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1. OBJECTIVE:

The purpose of this study is to evaluate the response of the
Advanced Tank Armor System (ATAS) turret under the effects of gun
shock, thermal gradient and terrain interaction. This response is
expressed in terms of stress, deformation or induced vibrations.
Knowledge of this response will determine if it impedes the
performance of the two sensors mounted on top of the Turret. The
Second-Generation Thermal Sight (SGTS) sensor is mounted on the
right side casing, which is narrow and deep, and the Combat
Protection System (CPS) sensor is mounted on the left casing, which
is wider and shallower. This knowledge will also help devise the
best strategy on how to adequately reduce the undesirable effects
of certain responses.

In this study, the Finite Element Analysis (FEM) is utilized
due to the complexity of the required calculations, also to achieve
realistic accuracy of the final results, which is itself in the
range of 0.01 in. The FEM method proved to be very efficient
because only one model is needed for the various required
analyses.

2. IURRET FEM MODEL:

The ATAS Turret Solid Model is constructed using an Intergraph
CAD System (fig. 1), A 3-D surface model (fig. 2) is derived from
this solid model. The latter is used to construct the Finite
Element Model (fig. 3). This model consists of 1250 high-order (8-
nodded) shell elements. The density (the maximum side length of any
one element) is two inches. The choice of using higher order
elements and dense finite element mesh is made to accurately
capture all the details of the ATAS Turret, and to obtain the
desired results with sufficient accuracy.

3. RESPONSE ANALYSIS:

The ATAS Turret FEM Model is constrained in the X,Y, and 2
directions at the interface of the Turret ring with the hull
casting. The external load in terms of gun shock, thermal gradient
or dynamic vibrations is imposed on the FEM Model. The response of
the FEM Model under these loading conditions is evaluated by
conducting the appropriate analysis. The results are presented in
the form of stress or displacement plots or vibration profiles.




4. GUN SHOCK RESPONSE:

The gun shock force is time-dependant as shown in fig. 4-1.
Since no change in inertia occurs during firing and since the load
magnitude and the material properties do not cause any non
linearity in the model, the gun shock can be considered static
force. The peak value of this force is 370,000 pounds, which is
distributed equally on the two trunnions. The Finite Element
Analysis is performed, and the results in terms of stresses and
deformations in the Turret are shown in fig. 4-2 to 4-5.

5. THERMAL GRADIENT RESPONSE:

The temperature difference between the inside and the outside
of the turret results in a thermal gradient that causes uneven
expansion, which in turn causes thermal stresses to occur in the
various plates of the ATAS turret. 1In this analysis a transient
condition is assumed and two cases of thermal gradient are
considered:

5.1 70/160 gradient : This occurs when the interior temperature
is 70 degrees and the external temperature is 160. The resulting
stresses and deformations are shown in fig. 5-1 to 5-5.

5.2 140/70 gradient : This occurs when the intericr temperature
is 140 degrees and the exterior temperature is 70 degrees. The
displacements , which are shown in fig. 5-6 to 5-8, are opposite to
those of the 70/160 gradient.

6. ¥ O NSE:

To establish the dynamic response of the ATAS turret, certain
desired level of vibrations are induced and the Turret response is
investigated. In this case, the road-test results of the Perryman
paved course will be utilized to induce the necessary vibrations.
In lieu of conducting comprehensive analysis on the FEM Model for
the entire vehicle (which would be a complex and lengthy process,
because the suspension also must be modeled), only the FEM Model
for the ATAS Turret is utilized in conjunction with road-test
results of Perryman paved course. These results are usually
available in a form of Power Spectral Density (PSD) at various
locations in the vehicle. Since the primary interest is the turret
response, the PSD acceleration data for the turret ring obtained

6




for the Perryman course are shown in fig. 19 & 20. These data are
averaged and combined with the PSD for the lower frequency of H
bump course (fig. 6-21). The resulting PSD (fig. 6-1) is applied on
the turret FEM model as base motion. Finally, the dynamic response
analysis is conducted and the results are presented in the form of
PSD and root mean square (RMS) displacement VS. frequency plots
for various points of interest. The dynamic analysis consists of
two parts; the modal analysis and the response analysis.

6.1 MODAL ANALYSIS: In this stage all modes which might affect
the turret response are extracted. fig. 6-2 shows these modes and
their natural frequencies. The deformed shape for mode 13, which
has a frequency of 116 Hertz, are shown in figures 6-24 to 6-27.

6.2 DYNAMIC RESPONSE :

After the Modal Analysis is completed, the response analysis
can be conducted. The PSD base acceleration data is applied on the
turret FEM Model, and the turret response at various points are
investigated. Initially, only 10 modes were used in the response
analysis. but by examining the PSD displacements data for either of
the two sensors (fig. 6-3 & 6-9), it becomes clear that
displacements did not peak in the frequency range of the 10 modes
considered. When the number of modes are increased to 19, the
displacement has two high peaks. one corresponds to mode 13 which
has a frequency of 116, and a smaller peak at mode 15 which has a
frequency of 141. However, the printed results show that mode 19
calculation did not converge. Therefore, it must be excluded from
the response analysis, because the program does not do this
automatically. The analysis is performed once again without mode
no. 19. The results are presented in the form of PSD or RMS for
displacement or acceleration for the following points of interest.

Left Sensor ( fig. 6-3 to 6-8 & 6-~22 )
Right Sensor ( fig. 6-9 to 6-14 & 6-23)
Left Trunnion ( £fig. 6-15 & 6~-16 )
Right trunnion ( fig. 6-17 & 6-18 )

For both sensors the results are given at four points at the center
of the flange. These points correspond to front, right, rear and
left. Also, the results are given at center of the cover plates to
approximate the average the values at these four points.




7. CONCLUSION:

The results of the response analysis of ATAS turret show that
the maximum deflection in the vicinity of the CPS and SGTS sensors
under gun shock, or under one of two thermal gradients considered
(70/160 & 140/70), is less than .05 in. The dynamic deflections
due to terrain interaction are much smaller (in the range of .001
in.). However, the frequencies at which these deflections occur
are important to note, especially if they are close to the natural
frequencies of the CPS or SGTS sensor, for they might induce
undesirable vibrations. If the deflection under gun shock or
thermal gradient is found to be excessive, then some structural
modification to the Turret might be needed to insure that these
deflections or undesirable vibrations are reduced to an acceptable
level. In this case, these modifications must be validated through
further analysis. In this analysis the PSD used for the base
motion is 0.2 (G /Hz). however, the results are true for any PSD,
provided that the final results are adjusted proportionally, except
that the adjustment of RMS of the displacement or the acceleration
is proportional to the square root of the ratio of the base motion
PSD.

In this study, three types of analyses were conducted
independently: gun shock, thermal gradient and dynamic vibrations.
To represent more realistic field conditions, combining some of
them might be necessary, for instance the turret can be first
statically loaded by adding the weight of the gun, the armor and
the auto-loader. Then the thermal gradient is applied and the
thermal expansion is allowed to occur, after this the dynamic
vibrations can be introduced. In this fashion the effects of the
various process on each other and on the final results can be
understood. In this study, it was not possible to accomplish that
because of the large disc space required to save the restart files.

This is primarily due to the large ATAS FEM model. However, this
approach is recommended and will be followed in future similar
analyses.




ATAS TURRET SOLID MODEL

FIG 1.
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FIG. 4-3 VON MISES STRESS UNDER GUN SHOCK
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FIG. 5-5 ATAS TURRET DEFORMED SHAPE DUE TO THERMAL GRADIENT
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