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AFE CARRIER VEHICLE
STRESS ANALYSIS

1.0 INTRODUCTION

This report presents the assessment of the static strength of the
Aeroassist Flight Experiment (AFE) Carrier Vehicle structure. The
Carrier Vehicle is the structural component which provides the
mounting platform for the experiments, on-board computers,
batteries and other "black boxes". In addition, the Solid Rocket Motor
(SRM), the Thrusters, and the Aerobrake are all attached directly to
the Carrier Vehicle.

The basic approach used in this analysis was to develop a NASTRAN
Finite Element Model as a parallel effort to the preliminary design,
and to use the internal loads from this model to perform the stress
analysis. The loads on the Carrier Vehicle stem from several sources,
principally, g forces on the components mounted to the Carrier
Vehicle while the AFE is still supported in the Shuttle Payload Bay.
The greatest load factors are due to Liftoff and Landing Abort
conditions, during which the AFE is supported at the SRM. Because
the design loads are given in terms of accelerations at the AFE CG,
and because no aerodynamic loads are present on the aerobrake
(during these conditions), it has been convenient to use a method of
analysis in NASTRAN known as Inertial Relief. This method involves
either specifying a set of CG accelerations or applying forces at the CG
and representing the Carrier Vehicle and all of its mounted devices
with the proper stiffness and mass properties. The masses will
produce forces at their attach points in proportion to the
accelerations of the total system. This procedure obviously depends
upon an accurate representation of the mass properties of the entire
AFE. A major advantage to this technique is that once the mass
properties have been satisfactorily modeled, they remain the same
for each load condition. New loads may be run on the model by
simply applying forces to the CG rather than deriving a new set of
forces for all of the separate components. '

The regular landing condition is also an inertial relief solution
because it, like liftoff and landing abort, has no aerodynamic loading.
However it differs from the previous conditions in that the supports



which react the forces due to acceleration are at the Trunnion points
rather than at the SRM Support Ring.

The mass properties of the total AFE model were developed by using
structural mass for the Carrier Vehicle elements; i.e., NASTRAN will
use the element section properties and the density specified on the
MAT (material data) card to calculate the total mass and inertia of
the structure. The non-Carrier Vehicle masses (mounted
components, SRM, Aerobrake) were represented in the model as
concentrated masses located at the component CG.  The NASTRAN
bulk data for the AFE model is included as Appendix A for
reference.

In conducting the strength evaluation of the Carrier Vehicle using the
output from the NASTRAN model, it became necessary to develop a
post processing computer program to read the output isogrid bar
forces and calculate margins of safety. The summary of isogrid
margins of safety printed by this program are included in section 5.5
of this report. The listing of this FORTRAN program "ISOGRD" is also
given as Appendix B. ‘
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AFE CARRIER VEHICLE 2.0
STRESS ANALYSIS

2.0 STRUCTURAL DESCRIPTION

The Carrier Vehicle is currently designed as an all aluminum (2219-
T87) bolted structure. The upper and lower panels are isogrid
construction featuring a simple rectangular cross-section .07" x .50"
for each individual isogrid bar. While the Carrier Vehicle is basically -
hexagonal in planform, and the panels in each bay are shaped the
same, most of the panels have some feature that makes it unique.
Each unique panel is given in Figures 2.5 through 2.12 which follow.
The center cylinder, the avionics panels and the radlal beams are all
solid sections.

The panels and cylinder are attached using tee and angle sections as
splicing members. These sections are shown along with the radlal
Beam details in Figures 2.13 and 2.14.

Figures 2.15 through 2.18 show the several fittings that provide the
load path from the SRM to the Carrier Vehicle and from the
Aerobrake to the Carrier Vehicle. These parts with the exception of
the connecting pins/bolts are also 2219-T87 aluminum.
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fnpram O] ¥¥ A CARRIER VEEHICLE
STRESS ANALYSIS

4.1 MODEL DESCRIPTION

The NASTRAN model of the Carrier Vehicle is a full 360 degree
model of all six bays of the vehicle. This was done in spite of the
cyclic symmetry of the structure in order to simplify the location of
the (mounted component) masses and to allow for the eventual
inclusion of those structural components that are not symmetric.
This model presently includes nearly 2500 nodes and 7500 elements.

