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EXECUTIVE SUMMARY 

This report provides the final status for the Research Task (ART-008 – Design Evaluation, 
Automation and Optimization Dashboard for Armament and Ammunition Packaging). 

 BACKGROUND 

The design dashboard presents the information about the requirement state. In addition, analysis 
methods employed to compute the requirement status will be documented, and any changes in 
the input will automatically trigger the analysis process.  
 

 RESEARCH WORK 

The effort was organized into three phases. In Phase I, we worked collaboratively to 
design the dashboard. In addition, the drop test simulations were developed in Phase I.  
Phase II entailed scoping and development of the dashboard prototype, and Phase III 
focused on the demonstration and revision of the dashboard prototype.   

1.2.1  DROP TEST SIMULATIONS 

The drop test simulations are generally based on detailed finite element analysis. Table 1 shows 
the typical input and output parameters separated into various categories.  Figure 1 shows the 
typical explicit finite element simulation that helps predict the drop test performance. Compared 
with available experimental data, the component material behaviors and contact performance 
can also be calibrated using the simulation as the basis for mechanics.  Advanced drop test 
simulators allow modeling contact separation (part separation) and component failure status 
analysis1. In addition, material failure and visco-elastic/plastic effects may be incorporated into 
general-purpose simulators such as ABAQUS/Simulia, ANSYS, SolidWorks/Simulation-Drop Test.    
 

Inputs 

Geometry Mesh/CAD Dimensions 
Joints 
(Bolts/screws/adhesive) 

Tensile/Shear Strengths 

Material Stiffness – Moduli 
Material Strength 
Contact  Separation/Friction Laws 
Drop Test parameters Drop Height 
Base Properties Impact site compliance 

Outputs to 
Dashboard 

Contact  state Bolt Failure 
Component state Yielding/ Cracking 

 
1 Abaqus Technology Brief, TB-04-DTCM-1 Revised: April 2007, Accessed: 
http://www.ssanalysis.co.uk/hubfs/KB_Technical_Briefs/Drop_Test_Mouse.pdf  (August 20, 2019) 

http://www.ssanalysis.co.uk/hubfs/KB_Technical_Briefs/Drop_Test_Mouse.pdf
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Velocity States Component velocity 
profiles 

Force State Component forces.  
Table 1  Typical Inputs and Outputs of the Drop Test 

 
 
 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 1: Typical drop test with explicit finite element analysis. (a) The package geometry and impact orientation are defined 
(b). All assembly components are explicitly meshed, and contacts between the components are defined (c). Upon impact, the 
state of the contacts (displacement) is determined. (d) Force profiles with and without contact failure can be simulated and 
correlated with the experimental analysis.  
 
Further customization may be possible with open-source simulators such as impact2. The figure 
shows full-3Da  geometric model (Figure 1a) converted into a meshed finite element model 
(Figure 1b). The contact separation upon impact can be simulated (Figure 1candas the force and 
velocity trace 1d). Force traces with and without component and joint failure (e.g., bolt or snap 
failure) can be modeled explicitly and compared with experimental drop test results to determine 
when the failure occurs during impact. The experimental data can help calibrate the material 

 
2 https://sourceforge.net/projects/impact/ 
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stiffness and strength models since the simulations can compute the stresses and deformations 
at the point of failure.   
 
Initial Drop Test Model Using Solidworks Simulation 
Surveying a design's viability with computer simulations before physical testing can save time 
and cost.  This study aims to develop an accurate drop test model of the ammo container's 
structural integrity so that subsequent physical tests will have higher success rates. 
 
For an initial drop test simulation of the plastic container as shown in Figure 2, we assume that 
both ammo container and lid are made of nylon 6/10 with 30% Glass Fiber.    
 

 
Figure 2.  Plastic Ammo Container .375in Thickness 

 
 
Material properties listed in the Solidworks as we used for the drop test simulation are shown in 
Table 2. 
 

Elastic Modulus 1203813 psi 

Poisson's Ratio 0.28  

Shear Modulus 464120 psi 

Mass Density 0.05058 lb/in^3 

Tensile Strength 20676 psi 

Yield Strength 20166 psi 

Table 2  Nylon 6/10 (30% GF) Material Properties 

 
We modeled a box (10x4x6 WDH) representing the ammunition package for an initial drop test 
simulation.  We used the 7.62 NATO cartridges for the estimation of the weight of the box.  The 
weight was uniformly distributed within a sufficient volume (package) inside the box. Therefore, 
the apparent density for that package was derived as 0.27 lb/in3. 
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Several test simulations were made to find the appropriate mesh size for the container and the 
ammunition box. The mesh size for the ammunition box was set at a maximum of 5in to reduce 
the run time. The mesh size for the container was set at 0.91 in.  Figure 3 shows differences in 
mesh sizes for the container and the ammunitions.   
 

 
(a) Container Mesh               (b)  Ammunition package and meshing                  

Figure 3  Mesh Size Comparison 
 

The initial drop test was conducted on the .375 thickness plastic ammo container, as shown in 
tig. 2.  We assumed that the container drops from 3 ft high above the rigid plane and impacts its 
bottom corner, as shown in Fig. 4.  The container moves in the direction of gravity as a rigid body 
until it hits the rigid plane.  No rotations of the container are considered until the initial impact 
occurs. 
 

