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1.   Introduction 

The Sense and Destroy Armor (SADARM) submunition was recently modeled extensively by 
the Composites and Lightweight Structures Branch. Several highly detailed Lawrence 
Livermore National Laboratories' (LLNL) Dyna 3-D/Paradyn models of the electronic module 
assembly (EMA) were constructed. The output of several of these models contained unexplained 
oscillations. 

The EMA, a very complex model with multiple materials and muUiple contact elements, was 
suggested to investigate the cause of the oscillations using a highly simplified model loaded in a 
similar fashion. 

2.   Model Description 

The EMA is a cylindrical puck ~5 1/4 inches in diameter and 1 1/4 in high. It is hollow and has 
several electronic assemblies inside of it. The electronic assemblies are all potted. In this 
investigation, a homogeneous metal puck of the same external dimensions is modeled (Figure 1). 

Figure 1. Disk model (control configuration). 

The disk is modeled as aluminum LLNL Dyna material type 4 (thermoelastic plastic). The 
plastic features of the material are not utilized. Hence, the yield stress is set to zero, and the 
material behaves in a linear elastic fashion. The material properties used are given in Table 1. 



Table 1. Material properties. 

Property Value Units 
Young's modulus 10 X 10" psi 

Poisson's ratio 0.33 — 
Density 0.100 Ib/in^ 

3.   Effect of Loading Function Time Resolution 

The disk is loaded with a prescribed linear velocity and a prescribed rotational velocity. The 
load is applied to the ring of nodes around the perimeter of the base (as indicated by the "V" in 
Figure 1). The initially applied loads are shown in Figure 2. 
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Figure 2. Original loading functions. 

The initial loading fiinction was defined with a point every 0.5 ms. This time spacing rendered a 
visually smooth curve. The response time resolution, initially set to 0.125 ms, is shown as the green 
curve in Figure 3. There is an obvious step in the response that occurs every 0.5 ms. This time 
interval corresponds exactly to the time resolution of the input function. The same run is repeated 
with a higher response time resolution. The results of that model are shown as the red curve in 
Figure 3. Even though the 0.5-ms resolution of the input curve appears visually smooth, it is obvious 
from the output that the model is responding to a significant transient at each point in the input 
fiinction. In this model, the transient is damped out before the subsequent tune step. However, the 
response appears as a step function instead of a smooth curve. 



Response at Center Top 

Figure 3. Response to loading function. 

A new loading function was introduced to eliminate the transient. The original loading function 
(time resolution of 0.5 ms) was spline fit with a curve that had a time resolution of 0.010 ms. 
The resulting response is shown as the blue curve in Figure 3. The response to the splined 
loading function does not display any of the transient response that is apparent in the response 
from the original loading curve. 

Another set of loading curves was also analyzed that linearly interpolated the original loading 
curves, with a time resolution of 0.010 ms. The response from the linearly interpolated curves is 
identical to that from the original curves. This indicates that the transients in the response are the 
model's response to the change in slope at the discretization points in the original curve. When 
additional points are added by a spline (in a smooth manner), the transients are eliminated, and 
the response is smooth. 

4.   Effect of Wedges 

In order to investigate the effect of wedge-type elements on the results, an additional model was 
generated. The new model is shown in Figure 4. This model replaces several hexahedral 
elements with wedge elements. The wedge elements propagate through the entire thickness of 
the disk. 

Responses to the splined input curves are measured at four locations on the disk. The chosen 
locations are on the top and bottom of the disk at the center and at the edge. This choice includes 
locations that are both near and far from the excitation as well as the location of the wedges. 



Figure 4. Disk with wedge elements. 

The von-Mises stress responses are pictured in Figure 5. At the center top location, the effect of the 
wedges is small. However, at the center bottom, the effect of the wedges is very pronounced. Both 
the amplitude and the shape of the response curves are affected by the introduction of wedge-shaped 
elements. 
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Figure 5. Response of model with wedge elements. 



5.   Effect of Thin Layers 

An additional model was created that introduced three layers of very thin elements into the main 
model. That model is shown in Figure 6. The original model has five layers of elements that are 
each 0.254 in thick. The modified model has two layers that are 0.3 in thick, then three layers 
that are 0.0233 in thick, followed by two more layers 0.3 in thick. 

Figure 6. Model with thin layers. 

The addition of the thin layers appears to introduce an artificial discontinuity into the model. 
Stress waves appear to reflect off of the thin layers, thus resulting in a different response for this 
model than for the original model with layers of the same thickness. The two responses are 
shown in Figure 7. There is a very significant difference between the shape and amplitude of the 
response of the two models. 
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Figure 7. Response of model with thin layers. 



6.   Effect of Contact Surfaces 

Two more models were created to investigate the effect of two different types of contact 
surfaces. (The contact surface is between the second and third layers of elements.) The two 
types of surfaces investigated are the tied and tie-break interfaces. Figure 8 indicates the location 

of the contact surface. 

Figure 8. Model with contact surface. 

The von-Mises stress responses of the models with two different types of contact surfaces are 
shown in Figure 9. The tied and control model exhibit identical responses. However, the tie- 
break interface yields a slightly different behavior than the control model. The peak stress in the 
interface is well below the failure threshold of the tie-break interface. 
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Figure 9. Response with contact surfaces. 



