Acceleration © (G

Masimum Vertical Acceleration at otl.c> than
CG due to rotation

Iongitudinal distance to mounts from CG
Distance to outer fiher frcm neutral axis

Center of Gravity of resiliently suspended
equipment

Capsule Station

Correction factor for energy losses cdue to

damping
Deflection
Maxirum vertical deflection at CG

Maximum vertical deflection at end of
wmit due to rotation

“mamic deflection at resilient mountings
Deflection; rebound

Static deflection

Dynamic Deflection - total at end of unit
Focdulus of Elasticity

Elastic Center 6f suspension system

Vertical distance fram longitudinal axis through
CG to focal point.of mounts' capression axes

(18) F.S. Factor of Safety

(19) £n

(209

Natural Frequency

fst Coefficient of friction

in./sec.

in./sec.

inches

inches

inches

inches
inches

inches

inches
inches
inches
inches

lbs/in.
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4.1 -SYMBOLS USED IN ANALYSIS - Continued

(21)
(22)
(23)

(24)

(25)

(26)

(27)

(28)

(28)

(30)
(31)
(32)
(33)
(34)
(35)

(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)

G

g

€

Cha
Cne
Gea

Gcf

Unit of Gravity
Acceleration of Gravity
Maximum Vertical Acceleration @ CG @ CS124

Maximum Vertical Acceleration at HARPOON
aft end at CS-205.4

Maximum Vertical Acceleration at HARPOON
forward end at CS-25

Maximum Vertical Acceleration at Capsule
aft end at CS-246

Maximum Vertical Acceleration at Capsule
forward end

Maximum Vertical Acceleration ac C.G. due
rebound

Total Acceleration on Equipment due to
Translation and Rotation

Height of Drop

Height of Container Pivot Point above Floor
Moment of Inertia of Section

Moment of Inertia about CG

Moment of Inertia about Pivot Point "O"

Correction factor to account for damping
in mounts

System' Dynamic Vertical Spring Rate
System Dynamic Horizontal Spring Rate.
System Dynamic Rotational Spring Rate
Single Mount Dynamic Shear Spring Rate
Single Mount Static Shear Spring Rate
Kinetic Energy

Iength of Container, overall

Distance from CG to end of Capsule

Distance from CG to end of HARPOON

386 in. /sec2

Gravity Units

Gravity Units
Gravity Units
Gravity Units
Gravity Units
Gravity Units
Gravity Units

inches
inches
.4
in.

. 2
1b-in-sec

lb-in-sec2

1bs./inch

1bs./inch

1bs./inch
1bs. /inch
in.-1lbs.
inches
inches

inches




B N

.

e .-t B

e ot

=X

SYMBOLS USED IN ANALYSIS - continued

(45)

(46)
(47)
(£8)
(4%)
(50)
(51)

(52)

(53)

(65)

(66)

(67)

Ll

"l]

Y".’l

Ratio corpression k of mountings
shear k

Unit length

Morent
I’ass of suspended unit

Clamping Load

Load

Potential energy

Lateral horizontal distance from vertical
plane through OG to mount's EC

Distance from container pivot point "O" to
CcG

Reaction load at point A

Reaction load at point B

Radius of gyration of suspended mass
Stress

Transmissibility

Inpact velocity

eight of suspended equipment
Weight of outer frame

Yleight per unit of length

Horizontal distance from container pivot
point "O" to unit CG

Horizontal distance from CG to forward end of

container assenbly

Horizontal distance from OG to aft end
of container assembly

Vertical distance from container hase
to unit's CG (See Figure . pi7)

length of suspended unit

1bs.
1bs./inch

inches

inches

inches

inches

inches

10
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4.1 SYMBOLS USED IN AMALYGIS - continued

{68) 6, Angle hetween a line joining the CG and pivot degrees
point "O" and a vertical plane before drop
(Outer end of unit raised "h" inches)

(69) #, Angle between a line joining the CG and degrees
pivot point "O" and a vertical after
drop. (h = 0)

(70) wy Angular velocity of mounted unit about pivot Radians/sec
mmt llolf

(71) w, .Vertical Translational Circular Freguency Radians/sec

(72) w, Rotational Circular Frequency Radians/sec

(73) a Angle between focused mounts' carpression degrees
axis and horizontal

(74) B  Angle between focused mounts' compression cdegrees
axis and vertical

(75) £ % Critical damping (c/c.)

(76) 6 ILogarithmic decrement

SPACTORS USED Il ANALYSIS

DYNAMIC SPRING RATE . 1.3
STATIC SPRING RATE

MOUNT SPRIIG RATE AT =20°F. = 1.25
MOUNT SPRING RAIE AT +70°F.

O
MOUNT SPRING RATE AT +140_F.
F.

MOUNT SPRING RATE AT + 70

0.9

Factors based upon data from mount vendors.