3 ft

gravity

 
Figure 4  Initial Drop Test Setup 

 
Two types of contact conditions are set for the initial drop test simulation. First, global bonded 
contact was set between the container, lid, and ammunitions, and no penetration contact was 
set between the face of the container and the face of the ammunitions box, as shown in Fig. 5.  
This allows the ammunitions box to slide or detach from the container after the impact, 
depending on the contact forces that develop between them during the time of impact. 
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Figure 5 No Penetration Contact 

 
A couple of simulations were conducted by varying the impact duration time, and results were 
examined.  Figure 6 and Figure 7 show the time after the Impact Von-Mises stress and 
displacement, respectively, at the corner node 17951 and the top corner node 42374 (as shown 
in Figure 8) of the container.   

 
Figure 6  Time History Plot of Von Mises Stress at the Node 17591 and 42374 
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Figure 7  Time History Plot of Displacement at the Node 17591 and 42374 

 
 

 
Figure 8:  Node 17591 and 42374 at the Corner of the Container 

 
Figure 9 shows Von Mises stress at a time increment of about 500 microseconds.  It shows that 
the stress wave generates from the corner of the container hitting the floor and then travels 
towards the opposite side of the container.  It also shows that the ammunition box is being 
detached and slides along the container's inner bottom face after the impact.  Figure 10 shows 
displacement at a time increment of about 500 microseconds after the impact.   
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1 2 3

4 5 6

 
Figure 9  Von Mises Stress at Time Increment of 500 microseconds 

 
 
 
 

1 2 3

4 5 6

 
Figure 10  Displacement Results at Time Increment of 500 microseconds 

 
 
 

1.2.2 MODEL SIMPLIFICATION 

 
The previous drop test simulation required an extremely long run time (typically, it takes about 
5.68hoursr for 100 microseconds solution time after impact).  The main reason for the long run 
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time is the number of mesh elements.  There are several ways to reduce the number of elements.  
Increasing mesh size, reducing the model volume, or simplifying the geometric features can 
reduce the number of elements.  We have tried to increase the mesh size on ammunitions and 
lid, but the number of elements was still large, and the simulation run time was long.  In this 
simulation, we have decided to reduce the ammunition model's volume and simplify the 
container lid geometry.   
   
To reduce the simulation run time, we minimized the size of the model representing the 
ammunition package.  Based on what ARDEC provided, we assumed the ammunition package 
weighs 34 lbs, including M2 rounds and fiberboard fillers. Therefore, the size of the ammunition 
package is 10" x4" x0.5" (WxDxH), and the density derived from the calculation was 1.7 lb/in^3. 
Due to the reduced volume, the number of elements has been significantly reduced from the 
previous simulation model.   

 
Figure 11  Ammunition Load: Revised Model and Mesh 

 
Some small geometric features like holes and fillets may generate comparably small size mesh 
and increase the number of elements.  The geometry analysis tool of Solidworks was used to find 
and suppress the small and complex features from the model.  Since the container lid is less 
affected by the drop, we decided to simplify the container lid for drop test simulation.  Container 
lids were imported again with feature recognition to Solidworks.  Recognized features such as 
holes and fillets were eliminated by the simplification tool, as shown in figure 12.   
 

 
Figure 12  Simplification of Geometry Features 
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As small features are removed from the lid, the number of elements has been reduced 
significantly even with a smaller mesh size (0.29 in vs. 0.70 in), as shown in figure 13.   
 
 

 
(a) Original Lid Mesh                                     (b) Simplified Lid Mesh 

Figure 13  Mesh Comparison 
 
Finally, a uniform mesh size of 0.29 is used for all components, and the total number of the 
elements has been reduced to 39,090 from 168,65the 6 of the previous simulation, as shown in 
figure 14.  Now run time for 100 microsecond solution time after impact becomes 0.1 hour which 
shows drastic improvement over the previous 5.68 hours of run time.  It allows us to perform the 
container drop test and obtain the results faster.   
 

 
Figure 14 Final Mesh 

 
 
For the container material data provided by CCDC-AC, as shown in Table 3, was imported to the 
Solidworks material library for the accurate simulation results.  Material properties that were not 
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available in the given data sheet were populated with generic material properties obtained from 
Matweb or Solidworks material library.   
 
Several tests were then conducted on each plastic ammo container assembly with the given 
materials to test the new simplified geometries and reduced mesh sizes.  All conditions were set 
as same as the previous initial simulation.  We assumed that the container drops from 3 ft high 
above the rigid plane and impacts its bottom corner.   

 SCLAIR 2909 
Resin 

ExxonMobil 
HD7960.13 

DOW DMDA-
8007 NT 7 Vydyne 41 NT 

Generic name HDPE HDPE HDPE Polyamide 66 

Density, lb/in^3 0.03475 0.03475 0.03486 0.03902 

Elastic Modulus, psi 185600 150000 205000 1381049 

Poisson's Ratio 0.4101 0.4101 0.4101 0.41 

Tensile strength, psi 4200 3089 2600 27557.2 
Table 3.  Container Material Data 

 
 
Several node points from the container and ammunition package were selected as sensors to 
observe the stress and displacement under the drop test.  Nodes 59 and 60 are on the corner of 
the ammunition package, and node 12283 is on the corner of the container, as shown in figure 
15. 
 

