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EXTREME IMPLICIT NONLINEAR ANALYSIS OF PLASTIC THREAD DESIGN

The genesis of this project came about to validate a prior consultants work indicating that the thread design of a new device would fail right at
the design load of the instfrument. Since the company had experimental data which strongly indicated a failure load of 2x the design load there
was a whirlwind of debate as to whether to proceed to mass production or conduct an extensive redesign campaign. Although | entered this
project with high confidence | soon realized what a quagmire | had entered. Initially | thought the analysis work could be accomplished using a
standard implicit nonlinear code and after a few days of frustrating keyboard pounding | soon realized that | needed more horsepower. | was
against the wall and it was fime to pull out the big guns: LS-DYNA. Initially | was a bit hesitant to use LS-DYNA since | wanted to maintain the
analysis procedure within the implicit world and historically LS-DYNA was a bit weak on the implicit side. Well, welcome to 2005 and V971 of LS-
DYNA. Based on my experience with this project and prior experiences, | can clearly state that LS-DYNA has made great strides in the implicit
realm. Thatis to say, LS-DYNA has always been dominant on the explicit side while its implicit capabilities were considered more of a sub-set.
With the release of V971, the implicit capabilities within LS-DYNA are now a threat to the more established implicit nonlinear codes.

Initially, the LS-DYNA results for the thread design matched up with the original consultants work. This was depressing since the experimental work
indicated a 2x load factor and | just knew that LS-DYNA could do better. Digging in and making several calls to the technical support staff at
LSTC, a recommendation was made to use *MAT_PLASTICITY_COMPRESSION_TENSION (*MAT_124) along with several other tweaks to the implicit
solver routine. The utility of this material model is that one can use different stress/strain curves and failure limits for compression and tension. This
was absolutely fantastic for the plastic material used for the thread design since the failure stress for the plastic under compression is about 3x
higher than that for tension. With these changes in place, the LS-DYNA model predicted a failure load of 2x the design load. This was very
gratifying since the material stress/strain curves were not "adjusted” and used straight out of the gate.

At the end of this project, the client was able to rest assured that the design was robust and we also learned ton of other cool things about plastic
thread design, but they are of course, proprietary.

Modeling Notes: The 3-D geometry was provided in the form of a Pro/E STEP file and imported directly info FEMAP V9.0.1. The model exploited
the geometric and loading symmetry of the structure and only a 5 degree segment was required to capture the mechanical response of the
device. The model was carefully meshed to obtain a fine grid of 8-node brick elements. Contact elements and other analysis specific tweaks
were done within LSTC's LSPOST (a pre- and post-processor for LS-DYNA). A complete implicit analysis run would take about 5 minutes on a
standard single-processor Intel PC.

The material model was *MAT_124 and data was derived from tensile test data provided by the client. Compression test data was inferred from
theory and general data trends for this material. The model was run to the failure point of the plastic.

All analysis work was done with LS-DYNA V971.
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An example of the type of FEA model used for this project. Several thread designs
were investigated.
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Time =0.96501 Fringe Levels
Contours of Effective Stress (v-m)

min=0, at elem# 1926 3.262e+04
max=32620, at elem# 1291 29380404
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- i The stress results show the extreme nonlinear plasticity of the thread behavior. The
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Time =0.94 Fringe Levels
Contours of Maximum Principal Stress
min=-2504.83, at elem 955 2.652e+04
max=26521.4, at elem# 1036 2.362e+04

2.072e+04
Buttress-12 Max Prin Stress.AVI 1.781e+04 _
1.491e+04 _
1.201e+04
9.106e+03
6.203e+03
3.300e+03
3.978e+02
-2.505e+03

T v
v

[]]
LT ]

|1
AR

TS
LN —— VLY AT S

T T 77777 daiii
/

HE
|

2 v

\ Predictive Engineering Inc.
/| Mechanical Engineering Consulting
www.PredictiveEngineering.com

All Results Confidential and Proprietary
George.Laird@PredictiveEngineering.com 1.800.345.4671