11
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5.0 DETERMINAT1ON OF SUSPENSICN SPRING RATLS

Assume 10,5 Hz = fn in Vertical Translational lode
2
K, =H( /3,13)° - 2,948(10.5/3.13)% = 33,175 1bs/inch

Using 8 shear mounts with compression axis focused at 45° from
vertical ( )

K
v

or 8 kd (4) = 33,175

]

Bkd(L' coszﬁ + sinzﬁ ) and L' =7

=
1]

1036 1b/in

=
(]

ky /1.3 = 797 1b/in
Using k_ = 800 1b/in for + 70°F,

O
+70 F. K = 8(800) (1.3)(4) = 33,280 1b/in

-20°F, Using stiffening factor of 1,25,

K, = 41,600 1b/in

+140°F, Using stif(ness reduction factor of 0,9,
K = 26,952 1b/in
v

K, = 800(8)(1.3) = 8,320 1bs,/inch (Longitudinal)

13




5.1 18 INCH FLAT BOTTOM DROP

+70°F;

Fnergy to be stored = K.E. = P.E. = wh

Wh = 2948 (18) = 53,064 in-1lbs.
a2 = 2KE/K, = 2(53,064) /33,280 = 3.19

d = 1.78 inches

G, = dK,/M = 1.78 (33,280)/2948
G = 20 G's
;
: 5.2 END IMPACT at 10 ft/sec
a2 = wv?/8kyg and G = AKg/MW
' -20°F. a2 = 2948(120)2/8(800) (1.3) (1.25) (386) = 10.57
d = 3.2 inche:-
; G, = 3.2(8) (800) (1.3) (1.25) /2948
G, = 11.3 G's vs 16G allowed
+70°F. d = 3.6 in. & G} = 10.1 G's

+140°F. a2 = 2948(120)2/8(800)(1.3)(.9)(386) = 14.6%
d = 3.8 inches
G1= 3.8(8) (800) (1.3) (.9) /2948

Gl= ‘9.6 G's

14
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5.3 DROP TEST CONFIGURATION

5.3 AFT END 18 INCH ROTATIONAL DROP

Ref: J. J. Goodill Paper 'Flexible Suspension Systems"
published in ‘‘Industrial Packaging" 10/15/56.

-
~d
1}
N
o
-~
w

el i [ ———r——————— " .~ . '}A ______
= FWOY] $ iy i) :
s = ~ R Y
5| B= = =lREr
e X=137.5 e X=134 ————
- 15271.5 -

R = Xp+ Y%= (137.5) + (22) = 19,390 in2

R '= 139,25 inches

2948

m= “5g¢ = 7.637 1lbs.-sec? / in.

Io = ICG + ok’ = 27,840 + 7.637(139.25)° = 175,930 in,~-1b,-sec?

Radius of Gyration about Pivot Point "o' = r

I 3 ;
r=/20 2./ -1—;-5—%;2 = /23,035 = 151.77 inches
m . ) .
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5.3 AFT END 18 INCH ROTATIONAL DROP - continued

~
\
i\ e
o e | -
‘.._ =
NN EEEE RN

5.3.1 DETERMINATION OF ANCLES 8, and 02

6, = 90° - tan”’ [%] - sin”' _}_1_ - b,
T
6 - 00® - pa=t [22 ] et [18=6
=30 8=1En [137.5 sin | %9715

6,= 90° - 9,0903° - 2,5332°
6, = 78.3765° >
cosf, = 0,20148

-1 Y -11h
8,= 90° - tan [}-(-]+sin [-IT;']

0= 9.0903° + 1.2633°

02 = 90
6,= 82.176°

cos 9, = 0,13613

16




5.3.2 AFT END 18 INCH ROTATIONAL DROP - continued

At impact, mcounted unit's angular velocity = Wy

@ _[ 2Re(cos O+~ cosBz) ]li
) =
B .
w. [2(139.25)(386) (. 20148 - ,13613) |
il 23,035

W,= 0,55225 Radians 7/ second

5.3.318 INCH EDGEWISE DROP (Slightly ma e severe than cornerwise drop)
Vertical Translational fn Rotational Circu lar fn
K 1% Ky b
w = v Radians/second Wy =|=— Rad/sec.
m I
CG
-20°F W)= 73.8 : w; = 70,74
+70°F. W= 66,0 W, =.63,27
+140°F, w, = 62.6 W,= 62,03

5.3.4 AFT END DROP == Pivot Point '"O" at Forward End:

-20°F,
X

. A= 73,8(132,25)(.55225)(.98744)

A =W Rucos tan-1[g-] in,/sec?

A= 5,604 infsec? + 386 = 14,5 = G,

B = sz wo

. Ba = 70.74(81,5)(,55225)
B, = 3,179 in,/sec? = RE3CE Gha cve to yerstion
w 2207 G'S“-;- o
o i
B,= 70,74(122)(.55225) =12,3G's =G , due to rotation
| +14,5 ¢
B, = 4,766 ingjsec? = 26.8 G's =G__

* W, is only about 2.5% less than W, so one can use the

A B
relationshi G, = — —
P Sp 2 g

17
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5.3.4 AFT ZND DROP - continued

47,000,

66.0(129,25)(,55225)(,98744)

= 5,011 in,/secl? = 13,0 G's
B = 63.27(31.4)(.55225) s T.uE's
B = 2,844 in./sec? Ga = 20.4G's

B = 63,27(122)(.55225)
B = 4,236 in,/sac? = 11,0 G's

G = 24,0 G's

ca
B = 63.27(57.87)(,55225)
B = 2,022 in,/sec? = 5,20C's
+ 13,0 G's
AT OUTBOARD NOUNT = 18.2 G's
+140°F,
A = 62,6(139,25)(.55225)(.08744.
A = 4,753 in./sec? = 12:3 G's
= 60,03(81,4)(,55225)
= 2,698 in,/sec? = 7.0 6
G‘ = 19.3 G"S
ha
= 60,03(122)(.55225)
B = 4,044 in./sec? = 10,5 G's
' + 12,3 G's
G = 22,8 G's
ca

= Ggg

= G due to rotation
ha

n

G . due to rotation

C<¢

GCG

due to rotation

= Gug

[
(2]