Node 12283

Node 59

Node 60

 
Figure 15  Drop Test Sensor Locations 

 
After the drop test simulation, stress and displacement results were examined.  Results showed 
that the run time had been significantly reduced.   
 
• .125" Thick Container Assembly 

o Container material:  SCLAIR 2909 Resin HDPE 
o Solution time after Impact:  5,000 microseconds 
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o Actual run time:  06:08:43 
Figure 16 and figure 17 show maximum von Mises stress and maximum displacement, 
respectively.  Maximum von Mises stress occurs at the corner of the container at a magnitude 
of 26,960 psi.   
 

 
Figure 16  Maximum Von Mises Stress of .125 Thick Container 

 

 
Figure 17  Maximum Displacement of .125 Thick Container 

 
• .25" Thick Container Assembly 

o Container material:  ExxonMobil HD7960.13 HDPE 
o Solution time after Impact:  10,000 microseconds 
o Actual run time:  10:00:51 
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As shown in figure 18, the time history graph of node 12283 shows that the highest von Mises 
stress happens for node 12283 at around 1000 microseconds.  Figure 19 shows the time 
history graph of nodes 59 and 60 of the ammunition package.    

 
Figure 18  Time History Graph for Node 12283 Von Mises Stress of .25 Thick Container 

 

 
Figure 19  Time History Graph for Node 59 and 60 Von Mises Stress of .25 Thick Container 

 
Figure 20 and figure 21 show maximum von Mises stress and maximum displacement of the 
.25 thick container assembly, respectively.  Maximum von Mises stress occurs at the corner 
of the container at a magnitude of 29,619 psi.   
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Figure 20  Maximum Von Mises Stress of .25 Thick Container 

 

 
Figure 21  Maximum Displacement of .25 Thick Container 

 
 

1.2.3 FINAL DROP TEST SIMULATION 

Drop test simulations were made on all three containers (.125, .25, and .375) using HDPE and 
PA66.  Solution time after impact was set as 5,000 microseconds. The total duration depends on 
how much time elapses before the container experiences all the likely impact stress it will 
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undergo after it bounces. When the container hits the floor, a stress wave originates from the 
Point of Impact (bottom corner in this study) and travels through the length of the container, and 
then travels back. We made a couple of trial simulations, and we found that 5,000 microseconds 
provide enough data to observe the first impact history.  Simplified lid designs were employed 
for all three containers, and similar mesh sizes (0.58 in) were used to reduce the run time.  The 
average run time was reduced to about 6~7 hours from more than 150 hours previously with the 
original design.   A solid mesh size of 0.58 inches was used for all components in an assembly, 
and, thus, the total number of elements has been reduced to less than 40,000, as shown in figure 
22.   
 

 
Figure 22 Final Mesh of the Container Assembly 

 
Same drop test simulation conditions were applied to all three container assemblies.  We 
assumed that the container drops from 3 ft high above the rigid plane and impacts its bottom 
corner.  The container moves in the direction of gravity as a rigid body until it hits the rigid plane.  
No rotations of the container assembly are considered until the initial impact occurs. 
 
Node points from the container and ammunition package are selected as sensors to observe the 
stress and displacement under the drop test.  Top and bottom nodes are selected from the 
ammunition package, and a corner point node on the container is selected as the point of impact, 
as shown in figure 23. 
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Point of impact

Bottom node

Top node at 
ammunition package

 
Figure 23  Drop Test Sensor Locations for the Final Drop Test Simulation 

 
 
 

1.2.4 CONTAINER MATERIAL:  NYLON (PA66) 

Drop tests of three containers were simulated by setting PA66 as the container material.  The 
mass and volume of the containers are shown in table 1.  The same conditions were applied to 
all three containers.  Solution run time was set as 5,000 microseconds, and a mesh size of 0.58 in 
was used on all components (container, lid, and ammunition package) in the assembly.  All 
containers were impacted at the same node point at the bottom corner.   
 

PA66 
Thickness (in) 

.125 .25 .375 
Mass (lb) 35.944 37.324 38.686 

Volume (in3) 67.210 100.713 133.769 
 

Table 4.  Mass and Volume of PA66 Containers 
 

o .125 in Thick Container 

As shown in figure 24, the time history graph of von Mises stress shows that the maximum 
von Mises stress happens around 800 microseconds after the impact.  Von Mises stress 
increased up to 32,587 psi at the 800 microseconds and decreased to 700 psi at 1780 
microseconds.  Figure 25 shows the time history graph of the contact force on the point of 
impact. The maximum contact force was 1668.7 lbs at 800 microseconds after the impact.   
This total force is the resultant of the normal and friction forces calculated at the point of 
impact, as shown in Figure 26. This maximum contact force was used for estimating 
specifications for the force plate.    
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Figure 24  Time History Graph of von Mises Stress at the Impact Point of .125 Thick Container 

 
Figure 25  Time History Graph of Contact Force at the Impact Point of .125 Thick Container 
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Normal Force

Friction Force

Total Force

 
Figure 26  Contact/Friction Force 

 
Figure 27 and figure 28 show von Mises stress and 1st Principal stress at the time of peak 
contact force, respectively. Maximum von Mises stress occurs at the corner of the container 
near the point of impact at a magnitude of 57,820 psi.  Both minimum and maximum 1st 
principal stresses are also observed near the point of impact.  Maximum 1st principal stress is 
16,880 psi.  Considering that the ultimate strength of PA66 is 11,500 psi, damage to the 
container is likely.  Figure 29 shows strain distribution at the time peak contact force.   