During the beginning of the model development, not only the upper
and lower panels, but all panels except the cylinder were considered
as isogrid construction. For this reason the majority of the panels are
modeled using a triangular pattern for the grid points. At the
present time the avionics panels and the radial beams are solid
sections and are consequently represented by triangular plate
(CTRIA) elements. The upper panel is still an open isogrid
construction and is made up of bar elements to simulate each
individual isogrid bar. The lower panel is isogrid construction like
the upper panel but with the addition of a .016" thick aluminum
panel. This construction is represented by both individual isogrid
CBAR elements and CTRIA elements for the thin sheet. The center
cylinder is a solid .125" aluminum sheet and is modeled with CQUAD
plate elements. The panel splice tee and angle sections and the
upper and lower ring angle sections are simulated in the model with
CBAR elements.

The SRM is represented in the model by a concentrated mass and
inertia (CONM2) located at the point in AFE coordinates specified by
the mass properties group. It is connected through rigid (CRIGD)
elements to set of plate elements which simulate the mounting ring.
The Carrier Vehicle is attached to this ring through a system of
brackets, separation bolts and flexures modeled by plate and bar
elements. These SRM Support Brackets are located at three equally
spaced points around the Support Ring. Sketches of these Brackets
are included in the Structural Description section of this report and
the NASTRAN details rcpresenting the same structure are given in
the model plots which follow.



(

The Aerobrake is presently modeled in a similar method to the SRM.
The values from the mass properties table are assigned to a gridpoint
at the correct location, and this point is then attached to the Carrier
Vehicle at four points. The Aerobrake attach fittings are modeled in
enough detail that the fitting flange stresses, attach bolt loads, and
connecting pin loads may be obtained from the output.

There are basically two structural configurations modeled at the
present time. The liftoff/landing abort model includes the mass and
connecting structure associated with the attached SRM. The loads
from the Carrier Vehicle & Aerobrake are reacted back into the SRM
structure for these conditions as the system is still supported in the
payload bay at the support ring. The second model arrangement
represents the regular landing configuration in which the AFE has
jettisoned the SRM, has been recovered by the Shuttle, and is
supported (in the payload bay again) on the three Trunnion fittings.
For this configuration the SRM mass and connecting elements have
been deleted and the CG node (loading point) has been consequently
relocated.
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Ingram 6-7-88 AFE CARRIER VEHICLE
STRESS ANALYSIS
4.2 LOAD CONDITIONS

There are presently five load conditions which have been run on these
models. Three (Liftoff, Landing Abort, and Regular Landing) are high-g cases
which produce internal loads in the Carrier Vehicle from the accelerations of
the mounted components and mass of the structure. These three conditions
were selected from the ten conditions given in Table 4.2.1 - AFE PRELI AR

DESIGN LOAD FACTORS (presented below) as the critical cases which envelope .

all others. The other two conditions are the application of the Thruster forces
when the AFE is in flight. One of these is with the SRM still attached and one
with the SRM already jettisoned. The assumption made with each of these two
conditions is that all Thrusters are acting at once and that the Thrusters are
the only forces active during that instant. The purpose in applying these
Thruster conditions was to evaluate the local structure in the near vicinity of
cach of the Thruster groups. The Thruster forces are of such low magnitude
that no significant stresses result in the Carrier Vehicle other than at the local
backup structure.