7.   Conclusions 

This work was initiated to explore the source of oscillations that were found throughout 
SAD ARM modeling. The results of this report indicated that inadequate discretization of the 
SAD ARM load curves could likely have introduced oscillations into the results. If the load 
curves were splined and then rediscretized to a much finer time resolution, the oscillations were 
eliminated for a simple disk model. As a result, an analytically smoother load curve augmented, 
but did not change, the original load curve. 

Subsequently, other model aspects were also investigated. The use of wedge elements could 
significantly affect the model's response. As initially suspected, these results indicated that 
wedge elements should be avoided and used only where absolutely necessary. 

The introduction of a sudden change in element thickness in an otherwise homogeneous model 
was also investigated. These elements also caused a significant deviation of the model's 
response from the pure homogeneous model. The thin elements appeared to create an analytical 
impedance mismatch in this simple structure. This mismatch led to an artificial boundary against 
which stress waves could reflect. The transition from one element size to another should be 
gradual to minimize this effect. 

Lastly, two different contact surfaces were investigated—LLNL Dyna 3-D tied and tie-break 
contact surfaces. The use of tied surfaces had no impact on the response of the model. 
However, the use of tie-break surfaces resulted in small differences in response between the two 
models. Unless the "break" feature of the tie-break surface was necessary, the tied interface 
surface resulted in a more accurate computation. 

8.   Future Work 

This report highlights conclusions that were drawn from a cursory examination of the possible 
causes of model oscillations. It does not quantify what constitutes a "smooth" curve for LLNL 
Dyna 3-D. A more thorough investigation, resulting in a set of guidelines for the "smoothness" 
of loading functions, would be very useful. 

Similarly, a cursory examination of wedge elements, element dimension changes, and contact 
surfaces forms the basis of the rest of this report. Further investigations into ways to mitigate the 
effects of wedge elements and dimensional changes would be very useful. The cause of the 
response differences between the tied and tie-break contact surfaces should be investigated and 
should include the use of the other types of contact surfaces as well. 



Bibliography 

Berman, M.; Hopkins, D.; Wilkerson, S.; Frydman, A.; Carlucci, D. Artillery Gun Launch 
Modeling of the SAD ARM Electronic Module Assembly. Proceedings of the 71st Shock 
and Vibration Symposium, Arlington, VA, 6-9 November 2000; Shock and Vibration 

Analysis Center: Columbia, MD. 

Wilkerson, S.; Hopkins, D.; Gazonas, G.; Berman, M. Developing a Transient Finite Element 
Model to Simulate the Launch Environment of the 155-mm SAD ARM Projectile. 
Proceedings of the 71st Shock and Vibration Symposium, Arlington, VA, 
6-9 November 2000; Shock and Vibration Analysis Center: Columbia, MD. 

Berman, M.; Wilkerson, S.; Hopkins, D.; Gazonas, G.; Frydman, A.; Carlucci, D. Methodology 
for Hardening Electronic Components for Gun Launch Survival. Presented at the 19th 
International Symposium on Ballistics, sponsored by the International Ballistics Committee, 
Interlaken, Switzerland, 7-11 May 2001. 

Wilkerson, S.; Hopkins, D.; Gazonas, G.; Berman, M. Developing a Transient Finite Element 
Model to Simulate the Launch Environment of the 155-mm SADARM Projectile. 
ARL-TR-2341; U.S. Army Research Laboratory: Aberdeen Proving Ground, MD, 

September 2000. 



Report Documentation Page Fonv Approved 
OMB No. 0704-0188 

Public reporting burden for this coUecHon of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering 
and maintaining the data needed, and completing and reviewing the collection information.   Send comments regarding this burden estimate or anv other aspect of this collection of 
information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302.   Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to anv 
penalh' for failing to compiv with a collection of information if it does not displav a currentlv valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 

May 2003 

2. REPORT TYPE 

Interim 

3. DATES COVERED (From - To) 

February 2001-September 2002 
4. TITLE AND SUBTITLE 

The Effect of Transient Loading Discretization on a Rotating Disic Using 
Lawrence Livermore National Laboratories' Dyna 3-D 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 

Morris S. Berman 
5d. PROJECT NUMBER 

622618.H80 
5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

U.S. Army Research Laboratory 
ATTN: AMSRL-WM-MB 
Aberdeen Proving Ground, MD 21005-5069 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

ARL-MR-557 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORfflONITOR'S ACRONYM(S) 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

A simple disk, representative of a simplied artillery round, was modeled. Several suboptimal modeling techniques were 
incorporated and compared against optimal modeling techniques to explore the errors introduced. The suboptimal model 
included wedge elements and an abrupt change in element density. The response to different contact algorithms was also 
investigated. In addition, the effect of various time steps of the loading curve was also investigated. 

15. SUBJECT TERMS 

Dyna, Paradyn, oscillation, loading function, contact surfaces, SADARM 

16. SECURITY CLASSIFICATION OF: 
17. LIMITATION 
OF ABSTRACT 

UL 

18. NUMBER 
OF PAGES 

14 

19a. NAME OF RESPONSIBLE PERSON 

Morris S. Berman 
a. REPORT 

UNCLASSIFIED 

b. ABSTRACT 

UNCLASSIFIED 

c. THIS PAGE 

UNCLASSIFIED 
19b. TELEPHONE NUMBER {Include area code) 

301-394-4188 

Standard Form 298 (Rev. 8/98) 
Prescribed by ANSI Std. Z39.18 