CG

i

G due to rotation
ha

= G due to rotation

18
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5.3.4 AFT <U'D DROP - Countinuad
5.3.%.1 Dynemic Deflection at Aft Znd of Capsule
2
+149%F, 4 = == 4+ 25
t w? w?
4,753 4, 044
(]t 2 e = + :
(62.6)_ (60,03)
dt = 1.2 + 1,1 inches
dt = 2,3 inches at aft end of Capsule
5.3.4,2 DTHANTIC DEFLECTICON at Outboard Mount Cluster
+140°F, b = 57,87 inches
- 60,03(57,87)(.55225)
B = 1,618 in,/sec?
A B
s AR
4 w2 w?
4 = 4,75% + 1,91%
n (62.6) {60,03)
dn =1,2 4+ 0,5 inches
dn = 1.7 inches deflection at llounts
o, Wy 63,27
=+ =l | e & =
70°F, fn(pitch) = X 10.07 Hz

Deflection at Qutboard Mounts:

a = =4 2
™ w, w3
dm . 2,011 N 2,022
(66.0)° (63.27)°
e 1,15 + 0.50 inches
dm = 1,65 inches deflection at Outhoard Mounts,

19
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5.4 FORWARD END ‘18 INCH ROTATIONAL DROP

Pivot "o" at aft end

z'=

AR R R R R R R N R AR R LA R RN AR R AR R R R RS AR By

2 2 2 — 2

—— 2
R®= X, + Y = 134 + 22 = 18,440 in/

2948

R = 135,.8 inches m= 386—-7.637
2 2948 2

1, = ?cc + mR® = 27,840 + =0 [135.8]° =

Radius of gyration about pivot point "o" = r

V/_Io /168,672 ~
B & = 7.637 = V22,086

r = 148,61 inchas

h =6

168,672 in,.1b,sec?

20
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5.4.1 DCTERMINATION OF ANGLES @, and0,

MY “"lh - h f
6, = 90° - tan [K] - sin [}i;;—-]

8= 90° - 9.3236° - 2.5332°
8,= 78.1432°
ces &, = 0,20547

62 = 90o - tan”[%] + sin™! El
Lo

6; = 90° - 9,3236° + 1.2633°

~\

e UTUPTE 2 S T N

PSP S T ]

6, = 81,9397°

{ cosf, = 0,14021

} AT IMPACT, MOUNTED UNIT ANGULAR VELCIITY = wo
: w [ZRg(c0301 - cosf> )] %
o=

r2

. [2(135.8)(386)(0.20547 - 0,14021)]’5
°" 22086

W= 0,55657 rad,/sec.

| SUSPENSION SPRING RATES - same as for aft end drops

w, and w, also the same,

S5.4.2 FORWARD END DROP - PIVOT POINT '"'o'' AT AFT END,
-20°F. A= @R tan ' X] and gan’ 23—-] = 0,98679
1Ruhcos tan X nd, cos n 134 = 0,
A = 73,8(135.8)(.55657)(.98679)
\ . A =5,504 in./sec? = 14,2 G's @ C.G,
B,: w2L1w°
B, = 70:74(98.97)(.55657)
: B, = 3,897 in,/sec? = 10.1 G's = G . due to rotation
= 1
th 24,3 G's total
vs G = 22,7 G's total,
ha

21
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5.5 DEFLECTION

Aft End of Capsule during rotational drops:

140°F. a=_A_ 4+ _B
w, w?
g 4753 4,044

(62.62  *  (60.037
d=1.2 +1.1

d = 2.3 inches

Capsule during 18 inch Flat Drop @ +70°F.

d = 1.78 inches

Capsule during 10 ft./sec. End Impact @ +140°F,

d = 3.8 inches

22




5.6 SHOCK REBOUND

5.6.1 Rebound load and deflection at mounts as related to loads and
deflections due to initial impact:

DL = REF: Dynamics of Package
G1 = / by v Cushioning, R, D, Mindlin
w

Bell Telephone Laboratories
1945

i /2(18)(33280) Pp. 44=47
1 2950
Gl = 20
T _ w1 i- w1
G, " W+uw 2hK
1 v
. W
c = 20659 /1 . 550
T 2950 + 550 2(18) (33280) S
. v
~ | W, .
G = 3,14 TSIy
r
G_W 3.14(2950)
d = I-— = iy
r K 33280
v

d_ = 0,28 inch

23




f.1 1OMDS - CRADLES

1¢ distribution of Capsule/HARPOON load on cradles:

Cf54 cS 124
A ) (&)
; 70 - -
887 ‘ 2180
My = 2180(70) - Rg(118) = 0
Ry = 1293 LB. Ry = 887 LB.

With EC at CG, upon impact due to aft end rotational drop the unit will
ré&o]ve about the CG-EC, resulting in displacement and load due to rotation
being proportional to distance from CG-EC. Adding loads and displacements
due to translation gives total G forces at any point.

Thus, to determine load at CS-172 Cradle, there is a load of 7.4 G's at
CS-205.4, so on cradle at CS-172 there will be:

(172 - 124) ) i .
G]72=]3_0 + (205'4 = ]24) (7.4) = 13,0 + 4.4 = 17.4 G's

Pi72 = 17.4(1293) = 22,498 1bs,

In 18 inch flat drop there is load of 20 G's x 1293 = 25,860 1bs.

Cradlc load is most severe in the flat drop.

This 25,860 1b. load is carried 1/2 on each end of the cradle.

25,860
FAURAN NSRRI

12,930 12,930

24




6.2 IOADS ACTING ON MAIN SUPPORT BEAMS

Bending across the 3 inch depth of beam is considered most critical and the
18 inch flat drop loading will be maximum.

