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ABSTRACT 

Two cracks were observed on a reflector shroud for a space program after previously being 
subjected to the protoflight test campaign and several regression tests.  After extensive analysis 
and investigations by the engineering team, the failure mechanism was identified to be fatigue as 
a result of the numerous vibration tests imposed on the unit.  Two feasible corrective actions were 
proposed: first, a notched vibration profile which possesses sufficient margin from the anticipated 
acoustic and launch loads, while maintaining adequate fatigue life through launch and on-orbit 
operations, and second, a re-design of the shroud to strengthen the fatigue-susceptible areas.  In 
this paper, we present the inspections, testing, and analysis performed to establish that the cracks 
were a result of fatigue failure.  We discuss the conservative fatigue analysis methodology used in 
the development of both corrective action options.  Finally, we review the lessons learned and the 
actions incorporated into the rework, subsequent regression testing, and the test plans to minimize 
the risk of recurrence in future units.   

 

BACKGROUND 

During the environmental test campaign for a space program, a thorough inspection revealed the 
presence of two cracks on the aluminum reflector shroud.  Prior to identifying the cracks, the 
shroud had been subjected to proto-flight random vibration (RV) testing as part of the component-
level assembly, protoflight RV testing as part of the higher level instrument assembly, and several 
minimum-workmanship level regression RV tests at the instrument level of assembly.  As shown 
in Figure 1, the cracks (labeled “A” and “B”) were observed to be approximately 0.5” in length 
and were essentially mirror images of one another, occurring on both sides of the symmetric 
shroud.  The cracks occurred over a thin, ribbed edge near a fillet and propagated into the recessed 
pocketed region.  Note that the shroud is symmetric about two planes, and hence a total of 4 regions 
with identical geometry are present on the shroud.  The remaining 2 regions on the opposite side 
of the shroud did not exhibit any cracking. 

      
Figure 1: Photographs of Cracks on Reflector Shroud 
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A thorough inspection of the cracks revealed that there was evidence of surface rippling 
disturbance with no evidence of predominant necking.  This is typical of a fatigue fracture, while 
necking is typical of a ductile overstress fracture.  Trace evidence of multidirectional fatigue (i.e. 
X, Y, and Z directions) was also observed.  There was no evidence of corrosion product on either 
crack.  A magnified view of crack “B” is shown in Figure 2.  Since fatigue was identified to be the 
failure mechanism, the main sources of cyclic loading (which were the numerous RV tests imposed 
on the unit) were reviewed. 
 

 
Figure 2: Magnified view of Crack “B” 

 
FINITE ELEMENT MODELING OF SHROUD 

In order to confirm the potential for fatigue failure at the observed crack regions, finite element 
analyses (FEA) were performed on the component assembly in order to determine the local stresses 
under the RV test environments.  A detailed finite element model (FEM) of the component 
assembly was available from previous program structural analyses and was developed in MSC 
Patran and Nastran.  The reflector shroud was modeled using first order quad (CQUAD4) and tria 
(CTRIA3) shell elements, with thicknesses consistent with the thickness distribution of the shroud.  
Due to the large number of components within the full instrument level of assembly, the majority 
of the FEM was developed with shell elements, which require significantly fewer nodes and 
elements as compared with a standard tetrahedral solid mesh and also allows for faster run times.  
Note however that since shell elements were used for the reflector shroud model, 3-D geometrical 
stress concentrations are not able to be accounted for at thickness discontinuities.  An estimate for 
the stress concentration factor will be provided in a later section.   

In order to more accurately estimate the stresses in the crack regions, the acceleration power 
spectral density (ASD, a.k.a. PSD) amplitudes of the major resonances at a particular location in 
the FEM were tuned to match the measured values at the corresponding accelerometer location 
during component assembly RV testing.  This was achieved by adjusting the critical damping ratio 
within the FEM in specific frequency ranges. The results of the tuned component FEM are shown 
in Figure 3 for the X-axis.  Note that only the first 3 modes in this axis were tuned (up to about 
300 Hz).  Similar tuning was performed for the remaining axes.  Also note that for the X-axis, the 
positioning of the accelerometer resulted in unrealistic high-frequency behavior (since it was 
bonded to a non-flight handle) which was not removed prior to the component level vibration test.  
As a result, the high frequency range for this particular axis was not considered for tuning.  Tuning 
the frequencies also would require significant additional effort, and due to the time limitations 
during the crack investigations, frequency tuning was not performed.   



 
Figure 3: X-Axis Amplitude Tuning of Component FEM for First 3 Structural Modes 

Reviewing the mode shapes and random vibration analysis results, the primary modes contributing 
to the majority of the stresses in the crack region are able to be identified.  As shown in Figure 4, 
99% of the local stress in the crack region is achieved within the 20-209 Hz region, with the major 
contributors being the 165 Hz and 167 Hz modes.  Further review of these mode shapes confirms 
that significant bending occurs at the local crack region for these resonances.  A similar process 
was performed for the X axis (with 99% of the stress achieved in the 20 – 234 Hz range) and Z 
axis (20 – 927 Hz range).  Note that the Z-Axis does not significantly energize the main resonances 
(at 165 Hz and 167 Hz) which contribute the majority of the stresses on the crack region, and so 
additional resonances (up to 927 Hz) are required to achieve 99% of the Z-axis max stress.  As a 
result, tuning the amplitudes for the first few modes is confirmed to be sufficient since the majority 
of the local stresses in the crack region occur in this range.   

 

 
Figure 4: Major Y-Axis Modes Contributing to Stresses in Crack Region 







the shell representation model within the component assembly FEM.  A comparison of the meshes 
are shown in Figure 7. 

 
Figure 7: Mesh Comparison for Shroud Crack Region: Shell Mesh (left) Color Coded 

Based on Thickness, Solid Mesh (right) 

A representative RV analysis was performed in each axis at the shroud level for both the shell and 
solid mesh representations with a flat 0.01 g2/Hz PSD input applied for the full 20-2000 Hz 
frequency range.  The resulting stresses were compared, and the resulting stress correction factor 
(i.e. stress concentration factor) was computed as the ratio of the stresses for the two models.  An 
example stress correction factor derivation is shown in Figure 8 for Y-Axis. A similar procedure 
was performed for the X and Z axes as well.   

 
Figure 8: Stress Correction Factor Determination 


