 

 
Figure 27  von Mises Stress at the Time of Peak Contact Force 
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Figure 28  1st Principal Stress at the Time of Peak Contact Force 

 

 
Figure 29  Strain at the Time of Peak Contact Force 

 

1.2.5 .25 IN THICK CONTAINER 

In this container, maximum von Mises stress happens at around 700 microseconds after the 
impact, as shown in figure 30, the time history graph of von Mises stress. The time history 
graph of stress shows that the container is rebounding off the floor two times, and a stress 
wave propagates in the container.  Figure 31 shows the time history graph of the contact 
force on the point of impact. The maximum contact force was 2,590.8 lbs at 700 
microseconds after the impact.    
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Figure 32 and figure 33 show von Mises stress and 1st Principal stress at the time of peak 
contact force, respectively. Maximum von Mises stress occurs at the corner of the container 
near the point of impact at a magnitude of 106,300 psi.  Figure 34 shows strain distribution 
at the time peak contact force.   

 
Figure 30  Time History Graph of von Mises Stress at the Impact Point of .25 Thick Container 

 
Figure 31 Time History Graph of Contact Force at the Impact Point of .25 Thick Container 
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Figure 32  Von Mises Stress at the Time of Peak Contact Force 

 

 
Figure 33  1st Principal Stress at the Time of Peak Contact Force 
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Figure 34  Strain at the Time of Peak Contact Force 

 

1.2.6 .375 IN THICK CONTAINER 

In this container, maximum von Mises stress happens around 700 microseconds after the 
impact, as shown in figure 35.  Time history graph of stress shows that the container is 
rebounding off the floor once as stress wave propagates in the container.  Figure 36 shows 
the time history graph of the contact force on the point of impact. The maximum contact 
force was 3,869.4 lbs at 700 microseconds after the impact, and it is the highest among all 
three containers as expected.    
 
Figure 37 and figure 38 show von Mises stress and 1st Principal stress at the time of peak 
contact force, respectively. Maximum von Mises stress occurs at the corner of the container 
near the point of impact at a magnitude of 67,290 psi.  Figure 39 shows strain distribution at 
the time peak contact force.   
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Figure 35  Time History Graph of von Mises Stress at the Impact Point of .375 Thick Container 

 

 
Figure 36  Time History Graph of Contact Force at the Impact Point of .375 Thick Container 
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Figure 37  von Mises Stress at the Time of Peak Contact Force 

 

 
Figure 38  1st Principal Stress at the Time of Peak Contact Force 

 

 
Figure 39  Strain at the Time of Peak Contact Force 
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The results of all three containers are summarized in table 5.  It can be observed that the 
contact force is proportional to the weight of the container.   

 
PA66 .125 .25 .375 

Peak time 
(microseconds) 799.99 699.99 700 

Peak Contact Force 
(lbs) 1668.7 2590.8 3869.4 

Principal Stress P1 
Max (psi) 1.69E+04 1.42E+04 1.47E+04 

Strain Max 8.86E-02 1.91E-01 2.39E-01 
Strain Min 4.89E-07 3.30E-05 3.58E-05 

Von Mises Max 
(psi) 5.78E+04 1.06E+05 6.73E+04 

 

Table 5 PA66 Container Drop Test Simulation Results by Thickness 
 

1.2.7 CONTAINER MATERIAL:  HDPE 

Next, HDPE is used for the material for the drop test of three containers.  The mass and volume 
of the containers are shown in table 6.  The same conditions as the PA66 container simulation 
were applied to all three containers.  Solution run time was set as 5,000 microseconds, and a 
mesh size of 0.58 in was used on all components (container, lid, and ammunition package) in the 
assembly.  All containers were impacted at the same node point at the bottom corner.   
 

HDPE .125 .25 .375 
Mass (lb) 35.624 36.776 37.913 

Volume (in3) 67.210 100.713 133.769 
 

Table 6.  Mass and Volume of PA66 Containers 

1.2.7.1 .125 in Thick Container 
As shown in figure 40, the time history graph of von Mises stress shows that the maximum 
von Mises stress happens around 1,100 microseconds after the impact.  The mass of the HDPE 
container is similar to that of the PA66 container, but it took longer to reach the peak stress.  
Figure 41 shows the time history graph of the contact force on the point of impact. The 
maximum contact force was 940.98 lbs at 1,100 microseconds after the impact.   In this case, 
the contact force is much smaller than that of the PA66 container.  Figure 42 and figure 43 
show 1st Principal stress and strain at the time of peak contact force, respectively. Maximum 
1st principal stress is 9,851 psi.   
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Figure 40  Time History Graph of von Mises Stress at the Impact Point of .125 Thick Container 

 
 

 
Figure 41  Time History Graph of Contact Force at the Impact Point of .125 Thick Container 
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Figure 42  1st Principal Stress at the Time of Peak Contact Force 

 
 

 
Figure 43  Strain at the Time of Peak Contact Force 
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1.2.7.2 .25 in Thick Container 
Maximum von Mises stress happens at around 1,000 microseconds after the impact, as 
shown in figure 44, the time history graph of von Mises stress.  Figure 45 shows the time 
history graph of the contact force on the point of impact. The maximum contact force was 
1,550.8 lbs at 1,000 microseconds after the impact.   Figure 46 and figure 47 show 1st Principal 
stress and strain at the time of peak contact force, respectively.  