Acting across this 3 inch depth are loads at CS54 and CS172 (where cradles

are attached) and reaction loads from mounts at 64.75 and 180.75 as shown on
diagram. Loads on beam at cradles must also include 296 pounds of fiberglass
shell, which is clamped between beams and cradles, and 54 pounds of two cradles.
Inlcuded in’ the total 2948 pound suspended load is 418 pounds for beams and

1/2 of weight of mounts.

Mount reaction loads are based upon deflection which takes no account of energy
dissipated in mounts during deflection.

Forces exerted by mounts along their compression axes, centered at
CS 64.75 and CS 180.75 are 2 (9177) = 18,354 lbs. (See paragraph 6.4)
Of this, 418 (18,354) = 2602 lbs. at each mount cluster is due to
2948
weiaght of beam and 1/2 mounts.

2 x 1311 =
2622 shear, f/;.? 2622 Shear
adle™ -
2 x 9177 =
18354 comp.

Ioads acting across the 3 inch depth of beam are shown below:

©13,149 18,355
l 5204
CS 64.75  Distrib '
: e T CS 180.75

Cs54 ]‘ T Cs172 }

18,354-2,602 18,354-2, 602
= 15,752 = 15,752
ZMog 54 = 10.75 (15,752) + X (118) - 126.75 (15,752) = 0
X = 18,355 1bs.

25
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6.3 LOADS AT RESILIENT MOUNT SUPPORTS

. Rotational drop of aft end

Forces at mounvinc stations

Total at CS182 ——- P = 2938(18'2) = 26,827 lbs.
Total at 866 — P = 2238037 5:3) - 13 497 1ps,

Above loads act on outer frame during rotational drops.

18 inch flat drop results in 20 G's, so is mcre severe loading on

pedestals carrying resilient mounts:

P = 2948(20)/12 = 29,480 lbs. at each mount station.

IOADS ACTING ON OUTER FRAME ON EACH SIDE, during rotational drops,

causing corner loading.
DIVIDING by 2 the vertical loads derived above:

NOTE: Mount loads are applied at bottom of outer frame.

MF = 5748(78) + 13413(194) - R, (268.5) = 0

R, = 11,361 1bs. Ry = 7,800 lbs.

5,748
' ey 13,413

F | A
R ———— 78 o - 58 ~ g 58 —J B 75 ——]
F
7,800 RA
11,361

26
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6.4 LOADS ACTING AT MOUNT SUPPORT POINTS AND REACTING ON BEAMS
o) i
18 inch flat drop at 70 F.

With mounts at 45° angle, a vertical

deflection of 1.78 inches results in

displacements of 1.26 inches along

compression and shear axes of mounts. 450| 450

Force along shear axis of mount = 1.26 1.26
kg(d) = 800(1.3) (1.26) = 1,311 1bs. ’ t

Force along conpression axis of mount =
kg(d) L' = 1,311(7) = 9,177 1bs. 1.78

At each support point there are two mounts. Each mount is supported on
a short colum which in turn is supported by a cross member. On top
of the colums is a single plate to which the two mounts are bolted.
This plate is welded to the stacking mamber and to the two Cross
members, for increased rigidity.

5,562
6.5 IOADS (IATTRAL) ON MOUNT PEDESTALS

P = 9177 cos 45 - 1311 cos 45° = 0

H
Py

1,311

5,562 1lbs. acting laterally

9,177

6.6 IOADS (LONGITUDINAL) ON MOUNT PEDESTALS

The 10 ft/sec end impact results in a maximum of 11.3 G's on 2948 1b.

- suspended ‘mass, or a load of 11.3(2948) = 33,312 pounds distributed

over 8 pedestals, for unit pedestal load = 4164 1lbs., which is lower
than lateral load of 5562 1lbs. .

6.7 STRAP ASSEMBLY IOADS

Rebound load = G W = 3.14(2950) = 9,263 1lbs. total

27
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6.8  LOADS ON OUTER TRUSS MIMBERS

Aft End 18 inch Rotational Drop

NOTE: Mount loads are applied at bottom
of frame,

Rotation about Point A (Fwd end)

AT POINT G: = TEe "\ﬁc
Tan @ = % = 0,32 a = 17,745°
Sin @ = G.30478
Cosa = 0,95242 11,393
ZP, = -11,393 + FG sin@ = 0 FG = 37,381
EPX = FGcos @ = EG = 0 EG = 35,602
AT POINT F:
Tan 8 = -g—g = 0.41379 BY INSPECTION: pf B
sin B = 0.38235 R /\B/(\?\O’Z
Cos B = 0.92402 i \FG
ZPY = D'F sin B + GF sin @ - 13,487 = 0
D'F = 5,477 FE = 13,487
XPy = -FGcos @ + D'F cos §+ DF = 0
DF = 30,542
AT POINT E:
TP, = <13487 + iF = 0 EF = 13,487 ) EF
YP, =EG-DE=0 D'E = 35,602° D'E EG
X ——— B —
Y

29
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6.8 1,0ADS ON OUTER TRUSS MIMBERS - Contd

— —— v - »—' _. e S — e
AT POINT D: BD FD

= .
TP, = DD =0

]

BD - FD = 0 BD'
BD = 30,542 N e FD!

AT POINT D': \;3\
. g i
TP, = D'D+ BD' sin B - FD'sin B C——-——-‘———-}& I

D!
0 + BD'(0,38235)- 5477(0,38235)=0
BD' = 5477

TP, = CD' - ED'

Z Py

fl
o

CD' = 35,602

AT POINT C: ?
TP, = BC - 5675

1]

<
>
(@]
(@]

BC = 5675

AT POINT B:

24
78

0.29409 B BD

Tan 8 = = 0,30769

Sin @

Cos § 0.95578 ' \ 6 B

ZP, = AB sin § - BD'sin B -BC=0 D'

= 26,415
AB BC

30
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6.9 STRESS

6.9.1 CRADLE

Cradle is curvad beam of reiatively large diameter so for simplicity

is considereil as a unifomly-loaded sinmple beam of horizontal projected
length of 17 inches.

