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Winfred A. Foster, Jr. and Rhonald M. Jenkins

ABSTRACT

This report summarizes the results obtained from an analysis of the NASA Marshal

Spaceflight Center (MSFC) cryostat testing unit. A finite element model was generated to determine

both temperature distribution and stress distribution in the cryostat testing unit for load conditions

supplied by MSFC. This report contains the results of that analysis.
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I. Introduction

Thegoalof this projectwasto developamodelof theMSFC cryostattestfacility, for the
purposeof determiningthe stressdistributionin the cryostatunder typical test conditions. Of
particularinterestwasthestressstateatthebond-linebetweentheinternalinsulationandtheAI-Li
tankwall. Theanalysisuseda finiteelementmodelof aquartersectionof thecryostat.Themodel
is usedto predictthetemperaturedistributionwithin thecryostatusingthermalloadswhich would
be typicalduringatest. Thecalculatedtemperaturedistribution is thenusedto imposea thermal
loadon thecryostatin conjunctionwith typicaltestpressureloads.Materialpropertyvariationwith
temperaturefor boththermalandmechanicalpropertiesis accountedfor basedondatasuppliedby
MSFC.

Thefinite elementanalysiswasnon-linearin thatthematerialpropertiesweretemperature
dependentand that large deformationswere accountedfor in the static analysis. The large
deformationsolutionwasusedbecausethebendingdeformationsin thethinshellportionof thetank
werelargecomparedto thethickness.

This report containsa brief discussionof thefinite elementmodelandresultsfor various
deformationandstresscomponents.
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II. Cryostat Model Description

Model Description

A one quarter model of the cryostat was constructed to take advantage of rotational

symmetry. Because of the basic circular shape of the cryostat a cylindrical coordinate system

was used for defining the model geometry, the constraints and the load conditions. The intent of

the analysis was to determine the stress distribution within the cryostat and in particular the bond

line stresses between the insulation and the tank wall. The model is separated into three sections:

an Aluminum-Lithium fuel tank shell, a section of Aluminum flange and a layer of insulation

attached to the inner surface of the tank wall. Figures 1 thru 5 show the finite element model of

the cryostat.

Fuel Tank Shell:

The fuel tank shell section is a dome with a radius of curvature of 80". The radius of the

dome is 16.125" with a bolt circle at 15.57" radius. The model stops at this bolt circle. The

thickness of the tank wall is .045" from the center to a radius of 10.205". The wall thickness

gradually increases to .19" at a radius of 15.0". At this point the tank wall flattens to meet with
the test fixture.

The section of the tank wall that is .045" thickness is modeled with CQUAD4 2-D shell

elements. In the region where the tank wall begins to expand in thickness the model transitions

with a circumferential ring of 3-D CPENTA (pentahedron) elements to 3-D CHEXA (hexadron)

elements out to the bolt circle. There are two elements through the thickness.

Insulation:

The insulation is attached to the interior surface of the tank wall and is 1.0" thick. The

insulation extends from the radial center to a radius of 15.0". At this point the insulation contacts

the aluminum test flange. The insulation is modeled with CHEXA elements and has three

elements through the thickness.

Aluminum Test Flange:

In order for the cryostat to be tested it must be attached to a test flange, a small portion of

this test flange has been included for model continuity. The test flange section is also 1.0" thick
and is attached to the interior face of the tank wall on the outermost flat section of the tank wall.

The radially inward face of the flange attaches to the radially outward face of the insulation. The

flange extends from a radius of 15.0" to a radius of 15.57". The entire flange is modeled with

CHEXA elements. The flange is modeled with three elements radially and three elements

through the thickness in order to match both the fuel tank and the insulation.
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Material Property Description

Fuel Tank Wall:

Aluminum-Lithium alloy properties as supplied by MSFC were utilized for the tank wall.