 
Figure 44  Time History Graph of von Mises Stress at the Impact Point of .25 Thick Container 
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Figure 45  Time History Graph of Contact Force at the Impact Point of .25 Thick Container 

 
Figure 46  1st Principal Stress at the Time of Peak Contact Force 

 

 
Figure 47  Strain at the Time of Peak Contact Force 

 
 

1.2.7.3 Analysis of .375 in Thick Container 
In this container, maximum von Mises stress happens around 1,000 microseconds after the 
impact, as shown in figure 48.  The time history graph of stress shows that the container is 
slightly rebounding off the floor once a stress wave propagates in the container.  Figure 49 
shows the time history graph of the contact force on the point of impact. The maximum 
contact force was 2,313.5 lbs at 1,000 microseconds after the impact.   This is the highest 
force among three HDPE containers and is similar to the contact force of the .25 in thickness 
PA66 container.  1st Principal stress and strain at the time of peak contact force (1 
microsecond) are shown in Figures 50 and figure 51, respectively.   
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Figure 48  Time History Graph of von Mises Stress at the Impact Point of .375 Thick Container 

 

 
Figure 49  Time History Graph of Contact Force at the Impact Point of .375 Thick Container 
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Figure 50  1st Principal Stress at the Time of Peak Contact Force 

 

 
Figure 51  Strain at the Time of Peak Contact Force 

 
The results of all three HDPE containers are summarized in table 7.  It can be observed that 
the contact force is proportional to the weight of the container as same as PA66 containers. 
In addition, maximum strain and minimum strain show similar behavior.   

 
HDPE .125 .25 .375 

Peak time 
(microseconds) 

1100 1000 999.98 

Peak Contact Force 
(lbs) 940.98 1550.8 2313.5 

Principal Stress P1 Max 
(psi) 9.851E+03 9.129E+03 1.069E+04 

Strain Max 1.308E-01 2.049E-01 2.280E-01 
Strain Min 5.11E-07 5.265E-07 9.86E-07 

 
Table 7.  Mass and Volume of PA66 Containers 
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1.2.8 CORRELATION OF SIMULATED AND EXPERIMENTAL IMPACT FORCE DATA 

Test results by CCDC-AC are compared with the simulated data results.  Figure 52 shows the 3ft 
drop test results on the 45° corner of the M1A1 metal container with a loaded weight of 18.2 lb.  
The test ran for 2 seconds, and the impact starts at around 1 second.  However, the simulation 
ran for 5,000 microseconds (or 0.005 msec) after the impact, so we have extracted the test data 
from 1.028 sec to 1.033 sec, as shown in the red box in Fig. 52.   

 
Figure 52.  3ft Drop Test Results – Corner 45 (CCDC-AC) 

 
The selected test data was plotted, as shown in Figure 53.  The results show that the highest 
impact force was 2210.04 lb.  The simulation data for the plastic container is shown in Figure 54. 
In addition, a simulation was done for the 3ft drop test of the M2A2_25 PA66 container with 3a 
4 lb ammunition load.    For the total weight of 37.324mlb, the maximum contact force was 
2590.8 lb, as shown in Fig. 54. Therefore, the difference in the impact force may be due to the 
difference in weight tested.  However, the results from the test (Figure 53) and the results from 
the simulation (Figure 54) show similar patterns of impact force behavior after the impact. Thus, 
the experiments and simulations quantitatively agree very well.  
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Figure 53.  Force vs. Time curve from the time of impact (experimental) 

 
 

 
 

Figure 54. Drop Test Simulation Result of PA66 Container (.25 Thick) Time History Graph of Contact 
Force at the Impact Point  
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1.2.9 DROP TEST FORCE SENSING OPTIONS 

 
Research into force sensing during the drop test yields two different types of measurement 
sensors. First is a force plate system that produces a force vs. time response. The second is a 
contact patch that can determine the force and contact area with a one-time use-only sensor. 
Both options are outlined in this document.  
 
Based on the drop test simulations being performed for the 3-foot drop, we estimated that the 
impact force would be in the 2000-3000 lbs range. The entire impact event takes place within 3-
5 ms. The peak force occurs between 750 us – 1000 us. According to the published data sheets, 
the sensors being recommended are capable (according to the published data sheets) of 
measuring the force vs. time response with a reasonable force and time resolution.  
 

1.2.9.1 Force plate options for dynamic impact measurement 
The recommended system is the RSB6 5000 kg USB Impact Force Measurement System ($2,999) 
sold by Load Star.  
 