17 ______.ﬁ

12,930 12,930

M=wi2/8 and w= 25,860/17
(Ref. Para. 6.1)

M = 25,860(17)2/(17) (8) = 54,952 in-1b.

_ _swdd _ 5(25,860017)° _  0.165
Yrax 384ET 384 (10) /(1) T

4.93 in4 for section shown in Ioads Section
Yrmax = 0.165/4.93 = 0.033 in.
Using 220-T4 Aluminum Casting, Y.S. = 22,000 psi

s= M _ 54,952(1.5)
I 1.93

= 16,719 psi

F.s. = _22,000 _

16,719 Lioc2

As flanges will be thicker than the 0.31 used to derive I, stresses
and deflection should be lower than calculated.

31




PRS.  S WICOU” DAL SN ST SN J—

6.9

1 CRADLE - STRZSS (continued)

I =

IN=

I =

1/c

T ¥
[ JL
i e -".—.312
.62 K3
l i 2 = 2,84
——— e e T = -‘J i s
| e | . {18
-l——- .312
3 3
—Eﬂ—fglﬁi- (Ref: Marks Handbook)
6(3)3 - 5.6875(2.625)3
12
162 - 102,87
12
4,93 in.,4
3 3
BH” - bh 4.93
= = e = 3.286
= 3,285 or T=

32
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6.9.2.1 MATIN BEAM BENDING - STRESS AND DEFLECTION

Beam weighs 127 pounds uniformly distributed along 144 inch length
and 34 pounds distributed along 28 inches at forward end and 32 pounds
distributed along 26 inches at aft end. This is shown below:

FWD CS-124 AFT
(eI T T LT it
71 O O O o o I
18 —1 58 - 58 , =110 =
— — 76 Stk 68

We can make simplifying assumptions (conservative in nature) to

approximate deflection and stresses due to bending caused by loading
as shown.

(a) Assume loads at ends due to weight of stiffeners act directly

down on supporting mounts so they do not contribute to beam deflection
or bending stress.

(b) Assume that bending is caused only by the 102 pound uniformly
distributed load of 116 inch beam length between supporting mounts.

33
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6.9.2.2  STRESS AND DEFLECTION OF MAIN BEAMS

(a) Due to point loads as shown i
13,149 18,355 | 4
l

b _..{8.7 =

——=rt 10,75 | 116

15,752 15,752

Using the method of double integration, main beam deflection equations were 18
determined to be: iE

y, (EI) = -2191.5 X* + 3138531.9X - 31016723.7 for 0<X <10.75 i
y, (EI) = 433.8 x° - 84667 X* + 4048702.1 X - 34278125.7  for 10.75<X<113
y, (E1) = -2625.3 X° + 998278 X* - 123738807.9 X + 4991921064 i

for 118<X<126.75

which yield the deflection curve shown below:

5
U.*IE
AFT
x 4 N\
0.21 |
CS-54 . Cs 112.3 CS 180.75

J 37,6

i.._,__ et s JHES i : ....‘
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6.9.2.2 STRESS AND DEFLECTION OF MAIN BEAMS ~ Cont'd

Of the 418 pound beam weight, 102 pounds are considered as causing

bending due to weight of beam between mountinas. Thus,

102
e inch depth of beam. (Ref para 6.2 on page 25).

¥T§'(5204) or 1270 pounds uniformly distributed, causes bending across the
hre

e e e T A P AR AR

i 116 _________._.,.I |

1270 | %

T T 5

635 £S-122.75 635 |

It

y =5y 1

max %%%ET at center of span ‘

_ 3

Ymax = 2 (1270)(116) = 0,169 inch

384(30 x 10°) (5.08)

At point where deflection is 0.15 upward, which is 31.6 inches from forward
end of beam or 31.6 - 8.75 = 22,85 from forward mount point at CS 64.75,
beam weight causes downward deflection of (22.85/58)(0.169) = 0.067.

Similarly, at point of 0.27 deflection there is added deflection of
(28.25/58)(0.169) = 0.08 inch due to beam weight,

6.9.2.3 TOTAL DE"LECTIONS

-0.15
+0.067
-0.083 €S 122.75 3
f‘_ 22.85u~,}<%___35.15 __*,F,__ R
FID, I AFT ¢
0.169 oty 28257 !
0.10_ 0.08
0.269 T35

35
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6.9.2.4 STRESS IN BEAM:

For aft end L6
- _ pab Zero Deflection 1355
mx L ata=8.75 M b =52.95 —a=8.75 =~
M = 18,355 (8.75) (52.95) 43,75
e 627 ~————1=61.7
CS-180.75
Mpas; = 137,830 T
S =—'¥E= 187,830 (0%) = 10 550 BET
17.9 '
S =

11,550 PSI vs nominal 30,000 PSI allowable; however, maximum stress will
. occur 6 inches forward on the beam
where the stiffening plates (at the
end) terminate.

43.75
M= £5.95 (137,830) = 113,882

Smax = 113,882 = 34, 028
5.02 ,

Although the calculated Smay exceeds the nominal allowable it is not

considered to be significant because the anlaysis is conservative in that it
doesn't include the positive effect of the following:

Damping in the mounts

Elastic deformation of the outer frame.

Local plastic deformation at the impact point.
Negative moments developed in the cradles.
Stiffening effect of the fiberglass shell.

