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Anim t of the generator on its side is similar to the case ahove where some
of the available energy is converted to strain energy of the Min-K insulation, In reality
the cooling fin: will attain an instability and absorb significant strain encrgy in bending.
For this analvsis the latter encrgy dissipator will be ignored. It can be shown that for
this oricntation, the minimum crush-effecdtive volume of insulation is about 27. 3 in.3,
At 9,5 in-1bs “in.3 the strain energy is 259 in-lbs,

A similar situation exists for an impact on the top or upper end of the generator
with the exception that there is no effective volume of insulation for that direction,
For this orientation, the material between the housing and shicld is the thermoclectric
module, a relatively brittle semiconductor alloy providing negligible strain energy,
For both the side and top impact there is no concern for the shield lid bolts, From
Figure 2, 7-4, it is shown that the shield lid préirudes well into the shield cavity such
that bolt deformation is limited in the shear plane corresponding to the side impact
orientation. For the upper end impact the bolts are not loaded beyond their initial

torquc.

The radiation shicld, fabricated from uranium - 3./4% titanium, is evaluated for
direct impact response for two attitudes, side-on and top end-on. For both orientations
energy is absorbed in bending of the cooling fins that are infegral with the housing that
surrounds the shield, It can be shown that the energy absorbed in bending is approx-
imately 4000 in-1bs in each direction, However, this magnitude is insufficient since
the available energy associated with a 50 1b shield and fuel capsule dropping 30 feet is,

Ea = 50 (30) (12) = 15,000 in-lbs

Conservatively assuming that the shield impacts a rigid surface with no loss of energy
due to surrounding structure, a shock rise time is derived and the resulting stresses
are obtained. From the reference cited below,* the peak deceleration is obtained from
the equation,
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where: G = deceleration, g's
t = sghock rise time, milliseconds
h = drop height, inches

For an impact on a flat face the shock rise time for rigid steel against concrete
is one (1) ms, This value should bhe slightl\ larger when impacting U -3/4 Ti since its
modulus is 26 x 106 psi versus 29 x 105 psi for steel, It is also important to note that
an impact against an edge or point the shock rise tnme is greater which implies lower
deceleration, Fort = 1 ms,

* Reference 6: " Design for Skock Resistance " by R. T. Magner, Product Engineering
1962,
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For the end-on (top) yupact the maximum stresses can be easily derived.

At the upper surface of the lid, the ineitia
force is,

P 1366 (2,85 +3€, 0% + 1 79 +9,25)

6%, 805 1bs

- ) ]
A T (2, 705) 5. 7147 in
65205 - ;
s O = 5547 11,972 psi

Ihe stainless steel ring has a minimam yield strength of 30,000 psi. The min-
imum area is,

r 2 e 2 om0
A = = [ (3.955)" - (1.89%) ] “ 9,456 in

The inertia force is 1366 (36,98 + 1,29) = 52277 lbs, Tfherefore, the stress is,
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= 5528 psi

For the side-on impact the poteatial failure of the lid is in shear. The effective
weight is,

DN ' L2l
W o7z [ L (2.75% (205, + + (5.955)" (1,10 -.205)] = 7.79
b . §
P = 1366 (7.79) = 10541 Ina
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Tte inertia forces in the shield body are approximated by examining a section
of unit length, The ANSYE finite element program was utilized where the thick walled
circular section was modeled by 72 elements as shown in Figure 2, 7-5. Each eleinent
is an isoparametric solid defined by four nodal points having two degrees of freedom at
each node point, translations in the x and y directions. The tractions are based upon
1366 g's ating on the mass of each element in the ~y direction. The total force is
reacted as a line load at node 84, The resultine stresses are conservative since the
constraints provided by the lid and lower end closure are neglected. The material
properties of interest for the U-3/4% Ti include E = 26.0 x 106 psi, v = 0,3 and

P = ,672 Ibs/in3,

T he

a.

18 distributions of inerest are locuted at © = 0, 90 and 270°,

At 0° (elements 1 and 2) the stress distribution across the wall is the
superposition of berding and compression as shown below,
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TABLE 2, 7-1 . |

COMPARISON OF CALCULATED STRESSES WITH
YIELD AND ULTIMATE STRENGTHS

P*'¥2-2

LVIE-SAL

-

Maximum vnamie Yield Ultima
Impact Static S.ress Stre Strength Strength
Orientation Stress Location )81 {psi) (psi) )81
Top Upper surface of i -11972 21310 50000 125000
Top Stainless steel ring - 5528 9840 20000 75000
Side Shear of hd 3761 6695 - T6500*
Siae Side 26831 47759 50000 128000

* The ultimate shear siress is approximated as 607 of the ultimate tensile stress,