 
 

 
 

https://www.loadstarsensors.com/impact-force-measurement-solutions.html 
Figure 55.  Impact Force Measurement System  

 

o Load cell with capacities up to 100,000 lb. 
o Base and platform to make it easy for users to place test objects  on the platform 

o USB load cell interface with a data capture rate of at least 10 kHz.  At 10 kHz, ten 
samples will be acquired during the first one millisecond. This may be adequate, but a 
higher data capture rate system is recommended. We contacted Load Star to see if 
there can be other connectivity options that will get data at the full sampling rate of the 
data acquisition system (50 kHz). This seems to be a possibility, and we are waiting for a 

https://www.loadstarsensors.com/impact-force-measurement-solutions.html
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response from them. Since the force plate is an analog system, Stevens can potentially 
help interface 50KHz and above data acquisition systems.  

o Factory calibration so you can use it out-of-the-box 

o True force measurement (not just G-values) 

o LoadVUE software (LV-1000HS-1K or LV-1000HS-10K) for high-speed plotting and 
logging 

The system uses the following components:  
 

o PCB Piezotronics - Impact ICP® quartz force sensor 
− Measurement Range: 5000 lb (22.24 kN) 
− Sensitivity: (±15%) 1 mV/lb (224.82 mV/kN) 
− Low Frequency Response: (-5%) 0.0003 Hz 
− Upper Frequency Limit: 36000 Hz 

https://www.pcb.com/products?m=208c05  
 
 

Multiple force ring style ICP® sensors, such as PCB model 208C05, may be used in series between 
an impact plate and base plate as shown next: 

 

Figure 56.  ICP Sensor  
 
o 4-channel, line powered, ICP® sensor signal conditioner 

− Frequency Range: (-5%) 0.05 to 50000 Hz (the signal conditioner can acquire at 
50KHz.) The constraint may be due to the USB interface.  

 

https://www.pcb.com/products?m=208c05
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https://www.pcb.com/products?m=482C24 
Figure 57.  Signal Conditioner  

 
o PCB drop testing guide: 

https://www.pcb.com/Contentstore/mktgcontent/WhitePapers/WPL_5_Impact.pdf 
 

1.2.9.2 Contact force distribution Sensing 
This thin film would be placed on the drop test surface to measure the maximum force 
distribution during an impact. These are about $60- $100 for each use.  
 

• Prescale film can precisely measure pressure, pressure distribution, and pressure 
balance.  

• There are Seven types of Prescale available (0.05∼300 MPa) or (7.25 psi∼43,500 
psi) 

 

 
 

https://www.pcb.com/products?m=482C24
https://www.pcb.com/Contentstore/mktgcontent/WhitePapers/WPL_5_Impact.pdf
https://www.pcb.com/Contentstore/mktgcontent/WhitePapers/WPL_5_Impact.pdf
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Figure 58.  Prescale Films  product data 

 PADD (PACKAGING ANALYSIS DESIGN DASHBOARD) 

 

1.3.1 CONCEPTUAL DESIGN OF THE DASHBOARD 

The Stevens team qualitatively evaluated several mockups of the dashboard designs. We are 
using template libraries that allow quick composition and a visual check of the dashboard layouts. 
Layouts with tab panels (Figure 59) and side navigation bars (Figure 60) or a combination of the 
two will be considered for the final design.  
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Figure 59  Tab panel design concept with process, performance, and cost divided into separate view panels.  
 
Several mockup designs were proposed and discussed for improvement.   For the project-level 
user interface, the overview of the entire project list, including a total number of projects and 
best-performing designs, is displayed. For each project, cost models and relative performance 
measures are added, as shown in Figure 61. In addition, details of the container, including 
envelope size, weight, and material, have been added to the existing container list table.  Besides, 
a graphical status bar has been added to show the status of the impact failure of the best-
performing project. 
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Figure 60  Sidebar design showing geometry, materials, process, and performance domains. 
 
 
 

 
Figure 61.  The project-level interface of PADD Concept design 
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1.3.2 PADD DATA STORAGE SCHEMA 

Data are stored in five indexed tables with relational connections.  The tables are user, 
role, project, domain, and meta, as shown in Figure 62. The user table contains the 
authentication data. The project table has the top-level data. For example, a user (owner, 
viewer, or editor) is defined through a role table consisting of (user, project, role) 
definitions. All user interface and control functions examine the role and provide a suitable 
level of authentication. Figure 63 shows the typical implementation of user and project 
tables in our database tool, SQLite. We use SQLAlchemy (https://www.sqlalchemy.org) 
to make the implementation easily portable to other database choices.  
 

 

Figure 62: PASS Database Tables 
 
The project data is stored in three database tables. The project's main information is 
stored in the Project table. "Domains" table stores all the attributes for all the domains 
of the project. For example, all the cost attributes such as material cost, mold cost, 
and component cos can be e stored under the cost domain. Thus, when the dashboard 
shows the cost view for a project, a single SQL query can determine the appropriate 
attributes for the cost domain of any given project.  
 
We designed the database that the data elements (attributes) of a domain are stored 
in a table called "Meta." Meta is an all-encompassing data storage model. Meta 
defines the type of the data (e.g., the input values, the values generated from a 
formula, the value derived from analysis results stored in a file, link to a program or 
external tool from which value is generated). Meta can store a data value (scalar, 
vector, tensor) and its reference origin. The three tables are relationally linked 
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together, so power queries can be made to develop views of the project information. 
Figure 64 shows the current schema for the tables and their relationship through ids.  
 

 

Figure 63: Project and User table relationships 
 

 

Figure 64: Project, Domain, and Meta table schemas. Relationships are established through row ids of the tables and storing 
the parent's id at each sub-level. 
 