Ut b 0~
. . .
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6.9.2.5 STRESS IN MAIN BEAMS - Continued

This approximation is conservative because:
(a) distributed loads have been (onsidered as point lcads, and

(b) the effects of 3/8 inch thick reinforcing plates on ends
have not been taken into consideration. (I = 17.9 in.4 at ends).

By measuring beam deflections during drop tests, it can be determined
if it is desirable to stiffen the center section of the beams,
although this will add weight.

6.9.3 STRESS IN MOST HEAVILY LOADED FRAME MEMBERS

(a) Comyression load of 26,415 1lbs.

Sc - _P _ 26,415 _ , . r
A 2.1146 12,492 p.s.i vs 30,000 p.'S.l for 6061-T6

Diagonal considered is approximately 75 inches long and £ /k =75/1.1492

=65,

which is less than 80 so need not be considered as a colum liable to
buckling.

(b) Tension load of 35,602 1bs.

_ P _ 35,602 _ . . ) h
S¢ = A= 51146 - 16,836 p.s.i. vs 30,000 psi for 6061-T6

6.9.4 STRESS IN STACKING LEGS

Five containers high x 3 ft. = 15 feet.
Legs on bottam wnit carry 3,500 pounds each

Sc X 51146 1,6.5 p.s.i. vs 30,000 p.s.1. f?r 6061-T6

37
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6.9.5STRESS "N HOLD-DOWN_STRAPS AND ELEMENTS DUE TO CLAMPING FORCE

Required restraining force = P = GW = 12,2(2180) = 26,600 1bs,
during end impact
Using f _ = 0.5 = static coefficient of friction
st . : ]
for rubber on painted aluminum

There are two cradles with clamping force at top and at bottom:

fst =< 0,5 is conservative: Ref: MIL-HDBK-149A, p.18.

TP, =4 £ N - 26,600 =0

26,600
N = 4(0.5) = 13,300 1bs,
fatH f tN
/ —
e . = "
st 3 fst

Tension in strap is:

P, +P, =N and as P, =P, , N = 2P,
P = 2 = 13’300 = 6,650 1bs, and there are two bolcs per strap

Tightening torque = I, = 0.2dW = 0.2(0,375)(6650)/2 = 250 in,=-1bs,

Stress in strap = %%%g; = 18,472 psi vs 110,000 Y.P, in 301SS X% nard

"F.8. ~ 6"

38
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6.9.5 STRESS 1IN HOLD-DOYN STRAPS - continued

18 inch flat drop is most severe condition

Rebound load = er = 3,14(2130)

]

6,845 1bs.,

2,030 2,030
At Co S"0’1-72:

Rebound Load

3.14(1,293) = 4,060 1bs., with % arried on 2 bolts,

At C,S,=54:
Rebound Load

]

3.14(887) = 2,785 1bs,

Straps are SS301 % hard, with allowable stress = 110,000 P,S,I,

Straps are D,06 x 6 inch = 0,36 in.z
5= g ggo = 5,639 p,S5.1I, vs 110,000 P,S.1I, Y.P,

F.S, ~ 20

5.9.6 TEE BOLT STRESS

Minimum cross seétional area = 7r’ = 3.14(0.322/2)2

= 0,086 in’ per bolt
Two (2) bolts carry load of 2,030 lbs, or 1,015 lbs, per bolt
S =1,015/0,086 = 11,802 p.s,1i,
Tee bolts are 4130 alloy steel at 125,000 p.s.1i,
F.S, = 125,000/11,802 = 10.6

6.9.7 HINGE PIN SHEAR STRESS

Pin diameter = 0,401 inch and shear load is carriéd on 2 shear areas:

P
S=%= = _2,030 L i 2;%%% = 8,036 p.s.1i.
27 (,200) )
F.S. ~ 9

39
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6.9.8 STRZSS - PIN, CRADLEI TO STRAT

Ref: Alcoa Yandbook,p,263

Stear Area = 2(t)(2d)
=2(1)(2)(.42)

220T4 Shear Strength = 34,000 psi

.211 radius

2
= 1,68 inj
1 [ ¢=1,0 —
+ 7 d o~ 425 in, B
\ N |
SO ¢ —\\ - (] TR e e
ﬁiif) et i
e S ERESEE ey
Load ‘1
Stfess = Shear Area =
s = 5782 _ 4 036 p.s.i.
1.68

F,S. = 34,000/4,036 = 8,4

40
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6.9.9 STRESS IN LATZRAL CHARKEL DUS TO HAND TRUCK HANDLING

G N e e i st

. - 3 —
I = 9,007 ,2“§L f_hm o e

}D-—- ——
C=3 jﬁ/,‘

4 = e
Ifc = 3,002 4 {\

|
Y |
- 3500/2

Consider channel as fixed beam: concentrated load at center,

mo B2 1750(38)
-5 = :

M= 8,312 in-1b

3

Deflection y = ?ngl = 1750(38)3 = 0.0055 inch
192(10)7(9.007)
M
§=% = 83123 . 2768 p.s.i.
9,007

MIL-STD 648, Para, 4,17.7a, page 19, requires
Load = 7,500 1bs, be carried at single end fitting:

M= 7500038) _ 35,625 in=-1b

8
3
7500(38)
y = - = 0.024 inch
192¢10)’ (9.007)
Mc 35,625(3)
§ == = 220998 1) 865 p.s.i.
I 3.007 s

e — e e e

TN

\\

875

41
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6.9.10  STRESS - HOISTING RING

Worst condition is lifting of full load on one point, as required by OR-11.

6061-T6 has Y.P. = 20,000 p.s.i. (Shear)

For load of 3500 1bs., minimum shear area required = _2,300 1bs. 5
20,000 1bs/in.