Nominal values are: the elastic modulus (E) being 1,1097897E7 psi, Poisson's Ration (v) was

0.329, the modulus of rigidity (G) was 4.1740392E6 psi, the weight density (p) was 0.101 lbf/in 3,

the coefficient of thermal Expansion (tt) was 1.28 E-5 in/in-°F at the reference temperature of

70°F. Temperature dependent properties obtained from MSFC were incorporated into the final

analysis of the cryostat AI-Li tank wall for both the thermal and mechanical analysis.

Insulation:

The model utilized Cemafoam as the insulation material. Material property data

documents were provided by MSFC. Nominal values are; for the elastic modulus (E) was 1.59E4

psi, Poisson's Ration (v) was 0.3, the modulus of rigidity (G) was 6.115E3 psi, the weight density

(p) was 0.01 lbf/in 3, the coefficient of thermal expansion (alpha) was 1.944E-8 in/in. °F at the

reference temperature of 70°F. Once again, temperature dependent material properties obtained

from MSFC were used in the final analysis of the cryostat insulation. For both the thermal and

mechanical analysis.

Aluminum Flange:

The flange section of the model utilized A1 2219 as per Mil-HDBK 5E. The elastic

modulus (E) was 1.05E7 psi, Poisson's Ration (v) was 0.33, the modulus of rigidity (G) was

4.0E6 psi, the weight density (p) was 0.103 lbf/in 3, the coefficient of thermal expansion (alpha)

was 1.23E-5 in/in. °F at the reference temperature of 70°F.

Boundary_ Conditions

Two sets of boundary conditions were applied to the entire model for all loading cases.

The first set provided symmetry at the two "cut" faces of the ninety degree section of the cryostat

model. The second set provided for simulation of a rigid, bolted interface between the outer,

flattened section of the cryostat and the test flange.

Symmetry Boundary_ Conditions:

As previously mentioned the model is a ninety degree section of a circular structure in which all

geometry, boundary conditions and loads are defined in a cylindrical coordinate system.

Therefore in order to provide symmetry at the "cut" faces the "Theta", out of plane displacement

and the two out of plane rotational degrees of freedom for all nodes on the faces were constrained

to zero. Additionally at the radial center of the model the "radial", horizontal, in-plane

displacement degree of freedom for nodes at this location were constrained to zero as well.
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Bolted Boundary Condition:

The radial outer edge of the model is at 15.57". All nodes along this outer perimeter were

constrained in all displacement and rotational degrees of freedom.

Loading Environment

Four separate loads, two temperature loads and two pressure loads have been combined
into two load cases.

Load Case 1 :

This load case simulates the loading conditions that would be experienced when the tank

contains a pressurized cryogenic liquid. All nodes on the inner surface of the insulation layer,

interior of the fuel tank, have their temperatures constrained to -320°F while all nodes on the

outer surface of the fuel tank wall, exterior of the fuel tank, have their temperatures constrained

to +70°F. In addition the outer constraint, +70°F, also continues up the outer perimeter of the

model onto the outer surface of the flange. All nodes on the top surface of the flange are left

unconstrained in order to allow a temperature gradient to develop across the flange thickness. In

addition to the thermal load acting on the structure, an internal pressure of 45 psi is also present.

Load Case 2:

This load case simulates the worst case temperature gradient with a minimum internal

pressure. This would simulate the tank being heated after most of the cryogenic liquid has been

expelled from the tank. All nodes on the inner surface of the insulation layer, interior of the fuel

tank, have their temperatures constrained to -320°F while all nodes on the outer surface of the

fuel tank wall, exterior of the fuel tank, have their temperatures constrained to +350 °F. In

addition the outer constraint, +350°F, also continues up the outer perimeter of the model onto the

outer surface of the flange. All nodes on the top surface of the flange are again left unconstrained

in order to allow a temperature gradient to develop across the flange thickness. The internal

pressure is assumed to be 5 psi.
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HI. Results and Conclusions

The results obtained from this analysis consist of the temperature and stress distributions

within the Cryostat test article. The results presented are for two load cases. The first, or cold case,

is defined by an inside insulation wall temperature of -320 °F, an outside tank wall temperature of

70 °F and an internal pressure of 45 psi. The second, or hot case, is define by an inside insulation

wall temperature of 320 oF, an outside tank wall temperature of 350 o F and an internal pressure of

5 psi.