The current design is based on secure (no internet connections needed) and open-source 
components. In addition, we are adopting a low code and fully portable model such that PADD 
can work either locally on any computer platform or deployed on the cloud.  
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1.3.3 DASHBOARD USER EXPERIENCE DEVELOPMENT 

 
The Packaging Analysis and Design Dashboard architecture consists of user management, user 
role and permission management (owner, editor, viewer), and project data management. The 
project data is stored in fundamental elements called attributes. A set of attributes can be 
grouped into domains. Thus, projects can consist of multiple user-defined domains.  
 
For example, each packaging project can consist of costing, impact/drop performance, material, 
and testing domains. Each domain is a collection of attributes that capture the data. We are 
currently working on various types of attributes, such as input data (or a design variable), 
constant, file reference (data obtained from a file that was uploaded), DB reference (data which 
is a result of a database query such as a material property) and model output (data obtained by 
executing a model). The attributes across the projects can be related through cross-referencing.  
 
Figure 65 shows the user interface flow in PADD. User logs into the system with a user name and 
password credentials. Upon successful login, the user is presented with a dashboard view. The 
dashboard view was prototyped in a previous monthly report. Figure 66 shows the user login 

interface view.  On all views, the main navigation menu includes a) the Home ( ) icon, which 

takes the user to the dashboard view; b) the project icon ( ), which allows the users to view 

and edit project data; and c) the user information icon ( ) enables editing user information. 
Figure 67 shows the navigation bar on the right of the user interface.  
 

 

Figure 65  Views of the project data presented to the user 
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A table view of all the user's projects at the project level is shown in Figure 68. The projects are 
currently listed in the order in which they were created. Sorting of the data is feasible based on 
either the size or the cost attributes. Figure 69 shows two domains created for the project named 
"the first container project," namely "Costing" and "Drop Tests." Figure 70 shows the attributes 
of the "Costing" domain. Each attribute can be categorized into various types (e.g., input and 
model output), assigned a symbol that can be referenced, and given a visibility value to show it 
on the main dashboard. The attributes can reference each other in equations, which will be 
solved to assign the values.   
 

 

Figure 66  User interface for login management 
 

 

Figure 67  Main menu for browsing package projects and editing them. 
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Figure 68  Table view of all projects owned by the user in the database with a link to add a new project. 
 

 

Figure 69  Each project can consist of multiple user-defined domains. Each domain tracks an aspect of the project.  
 

1.3.4 PADD IMPACT FORCE PREDICTION CALCULATION IMPLEMENTATION 

The impact force prediction module is added to an Excel-based computation engine to 
validate the actual test results.  An object that falls is subjected to the gravitational force, 
expressed as the weight of the object. An object moving due to gravity's action is said to 
be free-falling, and Newton's second law of motion describes its motion.  The velocity at 
impact can be calculated by conserving energy, where the average impact force times 
the distance traveled equals the change in kinetic energy.   
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Potential energy, PE = Kinetic energy, KE 
 
For a simple drop test, the conservation of energy equation is: 
 

𝑚𝑚𝑚𝑚ℎ =
1
2
𝑚𝑚𝑣𝑣2 

 
where m = mass, h = drop height, g = acceleration of gravity, and v = velocity at impact. 
 
Impact velocity is then  

𝑣𝑣 = �2𝑚𝑚ℎ 
 
Impact force than can be calculated by  

𝑓𝑓 = 𝑚𝑚𝑚𝑚 
 
where deceleration 𝑚𝑚 = 𝑣𝑣

𝑠𝑠
  And s = impact duration in seconds. 

 
• Sample Calculation 
 
Assume a box of loaded weight = 36 lb dropped from 3 feet height.  Impact velocity can 
be calculated as: 
 

𝑣𝑣 = �2𝑚𝑚ℎ = √2 ∙ 32.17 ∙ 3 = 13.89 𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠⁄  
 
Assume impact duration is 3000 µsec, impact deceleration is: 
 

𝑚𝑚 =
𝑣𝑣
𝑠𝑠

=
13.89
0.003

= 4631.35 𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠2⁄  

 
Thus, impact force can be estimated as: 
 

𝑓𝑓 = 𝑚𝑚𝑚𝑚 =
36 ∙ 4631.35

32.17
= 5182.08 𝑙𝑙𝑙𝑙𝑓𝑓 

 
 

1.3.4.1 PADD Implementation 
 
Drop Test Performance user interface contains trend plots, inputs, and outputs, as shown 
in Figure 74.  Inputs consist of actual drop test results and variables for impact force 
estimation.  Actual drop test inputs include test setup configuration such as drop height 
and temperature and actual test results such as peak impact force observed.  These data 
will be used to compare the values of impact force observed and estimation calculation.  
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For the estimation of the impact force, additional inputs like impact duration are required.  
Once the user enters the inputs, the output panel will be populated with the calculated 
values of impact velocity, deceleration, and impact force.  The example shown in Figure 
74 shows that the estimated result, Estimated_Impact_Force (5182 lbs), is similar to the 
test result, Experimental_Peak_Force (5149 lbs).  The graphs on top show the trend of 
impact estimation results based on the selected attributes, for example, the trend of 
impact force based on the impact height variation.  This will help the user to understand 
the drop performance without an actual test.   
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Figure 74  PADD Drop Test Performance Domain 

 

1.3.5 PADD COSTING MODEL IMPLEMENTATION 

Based on the prior work involved in injection molded parts and published cost formulas, 
we incorporate the unit manufacturing cost model into the PADD.  Input and output 
attributes are implemented on each corresponding domain, as shown in Figure 75.  Figure 
75 also shows data flow from each domain to the cost domain.  The user can populate 
geometry information such as part volume and maximum Thickness.  Material information 
will be obtained from the material database already implemented in SQL.  Other input 
attributes needed for the costing calculation will be either populated by the user or 
calculated by the formula as shown in Figure 76. 