Are - 0.175 ir2 minimum
Using 1/2 inch thick plate with 1 inch minimum distance to hole from edge
gives 0.5 sq.in. and for shear it would be 1.0 sq.in. so

_1.0
FoSe = 5075 = 5.7

6.9.11 BENDING IN 3 X 3 X 3/16 LATEPAL FRAME MEMBERS:

Consider load from individual
mount on pedestal on each side

as acting horizontally at point 9177 1311
4.5 inches above neutral axis of W5

cross member. Resolving mount's 5
compression and shear vectors J: 41
into horizontal forces: '

TP = 9177 cosys® 1311 cos 45° = 0 |

5562 1bs. acting outward

With moment = 5562 (4.5) = 25,029 in.-1bs at each end of 35 inch wide

lateral,
2

. . m® 25,029 (35)° - -
Maximum deflection = 8°ET © B(10)7(2.7993) 0.137 inch

4?2
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7.0 RESILIENT SUSPENSIOY DESIGH

Because of lirit on loads during end irpact, it is desirable
to have a relatively low spring rate along longitudinal axis and
to have large deflection capability. Elastoreric shear mounts having
shear axes parallel to length of weapon are cdesirable.

The system can be stiffer in the vertical direction due to additional
support given HARPOON by Sakot support. Iaterally, svstem ray be even
stiffer but it is important to minimize the rocking response, particularly
during lateral vibration. .

A resilient elastomeric sandwich rount suspension was conceived,
with mounts lccated on each sicde of and helow the longitudinal axis
of the asserkly, having their carpressicn axes focustd to a voint atove
the longitudinal aris through the C.G. of the assembly, thus project-
ing the elastic cei.ter of the mownts to that axis.

Focal angle, vertical distance from horizontal plare through C.G.
to mount's elastic center, distance from vertical plane through C.G. to
rounts' E.C., and focal angle § are inter-related with the "L'" ratio
of the mount. Thif is shown graphically on Figures 5 and 6.

o ; ' ,
A 45 fccal angle was chosen, with an estimated ratio of com-
pression to shear spring rate of L' = 7.

Mounts are in shear along longitudinal direction for end irwact.
Iength of mount is greater than the anticipated deflection, to insure
that an adequate colum of elastamer carries the vertical load during
deflection in shear.

Because the stipulated support points on the Capsule are not
symmetrical about the C.G., a structure is required to support the
Capsule on the upper side and to pick up mounts on the lower side.
Hollow rectangqular steel tubes were selected, with cast aluminum saddles
for the weapon, this asserbly being supported on mounts. Mcunt spacing
was predicated on keeping bending in the tubes €0 a minirunm while pro-
viding a pitch natural frequency in the 106 Hz region.

As the weight of the saddles and tubes is bhelow the C.G. of the
weapon assembly, the overall C.G. is lowered slightly below the lono-
itudinal axis of the weapon assembly.

Until mounts are made and tested, their spring rates and L' value
won't be known accurately. Then such inforration is derived, considera-

tion will be given to moving mounts slightly to modify the e/p ratio.

If L' Gecreases to 5.5 for vibration at resonance, and unacceptable
rocking modes are revealed during testing, decoupling might be accarplished
by moving rmounts outwards and upwards approximately 9.4 inch on the
suppcrting structure and on the beams.

Again, measured spring rates are essential to this calculation.
‘ L3
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7.1 RESILIINT SUSPENSION ELIZ/ENT DESIGY

Mount design is bkased on suspension system requirements
determined by analysis of a focalized suspension system in which
bonded metal/elastarer/metal sandwich mounts are loaded in both
compression and shear simultaneously. A naminal static shear spring
rate of 800 - 825 pounds per inch per mounting and a corpression
to shear spring rate ratio of seven was required. Also needed
was damping adaquate to keep transmissibility at resonance to
four maxirum, vhich requires a fairly hard elastamer (naminally
65 durareter was selected).

Mounting configuration selected is similar to a component used

previously elsewhere but increased in thickness to four inches. Unit-

is hollow, to help provide linear spring rate characteristics along
campression axis, and to permit changes in spring rates by varying
size of mold insert, rather than by chancing stiffness of elastorer.
The need for a stiff elastomer recommends this approach.

With a 1.25 inch rubber wall thickness and a three inch colum
height being compressed, there exists a possibility of some buckling
of the mount along its carpression axis. However, this should not
occur until' deflections are approximately the calculat‘ed 1.2 inch
along the corpression axis. Final determination of mounting buckling

characteristics should be made when rounts become available.

In the calculations it was assumed that mounts had linear load-
deflection characteristics, but this is only an approximation, as
shown by the calculated L-D curves. Data from parts should be .

46
reviewed as soon as it is available.
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7.1 RESILIENT SUSPENSION ELEMENT DESIGN (Cont'd)

The ratio of compression to shear spring rate used in drop cal-
culations is 7:1 (L' = 7). For this value and the relationship
between mounting half-spread (lateral) and height of CG above mounts
elastic center, with mounts' compression axis angled 45° from the
vertical, a decoupled system is provided. Thus a lateral translational
input should result in a translational response. The mounts' lateral
spacing may require modification after initial testing. The L-D
curves are not linear and this results in lowering of the "L'" value
for small deflections.

The elastomer chosen retains its properties quite well over the
temperature range that the suspension system is required to meet.