The resulting temperature distribution within the cryostat for the cold case is shown in Figure

8. The deflections in the z-direction (axis of symmetry direction) due to the combined thermal and

mechanical loads are shown in Figure 10. Contour plots for the z-normal stress component, the max-

principle stress, the max-shear stress and the Von-Mises effective stress in the insulation material

are shown in Figures 11 thru 14, respectively. Figures 15 thru 22 show contour plots of the z-normal

stress, the max-principle stress, the max-shear stress and the Von-Mises effective stress for the thin-

walled (2-D model) portion of the cryostat wall. There are two plots for each of the stresses shown,

one for the inner surface and one for the outer surface. This is necessary to show the effects of

bending in this portion of the shell. Figures 23 thru 25 show the max-principle stress, the max-shear

stress and the Von-Mises effective stress for the thick-walled (3-D model) portion of the cryostat

tank wall. Figures 26 thru 28 show these same components for the flange.

The resulting temperature distribution within the cryostat for the hot case is shown in Figure

30. The deflections in the z-direction (axis of symmetry direction) due to the combined thermal and

mechanical loads are shown in Figure 31. Contour plots for the z-normal stress component, the max-

principle stress, the max-shear stress and the Von-Mises effective stress in the insulation material

are shown in Figures 32 thru 35, respectively. Figures 36 thru 43 show contour plots of the z-normal

stress, the max-principle stress, the max-shear stress and the Von-Mises effective stress for the thin-

walled (2-D model) portion of the cryostat wall. There are two plots for each of the stresses shown,

one for the inner surface and one for the outer surface. This is necessary to show the effects of

bending in this portion of the shell. Figures 44 thin 46 show the max-principle stress, the max-shear

stress and the Von-Mises effective stress for the thick-walled (3-D model) portion of the cryostat

tank wall. Figures 47 thru 49 show these same components for the flange.

The results do not appear to show any unusually high stresses or deflections for the load cases

analyzed. Since there were no failure criteria specifications given for the analysis, no further

definitive conclusions can be reached as to the structural integrity of the test unit. The models

developed for the analysis should be suitable for applications to future changes in insulation and tank

materials and therefore do provide a useful basis for further analysis.
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Fig. 5. Cryostat insulation elements.
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Fig. 28. Von-Mises stress in the flange for the cold load case. 141.1
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Fig. 31. Z-component of displacement for the hot load case. -.3790
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Fig. 33. Max-principle stress in the insulation for the hot load case. -6.002
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Fig. 35. Von-Mises stress in the insulation for the hot load case.
22.66



FRINGEPLOTLC=3.2RES=3.1(ZZ-COMP)MSC/PATRANR-5.0MSC/NASTRAN07-Oct-9616:29:11
38.15

35.61

33.07

H

I
L_

30.53

27.99

25.45

22.91

20.37

17.83

15.29

12.75

10.21

Z

7.674

5.134

2.595
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Fig. 42. Von-Mises stress in the thin shell for the hot load case (inner surface). 2419.
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Fig. 43. Von-Mises stress in the thin shell for the hot load case (outer surface). 4263.
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Fig. 48. Max-shear stress in the flange for the hot load case. 19523.



FRINGEPLOTLC=3.2RES=3.1(VON-MISES)MSC/PATRANR-5.0MSC/NASTRAN03-Oct-9607:30:29
637O7.

I-t
I-4

I
Ul
O

61887.

60068.

58248.

56428.

54609.

52789.

50970.

49150.

47331.

45511.

43691.

41872.

40052.

38233.
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