 

 
 

Figure 75.  PADD Cost Model Implementation 
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Figure 76   Formulas Used for PADD Cost Model 

 

1.3.5.1 Sample Calculation 
We tested and verified the costing model with an injection molding of a simple box-shaped 
part made of ABS.  Input attribute values are given as; 
 
Volume = 9.9 cm3, Part weight = 10.2 g, Material cost = $2.4/kg 
Machine rate = $40/hr, Production volume = 10,000 
 

o Processing cost calculation 

Fill time = 1.45 sec 
Cooling time = 85.55 sec 
Resetting time  = 3.08 sec 
Processing cost = $1.00 

 
o Material cost = $0.02 

o Tooling cost calculation 

Mold base cost = $1430 
Mold fabrication hour = 355 hr 
Mold fabrication cost = $41,097 

Unit Manufacturing Cost =
Processing Cost + Tooling Cost + Material Cost

  

  

   

   
       

 

  
     

 
  

  
      

   

    

     

 eometric complexity penalty

 dditional manufacturing hour
rance, surface finish, internal lifter, etc.)
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Tooling cost = $4.25 
 

o Unit Manufacturing Cost = $5.28 

 
Results of the costing model are populated in the cost domain, as shown in Figure 77.  This costing 
model can be also be used as a template for developing a new cost model.   
 

 
 

 
 

Figure 77.  PADD Template with Costing 

1.3.6 PADD DROP TEST EXPERIMENT TEMPLATE  

The latest addition to PADD implementation is a drop test experiment template, as shown in 
Figure 77.  The drop test experiment template enables users to enter details about test 
configurations and test results on the current container design project.  User inputs include test 
name, drop configuration (orientation, height, weight, load cell used, etc.), and damage 
observed. Users can also add a result plot, a video, and a note for additional comments about 
the experiment.   
 
Users can add more test results as additional tests are conducted on the same container design.  
Additional test results can be added by simply copying and editing the existing template.  This 
allows users to organize and view test results easily.      
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Figure 77  PADD Drop Test Experiment Template Domai 

1.3.7 STL GEOMETRY FILE PROCESSING 

PADD can display and process geometry files when uploaded in the STL (Stereolithography) file 
format. The STL File is taken as input bounding box size, volume, and moment of inertia 
parameters can be obtained.  
 
 

 

Figure 78: STL File viewer showing the container geometry 
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Figure 79 Volume and Package dimensions obtained from processing the STL File 
 

 PADD RELEASE VERSION DESCRIPTION 

 
A demo version of PADD has been made available to CCDC at: 
https://prooflab.stevens.edu/padd. The username and password have been shared with CCDC 
personnel and the technical program point of contact. The demo version has a limited number 
of example projects with sample data.  
 
The Dashboard view of the PADD has the designs sorted by cost, performance, and size, as seen 
in Figure 77. The top view also has a list of projects that are directly browsable. Each top-level 
display card has a "Projects Menu," which provides direct navigation to the project of choice. 
(User Tip: User can hover over the plotted bars and points and view the numerical data 
represented by the plot.). The table view of projects allows viewing the contents of the entire 
project by clicking on the "Show" button corresponding to the project (User Tip: Clicking on the 
project name will navigate to the domains of the project).  Figure 78 shows the domains of the 
information under the template project. Each domain consists of attributes (pieces) of 
information called meta-attributes that can be interconnected. PADD has rudimentary cost and 
impact performance models which enable parametric studies. While PADD designs for data 
storage and analysis, the software has flexible computation and plotting capability to build more 
sophisticated models.  
 

https://prooflab.stevens.edu/padd
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Figure 77: Main Dashboard View of PADD 
 
 
 

 

Figure 78 List of domains in a typical project.  
 
 
Trade-off studies can be performed by varying any input parameter and observing other 
dependent parameters. For example, figure 79 shows the cost views domain in which labor rate, 
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material cost, and thickness effect on the cost estimates are numerically and graphically 
illustrated.  
 

 

Figure  79 Typical trade-off study domain in which parameter dependencies can be explored.  
 
A demo video outlining various features and usage has been posted at: 
https://kaltura.stevens.edu/media/t/1_acw7zz9b . The video is divided into chapters covering a 
basic introduction to PADD, Description of templates, Geometry, Material, Process, Tooling, 
Processing, Drop Test performance, Costing domains, and storing drop test data. In addition, the 
video provides a comprehensive view of the software and its use cases. A materials property 
database is also included in PADD that enables storing material property data.  

 CONCLUDING REMARKS 

 
Stevens design and built the Packaging  Analysis and Design Dashboard. A demonstration version has been 
made available to CCDC at https://prooflab.stevens.edu/padd.  PADD can organize, analyze, and visually 
present design data of armament packaging. The interface is flexible and expandable. In consultation with 
CCDC personnel, example container design packages have been built and made available within PADD. 
 
Future work entails adding data pertaining to the plastic and fiber-filled composite containers, including 
the material property data and drop test performance data. 

 

https://prooflab.stevens.edu/padd
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