TABLE 4.2.1 AFE PRELIMINARY DESIGN LOAD FACTORS

] Angular Accel;ration,
| Load Pactor, g rad/sec
Flight Condition | r
' - LN ]
i Nx | Ny "Nz 0x Oy 02
| | |
................. Bt e o
Lift-Off | =-0.4 +1.4 +2.5 +10.0 | +20.0 | +10.0
| -4.0 |
| ) .
Ascent -1.10 +0.4 +0.25 | +0.2 +0.25 | +0.25
-3.17 =0.80 - -
Descent +1.01 | +2.5 +2.5 +1.28 | +0.02 | +0.25
{ -0.15 -1.0 -0.11
“SRM Burn TBD TBD T8D TBD TBD T8D
*Aeropass TBD | T8D TBD TBD TBD TBD
Landing Normal +2.5 +1.5 +6.2 | +10.0 | +15.1 | +10.0
(9.6 fps) -1.7 |
|
Landing Abort +1.6 +1.3 | +3.9 | +8.3 +9.4 +6.3
(6.0 fps) -1.1 |
|
Emergency Landing +4.5 | +1.50 +4.5 |
(Ultimate Load) -1.5 -2.0 |
|
On-Orbit +.017 +.009 | +.039 | +#.019 | +.023 | +.013
PRCS -.009 -.029 | -.015
|
OMS Operation -.273 +.0048| -.089 | +.0104] +.0051) +.0045

|
Notes: % Por subsequent stress analysis of Internal loads, the
signs of the table should be reversed.
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4.2 LOAD CONDITIONS (CONT'D)

The method of solution as discussed previously, involves using an inertial
relief solution in NASTRAN that depends on an accurate representation in the
model of the vehicle mass and inertia properties. The structural mass for the
Carrier Vehicle panels, splice section bars and cylinder were calculated from.
an input density and the crossectional areas specified on the property cards.
The non-structural mass for the mounted equipment, the SRM, and the
aerobrake were assigned via CONM2 cards at the location given in the mass
properties table. The NASTRAN program calculates and provides a summary of
the total model mass and moment of inertia when the program executes. As
can be seen in the following table, the agreement between the model and the
original mass property estimates is very close.

TABLE 4.2.2 MASS PROPERTIES SUMMARY TABLE

AFE WITH SRM

WT DOCUMENT NASTRAN MODEL % DIFFERENCE

MASS (Ib) 12540.4 12534.3 0.05
INERTIAS (slug-ft-2)
Ixx 2525.6 2540.6 -0.59
lyy 1911.6 1921.3 -0.51
l2z 1798.1 1826.2 -1.56
AFE W/O SRM

WT DOCUMENT NASTRAN MODEL % DIFFERENCE

MASS (Ib) 3567.4 3585.2 -0.50
INERTIAS (slug-ft &)
IXx 1726.4 1742.9 .0.96
lyy 1106.2 1105.5 0.06
lzz 980.8 1010.7 -3.05
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Ingram 6-8-88 AFE CARRIER VEHICLE
STRESS ANALYSIS
5.5 UPPER AND LOWER ISOGRID PANELS

Each isogrid bar in the upper and lower panels is represented by a
CBAR element and thus is able to produce individual bar forces
(axial, shear, moment and torque) for subsequent stress analysis.
During the course of evaluating several hundred isogrid bars per
panel for twelve panels and five load conditions and repeating the
process for each design/model update, the need for a way to post
process the NASTRAN output for the analysis of the isogrid bars has
become apparent.

A FORTRAN program has been written and is now in use which reads
the NASTRAN ouput and searches for the isogrid bars, identifying
them by their property ID. The program then distinguishes between
upper and lower panel elements and uses pre-determined allowables
to calculate and print the isogrid bar margins of safety. The
following pages include the calculation of the allowables that are
currently being used in this program. The upper panel allowables
are based simply on the bar critical (instability) axial and bending
loads. The buckling load for these bar elements is based upon an end
fixity factor of 2.0 as recommended by the McDonnel-Douglas Isogrid
Design Handbook. The lower panel isogrid allowables are based on
using the buckling load of the thin triangular panel (determined by
NACA 3781) and treating the bar in the same way as an integral
stiffener. The output from this " ISOGRD" program is included in this
section following the calculation of allowables.
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