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INTRODUCTION

The M119 howitzer is the U.S. Army’s currently fielded 105-mm artillery weapon system. The
M119A3, which is in production, will entail an upgrade to the fire control system. With this upgrade,
new assemblies, components, brackets, and holes will be added to the existing M119 gun system in
various locations. The scope of this analysis remains on the saddle subsystem of the howitzer. The
saddle is the main structural support for the cannon, recoil system, and cradle and remains seated on
top of the trail box. The goal of this modeling and simulation effort was to determine if the proposed
addition of holes in the saddle should be in regions that see high stress. In addition, the finite element
analysis (FEA) results will be compared with strain gauge data from testing for validation in the model.

METHOD

The stress contours and values in the M119 saddle were determined using modeling and
simulation. The general purpose finite element program, ABAQUS Explicit 6.10.ef1 (ref. 1) was used.
The models were non-linear and dynamic.

GEOMETRY

Figure 1 shows the saddle geometry.
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Figure 1
Saddle geometry



FINITE ELEMENT MESH

The finite element (FE) mesh is displayed in figure 2. All the sheet metal parts were modeled
with 8-node continuum shell elements with five integration points through thickness. There are 111,065
elements in total in the model consisting of 42,839 8-node hexahedral elements, 66,926 8-node
continuum shell hexahedral elements, and 1,300 10-node tetrahedral elements.
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Figure 2
Saddle finite element mesh

MATERIALS

The model used linear elastic material properties. The M119 uses a British stainless steel, but
for the purpose of this analysis, a 17-4 stainless steel was used since its material properties match well.

Material Poisson Density Yield Ultimate True | UltimateTrue
Ratlo (Ibf*s*2/in*4) | (psl) Plastic Strain Stress (psl}

Entire Assembly 17-4S.S. 2.85E+7 000732 125,000 0.1 163,850



APPLIED CONSTRAINTS

General frictionless contact is applied to the entire model at all contacting surfaces. Tie
constraints were used to simulate all the welds that connect each part of the saddle (fig. 3). Given this
may artificially strengthen the saddle, it's a close approximation, and since the regions of concern were
away from the weld, the overall stress contours should not be affected (figs. 4 and 5).
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Figure 3
Tie constraints between various parts of the saddle
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Figure 4
Rigid body constraint on the trail box (carriage) stimulant
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Figure 5
Coupling of reference points to geometry and connectors between reference points

APPLIED LOADS AND BOUNDARY CONDITIONS

The force and acceleration loads for this FEA model were provided by a rigid body kinematics
model of the M119 weapon system at a quadrant elevation (QE) of 1244 mil. The force from the
trunnions can be seen in figure 6 and is applied to the saddle as seen in figure 7. Figure 8 displays the
acceleration boundary condition that is applied to the trail box stimulant as seen in figure 9. This will
drive the trail box and saddle motion as it's loaded with the trunnion force.
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Trunnion force versus time plot

Figure 7
Force loading on the saddle
(Note: half the total load applied at each reference point and load applied with horizontal and vertical
components)
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Acceleration versus time plot of the trail box



Figure 9
Acceleration boundary condition applied to a reference point couples to the trail box

RESULTS

The FE analysis converged to a solution and produced confident results. At the first peek in the
force loading, the stress contour can be seen in figure 10. In figure 11, the stress contour of the saddle
at the force maximum is seen. The regions of concern are circled in red. Overall, the regions where

holes are being added see low stresses during gun fire.
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Figure 10
Von Mises stress contour plots of the saddle at t=0.0224s
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Figure 11
Von Mises stress contour plot of the saddle at t=0.0704s

The Von Mises stress values at specific locations on the saddle were recorded in the analysis so
they could be compared to strain gauge derived stress values. Figures 12 and 17 show the locations
and element numbers that were chosen. Stress comparisons for gauges 1 to 4 are displayed in figures
13 through 16 and for gauges 17 to 19 in figures 18 through 20.

Gauge | Part Instance Element
Number

z g

SG2  119200_12501876_PLATE 1096

SG3  119200_12501676_PLATE | 1397
SG4 119200_12501858_PLATE 463

Figure 12
Strain gauge locations 1 to 4 used to compared to live fire testing
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Figure 12
(continued)
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Figure 13
Strain gauge 1 comparison
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Strain gauge 2 comparison
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Figure 15
Strain gauge 3 comparison
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Figure 16
Strain gauge 4 comparison
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Figure 17
Strain gauge locations 17 to 18 used to compare to live fire testing
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Figure 18
Strain gauge 17 comparison
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Figure 19
Strain gauge 18 comparison
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Figure 20
Strain gauge 19 comparison

CONCLUSIONS

The model and simulation was able to capture the high rate gun fire event with confidence and
proved to be an effective aid in the redesign to the weapon. Mesh refinement models were also run to
verify that continuum shell elements produce accurate stress results as compared to typical three-
dimensional hexahedral elements. Overall, the analysis results provided accurate stress contours over
the saddle in the regions of concern. Validation and correlation was achieved as the finite element
analysis stress values matched up well with live fire test strain gauge data at multiple locations on the
saddle. With confidence in the model results, decisions can be made with regards to what locations
would be appropriate for adding holes in the saddle for new components.
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