Factors used in calculations are based upon vendor data and are as

follows:
Dynamic Spring Rate _ 1.3
Static Spring Rate :
; ¥ _5n0
Stiffness at -20°F  _ 1.25%

Stiffness at + 700F

Stiffness at +140°F - 0.9
Stiffness at +70°F ~ “°

Required is C/Co = 0.125 minimm to limit T to 4 or less.
*For shock: Will be lower for vibration.:

It should be noted that damping constant is dependent upon
elastomer blending but that, in general, the stiffer the elastomer

the higher the damping, and the lower the elongation capability.
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7.2

MOUNT DESIGN
USING 601 DATA FROM GOODYEAR HANDBOOK |
COMPRESSION
- ' Compression T
Deflection . 7 Compression Stress Force Spring Fate
Inch PSI Lbs, Lbs, /inch
b ~q = e
2 o1 w3 8% 377
.50 .14 92 1913 3827
- CUC TN Teics ke SIS v o O
275 L2l 150 | 3120 4160
1.00 ) .28 240 4990 4990 |
L35 .35 350 7280 5825
1.50 .42 510 | 10600 7070 |
_ SHEAR _ R .
! b o= SA |
| { Deflection S s e Force/Defl. (SoER. e L]
E d/t Inch | BSsi Lbs,/in, . @ 7Tn, Shear k |
. . i . s SR n NI LI
. .1 . 356 | 140 | 818 ] 205 o .25 4.4 '
. : 712 132 771 L 380 @ .50 5.0 ‘
| | 1069 | 122 713 | s575@.75 | 5.6
' | I 665 @ 1.0 est.‘ 7.4
st Y x -~ EDE — . 4
N 1,424 | 113 660 940 @ 1.4 |
.5 1,78 | 108 631 1123 @ 1, 78 |
6 2,14 | 103 602 1288 @ 2,14
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7.2 MOUNT DESIGH

USING 70L DATA FRCM GOODYEAR HANDBOOK

COMPRESSION -
a T Conpression - [
Deflection | % Compression Force Spring Rate
Inch Lbs, Lbs,/inch
| .25 07 1248 4992
.50 14 - 2704 5408
.75 ey 4368 5824
1,00 28 7176 7176
1.25 .35 o 10192 8154
1.50 W42 15600 10400
_SEEAR S — — S
l Deflection 'S Force/Defl, g_o_m_g.__li =
L d/t Inch PST Lbs, @ In, Shear k
L i 23€@.25 | A4
1,1 | .35 194 403 @ .356
a b see@.50 | 5.3
2N e 173 | 720 @ 71 7
;’ 1 158G 75 5.75
31,069 158 987 @ 1,07
- 923 @ 1,0 7.77
LA 10424 145 1206 @ 1,4
oS 1,78 137 1425 @.1.78
| , , T ! D
L6 2,14 o1 | | 1637 @ 2,14
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RESILIENT MOUNT DESIGN

Although it is anticipated that mounts will have
adequate damping to limit transmissibility to 4, there
is a possibility that a lower transmissibility might be
desirable. To obtain this would require that a silicone
elastomer be used in the mountings.

Silicones have lower tensile strength and lower
elongation capability when used as an alternate elastomer
in a particular configuration. Direct substitution is
rarely possible unless the possible need has been anticipated.

Normal design limits for these materials are:

Organic Silicone
Static Shear Stress 25 psi 10 psi
Dynamic Shear Stress 250 psi 160 psi
Dynamic Shear Strain 250% 200%

End Impact @ 10 ft/sec @ +140°F.
Strain = 3.9 in. defl./3.62 in. thickness = 108%

Stress = 3.7 in., defl. (Ambient) x 966 lbs/in. = 172 psi
20.8 sg. 1in.

To limit stress to 160 psi entails increasing bond
area to 22.4 sg. in. which is readily accomplished by a
slight reduction ir. the width of the cavity in the mount.

After vibration tests have been run the effects of the
highly-damped non-linear butyl mounts between HARPOON and
Capsule can be considered. Also, the lower ratio of
compression/shear spring rates' effect on lateral response
can be considered: a small change in focal angle may be
desirable.
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7.4 NOTES MID CONCIUSIONS:

««s..The HARPOON is supported within the Capsule on resiliently-
rmounted rails plus a precompressed 8-segment "Sabot" clamped to
forward section of HARPOON. This Sabot support reduces bending
i by reducing the cantilevered load. Characteristics of the resil-
ient Sabot are not known and the rail mounts are reportedly about
40 Hz natural frequency both vertically and laterally. All such
internal mounts are corpression-type elastomeric mounts which have
non-linear spring characteristics after small initial deflection.
i Lack of data on these internal mounts, precluded any analysis taking
these mounts' effects into account.

During testing phase it is anticipated that both Capsule and

HARPOON will be instrumented. Data will be examined to determine

if there are any adverse effects resulting from internal suspension
1 1 and, if so, what action to take. As is usual practice, dynamic
analysis assumes container resilient mounts to have linear charac-—
teristics. This is not quite true for either shear or compression
loading: at small displacerments in shear, the mounts' apparent
shear rate is higher than for larger displacements. Conversely,
in campression the spring rate increases as displacerent increases.
At the anticipated SHOCK displacement the ratio of compression
spring rate to shear spring rate is calculated to he approximately
7:1. As displacement decreases, this ratio will also decreasec.
This is shown in the mount design data. 2Adjustrent is possible by
small movement of mounts outward and upward without change of the
45° focal angle. By reference to the curves relating L' to the
focal angle and e/p ratio, keeping the focal angle fixed at 45°, it
will be seen that if L' was as low as 5.5, the required e/p ratio
becomes 0.69. Moving the mounts laterally out and up a distance
of 0.40 inch results in e/p = 0.69. Thus, some adjustment is possible
by a relatively simple change in location of mounts.
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