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Introduction

Global-Local analysis refers to the importation of point loads or point constraints from a
subdomain of a global shell model and their application to a StressCheck detail model. In this
tech brief, we will address the importation of total load at points (TLAP) to be applied to the
faces of solid elements as bearing loads (TLAP-Bearing).

TLAP-Bearing Formulation

This functionality allows for the importation of total load at points (TLAP) obtained from the
solution of a global shell model, and their assignment to a set of faces or the surface of a solid
model associated with a hole. There are two basic steps in converting point load data into
bearing tractions: (a) Translation and rotation of the force/moment components to a local
coordinate system at the center of the hole, and (b) determination of smooth distributed
tractions in three orthogonal directions (normal, tangent circumferential and tangent axial) as
shown in Figure la & 1b.
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Figure 1. Bearing tractions due to loads and moment s acting at the center of the hole:
(a) Forces, (b) moments.

To determine the tractions, the program first translates the three force components to the center
of the hole, then rotates the three forces and three moments in the directions of the local system
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at the center of the hole, and finally converts the resultant forces and moments into tractions.
Normal tractions (T, and Ty,) are distributed sinusoidally over 180 deg sector (90 deg to each
side of the force resultant in the plane of the hole for Ty, and between 0 and 180 deg from the
direction of the moment vector for T,), while the tractions due to axial shear (T,) and twisting
moment (Ts) are distributed as constants over the wall of the hole. Given the components of
forces Fy, Fy and F, acting at the center of the hole as shown in Figure 1a, the corresponding
tractions are given by:

F
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where F = (FX)2 +\F, 2 Similarly, given the moment components M,, M, and M, shown in
Figure 1b, the tractions due to the bending and twisting moments will be:

T, :—zgl\r/ls zsin(g- b), T =M

° 20R*h
For example, Figure 2 shows the cross-section through a hole with a TLAP-Bearing traction
distribution for a load plus bending moment applied to the hole. While the traction is distributed
sinusoidally in the circumferential direction, it varies linearly in the axial direction, but always
remains normal to the surface of the hole at any point.

Figure 2. Example of traction distribution around t he hole due to the application of a point load and moment
using TLAP-Bearing.

TLAP-Bearing Application

The total point load information can be imported into StressCheck using the File > Append Input
option if the data is available in the StressCheck neutral input format (.sci), or using File >
Import if the data is available in NASTRAN .bdf format. Additionally, ESRD provides with the
StressCheck installation a translation utility (TranslatePoints.exe) for generating a StressCheck
neutral input file (.sci) from an ASCII file containing TLAP data. Documentation for this feature
can be found in the Start Menu under “Programs > ESRD, Inc. > Utilities > TranslatePoints
Help”.

Once the local solid model and the TLAP data are available, select the Load tab of the Model
Input interface to assign a set of point loads to a group of faces around a hole or to the
cylindrical surface defining the holes in the solid model.
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When the object Face, Face Surface or Any Surface is selected, the TLAP-Bearing method is
available for the assignment of the point load data, as shown in the user interface of Figure 3.
Once the name of the load has been entered, the user can select from the list of Case ID’s to
enable the display of associated point load data. As shown in Figure 3, point load objects are
shown on the screen as a small triangle. To create a load record based on point load data,
select the surface of the hole, select the coordinate system at the location of the hole from the
pull-down menu in the user interface, and then, while holding down simultaneously the Ctrl and
Shift keys of the keyboard, select the point load object and click on the Accept button. If multiple
load cases are imported for the same location, manually assign individual loads to holes for one
load case only, and then use a copy operation to repeat the assignment for each additional load
case.

Figure 3. Load input interface to assign TLAP-Beari  ng to holes.

TLAP Bearing Example: Plate with three holes

Consider the problem shown in Figure 3. The plate is 0.25-in. thick, 3.0-in wide and 10.0-in long
and has three 1/2-in diameter holes located 2.0-in between centers. The material properties of
the plate are E=10.5x10° psi, =0.30 (7075-T6 aluminum). The objective is to find the stress
distribution for load Case 1 corresponding to imported point forces for each hole.

The model was imported into StressCheck from a Parasolid transmit file, and the point load data
was appended to the database from a StressCheck neutral input file (.sci). Figure 4 shows the
user interface displaying the forces and moments for each hole and the pull-down menu with the
three cases available for the load definition. This interface can be retrieved from the main menu
Edit > Point Load info, or by selecting the Edit Definitions button in the Load interface.
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Figure 4. Tabular data with point load information for each hole for Case 1.

After the model was imported into StressCheck, a local coordinate system was defined at each
hole location by creating a circle by the method Sample. The circle has an associated
coordinate system for which the z-axis is oriented parallel to the axis of the hole, a requirement

for TLAP-Bearing application (Figure 5). The solid model was meshed with tetrahedral elements
using the default automatic mesh generator.

Select curve to create
circle/system by sample

Figure 5. Creation of circle/system by sampling cur  ves of the imported solid.

To define the load records for the imported point load data, the method consists of a) selecting
the surface of a hole, b) selecting the corresponding point load symbol and c) selecting the local

coordinate system as shown in Figure 3. For additional details, refer to the StressCheck Master
Guide.

Built-in constraints were specified along three sides of the plate. The mesh with the bearing

loads computed from the point load information, and the user interface with the three load
records for Case 1 are shown in Figure 6.
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Figure 6. Plate with bearing loads and user interfa
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A sequence of linear solutions was obtained for p-levels 2 to 5, and the results are shown in
Figure 7: The estimated relative error in energy norm (Figure 7a), and the contour plot of the
von Mises stress (Seq) (Figure 7b). The application of point loads as smoothly distributed
bearing tractions over the holes makes it possible to get detail stresses in the region of the load

application.

Error Est.:

Solution = S0L1, runs $l to #4 (ALL 645 Elements)

| DOF | Teotal Potential Energy | Convergence Rate | % Error |
| 4119 | -1.309868E+001 | (0.00) | 11.72 | (a)
| 12123 | -1.324647E+001 | 0.77 | 5.11 |
| 26667 | -1.327170E4001 | 0.83 | 2.66 |
| 49686 | =1.327774E4001 | 0.83 | 1.59 |
f— === === === sss=s==
Estimaved Limit -1.328105378889976e+001 StressCheck v8.0.1

Figure 7. (a) Estimated relative error in energy no
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rm, and (b) von Mises stress distribution.
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Summary

The TLAP implementation facilitates the transfer of point force data extracted from the solution
of a global shell model into a detail 3D StressCheck model. The main feature of the TLAP-
Bearing implementation is that it converts point force and point moment components into
tractions applied to the surface of holes. The statically equivalent system of tractions preserves
the original equilibrium.

As shown by the example, the benefits of the implementation in allowing the application of point
loads as smooth bearing tractions over the holes is that the detail 3D analysis produces smooth
stress contour even in the region of the load application.

TLAP-Bearing 6 of 6



